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Preface

Spinal anaesthesia was described by Professor August Karl Gustav Bier just over a century
ago. Since then, this technique has evolved and holds a special place in the current practice
of worldwide anaesthesiology. Novel local anaesthetics with long acting duration and lower
toxic potential, introduction of improved spinal needles, as well as the increasing use of old
and new adjuvant drugs that improve the quality and duration of spinal anaesthesia and
effective postoperative analgesia. All of these factors are the most important reasons that
favor the use of this technique. Furthermore, spinal anaesthesia is safe, inexpensive, and
easy to perform.

The authors of this book discussed various current topics on subarachnoid anaesthesia that
are especially interesting and controversial due to the latest developments on this subject.
Topics on Spinal Anaesthesia is a book composed by eight chapters addressing orthopaedic
mayor surgery, ambulatory and short stay plastic surgery, complications, and subarachnoid
drugs to enhance the effect of spinal local anaesthetics, as well as to provide prolonged post‐
operative analgesia.

As the editor, I thank the authors for their chapters, Gerardo Estolano-Ojeda HB for his sup‐
port reviewing each chapter, and special thank to my two co-editors Juan Carlos Flores-Car‐
rillo MD and Susana Preciado-Ramirez MD, for being the most energetic collaborators of
this book. And last but not least, I thank my patients and my beloved family.

Víctor M. Whizar-Lugo MD
Intensive Care Unit

Hospital General de Tijuana, ISESALUD
Tijuana BC, México
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Chapter 1

Spinal Anaesthesia in Spinal Surgery

Nicola  Nicassio and Irfan  Malik

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/58749

1. Introduction

Surgery for lumbar disc prolapse is one of the most common spinal procedures. Lumbar
microdiscectomy is usually performed under general anaesthesia despite recent publications
showed that these procedures can be performed safely also under spinal anaesthesia. Indeed,
some authors have previously highlighted the possibility of using spinal anaesthesia for
decompressive laminectomy and microdiscectomy, so avoiding the risks related to the general
anaesthesia and allowing to reduce the length of the inpatient stay and the overall costs. In
this chapter we will also expose different surgical procedures performed with local and general
anaesthesia as well and we will give the possibility to the reader to realize the mean important
differences with the use of the spinal anaesthesia.

2. Body

Spinal surgery is one of the more highly widespread disciplines in the world and it involves
many different procedures, ranging from the easiest to the most complex ones.

In 1934 Mixter and Barr were the first authors to treat a lumbar disc herniation surgically by
performing an open laminectomy and discectomy. With the introduction of the microscope,
Caspar and Yasargil refined the original laminectomy into an open microdiscectomy.

Currently lumbar laminectomy and microdiscectomy, performed as open procedures by a
posterior approach, are the most widespread procedure for surgical decompression.

Despite results are essentially related to the right indication for surgery and not to the
anaesthetic or surgical techniques chosen, some complications are more correlated to the
surgical approach and to the anaesthesiologist methods used.

© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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For this reason in the last decades the technologies and the spinal surgeon's efforts have been
addressed toward the use of the most minimally invasive procedures that can preserve as
much as possible the anatomy in order to reduce the short-term and the long-term (post-
operative fibrosis) surgical complications.

This is particularly true for the easiest spinal procedures as discectomy and central canal and
foraminal decompression and all the new technical procedures, which have been developed,
have allowed reaching two different aims:

a. To preserve as much as possible the anatomy of the whole spine (paravertebral muscles
and ligaments included). With this objective in mind, minimally invasive and percutane‐
ous approaches have been developed in order to reduce the damage to the anatomical
structures and at the same time the intraoperative bleeding, the post-operative pain (and
consequently the need of post-operative analgesia and related side effects), the incidence
of post-operative infections and, eventually, the long-term post-operative fibrosis.

b. To lower the use of general anaesthesia and consequently all the risks related to its use.
Indeed, the increase of the average age of the population has created a new class of patients
that are more at risks of systemic (cardiovascular and pulmonary) complications.

Thus, in the last years, research and technology have pointed towards these two objectives,
sometimes aiming for one in particular and, more rarely, achieving both of them. Particularly
in the latter case, the result allows to manage the entire situation in the best way with clear
consequences on the post-operative recovery period, which is often so fast to allow discharging
the patient the same day of the operation. Evident implications arise on the economic benefits,
as well.

Despite a detailed description of every surgical procedure falls outside the purpose of this
chapter, we consider it useful to touch on the procedures that, in particular in the last period,
have started to spread among the spinal surgeons. This will allow a clear understanding of the
advantages and drawbacks as well as indications and contraindications of each procedure and
to compare each other and all against the use of regional anaesthesia in spinal surgery.

Among the procedures that aimed for the goals in point a), a particular mention has to be done
to the spinal endoscopy.

Spinal endoscopy was born as acting as a counterpart to the open spinal surgery and, since its
introduction, has been applied for disc prolapse and stenosis of the entire spine, from the
cervical to the lumbar segment [1].

Spinal endoscopy uses the “keyhole” rule, which is a specific entrance point where it is possible
to insert progressive dilator tubes in order to create a way in which, at the end, it is possible
to insert the endoscope.

Then, the endoscope allows having a wide view of the field (generally a 25° optic is used) and,
makes it possible to insert and to work with surgical instruments, generally the same ones
used for the open procedures. On the cervical spine, currently the authors prefer to perform
the endoscopic procedure with the patient under general anaesthesia and an anterior (like the

Topics in Spinal Anaesthesia2

anterior approach for the ACDF), or a posterior approach is used. Compared with the anterior
approach [2], the posterior one is preferred because it is considered safer and less laden with
major complications as injuries of the nervous-vascular bundle (ICA, internal jugular vein and
vagus nerve) or of the esophagus [2, 3].

In addition, the corridor created, despite narrow, allows the surgeon to reach the disc and to
remove it in small fragments without making any dangerous compression on the spinal cord.

Endoscopic techniques for the lumbar spine have been developed following different schools
of thought which distinguish each other mainly: 1) on the endoscope’s entry point (midline,
postero-lateral and far-lateral) and 2) on the preferred anaesthesiologist techniques (local
anaesthesia+mild sedation or general anaesthesia).

Of course, the decision about these variables depends on the pathology to face with (disc
prolapse or central canal stenosis), the exact level of the disease (L5-S1 is considered a level for
which some approach are not suitable) and the positioning of the pathology (midline, para‐
median, foraminal, far lateral). Moreover, it is fundamental the surgeon’s experience (who
generally tends to use always the same approach) as the patient’s condition, his past medical
history and his ability to cooperate with the surgeon during the awake procedures.

The patient is in a prone or a lateral decubitus and this essentially depends on the approach
used (the prone position usually requires the patient under general anaesthesia).

The postero-lateral and the far-lateral approaches allow reaching the pathology (generally a
disc prolapse) passing through the foramen (transforaminal approach), with the endoscope
which is located in the caudal half of the foramen (triangle safe zone) and the nerve root laying
in the rostral half (Fig.1 and Fig 3).

Figure 1. Triangle safe zone for the endoscopic transforaminal approach

The midline approach, on the contrary, is performed introducing the endoscope almost on the
midline (roughly 2-3 mm laterally to avoid injury to the supraspinous ligament or to the
interspinous ligament).
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Figure 2. Midline endoscopic approach

With this approach, of course, it is necessary to remove some of the flavum ligament and part
of the upper lamina and to dislodge medially the dural sac to reach the disc. The other
approaches, on the contrary, allow reaching the disc without disrupting the flavum ligament
and so reducing a lot the possibility of dura mater injury.

The transforaminal approach, generally with the patient on the lateral decubitus, can be
performed under local anaesthesia and mild sedation or under general anaesthesia. The
different choose is relevant in the positioning of the endoscope (this step of the procedure is
done under fluoroscopic guide) and is dictated by some factors which are also related to the
surgeon’s personal experience and to the patient. The possibility to monitor the safe transit of
the endoscope through the foramen by asking to the patient about the onset of any radicular
pain is a tool that some surgeons are keen to use and for which, of course, the patient needs to
be alert and completely collaborative (during this phase of the procedure the sedation needs
to be stopped). This method can help to avoid damage to the nerve root during the position
of the foramen [1, 5, 6].

Other surgeons prefer to ground only on the information given by the fluoroscopy and by a
direct endoscopic vision of the nerve root and, for this reason, it is not necessary to work with
an awake patient.

The midline approach is generally performed with the patient in the prone position and under
general anaesthesia. The risk of a nerve root damage is quite small if compared with the
transforaminal approach but the possibility of a dural tear and a consecutive dural fistula is
more frequent.

Topics in Spinal Anaesthesia4

The most suitable approach also depends on the axial position of the disc prolapse. Indeed, in
case of a far lateral disc prolapse, a transforaminal approach is the most suitable to remove the
compression while a foraminal disc herniation with a dislodgment of the nerve root caudally
makes the transforaminal approach impossible to use or at least very dangerous.

About the sagittal position of the disc prolapsed, a migrated fragment behind the vertebral
body is considered by some authors an absolute contraindication in performing endoscopic
discectomy.

The surgeon’s personal experience is another factor that should be considered, as some
surgeons prefer to use always the same approach, not modifying it on the base of the level of
the pathology or its axial position, while others prefer to change the approach according to the
lumbar level interested in or the axial position of the compression. Thus, some surgeons face
with the midline disc prolapse using a transforaminal approach while others prefer to use a
midline approach.

The L5-S1 space is considered, by the majority of the authors a contraindication for the
transforaminal approach because of the hindrance created by the iliac crest in conjunction with
the inclination of this space. Despite these factors, some authors are keen to use the transfor‐
aminal approach and, relying on their great experience, in many cases are able to reach the L5-
S1 space through this approach with the patient on the lateral decubitus and under local
anaesthesia and mild sedation. Of course a high position of the iliac crest is an absolute
contraindication to the transforaminal approach and, if this approach has been tempted, the
surgeon needs to change in order to be able to perform the operation. Anyway, as we men‐
tioned, the majority of the surgeons prefer to reach the L5-S1 disc space by a direct midline
approach and the patient under general anaesthesia.

Figure 3. Different endoscope’s direction in the transforaminal approach
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The most important advantage of the endoscopic spinal surgery is represented by a minimally
invasive approach with a minimal disruption of the normal anatomy. Also the transforaminal
approach keeps the post-operative fibrosis on a minimum and make a re-do surgery easiest
and less dangerous.

Among the risk and drawbacks of the transforaminal approach we must remind the damage
to the nerve root, while, for the midline approach, the major risk is represented by a dural tear
(the rate is similar to that one of the classical procedure). Common to all the endoscopic spinal
procedures is a long and hard learning curve and consequently a long training period that can
be frustrating [4]. Particularly at the beginning a simple operation can last considerably longer
if compared with the same procedure done in a classical way (under general anaesthesia and
with the operating microscope) and, if performed under local anaesthesia and mild sedation,
can became stressful for the patient.

Eventually it is important to remind the cost related to the entire instrumentation.
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Nerve damage in the transforaminal approach and dural
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Table 1. Advantages and drawbacks of lumbar endoscopic discectomy

The increase of the age of the population and consequently the increase of the co-morbidity
with sometimes unacceptable risks for the general anaesthesia has pushed all the health
personnel to find alternatives to the latter, in particular in performing spinal procedures for
the most simple pathologies (disc prolapse and stenosis).

In the past many publications have stressed the possibility and opportunity to use local and
regional anaesthesia for some easiest procedures, e.g. lumbar microdiscectomy and decom‐
pressive laminectomy [7, 8, 10, 11, 12]. Despite this, in the vast majority of centers these
procedures are still carried out under general anaesthesia, with the patient in a prone or genu-
pectoral position.

General anaesthesia has got a widespread consent and it is used routinely. It is the preferred
option for anaesthesiologists because it allows an easier monitoring of vital parameters in a
prone position; it is supported by surgeons because it allows extra time for surgery without
problems (also useful for teaching purposes). Last but not least, patients prefer general
anaesthesia since they can avoid the anxiety linked to the awareness of undergoing a surgical
operation and the fear of pain [10, 12]. Nevertheless, the advantages of general anaesthesia
have often outweighed its drawbacks. On this regard, we have to keep in mind potential
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pulmonary complications, injuries from nervous compression during the patient positioning,
post-operative nausea and vomiting and extension of the operative time related to patient
awaking and recovery.

In the past different publications have shown the results coming from the use of local anaes‐
thesia for laminectomy surgery and in many occasions these publications have established
that, on a particular class of selected patients (generally elderly patients with an important pre-
morbid history), this procedure can be suitable and can offer a valid alternative to the general
anaesthesia [7, 8].

The practice of the local anaesthesia for spinal surgery is not new. Traditionally, cervical
osteotomies in patients with severe ankylosing spondylitis were managed in this way, mainly
because they were difficult to intubate.

The use of local anaesthesia has also been previously reported in fit and healthy patients
undergoing cervical laminectomy. The technique was advocated in these patients, in part, to
allow neuro-monitoring during surgery. Later, other authors presented a serie of patients, with
significant premorbid pathology, undergoing cervical, thoracic or lumbar decompressive
laminectomy under local anaesthesia. The authors arrived to the conclusion that local anaes‐
thesia can be very successful with minimal complications. Unfortunately the most important
side effect was the pain experienced by the patient in particular during the stripping of the
paravertebral muscles (a consistent finding in many patients, very difficult to manage) and
not a satisfactory solution to this problem was found, except great care handling of the tissues
and a well targeted infiltration of the local anaesthetic [7]. Clearly such drawback happens
when the procedure is performed in the classical way that envisages the stripping of the
paravertebral muscles bilaterally. It is also important to underline that this technique is only
appropriate if performed by a skilled surgeon, as the patients became uniformly restless if
required to lie still for, on average, more than 90 min [7].

For the reasons just mentioned, the only use of the local anaesthesia is generally not accepted
and, if not contraindicated, some intravenous sedation is also administered.

As the patient is ready, the operation can also be carried out, according to the surgeon’s
experience, by percutaneous techniques or by endoscopic techniques whose skin incisions are
often less than 1 cm long (the classical techniques generally require skin incisions 4-6 cm long).
In this sense, it is evident that the percutaneous and endoscopic techniques carried out under
local anaesthesia and mild sedation are able to combine all the aims that we have mentioned
at the beginning of this chapter.

Indications for the use of the local anaesthesia with mild sedation can be summarized as follow:
1) Patient ability to cope with a “stressful situation”. 2) Severe premorbid conditions (cardio‐
vascular and pulmonary diseases) which may represent a significant risk for general anaes‐
thesia. 3) No allergy toward local anaesthetics. 4) A skilled surgeon.

Table 2 summarizes indications, advantages and drawbacks of local anaesthesia for decom‐
pressive laminectomy.
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Indications Advantages Drawbacks

Severe pre-morbid conditions

(cardiovascular and pulmonary diseases)

None of risks related to the general

anaesthesia

Pain related to the handling of the

paravertebral muscles

Patient able to cope with a stressful

situation

Possibility to discharge the patient

the same day of the operation
Need of a skilled surgeon

Table 2. Indications, advantages and drawbacks of local anaesthesia for decompressive laminectomy

A valid alternative to the local anaesthesia, generally more effective in the pain control, is the
injection of anaesthetic agents to create a regional block.

Under this prospective two different techniques have been developed: spinal anaesthesia and
epidural anaesthesia. These techniques are erroneously considered both as the same technique
and sometimes the terms are used as synonymous. Actually these two techniques are very
different and currently the epidural anaesthesia is the most used.

Unlike the epidural anaesthesia, spinal anaesthesia can be used only for lumbar cases. Indeed,
while epidural anaesthesia virtually can be also used for the cervical and thoracic spine, spinal
anaesthesia (in consideration of the injection of anaesthetic agents in the subarachnoid space)
has got the evident limit to its application to the lumbar segment in order to avoid a depression
of the respiratory muscles and a dangerous bradycardia related to a sympathetic block.

To understand better the difference between these two methods it is useful to make some brief
outline on the anatomy of the spine (Fig 4).

The epidural space is that potential space included between the dura and the periosteum lining
the vertebral canal and it extends from the foramen magnum to the sacral hiatus. The nerve
roots in their dural covering pass across this potential space to reach the intervertebral foramen
where they form the segmental nerves. Anteriorly, the epidural space is bordered by the
posterior longitudinal ligament covering the vertebral bodies and the intervertebral discs.
Laterally, it is bordered by the periosteum of the vertebral pedicles and the intervertebral
foraminae and posteriorly is bordered by the periosteum of the anterior surface of the laminae
and articular processes, the periosteum of the root of the spines and the interlaminar spaces
filled by the ligamentum flavum. The epidural space contains venous plexuses and fatty tissue.

The subarachnoid space is the space containing the anterior and posterior nerve roots and the
CSF which is in continuity with the CSF contained in the ventricles and in the cerebral cisterns.
Below the level between L1 and L2 the spinal cord ends and all the nerve roots take a config‐
uration that resembles an cauda equina. All these nerve roots are responsible for the motility
and sensation of the lower limbs and for the sphincters’ control.

Before describing in details both the procedures, the indications, the contraindications (related
to the selection of the appropriate patient) and the risks are outlined.

As for the local anaesthesia, for the spinal anaesthesia and epidural anaesthesia some criteria
also need to be fulfilled in the patient selection. These criteria can be summarized in the
following points: consented and cooperative patient; no coagulopathy or therapeutic antico‐
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agulation; no anatomical abnormalities of the spine; no allergy to anaesthetic medications; no
skin infection at injection site; no hypovolaemia or fixed cardiac output states (additive risks
with sympathetic block); no intracranial hypertension (risks of brain stem herniation in
particular with the spinal anaesthesia) [9, 10].

Both these procedures must be performed in a work area that is equipped for airway man‐
agement and resuscitation. Indeed, serious complications may occur with epidural anaesthesia
and facilities for resuscitation should always be available whenever epidural or spinal
anaesthesia are performed [9].

Starting with the description of the epidural anaesthesia, some standardized steps are
followed: while monitoring cardiac parameters (EKG, hearth rate, blood pressure) and
respiratory parameters (respiratory rate, pulse oximetry), some sedation is administered
intravenously (generally 3 mg of midazolam) [10]. With the patient in a sitting or a lateral
position, an intervertebral space is identified, generally two spaces above the space interested
in surgery. The skin is prepared with alcohol or iodine-containing solutions and draped in a
sterile fashion (the operator should take full sterile precautions, including gown, mask and
gloves). Modern epidural kits are usually disposable and packed in a sterile fashion. In this
sterile kit an epidural needle (17 Ga.x3-7/8”TW) is included as well as an epidural catheter that
is designed to pass through the lumen of the epidural needle. A filter is also used to prevent
the inadvertent injection of particulate matter into the epidural space, and as a bacterial filter.
After injecting some local anaesthesia (5 mL of 2% lidocaine), the epidural needle is introduced
on the midline and the epidural space is identified. To identify this space, different techniques
have been developed over the years, but currently most practitioners use a syringe to identify
a loss of resistance when pressure is applied to the plunger [9]. Some authors use saline in the
syringe while others use air. These two methods are broadly similar, with some mild differ‐
ences in the way the syringe is advanced and the epidural space entered.

Figure 4. Axial view of the lumbar canal
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Other techniques to identify the epidural space have been used in the past, e.g. the “hanging
drop technique”. With this technique, a drop of saline is placed at the hub of the needle and
the needle (without syringe) is advanced. The epidural space is identified when the drop is
“sucked” into the needle by the negative pressure characteristic of the epidural space.

When in the epidural space the local anaesthetics can be administered.

Single shot epidurals, without the use of a catheter, is still widely used in various settings, and
is effective in providing intraoperative anaesthesia and analgesia in the immediate postoper‐
ative period. The major disadvantages of single shot epidurals are: 1) The duration of postop‐
erative analgesia is limited to the duration of action of the drug given and cannot be topped
up, and 2) The risks involved in injecting a full anaesthetic dose of local anaesthetics into the
epidural space without a test dose and without the ability to give slow increments. This means
that the risks of inadvertent high block, total spinal block and local anaesthetic toxicity are
much greater. For this reason many authors prefer to avoid the single shot techniques.

The choice of drugs administered epidurally depends on the indication for the epidural.

Surgical anaesthesia requires heavy sensory block and usually moderate to heavy motor block.
To achieve this, concentrated local anaesthetic preparations are required. The most commonly
used local anaesthetics in this setting are 10-20ml of 2% lignocaine (with or without adrenaline
1:200000) or 10-20 mL of 0.5% bupivacaine. The latter has a longer duration of action, but a
slower onset time, compared with lignocaine. Other authors prefers 8-10 ml (depending on
patients’ BMI) of 0,75% Ropivacaine. After the injection the patient is maintained in the sitting
position for a further 30 minutes [10].

In the past the addition of opioids to local anaesthetic solutions gained popularity in particular
because the opioids have a synergistic effect by acting directly on opioid receptors in the spinal
cord. The combination of low-concentration local anaesthetic and low-concentration mixtures
of opioids, administered by slow infusion rather than as intermittent boluses, has, in particular,
been shown to be very effective in the management of postoperative pain.

The amount of opioid should be reduced where there is an increased risk of respiratory
depression, i.e. the elderly or in patients with significant chronic obstructive airway disease.

Caution should be exercised when morphine is administered epidurally, as it is associated
with delayed respiratory depression. This is thought to be as a result of its low lipid solubility,
which means that instead of binding to opioid receptors in the spinal cord, some of the drug
remains in solution in the CSF, and the circulation of CSF transports the remaining drug to the
brainstem where it acts on the respiratory centre. This may occur many hours (up to 24 hours)
after morphine has been administered epidurally.

Among the major risks and complications of epidural anaesthesia we must remind hypoten‐
sion, a high spinal block, local anaesthesia toxicity and the total spinal block [9-12].

Hypotension is the commonest side effect of successful therapeutic blockade for procedures
above the umbilicus. Vasodilatation of resistance and capacitance vessels occurs, causing
relative hypovolaemia and tachycardia, with a resultant drop in blood pressure. This is
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exacerbated by blockade of the sympathetic nerve to the adrenal glands, so preventing the
release of catecholamines. If blockade is as high as T2, sympathetic supply to the heart (T2-5)
is also interrupted and may lead to bradycardia. The overall result may be inadequate
perfusion of vital organs and measures are required to restore the blood pressure and cardiac
output, such as fluid administration and the use of vasoconstrictors. Sympathetic system arises
from T1 to L2 and blockade of nerve roots below L2 is less likely to cause significant sympa‐
thetic blockade, compared with procedures requiring blockade above the umbilicus.

The inadvertent high epidural block is generally due to an excessively large dose of local
anaesthetic in the epidural space. It may present with hypotension, nausea, sensory loss or
paraesthesia of high thoracic or even cervical nerve roots (arms), and difficulty in breathing
due to blockade of nerve supply to the intercostal muscles. These symptoms in the most severe
cases may require intubation of the patient to secure the airway, while treating hypotension.
If the patient has a clear airway and is breathing adequately they should be reassured and any
hypotension immediately treated. Difficulty in talking (small tidal volumes due to phrenic
block) and drowsiness are signs that the block is becoming excessively high and should be
managed as an emergency.

Local anaesthetic toxicity can also occur as a result of an excessive dose of local anaesthetic
agents in the epidural space. Even a moderate dose of local anaesthetic, if injected directly into
a blood vessel, can cause toxicity. This is especially possible when an epidural catheter is
inadvertently advanced into one of the many epidural veins. It is therefore vital to aspirate
from the epidural catheter prior to injecting local anaesthetic. Symptoms usually follow a
sequence of light-headedness, tinnitus, circumoral tingling or numbness and a feeling of
anxiety or “impending doom”, followed by confusion, tremor, convulsions, coma and cardio-
respiratory arrest. It is important to recognize these symptoms early, and discontinue the
further administration of local anaesthetic drugs. Treatment should be supportive, with the
use of sedative/anticonvulsants (thiopentone, diazepam) where necessary, and cardiopulmo‐
nary resuscitation if required.

Total spinal block is a rare complication occurring when the epidural needle, or epidural
catheter, is inadvertently advanced into the subarachnoid space and an “epidural dose” e.g.
10-20 mL of local anaesthetic is injected directly into the CSF. The result is a profound
hypotension, apnoea, unconsciousness and dilated pupils as a result of the action of local
anaesthetic on the brainstem. The use of a test dose helps in preventing most cases of total
spinal block despite some cases have been described where the epidural initially appeared to
be correctly sited, but subsequent top-up doses caused the symptoms of total spinal block. This
has been ascribed to the migration of the epidural catheter into the subarachnoid space,
although the exact mechanism is still uncertain.

Acute management of the total spinal block is based on: 1) Secure airway and administer of
100% oxygen; 2) Ventilate by facemask and intubate; 3) Treat with intravenous fluids and
vasopressors; 4) Continue to ventilate until the block wears off (2-4 hours); 5) As the block
recedes, the patient will begin recovering consciousness followed by breathing and then
movement of the arms and finally legs.
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The accidental dural puncture is usually easily recognized by the immediate loss of CSF
through the epidural needle. This complication occurs in 1-2% of epidural blocks and is more
related to the experience of the practitioner. It leads to a high incidence of post dural puncture
headache, which is severe and associated with a number of characteristic features. The
headache is typically frontal, exacerbated by movement or sitting upright, associated with
photophobia, nausea and vomiting, and relieved when lying flat. The headache is thought to
be due to the leakage of CSF through the puncture site. Basic measures, such as simple
analgesics, caffeine, bed rest, fluid rehydration and reassurance are indicated in the first
instance, and are often sufficient to treat the headache. Where the headache is severe, or
unresponsive to conservative measures, an epidural blood patch may be used to treat the
headache. This procedure is effective in treating approximately 90% of post dural puncture
headaches. If unsuccessful, the blood patch may be repeated, and the success rate increases to
96% on the second attempt. The blood injected into the epidural space is thought to seal the
hole in the dura.

Epidural haematoma is a rare but potentially catastrophic complication of epidural anaesthe‐
sia. The epidural space is filled with a rich network of venous plexuses, and puncture of these
veins, with bleeding into the confined epidural space, may lead to the rapid development of
a haematoma which may lead to compression of the spinal cord, and can have disastrous
consequences for the patient including paraplegia and the onset of a cauda equina syndrome.
For this reason, coagulopathy or therapeutic anticoagulation with heparin or oral anticoagu‐
lants is considered an absolute contraindication to epidural blockade.

Infection is another rare but potentially serious complication. Pathogenic organisms can be
introduced into the epidural space if strict asepsis is not observed during the performance of
the block. The commonest pathogens are Staphylococcus aureus and Streptococci. Meningitis
has been described, as has epidural abscess. In addition to the symptoms of spinal cord
compression described above, the patient may exhibit signs of infection such as pyrexia and a
raised white cell count.

Failure of block can occur as a result of many factors, the most important being the experience
of the operator. False loss of resistance during performance of the block may lead to insertion
of the epidural catheter into a different area than the epidural space. Segmental sparing occurs
occasionally for reasons that are unclear, but are assumed to be the result of anatomic variations
of the epidural space, so that local anaesthetic fails to spread evenly throughout the space. The
result is that some nerve roots are inadequately soaked with local anaesthetic, leaving the
dermatomes of these nerve roots poorly anaesthetized. Unilateral blockade occurs occasion‐
ally, and this is thought to be the result of a septated epidural space, with failure of the local
anaesthetic solution to spread to one half of the epidural space. Positioning the patient on his
side with the unblocked side down is sometimes successful in allowing spread of the local
anaesthetic to the dependent side, giving bilateral anaesthesia.

Spinal anaesthesia is the other technique that can be used; despite currently the epidural
anaesthesia is the preferred one. These two techniques have relevant differences in indications,
in execution and in the related risks.

Topics in Spinal Anaesthesia12

Spinal anaesthesia, as we have explained before, is used only for surgery in the caudal part of
the body (genital, urinary tract, or lower body procedures)

The spinal anaesthesia involves injecting a small volume of local anaesthetics (1-3.5 mL) into
the spinal space below the level at which the spinal cord ends, unlike the epidural anaesthesia
that involves injecting a larger volume of local anaesthetics into the space that surrounds the
spinal canal and so it may be performed in any region of the back.

The local anaesthetic agents that are used provide surgical anaesthesia for 1-3 hours. For this
reason, a spinal anaesthesia can only be used when the operation will take less time.

The anesthesia is performed using a needle that is thinner than that one used in the epidural
anaesthesia and the needle is advanced until the subarachnoid space is reached (the discharge
of CSF is the test bench. The effect starts few minutes (5-10 minutes) after the injection while
with the epidural anaesthesia it can need more than 20 minutes. Another relevant difference
between the two methods is the length of the effect, between 1 and 3 hours with the spinal
anaesthesia and between 3 and 5 hours with the epidural anaesthesia. Also, the spinal
anaesthesia is administered as a single shot and it cannot be repeated while the epidural
anaesthesia can be prolonged provided that an indwelling catheter is kept in the epidural
space.

Table 3 compares epidural and spinal anaesthesia and summarizes the main differences.

The major risks related to spinal anaesthesia are represented by: spinal shock, cauda equina
injury, cardiac arrest, hypothermia, epidural clot, infection (meningitis, epidural abscess),
severe headache, nausea, vomiting, itching, hypotension, urinary retention [9].

Epidural anaesthesia Spinal anaesthesia

Use All the spine Only the lumbar level

Quantity of anaesthetic agent injected

(mL)
1 – 3.5 10 - 20

Onset of effect (min) 5 - 10 "/> 20

Duration of the effect (hours) 1 - 3 3 - 5

Possibility to recall yes No (single shot)

Table 3. Comparison between epidural anaesthesia and spinal anaesthesia

In particular with reference to the epidural anesthesia, many publications [10-18] in the past
have showed that this technique is as safe and effective as general anesthesia and at the same
time it allows the reduction of surgical and anaesthetic timing and the risks related to the
general anaesthesia. Reduction of anaesthesia time, evidently, is linked to the elimination of
the patient awaking phase, as it occurs after general anaesthesia and of the patient’s recovery
(post-op monitoring period).
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Reduction of surgical time seems mainly related to an easier positioning of the patient and to
a reduction of the intra-operative bleeding. Generally the position used during the spinal
anaesthesia is the lateral decubitus (or in some occasions the sitting position), while, when a
general anaesthesia is used, a prone position is preferred.

The lateral or the sitting position [10], compared to the prone one, shows benefits and draw‐
backs. As for the benefits we include a better comfort for the patient and the possibility to
simulate the “real-life” orthostatic posture during the sitting position, often considered
responsible for the onset or worsening of symptoms (this way it is possible to reveal some
borderline situations, where nerve root impingement takes place only in the upright posture)
(Fig. 5).

Also among the advantages of the lateral and the sitting position we must remind a “cleaner”
operative field, since gravity will keep it “blood-free”. This latter effect, essentially, is the result
of multiple determinants: first of all, the sympatholytic effects of anaesthetic drugs used for
epidural anaesthesia that are responsible for a vasodilation and a light hypotension. In
addition, we must also consider the lack of increase of intrathoracic pressure, opposite to what
happens for patients under general anesthesia. The lack of an upsurge of intrathoracic
pressure, furthermore reinforced by not using the prone position, leads to a decreased tension
in the prevertebral epidural venous plexus [15].

Figure 5. Patient in a sitting position on a dedicated chair

All of these mechanisms are responsible for a reduction of intraoperative bleeding, which, by
speeding up the surgical procedure, allows altogether the reduction of the surgical time.

Drawbacks of the lateral and the sitting position are first of all some discomfort for the surgeon
who has to work with outstretched arms (even though seated) and with the operative micro‐
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scope set in a position quite similar as used for the posterior fossa surgery. This disadvantage,
however, is mitigated by the shorter operating time. Surely, the most worrying drawback of
the sitting position, that at the same time could be source of dangerous complications, is the
possibility of a dural tear leading to CSF leak. Obviously, where a small dural tear can have
no effects, a larger one could cause an important and sudden CSF leak, with a consequent risk
of intracranial subdural hematomas or brain herniation syndromes. This is the reason why it
is important to select the patients, by avoiding those with some risk factors (e.g.: previous
surgery on the involved disc space, presence of scar tissue involving the dura, radiation
therapy on the lumbar spine, etc) that could be responsible for a dural weakening [10].

In the assessment on the validity of epidural anaesthesia, some authors reported a satisfactory
analgesia level reached in almost 90% of the patients undergone to epidural anaesthesia and
often the only pain sensation the patient reported was a ‘‘feeling of pressing” [10].

Under this perspective, two more factors need to be considered: the urinary retention and the
pain-free period after surgery. In the past, urinary retention was typically considered a side
effect of spinal anaesthesia as compared to general anaesthesia but, in the last publications,
this complication has not been showed. As observed by some authors, it is possible that at
present this different trend has to be correlated to the “no use” of opioids during the induction
of the epidural anaesthesia [15, 19].

The pain-free time extension after epidural anaesthesia [14,15] is harder to explain. It is likely
that protopathic nervous fibers (Aδ and C), responsible for pain transmission, are more
susceptible to medication used for spinal anaesthesia and resume their function more slowly
than motor and epicritic sensation fibers.

Generally, the incidence of post-operative nausea or vomiting in patients who undergo spinal
anaesthesia is considerably lower if compared with patients who undergo general anaesthesia,
where these side effects can last for over 24 hours (leading to a longer hospital stay).

Some authors reported a slight difficulty in the placement of the muscle retractor related to
the lack of a proper muscle relaxation. This led the surgeons to increase mildly (roughly 1 cm)
the length of the skin incision.

In conclusion, in the current medical environment, where high medical standards have to meet
lower costs, the trend is to go for surgical procedures that allow the surgeons to reach the same
results with minimally invasive techniques and reducing the hospitalization time.

Under this perspective, spinal and epidural anaesthesia have gained a significant role, by
allowing a reduction in anesthetic and surgical timing, in anaesthetic complications and
consequently in hospital length of stay.

Despite, as usual, the right selection of the patient remains a fundamental factor to reach an
optimal result, we believe that, in a near future, there will be the possibility to use these
techniques to perform this type of surgery to a such an extent that they will supersede the
classical techniques and will allow to manage the patient on a day-surgery basis.
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Chapter 2

Spinal Anesthesia for Lower Level Spine Surgery

W. Scott Jellish and Steven Edelstein

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/58752

1. Introduction

Lumbar discectomy is the most commonly performed spinal operation in the United States
with more than half a million procedures performed annually. In addition, spinal anesthesia
for surgical analgesia in these procedures has been established as an accepted technique for
many years. With the refinement in surgical technique for lumbar discectomy, that has now
made the procedure relatively non-invasive, spinal anesthesia plays an even more important
role.

The original laminectomy and discectomy was performed by Mixter and Barr in 1934 [1]. Most
surgeons perform a modified microdiscectomy originally described by Williams [2]. With the
use of high-powered microscopes, the anatomy is better visualized and incisions are much
smaller with less tissue and bone disruption. There are alterations to the standard microdis‐
cectomy including laser disc removal, endoscopic discectomy and intradiscal electrothermal
treatment. However, the microdiscectomy remains the procedure with the highest success rate.
Lumbar laminectomy or discectomy is performed with the patient in the prone or lateral
decubitus position. A midline paramedian incision is created and the lumbodorsal fascia is
incised. Periosteal dissection exposes the laminae that are removed as necessary to provide
access to the thecal sac and nerve roots. The nerve roots are retraced medially to expose the
posterior longitudinal ligament that covers the intervertebral discs. The discectomy is per‐
formed by incising the ligament and removing disc material with a forceps. The laminar
resection can also be extended to provide canal decompression in cases of spinal stenosis.

It is important to note that the lumbar spine has the largest vertebral bodies and bears the
greatest weight. The center of gravity of the body is approximately 1 cm behind the sacral
promontory that, in turn, places the entire weight of the body directly on L4-5 and L5-S1. With
aging, the discs tend to become less fluid and more fibrocartilagenous, with little difference
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between nucleus and annulus. The discs are subject to pathologic changes that may lead to
herniation of the nucleus pulposus and cause compression of the neural elements.

Subsequent removal of the disc or lamina with the assistance of loops or microscopes typically
has a surgical duration of approximately two hours. As such, this has made spinal anesthesia
an attractive choice for the anesthetic technique in these patients. This chapter will review the
evidence supporting the utilization of this technique as well as the possible risks associated
with neuraxial anesthesia and prone positioning.

2. Technique of spinal anesthesia for spine surgery

Briefly, once a decision has been made to proceed with spinal anesthesia several items must
be performed in order to have a successful outcome. Knowing the level of surgical anesthesia
required is extremely important since this will determine whether the patient can comfortably
undergo the procedure and avoid the hemodynamic consequences of surgical stimulation. Of
course, it is also essential that the area of coverage will provide relief from painful stimuli as
well.

Anesthesia levels for lumbar surgery can be easily achieved with hyperbaric or isobaric local
anesthetics. Typically, for L1-L5 surgery a dermatomal sensory level of at least T6-T8 will be
required. Though this is higher than the level of the operative site, the higher level will allow
for the surgery to take place and, depending on the local anesthetic selected, allow for a slow
regression of surgical anesthesia coverage. In most instances, the patient is placed in the full
prone position. The prone knee chest position and the horizontal side position have also been
used. These positions are of importance since the spread of local anesthetic may be different
depending on this position and also the baricity of the local anesthetic solution. After placing
the spinal, the patient should be positioned supine with the level allowed to set before final
positioning is achieved.

Bupivacaine appears to be the agent of choice since it provides adequate duration of coverage
in comparison to other agents such as lidocaine. If lidocaine is selected, it is conceivable that
regression of sensory coverage could occur shortly after positioning and draping of the patient.
In addition, some practitioners will also select additives to the local anesthetic though the risk/
benefits of these will be discussed later. A variety of agents have been used in lumbar surgery,
all with varying degrees of success including opioids, epinephrine, phenylephrine, neostig‐
mine and clonidine. Final selection of any and all additives will depend on the clinical situation
and the physical status of the patient.

In most instances, the patient will have the spinal anesthetic placed prior to prone positioning.
Usually the patient will be administered 400-600 ml of a balanced salt solution to expand
intravascular volume prior to spinal placement. The preference for placement of the spinal
block for many practitioners is to place the patient in the seated position. The seated position
allows for better delineation of the overall spinal anatomy and helps to ascertain the midline,
especially in larger individuals. In some instances, the patient can be placed in the lateral
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decubitus position for spinal placement. The back is prepped and draped in a sterile fashion
and the best interspace, either L2-3, 3-4 or 4-5, is identified and 2-4 ml of 2% lidocaine is injected
to anesthetize the area where the spinal needle will be inserted. Most practitioners will use a
24g or 25g pencil-point spinal needle placed through an introducer and advanced until free
flow of CSF is observed from the hub of the needle. The spinal anesthetic can also be accom‐
plished with the use of a 22 gauge Quincke needle. Once subarachnoid placement is confirmed,
either 2-3 ml of 0.5% plain bupivacaine or 1.5-2 ml of 0.75% hyperbaric bupivacaine is injected
into the subarachnoid space. The patient is returned to the supine position, and once a T8-10
level is obtained, the patient is rolled into the prone position and either placed on chest rolls,
a Wilson or Andrews frame and allowed to self position their upper body for comfort.

3. Baricity issues

There has been some controversy over the preferred baricity of the local anesthetic for spinal
anesthesia in lumbar surgery. Jellish, et al, [3] in their prospective study effectively utilized
hyperbaric bupivacaine 0.75% with dextrose 8.5% to achieve levels of T6-T10. The study
patients were required to stay supine after placement of the local anesthetic for approximately
10 minutes to fix the spinal level. Fixation of a hyperbaric spinal is required since typically the
patients are placed in prone position. This is of particular importance given the fact that there
are times when the head-down position is transiently performed as the patient is positioned
on a frame or in knee-chest position.

If  a  hyperbaric  solution  is  selected  and  adequate  time  for  fixation  has  not  been  per‐
formed,  the  solution  could  track  cephalad  and  lead  to  a  higher  level  than  what  is  re‐
quired. This is also accentuated since the frame and/or knee-chest position required for the
surgery eliminates the lordotic curves of the spine. The fixation of a hyperbaric spinal occurs
when  the  solution  is  taken  up  by  the  spinal  tissue  and  blood,  especially  the  dextrose
solution. This results in a change in solution from hyperbaric to isobaric and subsequent
positioning has little to no effect [4].

Baricity of the spinal anesthetic has also been shown to affect both the quality of the anesthetic
and the level of the block. Isobaric procaine/tetracaine spinal anesthesia has the same success
profile with minimal complication compared to general anesthesia for spine surgery [5]. If the
sensory level is adequate and ventilation is not impaired by a high block, spinal anesthesia
provides good surgical conditions for spine surgery. Subjective dyspnea associated with a high
spinal level may be accentuated with the patient in the prone position. Some clinicians believe
isobaric spinal anesthetics could be the best choice because the dense low thoracic block may
be routinely achieved with minimal hemodynamic consequences. Also, the effect of the
isobaric agent is not affected by other factors like gravity or prolonged position. As such,
patients that are placed in the knee chest position can be turned prone immediately after
placement of the spinal as opposed to wait times of 10 minutes or longer for the block to set
with a hyperbaric technique.
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benefits of these will be discussed later. A variety of agents have been used in lumbar surgery,
all with varying degrees of success including opioids, epinephrine, phenylephrine, neostig‐
mine and clonidine. Final selection of any and all additives will depend on the clinical situation
and the physical status of the patient.

In most instances, the patient will have the spinal anesthetic placed prior to prone positioning.
Usually the patient will be administered 400-600 ml of a balanced salt solution to expand
intravascular volume prior to spinal placement. The preference for placement of the spinal
block for many practitioners is to place the patient in the seated position. The seated position
allows for better delineation of the overall spinal anatomy and helps to ascertain the midline,
especially in larger individuals. In some instances, the patient can be placed in the lateral
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and the best interspace, either L2-3, 3-4 or 4-5, is identified and 2-4 ml of 2% lidocaine is injected
to anesthetize the area where the spinal needle will be inserted. Most practitioners will use a
24g or 25g pencil-point spinal needle placed through an introducer and advanced until free
flow of CSF is observed from the hub of the needle. The spinal anesthetic can also be accom‐
plished with the use of a 22 gauge Quincke needle. Once subarachnoid placement is confirmed,
either 2-3 ml of 0.5% plain bupivacaine or 1.5-2 ml of 0.75% hyperbaric bupivacaine is injected
into the subarachnoid space. The patient is returned to the supine position, and once a T8-10
level is obtained, the patient is rolled into the prone position and either placed on chest rolls,
a Wilson or Andrews frame and allowed to self position their upper body for comfort.

3. Baricity issues

There has been some controversy over the preferred baricity of the local anesthetic for spinal
anesthesia in lumbar surgery. Jellish, et al, [3] in their prospective study effectively utilized
hyperbaric bupivacaine 0.75% with dextrose 8.5% to achieve levels of T6-T10. The study
patients were required to stay supine after placement of the local anesthetic for approximately
10 minutes to fix the spinal level. Fixation of a hyperbaric spinal is required since typically the
patients are placed in prone position. This is of particular importance given the fact that there
are times when the head-down position is transiently performed as the patient is positioned
on a frame or in knee-chest position.

If  a  hyperbaric  solution  is  selected  and  adequate  time  for  fixation  has  not  been  per‐
formed,  the  solution  could  track  cephalad  and  lead  to  a  higher  level  than  what  is  re‐
quired. This is also accentuated since the frame and/or knee-chest position required for the
surgery eliminates the lordotic curves of the spine. The fixation of a hyperbaric spinal occurs
when  the  solution  is  taken  up  by  the  spinal  tissue  and  blood,  especially  the  dextrose
solution. This results in a change in solution from hyperbaric to isobaric and subsequent
positioning has little to no effect [4].

Baricity of the spinal anesthetic has also been shown to affect both the quality of the anesthetic
and the level of the block. Isobaric procaine/tetracaine spinal anesthesia has the same success
profile with minimal complication compared to general anesthesia for spine surgery [5]. If the
sensory level is adequate and ventilation is not impaired by a high block, spinal anesthesia
provides good surgical conditions for spine surgery. Subjective dyspnea associated with a high
spinal level may be accentuated with the patient in the prone position. Some clinicians believe
isobaric spinal anesthetics could be the best choice because the dense low thoracic block may
be routinely achieved with minimal hemodynamic consequences. Also, the effect of the
isobaric agent is not affected by other factors like gravity or prolonged position. As such,
patients that are placed in the knee chest position can be turned prone immediately after
placement of the spinal as opposed to wait times of 10 minutes or longer for the block to set
with a hyperbaric technique.
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Plain isobaric bupivacaine was compared to hyperbaric bupivacaine to determine quality of
block and cephalad spread in patients undergoing spinal surgery [6]. A 3 mL solution of
isobaric 0.5% bupivacaine was administered to one group and 2ml of 0.75% bupivacaine was
administered to the second group. All injections were performed within 5 seconds with the
needle bevel facing cephalad. After turning supine for 10 minutes, the patients were turned
prone to begin surgery. Time of onset for sensory and motor block was more rapid with
hyperbaric bupivacaine. In addition, the final level achieved was higher with hyperbaric
bupivacaine, compared to isobaric solution. Maximum heart rate change was similar in both
groups but maximum blood pressure change was greater with the hyperbaric solution and
this required a greater need for blood pressure and heart rate treatments. The dependent
movement of hyperbaric solutions, and the level of the block achieved was always several
denervations higher than the equivalent dose of isobaric solution. Even though sensory block
is higher with hyperbaric local anesthetics, sympathetic block could be even higher. This
explains the alteration in blood pressure observed with hyperbaric spinal anesthesia that is
accentuated by turning prone. Thus, when using hyperbaric bupivacaine, meticulous deter‐
mination of block level must be made before positioning the patient to avoid hypotension and
bradycardia.

More breakthrough pain during spinal surgery has been noted with hyperbaric bupivacaine
solutions compared to isobaric. This is thought to be due to the superiority of plain bupivacaine
in suppressing slow conducting repetitive stimuli that is characteristic of low back pain [7].

Rung and colleagues [8] have suggested the utilization of isobaric bupivacaine 0.5% for
providing adequate anesthesia. The group felt that the isobaric nature of the medication would
help avoid the issues regarding positioning and unwanted rises in anesthetic levels. In
addition, they also felt that the utilization of isobaric agents would speed the procedure since
the patient could first be placed in prone position and then have the anesthetic administered.
This would decrease the amount of time required for preparation and speed the onset of
surgery.

Another study examined the use of 15 mg of 0.5% plain bupivacaine injected at the L2-3

interspace and either placing the patient in the prone knee chest position before placement of
the spinal or after spinal placement positioning the patient supine and allowing the spinal level
to be obtained before positioning prone. [9] The mean drop in systolic blood pressure was 30
mmHg in prepositioned patients compared to 13 mmHg with spinal placed before positioning.
More ephedrine was needed when the spinal was placed post positioning to maintain blood
pressure compared to the patients who had the block placed in the horizontal side position.
This same knee chest group of patients also needed more atropine or glycopyrrolate to
maintain heart rate. The investigators believed that placing the spinal block in the lateral
horizontal position and allowing the patient to lie supine for 20 minutes produced less
hypotension and bradycardia when compared to patients who had the block placed in the
prone knee chest position because these patients had more time to accommodate for vasodi‐
lation of the lower limbs. The controversy over the ideal baricity has not been settled and either
agent may be appropriate for the procedure.
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Typically during the insertion of the spinal anesthetic a pencil-point needle such as a Whitacre
is used versus the standard cutting Quincke type. Obviously this is utilized to avoid undue
trauma to the dura via the cutting needle and causing a potential dural tear that could interfere
with surgery (cerebral spinal fluid (CSF) in the field) as well as lead to postdural puncture
headaches. In addition, other studies suggest that the pencil-point needles lead to a local
inflammatory response that help with rapid dural closure [10].

The appropriate level of needle insertion will obviously be determined by the procedure and
what disc is affected. There have been concerns about the utilization of spinal anesthesia in
patients with pre-existing spinal disease; however in a report by Hebl et al., [11] it was felt that
the history of spinal surgery did not increase the risk of technical complications or block
success, but did make placement potentially more difficult. The group felt that midline or
lateral approach may be especially difficult if there were bone grafting or posterior fusions
since success would only occur if the block was performed at areas that were unfused.

Prone (for isobaric only), sitting or lateral approaches for spinal anesthesia insertion have all
been described, however is must be kept in mind that ultimately the spinal should be placed
above the level of any lumbar stenosis (and below the level of the cord) since very tight stenotic
lesions may affect spread of local anesthetic [12].

4. Additional issues regarding agent selection

Currently procaine, lidocaine, mepivacaine, tetracaine, ropivacaine, levobupivacaine, bupi‐
vacaine are all approved in the US for intrathecal use. As mentioned previously, bupivacaine
is typically the choice of agent due to its duration of action. Ropivacaine and L-bupivacaine
(S-enantiomer of bupivacaine) have a less cardiotoxic profile compared to bupivacaine;
however, the overall volume utilized in spinal anesthesia is so small that this is of little concern.
Tetracaine, which is an ester-based local anesthetic may also be utilized and may be in prepared
in isobaric, hypobaric or hyperbaric solutions. Typically, because fixation for tetracaine takes
a long time, it is not routinely utilized.

Lidocaine has a long history of safe use, but its association with transient neurologic symptoms
(TNS) would make it a potentially poor choice for lumbar spine surgery. TNS, initially
described in 1993[13] presents with the onset of back and leg pain post-procedure. It has been
associated with positioning and can be found with all local anesthetics, but has been reported
most frequently with lidocaine. Still there is no definitive proof that the local anesthetics are
the source for TNS and some studies have strongly encouraged the discontinuation of this
term to avoid linking the previous clinical symptoms with the use of lidocaine [14].

It is well known that determinants for level of spinal analgesia depend on the dosage admin‐
istered as well as the baricity [15]. The total dose of bupivacaine administered is very important
since the concentration of the medication changes after mixing with the CSF and the change
in concentration has on the quality or level of the spinal anesthesia [16]. In addition, other
studies have determined that there is non-homogenous spread of local anesthetics in the CSF
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the spinal or after spinal placement positioning the patient supine and allowing the spinal level
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mmHg in prepositioned patients compared to 13 mmHg with spinal placed before positioning.
More ephedrine was needed when the spinal was placed post positioning to maintain blood
pressure compared to the patients who had the block placed in the horizontal side position.
This same knee chest group of patients also needed more atropine or glycopyrrolate to
maintain heart rate. The investigators believed that placing the spinal block in the lateral
horizontal position and allowing the patient to lie supine for 20 minutes produced less
hypotension and bradycardia when compared to patients who had the block placed in the
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lation of the lower limbs. The controversy over the ideal baricity has not been settled and either
agent may be appropriate for the procedure.

Topics in Spinal Anaesthesia22

Typically during the insertion of the spinal anesthetic a pencil-point needle such as a Whitacre
is used versus the standard cutting Quincke type. Obviously this is utilized to avoid undue
trauma to the dura via the cutting needle and causing a potential dural tear that could interfere
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headaches. In addition, other studies suggest that the pencil-point needles lead to a local
inflammatory response that help with rapid dural closure [10].
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patients with pre-existing spinal disease; however in a report by Hebl et al., [11] it was felt that
the history of spinal surgery did not increase the risk of technical complications or block
success, but did make placement potentially more difficult. The group felt that midline or
lateral approach may be especially difficult if there were bone grafting or posterior fusions
since success would only occur if the block was performed at areas that were unfused.
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however, the overall volume utilized in spinal anesthesia is so small that this is of little concern.
Tetracaine, which is an ester-based local anesthetic may also be utilized and may be in prepared
in isobaric, hypobaric or hyperbaric solutions. Typically, because fixation for tetracaine takes
a long time, it is not routinely utilized.

Lidocaine has a long history of safe use, but its association with transient neurologic symptoms
(TNS) would make it a potentially poor choice for lumbar spine surgery. TNS, initially
described in 1993[13] presents with the onset of back and leg pain post-procedure. It has been
associated with positioning and can be found with all local anesthetics, but has been reported
most frequently with lidocaine. Still there is no definitive proof that the local anesthetics are
the source for TNS and some studies have strongly encouraged the discontinuation of this
term to avoid linking the previous clinical symptoms with the use of lidocaine [14].

It is well known that determinants for level of spinal analgesia depend on the dosage admin‐
istered as well as the baricity [15]. The total dose of bupivacaine administered is very important
since the concentration of the medication changes after mixing with the CSF and the change
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[4]. Typically there is an epicenter of local anesthetic concentration and subsequent spread
away from the site with decreasing levels of local. The decreased concentration at these sites
leads to a variation in uptake of the anesthetic in the level of the cord.

5. Additives

As with most spinal anesthetics, there may be the desire to place additives to enhance the
quality of the block utilized for lumbar surgery. Opioids, vasoconstrictors, alpha-2 agonists
and neostigmine [17] have all been described and each has associated risk and benefits. Opioids
tend to work synergistically with local anesthetics and are known to enhance the quality of
the block. However, these agents are also associated with urinary retention (a controversy that
will be discussed later). Concern regarding the addition of vasopressors and spinal blood flow
is unfounded and their overall mechanism of action is unclear and inconsistent depending on
the agent chosen [18].

Clonidine, an alpha-2 agonist, has been utilized frequently in spinal surgery. It is known to
block the motor and sensory affects associated with tetracaine, but sensory affects are much
longer. The proposed mechanism is related to the vasoconstrictive properties and the antino‐
ciception associated with adrenergic stimulation and activation of the descending noradre‐
nergic pathways [18, 19]. Other investigators noted that patients who underwent spinal
surgery and received 150mg of clonidine epidurally displayed lower postanesthesia care unit
pain scores and less demand for analgesics as well as improved postoperative hemodynamics
[20]. These results were confirmed in a study by Farmery and Wilson-MacDonald who found
that utilization of an epidural catheter with clonidine after spinal surgery (under general
anesthesia) led to profound and prolonged postoperative pain relief along with a reduction in
postoperative nausea and vomiting [21]. The use of clonidine will be discussed further in the
section regarding pain control.

6. Benefits

Some of the benefits of performing spinal anesthesia for lumbar surgery include a perceived
decrease in blood loss, lower rates of thromboembolism, less hypertension or tachycardia, and
better postoperative pain control. In addition, during spinal anesthesia, the patient is only
mildly sedated with a benzodiazepine or propofol. This allows for a more reliably assessment
of potential positioning issues that will be discussed later.

7. Blood loss

It has been observed that there is a perception of less surgical blood loss associated with cases
performed under spinal anesthesia. Preload is markedly reduced during spinal anesthesia and
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there is a resultant drop in mean arterial pressure (MAP). This reduction will produce a
decrease in vertebral interosseous pressure during neuraxial anesthesia which may lead to
reduced blood pressure within the bone itself, considered the main source of bleeding during
posterior lumbar spine surgery [22]. The mechanism in which spinal anesthesia may reduce
blood loss may possibly be related to the fact that spinal anesthesia leads to a marked reduction
in the high venous pressure that occurs in response to sympathetic activity provoked by pain
produced by tissue damage during surgery [23]. On the contrary, inhalational anesthesia does
not totally block these sensory signals but these signals are effectively inhibited with spinal
anesthesia.

Spinal anesthesia permits spontaneous ventilation during surgery that in the prone position
results in lower intrathoracic pressure compared with general anesthesia using positive
pressure ventilation. The avoidance of positive pressure ventilation results in less distension
of the epidural veins and a reduction in intrathoracic pressure. This reduction produces a better
blood return through the vena cava and less blood flow and distention of the venous plexus
for better surgical exposure [24]. The diminished blood loss observed during spinal anesthesia
can facilitate removal of the disc or vertebral body and result in less surgical time observed
because of reduced time to affect hemostasis.

It is also worth reviewing the hemodynamic effects of spinal anesthesia since they play a
significant role in the reduction of blood loss. Spinal anesthetics are known to produce a
sympathetic denervation that is more profound as the level of anesthesia progresses. When a
partial sympathetectomy occurs, as is routine with a well-controlled spinal, the area of tissue
above the level of sympathetic denervation displays a reflex increase in sympathetic tone. This
helps to compensate for the peripheral vasodilation that subsequently occurs. Arterial and
arteriole beds are affected but do not maximally vasodilate due to the maintenance of auton‐
omous tone. Thus, it is common to see a mild decrease in total peripheral vascular resistance
of approximately 15-18% assuming cardiac output is maintained [4].The venous circulation,
however, is profoundly affected and since, in spine surgery, the extremities lie below the level
of the heart, there is a significant amount of pooling of the blood in the dependent capacitance
vessels. If normovolemia is not maintained then a significant decrease in cardiac output is seen.

8. Blood pressure and coronary circulation

There have been numerous studies comparing spinal with general anesthesia, and in most
instances there has been minimal intraoperative hemodynamic differences between the two
techniques. In many of the comparisons, total anesthesia times were shorter with the use of
spinal as compared to general anesthesia (GA) [3, 25, 26]. (Table 1) In all of these studies it was
noted that mean arterial pressure and heart rate were lower in patients receiving spinal
anesthesia. The incidence of bradycardia was lower in spinal anesthesia as well as the incidence
of tachycardia. The observation that spinal anesthesia maintains hemodynamic stability with
little effect on heart rate was noted in a recent study by Attari, et al [27]. In this study 72 patients
underwent spine surgery with half assigned to general anesthesia and the other to spinal
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[4]. Typically there is an epicenter of local anesthetic concentration and subsequent spread
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anesthesia. The incidence of bradycardia was lower in spinal anesthesia as well as the incidence
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anesthesia. Statistically significant reductions in MAP and heart rate changes were noted in
the spinal group. In addition there was enhanced surgeon satisfaction as well as a reduction
in postoperative pain. These results were supported in another study which compared sixty
patients undergoing lumbar disk surgery [28]. This group noted like Attari, that there were
less episodes of tachycardia, hypertension and better postoperative pain with less nausea/
vomiting in patients undergoing spinal. However, in their study, they found that surgeon
satisfaction was greater in the general anesthesia group.

Spinal General

Total anesthesia time (min) 106.6±3.2 131.0±4.3*

Surgical time (min) 67.1±2.8 81.5±3.6*

Blood loss (mL) 133±13 221±32*

Intravenous fluids (mL) 1329±60 1478±79

Bradycardia 14.0% 22.9%

Hypertension 3.3% 26.2%*

Tachycardia 14.8% 21.3%

Hypotension 54.1% 57.4%

Ephedrine required 36.1% 22.9%

Numeric dara expressed as mean ± SEM

Bradycardia and hypotension=decreases in heart rate (HR) and mean arterial pressure (MAP) to less than 80% of baseline
values; tachycardia and hypertension=HR and MAP greater than 120% of baseline values.

*P<0.05 versus spinal anesthesia group.

Jellish et al. Spinal vs General Anesthesia for Spinal Surgery. Anesth Analg 1996;83:559-64

Table 1. Intraoperative Data for Spinal versus Genera; Anesthesia Groups

Another recent comparative study also found the incidence of tachycardia to be higher with
general anesthesia [29]. They found the incidence of bradycardia to be similar, as well as
intravenous fluids and operative times. They did note a higher incidence of hypotension with
spinal anesthesia compared to the other studies. This may reflect the importance of the fluid
preload prior to the placement of the spinal block which was not used in that study.

Patients undergoing lumbar procedures under spinal anesthesia seemed to have similar or
better hemodynamic variables than patients having the procedure under general anesthesia.
Less intraoperative hypertension is noted and less tachycardia is observed with spinal
anesthesia. Tetzloff, et al. [30]. using power spectral heart rate data which included low
frequency, high frequency and the ratios of low/high frequency demonstrated that with spinal
dermatomal levels below T8, the prone position resulted in a significant increase in heart rate
with spinal anesthesia and a significant decrease in blood pressure with general anesthesia.
Low frequency and low frequency/high frequency ratios were unchanged in the spinal
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anesthesia group. The preservation of low frequency heart rate variation may reflect better
presentation of cardiac sympathetic activity with spinal anesthesia. Low thoracic levels of
spinal anesthesia preserve the sympathetic efferent signals to the myocardium more than
general anesthesia. Placing a patient in the prone position may reduce venous return and
preload which is better tolerated with a spinal anesthetic.

Given the fact that many of the patients presenting for spinal surgery may have co-morbidities
such as coronary artery disease, one may be concerned regarding the presence of hypotension.
It has been noted that the decrease in MAP results in a significant decrease in coronary blood
flow. One investigator found that there was a 48% decrease in myocardial oxygen supply
during spinal anesthesia but there was also a 53% decrease in myocardial oxygen requirements
[31]. There are three reasons for the decrease in myocardial oxygen requirement that include
the reduction in afterload, preload and heart rate. Heart rate reduction is related to both the
vagal predominance that occurs after sympathetectomy as well as the decrease in right atrial
pressures and pressures in the great veins (via intrinsic chronotropic stretch receptors) which
leads to bradycardia [4].

9. Pain control

Improving postoperative analgesia in spine surgery patients is also a challenge. Though many
of the patients who receive spinal anesthesia for their spine procedure have reduced pain
scores and analgesia requirements in the immediate postoperative period, their analgesic
requirements are similar to general anesthesia patients 24 hours after surgery. Several studies
comparing the two anesthetics demonstrated that patients who had spinal anesthesia had
lower pain scores and analgesic requirements [3, 25, 29]. In many of the studies the lower pain
scores may result from two different mechanisms. Patients who received spinal anesthesia had
much lower initial pain scores than general anesthesia patients. There may be a preemptive
effect in which spinal anesthesia attenuates pain by inhibiting afferent nociceptive pathways
[32]. Also, since sensory recovery will lag behind motor recovery after spinal block, the patients
receiving neuroaxial anesthesia likely had residual blockade even though motor function had
returned.

Pain after spine procedures is a combination of musculoskeletal, usually derived from surgical
trauma and neuropathy that is radiating and burning in nature and is secondary to the nerve
compression or injury that required the laminectomy or discectomy. This type of pain responds
poorly to opioids but has been shown to be relieved with the administration of epidural
clonidine [33].

Sympathetic hyperactivity is reduced from the administration of epidural clonidine through
three mechanisms. It may inhibit nociceptor neurotransmitter release in the dorsal horn and
sympathetic outflow in the spinal cord intermediolateral column. In addition, it may inhibit
norepinephrine release from sympathetic terminals in the periphery. Clonidine may also be
absorbed into the systemic circulation where it reaches alpha 2 adrenoreceptors of the dorsal
horn and provides analgesia by increasing the antinoceptive threshold of the spinal cord which
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Another recent comparative study also found the incidence of tachycardia to be higher with
general anesthesia [29]. They found the incidence of bradycardia to be similar, as well as
intravenous fluids and operative times. They did note a higher incidence of hypotension with
spinal anesthesia compared to the other studies. This may reflect the importance of the fluid
preload prior to the placement of the spinal block which was not used in that study.

Patients undergoing lumbar procedures under spinal anesthesia seemed to have similar or
better hemodynamic variables than patients having the procedure under general anesthesia.
Less intraoperative hypertension is noted and less tachycardia is observed with spinal
anesthesia. Tetzloff, et al. [30]. using power spectral heart rate data which included low
frequency, high frequency and the ratios of low/high frequency demonstrated that with spinal
dermatomal levels below T8, the prone position resulted in a significant increase in heart rate
with spinal anesthesia and a significant decrease in blood pressure with general anesthesia.
Low frequency and low frequency/high frequency ratios were unchanged in the spinal
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anesthesia group. The preservation of low frequency heart rate variation may reflect better
presentation of cardiac sympathetic activity with spinal anesthesia. Low thoracic levels of
spinal anesthesia preserve the sympathetic efferent signals to the myocardium more than
general anesthesia. Placing a patient in the prone position may reduce venous return and
preload which is better tolerated with a spinal anesthetic.

Given the fact that many of the patients presenting for spinal surgery may have co-morbidities
such as coronary artery disease, one may be concerned regarding the presence of hypotension.
It has been noted that the decrease in MAP results in a significant decrease in coronary blood
flow. One investigator found that there was a 48% decrease in myocardial oxygen supply
during spinal anesthesia but there was also a 53% decrease in myocardial oxygen requirements
[31]. There are three reasons for the decrease in myocardial oxygen requirement that include
the reduction in afterload, preload and heart rate. Heart rate reduction is related to both the
vagal predominance that occurs after sympathetectomy as well as the decrease in right atrial
pressures and pressures in the great veins (via intrinsic chronotropic stretch receptors) which
leads to bradycardia [4].

9. Pain control

Improving postoperative analgesia in spine surgery patients is also a challenge. Though many
of the patients who receive spinal anesthesia for their spine procedure have reduced pain
scores and analgesia requirements in the immediate postoperative period, their analgesic
requirements are similar to general anesthesia patients 24 hours after surgery. Several studies
comparing the two anesthetics demonstrated that patients who had spinal anesthesia had
lower pain scores and analgesic requirements [3, 25, 29]. In many of the studies the lower pain
scores may result from two different mechanisms. Patients who received spinal anesthesia had
much lower initial pain scores than general anesthesia patients. There may be a preemptive
effect in which spinal anesthesia attenuates pain by inhibiting afferent nociceptive pathways
[32]. Also, since sensory recovery will lag behind motor recovery after spinal block, the patients
receiving neuroaxial anesthesia likely had residual blockade even though motor function had
returned.

Pain after spine procedures is a combination of musculoskeletal, usually derived from surgical
trauma and neuropathy that is radiating and burning in nature and is secondary to the nerve
compression or injury that required the laminectomy or discectomy. This type of pain responds
poorly to opioids but has been shown to be relieved with the administration of epidural
clonidine [33].

Sympathetic hyperactivity is reduced from the administration of epidural clonidine through
three mechanisms. It may inhibit nociceptor neurotransmitter release in the dorsal horn and
sympathetic outflow in the spinal cord intermediolateral column. In addition, it may inhibit
norepinephrine release from sympathetic terminals in the periphery. Clonidine may also be
absorbed into the systemic circulation where it reaches alpha 2 adrenoreceptors of the dorsal
horn and provides analgesia by increasing the antinoceptive threshold of the spinal cord which

Spinal Anesthesia for Lower Level Spine Surgery
http://dx.doi.org/10.5772/58752

27



activates the descending noradrenergic pathway to inhibit small diameter afferent induced
substance P release [19].

The addition of epidural clonidine to spinal anesthetics for spine surgery has been found to
reduce pain in patients receiving rescue analgesics to increase the time to the first rescue dose
of analgesics for pain. Clonidine prolongs sensory and motor block associated with intrathecal
bupivacaine [34]. Patients who received epidural clonidine along with their spinal anesthetic
required their first analgesia dose 3.7 hours after surgery [20]. Another study showed that by
using a small dose combination of epidural morphine and clonidine for postoperative
analgesia after lumbar disc surgery reduced pain with movement after surgery[35]. These
patients experienced a frequent incidence of difficult micturition not observed when epidural
clonidine was administered without added opioids.

The infiltration of local anesthetics into the surgical wound has also been noted to prolong
postoperative analgesia after lumbar spine surgery. The infiltration of 0.375% bupivacaine
subcutaneously has been noted to produce an analgesic effect which lasted approximately 13
hours [36]. With the use of newer local anesthetics that have a timed release, this type of
analgesia could be even more prolonged [37].

The success rate of the spinal anesthetic in patients with spinal pathology is also a considera‐
tion. Some practitioners have noted ineffective spread or patchy block with spinal anesthesia
after previous spine surgery. There are a number of problems that could affect the spread of
the local anesthetic including altered anatomy which may make placement of the spinal more
difficult. Insertion of a spinal needle through the site of a fusion may be complicated by scar
tissue and bone graft material. Intradural scarring commonly referred to as arachnoiditis,
characterized by an inflammation of the pia arachnoid membrane surrounding the spinal cord
may alter the anatomy of the subarachnoid space and limit the spread of local anesthetics [38].
Most investigators have noted a high success rate of spinal anesthesia after previous spinal
surgery with failure rates of less than 1% [26].

10. Venous thromboembolism

Finally, spinal anesthesia for lumbar spine surgery also decreases the incidence of lower
extremity thromboembolic complications [39]. The most likely explanation is the modulation
of the hypercoagulable state that occurs after surgery. Neuraxial anesthesia with local
anesthetics has been shown to enhance fibrinolytic activity, reduce antithrombin III activity to
normal levels and attenuate increases in postoperative platelet activity [40].

11. Postoperative nausea

Many studies have noted a reduced incidence in postoperative nausea and vomiting. The
increased need for narcotic analgesics in patients receiving GA may be a contributing factor

Topics in Spinal Anaesthesia28

to the higher amount of emetic symptoms with GA. In addition, anesthetic factors such as the
use of N2O (nitrous oxide) or the administration of certain pungent inhalational anesthetics
could produce more nausea after surgery. The incidence of nausea and vomiting has also been
demonstrated to be less with low level T-8 or bolus spinal anesthesia compared to GA because
of improved gastric emptying.

12. Post-anesthesia care unit (PACU)

Hemodynamics in the PACU have been noted to be better with spinal anesthesia compared
to GA. Both heart rate and blood pressure have been noted to be higher in GA patients upon
admit to PACU. (Figure 1) This may be due to the increased sympathetic activity during
emergence from anesthesia and possibly undertreated pain with opioids or other analgesics
prior to emergence. Patients who had spinal anesthesia were much less hypertensive through‐
out their recovery room stay.

Jellish et al. Spinal vs General Anesthesia for Spine Surgery. Anesth Analg 1996;83:559-64

Figure 1. Heart rate (HR) and mean arterial pressure (MAP) values at admission (admit) and at 10, 20 and 30 min after
adimission to the postanesthesia care unit (PACU). Intergroup differences in HR (A) were noted at PACU admission but
did not persist through 20-min time point. Intergroup differences in MAP (B) were also observed at PACU admission
and were still present 30 min after admission. *Significant difference compared to spinal group at a P<0.001 level.
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13. Rare complications

Complications associated with spinal anesthesia for lumbar surgery have been relatively rare.
There have been no reports of post-dural puncture headache even when a dural tear occurred
during surgery [9].A possible explanation is that surgery near the spinal cord elicits inflam‐
matory responses that help seal any small puncture site. In addition, the presence of small
amounts of post-procedural blood may serve to seal the site similar to applying a blood patch.
Other complications associated with spinal anesthesia may play a role in these lumbar cases
and will be discussed further.

14. Neurological complications

In general, spinal anesthesia has a long history of safety. In the widely quoted study by Dripps
and Vandam, properly performed spinal anesthesia is safe. A study which reviewed over
10,000 spinal anesthetics failed to find any major neurologic sequelae [41]. However, in a
retrospective study by Hebl et al, [11], one of the major findings was that the patient population
with pre-existing spinal stenosis or disk disease had an increased risk of worsening pre-
existing deficits or development of new deficits after neuraxial blockade. In addition, those
patients with multiple neurologic diagnoses have even higher risk. It was noted that the
frequency of persistent postoperative neurologic deficits was approximately 1.1% (95% CI
0.5-2%) with prior epidemiological investigations being somewhere between 1:1000 to
1:10,000.

The group went on to propose that the neurological problems seen may have been the result
of a “double-crush” phenomenon [42].In double-crush syndrome there is a pre-existing lesion
(proximal) and distal to the lesion there is another compression that renders the nerve
vulnerable to further injury. Neuraxial anesthesia may add insult by the additive effects of
neural ischemia and local anesthetic toxicity. In spinal anesthesia, local anesthetic toxicity
resulting from maldistribution and high concentrations is well known. This toxicity has
resulted in cauda equina syndrome seen with microcatheters utilized for continuous spinal
anesthesia [43]. Though these studies are worrisome, there have yet to be reports of neuro‐
logical complications from spinal anesthesia used for lumbar spine surgery.

15. Cardiac arrest

Though it has been mentioned previously that there is less observed bradycardia during spinal
anesthesia for spine surgery, there still exists the concern for profound bradyarrhythmias and
cardiac arrest. In a review of studies about cardiac arrest during spinal anesthesia, investigators
found an overall incidence of 0.07% (7 for every 10,000 patients) [44]. More than half were in
patients under the age of thirty and this may explain the paucity of events during lumbar
surgery with an older patient population. The mechanism proposed is a result of the blockade
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of sympathetic efferents that leads to bradyarrhythmias via vagal predominance. The presence
of vagal mediated bradycardia and decreased venous return from venodilation combines to
cause further issues. It is well known that right atrial pressures are decreased in low spinals
(36%) and high spinals (up to %53) [45]. This decrease in preload elicits reflexes that cause
severe bradycardia [46]:

• Pacemaker stretch → decrease venous return → decrease atrial stretch → decrease heart rate

• Firing of low pressure baroreceptors in the right atrium

• Bezold-Jarisch reflex

The Bezold-Jarisch reflex (BJR) is triggered by the stimulation of intracardiac mechanorecep‐
tors that subsequently lead to bradycardia, hypotension and vasodilation [47]. According to
Mackey [46] and Kinsella [48], the mechanoreceptors associated with BJR are usually triggered
by distention, but when there is a decrease in venous return (as seen with prone position and
spinal anesthesia), along with an increase in inotropic state (compensatory response to
decreased preload), the walls of the ventricle may deform and trigger the mechanoreceptors
similar to what is seen during distention. This results in a paradoxical vasodepressor response.
This vasodepressor response along with the pre-existing bradycardia may lead to cardiac
arrest. It is interesting to note that the BJR is also triggered by spinal anesthesia via 5-HT3

receptors in the vagal nerve endings. The 5-HT3 trigger can be abolished by the administration
of ondansetron, an antagonist to 5-HT3.

Risk factors identified by Pollard [44] that are associated with cardiac arrest include the
following:

• Baseline heart rate <60

• ASA status I

• Use of beta blocking drugs

• Sensory level above T6

• Age <50 years

• Prolonged PR interval

Recommendations include the maintenance of preload whenever possible, followed by a step-
wise escalation of  pharmacological  intervention starting with atropine (0.4-0.6  mg),  then
ephedrine (25-50 mg) and finally, if still not responsive, epinephrine (0.2-0.3 mg) intravenously.

16. Urinary retention

Urinary retention has also been associated with spinal anesthesia. However, in several studies
the incidence of urinary retention was not different with spinal or general anesthesia. In most
situations when spinal anesthesia is associated with urinary retention, opioids were added to
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(proximal) and distal to the lesion there is another compression that renders the nerve
vulnerable to further injury. Neuraxial anesthesia may add insult by the additive effects of
neural ischemia and local anesthetic toxicity. In spinal anesthesia, local anesthetic toxicity
resulting from maldistribution and high concentrations is well known. This toxicity has
resulted in cauda equina syndrome seen with microcatheters utilized for continuous spinal
anesthesia [43]. Though these studies are worrisome, there have yet to be reports of neuro‐
logical complications from spinal anesthesia used for lumbar spine surgery.

15. Cardiac arrest

Though it has been mentioned previously that there is less observed bradycardia during spinal
anesthesia for spine surgery, there still exists the concern for profound bradyarrhythmias and
cardiac arrest. In a review of studies about cardiac arrest during spinal anesthesia, investigators
found an overall incidence of 0.07% (7 for every 10,000 patients) [44]. More than half were in
patients under the age of thirty and this may explain the paucity of events during lumbar
surgery with an older patient population. The mechanism proposed is a result of the blockade
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of sympathetic efferents that leads to bradyarrhythmias via vagal predominance. The presence
of vagal mediated bradycardia and decreased venous return from venodilation combines to
cause further issues. It is well known that right atrial pressures are decreased in low spinals
(36%) and high spinals (up to %53) [45]. This decrease in preload elicits reflexes that cause
severe bradycardia [46]:

• Pacemaker stretch → decrease venous return → decrease atrial stretch → decrease heart rate

• Firing of low pressure baroreceptors in the right atrium

• Bezold-Jarisch reflex

The Bezold-Jarisch reflex (BJR) is triggered by the stimulation of intracardiac mechanorecep‐
tors that subsequently lead to bradycardia, hypotension and vasodilation [47]. According to
Mackey [46] and Kinsella [48], the mechanoreceptors associated with BJR are usually triggered
by distention, but when there is a decrease in venous return (as seen with prone position and
spinal anesthesia), along with an increase in inotropic state (compensatory response to
decreased preload), the walls of the ventricle may deform and trigger the mechanoreceptors
similar to what is seen during distention. This results in a paradoxical vasodepressor response.
This vasodepressor response along with the pre-existing bradycardia may lead to cardiac
arrest. It is interesting to note that the BJR is also triggered by spinal anesthesia via 5-HT3

receptors in the vagal nerve endings. The 5-HT3 trigger can be abolished by the administration
of ondansetron, an antagonist to 5-HT3.

Risk factors identified by Pollard [44] that are associated with cardiac arrest include the
following:

• Baseline heart rate <60

• ASA status I

• Use of beta blocking drugs

• Sensory level above T6

• Age <50 years

• Prolonged PR interval

Recommendations include the maintenance of preload whenever possible, followed by a step-
wise escalation of  pharmacological  intervention starting with atropine (0.4-0.6  mg),  then
ephedrine (25-50 mg) and finally, if still not responsive, epinephrine (0.2-0.3 mg) intravenously.

16. Urinary retention

Urinary retention has also been associated with spinal anesthesia. However, in several studies
the incidence of urinary retention was not different with spinal or general anesthesia. In most
situations when spinal anesthesia is associated with urinary retention, opioids were added to
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the local anesthetic [49]. Subarachnoid opioids clearly increase the incidence of urinary
retention, as well as respiratory depression, drowsiness and pruritis. We tend not to utilize
opioids as part of the spinal anesthetic.

17. Other potential problems

17.1. Prone positioning issues

Positioning related neurologic injury has also been noted to occur more frequently during
spinal surgery in the prone positioned patient [50].The most prevalent is injury to the brachial
plexus. Injury to the brachial plexus is attributed to its long and superficial course in the axilla
and its attachment to two firm points of fixation, the vertebrae proximally and the axillary
fascia distally in the arm. The plexus also passes directly beneath the clavicle and above the
first rib (Figure 2). This close proximity to freely moving bony structures makes this nerve
bundle prone to stretching and compression from arm malposition. Brachial plexus injury
occurs most frequently when the patient is in the prone position, especially when the arms are
adducted more than 90°. In this position traction on the plexus and compression between the
clavicle and first rib is responsible for the neurologic deficit. If patients are placed in the lateral
decubitus position, they may be subject to brachial plexus injury from compression when the
dependent arm and shoulder are positioned between the thorax and the table.

Jellish et al. Spinal Anesthesia for Spinal Surgery. Best Practices & Research. Clinical Anaesthesiology 2003;17(3):
323-334

Figure 2. Possible areas of injury to the brachial plexus: (A) neck rotation away from arm may cause stretch and com‐
pression between clavicle and first rib; (B) injury to plexus at humeral head; (C) compression or ulnar nerve in cubital
tunnel.

The eyes and ears are also of concern in prone positioned patients. Pressure on the globe or
hypotension, with venous congestion, could result in increased intraocular pressure and
possible blindness related to ischemic injury to the optic nerves. There have been reports of
increased extraocular pressure resulting from using a cushion or horseshoe head-rest to
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position the face [51, 52].In addition, ECG monitoring wires or oral gastric tubes, if present,
could migrate under the head during prone positioning. The face could lie directly on these
objects causing pressure induced ischemia to the face or eyes. These problems are avoided
with the use of spinal anesthesia. The patient may be only mildly sedated and using their upper
body can help to self-position with their head on a pillow or cushion. If abnormal positioning
occurs, the patient will feel discomfort and alert the practitioner to the problems. They can also
move their arms and head to avoid prolonged abnormal or awkward position that could
produce injury.

17.2. Sedation issues

A spinal anesthetic with an awake or sedated patient who is spontaneously breathing may not
be ideal for all spine surgeries. Prone positioning on different positioning systems can affect
cardiac output with the possibility of a significant decrease in stroke volume and cardiac index
in conjunction with the development of increased vascular and pulmonary resistance [53]
(Figure 3). Patients with normal cardiac status can usually tolerate these changes. However,
patients with compromised cardiac status might not be able to tolerate supine to prone
positioning, especially with decreased sympathetic tone. A large drop in blood pressure or
cardiac output could affect consciousness and spontaneous breathing.

Jellish et al. Effects of Prone Positioning Systems on Hemodynamic and Cardiac Function During Lumbar Spine Sur‐
gery: An Echocardiographic Study. Spine 2006:31(12) 1388-1393

Figure 3. Description of the five different positioning systems used in this study. The type of body support each posi‐
tioner provides and lower extremity position in relation to the heart are also described.
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cardiac output with the possibility of a significant decrease in stroke volume and cardiac index
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In addition, surgeries that may last more than 2-3 hours may not be conducive for spinal
anesthesia. The tolerance for prone positioning on a frame in an awake or mildly sedated
patient is approximately 2 hours. Patients become restless and tend to begin to adjust position
in order to relieve the strain of maintaining one position for a prolonged period of time. A
cooperative surgeon who can perform the procedure in a reasonable amount of time is
imperative.

We also believe one to two level laminectomies or discectomies are ideal for this technique.
Larger laminectomies for multi-level fusions would be too prolonged to be well tolerated in
the spontaneously breathing sedated patient. Body habitus must also be considered in selecting
the appropriate patient for spinal anesthesia for spine surgery. Large, obese patients with
protuberant abdomens may not tolerate prone positioning well, especially if breathing
spontaneously. Their ability to breathe against the restrictive effects of a large abdomen,
especially if not adequately decompressed by the positioning system, could cause the patient
undue anxiety and intolerance because of the inability to adequately deep breath.

18. Summary

Spinal anesthesia is an appropriate technique for lumbar spine procedures of two to three
hours duration. An appropriate patient and cooperative surgeon will also facilitate the use of
this anesthetic technique. The ability of the patient to self-position and guard against position
related injury is of major benefit. A better postoperative experience with less pain, nausea and
hemodynamic stability make this technique superior to general anesthesia for overall patient
satisfaction and reduced morbidity. Short term pain control is definitely improved with spinal
anesthesia and new and improved methods for providing longer term analgesia may make
this anesthetic technique even more beneficial, especially if contemplating same day discharge
and reduced hospital stay.
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1. Introduction

Outpatient and short-stay plastic surgery procedures have increased recently up to 457% [1]
due to lower prices, global availability of plastic surgeons, better and safer anaesthetic
techniques. This exponential growth has been increased by greater information in the media,
most notably by means of the enlightenment shown in the internet. Every day more complex
patients force anaesthesiologists to develop better techniques using multimodal approaches
before, during and after anaesthesia. Nowadays it is possible to perform ambulatory plastic
surgery procedures in people with medical conditions that in the past were rejected; myocar‐
dial ischemia, arrhythmias, hypertension, coagulation disorders, lung diseases, diabetes,
etcetera. Improved safety and efficacy in all anaesthesia procedures for plastic surgery is
mandatory; surgeons, patients, relatives and media have their own concerns regarding
anaesthesia patient safety.

Local anaesthesia, plexus nerve blocks and neuroaxial techniques have been reported with
excellent results, as well as patient comfort and acceptance. Spinal, epidural or combined
spinal-epidural procedures are quite safe and have attained widespread use for patients
undergoing ambulatory surgery below the Th3-Th4 spinal level. Spinal anaesthesia for
outpatient and short-stay plastic surgery cases have been well accepted by surgeons and
patients due to its rapid onset and offset, easy administration, minimal expenses, and almost
no side effects or complications. Ambulatory procedures as liposuction, buttocks implants and
calf implants, and many more are done properly under spinal anaesthesia. Longer surgeries
like abdominoplasty, lower body lift, or combined surgeries involving upper and lower body
segments are also done safely under subarachnoid or epidural anaesthesia.[2,3,4] Small gauge
pencil point needles have acceptable rates of 0 to 3 % of postdural puncture headache (PDPH);
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the most fearful side effect of spinal anaesthesia. There are several choices of local anaesthetics
(LAs) available for spinal anaesthesia for ambulatory and short-stay patients, including
ropivacaine, levobupivacaine, racemic bupivacaine, prilocaine, mepivacaine, articaine,
procaine and chloroprocaine. Although controversial, lidocaine is no longer recommended to
be used for spinal anaesthesia. Intraspinal adjuvant drugs like clonidine, dexmedetomidine,
morphine, sufentanyl and fentanyl enhance quality and duration of spinal blocks.

Deep venous thrombosis and pulmonary embolism remains the greatest cause of morbidity
and mortality in plastic surgery.[5,6,7] Spinal anaesthesia decreases these complications as it
facilitates early ambulation. Postoperative pain can be managed with preoperative preemptive
analgesia techniques, plus adjuvant drugs injected into the spinal space.

For the purposes of this review we define outpatient surgery cases as those who are discharged
the same day of the procedure, and short-stay patients those who remain in the surgical unit
or hospital for 24 hours after surgery. This chapter reviews the indications, contraindications,
advantages, disadvantages and drugs used for spinal anaesthesia in ambulatory and short-
stay plastic surgery procedures.

2. Subarachnoid anaesthesia techniques

There are three ways to perform spinal anaesthesia; single injection, combined spinal-epidural,
and continuous subarachnoid anaesthesia with small gauge spinal catheters.

Single injection. Is the most widely used since it is easy to perform, safe, predictable, has low
incidence of side effects, and low cost. The addition of adjuvants drugs to LAs provides
sufficient time for more prolonged plastic surgical procedures, and therefore is the ideal
technique in these patients.[3]

Combined spinal/epidural. Combines the benefits of epidural and subarachnoid anaesthesia,
lessening some of the disadvantages of both procedures. This technique allow us to titrate the
upper sensory level, to reduce total dose of epidural LAs, and to continue anaesthesia as long
as needed.[8,9] It is recommend for long plastic surgeries involving chest, abdomen and
extremities in the same patient. Sometimes it is difficult to keep the epidural catheter in place,
and it can also migrate outside the epidural space.[10,11]

Continuous spinal anaesthesia. Described by Dean in 1907 [12] was reintroduced by Lemmon in
1940 [13]. The technique had several modifications until Hurley and Lambert [14] introduced
the use of thin spinal microcatheters 32-gauge. Nowadays this procedure is underutilized due
to several cases of cauda equina syndrome and the FDA recommendation to withdraw the
technique. The main advantages of continuous spinal anaesthesia is to allow redosing of small
amount of LA to prolong duration of anaesthesia/analgesia and provide better hemodynamic
stability.[15] In the field of plastic surgery outpatient and short-stay cases it may be limited for
older patients with prolonged procedures below Th8 dermatomes.

Spinal anesthesia is done following anatomical landmarks. The introduction of ultrasound in
regional anesthesia is an advanced technique that is now used in difficult cases where anatomy
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cannot be identified properly, or when a difficult block is anticipated as in morbidly obese or
patients with severe anatomic alterations.

3. Indications of spinal anaesthesia

There are two groups of patients who desire plastic surgery procedures: a) Those who undergo
surgery for purely aesthetic reasons to look better and b) Those who do it for work, social or
professional demands. These are patients with special wishes and needs that most of the times
border on perfection, therefore they have poor tolerability for errors or side effects. Compli‐
cations from anaesthesia are not tolerable, even small or insignificant side effects are not
accepted. These patient characteristics demand a careful anaesthesiologist, a cautious anaes‐
thetic plan with some management alternatives ready to be use in order to stay away from
mistakes and complications.

Typically spinal anaesthesia is used for surgical procedures below dermatome Th10, involving
the abdomen, pelvis, perineum, and lower extremities. Outpatient and short-stay plastic
surgery procedures localized up to dermatome Th3-Th4 can be safely done under lumbar
spinal anaesthesia, tilting the surgery table in Trendelemburg or reverse Trendelemburg
position until the desired surgical level is reached. For example, you can use lumbar subar‐
achnoid block for breast surgery and chest/back liposuction, or abdominoplasty combined
with breast surgery.[16,17]

Tables 1 and 2 show our recommendations for outpatient and short-stay cosmetic surgery
procedures that can be done under spinal anaesthesia, including surgeries up to Th3-Th4
dermatomes. In some circumstances it is convenient to use combined epidural-intrathecal
anaesthesia to ensure sufficient anaesthetic duration, as discussed previously.

Surgery
Spinal Epidural Spinal-epidural

Anaesthetic Adjuvant Anaesthetic Adjuvant Anaesthetic Adjuvant

Liposuction L, PPX C, F L, PPX C, F L, PPX C, F, S

Liposculpture L, PPX C, F L, PPX C, F L, PPX C, F, S

Buttock Implants/fat

grafting
L,PPX C L, PPX C L, PPX C, F, S

Calf Implants L, PPX C L, PPX C L, PPX C, F, S

Breast and

liposuction
PPX C, F L, PPX C, F L, PPX C, F. S

Breast only Not recomended
Not

recomended
L, PPX

Not

recomended
Not recomended Not recomended

Perineal procedures L, PPX C, F L, PPX C, F Not recomended Not recomended

L=lidocaine, PPX=Racemic bupivacaine, Levobupivacaine, Ropivacaine, or Mepivacaine

C=Clonidine, F=Fentanyl

Table 1. Ambulatory plastic surgery procedures and neuroaxial anaesthesia.[3]
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thetic plan with some management alternatives ready to be use in order to stay away from
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surgery procedures localized up to dermatome Th3-Th4 can be safely done under lumbar
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Surgery
Spinal Epidural Spinal-epidural

Anaesthetic Adjuvant Anaesthetic Adjuvant Anaesthetic Adjuvant

Abdominoplasty

(Simple, extended or

circular)

PPX C, F, S, or M PPX C, F. M PPX C, F, S, or M

Abdominoplasty with

breast surgery
PPX C, F, S, or M PPX C, F, M PPX C, F, S, or M

Lower body lift PPX C, F, S, or M PPX C, F, M PPX C, F, S, or M

Breast pexia
Not

recommended

Not

recommended
L, PPX C, F

Not

recommended

Not

recommended

L=lidocaine, PPX=Racemic bupivacaine, Levobupivacaine, Ropivacaine, or Mepivacaine,

C=Clonidine, F=Fentanyl. S=Sufentanyl. M=Morphine

Table 2. Short-stay plastic surgery procedures and neuroaxial anaesthesia.[3]

4. Contraindications for spinal anaesthesia

Contraindications are divided into absolute and relative, as shown in table 3. Contraindications
for spinal anaesthesia have been changed over time due to advanced equipment such small
gauge pencil point spinal needles, small gauge Quincke type spinal needles, special tip designs
spinal needles, recent LAs and adjuvants drugs. Patients who wish to fly few days after their
surgery should not receive spinal anaesthesia because of the pressure changes in aircraft cabins
may facilitate cerebrospinal fluid (CSF) leak through the duramater hole. In addition to these
general contraindications, there are few situations where it is not advisable to use spinal
anaesthesia in these patients. For example; patients who live far away from where they are
operated and are not able or willing to return to this facility, should not receive spinal
anaesthesia because the small risk of PDPH. This situation implies that they have to be treated
by colleagues at their city of origin and could facilitate unnecessary medical legal problems.
With plastic surgeons that require longer surgical times it is better to avoid spinal anaesthesia
or advice the patients that they may need general anaesthesia near the end of the procedure.

Absolute

• Patient rejection

• Severe coagulation disorders

• Infection at cutaneous injection site

• Hypovolemia or hemodynamic inestability

• Increased intracranial pressure

Relative
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• Sepsis

• Preexisting diseases of the central nervous system

○ Multiple sclerosis

○ Spina bifida

○ Cancer

○ Hydrocephalus derived

• Anticoagulation

• Thrombocytopenia and thrombasthenia

• Severe anatomical deformities

• Preload dependent conditions

○ Aortic stenosis

○ Obstructive hyperthrophic cardiomiopathy

• Air travel in the immediate post anaesthetic period

Table 3. Spinal anaesthesia contraindications

5. Advantages and complications of spinal anaesthesia

Subarachnoid anaesthesia is an easy procedure that provides a deep and fast surgical block
through the injection of small dose of LA into the lumbar spinal space.[18,19] Even though
lumbar volume of CSF is the main determinant of the effects produced by intrathecal injection
of LA solutions, duration and spread of spinal anaesthesia can be easily manipulated with
type/dose of LAs, baricity of the solution, as well as the addition of preservative free adjuvant
drugs like opioids and/or alpha2-adrenergic agonists.[19,20] Although some aspects of this
technique are controversial, nowadays it is known to be safer than epidural anaesthesia,[21]
with many advantages over other anaesthetic procedures, fewer side effects and uncommon
severe complications.

Advantages. Subarachnoid anaesthesia for ambulatory and short-stay plastic surgery patients
is characterized by rapid onset and convenient offset, quick and simple administration,
inexpensive, with minimal side effects and very few complications. It offers many advantages
for this type of patients as it can be used for procedures below Th3-Th4 such as breast surgery,
abdominal procedures, liposuction and many more surgeries (Tables 1 and 2). The use of small
gauge pencil point spinal needles has reduced to 0-3% the incidence of PDPH, even in young
and outpatients. Spinal anaesthesia is more predictable and safer than epidural or general
anaesthesia. The likelihood of neural damage is reduced when compared to peripheral nerve
blocks. Regional anaesthesia procedures, including subarachnoid anaesthesia, have better pain
control, attenuation of the surgical stress response, preserve perioperative immune function,
better preservation of oxygenation and pulmonary residual functional capacity, improved
visceral vascular flow, early recovery of postoperative ileum, and reduced venous thrombotic
disease and pulmonary embolism.
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Complications and disadvantages. Bradycardia and hypotension are the most frequent cardio‐
vascular side effects associated with spinal anaesthesia and are related to the secondary
sympathetic block. Total dose/volume of injected LAs have a direct relationship with the
cardiovascular response. Bradycardia and arterial hypotension are easy to treat with intrave‐
nous fluids and vasoactive drugs. Sudden cardiac arrest is observed with an estimated
incidence of 0.7 to 0.15%.[22,23,24,25] Changing patient position and hypovolemia are factors
related to sudden cardiac arrest, this situation can take place during extensive liposuction or
abdominoplasty-liposuction. In these patients it is very important to use preventive treatment
as well as to establish proper therapy immediately.

Nerve damage is the most feared side effect of spinal anaesthesia. It can be secondary to local
neurotoxicity of LAs or adjuvant drugs, direct needle damage, haematoma or spinal infection.
Cauda equina syndrome and transitory neurological symptoms (TNS) due to posterior nerve
roots irritation at their entry to the spinal cord [26] are the most neurological controversial side
effects. Several mechanisms have been proposed to explain them. Local neurotoxicity after
spinal injection of any LA is an issue of concern raised after the first published data by
Schneider.[27] Follow up of patients who received uncomplicated spinal anaesthesia had
shown that some developed pain in the buttocks and/or lower extremities after an initial full
recovery from spinal anaesthesia. This painful condition that occurs in the immediate post‐
operative period is known as TNS, and last up to 5 days. Numerous articles have been
published showing that subarachnoid LAs are not free of neurotoxicity; all of them are
neurotoxic when injected inside the spinal space, having a different grade of toxicity.
[27,28,29,30] Takenami et al [26] found in rats that supraclinical concentration of lidocaine
initially is limited to the posterior roots at their entry to the spinal cord. Zong et al found that
spinal ropivacaine 0.75-1.0% induced neurotoxicity after repeated injections in rats; infiltration
of inflammatory cells, vacuolation of myelin sheaths and axons, abnormal morphology of
neurons and apoptosis in the spinal cord, mainly in posterior roots and the adjacent posterior
white matter.[31]

In summary, spinal lidocaine is the most neurotoxic LA, followed in descending order of
toxicity by bupivacaine, levobupivacaine, ropivacaine, articaine, chloroprocaine and procaine.

Postdural puncture headache. This complication is no longer a major concern with a rate of 0 to
3% when pencil point G-27 to G-25, Quincke point G-27,or special tip like Atraucan spinal
needles are used. Even in younger outpatients who were considered at high risk for developing
PDPH, this side effect is seldom observed.[32,33] Post dural puncture headache is attributed
to CSF leak to the extradural space through the hole in the dura. Reina et al [34] found that
G-25 Quincke needles produced well defined dural holes without inflammatory reaction,
while the G-25 Whitacre needles leave a dural hole with separation and disruption of the
collagen fibers and a inflammatory component. They argue that the edema that occurs by this
inflammatory reaction is responsible for the closure of the dural hole, which clinically lowers
the incidence of PDPH by preventing further loss of CSF. Post dural puncture headache can
prolong the convalescence of patients and be a determining factor for hospital readmission.
Seventy to 90% of patients have a spontaneous resolution in one to six weeks after dural
puncture. Conservative management involves bed rest, fluids, analgesics and caffeine.
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Epidural blood patch is seldom needed for PDPH after subarachnoid anaesthesia done with
pencil point needles.

Failed spinal. There are several factors to explain this malfunction; partial position of spinal
needle tip into the subdural or epidural space, inadequate dose, expired LAs, injection into a
dural sac appendix (Tarlov's cyst), low spinal tap, inadequate accumulation of hyperbaric LA
in sacral roots, and on occasions when surgery is prolonged beyond the time of the spinal
anaesthesia.[35] When a subarachnoid block fails, 20-30 minutes must elapse before it is
repeated so as to avoid the possibility of additive effects over the first dose of LA. It is important
to be sure that the first injected LA has reached its maximum effect, if any. Remember that the
spread of LAs may be very slow in some patients, therefore a waiting time of 20 to 30 minutes
ensures that most of the LA which access the subarachnoid space is fixed in the neural tissue.
The second injection done at the same space, or even better in upper spaces, usually produces
a proper subarachnoid block. It has been recommended not to use opioids during the second
attempt (if opioids were used in the first attempt) to avoid eventually delayed respiratory
depression. It is also wise not to use vasoconstrictors in the second injection that could lead to
severe nerve damage by ischemia.[36,37] The addition of clonidine might be safe during the
second spinal block as intratecal doses of this drug are very wide (30 to 450 µg).

Arachnoiditis. Recent studies on the incidence of arachnoiditis secondary to neuroaxial
anaesthesia seems to point out this new entity as a ghost, as a deleterious effect that we must
consider each time that a patient will undergo a neuroaxial injection. This entity may present
initially as TNS, cauda equina syndrome or conus medullaris, and then evolve radiculitis,
fibrosis, scarring of the dural sac, deformities, pachymeningitis, syringomyelia, and pseudo‐
meningocele among others. It has been associated with neuroaxial anaesthesia after traumatic
punctures, LAs, detergents, antiseptics, preservatives and other substances injected by
accident or intentionally into the subarachnoid, subdural or peridural space.[38]

Total spinal block. It can happen during extradural block attempt with inadverted dural
puncture and the injection of high volume of LAs. During spinal anaesthesia LAs seldom reach
an unwanted high metameric level. This situation happens with inappropriate high doses of
LAs, neglect manipulation of patient position when injected with hypo or hyperbaric LAs. If
the level is too high, it may be accompanied by bradycardia, cardiac arrest and or respiratory
failure requiring pharmacologic and ventilatory support.

Bleeding. The development of cerebral or spinal haematomas subsequent to spinal anaesthesia
is a serious and rare complication which mandates prompt diagnosis, and immediate surgery.
A closed claims study in Finland during 2000/2009 [22] found an incidence of neuroaxial
haematoma after spinal anaesthesia of 1:775,000, which is lesser than epidural anaesthesia
1:26,400 and combined epidural-spinal 1:17,800. Castillo et al. in Catalonia Spain [39] reported
an approximated incidence of one haematoma per 150,000 neuroaxial anaesthesias (0.6 per
100,000 spinal anaesthesias versus 0.7 per 100,000 epidural anaesthesias). When performing
neuroaxial anaesthesia it is important to adhere to ASRA guidelines [40] avoiding regional
anaesthesia in patients at risk of bleeding such as coagulation abnormalities, anticoagulation
therapy. Remember that certain conditions like advanced age, anomalies of the vertebral
column or spinal cord, and difficult neuroaxial blocks can increase the risk of bleeding.
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Complications and disadvantages. Bradycardia and hypotension are the most frequent cardio‐
vascular side effects associated with spinal anaesthesia and are related to the secondary
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cardiovascular response. Bradycardia and arterial hypotension are easy to treat with intrave‐
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as well as to establish proper therapy immediately.

Nerve damage is the most feared side effect of spinal anaesthesia. It can be secondary to local
neurotoxicity of LAs or adjuvant drugs, direct needle damage, haematoma or spinal infection.
Cauda equina syndrome and transitory neurological symptoms (TNS) due to posterior nerve
roots irritation at their entry to the spinal cord [26] are the most neurological controversial side
effects. Several mechanisms have been proposed to explain them. Local neurotoxicity after
spinal injection of any LA is an issue of concern raised after the first published data by
Schneider.[27] Follow up of patients who received uncomplicated spinal anaesthesia had
shown that some developed pain in the buttocks and/or lower extremities after an initial full
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of inflammatory cells, vacuolation of myelin sheaths and axons, abnormal morphology of
neurons and apoptosis in the spinal cord, mainly in posterior roots and the adjacent posterior
white matter.[31]

In summary, spinal lidocaine is the most neurotoxic LA, followed in descending order of
toxicity by bupivacaine, levobupivacaine, ropivacaine, articaine, chloroprocaine and procaine.

Postdural puncture headache. This complication is no longer a major concern with a rate of 0 to
3% when pencil point G-27 to G-25, Quincke point G-27,or special tip like Atraucan spinal
needles are used. Even in younger outpatients who were considered at high risk for developing
PDPH, this side effect is seldom observed.[32,33] Post dural puncture headache is attributed
to CSF leak to the extradural space through the hole in the dura. Reina et al [34] found that
G-25 Quincke needles produced well defined dural holes without inflammatory reaction,
while the G-25 Whitacre needles leave a dural hole with separation and disruption of the
collagen fibers and a inflammatory component. They argue that the edema that occurs by this
inflammatory reaction is responsible for the closure of the dural hole, which clinically lowers
the incidence of PDPH by preventing further loss of CSF. Post dural puncture headache can
prolong the convalescence of patients and be a determining factor for hospital readmission.
Seventy to 90% of patients have a spontaneous resolution in one to six weeks after dural
puncture. Conservative management involves bed rest, fluids, analgesics and caffeine.
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spread of LAs may be very slow in some patients, therefore a waiting time of 20 to 30 minutes
ensures that most of the LA which access the subarachnoid space is fixed in the neural tissue.
The second injection done at the same space, or even better in upper spaces, usually produces
a proper subarachnoid block. It has been recommended not to use opioids during the second
attempt (if opioids were used in the first attempt) to avoid eventually delayed respiratory
depression. It is also wise not to use vasoconstrictors in the second injection that could lead to
severe nerve damage by ischemia.[36,37] The addition of clonidine might be safe during the
second spinal block as intratecal doses of this drug are very wide (30 to 450 µg).

Arachnoiditis. Recent studies on the incidence of arachnoiditis secondary to neuroaxial
anaesthesia seems to point out this new entity as a ghost, as a deleterious effect that we must
consider each time that a patient will undergo a neuroaxial injection. This entity may present
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meningocele among others. It has been associated with neuroaxial anaesthesia after traumatic
punctures, LAs, detergents, antiseptics, preservatives and other substances injected by
accident or intentionally into the subarachnoid, subdural or peridural space.[38]

Total spinal block. It can happen during extradural block attempt with inadverted dural
puncture and the injection of high volume of LAs. During spinal anaesthesia LAs seldom reach
an unwanted high metameric level. This situation happens with inappropriate high doses of
LAs, neglect manipulation of patient position when injected with hypo or hyperbaric LAs. If
the level is too high, it may be accompanied by bradycardia, cardiac arrest and or respiratory
failure requiring pharmacologic and ventilatory support.

Bleeding. The development of cerebral or spinal haematomas subsequent to spinal anaesthesia
is a serious and rare complication which mandates prompt diagnosis, and immediate surgery.
A closed claims study in Finland during 2000/2009 [22] found an incidence of neuroaxial
haematoma after spinal anaesthesia of 1:775,000, which is lesser than epidural anaesthesia
1:26,400 and combined epidural-spinal 1:17,800. Castillo et al. in Catalonia Spain [39] reported
an approximated incidence of one haematoma per 150,000 neuroaxial anaesthesias (0.6 per
100,000 spinal anaesthesias versus 0.7 per 100,000 epidural anaesthesias). When performing
neuroaxial anaesthesia it is important to adhere to ASRA guidelines [40] avoiding regional
anaesthesia in patients at risk of bleeding such as coagulation abnormalities, anticoagulation
therapy. Remember that certain conditions like advanced age, anomalies of the vertebral
column or spinal cord, and difficult neuroaxial blocks can increase the risk of bleeding.
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Trauma and infection. There have been reports of nerve damage by direct trauma produced by
the spinal needle, and also there are reports of infections manifested as meningitis or epidural
abscesses after neuroaxial anaesthesia. Instances of either occurrence are exceedingly uncom‐
mon.[25]

As reviewed in the previous paragraphs, severe complications secondary to spinal anaesthesia
are extremely rare and therefore difficult to study. Auroy et al [25] in their prospective study
conducted in France with 756 anaesthesiologists found that the incidence of deleterious events
after regional anaesthesia were rare; they found only 98 incidents in 103,730 cases. There were
40,640 cases of spinal anaesthesia with cardiac arrest in 26 of whom 6 died, (6.4 ± 1.2./ 10,000
patients) which was significant (p <0.05) when compare with other regional anaesthesia
techniques. There were 21 neurological complications (radiculopathy, cauda equina syn‐
drome, paraplegia). Two thirds of the patients with neurologic deficits had either a paresthesia
during needle placement or pain on injection and 75 % of the neurologic deficits after non‐
traumatic spinal anaesthesia occurred in patients who had received 5% hyperbaric lidocaine.

6. Drugs for spinal anaesthesia

There are two groups of drugs used for spinal anaesthesia; LAs and adjuvant drugs. The latter
are used to enhance the performance of spinal anaesthesia and or to lower doses of LAs and
their corresponding side effects. They can be injected through a spinal needle or multiple doses
through a spinal catheter.

Systemic toxicity of LAs is not an issue in subarachnoid anaesthesia, since the dosages used
are very small compared with the epidural doses. However, due to the increasing use of
combined neuroaxial anaesthesia (subarachnoid-epidural) and injections of higher doses of
lidocaine during liposuction, abdominoplasty or neck and face lift, it is important to bear in
mind the possibility of systemic toxicity manifested by seizures, coma, arrhythmias, or heart
failure.

The choice of the spinal LA is determined taking into account the type and duration of plastic
surgery procedures, patient health condition, facilities where the operation is performed, the
experience of the anaesthesiologist, dexterity of surgeons, and availability of drugs. Also, it is
important where the patient lives, or if he/she are tourist patients from a remote place.

The anaesthetic profile of each intrathecal drug is the most important parameter that should
be considered when planning subarachnoid anaesthesia.

Local anaesthetics. Due to the unresolved dispute over local neurotoxicity of intrathecal
lidocaine,[41] some researchers have attempted to determine the usefulness of other LAs in
the field of ambulatory and short-stay surgery, keeping in mind that recovery time after spinal
anaesthesia is important for patients, physicians, third party payers and surgical units. There
are quite a few choices of LAs for outpatient and short-stay spinal anaesthesia; bupivacaine,
levobupivacaine, ropivacaine, mepivacaine, prilocaine, chloroprocaine, procaine, articaine,
and lidocaine.[3,42,43]
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The amino-amide pipecoloxylidides (PPX) family of LAs incorporate four drugs: racemic
bupivacaine, mepivacaine, ropivacaine and levobupivacaine. All of them are used in spinal
anaesthesia for ambulatory cases, in particular bupivacaine. Changes in the total dose and/or
adding some adjuvant drugs has been a growing field in this line of research/clinical practice.
Ropivacaine and levobupivacaine have not been approved all over the world for intrathecal
use, however, multiple reports and the fact that they are made preservatives free make them
safe when injected inside the spinal space.[43,44,45]

In the following paragraphs we briefly review some LAs used in spinal anaesthesia for
outpatient and short-stay cases in various surgical procedures, and analyze their results to use
them in ambulatory and brief-stay plastic surgery patients. We describe the amide class of LAs
first, followed by the ester type.

Lidocaine. Is the most studied/used LA. During the last two decades there has been an increase
in the number of patients implicating lidocaine as a possible source of neurotoxicity resulting
in temporary and permanent neurologic damage after subarachnoid anaesthesia. Nowadays
cauda equina is seldom reported after spinal lidocaine, but TNS are the most reported
deleterious side effects. The risk to develop TNS is significantly higher after spinal lidocaine
compared to spinal bupivacaine, prilocaine, procaine, levobupivacaine, ropivacaine, and
chloroprocaine (7.31 (95% confidence interval (CI) 4.16 to 12.86).[46] Fortunately, TNS
symptoms last no more than five days, without permanent neural damage. Among other
causes, early ambulation is one of the factors that has been associated with the development
of toxicity symptoms, so in ambulatory and short-stay patients spinal lidocaine could be
contraindicated.

Although spinal lidocaine use is controversial, some authors still use it for short procedures.
A dose of 40 mg is sufficient and compared with 7.5 mg of bupivacaine.[19] A dose of 15 mg
of lidocaine plus 15 µg of sufentanyl produces excellent anaesthesia and recovery time better
than 50 mg of lidocaine alone, however 50% develops pruritus.[47] Frey et al compared in

Local anaesthetics Adjuvants

Amino-ester Amino-amide

Procaine Lidocaine Fentanyl

2-cloroprocaine Articaine Sufentanyl

Tetracaine Bupivacaine Morphine

Levobupivacaine Clonidine

Ropivacaine Dexmedetomidine

Mepivacaine

Prilocaine

Etidocaine

Table 4. Drugs for spinal anaesthesia for ambulatory and short-stay plastic surgery procedures
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Trauma and infection. There have been reports of nerve damage by direct trauma produced by
the spinal needle, and also there are reports of infections manifested as meningitis or epidural
abscesses after neuroaxial anaesthesia. Instances of either occurrence are exceedingly uncom‐
mon.[25]

As reviewed in the previous paragraphs, severe complications secondary to spinal anaesthesia
are extremely rare and therefore difficult to study. Auroy et al [25] in their prospective study
conducted in France with 756 anaesthesiologists found that the incidence of deleterious events
after regional anaesthesia were rare; they found only 98 incidents in 103,730 cases. There were
40,640 cases of spinal anaesthesia with cardiac arrest in 26 of whom 6 died, (6.4 ± 1.2./ 10,000
patients) which was significant (p <0.05) when compare with other regional anaesthesia
techniques. There were 21 neurological complications (radiculopathy, cauda equina syn‐
drome, paraplegia). Two thirds of the patients with neurologic deficits had either a paresthesia
during needle placement or pain on injection and 75 % of the neurologic deficits after non‐
traumatic spinal anaesthesia occurred in patients who had received 5% hyperbaric lidocaine.

6. Drugs for spinal anaesthesia

There are two groups of drugs used for spinal anaesthesia; LAs and adjuvant drugs. The latter
are used to enhance the performance of spinal anaesthesia and or to lower doses of LAs and
their corresponding side effects. They can be injected through a spinal needle or multiple doses
through a spinal catheter.

Systemic toxicity of LAs is not an issue in subarachnoid anaesthesia, since the dosages used
are very small compared with the epidural doses. However, due to the increasing use of
combined neuroaxial anaesthesia (subarachnoid-epidural) and injections of higher doses of
lidocaine during liposuction, abdominoplasty or neck and face lift, it is important to bear in
mind the possibility of systemic toxicity manifested by seizures, coma, arrhythmias, or heart
failure.

The choice of the spinal LA is determined taking into account the type and duration of plastic
surgery procedures, patient health condition, facilities where the operation is performed, the
experience of the anaesthesiologist, dexterity of surgeons, and availability of drugs. Also, it is
important where the patient lives, or if he/she are tourist patients from a remote place.

The anaesthetic profile of each intrathecal drug is the most important parameter that should
be considered when planning subarachnoid anaesthesia.

Local anaesthetics. Due to the unresolved dispute over local neurotoxicity of intrathecal
lidocaine,[41] some researchers have attempted to determine the usefulness of other LAs in
the field of ambulatory and short-stay surgery, keeping in mind that recovery time after spinal
anaesthesia is important for patients, physicians, third party payers and surgical units. There
are quite a few choices of LAs for outpatient and short-stay spinal anaesthesia; bupivacaine,
levobupivacaine, ropivacaine, mepivacaine, prilocaine, chloroprocaine, procaine, articaine,
and lidocaine.[3,42,43]
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Ropivacaine and levobupivacaine have not been approved all over the world for intrathecal
use, however, multiple reports and the fact that they are made preservatives free make them
safe when injected inside the spinal space.[43,44,45]

In the following paragraphs we briefly review some LAs used in spinal anaesthesia for
outpatient and short-stay cases in various surgical procedures, and analyze their results to use
them in ambulatory and brief-stay plastic surgery patients. We describe the amide class of LAs
first, followed by the ester type.

Lidocaine. Is the most studied/used LA. During the last two decades there has been an increase
in the number of patients implicating lidocaine as a possible source of neurotoxicity resulting
in temporary and permanent neurologic damage after subarachnoid anaesthesia. Nowadays
cauda equina is seldom reported after spinal lidocaine, but TNS are the most reported
deleterious side effects. The risk to develop TNS is significantly higher after spinal lidocaine
compared to spinal bupivacaine, prilocaine, procaine, levobupivacaine, ropivacaine, and
chloroprocaine (7.31 (95% confidence interval (CI) 4.16 to 12.86).[46] Fortunately, TNS
symptoms last no more than five days, without permanent neural damage. Among other
causes, early ambulation is one of the factors that has been associated with the development
of toxicity symptoms, so in ambulatory and short-stay patients spinal lidocaine could be
contraindicated.

Although spinal lidocaine use is controversial, some authors still use it for short procedures.
A dose of 40 mg is sufficient and compared with 7.5 mg of bupivacaine.[19] A dose of 15 mg
of lidocaine plus 15 µg of sufentanyl produces excellent anaesthesia and recovery time better
than 50 mg of lidocaine alone, however 50% develops pruritus.[47] Frey et al compared in
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healthy volunteers [48] 100 mg of lidocaine, bupivacaine 15 mg and 15 mg of tetracaine-the
three hyperbaric-and found that lidocaine has the best recovery profile, although there were
patient dependent variables between the three studied LAs, with some subjects recovering
quickly among those treated with bupivacaine or tetracaine. No major differences were found
between 80 mg of either spinal isobaric lidocaine 2% or spinal isobaric mepivacaine 2% for
ambulatory arthroscopic surgery. Neither group had TNS.[49] Prilocaine, mepivacaine,
articaine, bupivacaine, ropivacaine, and procaine at low doses have been suggested as
alternatives to spinal lidocaine.

Articaine. A 4-methyl-3(2-[propylamino] propionamido)-2-thiophenecarboxylic acid, methyl
ester hydrochloride, originally named carticaine was first prepared by Rusching et al in 1969.
Introduced in dentistry in 1973, it entered clinical practice in Germany in 1976 under the
changed name of articaine. It is the only amide LA that contains a thiophene ring and an
additional ester ring. Recent investigations have demonstrated its usefulness in spinal
anaesthesia for ambulatory short cases. In addition to its fast onset and short duration of motor
blockade, it has low local neurotoxicity.[50,51,52] Doses from 50 to 80 mg of 2% or 3% plain or
hyperbaric articaine produces satisfactory anaesthesia for about 1 hour, with full recovery in
3.5 hours. Hyperbaric articaine was compared with hyperbaric bupivacaine in similar
surgeries, and the results have shown a quicker onset of sensory and sympathetic block in the
articaine group than in the bupivacaine group, but hypotension was more frequent and faster
with articaine.[53] Hendriks et al [54] compared 50 mg of plain articaine versus 50 mg of plain
prilocaine in day-case knee arthroscopy patients and found that full motor function recovery
was shorter after articaine than prilocaine [mean (SD) 140 [33] versus 184 [46] min, respectively,
p<0.001]. Time to spontaneous voiding was shorter after articaine than prilocaine [mean (SD)
184 [39] versus 227 [45] min, respectively, p<0.001]. One patient in the articaine group reported
mild TNS limited to the first postoperative day, but there were no significant differences in
adverse effects between the groups.[50] Addition of fentanyl 10 µg improved analgesia and
reduced postoperative analgesic consumption without prolonging motor block nor delaying
total recovery.[55,56]

Bupivacaine. Is an old drug that has stood the test of time. It is a racemic LA containing two
stereoisomers, S-and R+, the latter being the most toxic. Since the controversy of spinal lidocaine
neurotoxicity, bupivacaine is probably the more used LA in subarachnoid anaesthesia. Its
intrathecal potency is similar to levobupivacaine and stronger than ropivacaine: ratios are 0.97
(95% CI: 0.81-1.17) for levobupivacaine/bupivacaine, 0.65 (95% CI: 0.54-0.80) for ropivacaine/
bupivacaine, and 0.68 (95% CI: 0.55-0.84) for ropivacaine/levobupivacaine.[57] Although it is
an adequate substitute for intrathecal lidocaine for outpatient and short-stay surgery, the usual
doses of 15 to18 mg may be reduced 8 to 10 mg to prevent urinary retention and delayed home
discharge. In addition, almost no possibility of TNS favors the use of bupivacaine for ambu‐
latory plastic surgery. A systematic review by Nair et al [58] suggested that 4-5 mg of hyper‐
baric bupivacaine can effectively produce spinal anaesthesia for knee arthroscopy with
unilateral positioning. Casati et al [59] compared 8 mg 0.5 % hyperbaric bupivacaine versus
sciatic-femoral nerve block with mepivacaine and found that to carry out peripheral nerve
blocks require more time than to perform spinal anaesthesia. Patients under spinal anaesthesia
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had shorter time block, but took longer to urinate without affecting discharge time. A small
dose of 4 mg hyperbaric bupivacaine 0.25% reduces the height of sensory block and motor
block duration. Doses of 3 and 4 mg of spinal hyperbaric 0.5% bupivacaine, with fentanyl 25
µg, or without the opioid can be used safely in lower extremity surgery and can provide rapid
and safe release criteria.[60] Intrathecal injection of 9.7 mg of isobaric bupivacaine acts five
minutes faster than hyperbaric bupivacaine, although at 15 min level of sensory and motor
block have similar characteristics of hyperbaric bupivacaine.[61] For ambulatory cosmetic
short procedures doses of 8 to 10 mg hyperbaric 0.5%-0.75% bupivacaine are adequate, for
short-stay procedures like abdominoplasty plus breast surgery doses from 15 up to 22 mg can
be used safely, but full recovery time will be affected.

Levobupivacaine. It is the last LA introduced in clinical practice back in 1999. It is an L-stereo‐
isomer with a longer duration of action, a clinical profile similar to racemic bupivacaine, but
with less toxicity. The lethal dose of intravenous levobupivacaine is 1.3 to 1.6 times greater
than racemic bupivacaine, and both have equipotent anaesthetic effect via neuroaxial. Some
animal's studies have shown no damage or minimal harm to the spinal cord or cauda equina.
[62,63] In contrast, Takenami et al found axonal degeneration in rats injected with spinal
levobupivacaine.[30] There are numerous clinical studies recommending spinal levobupiva‐
caine in ambulatory surgery. Doses from 7.5 to 15 mg 0.5% hyperbaric/isobaric levobupiva‐
caine produced satisfactory anaesthesia.[64,65] Smaller doses with added adjuvants have been
reported for ambulatory cases; in gynecological patients 3 mg along with 10 µg fentanyl may
be used safely,[66] 5 or 7.5 mg 0.5% intrathecal levobupivacaine plus fentanyl 25 µg for
ambulatory patients undergoing inguinal herniorraphy provides good quality spinal anaes‐
thesia and minimizes the need for intra-operative analgesia.[67] In a double-blinded study
Sanansilp et al [68] compared spinal isobaric or hyperbaric 0.42% levobupivacaine. They found
that hyperbaric levobupivacaine spread higher than the isobaric form, suggesting that the
former is more predictable. In elderly patients spinal levobupivacaine has better hemodynamic
stability compared with bupivacaine.[69]

Although intrathecal levobupivacaine is safe, there have been reported cases of cauda equina
syndrome and TNS. Twenty mg of isobaric levobupivacaine produce less TNS than 80 mg of
isobaric lidocaine (0.33% versus 26.6%, p=0.002).[70] We describe a 38 year old patient who
developed TNS 27 hours after abdominoplasty/liposuction done under spinal anaesthesia with
15 mg of 0.65% hyperbaric levobupivacaine and 30 µg clonidine.[71]

Ropivacaine. Identified by Ekenstam in 1957, ropivacaine was introduced in clinical loco
regional and epidural anesthesia in 1997. It is the first available L-isomer LA for human use.
It is less soluble than bupivacaine, and is the least toxic of the PPX family. The possibility of
TNS is 0-1%. Shortly after its introduction, ropivacaine was safely used for spinal anaesthesia
in the ambulatory setting. It is one third less potent compared to bupivacaine or levobupiva‐
caine.[43] Hyperbaric 0.5% ropivacaine is superior to 0.5% hyperbaric bupivacaine outpatients,
since motor and sensitive block duration are significantly shorter than bupivacaine, with better
cardiovascular stability.[72] Like levobupivacaine, low doses of ropivacaine are useful in
outpatients; several investigative protocols reports small doses from 5 to 10 mg were sufficient
in various types of outpatient surgeries like anorectal,[73] knee arthroscopy,[74] herniorraphy.
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healthy volunteers [48] 100 mg of lidocaine, bupivacaine 15 mg and 15 mg of tetracaine-the
three hyperbaric-and found that lidocaine has the best recovery profile, although there were
patient dependent variables between the three studied LAs, with some subjects recovering
quickly among those treated with bupivacaine or tetracaine. No major differences were found
between 80 mg of either spinal isobaric lidocaine 2% or spinal isobaric mepivacaine 2% for
ambulatory arthroscopic surgery. Neither group had TNS.[49] Prilocaine, mepivacaine,
articaine, bupivacaine, ropivacaine, and procaine at low doses have been suggested as
alternatives to spinal lidocaine.

Articaine. A 4-methyl-3(2-[propylamino] propionamido)-2-thiophenecarboxylic acid, methyl
ester hydrochloride, originally named carticaine was first prepared by Rusching et al in 1969.
Introduced in dentistry in 1973, it entered clinical practice in Germany in 1976 under the
changed name of articaine. It is the only amide LA that contains a thiophene ring and an
additional ester ring. Recent investigations have demonstrated its usefulness in spinal
anaesthesia for ambulatory short cases. In addition to its fast onset and short duration of motor
blockade, it has low local neurotoxicity.[50,51,52] Doses from 50 to 80 mg of 2% or 3% plain or
hyperbaric articaine produces satisfactory anaesthesia for about 1 hour, with full recovery in
3.5 hours. Hyperbaric articaine was compared with hyperbaric bupivacaine in similar
surgeries, and the results have shown a quicker onset of sensory and sympathetic block in the
articaine group than in the bupivacaine group, but hypotension was more frequent and faster
with articaine.[53] Hendriks et al [54] compared 50 mg of plain articaine versus 50 mg of plain
prilocaine in day-case knee arthroscopy patients and found that full motor function recovery
was shorter after articaine than prilocaine [mean (SD) 140 [33] versus 184 [46] min, respectively,
p<0.001]. Time to spontaneous voiding was shorter after articaine than prilocaine [mean (SD)
184 [39] versus 227 [45] min, respectively, p<0.001]. One patient in the articaine group reported
mild TNS limited to the first postoperative day, but there were no significant differences in
adverse effects between the groups.[50] Addition of fentanyl 10 µg improved analgesia and
reduced postoperative analgesic consumption without prolonging motor block nor delaying
total recovery.[55,56]

Bupivacaine. Is an old drug that has stood the test of time. It is a racemic LA containing two
stereoisomers, S-and R+, the latter being the most toxic. Since the controversy of spinal lidocaine
neurotoxicity, bupivacaine is probably the more used LA in subarachnoid anaesthesia. Its
intrathecal potency is similar to levobupivacaine and stronger than ropivacaine: ratios are 0.97
(95% CI: 0.81-1.17) for levobupivacaine/bupivacaine, 0.65 (95% CI: 0.54-0.80) for ropivacaine/
bupivacaine, and 0.68 (95% CI: 0.55-0.84) for ropivacaine/levobupivacaine.[57] Although it is
an adequate substitute for intrathecal lidocaine for outpatient and short-stay surgery, the usual
doses of 15 to18 mg may be reduced 8 to 10 mg to prevent urinary retention and delayed home
discharge. In addition, almost no possibility of TNS favors the use of bupivacaine for ambu‐
latory plastic surgery. A systematic review by Nair et al [58] suggested that 4-5 mg of hyper‐
baric bupivacaine can effectively produce spinal anaesthesia for knee arthroscopy with
unilateral positioning. Casati et al [59] compared 8 mg 0.5 % hyperbaric bupivacaine versus
sciatic-femoral nerve block with mepivacaine and found that to carry out peripheral nerve
blocks require more time than to perform spinal anaesthesia. Patients under spinal anaesthesia
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had shorter time block, but took longer to urinate without affecting discharge time. A small
dose of 4 mg hyperbaric bupivacaine 0.25% reduces the height of sensory block and motor
block duration. Doses of 3 and 4 mg of spinal hyperbaric 0.5% bupivacaine, with fentanyl 25
µg, or without the opioid can be used safely in lower extremity surgery and can provide rapid
and safe release criteria.[60] Intrathecal injection of 9.7 mg of isobaric bupivacaine acts five
minutes faster than hyperbaric bupivacaine, although at 15 min level of sensory and motor
block have similar characteristics of hyperbaric bupivacaine.[61] For ambulatory cosmetic
short procedures doses of 8 to 10 mg hyperbaric 0.5%-0.75% bupivacaine are adequate, for
short-stay procedures like abdominoplasty plus breast surgery doses from 15 up to 22 mg can
be used safely, but full recovery time will be affected.

Levobupivacaine. It is the last LA introduced in clinical practice back in 1999. It is an L-stereo‐
isomer with a longer duration of action, a clinical profile similar to racemic bupivacaine, but
with less toxicity. The lethal dose of intravenous levobupivacaine is 1.3 to 1.6 times greater
than racemic bupivacaine, and both have equipotent anaesthetic effect via neuroaxial. Some
animal's studies have shown no damage or minimal harm to the spinal cord or cauda equina.
[62,63] In contrast, Takenami et al found axonal degeneration in rats injected with spinal
levobupivacaine.[30] There are numerous clinical studies recommending spinal levobupiva‐
caine in ambulatory surgery. Doses from 7.5 to 15 mg 0.5% hyperbaric/isobaric levobupiva‐
caine produced satisfactory anaesthesia.[64,65] Smaller doses with added adjuvants have been
reported for ambulatory cases; in gynecological patients 3 mg along with 10 µg fentanyl may
be used safely,[66] 5 or 7.5 mg 0.5% intrathecal levobupivacaine plus fentanyl 25 µg for
ambulatory patients undergoing inguinal herniorraphy provides good quality spinal anaes‐
thesia and minimizes the need for intra-operative analgesia.[67] In a double-blinded study
Sanansilp et al [68] compared spinal isobaric or hyperbaric 0.42% levobupivacaine. They found
that hyperbaric levobupivacaine spread higher than the isobaric form, suggesting that the
former is more predictable. In elderly patients spinal levobupivacaine has better hemodynamic
stability compared with bupivacaine.[69]

Although intrathecal levobupivacaine is safe, there have been reported cases of cauda equina
syndrome and TNS. Twenty mg of isobaric levobupivacaine produce less TNS than 80 mg of
isobaric lidocaine (0.33% versus 26.6%, p=0.002).[70] We describe a 38 year old patient who
developed TNS 27 hours after abdominoplasty/liposuction done under spinal anaesthesia with
15 mg of 0.65% hyperbaric levobupivacaine and 30 µg clonidine.[71]

Ropivacaine. Identified by Ekenstam in 1957, ropivacaine was introduced in clinical loco
regional and epidural anesthesia in 1997. It is the first available L-isomer LA for human use.
It is less soluble than bupivacaine, and is the least toxic of the PPX family. The possibility of
TNS is 0-1%. Shortly after its introduction, ropivacaine was safely used for spinal anaesthesia
in the ambulatory setting. It is one third less potent compared to bupivacaine or levobupiva‐
caine.[43] Hyperbaric 0.5% ropivacaine is superior to 0.5% hyperbaric bupivacaine outpatients,
since motor and sensitive block duration are significantly shorter than bupivacaine, with better
cardiovascular stability.[72] Like levobupivacaine, low doses of ropivacaine are useful in
outpatients; several investigative protocols reports small doses from 5 to 10 mg were sufficient
in various types of outpatient surgeries like anorectal,[73] knee arthroscopy,[74] herniorraphy.
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[75] Gautier et al [76] found that 12 mg intrathecal ropivacaine are equivalent to 8 mg of
bupivacaine, with no additional benefits in outpatients undergoing knee arthroscopies. The
accidental injection of 1.0% ropivacaine 30 mg without serious side effects suggests us that
higher doses may be used when are needed for procedures in thoracic dermatomes, even for
ambulatory patients.[77]

Doses from 4 up to 30 mg of isobaric or hyperbaric 0.75 or 1% ropivacaine can be safely used
for ambulatory or short-stay plastic surgery procedures.

Mepivacaine. This LA has been used intrathecally since 1960. It has a short onset with inter‐
mediate duration and low toxicity. Its hepatic metabolism is fast and is excreted by the kidneys.
Its clinical profile is similar to lidocaine, with a relative potency of 1.3:1. Spinal mepivacaine
produces neurological tissue damage with infiltration of macrophages and destruction of the
myelin sheaths and axons in rats. The damage was localized in the proximal portion of the
posterior nerve roots, the entry zone into the spinal cord, or the fasciculus gracilis of the
posterior white mater.[28] Transient neurological symptoms occurs between 0 and 30%. A
study of 1273 ambulatory patients managed with mepivacaine 1.5% intrathecal-epidural or
intrathecal showed that 1.7% of spinal anaesthesia were inadequate and 6.4% had TNS. The
average age of patients who developed TNS was 48 ± 14 years), significantly older than those
who had not TNS (41 ± 16) (p <0.001).[78] Pawlowski et al [79] prospectively studied the
anaesthetic recovery profile in 60 outpatients managed with 60 and 80 mg intrathecal mepi‐
vacaine and concluded that both doses are adequate, although patients who were managed
with 60 mg recovered faster (20 to 30 minutes) without any side effects. The same authors
found no major differences between lidocaine and mepivacaine spinal anaesthesia; time to
ambulation and voiding were longer in patients who received mepivacaine as was time to
epidural first dose. Neither group had TNS symptoms. Lidocaine and mepivacaine are both
appropriate spinal anaesthetics for ambulatory orthopedic lower extremity procedures.[80]
Adding fentanyl 10 µg to 30 mg isobaric spinal mepivacaine 1.5% produces reliable anaesthe‐
sia, hastens block regression, shortens recovery, and facilitates earlier ambulation for patients
undergoing unilateral knee arthroscopy.[81]

2-Chloroprocaine. It is an ester LA suitable for short procedures under spinal anaesthesia.
Preservative free chloroprocaine has been used instead of intrathecal lidocaine in order to
avoid TNS. It has an antagonistic effect on k and µ opioid receptors, which may interfere with
neuroaxial opioid administration. Spinal 2-chloroprocaine, 10 mg/mL 35, 40, 45, 50 and 60 mg
provide consistent sensory and motor block for ambulatory surgery, while reducing the doses
to 35 and 40 mg resulted in a spinal block with faster ambulation. Even though 20 mg and 30
mg doses can produce adequate sensory anaesthesia for short surgical procedures, less motor
block and some sacral sparing should be anticipated. Most studies recommend doses from 30
to 60 mg. A dose of 10 mg produces brief and inconsistent sensory anaesthesia, it can be
considered a no effect dose.[82] Hejtmanek and Pollock [83] review 503 ambulatory patients
managed with spinal chloroprocaine (median dose 40 mg, range 20-60 mg) and found that
times from injection to ambulation and discharge were 107±24 and 171±45 min, respectively,
shorter than spinal lidocaine (155±40 and 224±57 min) (p<0.05), with no reports of TNS.
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Compared with 40 mg articaine, 40 mg of chloroprocaine had similar onset and maximal
spread, but recovery from motor block was clearly faster with chloroprocaine.[84] Adding
fentanyl appears to lengthen the surgical block without prolonging discharge time. Five
possible cases of TNS following spinal chloroprocaine in over 4000 patients, and a regressive
incomplete cauda equina syndrome have been described.[85] To sum up, the short duration
of spinal chloroprocaine makes it a strong contender for outpatient anaesthesia. It appears to
have a lower risk of TNS than lidocaine.

Procaine. This amino-ester LA has been used in the subarachnoid space for short surgeries since
the beginning of last century. Its onset of action is slower than chloroprocaine, and only lasts
30 to 60 minutes. Although procaine produces local toxicity, it is the least neurotoxic LA when
injected inside the spinal space.[28] TNS have an incidence 0 to 6%. Johnson and Swanson [86]
reported a patient with permanent cauda equina syndrome after 150 mg of 10% procaine.
Hodgson [87] used 100 mg hyperbaric spinal procaine versus 50 mg hyperbaric lidocaine in
outpatient arthroscopy and found that the first had a higher rate of anaesthetic failure (17%
versus 3%), and higher incidence of nausea (17% versus 3%). TNS incidence was lower with
procaine (6% vs. 24%). Procaine has been considered as an acceptable alternative to intrathecal
lidocaine in ambulatory patients.

When choosing a LA for subarachnoid anaesthesia it is important to keep in mind that
hyperbaric forms have a wider intrathecal diffusion compared to isobaric solutions, and
therefore they are useful for higher dermatomes surgical procedures. The isobaric LAs are
better for pelvic and lower extremity surgeries. Epinephrine is no longer recommended since
it lengthens recovery time. It is always wise to consider that operating time is longer than the
surgeon's estimate, as there are many timeouts prolonging the surgery. Furthermore, some‐
times the original cosmetic surgical plans are modified during surgery, thereby prolonging
the surgical procedure.[3] Tables 5 and 6 shows LAs and adjuvants mixtures according to the
expected operating times. Note that this includes surgeries less than an hour long, which is
uncommon (review of scars, liposuction of small areas, perineal). For these ultra short cases
the combination of procaine+clonidine+fentanyl is excellent, without the ghost of TNS. Low
doses of PPX local anaesthetics are good, but usually last longer and in a very busy facility,
could prolong discharge. Doses 5 to 8 mg of ropivacaine, bupivacaine or levobupivacaine
provide up to 150 minutes of intrathecal anaesthesia. This is sufficient time for most outpatient
procedures in cosmetic surgery. Prolongation of the action of the LAs by adding clonidine is
dose related; 150 to 300 µg can prolong spinal anaesthesia up to 4-5 hours. Drowsiness,
bradycardia and hypotension are more frequent with the higher doses, but easy to treat.

In our Plastic Surgery Center the most used spinal LA for ambulatory and short-stay patients
are hyperbaric bupivacaine 0.5% and 0.75%, hyperbaric ropivacaine 0.75%, and hyperbaric
levobupivacaine 0.5%. We avoid the use of intrathecal lidocaine. For brief ambulatory cases
we prefer to use low dose of any PPX family LA, plus clonidine 30 to 50 µg. If the ambulatory
procedure is over two hours it is advisable to use regular doses of LAs, and add clonidine in
doses from 75 up to 150 µg. We do not recommend spinal opioids in ambulatory cases given
the likelihood of pruritus and urinary retention. For short-stay long procedures we use
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[75] Gautier et al [76] found that 12 mg intrathecal ropivacaine are equivalent to 8 mg of
bupivacaine, with no additional benefits in outpatients undergoing knee arthroscopies. The
accidental injection of 1.0% ropivacaine 30 mg without serious side effects suggests us that
higher doses may be used when are needed for procedures in thoracic dermatomes, even for
ambulatory patients.[77]

Doses from 4 up to 30 mg of isobaric or hyperbaric 0.75 or 1% ropivacaine can be safely used
for ambulatory or short-stay plastic surgery procedures.

Mepivacaine. This LA has been used intrathecally since 1960. It has a short onset with inter‐
mediate duration and low toxicity. Its hepatic metabolism is fast and is excreted by the kidneys.
Its clinical profile is similar to lidocaine, with a relative potency of 1.3:1. Spinal mepivacaine
produces neurological tissue damage with infiltration of macrophages and destruction of the
myelin sheaths and axons in rats. The damage was localized in the proximal portion of the
posterior nerve roots, the entry zone into the spinal cord, or the fasciculus gracilis of the
posterior white mater.[28] Transient neurological symptoms occurs between 0 and 30%. A
study of 1273 ambulatory patients managed with mepivacaine 1.5% intrathecal-epidural or
intrathecal showed that 1.7% of spinal anaesthesia were inadequate and 6.4% had TNS. The
average age of patients who developed TNS was 48 ± 14 years), significantly older than those
who had not TNS (41 ± 16) (p <0.001).[78] Pawlowski et al [79] prospectively studied the
anaesthetic recovery profile in 60 outpatients managed with 60 and 80 mg intrathecal mepi‐
vacaine and concluded that both doses are adequate, although patients who were managed
with 60 mg recovered faster (20 to 30 minutes) without any side effects. The same authors
found no major differences between lidocaine and mepivacaine spinal anaesthesia; time to
ambulation and voiding were longer in patients who received mepivacaine as was time to
epidural first dose. Neither group had TNS symptoms. Lidocaine and mepivacaine are both
appropriate spinal anaesthetics for ambulatory orthopedic lower extremity procedures.[80]
Adding fentanyl 10 µg to 30 mg isobaric spinal mepivacaine 1.5% produces reliable anaesthe‐
sia, hastens block regression, shortens recovery, and facilitates earlier ambulation for patients
undergoing unilateral knee arthroscopy.[81]

2-Chloroprocaine. It is an ester LA suitable for short procedures under spinal anaesthesia.
Preservative free chloroprocaine has been used instead of intrathecal lidocaine in order to
avoid TNS. It has an antagonistic effect on k and µ opioid receptors, which may interfere with
neuroaxial opioid administration. Spinal 2-chloroprocaine, 10 mg/mL 35, 40, 45, 50 and 60 mg
provide consistent sensory and motor block for ambulatory surgery, while reducing the doses
to 35 and 40 mg resulted in a spinal block with faster ambulation. Even though 20 mg and 30
mg doses can produce adequate sensory anaesthesia for short surgical procedures, less motor
block and some sacral sparing should be anticipated. Most studies recommend doses from 30
to 60 mg. A dose of 10 mg produces brief and inconsistent sensory anaesthesia, it can be
considered a no effect dose.[82] Hejtmanek and Pollock [83] review 503 ambulatory patients
managed with spinal chloroprocaine (median dose 40 mg, range 20-60 mg) and found that
times from injection to ambulation and discharge were 107±24 and 171±45 min, respectively,
shorter than spinal lidocaine (155±40 and 224±57 min) (p<0.05), with no reports of TNS.
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Compared with 40 mg articaine, 40 mg of chloroprocaine had similar onset and maximal
spread, but recovery from motor block was clearly faster with chloroprocaine.[84] Adding
fentanyl appears to lengthen the surgical block without prolonging discharge time. Five
possible cases of TNS following spinal chloroprocaine in over 4000 patients, and a regressive
incomplete cauda equina syndrome have been described.[85] To sum up, the short duration
of spinal chloroprocaine makes it a strong contender for outpatient anaesthesia. It appears to
have a lower risk of TNS than lidocaine.

Procaine. This amino-ester LA has been used in the subarachnoid space for short surgeries since
the beginning of last century. Its onset of action is slower than chloroprocaine, and only lasts
30 to 60 minutes. Although procaine produces local toxicity, it is the least neurotoxic LA when
injected inside the spinal space.[28] TNS have an incidence 0 to 6%. Johnson and Swanson [86]
reported a patient with permanent cauda equina syndrome after 150 mg of 10% procaine.
Hodgson [87] used 100 mg hyperbaric spinal procaine versus 50 mg hyperbaric lidocaine in
outpatient arthroscopy and found that the first had a higher rate of anaesthetic failure (17%
versus 3%), and higher incidence of nausea (17% versus 3%). TNS incidence was lower with
procaine (6% vs. 24%). Procaine has been considered as an acceptable alternative to intrathecal
lidocaine in ambulatory patients.

When choosing a LA for subarachnoid anaesthesia it is important to keep in mind that
hyperbaric forms have a wider intrathecal diffusion compared to isobaric solutions, and
therefore they are useful for higher dermatomes surgical procedures. The isobaric LAs are
better for pelvic and lower extremity surgeries. Epinephrine is no longer recommended since
it lengthens recovery time. It is always wise to consider that operating time is longer than the
surgeon's estimate, as there are many timeouts prolonging the surgery. Furthermore, some‐
times the original cosmetic surgical plans are modified during surgery, thereby prolonging
the surgical procedure.[3] Tables 5 and 6 shows LAs and adjuvants mixtures according to the
expected operating times. Note that this includes surgeries less than an hour long, which is
uncommon (review of scars, liposuction of small areas, perineal). For these ultra short cases
the combination of procaine+clonidine+fentanyl is excellent, without the ghost of TNS. Low
doses of PPX local anaesthetics are good, but usually last longer and in a very busy facility,
could prolong discharge. Doses 5 to 8 mg of ropivacaine, bupivacaine or levobupivacaine
provide up to 150 minutes of intrathecal anaesthesia. This is sufficient time for most outpatient
procedures in cosmetic surgery. Prolongation of the action of the LAs by adding clonidine is
dose related; 150 to 300 µg can prolong spinal anaesthesia up to 4-5 hours. Drowsiness,
bradycardia and hypotension are more frequent with the higher doses, but easy to treat.

In our Plastic Surgery Center the most used spinal LA for ambulatory and short-stay patients
are hyperbaric bupivacaine 0.5% and 0.75%, hyperbaric ropivacaine 0.75%, and hyperbaric
levobupivacaine 0.5%. We avoid the use of intrathecal lidocaine. For brief ambulatory cases
we prefer to use low dose of any PPX family LA, plus clonidine 30 to 50 µg. If the ambulatory
procedure is over two hours it is advisable to use regular doses of LAs, and add clonidine in
doses from 75 up to 150 µg. We do not recommend spinal opioids in ambulatory cases given
the likelihood of pruritus and urinary retention. For short-stay long procedures we use
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hyperbaric bupivacaine 15 to 25 mg, hyperbaric ropivacaine 15 to 30 mg, or hyperbaric
levobupivacaine 15 up to 25 mg. Most of our short-stay patients also receive spinal clonidine
150 to 300 µg, with or without fentanyl 12.5 to 25 µg, or sufentanyl 10 µg. Morphine (100 to
200 µg) is seldom used, even in short-stay patients.

Surgery Local anaesthetic concentration and total dose in mg

Ropivacaine 0.75%
Levobupivacaine

0.75%
Bupivacaine 0.5 a 0.75% Lidocaine 2%**

Liposucction with

buttocks fat grafting
10 a 22.5 7.5 – 18 7.5 – 15 50 -100

Liposculpture 10 a 22.5 7.5 – 18 7.5 – 15 50 - 100

Buttocks implants 15 10 10 100

Calf implants 15 10 10 100

Breast implants

combined with body

liposuctionº

22.5 18 18 No

* Hyperbaric local anaesthetics. The addition of adjuvants depends on the expected time of surgery

** Not recommended

º Lumbar approach with hyperbaric local anaesthetic. With or without high lumbar epidural catheter

Table 5. Outpatient plastic surgery procedures and doses of intrathecal local anesthetics *

Estimated surgery time Drugs recommended

Up to one hour

Lidocaine + clonidine

Lidocaine + fentanyl

Articaine + fentanyl

Chloroprocaine + fentanyl or clonidine

Small doses of PPX + fentanyl or clonidine

One to two hours PPX + clonidine or fentanyl

Two to four hours
PPX + clonidine or fentanyl

PPX + clonidine + fentanyl

More than 4 hours
PPX + clonidine + fentanyl

PPX + clonidine + morphine

PPX=Racemic bupivacaine, Levobupivacaine, Ropivacaine, or Mepivacaine

Table 6. Recommended drug combination for spinal anaesthesia according with expected surgery time
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7. Adjuvant drugs

Adjuvant drugs for spinal anaesthesia in outpatients and short-stay cases are a usual routine
in our daily practice in order to decrease the dose of LAs, facilitate a faster recovery and
effective postoperative analgesia. There are numerous receptors which modulate spinal pain
response, however, there are only a few drugs for subarachnoid use acting as adjuvants.
Adrenaline was the most widely used adjuvant in spinal anaesthesia before the use of
neuroaxial opioids. Its use has been questioned because 100-300 µg added to LAs did not
prolong spinal anaesthesia, but delays recovery. There are some intrathecal adjuvants that
have not been approved to be used in spinal anaesthesia like midazolam, ketamine and
neostigmine. They may also improve the quality of block and prolong analgesia. Intrathecal
magnesium sulphate mainly potentiates the analgesic action of intrathecal opioids, without
significant side effects. A positive impact on spinal analgesia has also been suggested for
intrathecal calcium channel blockers, and nonsteroidal anti-inflammatory drugs. Alpha2
agonists and opioids are the most used spinal adjuvants drugs.

Alpha2 agonists. Alpha2 agonists drugs are being increasingly used in critical care and anaes‐
thesia. Beside analgesia and sedation, they also decrease sympathetic tone and attenuate the
stress response to anaesthesia and surgery. Historically, adrenaline was the first alpha2 agonist
used intrathecally but it is no longer recommended. Clonidine and dexmedetomidine are also
members of this group of adjuvant drugs. Their site of action involves specific receptors of the
spinal dorsal horn and supraspinaly in the nucleus coereleus in the pons. Spinal injection of
clonidine and dexmedetomidine enhance duration and quality of subarachnoid anaesthesia
without neurotoxicity. Continuous administration of spinal clonidine in Wistar rats during 14
days failed to demonstrate neurotoxic damage.[88] Erddivanli and coworkers injected male
Sprague-Dawley rats [89] with 3 µg and 10 µg of intrathecal dexmedetomidine added to
bupivacaine found no apparent pathohistological changes 24 hours after a single injection. In
male Kunming mice 1 to 3 µg of dexmedetomidine displayed a robust analgesia via a α2-
receptor in a dose dependent manner and no significant pathological impacts on the spinal
cord were noticed, with a potential protective effects of lidocaine induced neural cell damage.
[90]

Clonidine. Is an alpha2 agonist used in anaesthesia for various purposes. When injected
neuroaxialy, it prolongs sensory and motor block, increases sedation and may potentiate
hypotension and bradycardia. It has been extensively studied in high (> 150 µg), low (< 150
µg) and small (< 75 µg) doses. Doses of 150, 300 and 450 µg produce dose dependent analgesia,
[91] and enhance spinal anaesthesia, with relative hemodynamic stability. Doses of 15 and 30
µg in addition to 11 mg of spinal hyperbaric bupivacaine [92] provide better sensory and motor
block compared to bupivacaine alone, but clonidine 30 µg was associated with more incidence
and duration of hypotension. Mirivirta et al used 15 µg of clonidine in lateral spinal anesthesia
with hyperbaric bupivacaine 5 mg [93] in outpatients undergoing knee arthroscopy reporting
intensified spinal lateral anaesthesia without affecting home-readiness. A systematic review
[94] including 1,445 patients using a wide variety of spinal clonidine doses as adjuvant to
subarachnoid bupivacaine, mepivacaine, prilocaine, or tetracaine found that 15 to 150 µg
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hyperbaric bupivacaine 15 to 25 mg, hyperbaric ropivacaine 15 to 30 mg, or hyperbaric
levobupivacaine 15 up to 25 mg. Most of our short-stay patients also receive spinal clonidine
150 to 300 µg, with or without fentanyl 12.5 to 25 µg, or sufentanyl 10 µg. Morphine (100 to
200 µg) is seldom used, even in short-stay patients.

Surgery Local anaesthetic concentration and total dose in mg

Ropivacaine 0.75%
Levobupivacaine

0.75%
Bupivacaine 0.5 a 0.75% Lidocaine 2%**

Liposucction with

buttocks fat grafting
10 a 22.5 7.5 – 18 7.5 – 15 50 -100

Liposculpture 10 a 22.5 7.5 – 18 7.5 – 15 50 - 100

Buttocks implants 15 10 10 100

Calf implants 15 10 10 100

Breast implants

combined with body

liposuctionº

22.5 18 18 No

* Hyperbaric local anaesthetics. The addition of adjuvants depends on the expected time of surgery

** Not recommended

º Lumbar approach with hyperbaric local anaesthetic. With or without high lumbar epidural catheter

Table 5. Outpatient plastic surgery procedures and doses of intrathecal local anesthetics *

Estimated surgery time Drugs recommended

Up to one hour

Lidocaine + clonidine

Lidocaine + fentanyl

Articaine + fentanyl

Chloroprocaine + fentanyl or clonidine

Small doses of PPX + fentanyl or clonidine

One to two hours PPX + clonidine or fentanyl

Two to four hours
PPX + clonidine or fentanyl

PPX + clonidine + fentanyl

More than 4 hours
PPX + clonidine + fentanyl

PPX + clonidine + morphine

PPX=Racemic bupivacaine, Levobupivacaine, Ropivacaine, or Mepivacaine

Table 6. Recommended drug combination for spinal anaesthesia according with expected surgery time
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7. Adjuvant drugs

Adjuvant drugs for spinal anaesthesia in outpatients and short-stay cases are a usual routine
in our daily practice in order to decrease the dose of LAs, facilitate a faster recovery and
effective postoperative analgesia. There are numerous receptors which modulate spinal pain
response, however, there are only a few drugs for subarachnoid use acting as adjuvants.
Adrenaline was the most widely used adjuvant in spinal anaesthesia before the use of
neuroaxial opioids. Its use has been questioned because 100-300 µg added to LAs did not
prolong spinal anaesthesia, but delays recovery. There are some intrathecal adjuvants that
have not been approved to be used in spinal anaesthesia like midazolam, ketamine and
neostigmine. They may also improve the quality of block and prolong analgesia. Intrathecal
magnesium sulphate mainly potentiates the analgesic action of intrathecal opioids, without
significant side effects. A positive impact on spinal analgesia has also been suggested for
intrathecal calcium channel blockers, and nonsteroidal anti-inflammatory drugs. Alpha2
agonists and opioids are the most used spinal adjuvants drugs.

Alpha2 agonists. Alpha2 agonists drugs are being increasingly used in critical care and anaes‐
thesia. Beside analgesia and sedation, they also decrease sympathetic tone and attenuate the
stress response to anaesthesia and surgery. Historically, adrenaline was the first alpha2 agonist
used intrathecally but it is no longer recommended. Clonidine and dexmedetomidine are also
members of this group of adjuvant drugs. Their site of action involves specific receptors of the
spinal dorsal horn and supraspinaly in the nucleus coereleus in the pons. Spinal injection of
clonidine and dexmedetomidine enhance duration and quality of subarachnoid anaesthesia
without neurotoxicity. Continuous administration of spinal clonidine in Wistar rats during 14
days failed to demonstrate neurotoxic damage.[88] Erddivanli and coworkers injected male
Sprague-Dawley rats [89] with 3 µg and 10 µg of intrathecal dexmedetomidine added to
bupivacaine found no apparent pathohistological changes 24 hours after a single injection. In
male Kunming mice 1 to 3 µg of dexmedetomidine displayed a robust analgesia via a α2-
receptor in a dose dependent manner and no significant pathological impacts on the spinal
cord were noticed, with a potential protective effects of lidocaine induced neural cell damage.
[90]

Clonidine. Is an alpha2 agonist used in anaesthesia for various purposes. When injected
neuroaxialy, it prolongs sensory and motor block, increases sedation and may potentiate
hypotension and bradycardia. It has been extensively studied in high (> 150 µg), low (< 150
µg) and small (< 75 µg) doses. Doses of 150, 300 and 450 µg produce dose dependent analgesia,
[91] and enhance spinal anaesthesia, with relative hemodynamic stability. Doses of 15 and 30
µg in addition to 11 mg of spinal hyperbaric bupivacaine [92] provide better sensory and motor
block compared to bupivacaine alone, but clonidine 30 µg was associated with more incidence
and duration of hypotension. Mirivirta et al used 15 µg of clonidine in lateral spinal anesthesia
with hyperbaric bupivacaine 5 mg [93] in outpatients undergoing knee arthroscopy reporting
intensified spinal lateral anaesthesia without affecting home-readiness. A systematic review
[94] including 1,445 patients using a wide variety of spinal clonidine doses as adjuvant to
subarachnoid bupivacaine, mepivacaine, prilocaine, or tetracaine found that 15 to 150 µg
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prolonged in a linear, dose-dependent manner, the time to 2 segment regression (range of
means, 14 to 75 minutes) and also delayed the time to regression to L2 (range of means, 11 to
128 minutes). The time to first analgesic request (median 101 minutes, range 35 to 310) and of
motor block (median 47 minutes, range 6 to 131) was extended with no relation to dose. There
were fewer episodes of intraoperative pain with clonidine (relative risk, 0.24; 95% confidence
interval [CI], 0.09-0.64; number needed to treat, 13) but more episodes of arterial hypotension
(relative risk, 1.81; 95% CI 1.44-2.28; number needed to harm, 8) without evidence of dose-
responsiveness. The risk of bradycardia was unchanged.

The optimal dose of spinal clonidine remains unknown. In our current practice, for short
ambulatory procedures we use clonidine 30 to 50 µg added to LA without negative impact on
home discharge criteria. For short-stay plastic surgery we use from 75 up to 300 µg of clonidine
as adjuvant for any PPX family local anaesthetics.

Dexmedetomidine. Is the newest agent in this group. It was approved by FDA in 1999 for use in
humans for analgesia and sedation in the intubated patients at the intensive care settings. It
has a α2/α1 selectivity ratio which is eight to 10 times higher than that of clonidine. Although
it has not been approved for spinal use, there is some research that shows its safety and
effectiveness by prolonging time of sensory and motor block of subarachnoid anaesthesia.
Kanasi and coworkers [95] compared spinal dexmedetomidine 3 µg versus spinal clonidine
30 µg added to 12 mg subarachnoid bupivacaine versus plain bupivacaine. They found that
both alfa2 agonists shorten onset time of motor block and significantly prolonged sensory and
motor times. The mean time of sensory regression to the S1 segment was 303 ± 75 minutes in
dexmedetomidine patients, 272 ± 38 minutes in those who received clonidine and 190 ± 48 min
in control group. The regression of motor block to Bromage 0 was 250 ± 76 minutes in dexme‐
detomidine group, 216 ± 35 minutes in clonidine cases and 163 ± 47 minutes in control group.
The onset and regression times were not significantly different between groups treated with
both alfa2 agonists. The mean arterial pressure, heart rate and level of sedation were similar
in the three groups intraoperatively and postoperatively. Five µg of dexmedetomidine added
to 0.75 isobaric ropivacaine prolonged duration of motor and sensory block, and enhance post
operatory analgesia,[96] and significantly prolonged sensory and motor block and reduced
demand of rescue analgesics in 24 hours when compared with 25 µg fentanyl and 30 µg
clonidine when added to 12.5 mg hyperbaric bupivacaine for spinal anaesthesia.[97] In elderly
patients managed with 6 mg 0.5% spinal bupivacaine, the addition of only 3 µg of dexmede‐
tomidine accelerated the blockade onset and prolonged the duration of anaesthesia and
postoperative analgesia, although recovery of motor block was affected.[98]

It has been shown that intravenous dexmedetomidine and clonidine significantly prolong
bupivacaine spinal anaesthesia, with good sedation effect and hemodynamic stability. In 2003
Rhee et al [99] published the first clinical article with intravenous clonidine to prolong spinal
anaesthesia; iv. clonidine 3µg/ kg-1 during 10 min immediately after the subarachnoid block
or at 50 min after spinal anaesthesia, prolonged significantly duration of motor and sensory
block for approximately one hour. In 2007 we found that dexmedetomidine i.v. also improves
bupivacaine spinal anaesthesia.[100] In our research we use an i.v. infusion of 1 µg/Kg
dexmedetomidine given in 20 min, followed by 0.5 µg/kg/h dexmedetomidine drip until end
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of surgery. A comparative group was treated with clonidine 4 µg/kg, given in 20 min i.v.
infusion started 20 min after the spinal block, and followed by a 0.9% saline drip until the end
of surgery. Sensory block duration was longer in both groups, 208±43.5 and 225±58.8 min
respectively, vs. placebo group 137±121.9 min (p=0.05). Motor block duration was longer in
clonidine than dexmedetomidine (191±49.8 and 172±36.4) vs. placebo group (172±36.4) without
significative statistical difference. Other authors have confirmed our initial results using i.v.
dexmedetomidine doses from 0.25 to 0.5 µg/kg as an initial bolus, followed or not by an
infusion of 0.5 µg/kg/h.[101, 102, 103] Two meta-analysis [104,105] showed that i.v. dexmede‐
tomidine prolonged the duration of spinal anaesthesia and improved postoperative analgesia
without increasing the incidence of hypotension and adverse events. Transient reversible
bradycardia was a mild side effect.

Opioids. Since Yask and Rudy demonstrated that intrathecal opioids produced potent and
selective analgesia, neuroaxial opioids are the drugs most used for this purpose. All opioids
administered intrathecally will produce some degree of spinally mediated analgesia. The
major differences are related to their solubility characteristics and their effect on duration of
action, clearance rate, and side effects. Experimental and clinical studies have demonstrated
that after their neuroaxial injection, opioid liposolubility is inversely proportional to their
spinal selectivity, which is higher for the most water-soluble drugs, morphine and hydromor‐
phone, than for other more lipophilic drugs, such as fentanyl and sufentanyl.[107] Morphine
significantly prolongs spinal analgesia and fentanyl and sufentanyl enhance and moderately
prolong the sensory block without affecting motor function. Nausea, vomiting, pruritus, and
urinary retention are frequent side effects, respiratory depression is seldom observed.

Morphine. Although spinal morphine is the gold standard for opioid neuroaxial post operatory
analgesia, it is not the best choice for ambulatory nor short-stay surgery due to a greater
incidence of adverse effects that requires cautious patient selection and monitoring. Morphine
produces intense analgesia for up to 24-30 hours with doses as low as 100 µg. In our practice
we avoid its use in plastic surgery patients.

Fentanyl. Is the most suitable opioid for ambulatory surgery patients. It has the strongest effect
at the spinal cord administered spinally or epidurally, producing a short-term analgesia (1-4
hours), which is very helpful in acute postoperative pain. It has been used together with most
local anaesthetics in doses from 10 µg up to 25 µg providing selective intra and postoperative
analgesia, patient satisfaction, without delaying recovery time.[55,56,60,66,67,107,108,109,110]
The most recommended doses are 20 and 25 µg in different outpatient scenarios. Levobupi‐
vacaine 3 mg plus 10 µg fentanyl may be used as a suitable alternative to 10 mg lidocaine plus
10 µg fentanyl for subarachnoid anaesthesia of short duration. It achieved a clinically equiv‐
alent time for resolution of sensory block, similar intraoperative conditions, and comparable
patient satisfaction.[111] The most common side effects are nausea, vomit and itching can be
prevented or treated with nalbuphine, droperidol,[112], propofol or ondansetron.
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The onset and regression times were not significantly different between groups treated with
both alfa2 agonists. The mean arterial pressure, heart rate and level of sedation were similar
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bupivacaine spinal anaesthesia, with good sedation effect and hemodynamic stability. In 2003
Rhee et al [99] published the first clinical article with intravenous clonidine to prolong spinal
anaesthesia; iv. clonidine 3µg/ kg-1 during 10 min immediately after the subarachnoid block
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of surgery. A comparative group was treated with clonidine 4 µg/kg, given in 20 min i.v.
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tomidine prolonged the duration of spinal anaesthesia and improved postoperative analgesia
without increasing the incidence of hypotension and adverse events. Transient reversible
bradycardia was a mild side effect.

Opioids. Since Yask and Rudy demonstrated that intrathecal opioids produced potent and
selective analgesia, neuroaxial opioids are the drugs most used for this purpose. All opioids
administered intrathecally will produce some degree of spinally mediated analgesia. The
major differences are related to their solubility characteristics and their effect on duration of
action, clearance rate, and side effects. Experimental and clinical studies have demonstrated
that after their neuroaxial injection, opioid liposolubility is inversely proportional to their
spinal selectivity, which is higher for the most water-soluble drugs, morphine and hydromor‐
phone, than for other more lipophilic drugs, such as fentanyl and sufentanyl.[107] Morphine
significantly prolongs spinal analgesia and fentanyl and sufentanyl enhance and moderately
prolong the sensory block without affecting motor function. Nausea, vomiting, pruritus, and
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Morphine. Although spinal morphine is the gold standard for opioid neuroaxial post operatory
analgesia, it is not the best choice for ambulatory nor short-stay surgery due to a greater
incidence of adverse effects that requires cautious patient selection and monitoring. Morphine
produces intense analgesia for up to 24-30 hours with doses as low as 100 µg. In our practice
we avoid its use in plastic surgery patients.

Fentanyl. Is the most suitable opioid for ambulatory surgery patients. It has the strongest effect
at the spinal cord administered spinally or epidurally, producing a short-term analgesia (1-4
hours), which is very helpful in acute postoperative pain. It has been used together with most
local anaesthetics in doses from 10 µg up to 25 µg providing selective intra and postoperative
analgesia, patient satisfaction, without delaying recovery time.[55,56,60,66,67,107,108,109,110]
The most recommended doses are 20 and 25 µg in different outpatient scenarios. Levobupi‐
vacaine 3 mg plus 10 µg fentanyl may be used as a suitable alternative to 10 mg lidocaine plus
10 µg fentanyl for subarachnoid anaesthesia of short duration. It achieved a clinically equiv‐
alent time for resolution of sensory block, similar intraoperative conditions, and comparable
patient satisfaction.[111] The most common side effects are nausea, vomit and itching can be
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8. Criteria for home discharge

Outpatient plastic surgery patients managed with spinal anaesthesia must meet established
home discharge criteria. The goal of these criteria is to discharge patients safely and avoid
hospital readmissions due to complications. Pain, nausea, vomiting, and urinary retention are
common examples. It is not entirely necessary to fulfill 100% of these home discharge stand‐
ards, but patients should be warned about the gradual disappearance of spinal anaesthesia
side effects, and facilitate easy communication with the surgical unit, the surgeon and
anaesthesiologist. These patients require postanaesthetic and appropriate postoperative
orders, transportation, and occasional professional company. It is vital that each unit defines
its own ambulatory surgery discharge criteria, according to the characteristics and specific
needs of their patients.[3,4] Table 7 shows the most common discharge criteria.

Hemodynamic stability Vital signs return to pre-anaesthetic values is mandatory

Full alertnesss Patient awake, well oriented. Spinal anaesthesia promotes alertness which facilitates

optimal conditions for early home discharge

Permeable digestive tract Tolerance to solid or liquid intake without nausea or vomiting

Without or mild pain Controlled postoperative pain (VAS <2/10) with oral analgesics. Spinal anaesthesia

with adjuvants provides an extended period of analgesia, it does facilitate early

home discharge and reduce analgesics needs.It is desirable to prescribe a

combination of opioid and non-opioid analgesics for expected postoperative pain

and patient profile.

Spontaneous bladder voiding This is a controversial requirement. Some centers consider it as mandatory to prevent

readmissions for distended bladder. In our practice we do not consider this

requirement as essential and the patient knows the remote possibility of urinating

difficulties. We avoid the use of intrathecal opioids to reduce this risk.

Ability to walk Complete regression of motor block is convenient. The patient may try to walk when

perianal sensitivity has been recovered, and is able to flex and extend the foot. In

some cases it is feasible to discharge without 100% motor recovery.

Headache While classical PDPH occurs after 2 to 5 days after spinal anaesthesia, there are

patients that may develop it in the immediate postoperative period. It is wise to

investigate PDPH symptoms with the patient seated or in a standing position.

Others No surgical bleeding, guaranteed companionship during recovery, transportation

and accommodation, do not drive. Keep an established secure communication such

as telephone, FAX, e-mail.

Table 7. Home discharge criteria

9. Conclusions

Outpatient and short-stay plastic surgery cases have grown exponentially worldwide.
Anaesthesiologists need to provide a safe anaesthesia to these patients who are often subjected
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to prolonged surgeries with risks that are higher than expected. Nowadays most cosmetic
operations can be done in outpatient and short-stay facilities thanks to advances in anaesthesia.
Although most anesthesiologists use general anesthesia for these procedures, regional
anesthesia techniques have demonstrated certain advantages such as better pain control,
attenuation of the surgical stress response, preserves perioperative immune function, better
preservation of oxygenation and lung residual functional capacity, improved visceral vascular
flow, less bleeding, early recovery of postoperative ileum, and reduced venous thrombotic
disease and pulmonary embolism.

Spinal anaesthesia is a simple technique, with a small volume of drugs producing profound
anaesthesia and analgesia, and is devoid of systemic pharmacologic side effects. There are
many choices of LAs for outpatient and short-stay spinal anaesthesia; for ultra short proce‐
dures the best choice are procaine, articaine or lidocaine. For intermediate duration procedures
small doses of intermediate duration LAs, or even lidocaine can be used. For longer procedures
bupivacaine, levobupivacaine, and ropivacaine are excellent agents. Addition of adjuvant
drugs to LAs enhance subarachnoid anaesthesia with better recovery according with expected
surgical time, low incidence of side effects or complications, and longer postoperative
analgesia. Clonidine and dexmedetomidine accelerate the onset and prolong the duration of
spinal anaesthesia and analgesia.

Severe complications after spinal anesthesia are exceedingly rare; cardiac arrest, meningitis,
intracranial subdural hematoma, spinal epidural hematoma, TNS and cauda equina syn‐
drome. Patients should be informed in detail regarding the incidence, severity, and outcome
of these complications.
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to prolonged surgeries with risks that are higher than expected. Nowadays most cosmetic
operations can be done in outpatient and short-stay facilities thanks to advances in anaesthesia.
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1. Introduction

Cesarean section is among the most commonly performed surgeries in women and neuroaxial
anaesthesia is the technique of choice for this procedure. Although numerous side effects
related to obstetric anaesthesia had been described, [1, 2, 3, 4] subarachnoid anaesthesia has a
clear tendency to be used more often than epidural and combined spinal-epidural technique.
It is safe, easy to perform, effective, low failure rate, no systemic local anaesthetic toxicity,
inexpensive, prevents aspiration pneumonia, and has a high rate of maternal satisfaction. [5,
6, 7] Produces a deep anaesthesia, inhibits the stress response to surgery, blunts the autonomic
and somatic responses to pain, and facilitate breathing, coughing, sighing and early ambula‐
tion [8, 9] Finally, efferent sympathetic blockade results in increased blood flow to the blocked
area resulting in better wound healing. It also reduces the risk of deep vein thrombosis and
thromboembolism.

The main limitations of spinal anaesthesia are its short duration of action and do not provide
prolonged postoperative analgesia when it is performed only with local anaesthetics. Adding
adjuvants drugs to intrathecal local anaesthetics improves quality and duration of spinal
blockade, and prolongs postoperative analgesia. It is also possible to reduce dose of local
anaesthetics, as well as total amount of systemic postoperative analgesics. Several spinal
adjuvants have been used to improve spinal anaesthesia quality and to prolong postsurgical
analgesia. Intrathecal opioids are the most commonly utilized; fentanyl and sufentanil improve
neuroaxial anaesthesia, decrease trans operative pain and moderately prolong sensory block,
while morphine prolongs postoperative analgesia. Alpha2 adrenergic agonists clonidine and
dexmedetomidine shorten onset of action, and prolong duration of spinal anaesthesia.

© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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Ketamine, midazolam, neostigmine, magnesium sulphate and others spinal drugs are still
under investigation.

This chapter is an up to date of spinal additives currently used to enhance subarachnoid
anaesthesia for cesarean section and to produce subarachnoid postcesarean analgesia.

2. Spinal additives drugs for cesarean delivery

The use of subarachnoid additives in spinal anaesthesia for cesarean section has two main
objectives: to enhance spinal block and to produce effective and prolonged postoperative
analgesia. Reducing the dose of local anaesthetics used in spinal anaesthesia can decrease some
of the side effects such as maternal hypotension, high spinal block, and prolonged motor block.
By inducing better analgesia after cesarean section with intrathecal additives, the recently
given birth mother is better able to take care of her newborn, which immediately improves
mother-baby relationship, decreases prelacteal feeds (feeding any other substance before first
breastfeeding), which is closely related to urban residency, first-time motherhood, and
cesarean delivery. Prelacteal feed has been reported as high as 26.5%. It has several harmful
effects on the mother-newborn binomia. [10, 11] Immediate proper breast feeding even favor
neonatal analgesia for minimum invasive procedures like heel prick. [12]

Postoperative pain after cesarean section is common and more intense compared to postva‐
ginal delivery pain. [13] When this kind of pain is not prevented nor treated properly, it can
evolve to chronic pain which means a serious health problem. [14] Therefore, intrathecal
adjuvants play an important role not only in maternal analgesia, but in the future of the
newborn.

There are several adjuvant drugs used to enhance spinal anaesthesia; morphine is the most
frequently used and also many other opioid agonists such fentanyl, sufentanyl, hydromor‐
phone, diamorphine, and meperidine have been well studied and are part of our daily
armamentarium in this clinical scenario, as are some non-opioid drugs such clonidine. There
is a heterogeneous group including midazolam, neostigmine, magnesium, that needs more
research before they can be part of daily use as intrathecal adjuvants for C-section anaesthesia.

Table 1 summarizes the most commonly used spinal additives and some drugs under clinical
research in parturients undergoing cesarean delivery with spinal anaesthesia.

3. Spinal opioids

Opioids are the most commonly used analgesics to treat perioperative pain. Since the isolation
of morphine in 1804 by Friedrich Sertürner, a pharmacist´s apprentice in Germany, morphine
became widely used after 1815. Since then, a large number of opioids have been developed
modifying the 4, 5-epoxymorphinan ring structure. Opioids have a narrow therapeutic index
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with a large inter patient analgesic response variability; from poor analgesia to dangerous side
effects.

Morphine was the first spinal drug used to relieve pain, [15] Pert and Snyder [16] discovered
the opioid receptors in 1973, and three years after Yaskh and Rudy working at Yale published
their famous article entitled Analgesia mediated by a direct spinal action of narcotics, [17] which
encouraged animal and clinical research for the use of opioids and other neuroaxial additives.

Intrathecal opioids bind to opioid receptors localized in laminae I and II at the spinal dorsal
horn reducing nociceptive transmission. Opioids with high lipid solubility and low pKa results
in a extremely potent analgesic effect, rapid onset and short duration of action, conversely
opioids with diminished lipophilicity such is morphine, have a slow onset and prolonged
analgesia. Pharmacokinetically, subarachnoid injection of opioids follows a complex multi
compartmental model influenced by opioid properties and cerebro spinal fluid (CSF) dynam‐
ics. From the lumbar CSF they move inside the spinal cord binding dorsal horn opiate receptors
and also enter the bloodstream through the posterior radicular artery. Spinal opioids also
penetrate the dura mater into the epidural cavity and hence can reach the venous plexus of
Baston and reach the systemic circulation. They can also move in a cephalad-caudal direction
as a drug bulk flow. [18] This rostral migration is probably the most important factor to explain
the side effects of opioids, especially deleterious properties of morphine. There are other
possible sites where spinal opioids act to produce local anaesthetic effects blocking nerve
conduction, [19] or by reducing the release of GABA and glycine by a calcium independent
process from dorsal horn neurons. [20]

After local anaesthetics, opioids are the most commonly used drugs by this route providing
segmental analgesia. Clinicians have used them for more than 30 years in anaesthesia, for acute
pain, postoperative analgesia, and to treat cancer pain. [21, 22] Although spinal opioids are
used frequently, there are many unresolved disputes on the neurotoxicity of opioids injected
into the subarachnoid space. [23, 24, 25, 26]

In obstetrics patients, neuroaxial opioids use is a significant therapy for labour pain, in cesarean
section anaesthesia, and for postoperative pain. A very small dose of almost any opioid
delivered into the lumbar spinal space provides significant pain relief with virtually no risk to
mother or the fetus-neonate.

Morphine. It is the basic reference opioid to which all analgesics of its kind are compared. It is
a phenanthrene derivative, the prototypical agonist opiate at mu and kappa opioid receptors.
Has a benzene ring with a phenolic hydroxyl group at position 3 and an alcohol hydroxyl
group at position 6 and at the nitrogen atom. Its chemical formula is C17H19NO3. This opioid
can be administered by mouth, intravenously, intramuscular, subcutaneously, rectally,
intranasal, and through the neuraxial route. Has a significant amount first-pass liver metabo‐
lism and about 40 to 50% of the absorbed morphine reach the central nervous system. Most
morphine is eliminated by the kidneys. Its poor lipid solubility-a physical characteristic that
favors its behavior when injected into the intrathecal space-producing slow analgesic onset
with long duration and rostral migration that facilitates some of its side effects such as pruritus,
emesis, hypothermia, and respiratory depression. [27, 28]
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Ketamine, midazolam, neostigmine, magnesium sulphate and others spinal drugs are still
under investigation.

This chapter is an up to date of spinal additives currently used to enhance subarachnoid
anaesthesia for cesarean section and to produce subarachnoid postcesarean analgesia.

2. Spinal additives drugs for cesarean delivery

The use of subarachnoid additives in spinal anaesthesia for cesarean section has two main
objectives: to enhance spinal block and to produce effective and prolonged postoperative
analgesia. Reducing the dose of local anaesthetics used in spinal anaesthesia can decrease some
of the side effects such as maternal hypotension, high spinal block, and prolonged motor block.
By inducing better analgesia after cesarean section with intrathecal additives, the recently
given birth mother is better able to take care of her newborn, which immediately improves
mother-baby relationship, decreases prelacteal feeds (feeding any other substance before first
breastfeeding), which is closely related to urban residency, first-time motherhood, and
cesarean delivery. Prelacteal feed has been reported as high as 26.5%. It has several harmful
effects on the mother-newborn binomia. [10, 11] Immediate proper breast feeding even favor
neonatal analgesia for minimum invasive procedures like heel prick. [12]

Postoperative pain after cesarean section is common and more intense compared to postva‐
ginal delivery pain. [13] When this kind of pain is not prevented nor treated properly, it can
evolve to chronic pain which means a serious health problem. [14] Therefore, intrathecal
adjuvants play an important role not only in maternal analgesia, but in the future of the
newborn.

There are several adjuvant drugs used to enhance spinal anaesthesia; morphine is the most
frequently used and also many other opioid agonists such fentanyl, sufentanyl, hydromor‐
phone, diamorphine, and meperidine have been well studied and are part of our daily
armamentarium in this clinical scenario, as are some non-opioid drugs such clonidine. There
is a heterogeneous group including midazolam, neostigmine, magnesium, that needs more
research before they can be part of daily use as intrathecal adjuvants for C-section anaesthesia.

Table 1 summarizes the most commonly used spinal additives and some drugs under clinical
research in parturients undergoing cesarean delivery with spinal anaesthesia.

3. Spinal opioids

Opioids are the most commonly used analgesics to treat perioperative pain. Since the isolation
of morphine in 1804 by Friedrich Sertürner, a pharmacist´s apprentice in Germany, morphine
became widely used after 1815. Since then, a large number of opioids have been developed
modifying the 4, 5-epoxymorphinan ring structure. Opioids have a narrow therapeutic index
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with a large inter patient analgesic response variability; from poor analgesia to dangerous side
effects.

Morphine was the first spinal drug used to relieve pain, [15] Pert and Snyder [16] discovered
the opioid receptors in 1973, and three years after Yaskh and Rudy working at Yale published
their famous article entitled Analgesia mediated by a direct spinal action of narcotics, [17] which
encouraged animal and clinical research for the use of opioids and other neuroaxial additives.

Intrathecal opioids bind to opioid receptors localized in laminae I and II at the spinal dorsal
horn reducing nociceptive transmission. Opioids with high lipid solubility and low pKa results
in a extremely potent analgesic effect, rapid onset and short duration of action, conversely
opioids with diminished lipophilicity such is morphine, have a slow onset and prolonged
analgesia. Pharmacokinetically, subarachnoid injection of opioids follows a complex multi
compartmental model influenced by opioid properties and cerebro spinal fluid (CSF) dynam‐
ics. From the lumbar CSF they move inside the spinal cord binding dorsal horn opiate receptors
and also enter the bloodstream through the posterior radicular artery. Spinal opioids also
penetrate the dura mater into the epidural cavity and hence can reach the venous plexus of
Baston and reach the systemic circulation. They can also move in a cephalad-caudal direction
as a drug bulk flow. [18] This rostral migration is probably the most important factor to explain
the side effects of opioids, especially deleterious properties of morphine. There are other
possible sites where spinal opioids act to produce local anaesthetic effects blocking nerve
conduction, [19] or by reducing the release of GABA and glycine by a calcium independent
process from dorsal horn neurons. [20]

After local anaesthetics, opioids are the most commonly used drugs by this route providing
segmental analgesia. Clinicians have used them for more than 30 years in anaesthesia, for acute
pain, postoperative analgesia, and to treat cancer pain. [21, 22] Although spinal opioids are
used frequently, there are many unresolved disputes on the neurotoxicity of opioids injected
into the subarachnoid space. [23, 24, 25, 26]

In obstetrics patients, neuroaxial opioids use is a significant therapy for labour pain, in cesarean
section anaesthesia, and for postoperative pain. A very small dose of almost any opioid
delivered into the lumbar spinal space provides significant pain relief with virtually no risk to
mother or the fetus-neonate.

Morphine. It is the basic reference opioid to which all analgesics of its kind are compared. It is
a phenanthrene derivative, the prototypical agonist opiate at mu and kappa opioid receptors.
Has a benzene ring with a phenolic hydroxyl group at position 3 and an alcohol hydroxyl
group at position 6 and at the nitrogen atom. Its chemical formula is C17H19NO3. This opioid
can be administered by mouth, intravenously, intramuscular, subcutaneously, rectally,
intranasal, and through the neuraxial route. Has a significant amount first-pass liver metabo‐
lism and about 40 to 50% of the absorbed morphine reach the central nervous system. Most
morphine is eliminated by the kidneys. Its poor lipid solubility-a physical characteristic that
favors its behavior when injected into the intrathecal space-producing slow analgesic onset
with long duration and rostral migration that facilitates some of its side effects such as pruritus,
emesis, hypothermia, and respiratory depression. [27, 28]
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Although there are places where spinal opioids in obstetrics are not routinely used, [29] at
present time, neuraxial morphine is considered as the gold standard to treat pain after C-
section and has become a conventional practice in many countries. It is mentioned in textbooks
on obstetric and neuroaxial anesthesia [30, 31, 32] as a conventional method. Most authors
have reported that 100 to 200 µg of spinal morphine plus regular or low doses of a PPX local
anaesthetic or lidocaine are enough to provide an excellent block, high quality postcesarean
analgesia, decreased needs of rescue postoperative analgesics, with few side effects. [33-37]

Weigl and coworkers [38] compared intrathecal morphine 100 µg versus spinal fentanyl 25 µg
added to 0.5% hyperbaric bupivacaine 7.5 to 15 mg in 60 parturients. Intrathecal morphine
drastically prolonged the time for first rescue analgesic, and also reduce postoperative
meperidine [47 mg versus 130 mg) when compared to fentanyl. Itch was more often observed
in patients treated whit morphine. There was no significant difference in the incidence of
postoperative nausea and vomiting between both groups. There were few patients in the
morphine group who required additional intravenous opioids during surgery. Bejar et al from
Argentina [39] demonstrated that intrathecal morphine 100 µg were better than systemic
morphine, although the former had more incidence of itching. In a Brazilian study [40] the
authors found that 50 µg of intrathecal morphine produced equal analgesia after cesarean
section as 100 µg, but with less incidence of pruritus. Cortes-Blanco et al from México [36],
compared morphine 100 µg versus 200 µg added to intrathecal ropivacaine 15 mg in 80 women
undergoing cesarean delivery. The analgesic effect lasted 24 to 30 hours, with a low need of
postoperative rescue analgesic; ketorolac was used in equal dose in both groups (p>0.05].
However side effects were more frequent in those women receiving morphine 200 µg: pruritus
30% versus 55%, nausea 10% versus 30%, and vomiting 5% versus 12.5%. The authors
recommended 100 µg as the ideal dose in Mexican parturients undergoing C-section.

Morphine can be coadministered with sufentanil. Draisci et al [41] compared spinal adminis‐
tration of morphine 150 µg plus sufentanil 5 µg versus spinal sufentanil 5 µg plus a single
subcutaneous morphine 10 mg in 64 pregnant women undergoing elective cesarean under
spinal anaesthesia with hyperbaric bupivacaine 10 mg. Both groups received 1 g acetamino‐
phen every 6 hours and intravenous tramadol was used if VAS was superior to 4. Coadmi‐
nistration of two opioids resulted in prolonged analgesia, less need of tramadol, and less
incidence of nausea and no difference in pruritus incidence. Using a combination of spinal
morphine 100 µg plus sufentanil 2.5 µg, Bouvet et al [42] determined that the ED50 and ED95

of intrathecal levobupivacaine is 12.9 mg. For less levobupivacaine dose, the authors recom‐
mended to use spinal-epidural combined technique for C-section anaesthesia.

Notwithstanding the multiple investigations to determine the ideal dose, a recent study
questioned the best dose of intrathecal morphine for postcesarean analgesia. Wong and
coworkers [43] compared the most used doses; 100 versus 200 µg and concluded that the higher
dose produce better analgesia but with more nausea, so morphine dosing has to be based on
patient preference for analgesia versus emesis.

Recently, in order to avoid spinal morphine side effects, some authors compared ultrasound
guided tranversus abdominis plane block versus intrathecal morphine; although ultrasound-
guided transversus abdominis plane block is an effective method to supply pain relief after
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cesarean delivery, 100 µg and 200 µg subarachnoid morphine provided superior analgesia,
but emesis and itching were more frequent. This block could be a reasonable alternative when
morphine cannot be used. [44, 45]

Hydromorphone. Also known as dihydromorphinone, is a semi-synthetic opioid widely used
to treat pain. It is 5 to 11.1 times more potent than morphine, highly soluble in water, with
intermediate lipid solubility. The chemical name is 4, 5α-epoxy-3-hydroxy-17-methylmor‐
phinan-6-one hydrochloride, with a molecular formula C17H19NO3 and molecular weight
285.33766. Has a similar pharmacokinetics and duration of action than morphine, is extensively
metabolized by the liver to hydromorphone-3-glucoronide with no analgesic effects, 62% of
the oral dose is eliminated by this gland on the first pass. Hydromorphone cross the blood
brain barrier and reach concentrations in the CNS faster than morphine. Is better tolerated in
patients with kidney failure due to a lack of an active metabolite, but its half life can increase
to as much as 40 hours. [28, 46]

In a retrospective research, Rauch [47] found that 100 µg of spinal hydromorphone produced
a comparable onset of pain relief to 25 µg of subarachnoid fentanyl, with a prolonged analgesia
(p<.001] and proposed this opioid as a substitute of intrathecal morphine. Beatty et al [48]
compared intrathecal hydromorphone 40 µg versus intrathecal morphine 100 µg in 114
parturients undergoing cesarean section. They found no statistical differences regarding
opioid related side effects, rescue analgesics needs or postoperative pain intensity during the
first 24 hours. In non obstetric patients [49] nausea is related significantly in a dose-dependent
manner. In patients with known allergy to intrathecal morphine, hydromorphone can be used
spinally with better analgesic results. [50]

Diamorphine. Also known as heroin, is an pure agonist opioid analgesic 1.5 to 2 times more
potent than morphine. In 1874 Charles Write boiled morphine and created heroin. Its chemical
name is 4, 5-Epoxy-17-methylmorphinan-3, 6-diyldiacetate hydrochloride monohydrate or
[5α, 6α)-7, 8-Didehydro-4, 5-epoxy-17-methylmorphinan-3, 6-diol diacetate (ester), with a
molecular formula C21H23NO5. After oral ingest, diamorphine undergoes extensive liver first
pass metabolism via deacetylation, transforming into a 6-monoacetylmorphine and morphine.
Injected diamorphine, promptly cross the blood-brain barrier and is transformed into mor‐
phine by deacetylation, acting over the µ opioid receptors. This opioid can be given by the
same routes as morphine in approximately half dose. Its high liposolubility [200 times more
liposoluble than morphine) is against rostral migration, consequently reduces the possibility
of side effects due to its action on the CNS, especially late respiratory depression. Diamorphine
is associated with more euphoria than morphine. [51, 52] This opioid is used for the treatment
of pain; severe physical trauma, myocardial infarction, post-surgical pain, and chronic pain,
including end-stage cancer and other painful terminal illnesses. Although diamorphine is used
for the cure of pain, it is also used illegally by addicts. [51]

Diamorphine had been used neuroaxialy for intraoperative and postcesarean analgesia.
Epidural 5 mg produces similar analgesia to 250 µg injected into the subarachnoid space, but
with less emesis. [52] Equal doses of diamorphine and intrathecal morphine produce similar
postcesarean analgesia but the former has lower frequency and intensity of emesis and
pruritus, which is attributed to its greater lipophilicity. [53] Most studies have compared
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Although there are places where spinal opioids in obstetrics are not routinely used, [29] at
present time, neuraxial morphine is considered as the gold standard to treat pain after C-
section and has become a conventional practice in many countries. It is mentioned in textbooks
on obstetric and neuroaxial anesthesia [30, 31, 32] as a conventional method. Most authors
have reported that 100 to 200 µg of spinal morphine plus regular or low doses of a PPX local
anaesthetic or lidocaine are enough to provide an excellent block, high quality postcesarean
analgesia, decreased needs of rescue postoperative analgesics, with few side effects. [33-37]

Weigl and coworkers [38] compared intrathecal morphine 100 µg versus spinal fentanyl 25 µg
added to 0.5% hyperbaric bupivacaine 7.5 to 15 mg in 60 parturients. Intrathecal morphine
drastically prolonged the time for first rescue analgesic, and also reduce postoperative
meperidine [47 mg versus 130 mg) when compared to fentanyl. Itch was more often observed
in patients treated whit morphine. There was no significant difference in the incidence of
postoperative nausea and vomiting between both groups. There were few patients in the
morphine group who required additional intravenous opioids during surgery. Bejar et al from
Argentina [39] demonstrated that intrathecal morphine 100 µg were better than systemic
morphine, although the former had more incidence of itching. In a Brazilian study [40] the
authors found that 50 µg of intrathecal morphine produced equal analgesia after cesarean
section as 100 µg, but with less incidence of pruritus. Cortes-Blanco et al from México [36],
compared morphine 100 µg versus 200 µg added to intrathecal ropivacaine 15 mg in 80 women
undergoing cesarean delivery. The analgesic effect lasted 24 to 30 hours, with a low need of
postoperative rescue analgesic; ketorolac was used in equal dose in both groups (p>0.05].
However side effects were more frequent in those women receiving morphine 200 µg: pruritus
30% versus 55%, nausea 10% versus 30%, and vomiting 5% versus 12.5%. The authors
recommended 100 µg as the ideal dose in Mexican parturients undergoing C-section.

Morphine can be coadministered with sufentanil. Draisci et al [41] compared spinal adminis‐
tration of morphine 150 µg plus sufentanil 5 µg versus spinal sufentanil 5 µg plus a single
subcutaneous morphine 10 mg in 64 pregnant women undergoing elective cesarean under
spinal anaesthesia with hyperbaric bupivacaine 10 mg. Both groups received 1 g acetamino‐
phen every 6 hours and intravenous tramadol was used if VAS was superior to 4. Coadmi‐
nistration of two opioids resulted in prolonged analgesia, less need of tramadol, and less
incidence of nausea and no difference in pruritus incidence. Using a combination of spinal
morphine 100 µg plus sufentanil 2.5 µg, Bouvet et al [42] determined that the ED50 and ED95

of intrathecal levobupivacaine is 12.9 mg. For less levobupivacaine dose, the authors recom‐
mended to use spinal-epidural combined technique for C-section anaesthesia.

Notwithstanding the multiple investigations to determine the ideal dose, a recent study
questioned the best dose of intrathecal morphine for postcesarean analgesia. Wong and
coworkers [43] compared the most used doses; 100 versus 200 µg and concluded that the higher
dose produce better analgesia but with more nausea, so morphine dosing has to be based on
patient preference for analgesia versus emesis.

Recently, in order to avoid spinal morphine side effects, some authors compared ultrasound
guided tranversus abdominis plane block versus intrathecal morphine; although ultrasound-
guided transversus abdominis plane block is an effective method to supply pain relief after
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cesarean delivery, 100 µg and 200 µg subarachnoid morphine provided superior analgesia,
but emesis and itching were more frequent. This block could be a reasonable alternative when
morphine cannot be used. [44, 45]

Hydromorphone. Also known as dihydromorphinone, is a semi-synthetic opioid widely used
to treat pain. It is 5 to 11.1 times more potent than morphine, highly soluble in water, with
intermediate lipid solubility. The chemical name is 4, 5α-epoxy-3-hydroxy-17-methylmor‐
phinan-6-one hydrochloride, with a molecular formula C17H19NO3 and molecular weight
285.33766. Has a similar pharmacokinetics and duration of action than morphine, is extensively
metabolized by the liver to hydromorphone-3-glucoronide with no analgesic effects, 62% of
the oral dose is eliminated by this gland on the first pass. Hydromorphone cross the blood
brain barrier and reach concentrations in the CNS faster than morphine. Is better tolerated in
patients with kidney failure due to a lack of an active metabolite, but its half life can increase
to as much as 40 hours. [28, 46]

In a retrospective research, Rauch [47] found that 100 µg of spinal hydromorphone produced
a comparable onset of pain relief to 25 µg of subarachnoid fentanyl, with a prolonged analgesia
(p<.001] and proposed this opioid as a substitute of intrathecal morphine. Beatty et al [48]
compared intrathecal hydromorphone 40 µg versus intrathecal morphine 100 µg in 114
parturients undergoing cesarean section. They found no statistical differences regarding
opioid related side effects, rescue analgesics needs or postoperative pain intensity during the
first 24 hours. In non obstetric patients [49] nausea is related significantly in a dose-dependent
manner. In patients with known allergy to intrathecal morphine, hydromorphone can be used
spinally with better analgesic results. [50]

Diamorphine. Also known as heroin, is an pure agonist opioid analgesic 1.5 to 2 times more
potent than morphine. In 1874 Charles Write boiled morphine and created heroin. Its chemical
name is 4, 5-Epoxy-17-methylmorphinan-3, 6-diyldiacetate hydrochloride monohydrate or
[5α, 6α)-7, 8-Didehydro-4, 5-epoxy-17-methylmorphinan-3, 6-diol diacetate (ester), with a
molecular formula C21H23NO5. After oral ingest, diamorphine undergoes extensive liver first
pass metabolism via deacetylation, transforming into a 6-monoacetylmorphine and morphine.
Injected diamorphine, promptly cross the blood-brain barrier and is transformed into mor‐
phine by deacetylation, acting over the µ opioid receptors. This opioid can be given by the
same routes as morphine in approximately half dose. Its high liposolubility [200 times more
liposoluble than morphine) is against rostral migration, consequently reduces the possibility
of side effects due to its action on the CNS, especially late respiratory depression. Diamorphine
is associated with more euphoria than morphine. [51, 52] This opioid is used for the treatment
of pain; severe physical trauma, myocardial infarction, post-surgical pain, and chronic pain,
including end-stage cancer and other painful terminal illnesses. Although diamorphine is used
for the cure of pain, it is also used illegally by addicts. [51]

Diamorphine had been used neuroaxialy for intraoperative and postcesarean analgesia.
Epidural 5 mg produces similar analgesia to 250 µg injected into the subarachnoid space, but
with less emesis. [52] Equal doses of diamorphine and intrathecal morphine produce similar
postcesarean analgesia but the former has lower frequency and intensity of emesis and
pruritus, which is attributed to its greater lipophilicity. [53] Most studies have compared
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intrathecal doses from 125 up to 375 µg, with similar analgesic results, but a wide outcome
regarding incidence of pruritus, nausea and vomit. [54] In a double blind randomized
controlled investigation Wrench and coworkers [55] compared spinal diamorphine 0, 100, 200,
and 300 µg added to spinal block and systemic diclofenac-paracetamol plus subcutaneous
diamorphine for breakthrough pain. They found that 300 µg resulted in better analgesia, but
a dose related increase in the incidence of pruritus. In this study, nausea and vomit did not
have a dose dependent effect. Spinal diamorphine 300 µg was comparable to intrathecal
fentanyl 20 µg regarding needs of intraoperative analgesics supplementation, but the former
opioid produced longer postoperative analgesia. [56] Diamorphine 250 µg combined with
fentanyl 15 µg as additive to spinal bupivacaine were not superior to diamorphine alone. [57]
Sarvan et al [58] found in 200 cesarean done under spinal anaesthesia with 12.5 mg hyperbaric
bupivacaine that the ED [95] of 400 µg subarachnoid diamorphine is needed to prevent
intraoperative analgesic supplementation. This high dose increased time for first request
postoperative analgesic, but also augmented the incidence of nausea, vomiting and pruritus.
The addition of intrathecal diamorphine does not appear to influence block height. [60]

Fentanyl. Is the oldest synthetic piperidine opioid agonist, 100 to 80 times more potent than
morphine, chemically identified as N-[1-phenethyl-4-piperidyl) propionanilide citrate [1:1]
with a molecular weight of 528.60. The empirical formula is C22H28N2O • C6H8O7. The phar‐
macokinetics of fentanyl can be described as a three-compartment model, with a distribution
time of 1.7 minutes, redistribution of 13 minutes and a terminal elimination half-life of 219
minutes. The volume of distribution for fentanyl is 4 L/kg. It is primarily transformed in the
liver, demonstrates a high first pass clearance and releases approximately 75% of an intrave‐
nous dose in urine, mostly as metabolites with less than 10% representing the unchanged drug.
It has a rapid onset of action when the drug is given intravenously or intrathecally. Fentanyl
has less emetic activity than either morphine or petidine. [27, 28, 30, 32]

After intrathecal morphine, fentanyl is probably the most widely used opioid in patients
undergoing cesarean section; improves quality of spinal anaesthesia, reduces dose of local
anaesthetics, but has little impact on prolonging postoperative analgesia. [60, 61, 62] Most used
doses of intrathecal fentanyl range from 15 to 25 µg, although this opioid had been investigated
in a wide range as of 2.5 up to 50 µg for cesarean delivery. It can be safely mixed with lidocaine,
bupivacaine, levobupivacaine, ropivacaine, or mepivacaine. [63, 64, 65, 66] The first study
using intrathecal fentanyl was done by Hunt at [67] from Brigham and Women´s Hospital in
Boston USA; they evaluated 0, 2.5, 5, 6.25, 12.5, 25, 37.5 and 50 µg of fentanyl added to spinal
hyperbaric bupivacaine 0.75% in 56 parturients undergoing cesarean delivery. Sixty seven
percent of patients in the control group needed supplemental intraoperative opioids. None of
the parturients who received more than 6.5 µg fentanyl required transoperative opioids. Time
for first analgesic request was 33.7±30.8 min (mean±SD) in the control group and increased to
130±30 min (p<0.05] in those women treated with 6.25 µg fentanyl. Duration of effective
analgesia was significantly longer in this group 192±74.9 min versus 71.8±43.2 min (p<0.05].
Bigger doses had no effect on effective analgesia. Itching was increased with 25 and 50 µg.
There were no side effects in the neonates. They concluded that the optimal dose of spinal
fentanyl is 6.5 µg. Most authors reported that higher doses from 12.5 to 25 µg [68, 69] are safe
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and enhance spinal blockade, trans cesarean analgesia and immediate postsurgical analgesia,
without increasing side effects.

The optimal dose of 12 mg 0.5% hyperbaric bupivacaine for C-section was reduced to 8 mg
adding 10 µg of spinal fentanyl. [71] The addition of fentanyl 20 µg to 10 mg hyperbaric
bupivacaine 0.5% did not alter significantly spirometric parameters in 40 parturients after
cesarean delivery compared with bupivacaine alone. [72]

In summary, the addition of intrathecal fentanyl to local anaesthetics used in cesarean section
reduces the need for intraoperative analgesics, improves postoperative analgesia for a brief
period of time of 2-4 hours, has no effect on the subsequent analgesic doses. The aforemen‐
tioned doses are very safe for the mother and newborn, and its side effects are minimal.

Sufentanil citrate. Synthesized in mid-1970s, was introduced into clinical practice 10 years later.
Sufentanil is a potent pure agonist opioid, 6-10 times more potent than fentanyl, chemically
designated as N-{4-(Methoxymethyl)-1-[2-[2-thienyl)ethyl]-4-piperidinyl}-N-phenylpropana‐
mide, with a molecular weight of 578.68. The molecular formula is C22H30N2O2S. [73, 74]

This opioid is a fundamental part of daily anaesthesia armamentarium. As spinal additive for
cesarean section, sufentanil had been used in doses ranging from 1.5 to 20 µg. The initial clinical
research by Courtney et al [75] compared 0, 10, 15 and 20 µg as spinal adjuvant to 0.75%
hyperbaric bupivacaine 10.5 mg in 37 women undergoing elective cesarean delivery. Analgesia
was prolonged significantly in all patients treated with sufentanil, but pruritus incidence was
notably increased. Apgar score and Early Neonatal Neurobehavioral Scale were within normal
limits. The most recommended dosages range from 2.5 to 5 µg improving spinal anaesthesia
and postoperative analgesia, with mild side effects. [28, 76, 77, 78, 79] Braga and coworkers [78]
compared sufentanil 0, 2.5, 5 and 7.5 µg added to spinal hyperbaric bupivacaine 12.5 mg. Onset
block was significantly shorter in women treated with the opioid and postoperative analgesia
was longer in patients receiving 5 and 7.5 µg sufentanil. Those women who received higher
doses had more incidences of sedation and pruritus. A prospective, randomized, double-blind,
controlled trial [79] found that smaller doses also produced excellent operative analgesia and
prolonged postcesarean analgesia; the authors compared 0, 1.5, 2.5 and 5 µg sufentanil added
to hyperbaric bupivacaine 0.5% 12.5 mg in 100 pregnant women undergoing elective C-section.
Women treated with the opioid had no operative pain, postoperative analgesia was prolonged
and rescue analgesic was similar in those women treated with sufentanil. Itch was more
frequent in the 2.5 and 5 µg sufentanil groups than in placebo or 1.5 µg sufentanil. There were
no differences in the newborn evaluation. Bang et al [80] compared a placebo group versus 2.5
versus 5 µg sufentanil added to spinal hyperbaric bupivacaine and reported no significant
differences among the 3 groups regarding the maximum sensory levels and motor block.
Patients receiving 5 µg sufentanil had slower recovery of the sensory block. Intrathecal
sufentanil enhanced intraoperative analgesia, muscle relaxation and duration of effective
analgesia in a dose related response. Occurrence of hypotension, sedation, and itching were
also opiate dose related. The addition of 2.5 µg sufentanil to 0.5% levobupivacaine produced
faster onset time for sensory and motor block than levobupivacaine alone. It also prolonged
postoperative analgesia and reduced analgesic needs. These results were similar to the
addition of intrathecal 10 µg fentanyl. [81] Sufentanil 5 µg added to spinal local anaesthetics
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intrathecal doses from 125 up to 375 µg, with similar analgesic results, but a wide outcome
regarding incidence of pruritus, nausea and vomit. [54] In a double blind randomized
controlled investigation Wrench and coworkers [55] compared spinal diamorphine 0, 100, 200,
and 300 µg added to spinal block and systemic diclofenac-paracetamol plus subcutaneous
diamorphine for breakthrough pain. They found that 300 µg resulted in better analgesia, but
a dose related increase in the incidence of pruritus. In this study, nausea and vomit did not
have a dose dependent effect. Spinal diamorphine 300 µg was comparable to intrathecal
fentanyl 20 µg regarding needs of intraoperative analgesics supplementation, but the former
opioid produced longer postoperative analgesia. [56] Diamorphine 250 µg combined with
fentanyl 15 µg as additive to spinal bupivacaine were not superior to diamorphine alone. [57]
Sarvan et al [58] found in 200 cesarean done under spinal anaesthesia with 12.5 mg hyperbaric
bupivacaine that the ED [95] of 400 µg subarachnoid diamorphine is needed to prevent
intraoperative analgesic supplementation. This high dose increased time for first request
postoperative analgesic, but also augmented the incidence of nausea, vomiting and pruritus.
The addition of intrathecal diamorphine does not appear to influence block height. [60]

Fentanyl. Is the oldest synthetic piperidine opioid agonist, 100 to 80 times more potent than
morphine, chemically identified as N-[1-phenethyl-4-piperidyl) propionanilide citrate [1:1]
with a molecular weight of 528.60. The empirical formula is C22H28N2O • C6H8O7. The phar‐
macokinetics of fentanyl can be described as a three-compartment model, with a distribution
time of 1.7 minutes, redistribution of 13 minutes and a terminal elimination half-life of 219
minutes. The volume of distribution for fentanyl is 4 L/kg. It is primarily transformed in the
liver, demonstrates a high first pass clearance and releases approximately 75% of an intrave‐
nous dose in urine, mostly as metabolites with less than 10% representing the unchanged drug.
It has a rapid onset of action when the drug is given intravenously or intrathecally. Fentanyl
has less emetic activity than either morphine or petidine. [27, 28, 30, 32]

After intrathecal morphine, fentanyl is probably the most widely used opioid in patients
undergoing cesarean section; improves quality of spinal anaesthesia, reduces dose of local
anaesthetics, but has little impact on prolonging postoperative analgesia. [60, 61, 62] Most used
doses of intrathecal fentanyl range from 15 to 25 µg, although this opioid had been investigated
in a wide range as of 2.5 up to 50 µg for cesarean delivery. It can be safely mixed with lidocaine,
bupivacaine, levobupivacaine, ropivacaine, or mepivacaine. [63, 64, 65, 66] The first study
using intrathecal fentanyl was done by Hunt at [67] from Brigham and Women´s Hospital in
Boston USA; they evaluated 0, 2.5, 5, 6.25, 12.5, 25, 37.5 and 50 µg of fentanyl added to spinal
hyperbaric bupivacaine 0.75% in 56 parturients undergoing cesarean delivery. Sixty seven
percent of patients in the control group needed supplemental intraoperative opioids. None of
the parturients who received more than 6.5 µg fentanyl required transoperative opioids. Time
for first analgesic request was 33.7±30.8 min (mean±SD) in the control group and increased to
130±30 min (p<0.05] in those women treated with 6.25 µg fentanyl. Duration of effective
analgesia was significantly longer in this group 192±74.9 min versus 71.8±43.2 min (p<0.05].
Bigger doses had no effect on effective analgesia. Itching was increased with 25 and 50 µg.
There were no side effects in the neonates. They concluded that the optimal dose of spinal
fentanyl is 6.5 µg. Most authors reported that higher doses from 12.5 to 25 µg [68, 69] are safe
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and enhance spinal blockade, trans cesarean analgesia and immediate postsurgical analgesia,
without increasing side effects.

The optimal dose of 12 mg 0.5% hyperbaric bupivacaine for C-section was reduced to 8 mg
adding 10 µg of spinal fentanyl. [71] The addition of fentanyl 20 µg to 10 mg hyperbaric
bupivacaine 0.5% did not alter significantly spirometric parameters in 40 parturients after
cesarean delivery compared with bupivacaine alone. [72]

In summary, the addition of intrathecal fentanyl to local anaesthetics used in cesarean section
reduces the need for intraoperative analgesics, improves postoperative analgesia for a brief
period of time of 2-4 hours, has no effect on the subsequent analgesic doses. The aforemen‐
tioned doses are very safe for the mother and newborn, and its side effects are minimal.

Sufentanil citrate. Synthesized in mid-1970s, was introduced into clinical practice 10 years later.
Sufentanil is a potent pure agonist opioid, 6-10 times more potent than fentanyl, chemically
designated as N-{4-(Methoxymethyl)-1-[2-[2-thienyl)ethyl]-4-piperidinyl}-N-phenylpropana‐
mide, with a molecular weight of 578.68. The molecular formula is C22H30N2O2S. [73, 74]

This opioid is a fundamental part of daily anaesthesia armamentarium. As spinal additive for
cesarean section, sufentanil had been used in doses ranging from 1.5 to 20 µg. The initial clinical
research by Courtney et al [75] compared 0, 10, 15 and 20 µg as spinal adjuvant to 0.75%
hyperbaric bupivacaine 10.5 mg in 37 women undergoing elective cesarean delivery. Analgesia
was prolonged significantly in all patients treated with sufentanil, but pruritus incidence was
notably increased. Apgar score and Early Neonatal Neurobehavioral Scale were within normal
limits. The most recommended dosages range from 2.5 to 5 µg improving spinal anaesthesia
and postoperative analgesia, with mild side effects. [28, 76, 77, 78, 79] Braga and coworkers [78]
compared sufentanil 0, 2.5, 5 and 7.5 µg added to spinal hyperbaric bupivacaine 12.5 mg. Onset
block was significantly shorter in women treated with the opioid and postoperative analgesia
was longer in patients receiving 5 and 7.5 µg sufentanil. Those women who received higher
doses had more incidences of sedation and pruritus. A prospective, randomized, double-blind,
controlled trial [79] found that smaller doses also produced excellent operative analgesia and
prolonged postcesarean analgesia; the authors compared 0, 1.5, 2.5 and 5 µg sufentanil added
to hyperbaric bupivacaine 0.5% 12.5 mg in 100 pregnant women undergoing elective C-section.
Women treated with the opioid had no operative pain, postoperative analgesia was prolonged
and rescue analgesic was similar in those women treated with sufentanil. Itch was more
frequent in the 2.5 and 5 µg sufentanil groups than in placebo or 1.5 µg sufentanil. There were
no differences in the newborn evaluation. Bang et al [80] compared a placebo group versus 2.5
versus 5 µg sufentanil added to spinal hyperbaric bupivacaine and reported no significant
differences among the 3 groups regarding the maximum sensory levels and motor block.
Patients receiving 5 µg sufentanil had slower recovery of the sensory block. Intrathecal
sufentanil enhanced intraoperative analgesia, muscle relaxation and duration of effective
analgesia in a dose related response. Occurrence of hypotension, sedation, and itching were
also opiate dose related. The addition of 2.5 µg sufentanil to 0.5% levobupivacaine produced
faster onset time for sensory and motor block than levobupivacaine alone. It also prolonged
postoperative analgesia and reduced analgesic needs. These results were similar to the
addition of intrathecal 10 µg fentanyl. [81] Sufentanil 5 µg added to spinal local anaesthetics
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produce similar results as spinal morphine 200 µg regarding anaesthesia quality, operative
analgesia, incidence of maternal emesis as well as newborn safety, but morphine postoperative
analgesia was longer 19.5± 4.7 hours versus 6.3±5.2 hours p< 0.05]. [28, 82]

Adding 5 µg sufentanil to ropivacaine appears to be optimal, as it increases the efficacy of
spinal analgesia without increasing the incidence of side effects, and ropivacaine dose can be
reduced up to 28% of ED50 for C-section. [83, 84, 85] Mixing 5 or 10 µg sufentanil with 75 mg
lidocaine 5% in parturients undergoing cesarean delivery prolonged spinal anaesthesia
compared to placebo, but also produced mild to moderate respiratory depression, which was
more important with 10 µg 46.7% (p<0.001]. [86]

Several authors had compared fentanyl versus equianalgesic doses of intrathecal sufentanil
administered concurrently with hyperbaric bupivacaine 0.5% for cesarean delivery; both
opioids abolished intraoperative opioid requirements, and discreetly prolonged postcesarean
analgesia although sufentanil produced more prolonged analgesia without significative side
effects on the parturient and neonate. [87, 88, 89]. Bremerich et al [90] reported that the
association of sufentanil-levobupivacaine was better than fentanyl added to intrathecal
bupivacaine o levobupivacaine. A study from Brasil [91] showed that intrathecal sufentanil
2.5 µg combined with morphine 80 µg during anaesthesia with hyperbaric bupivacaine
decreased significantly the immediate incidence of postcesarean shivering from 62.5% to 32.5%
(p<0.007].

Meperidine (Pethidine).Meperidine is a synthetic opioid agent, and is the only opioid that has
significant local anaesthetic activity in the dose range normally used for analgesia. Was
synthesized in 1939 as an anticholinergic agent, but was soon discovered to have analgesic
properties. It belongs to the phenylpiperidine family; it is ethyl 1-methyl-4-phenylisonipeco‐
tate hydrochloride, readily soluble in water. Molecular formula is C15H21NO2, and has a
molecular weight 247.33274. Meperidine is quickly hydrolyzed in the liver to petidinic acid,
and is also demethylated to norpetidine, a neurotoxic metabolite. Meperidine metabolites are
further conjugated with glucoronic acid and excreted into the urine. [28, 30, 92, 93].

There are reports using intratecal meperidine mixed with local anaesthetics in several clinical
settings; in obstetric patients, meperidine has been used as spinal adjuvant, as a single agent
for epidural or subarachnoid for labor pain, and also for anaesthesia-analgesia in cesarean
delivery. As spinal sole drug for cesarean section, meperidine had been uses with good results.
[94, 95, 96]. Cheun and Kim [96] studied 182 parturients undergoing cesarean delivery; they
used meperidine 50 mg combined with 10% dextrose 0.5 mL injected in the lumbar spinal space
achieving sensory and motor blockade in all patients, prolonged analgesia [453±158.1 min) and
motor recovery [75.9±17.2 min). Side effects were minimum and included nausea, hypotension
and pruritus. Eighteen patients had mild pain at the end of surgery. There were no side effects
on the newborns.

Yu and coworkers [97] compared meperidine 10 mg plus intrathecal 0.5% hyperbaric bupiva‐
caine 10 mg versus hyperbaric bupivacaine alone. They found prolonged postcesarean
analgesia (mean 234 min, 95% confidence interval 200-269 min) versus control group (mean
125 min, 95% confidence interval 111-138 min; p<0.001]. Woman receiving meperidine had
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more incidence of intraoperative emesis [11 versus 3; p=0.02]. Reducing meperidine dose to
7.5 mg also produces similar results, enhancing local anaesthetics spinal block and prolonging
postcesarean analgesia. [98, 99] Meperidine is a good substitute in patients with allergy to local
anaesthetics. [100, 101]

Nalbuphine. Is a synthetic agonist-antagonist opioid belonging to the phenanthrene group.
Chemically is 17-(cyclobutylmethy1]-4, 5a-epoxymorphinan-36a, 14-triol hydrochloride,
molecular weight 393.91, soluble in water [35.5 mg/mL at 25oC) and ethanol [0.8%), Pka 8.71
and 9.96. The molecular formula is C21H27NO4 HCl. It is structurally related to naloxone, an
antagonist of the opiate receptors, and to oxymorphone, an analgesic agonist of the opiate
receptors. It has an elimination half-life (t1/20] of about 5 hours in normal people. Because
nalbuphine is mainly eliminated from the body by biotransformation, nalbuphine undergoes
an extensive first-pass metabolism. [102, 103]

Rawal and coworkers studied several spinal opioids in sheep, including nalbuphine; [104]
although spinal nalbuphine was not the less neurotoxic, the authors found that this opioid was
associated with relative minor behavioral and EEG changes, sedation, spinal cord mild
inflammatory and neuronal changes. Following intrathecal nalbuphine, the above-mentioned
changes were similar to those seen in control animals. One animal developed motor impair‐
ment during 60 minutes. The analgesic effect of spinal nalbuphine can be reverted by naloxone.
[105] To date, no clinical reports of this opioid have mentioned secondary neurological
damage, although this observation has not enough clinical evidence. There is little clinical
research with this opioid injected intrathecally. Nalbuphine been used as additive for spinal
anaesthesia in several clinical settings in doses from 200 to 1600 µg. [106, 107, 108]

The first study with intrathecal nalbuphine in obstetric patients was conducted by Culebras
et al; [109] in a double blind study they injected nalbuphine 200, 800, 1600 µg mixed with
hyperbaric 0.5% bupivacaine versus morphine 200 µg with bupivacaine in 90 parturients
undergoing cesarean delivery. Only women receiving morphine and nalbuphine 200 µg
reported transoperative pain. In the nalbuphine groups, postoperative analgesia lasted longest
with the 0.8 mg dose, but postoperative analgesia was significantly prolonged in the morphine
group (p<0.0001]. Itching incidence was superior with spinal morphine as well as postcesarean
nausea and vomiting. There was no maternal or newborn respiratory depression. Culebra´s
article was accompanied by an editorial written by Yaksh; [110] most of his commentaries were
regarding the lack of solid evidence about the neurotoxicity of nalbuphine and emphasized
that benefits does not outweigh the risks to use this the opioid by the spinal route.

Yoon et al [111] found that an intrathecal mixture of nalbuphine 1000 µg, morphine 100 µg
and hyperbaric 0.5% bupivacaine 10 mg for cesarean delivery strengthen intraoperative
analgesia compared with morphine alone, but this combination reduce postcesarean duration
of complete analgesia and had no effect on the incidence of itch. In a recent randomized, double
blind article using intrathecal nalbuphine for postcaesarean analgesia there were no differen‐
ces between nalbuphine 800 µg versus 25 µg fentanyl associated with hyperbaric 0.5%
bupivacaine 10 mg; both opioids produce transoperative analgesia and early postoperative
analgesia. [112]
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with the 0.8 mg dose, but postoperative analgesia was significantly prolonged in the morphine
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4. Spinal opioids side effects

As described in the preceding paragraphs, intrathecal opioids as adjuncts to local anaesthetics
are very safe in spinal anaesthesia for cesarean section, although may have sporadic potentially
life-threatening events. There is variety of side effects which are worth to be discussed briefly.
These side effects are due to different factors such as pharmacological and pharmacodynamic
characteristics of each opioid, the injected dose, and type of patient. Opioids with high
liposolubility have less risk of rostral migration and lower incidence of CNS side effects. Larger
doses will have higher incidence and severity of CNS deleterious effects.

Respiratory depression is a deleterious side effect which may have serious consequences like
respiratory arrest and even death. Fortunately, it is a very rare event. This complication can
occurs as quickly as 15 to 20 minutes after injection of lipophilic opioids, but with water soluble
opioids the event is late. [113, 114, 115] Morphine intrathecal doses higher than 300 µg are
associated with more episodes of respiratory depression. [116] It is mandatory to closely
monitor all patients receiving neuroaxial opioids. Besides clinical surveillance, pulse oximetry
monitors are used by most clinicians, although the use of transcutaneous carbon dioxide
monitor has been recommended recently. [117] It is prudent to give prophylactic nasal oxygen.
When respiratory depression is detected, it should be managed with intravenous naloxone.
Also intravenous nalbuphine has been used with excellent results. On rare occasions it is
necessary to use ventilatory support with endotracheal intubation.

Emesis and pruritus are the most frequent side effects. Nausea and vomiting are similar,
but  pruritus  increased  in  direct  proportion  to  the  dose  of  intrathecal  morphine  (linear
regression, p=0.0001]. Although emesis due to spinal morphine do not interfere with early
feeding after surgical delivery, [118] it is an unpleasant nuisance that can be prevented by
various drugs administered immediately after the umbilical  cord is  ligated;  ondansetron
4-8 mg, ganisetron 3 mg, tropisetron 5,  droperidol 1.25 mg, dexamethasone 4-8 mg and
diphenydramine 30 mg. [119, 120] Metoclopramide 10 mg does not appear to be effective
for emesis prophylaxis in this patient population. Serotonin [5-HT3] receptors antagonists
had poor effect preventing itching, while the prophylactic or therapeutic administration of
droperidol 1.25. mg, nalbuphine 5-10 mg, pèntazocine 15 mg, butorphanol 1 mg followed
by intravenous infusion of 0.2 mg/h. [121, 122, 123]

Severe postoperative hypothermia has been described in a variety of surgical procedures,
including cesarean section done under epidural or spinal therapeutic doses of morphine. The
mechanism is not well known but it is said that could be mediated by morphine cephalad
spinal spread reaching opioid receptors and altering the temperature set point in the hypo‐
thalamus. It can be treated effectively with naloxone or lorazepam. [124-129]

5. Non opioids spinal additives

As we reviewed, spinal opioids side effect profiles may have some limitation to be used as
adjuvants in cesarean delivery; pruritus, nausea, vomiting, and urinary retention are non fatal
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deleterious side effects but bother most patients. Late respiratory arrest and hypothermia after
usual opioid doses has been seldom reported in the literature. There are several non-opioide
adjuvants that have been studied for the purpose to enhance spinal anaesthesia and to prolong
and augment postcesarean analgesia [130], being alpha2 agonists the most promising agents.
[131, 132] Spinal adjuvants like magnesium, ketamine, neostigmine are mostly used for clinical
research, and nowadays is no prudent to recommend these drugs as a routine practice.
Clonidine. Eisenach et al demonstrated that epidural/spinal clonidine did not affect sheep fetus,
but fetal bradycardia may limit the efficacy of spinal clonidine if used more than 10 µg/kg in
obstetrics. [133, 134] Many clinical studies have been done using neuroaxial clonidine mixed
with local anaesthetics and/or opioids, and as solo drug in obstetrics patients. Low doses of
spinal clonidine in subarachnoid anaesthesia for cesarean delivery are reported to enhance the
anaesthetic block, to reduce dose of local anaesthetics, and to extend postoperative analgesia.
There are studies mixing clonidine with intrathecal opioids, as there is a synergic effect.

In  a  double  blind  study Filos  et  al  [135]  carried  out  their  investigation  to  evaluate  the
analgesic effect of sole clonidine in women undergoing elective cesarean delivery, 150 µg
were injected 45 minutes after general anaesthesia and compared to intrathecal saline as
control group. Pain intensity was lower in clonidine treated parturients 20 to 120 minutes
after spinal injection (p<0.05],  request for first analgesic was also longer in the clonidine
group 414±128 minutes versus 181±169 minutes (p<0.01]. Clonidine side effects were severe;
hypotension with a maximal reduction of  systolic  [15±9%),  diastolic  [22±12%) and mean
arterial  pressure  [18±12%).  Sedation  was  significantly  more  intense  compared  to  saline
(p<0.05]; also dried mouth was more commonly (p<0.01]. Although these data suggest that
150 µg subarachnoid clonidine is effective to treat acute pain after cesarean section, it has
side effects such as hypotension, sedation, and dryness of mouth. Two years later, the same
authors [136] performed a different study comparing 150, 350 and 450 µg of spinal clonidine
to  evaluate  the  dose-response  hemodynamic  and  analgesic  responses  in  the  immediate
postoperative period of cesarean section under general anaesthesia. They found less pain
in all groups in a dose dependent mode: request for first analgesic 402±75 min, 570±76 min,
and 864±80 minutes respectively (p<0.01-0.001]. Clonidine reduced mean arterial pressure
compared  with  baseline  only  in  those  patients  treated  with  150  µg  [21±13%,  p<0.05].
Sedation  was  evident  in  all  groups.  Respiratory  rate  and  motor  activity  of  the  lower
extremities were unaffected in all three groups. The hemodynamic stability after 300 and
450 µg suggested a pressor consequence at peripheral sites. This investigation demonstrat‐
ed a dose related analgesia after spinal clonidine at doses as great as 450 µg. Studies with
lower  doses  of  clonidine  has  shown satisfactory results.  Peach et  al  [137]  in  a  random‐
ized,  double  blind  trial  compared  intrathecal  clonidine  mixed  with  fentanyl  15  µg  and
morphine µg versus clonidine plus morphine in 240 women undergoing cesarean deliv‐
ery with hyperbaric  0.5% bupivacaine.  Using a  dose finding analysis  the authors  found
similar comparable postoperative efficacy and side effects for groups receiving morphine
100 µg with clonidine 60,  90,  or  150 µg and concluded that  a multimodal approach for
postcesarean analgesia, using subarachnoid bupivacaine, fentanyl,  morphine 100 µg, and
clonidine 60 µg, improves pain relief compared with morphine 100 µg or clonidine 150 µg
alone, but increases intraoperative sedation and may increase perioperative vomiting. Other
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4. Spinal opioids side effects

As described in the preceding paragraphs, intrathecal opioids as adjuncts to local anaesthetics
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doses will have higher incidence and severity of CNS deleterious effects.

Respiratory depression is a deleterious side effect which may have serious consequences like
respiratory arrest and even death. Fortunately, it is a very rare event. This complication can
occurs as quickly as 15 to 20 minutes after injection of lipophilic opioids, but with water soluble
opioids the event is late. [113, 114, 115] Morphine intrathecal doses higher than 300 µg are
associated with more episodes of respiratory depression. [116] It is mandatory to closely
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monitor has been recommended recently. [117] It is prudent to give prophylactic nasal oxygen.
When respiratory depression is detected, it should be managed with intravenous naloxone.
Also intravenous nalbuphine has been used with excellent results. On rare occasions it is
necessary to use ventilatory support with endotracheal intubation.
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various drugs administered immediately after the umbilical  cord is  ligated;  ondansetron
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As we reviewed, spinal opioids side effect profiles may have some limitation to be used as
adjuvants in cesarean delivery; pruritus, nausea, vomiting, and urinary retention are non fatal
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deleterious side effects but bother most patients. Late respiratory arrest and hypothermia after
usual opioid doses has been seldom reported in the literature. There are several non-opioide
adjuvants that have been studied for the purpose to enhance spinal anaesthesia and to prolong
and augment postcesarean analgesia [130], being alpha2 agonists the most promising agents.
[131, 132] Spinal adjuvants like magnesium, ketamine, neostigmine are mostly used for clinical
research, and nowadays is no prudent to recommend these drugs as a routine practice.
Clonidine. Eisenach et al demonstrated that epidural/spinal clonidine did not affect sheep fetus,
but fetal bradycardia may limit the efficacy of spinal clonidine if used more than 10 µg/kg in
obstetrics. [133, 134] Many clinical studies have been done using neuroaxial clonidine mixed
with local anaesthetics and/or opioids, and as solo drug in obstetrics patients. Low doses of
spinal clonidine in subarachnoid anaesthesia for cesarean delivery are reported to enhance the
anaesthetic block, to reduce dose of local anaesthetics, and to extend postoperative analgesia.
There are studies mixing clonidine with intrathecal opioids, as there is a synergic effect.

In  a  double  blind  study Filos  et  al  [135]  carried  out  their  investigation  to  evaluate  the
analgesic effect of sole clonidine in women undergoing elective cesarean delivery, 150 µg
were injected 45 minutes after general anaesthesia and compared to intrathecal saline as
control group. Pain intensity was lower in clonidine treated parturients 20 to 120 minutes
after spinal injection (p<0.05],  request for first analgesic was also longer in the clonidine
group 414±128 minutes versus 181±169 minutes (p<0.01]. Clonidine side effects were severe;
hypotension with a maximal reduction of  systolic  [15±9%),  diastolic  [22±12%) and mean
arterial  pressure  [18±12%).  Sedation  was  significantly  more  intense  compared  to  saline
(p<0.05]; also dried mouth was more commonly (p<0.01]. Although these data suggest that
150 µg subarachnoid clonidine is effective to treat acute pain after cesarean section, it has
side effects such as hypotension, sedation, and dryness of mouth. Two years later, the same
authors [136] performed a different study comparing 150, 350 and 450 µg of spinal clonidine
to  evaluate  the  dose-response  hemodynamic  and  analgesic  responses  in  the  immediate
postoperative period of cesarean section under general anaesthesia. They found less pain
in all groups in a dose dependent mode: request for first analgesic 402±75 min, 570±76 min,
and 864±80 minutes respectively (p<0.01-0.001]. Clonidine reduced mean arterial pressure
compared  with  baseline  only  in  those  patients  treated  with  150  µg  [21±13%,  p<0.05].
Sedation  was  evident  in  all  groups.  Respiratory  rate  and  motor  activity  of  the  lower
extremities were unaffected in all three groups. The hemodynamic stability after 300 and
450 µg suggested a pressor consequence at peripheral sites. This investigation demonstrat‐
ed a dose related analgesia after spinal clonidine at doses as great as 450 µg. Studies with
lower  doses  of  clonidine  has  shown satisfactory results.  Peach et  al  [137]  in  a  random‐
ized,  double  blind  trial  compared  intrathecal  clonidine  mixed  with  fentanyl  15  µg  and
morphine µg versus clonidine plus morphine in 240 women undergoing cesarean deliv‐
ery with hyperbaric  0.5% bupivacaine.  Using a  dose finding analysis  the authors  found
similar comparable postoperative efficacy and side effects for groups receiving morphine
100 µg with clonidine 60,  90,  or  150 µg and concluded that  a multimodal approach for
postcesarean analgesia, using subarachnoid bupivacaine, fentanyl,  morphine 100 µg, and
clonidine 60 µg, improves pain relief compared with morphine 100 µg or clonidine 150 µg
alone, but increases intraoperative sedation and may increase perioperative vomiting. Other
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investigators have found that clonidine 75 µg is a safe dose; prolong the anesthetic block
and enhance postoperative analgesia, with minimal side effects and no harm to the newborn
[132, 138, 139] Van Tuijl et al [140] compared 15 µg, 30 µg and 60 µg of clonidine added
to hyperbaric bupivacaine 0.5%; the authors found a dose dependent variability of analgesia
duration and sedation. Duration of analgesia was significantly higher in those patients who
received  clonidine  60  µg  as  compared  to  the  other  two  groups  [598.7±140.47  versus
436.65±149.84 and 387.1±97.05 min respectively). Sedation was also more in the highest dose.
In this study the authors recommended 15 µg and 30 µg doses due to good postopera‐
tive analgesia and less sedation.

It has been mentioned that mixture of hyperbaric local anaesthetics with clonidine should
not be done in one syringe before injection into the subarachnoid space, but to inject each
drug in separate syringes in order to avoid syringe interactions, in particular changes in
the  density  of  local  anaesthetics.  Sachan  et  al  [141]  studied  the  differences  between
hyperbaric bupivacaine mixed with clonidine in the same syringe just prior to subarach‐
noid  injection  versus  separate  administration  in  60  parturient  undergoing  cesarean
deliveries. Those women who received clonidine 75 µg plus hyperbaric bupivacaine 0.5%
10 mg contained in one syringe had shorter analgesia time [337±18.22 min) versus those
patients receiving same drugs but applied in separated syringes [474.33±20.79 min), p=0.000.
Moreover, time to reach highest sensory level and complete motor block was significant‐
ly less, without any major haemodynamic instability in those women injected in a sequen‐
tially manner. As a single drug, subarachnoid clonidine is not recommended for anaesthesia
neither for postcaesarean analgesia.

Should we administer intrathecal clonidine in obstetric patients? Under the results of clinical
investigations done by many authors in different countries, intrathecal clonidine is a safe
drug in obstetric patients when recommended doses are observed, but more clinical studies
are needed to adequately respond to this  question.  [131]  Moreover,  we have to keep in
mind that the FDA maintains its recommendation not to use epidural clonidine in obstetrics.
This organization does not mention the use of intrathecal clonidine in this clinical scenar‐
io.  For  more  information  about  intrathecal  clonidine  please  read  the  chapter  entitled
Intrathecal clonidine as spinal anaesthesia adjuvant. Is there a magical dose? included in this book.

Midazolam. A water soluble imidazobenzodiazepine, highly liposoluble in vivo, with a rapid
onset of action and high metabolic clearance. Chemically is 8-chloro-6-[2-fluorophenyl)-1-
methyl-4H-imidazo [1, 5-a] [1, 4] benzodiazepine hydrochloride, and the molecular formula
C18H13ClFN3•HCl, with a molecular weight of 362.25. [142] For an extended information on
midazolam, we refer you to the chapter included in this book entitled Midazolam in spinal
anaesthesia: intrathecal or intravenous? written by Beyazit Zencirci.

A preservative free midazolam administered by continuous intrathecal infusion to sheep and
pigs in doses from 5 to 15 mg/day during 43 days demonstrated that behavior, neurological
function, and vital signs were normal. There were no data of neurological damage, except mild
inflammation surrounding the catheter tract that was also observed in animals treated with
placebo. [143] There are few articles using intrathecal midazolam for cesarean section. In a
prospective, randomized, double-blind, placebo controlled study [144] the authors compared
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1 and 2 mg of midazolam added to subarachnoid bupivacaine 10 mg versus plain bupivacaine.
Request for first analgesic was 4.3±0.7 versus 6.1±1.0 versus 3.8±0.5 hours, respectively.
Supplemental diclofenac were significantly less in those women treated with midazolam 2 mg
[93±29 mg) compared with midazolam 1 mg [148±16 mg) and plain bupivacaine [145±12 mg).
Time to block regression was longer in plain bupivacaine group B [182±30 minutes) compared
with midazolam 1 mg [152±32 minutes) and midazolam 2 mg group B [126±20 minutes) (both
p<.001]. Interesting, patient who did not receive intrathecal midazolam had higher incidence
of nausea and vomiting. Arterial pressure, heart rate, oxygen saturation, sedation score, and
time to first void were comparable between groups. Karbasfrushan et al [145]. compared
intrathecal midazolam 2 mg added to bupivacaine 10 mg versus plain bupivacaine in women
undergoing elective cesarean. Patients treated with midazolam had significant pain relieve at
15 and 120 min after surgery, but there were no significant differences between the groups
regarding the intensity of pain 5, 30, 60 and 240 min after the surgery. Request for first analgesic
was 178.06±77.33 versus 142.18±55.19 min. Duration of analgesia and regression for sensory
analgesia was similar in both groups, but nausea and vomiting were higher in the midazolam
group. Salimi et al [147] use a combination of 2 mg midazolam plus 5 µg sufentanyl intrathe‐
cally versus sufentanyl alone for labour pain in 80 parturients. Analgesia was enhanced and
prolonged significantly [185±15.2 min versus 92±12.7 min p=0.001]. No significant side effects
were observed in both groups.

Magnesium sulfate. Is a chemical compound containing magnesium, sulfur and oxygen.
Magnesium sulphate is a noncompetitive antagonist of the N-methyl-d-aspartate (NMDA)
receptor, therefore can interfere nociceptive modulation. There is controversy about the
neurotoxicity of magnesium sulfate injected into the neuraxis. [148, 149] In a contemporary
study conducted in Sprague-Dawley rats, Ozdogan and coworkers [149] were able to demon‐
strate on electron microscopic examinations, that single or repeated spinal injection of
magnesium sulphate 0.15% produced significant neurodegeneration. Nonetheless, there are
clinical studies that support the use of this ion via neuraxial-epidural or subarachnoid-in
diverse clinical scenarios, [150, 151, 152] including in the obstetric field, showing to prolong
analgesia without important side effects in healthy and pathologic parturients.

It  has  been used through epidural  [153,  154]  and spinal  via  for  cesarean delivery,  with
highly variable results. Ghrab et al [155] studied 105 women undergoing cesarean section
with  spinal  anaesthesia.  They  found  that  adding  magnesium  sulphate  100  mg  to  mor‐
phine  100  µg  improved  the  quality  and  duration  of  postcesarean  analgesia  without
augmenting the incidence of harmful side effects. Jabalameli and Pakzadmoghadam [156]
compared 0, 50, 75 and 100 mg magnesium sulphate added to spinal bupivacaine in 132
parturients  undergoing cesarean delivery.  Magnesium produced a  delay in  the onset  of
sensory and motor blockade. Duration of sensory and motor blockade were longer in those
women treated with 75 a 100 mg doses. Patients who did not receive magnesium had a
shorter recovery time and needed more postoperative analgesic (p<0.001]. In patients with
mild preeclampsia [157]  adding magnesium sulphate 50 mg to 0.5% hyperbaric  bupiva‐
caine and fentanyl 25 µg induced a slower onset of motor and sensory block, prolonged
duration of spinal anaesthesia and motor block and reduced needs of diclofenac during 24
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hours. No harmful side effects were noticed. As Faiz et al mentioned, spinal magnesium
improved perioperative shivering in women undergoing elective caesarean delivery. [158]
In a prospective, randomized, double blind study in 90 women undergoing cesarean section,
Unlugenc et al [159] were unable to probe that 50 mg magnesium sulphate have any benefit
over  spinal  anaesthesia  with  bupivacaine  0.5%.  Adding  this  adjuvant  to  10  mg  spinal
bupivacaine  did  not  shorten  onset  time  of  sensory  and  motor  blockade  or  prolonged
duration of subarachnoid anaesthesia as compared to spinal fentanyl.

6. Conclusions

Across the world, subarachnoid anaesthesia is the most used anaesthetic procedure for
Cesarean delivery. Compared to general and epidural anaesthesia, its main disadvantage is a
short duration action and most important, the lack of prolonged postoperative analgesia. These
two negative factors had been overcome with the addition of drugs that act enhancing quality
and durability, while they managed to decrease the dose of local anaesthetic and prolong
postoperative analgesia. Provision of postcesarean delivery analgesia is of great consequence
since it accelerate early ambulation, decreases maternal morbidity, improves parturient
outcome, decrease cost, and most important augment the quality of the mother-infant
relationship from the moment of birth.

When planning spinal anaesthesia for cesarean section there are different local anaesthet‐
ics  and  various  adjuvants  that  enhance  the  technique  and  favor  better  outcome of  our
patients. It is vital that the choice of adjuvants drugs be rationally and according to each
clinical  condition and local  availability of these drugs.  Although there is  no gold stand‐
ard  for  a  perfect  spinal  anaesthesia  and  postcesarean  analgesia,  in  this  millennium  is
mandatory to provide the best available care. As reviewed, there is a large list of options
and the choice  is  mostly  determined by drug safety  and accessibility,  the  experience of
anaesthesiologists, and monetary factors.

When adjuvants are selected for neuroaxial anaesthesia, it is mandatory to use drugs that are
not neurotoxic and are free of preservatives.

Spinal Adjuvants Dose range in µg Effects Side effects

Morphine

50-400

Reduce DE50 and DE95 of

spinal LA

PONV dose related

Pruritus moderate to severe

Prolonged POA Urinary retention

Recommended

dose 100
Reduce analgesics

Respiratory depression (rare)

Hypothermia (very rare)
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Spinal Adjuvants Dose range in µg Effects Side effects

Hydromorphone

40-100

Prolonged POA PONV similar no morphine

Reduce POP analgesics doses Less itching than morphine

Diamorphine (Heroine)

125-400

Reduce intraoperative

analgesics

PONV similar no morphine

Enhance POA

Recommended

dose 300
Reduce POP analgesics doses

Less itching than morphine

Fentanyl
6.5 - 50

Fast onset
Less PONV than morphine

Enhace spinal anaesthesia

Recommended

dose 12.5

Reduce spinal LA dose

Less itchichin tha morphine
Reduce intraoperative

analgesics

Enhance POA for 2-4 hours

Sufentanyl
1.5 - 20 Rapid onset

Dose relates itchnig
Enhace spinal blockade

Reduce spinal LA doses Posoperative sedation

Improve trans cesarean

analgesia

PONV higher than fentanyl

Recommended

dose 5 Short prolongation of POA

Reduce PO analgesic needs

Meperidine 7000 to 10, 000 Rapid onset High incidence of transurgical

vomitigD Improve spinal anaesthesia

Recommended

dose, 500
Prolongs POA PONV are high
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Spinal Adjuvants Dose range in µg Effects Side effects

Nalbufine*
200 - 1600

Enhance operative analgesia
PONV are dose related

Prolongs arly POA

Recommended

dose 800
No effect on itching In not better that spinal morphine

Clonidine

15 - 450

Improve spinal anaesthesia Hypothension

Reduce spinal LA dose Sedation

Prolongs POA Dry mouth

Recommended

dose 30
No respiratory depresion Fetal and maternal bradycardia

Midazolam* 1000-2000 Enhance POA Augments PONV?

Recommended

dose 2000?

Reduce PO analgesic doses

Reduce PONV?

Magnesium sulphate* 5, 000-100, 000
Prolongs spinal block

Delays onset of spinal anaesthesia

Augments POA

Recommended

dose?

Reduces PO analgesic doses

Reduces postoperative

shivering

LA=Local anaesthetics. POA=Postoperative analgesia. POP=Postoperative. PONV=Postoeprative nausea and vomiting.

*Nalbuphine, midazolam and magnesium suphate are under clinical investigatior to determine its use in spinal

anaesthesia for several clinical scenarios.

Table 1. Spinal additives and some drugs under clinical research in parturients undergoing cesarean delivery with
spinal anaesthesia.
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Spinal Adjuvants Dose range in µg Effects Side effects

Nalbufine*
200 - 1600

Enhance operative analgesia
PONV are dose related

Prolongs arly POA

Recommended

dose 800
No effect on itching In not better that spinal morphine

Clonidine

15 - 450

Improve spinal anaesthesia Hypothension

Reduce spinal LA dose Sedation

Prolongs POA Dry mouth

Recommended

dose 30
No respiratory depresion Fetal and maternal bradycardia

Midazolam* 1000-2000 Enhance POA Augments PONV?

Recommended

dose 2000?

Reduce PO analgesic doses

Reduce PONV?

Magnesium sulphate* 5, 000-100, 000
Prolongs spinal block

Delays onset of spinal anaesthesia

Augments POA

Recommended

dose?

Reduces PO analgesic doses

Reduces postoperative

shivering

LA=Local anaesthetics. POA=Postoperative analgesia. POP=Postoperative. PONV=Postoeprative nausea and vomiting.

*Nalbuphine, midazolam and magnesium suphate are under clinical investigatior to determine its use in spinal

anaesthesia for several clinical scenarios.

Table 1. Spinal additives and some drugs under clinical research in parturients undergoing cesarean delivery with
spinal anaesthesia.
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Chapter 5

Intrathecal Clonidine as Spinal Anaesthesia Adjuvant —
Is there a Magical Dose?

Víctor M. Whizar-Lugo, Juan C. Flores-Carrillo and
Susana Preciado-Ramírez

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/58712

1. Introduction

Clonidine was synthesized in 1962 as nasal decongestant, and marketed as antihypertensive
in 1972. Bloor and Flacke in 1982 [1] demonstrated in mongrel dogs that intravenous clonidine
5 and 20 µg/kg decreased halothane MAC by 42% and 48% respectively. Since then, clonidine
has been used by anaesthesiologists as an anaesthetic adjunct to provide increased perioper‐
ative cardiovascular and sympathoadrenal stability, to enhance general and regional anaes‐
thesia, as well as sedation and analgesia. [2, 3] In 1999, dexmedetomidine, a novel selective
and specific alpha2 agonist, was approved for postoperative sedation in intensive care patients,
and has also been investigated in general anaesthesia, regional anaesthesia and pain treatment.
Basic research in animals and clinical studies in humans performed with epidural clonidine
have shown its analgesic effects, with less side effects than any other neuroaxial anaesthesia
adjuvant. Similar results were also obtained with intrathecal injection of clonidine. Due to the
short duration of analgesic action by the latter route, the extradural administration is the most
studied. Epidural administration of clonidine has been widely utilized; indeed, the FDA has
only approved peridural use of clonidine infusion in chronic pain patients. There are many
publications with epidural clonidine for intraoperative surgical pain as an adjunct to general
anaesthesia and epidural anaesthesia, postoperative pain, pediatrics, and labour analgesia. It
has been used alone, or in combination with local anaesthetics, opioids, in bolus, or by
continuous infusion.

Intrathecal administration of clonidine is an interesting alternative route of administration. As
an alpha2 agonist, spinal injected clonidine prolongs sensory and motor block, increases
sedation and may potentiate hypotension and bradycardia. It has been used in high (> 150 µg),
low (< 150 µg) and small (< 75 µg) doses. High doses 150, 300 and 450 µg produce dose

© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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dependent analgesia, enhance spinal anaesthesia, with relative hemodynamic stability.
Furthermore, doses of 15 and 30 µg in addition to spinal local anaesthetics provide better
sensory and motor block compared to local anaesthetics alone. [4, 5]

The optimal dose of spinal clonidine remains unknown. For short ambulatory procedures 15
to 75 µg added to local anaesthetics enhance spinal anaesthesia without negative impact on
home discharge criteria. For short-stay or longer hospitalization surgeries, doses from 150 up
to 450 µg of clonidine as adjuvant for any local anaesthetics are safe, prolongs motor and
sensory block, and reduces the need of postoperative opioids.

This chapter updates current data on dose-response relationship of subarachnoid clonidine
when added as adjunct to spinal local anaesthetics and/or spinal opioids in different clinical
surgery scenarios, as well as for postoperative analgesia and labour pain.

2. Spinal additives

Spinal adjuvant drugs have been used since the beginning of subarachnoid anaesthesia.
Adrenaline, an alpha2 agonist, was the first drug used to enhance duration of spinal anaes‐
thesia, and morphine was the first opioid injected with eucaine in the lumbar spinal space to
relieve vertebral pain. [6] After the first article on spinal analgesia using opioids written by
Yaksh and Rudy in 1976, [7] the neuroaxial route to inject opioids as adjuvants drugs grew
logarithmically. Morphine, fentanyl, sufentanyl and many more agonist opioids have proven
their safety and efficacy to decrease the dose of local anaesthetics, to facilitate a faster recovery,
and effective postoperative analgesia. There are many receptors which modulates spinal pain
response; however, there are only few FDA approved drugs to be used via subarachnoid as
adjuvants or sole medications.

Many drugs have being injected into the spinal or peridural space in order to provide analgesia
and/or to enhance neuraxial anaesthesia. Nowadays, opioids are the more frequently used
spinal additives, but their side effects may limit its use; pruritus, urinary retention and late
respiratory depression. There are studies with intrathecal adjuvants that have not been
approved to be used in spinal anaesthesia: midazolam, ketamine, neostigmine, magnesium
sulphate, calcium channel blockers, nonsteroidal anti-inflammatory, dexmedetomidine,
tizanidine, etcetera.

3. Alpha2 adrenergic agonist drugs

Alpha2 agonist medications are used as adjuvants in anaesthesia and analgesia. They can be
prescribed orally, transdermally, intravenously, perineuraly, or through the neuroaxial route.
Beside analgesia and sedation, they decrease sympathetic tone and attenuate the stress
response to anaesthesia and surgery. Although adrenaline was the first alpha2 agonist used
intrathecally, it is no longer recommended. Nowadays, clonidine is the most used alpha2
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agonist in neuroaxial anaesthesia, even though dexmedetomidine has also recently been
studied for epidural and spinal anaesthesia adjuvant. Clonidine acts as a selective partial
agonist with a ratio of 200:1, whereas dexmedetomidine is highly selective with a ratio of
1600:1. Tizanidine, 5-bromo-N-[4, 5-dihydro-1H-imidazol-2-yl)-6-quinoxalinamine (UK-14,
304], and moxonidine are other alpha2 agonists with a potential neuroaxial use. [8, 9, 10, 11]
More than 90 patents have been deposited recently regarding different methods of alpha2
modulation (use of agonists or antagonists, nucleic acids and polypeptides) for diagnosis,
prognosis and treatment of disorders involving this receptors.

4. Clonidine

This prototypical alpha2 adrenergic receptor agonist was developed in the early 1960s. It is an
imidazoline derivative that exists as a mesomeric compound. It has a molecular weight of
266.56, chemical name is Benzenamine, 2, 6-dichloro-N-2-imidazolindinylidene monohydro‐
chloride and 2-[[2, 6-dichlorophenyl) imino] imidazolidine monohidrochloride. Figure 1
shows its structural formula (C9H9Cl2N3 HCl). Clonidine stimulates alpha2 adrenoreceptors
in the brain and spinal cord, resulting in reduction of sympathetic outflow from the central
nervous system and in decreased in peripheral resistance, renal vascular resistance, plasma
renin activity, heart rate, cardiac output, and blood pressure. Normal postural reflexes are
intact; therefore, orthostatic symptoms are mild and infrequent. Plasmatic level of clonidine
peaks in approximately 3 to 5 hours and the plasma half-life ranges from 12 to 16 hours. The
half-life increases up to 41 hours in patients with severe renal impairment. Following oral
administration, approximately 75% is bioavailable in men, about 40-60% of the absorbed dose
recovered unchanged in the urine in 24 hours. About 50% of the absorbed dose is metabolized
in the liver. Severe adverse side effects are infrequent, and well tolerated in most patients.
Sedation and dry mouth are the most common side effects, and are usually related to dose and
length of administration. [12, 13]

Figure 1. Structural formula of clonidine
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3. Alpha2 adrenergic agonist drugs

Alpha2 agonist medications are used as adjuvants in anaesthesia and analgesia. They can be
prescribed orally, transdermally, intravenously, perineuraly, or through the neuroaxial route.
Beside analgesia and sedation, they decrease sympathetic tone and attenuate the stress
response to anaesthesia and surgery. Although adrenaline was the first alpha2 agonist used
intrathecally, it is no longer recommended. Nowadays, clonidine is the most used alpha2
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agonist in neuroaxial anaesthesia, even though dexmedetomidine has also recently been
studied for epidural and spinal anaesthesia adjuvant. Clonidine acts as a selective partial
agonist with a ratio of 200:1, whereas dexmedetomidine is highly selective with a ratio of
1600:1. Tizanidine, 5-bromo-N-[4, 5-dihydro-1H-imidazol-2-yl)-6-quinoxalinamine (UK-14,
304], and moxonidine are other alpha2 agonists with a potential neuroaxial use. [8, 9, 10, 11]
More than 90 patents have been deposited recently regarding different methods of alpha2
modulation (use of agonists or antagonists, nucleic acids and polypeptides) for diagnosis,
prognosis and treatment of disorders involving this receptors.

4. Clonidine

This prototypical alpha2 adrenergic receptor agonist was developed in the early 1960s. It is an
imidazoline derivative that exists as a mesomeric compound. It has a molecular weight of
266.56, chemical name is Benzenamine, 2, 6-dichloro-N-2-imidazolindinylidene monohydro‐
chloride and 2-[[2, 6-dichlorophenyl) imino] imidazolidine monohidrochloride. Figure 1
shows its structural formula (C9H9Cl2N3 HCl). Clonidine stimulates alpha2 adrenoreceptors
in the brain and spinal cord, resulting in reduction of sympathetic outflow from the central
nervous system and in decreased in peripheral resistance, renal vascular resistance, plasma
renin activity, heart rate, cardiac output, and blood pressure. Normal postural reflexes are
intact; therefore, orthostatic symptoms are mild and infrequent. Plasmatic level of clonidine
peaks in approximately 3 to 5 hours and the plasma half-life ranges from 12 to 16 hours. The
half-life increases up to 41 hours in patients with severe renal impairment. Following oral
administration, approximately 75% is bioavailable in men, about 40-60% of the absorbed dose
recovered unchanged in the urine in 24 hours. About 50% of the absorbed dose is metabolized
in the liver. Severe adverse side effects are infrequent, and well tolerated in most patients.
Sedation and dry mouth are the most common side effects, and are usually related to dose and
length of administration. [12, 13]

Figure 1. Structural formula of clonidine
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5. Mechanisms of action of spinal clonidine

It has been shown that epidural and spinal administration of clonidine in surgical patients
enhances quality and duration of neuroaxial anaesthesia, reduces dose of local anaesthetics as
well as others neuroaxial additives such opioids. It also produces a short period of postoper‐
ative analgesia, and lowers the dose of systemic postoperative analgesics.

G-protein-coupled receptors (GPCRs) are the largest and most diverse superfamily of mem‐
brane receptors responsible for signaling between cells and tissues, mediating most cellular
responses to hormones and neurotransmitters, playing important physiological roles in
homeostasis. They are a major drug targets. The alpha2 adrenoceptors are membrane proteins
belonging to these superfamily GPCRs, that form a group of 3 to 4 gene polymorphic products,
that mediate major central nervous system actions of norepinephrine and epinephrine,
including control of mood state, arousal, endocrine function, autonomic and somatic motor
outflows, and modulation sensory inputs, including pain. The alpha2 adrenoceptors are
located presynaptically and regulates the release of the neurotransmitter; they are also present
in postsynaptical locations.

Three distinct subtypes have been described, characterized and cloned; alpha2A, alpha2B, and
alpha2C. [14, 15, 16, 17] There is a fourth receptor called alfa2D that has been described and
their functions are still not known, although it appears that this receptor alfa2D is in fact, an
alpha2A-D subtype; the alpha2A in humans and the alpha2D in rats. [18]

Figure 2. Alpha2 adrenoceptors are membrane proteins belonging to the super family GPCRs. There are four sub‐
types. Their stimulation has wide therapeutic effects.
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The anatomic site of action of the alpha2 agonists involves specific receptors of the spinal dorsal
horn and supraspinaly in the nucleus coereleus in the pons. [19, 20, 21, 22] While the mecha‐
nism and location of action of the sedative effect of these compounds are due to the hyperpo‐
larization of excitable neurons localized in the nucleous coereleus, the analgesic effect of these
drugs is not completely understood, and have a complex mechanism. Alpha 2 agonists induce
analgesia by acting in different places; brain, brain stem, spinal cord and peripheral nerves.
Their supraspinaly analgesic mechanism in the locus coereleus is probably by transduction,
while in the spinal cord is likely related to activation of the descending medullospinal
noradrenergic pathways or to the reduction of spinal sympathetic outflow at presynaptic
ganglionic sites. Clonidine suppresses the generation of action potentials in tonic-firing spinal
dorsal horn neurons. This may be explained, in part, by an interaction with voltage-gated Na
+and K+currents.

Clonidine also acts synergistically with local anaesthetics because of its action of opening
potassium channels.

6. Spinal interactions between alfa2 agonists and opioids

It is an uncommon clinical practice to combine alpha2 agonists and opioids in spinal anaes‐
thesia to either enhance local anaesthetic effects or to provide postoperative analgesia. This
technique is based on the spinal synergism between these two drugs. When morphine and
clonidine are co-administered intrathecally, the resulting antinociception is greater than
expected if the drug responses were additive; thus, a synergistic interaction is present. [23,
24] For the most part, the underlying molecular synergy mechanisms are not known, although
some studies have identified both the delta and the mu-opioid receptors as candidate receptors
capable of interacting synergistically with alpha 2A agonists. Roerig et al [25] found in rats
that interactions between opioid and adrenergic agonists in mouse spinal cord were mediated
by delta and alpha2 receptor subtypes, the synergistic interaction between morphine and
alpha2 adrenergic agonists may involve action at delta opioid receptors, and antagonist action
on these drug interactions is intrincated. Stone and coworkers, [26] in a genetically modified
mouse line expressing a point mutation (D79N) in the alpha2A adrenergic receptor investi‐
gated the role of the alpha2A receptor in alpha2 agonist-evoked analgesia and adrenergic-
opioid synergy. They were able to demonstrate that the alpha2A subtype receptor is the
primary mediator of alpha2 adrenergic spinal analgesia and is necessary for analgesic synergy
with opioids, and concluded that combination therapies targeting the alpha2A receptor and
opioid receptors may be useful in maximizing the analgesic efficacy of opioids while decreas‐
ing total dose requirements. Although others have found that the alpha2C adrenergic receptor
subtype contributes to this synergy, [27] Chabot-Doré and coworkers [28] confirmed that
although other opioid receptors can interact synergistically with alpha2 receptors agonists,
Delta opioid receptor is sufficient for spinal opioid-adrenergic interactions. Protein kinase is
needed for this analgesic synergy. [29]
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Analgesic synergy between opioid and alpha2 adrenergic agonists is potentially beneficial by
increasing efficacy and/or reducing the total drug required to produce sufficient pain relief,
and undesired side effects can be minimized.

7. Safety of spinal clonidine

Neurotoxicity has not been reported following the use of intrathecal clonidine and generally
the drug is considered to be safe in this regard. Although subarachnoid administration of
clonidine has not been approved by the FDA or any other regulatory agency in the world, there
are experimental studies that have demonstrated its safety and efficacy when used by this
route. Continuous administration of spinal clonidine in Wistar rats during 14 days failed to
demonstrate neurotoxic damage. [30] Erddivanli and coworkers injected male Sprague-
Dawley rats [31] with 3 µg and 10 µg of intrathecal dexmedetomidine added to bupivacaine;
they found no apparent pathohistological changes 24 hours after a single injection. In male
Kunming mice 1 to 3 µg of dexmedetomidine displayed a robust analgesia via a alpha2-
receptor in a dose dependent manner and no significant pathological impacts on the spinal
cord were noticed, with a potential protective effects of lidocaine induced neural cell damage.
[32] In postnatal rats spinal clonidine produces age and dose-dependent analgesia, without
signs of spinal cord toxicity, even at doses bigger than required for analgesia. [33]

8. Clinical use of spinal clonidine

To enhance spinal anaesthesia and postoperative pain control clonidine can be injected in the
subarachnoid space as an adjuvant drug to opioids or local anaesthetics. A systematic review
by Elia et al [34] including 1, 445 patients using a wide variety of spinal clonidine doses as
adjuvant to subarachnoid bupivacaine, mepivacaine, prilocaine, or tetracaine found that 15 to
150 µg prolonged in a linear, dose-dependent manner, the time to 2 segment regression (range
of means, 14 to 75 minutes) and also delayed the regression time to L2 dermatome (range of
means, 11 to 128 minutes). The time to first analgesic request (median 101 minutes, range 35
to 310] and motor block (median 47 minutes, range 6 to 131] was extended with no relation to
dose. There were fewer episodes of intraoperative pain with clonidine (relative risk, 0.24; 95%
confidence interval [CI], 0.09-0.64; number needed to treat, 13] but more episodes of arterial
hypotension (relative risk, 1.81; 95% CI 1.44-2.28; number needed to harm, 8] without evidence
of dose-responsiveness. The risk of bradycardia was unchanged.

Side effects of intrathecal clonidine include sedation, hypotension and a reduction of the heart
rate. Especially in post-surgical patients these circumstance warrants specific attention.

The following paragraphs discuss spinal clonidine use in different anaesthetic and surgical
scenarios, as well as in the management of postoperative and labour pain.

Topics in Spinal Anaesthesia102

9. Ambulatory settings

Spinal anaesthesia side effects are a major concern in some patients and physicians and may
be reluctant to use this technique in ambulatory surgery. [35] Nowadays there are many articles
showing that spinal anaesthesia is a safe and effective technique in this clinical scenario. There
is an special interest to use adjuncts drugs such clonidine in order to decrease local anaesthetic
dose to promptly achieve a recovery profile. [36]

Several investigations in patients undergoing knee arthroscopy have shown that low doses of
clonidine [15 up to 45 µg) added to low doses of intrathecal hyperbaric bupivacaine [5-6 mg)
improves the quality of anaesthesia, prolong the motor block, without affecting time to home
discharge in outpatients. [37] In 60 ambulatory patients undergoing knee arthroscopy Marri‐
virta et al [38] added 75 µg clonidine to 6 mg spinal hyperbaric bupivacaine vs. 6 mg bupiva‐
caine alone. These researchers found that motor block was prolonged in those patients who
received clonidine without affecting home-readiness. Also these patients needed more
vasopressors and had less postoperative pain. Adding clonidine 15 µg to 8 mg of isobaric spinal
ropivacaine [39] did not prolonged motor or sensory blockade, but enhanced anaesthesia
quality for knee arthroscopy. Bigger doses such 75 µg produced significantly longer sensory
and motor blockade [195 ± 40 min and 164 ± 38 min; p < 0.05], but associated with sedation and
hypotension.

In our practice we have good results with doses of 45-150 µg. These doses of spinal clonidine
favor the reduction of local anaesthetics doses and do not prolong the recovery time of our
outpatients.

10. General surgery and urologic procedures

Numerous surgical procedures of the abdominal wall, abdominopelvic cavity, and retroperi‐
toneum can be performed under single injection of local anaesthetics in the spinal space. For
prolonged cases the use of adjuvant drugs improves the quality and increases the duration of
the subarachnoid block. Clonidine has been used successfully in various surgical procedures
of the abdomen and pelvis. Intrathecal clonidine 15, 30, 45 and 75 µg alone, or added to opioids
expand spinal anaesthesia sensory block and duration of motor block, and also provided
prolonged postoperative analgesia. In a randomized study [40] of 73 patients ASA physical
status I and II undergoing gynecological abdominal surgery with spinal bupivacaine 15 mg,
the authors compared clonidine 30 µg, sufentanyl 10 µg, clonidine 15µg plus sufentanil 15 µg
versus a control group. Sensory block to pinprick at 10 min was higher for clonidine and
sufentanil/clonidine groups compared to the control group (p < 0.02]. Anaesthetic time
(Bromage score 2] was also longer for clonidine and sufentanil/clonidine groups compared to
the control and sufentanil groups (p < 0.05]. Time to first rescue analgesics was shorter in the
control group compared to the other groups (p < 0.02]. The dose of intramuscular diclofenac
in 24 hours was higher in the control group compared to all other groups (p < 0.05]. The
incidence of adverse effects and ephedrine consumption were similar among groups. Cloni‐
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dine 75 µg associated with 17.5 mg hyperbaric bupivacaine 0.5% for lower abdominal surgeries
[41] with high level spinal anaesthesia (T4] induced a higher incidence of arterial hypotension
but prolongs sensory block and postoperative analgesia similar to clonidine 45 µg. In lower
abdomen surgeries, Yoganarasimha and coworkers [42] compared intrathecal clonidine 75 µg
versus intrathecal neostigmine 50 µg as adjuvant drugs for spinal anaesthesia 0.5% hyperbaric
bupivacaine 12.5 mg; analgesia was prolonged significantly with clonidine [362 ± 36 min)
compared with neostigmine [300 ± 25 min)(p < 0.05]. No serious adverse effects were noted
perioperatively in either group. In an interesting clinical study with 60 patients undergoing
right colon resection under general anaesthesia, preoperative intrathecal clonidine was
superior to bupivacaine to prevent postoperative secondary hyperalgesia; [43] the authors
compared the effect of clonidine 300 µg versus bupivacaine 10 mg intrathecally versus saline
(control group): morphine needs patient controlled postoperative analgesia were less in the
clonidine group [31.5±12 versus 91±25.5 and 43±15 mg, respectively, in groups clonidine,
saline, and bupivacaine: p < 0.05 at 72 postoperative hours). The area of mechanical hyperal‐
gesia at 72 h was 3±5 cm2 in the clonidine group versus 90±30 and 35±20 cm2 in the saline and
bupivacaine groups (p < 0.05]. After 6 months, fewer patients in the clonidine group experi‐
enced residual pain than in the saline group [0 of 20 versus 6 of 20, p < 0.05]. In laparoscopic
procedures done under bupivacaine spinal anaesthesia, clonidine 30 µg produced good
sedation, intra and postoperative analgesia, and abolished shoulder tip pain during the
procedures. [44] For inguinal hernioplasthy [45, 46] adding clonidine 15 or 30 µg to small doses
of hyperbaric bupivacaine enhance spinal anaesthesia, prolongs the time to first analgesic
request, and decreases postoperative pain, compared with bupivacaine alone. Thirty µg
clonidine was associated with higher incidence and duration of hypotension than 15 µg of
clonidine.

Some research has shown the usefulness of intrathecal clonidine in urology procedures,
although there are some controversies. In a controlled, prospective, double-blind investigation
with patients undergoing elective transurethral resection of bladder tumours under spinal
anaesthesia [47] the authors found that adding clonidine 75 µg to prilocaine 75 mg increased
the duration of sensory and motor block and reduced the need for additional postoperative
analgesics by providing excellent analgesia for about 8 hours during recovery period. In a
similar study, 25 µg spinal clonidine improved bupivacaine spinal anaesthesia: shorter time
to achieve complete motor block and sensory block at T9 level, with longer postoperative
analgesia. [48] In 60 patients undergoing transurethral resection of prostate or bladder tumors
Kanazi et al [49] compared clonidine 30 µg, versus dexmedetomidine 3 µg added to 12 mg
spinal hyperbaric bupivacaine, versus bupivacaine alone. Patients treated with alpha2 agonists
had a significantly shorter onset time of motor block and significantly longer sensory and
motor regression times than patients who only received local anaesthetic. The mean time of
sensory regression to the S1 segment was 303 ±75 min for those injected with dexmedetomi‐
dine, 272 ±38 min in the group who received clonidine and 190±48 min in patients with
bupivacaine alone (bupivacaine versus dexmedetomidine and bupivacaine versus clonidine,
p< 0.001]. The regression of motor block to Bromage 0 was 250 ±76 min, 216±35 min, and 163±47
min respectively (bupivacaine versus dexmedetomidine and bupivacaine versus clonidine, p<
0.001]. The onset and regression times were not significantly different between patients treated
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with the alpha2 agonists. The mean arterial pressure, heart rate and level of sedation were
similar in the three groups intra-operatively and post-operatively. Andrieu and his group [50]
compared intrathecal morphine 4µg/kg without or with clonidine 4µg/kg, or PCA in patients
undergoing radical retropubic prostatectomy under general anaesthesia with sevorane-N2O.
Adding clonidine to spinal morphine reduced intraoperative use of sufentanil, prolonged time
until first request for PCA rescue, and added prolonged analgesia at rest and during coughing.

In contrast with previous mentioned studies, Larsen et al [51] compared 75 µg versus 150 µg
of clonidine added to 80 mg mepivacaine 4%, versus spinal mepivacaine alone in patients who
had transurethral surgery and found that clonidine had no effect on the onset time, spread or
intensity of subarachnoid anaesthesia. The higher dose prolonged the duration of sensory
block by 50 minutes and the duration of motor block by 40 minutes, while 75 µg had no
significant effect. Heart rate and mean arterial pressure were significantly reduced in both
clonidine groups when compared to plain mepivacaine. There was no significant reduction in
postoperative analgesic demand. They do not recommend the routine addition of clonidine
for spinal anaesthesia with local anaesthetics. There is a reported case of late respiratory
depression (16 h after spinal block) in a 70 year old man undergoing prostatic adenomectomy
done under spinal anaesthesia with 10 mg bupivacaine, 30 µg clonidine and 100 µg morphine.
Intrathecal mixture of morphine-clonidine in older patients must be careful monitored. [52]

10.1. Orthopaedic

Postoperative pain following orthopaedic surgeries has been shown to be a significant negative
factor that delay patient recovery and contributes to serious complications. It may also result
in larger use of healthcare resources and ultimately lead to poor outcomes. The utilization of
multimodal pain management following large orthopaedic surgeries like total joint arthro‐
plasty, total knee replacement, or spinal surgery has positively affected the quality of postop‐
erative care, reduced surgical pain, and decreased the magnitude of opioid consumption and
subsequent dose-related complications. Multimodal spinal anaesthesia-analgesia including
spinal clonidine is safe and may reduce hospital stay, decrease postoperative complications,
and increase patient satisfaction.

In a dose-response prospective study, Strebel et al [53] compared three doses of clonidine (37.5,
75 and 150 µg) added to spinal 0.5% bupivacaine 18 mg in 80 orthopaedics patients. Duration
of sensory block (regression below level L1) was increased in patients receiving intrathecal
clonidine: 311±101 min in 37.5 µg (+8%), 325 ±69 min in 75 µg (+13%), and 337±78 min in those
patients who received 150 µg (+17%) (estimated parameter for dose 0.23 [95% confidence
interval-0.05-0.50]). versus control group 288 ±62 min. Time to first analgesic request was also
prolonged: 343 ±75 min (+16%), 381±117 min (+29%), and 445±136 min (+51%) (estimated
parameter for dose 1.02 [95% confidence interval 0.59-1.45]), respectively compared to control
group 295±80 min. Hemodynamic stability was maintained and they found no differences in
sedation level. van Tuijl and coworkers [37] investigated the effect of 0, 15 and 30 µg of
clonidine added to 5 mg hyperbaric bupivacaine on the duration of motor block, analgesia and
ability to void after knee arthroscopy. They found that clonidine increased motor block
duration by 25 and 34 min respectively. They also found better analgesic quality, and the mean
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dine 75 µg associated with 17.5 mg hyperbaric bupivacaine 0.5% for lower abdominal surgeries
[41] with high level spinal anaesthesia (T4] induced a higher incidence of arterial hypotension
but prolongs sensory block and postoperative analgesia similar to clonidine 45 µg. In lower
abdomen surgeries, Yoganarasimha and coworkers [42] compared intrathecal clonidine 75 µg
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with the alpha2 agonists. The mean arterial pressure, heart rate and level of sedation were
similar in the three groups intra-operatively and post-operatively. Andrieu and his group [50]
compared intrathecal morphine 4µg/kg without or with clonidine 4µg/kg, or PCA in patients
undergoing radical retropubic prostatectomy under general anaesthesia with sevorane-N2O.
Adding clonidine to spinal morphine reduced intraoperative use of sufentanil, prolonged time
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significant effect. Heart rate and mean arterial pressure were significantly reduced in both
clonidine groups when compared to plain mepivacaine. There was no significant reduction in
postoperative analgesic demand. They do not recommend the routine addition of clonidine
for spinal anaesthesia with local anaesthetics. There is a reported case of late respiratory
depression (16 h after spinal block) in a 70 year old man undergoing prostatic adenomectomy
done under spinal anaesthesia with 10 mg bupivacaine, 30 µg clonidine and 100 µg morphine.
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erative care, reduced surgical pain, and decreased the magnitude of opioid consumption and
subsequent dose-related complications. Multimodal spinal anaesthesia-analgesia including
spinal clonidine is safe and may reduce hospital stay, decrease postoperative complications,
and increase patient satisfaction.

In a dose-response prospective study, Strebel et al [53] compared three doses of clonidine (37.5,
75 and 150 µg) added to spinal 0.5% bupivacaine 18 mg in 80 orthopaedics patients. Duration
of sensory block (regression below level L1) was increased in patients receiving intrathecal
clonidine: 311±101 min in 37.5 µg (+8%), 325 ±69 min in 75 µg (+13%), and 337±78 min in those
patients who received 150 µg (+17%) (estimated parameter for dose 0.23 [95% confidence
interval-0.05-0.50]). versus control group 288 ±62 min. Time to first analgesic request was also
prolonged: 343 ±75 min (+16%), 381±117 min (+29%), and 445±136 min (+51%) (estimated
parameter for dose 1.02 [95% confidence interval 0.59-1.45]), respectively compared to control
group 295±80 min. Hemodynamic stability was maintained and they found no differences in
sedation level. van Tuijl and coworkers [37] investigated the effect of 0, 15 and 30 µg of
clonidine added to 5 mg hyperbaric bupivacaine on the duration of motor block, analgesia and
ability to void after knee arthroscopy. They found that clonidine increased motor block
duration by 25 and 34 min respectively. They also found better analgesic quality, and the mean
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time for spontaneous voiding was increased up to 18 and 44 min respectively. Amaranto and
Berrío demonstrated that spinal clonidine 2 µg/kg added to hyperbaric lidocaine in orthopae‐
dic cases enhance anaesthesia quality, significantly prolonged post operative analgesia, with
early motor recovery and minimal side effects. [54] In adolescents scheduled for lower
extremities orthopaedic surgery under spinal anaesthesia with isobaric 0.5% bupivacaine
added with clonidine 1 µg/kg prolonged duration of sensory and motor block, produced
extended spinal postoperative analgesia by 120 min, without severe side effects. [55] Spinal
sufentanil 75 µg alone, or added with epinephrine 200 µg, or clonidine 30 µg after total hip
replacement results in good analgesia with similar onset and duration of action, and minor
side effects. [56] Compared with intrathecal dexmedetomidine, clonidine had a similar results
in patients undergoing lower limb surgery with spinal bupivacaine; Mahendru et al [57]
conducted a prospective study adding clonidine 30 µg, vs. dexmedetomidine 5 µg, vs. fentanyl
25 µg to 12.5 mg spinal hyperbaric bupivacaine in cases of lower limb surgeries. They discov‐
ered that dexmedetomidine prolonged significantly sensory and motor block compared to
clonidine, fentanyl and bupivacaine alone. The mean time of two segment sensory block
regression was 147±21 min with dexmedetomidine, 117±22 with clonidine, 119±23 in those
patients receiving fentanyl, and 102±17 in bupivacaine alone (p> 0.0001). The regression time
of motor block to reach modified Bromage 0 was 275±25, 199±26, 196±27, 161±20 respectively
(p > 0.0001). Hemodynamic stability was conserved. In patients 60 years or older undergoing
lower extremity orthopaedic surgeries, intrathecally clonidine 15 µg or 30 µg with 9 mg
hyperbaric bupivacaine, significantly potentiated the sensory block levels and duration of
analgesia without affecting the trend of systolic blood pressure as compared to bupivacaine
alone. Clonidine in doses of 30 µg however facilitated the ascent of sensory level block to
unexpectedly higher dermatomes for a longer time. [58] Spinal postoperative analgesia can be
improved by epidural infusion of 40 µg/h-1 mixed with ropivacaine 4 mg/h-1 in patients
undergoing hip arthroplasty. [59]

Some studies have found conflicting data which showed that spinal clonidine is not a useful
adjuvant for postoperative analgesia in orthopedic major surgery. Gehling et al [60] evaluated
45 patients undergoing hip or knee replacement under 15 mg bupivacaine spinal anaesthesia
and found a mean time until first opioid request was for placebo 10.3±7.9 h, for 0.1 mg
morphine 23.0±3.9 h and for 0.1 mg morphine+50 µg clonidine 21±6.9 h, respectively. Co-
administration of pethidine 0.75 mg/kg-1 and clonidine 75 µg provided good intraoperative
anaesthesia for total hip replacement, but similar to plain isobaric 0.5% bupivacaine. [61]

11. Obstetrics

The role of the anesthesiologist in obstetrics has many responsibilities; labour analgesia,
anesthesia for vaginal delivery, anaesthesia for cesarean section, anaesthesia for non-obstetric
surgeries during pregnancy, and postoperative analgesia. A comprehensive labour analgesia
program has to include newer procedures and ajuvant drugs to facilitate ambulation, excellent
pain relief, patient comfort and safety for the mother-fetus binomial. [62, 63, 64] Spinal
clonidine has been used for labour analgesia, to enhance spinal anaesthesia during cesarean
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section, and for postoperative pain relief. Its use tends to be more frequent in this field, since
it reduces opioids doses, and thus the side effects such as emesis and maternal pruritus, and
the possibility of respiratory depression secondary to rostral opioid distribution. Theoretically,
it could also reduce the fetal bradycardia.

Labour analgesia. There are many advances in the pharmacology of labour analgesia focused
on alternatives mechanisms to target spinal pain receptors, and the efficacy and safety of old
and new drugs and techniques; i.v. remifentanyl for patient controlled analgesia, low dose of
diluted local anaesthetics, addition of neuraxial adjuvants like opioids, neostigmine, and
clonidine. [65, 66, 67, 68]

Most studied doses of intrathecal clonidine for labour analgesia range from 15 to 45 µg mixed
with opioids and/or local anaesthetics. In a preliminary open-label protocol done in France by
Mercier and coworkers [69] comparing sufentanil 5 µg+clonidine 30 µg versus sufentanil 5 µg
alone injected intrathecally to alleviate pain during the first stage of labour, the authors
demonstrated that clonidine potentiate labour analgesia and side effects such hypotension,
maternal pruritus and sedation were similar in both groups. In a second research, the same
group [70] studied 53 nulliparous women in painful labour using the same doses, but followed
by 5 mg of epidural bupivacaine. In this study the duration of analgesia was longer in the
sufentanil-clonidine group versus sufentanil alone [125±46 versus 97±30 min, p=0.007]. There
were more incidents of hypotension and ephedrine needs in those patients who received
sufentanil and clonidine. The incidence of fetal heart rate abnormalities during the first 30 min
after spinal injection was similar in both groups [17% versus 19%). No parturient had motor
blockade. Gautier et al [71] found that 30 µg of intrathecal clonidine plus 2.5 or 5 µg intrathecal
sufentanil increased the duration of labour analgesia during the first stage without undesirable
maternal or fetal effects. Labbene et al. [72] added clonidine 15 µg to 2.5 mg isobaric bupiva‐
caine and 5 µg sufentanil during combined spinal-epidural analgesia resulting in extended
duration of analgesia without increasing side effects. In nonobstetrical patient doses of 25 to
30 µg of clonidine augmented duration of postoperative analgesia, so smaller dose of clonidine
may be effective in the obstetric population.

Chiari et al from Austria [73] did the first study using spinal clonidine as a sole drug for labour
analgesia; in 36 parturients with < 6 cm cervical dilation; they compared 50, 100, and 200 µg
intrathecal clonidine and found that labour pain was significantly reduced in all patients,
analgesia duration was significantly longer with 200 µg (median 143; range 75-210 min), with
100 µg (median 118; range 60-180 min) and using 50 µg (median 45; range 25-150 min).
Hypotension was associated with 200 µg and the need of intravenous ephedrine more often
than in the other groups.

There are controversies in the use of spinal clonidine for labour analgesia as some researchers
have found a higher frequency of maternal hypotension, foetal arrhythmia, and worse neonatal
umbilical artery pH. Therefore, some of them do not recommend its use. [74, 75, 76] The study
done by Paech et al [77] with subarachnoid fentanyl 20 µg+bupivacaine 2.5 mg, plus either
saline or clonidine 15, 30 or 45 µg found that addition of clonidine to fentanyl-bupivacaine
reduced maternal blood pressure and did not significantly augment the duration of spinal

Intrathecal Clonidine as Spinal Anaesthesia Adjuvant — Is there a Magical Dose?
http://dx.doi.org/10.5772/58712

107



time for spontaneous voiding was increased up to 18 and 44 min respectively. Amaranto and
Berrío demonstrated that spinal clonidine 2 µg/kg added to hyperbaric lidocaine in orthopae‐
dic cases enhance anaesthesia quality, significantly prolonged post operative analgesia, with
early motor recovery and minimal side effects. [54] In adolescents scheduled for lower
extremities orthopaedic surgery under spinal anaesthesia with isobaric 0.5% bupivacaine
added with clonidine 1 µg/kg prolonged duration of sensory and motor block, produced
extended spinal postoperative analgesia by 120 min, without severe side effects. [55] Spinal
sufentanil 75 µg alone, or added with epinephrine 200 µg, or clonidine 30 µg after total hip
replacement results in good analgesia with similar onset and duration of action, and minor
side effects. [56] Compared with intrathecal dexmedetomidine, clonidine had a similar results
in patients undergoing lower limb surgery with spinal bupivacaine; Mahendru et al [57]
conducted a prospective study adding clonidine 30 µg, vs. dexmedetomidine 5 µg, vs. fentanyl
25 µg to 12.5 mg spinal hyperbaric bupivacaine in cases of lower limb surgeries. They discov‐
ered that dexmedetomidine prolonged significantly sensory and motor block compared to
clonidine, fentanyl and bupivacaine alone. The mean time of two segment sensory block
regression was 147±21 min with dexmedetomidine, 117±22 with clonidine, 119±23 in those
patients receiving fentanyl, and 102±17 in bupivacaine alone (p> 0.0001). The regression time
of motor block to reach modified Bromage 0 was 275±25, 199±26, 196±27, 161±20 respectively
(p > 0.0001). Hemodynamic stability was conserved. In patients 60 years or older undergoing
lower extremity orthopaedic surgeries, intrathecally clonidine 15 µg or 30 µg with 9 mg
hyperbaric bupivacaine, significantly potentiated the sensory block levels and duration of
analgesia without affecting the trend of systolic blood pressure as compared to bupivacaine
alone. Clonidine in doses of 30 µg however facilitated the ascent of sensory level block to
unexpectedly higher dermatomes for a longer time. [58] Spinal postoperative analgesia can be
improved by epidural infusion of 40 µg/h-1 mixed with ropivacaine 4 mg/h-1 in patients
undergoing hip arthroplasty. [59]

Some studies have found conflicting data which showed that spinal clonidine is not a useful
adjuvant for postoperative analgesia in orthopedic major surgery. Gehling et al [60] evaluated
45 patients undergoing hip or knee replacement under 15 mg bupivacaine spinal anaesthesia
and found a mean time until first opioid request was for placebo 10.3±7.9 h, for 0.1 mg
morphine 23.0±3.9 h and for 0.1 mg morphine+50 µg clonidine 21±6.9 h, respectively. Co-
administration of pethidine 0.75 mg/kg-1 and clonidine 75 µg provided good intraoperative
anaesthesia for total hip replacement, but similar to plain isobaric 0.5% bupivacaine. [61]

11. Obstetrics

The role of the anesthesiologist in obstetrics has many responsibilities; labour analgesia,
anesthesia for vaginal delivery, anaesthesia for cesarean section, anaesthesia for non-obstetric
surgeries during pregnancy, and postoperative analgesia. A comprehensive labour analgesia
program has to include newer procedures and ajuvant drugs to facilitate ambulation, excellent
pain relief, patient comfort and safety for the mother-fetus binomial. [62, 63, 64] Spinal
clonidine has been used for labour analgesia, to enhance spinal anaesthesia during cesarean
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section, and for postoperative pain relief. Its use tends to be more frequent in this field, since
it reduces opioids doses, and thus the side effects such as emesis and maternal pruritus, and
the possibility of respiratory depression secondary to rostral opioid distribution. Theoretically,
it could also reduce the fetal bradycardia.

Labour analgesia. There are many advances in the pharmacology of labour analgesia focused
on alternatives mechanisms to target spinal pain receptors, and the efficacy and safety of old
and new drugs and techniques; i.v. remifentanyl for patient controlled analgesia, low dose of
diluted local anaesthetics, addition of neuraxial adjuvants like opioids, neostigmine, and
clonidine. [65, 66, 67, 68]

Most studied doses of intrathecal clonidine for labour analgesia range from 15 to 45 µg mixed
with opioids and/or local anaesthetics. In a preliminary open-label protocol done in France by
Mercier and coworkers [69] comparing sufentanil 5 µg+clonidine 30 µg versus sufentanil 5 µg
alone injected intrathecally to alleviate pain during the first stage of labour, the authors
demonstrated that clonidine potentiate labour analgesia and side effects such hypotension,
maternal pruritus and sedation were similar in both groups. In a second research, the same
group [70] studied 53 nulliparous women in painful labour using the same doses, but followed
by 5 mg of epidural bupivacaine. In this study the duration of analgesia was longer in the
sufentanil-clonidine group versus sufentanil alone [125±46 versus 97±30 min, p=0.007]. There
were more incidents of hypotension and ephedrine needs in those patients who received
sufentanil and clonidine. The incidence of fetal heart rate abnormalities during the first 30 min
after spinal injection was similar in both groups [17% versus 19%). No parturient had motor
blockade. Gautier et al [71] found that 30 µg of intrathecal clonidine plus 2.5 or 5 µg intrathecal
sufentanil increased the duration of labour analgesia during the first stage without undesirable
maternal or fetal effects. Labbene et al. [72] added clonidine 15 µg to 2.5 mg isobaric bupiva‐
caine and 5 µg sufentanil during combined spinal-epidural analgesia resulting in extended
duration of analgesia without increasing side effects. In nonobstetrical patient doses of 25 to
30 µg of clonidine augmented duration of postoperative analgesia, so smaller dose of clonidine
may be effective in the obstetric population.

Chiari et al from Austria [73] did the first study using spinal clonidine as a sole drug for labour
analgesia; in 36 parturients with < 6 cm cervical dilation; they compared 50, 100, and 200 µg
intrathecal clonidine and found that labour pain was significantly reduced in all patients,
analgesia duration was significantly longer with 200 µg (median 143; range 75-210 min), with
100 µg (median 118; range 60-180 min) and using 50 µg (median 45; range 25-150 min).
Hypotension was associated with 200 µg and the need of intravenous ephedrine more often
than in the other groups.

There are controversies in the use of spinal clonidine for labour analgesia as some researchers
have found a higher frequency of maternal hypotension, foetal arrhythmia, and worse neonatal
umbilical artery pH. Therefore, some of them do not recommend its use. [74, 75, 76] The study
done by Paech et al [77] with subarachnoid fentanyl 20 µg+bupivacaine 2.5 mg, plus either
saline or clonidine 15, 30 or 45 µg found that addition of clonidine to fentanyl-bupivacaine
reduced maternal blood pressure and did not significantly augment the duration of spinal
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labour analgesia. To avoid hypotension due to the combination of spinal clonidine-opioids-
diluted local anaesthetics, epidural clonidine can be used in doses of 75 µg. [78]

When low doses of clonidine with or without opioids are used for spinal labour analgesia, we
must remember that at the end of pregnancy there is a degree of autoanalgesia mediated by
endorphins [79] Even though neuraxial analgesia is the most efficient and safest mode of labour
analgesia, the use of spinal clonidine mixed with opioids and/or local anaesthetics must be
used cautiously to avoid hypotension.

Cesarean section. Nowadays, spinal anaesthesia is the most used technique for cesarean section.
[80] Currently, opioids are the drugs most commonly used as adjuvants in this clinical scenario,
but its side effects are troubling. Low doses of spinal clonidine in cesarean section are used to
improve the anaesthetic block, to reduce the dose of local anaesthetics, and to prolong
postoperative analgesia. It can also be combined with intrathecal opioids, as there is a synergic
effect as discussed in previous paragraph.

In a recent study, 37.5 µg of clonidine added to hyperbaric bupivacaine was suggested as the
optimal dose for emergency cesarean surgery, allowing reduction of up to 18% of the total
dose of hyperbaric bupivacaine. [81] Adding clonidine 75µg to hyperbaric bupivacaine
prolongs spinal anaesthesia and improves early postoperative analgesia after cesarean section,
but does not diminish morphine needs during the first 24 hours of the postoperative period.
[82] Other studies have found that 75 µg is a safe dose; prolong the anaesthetic block and
enhance postoperative analgesia, with minimal side effects and no harm to the newborn. [83,
84, 85] In a randomized, double blind, dose finding study, Peach et al [86] compared intrathecal
clonidine mixed with fentanyl and morphine versus clonidine plus morphine in 240 women
undergoing cesarean section with hyperbaric 0.5% bupivacaine. A dose-finding analysis
showed similar postoperative efficacy and side effects for groups receiving morphine 100µg
with clonidine 60, 90, or 150 µg and concluded that a multimodal approach to postcesarean
analgesia, using subarachnoid bupivacaine, fentanyl, morphine 100 µg, and clonidine 60 µg,
improves pain relief compared with morphine 100 µg or clonidine 150 µg alone, but increases
intraoperative sedation and may increase perioperative vomiting. In another dose finding
study [87] comparing 15 µg, 30 µg and 60 µg of clonidine added to hyperbaric bupivacaine
0.5%, the authors found a dose dependent variability of analgesia duration and sedation.
Duration of analgesia was significantly higher in those patients who received clonidine 60 µg
as compared to the other two groups (598.7±140.47 versus 436.65±149.84 and 387.1±97.05
minutes respectively). Sedation was also more in the highest dose. In this study the authors
recommended 15 µg and 30 µg doses due to good postoperative analgesia and less sedation.

As a single drug, subarachnoid clonidine is not recommended neither for anaesthesia or post
cesarean analgesia. In order to evaluate the analgesic effect of clonidine, a double blind study
was carried out in 20 patients undergoing elective cesarean section; [88] 150 µg of spinal
clonidine were injected 45 min after general anaesthesia and compared to intrathecal saline as
control group. Pain intensity was lower in clonidine treated patients from 20 to 120 min after
intrathecal injection (p< 0.05), request for first analgesic was also longer in the clonidine group
414±128 min versus 181±169 min (p< 0.01). Clonidine side effects were severe; hypotension
with a maximal reduction of systolic (15±9%), diastolic (22±12%) and mean arterial pressure
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(18±12%). Sedation was significantly more intense compared to saline (p<0.05), also dried
mouth was more commonly (p<0.01). Although these data suggest that 150 µg subarachnoid
clonidine is effective to treat acute pain after cesarean section, it has side effects such as
hypotension, sedation, and dryness of mouth.

In a research [4] using 150, 350 and 450 µg of spinal clonidine performed to evaluate the dose-
response hemodynamic and analgesic profiles in the immediate postoperative period of
cesarean section under general anaesthesia. The authors found that pain was less in all groups
in a dose dependent mode: request for first analgesic 402±75 min, 570±76 min, and 864± 80 min
respectively (p<0.01-0.001]. Clonidine reduced mean arterial pressure compared with baseline
only in those patients treated with 150 µg (21±13%, p < 0.05). Sedation was evident in all groups.
Respiratory rate and motor activity of the lower extremities were unaffected in all three groups.
The hemodynamic stabilility after 300 and 450 µg suggested a pressor consequence at periph‐
eral sites. In an unpublished research we found that 75 µg of spinal clonidine was not enough
to perform curettage in patients with incomplete abortion.

12. Pediatrics

Spinal anaesthesia is safe and effective in children, with many advantages like minimal cardio-
respiratory disturbances. Its major limitation is its short duration, which can be extended, as
in adults, with the mixture of adjuvants drugs. [90, 91] In postnatal rats, spinal clonidine did
not produce signs of neurotoxicity, [33] and has been used in all pediatric age groups, from
newborns to teenagers. In newborns, Rochette and coworkers [92] studied 75 patients which
were injected with increasing doses of clonidine (0.25, 0.5, 1 y 2 µg/kg) with plain spinal
bupivacaine 0.5% (1 mg/kg) and concluded that clonidine 1 µg/kg produces improvement in
spinal anaesthesia duration without significant side effects. Dose of 2 µg/kg produced transient
hypotension. In a randomized investigation with 45 children aged 6 to 15 years, clonidine 2
µg/kg prolonged motor block and improved postoperative analgesia. Hypotension and
bradycardia were 54% and 30% respectively. [93] In children aged 6-8 year undergoing spinal
anaesthesia with 0.5% bupivacaine for orthopedic surgery, the addition of clonidine 1 µg/kg
prolonged significantly the time to regression of the sensory block and recovery of motor block,
also delayed time for first rescue analgesia. Sedation was augmented and propofol require‐
ment were reduced. [94] Batra et al [95] also demonstrated that intratecal clonidine 1 µg/kg
reduces propofol dose for sedation in children.

13. Postoperative pain

The term balanced spinal analgesia refers to the antinociceptive effect produced by the
interaction between several drugs that injected inside the subarachnoid space would abolish
or reduce the intensity of postoperative pain. Spinal non opioids adjuvants compounds have
moderate to low analgesic potency, but combined with opioids allow a decrease of opioids
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labour analgesia. To avoid hypotension due to the combination of spinal clonidine-opioids-
diluted local anaesthetics, epidural clonidine can be used in doses of 75 µg. [78]

When low doses of clonidine with or without opioids are used for spinal labour analgesia, we
must remember that at the end of pregnancy there is a degree of autoanalgesia mediated by
endorphins [79] Even though neuraxial analgesia is the most efficient and safest mode of labour
analgesia, the use of spinal clonidine mixed with opioids and/or local anaesthetics must be
used cautiously to avoid hypotension.

Cesarean section. Nowadays, spinal anaesthesia is the most used technique for cesarean section.
[80] Currently, opioids are the drugs most commonly used as adjuvants in this clinical scenario,
but its side effects are troubling. Low doses of spinal clonidine in cesarean section are used to
improve the anaesthetic block, to reduce the dose of local anaesthetics, and to prolong
postoperative analgesia. It can also be combined with intrathecal opioids, as there is a synergic
effect as discussed in previous paragraph.

In a recent study, 37.5 µg of clonidine added to hyperbaric bupivacaine was suggested as the
optimal dose for emergency cesarean surgery, allowing reduction of up to 18% of the total
dose of hyperbaric bupivacaine. [81] Adding clonidine 75µg to hyperbaric bupivacaine
prolongs spinal anaesthesia and improves early postoperative analgesia after cesarean section,
but does not diminish morphine needs during the first 24 hours of the postoperative period.
[82] Other studies have found that 75 µg is a safe dose; prolong the anaesthetic block and
enhance postoperative analgesia, with minimal side effects and no harm to the newborn. [83,
84, 85] In a randomized, double blind, dose finding study, Peach et al [86] compared intrathecal
clonidine mixed with fentanyl and morphine versus clonidine plus morphine in 240 women
undergoing cesarean section with hyperbaric 0.5% bupivacaine. A dose-finding analysis
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(18±12%). Sedation was significantly more intense compared to saline (p<0.05), also dried
mouth was more commonly (p<0.01). Although these data suggest that 150 µg subarachnoid
clonidine is effective to treat acute pain after cesarean section, it has side effects such as
hypotension, sedation, and dryness of mouth.
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µg/kg prolonged motor block and improved postoperative analgesia. Hypotension and
bradycardia were 54% and 30% respectively. [93] In children aged 6-8 year undergoing spinal
anaesthesia with 0.5% bupivacaine for orthopedic surgery, the addition of clonidine 1 µg/kg
prolonged significantly the time to regression of the sensory block and recovery of motor block,
also delayed time for first rescue analgesia. Sedation was augmented and propofol require‐
ment were reduced. [94] Batra et al [95] also demonstrated that intratecal clonidine 1 µg/kg
reduces propofol dose for sedation in children.

13. Postoperative pain

The term balanced spinal analgesia refers to the antinociceptive effect produced by the
interaction between several drugs that injected inside the subarachnoid space would abolish
or reduce the intensity of postoperative pain. Spinal non opioids adjuvants compounds have
moderate to low analgesic potency, but combined with opioids allow a decrease of opioids
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dose for postoperative pain control, resulting in less opioids side effects, promoting recovery
and faster home readiness. Spinal alpha2 agonist drugs are not used routinely as a single
analgesic in the postoperative period. A single dose of spinal clonidine as a sole postoperative
analgesic has poor effect. When clonidine is added to spinal local anaesthetics or spinal opioids
it does extend the time to first analgesic dose and decrease the total amount of systemic
postoperative opioids. Clonidine spinal synergism with other analgesics is due to antinoci‐
ceptive actions that have been described in previous paragraphs. In previous sections we have
discussed some aspects of postoperative analgesia produced by intrathecal clonidine in
various surgical scenarios. In this section we discuss more details on the prevention of
postoperative pain with spinal clonidine.

Adding clonidine 150 µg to spinal bupivacaine in patients undergoing femoral osteosynthesis
prolonged significantly the first request for analgesics compared to oral clonidine and plain
spinal bupivacaine (337±29 min, 313±29 versus 236±27 min respectively), and reduced the total
dose of morphine. [96] Combining 50 mg of hyperbaric lidocaine, 25 µg fentanyl, and clonidine
150 µg produced excellent postoperative analgesia in proctological patients. [97] Small doses
of spinal clonidine also produce postoperative analgesia without deleterious side effects. In a
comparative evaluation of 15 µg versus 30 µg clonidine as analgesic adjuvant added to 15 mg
of spinal 0.5% hyperbaric bupivacaine in 90 patients undergoing abdominal hysterectomy, the
authors [98] found a prolonged first pain complaint time for those women treated with
clonidine compared with patients who did not received spinal clonidine (315.37+50.3,
387.07+83.19 versus 204.8+34.8 minutes). Hemodynamic parameters were alike in all patients.

A recent meta-analysis by Engelman and Marsala [99] found that clonidine increased the
duration of postoperative analgesia by 1.63 h [95% confidence interval (CI): 0.93-2.33]. There
was a 90% probability that clonidine increases the duration of postoperative analgesia by more
than 75 min compared with morphine alone. They also found that spinal clonidine decrease
the need for postoperative morphine by a mean of 4.45 mg. (95% CI: 1.40-7.49 mg). Hypoten‐
sion was the only side effect increased by clonidine (odds ratio 1.78; 95% CI: 1.02-3.12). In
patients undergoing transurethral surgery, 25 µg clonidine plus 7.5 mg of subarachnoid
isobaric bupivacaine significantly delayed time for first request supplemental analgesia
compared to bupivacaine alone (434.1±78. 3 min versus 263.97±40.38 min p=0.000) respectively.
[48] In a recent study done with clonidine 30 µg added to intratecal bupivacaine-fentanyl, the
authors demonstrated that the incidence of intraoperative pain and postoperative analgesic
requirements were significantly less compared with the patient who did not received the alfa2
agonist for vaginal hysterectomy. [100]

Chest pain after coronary artery bypass surgery has been relieved with intrathecal clonidine
in doses 1 µg/kg or 100 µg, with or without spinal opioids. Adding clonidine to neuraxial
opioids improves the quality of analgesia postoperatively and expedites the process of
weaning from mechanical ventilation, allowing earlier extubation. No serious side effects have
been described. [101, 102, 103]

Baker and coworkers [104] hypothesized that hyperbaric clonidine avoid its rostral migration,
and consequently reduced some of its side effects such as hypotension, bradycardia and
sedation. They use 150 µg of either isobaric or hyperbaric clonidine in 30 elderly patients found

Topics in Spinal Anaesthesia110

that patients in the first group needed more intravenous fluid administration, have more
bradycardia, but duration of analgesia was significantly larger than in the hyperbaric clonidine
group (median, 400 min; range, 115-400 min versus median 265 min; range, 205-400 min. p <
0.05). Sedation scores did not differ between groups.

In conclusion, for postoperative pain the addition of clonidine to intrathecal local anaesthetics
and/or opioids extends the time to first analgesia and decreases the amount of opioids used.
Severe hypotension and bradycardia are seldom observed, and sedation is not an important
side effect.

14. Controversy over spinal clonidine dose

As reviewed, there is no universal agreement on recommended dose for the various clinical
uses of spinal clonidine. Recently, Ginosar, Riley and Angst [105] did a nice study in volunteers
and found out a clonidine dose dependant effect. Significant analgesia to experimental heat
pain was detected above 25 µg. After 50 µg the heat pain tolerance increased by that ∼1°C,
similar to the analgesic effect of 5 mg epidural morphine or 30 µg epidural fentanyl observed
in studies using this experimental heat pain model.

Table 1 shows the different doses of intrathecal clonidine in different clinical scenarios of
subarachnoid anaesthesia and analgesia. It can be seen that the dose range is wide as already
discussed in this chapter. Up until today, there is not a standard recommended dose of
subarachnoid clonidine. Doses range from 15 up to 450µg. It is necessary to adjust the dose to
several factors: age, type of patients, time of surgery, type of surgery and dose of local
anaesthetic and intrathecal opioids used.

Type of surgery Dose range µg Effects Reported side effects References

Ambulatory 15 to 150 Enhance anaesthesia quality Prolongs motor block [37, 38, 39]

Postoperative analgesia Hypotension

General surgery 15 to 75 Enhance sensory and motor block Hypotension [41, 42, 43,

44, 45, 46]Decrease trans operative pain

incidence

Sedation

Postoperative analgesia

Prevents postoperative

hyperalgesia and chronic pain

Decreases postoperative analgesic

consumption

Urology 25 to 150 Shortens latency time Bradycardia [47, 48, 49,

50, 51]4 µg/kg Retrace regression 2 segments/S1

segment

Hypotension
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weaning from mechanical ventilation, allowing earlier extubation. No serious side effects have
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group (median, 400 min; range, 115-400 min versus median 265 min; range, 205-400 min. p <
0.05). Sedation scores did not differ between groups.

In conclusion, for postoperative pain the addition of clonidine to intrathecal local anaesthetics
and/or opioids extends the time to first analgesia and decreases the amount of opioids used.
Severe hypotension and bradycardia are seldom observed, and sedation is not an important
side effect.
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As reviewed, there is no universal agreement on recommended dose for the various clinical
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and found out a clonidine dose dependant effect. Significant analgesia to experimental heat
pain was detected above 25 µg. After 50 µg the heat pain tolerance increased by that ∼1°C,
similar to the analgesic effect of 5 mg epidural morphine or 30 µg epidural fentanyl observed
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Type of surgery Dose range µg Effects Reported side effects References

Longer postoperative analgesia

Reduce intraoperative opioids

Orthopaedics 15 to 150 Increases regression to L1

segment and motor block

duration

Facilitates high spinal block [37, 53, 54,

55, 56, 57, 58,

60, 61]
1-2 µg/kg

Enhance quality anaesthesia Prolongs time to void

Prolongs time for first analgesic

Obstetrics

Labour analgesia 15 to 45 Potentiates opioid spinal

analgesia

Maternal hypotension [69, 70, 71,

72, 73, 74, 75,

76]50 to 200* Reduce labour pain Maternal dry mouth

Fetal arrhythmias

Prolongs analgesia Fetal acidosis

Cesarean 37.5 to 450 Enhance anaesthesia Maternal hypotension [81, 82, 83,

84, 85, 86, 87,

88]
Postoperative analgesia Sedation

Prolongs time for first analgesic

request

Pediatrics 1 to 2 ** Prolongs spinal blockage Sedation *** [92, 93, 94,

95]Reduces propofol dose Hypotension***

Respiratory depression***

Post operative

analgesia

30 to 450 Enhance spinal anaesthesia Sedation [48, 96, 97,

98, 99, 100,

102, 103]
Prolongs time for first analgesic

request

Bradycardia

Prolongs postoperative analgesia

in a dose response manner

Dose below 150 µg may

induce more hypotension

Decrease postoperative opioids

doses

* Sole analgesic, ** µg/kg, *** Only with 2 µg/kg

Table 1. Use of spinal clonidine

15. Conclusions

Spinal anaesthesia was described over 100 years ago. Since then, neuroaxial drug administra‐
tion has advanced exponentially and nowadays includes a large variety of medication that
provides not only anaesthesia, but analgesia as well. The growing interest in alpha2 agonists
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for intrathecal use has motivated innumerable research due to its ability to improve anaes‐
thesia and neuraxial analgesia without the side effects of opioids such as respiratory depres‐
sion, pruritus and urinary retention. Their analgesic effect is due to their binding on alpha2
adrenoreceptors localized in the brainstem nuclei and spinal substantia gelatinosa linked to
analgesic mechanisms. A synergistic action between opioids and clonidine at the level of the
spinal cord has been suggested. Clonidine also acts synergistically with local anaesthetics
because of its action of opening potassium channels. Side effects of intrathecal clonidine
include sedation, hypotension and a reduction of the heart rate. Spinal clonidine doses from
15 up to 450 µg are used in diverse clinical scenarios as adjuvant drug to local anaesthetics
and/or opioids with the main goal to enhance spinal analgesia-anaesthesia. Clonidine and
dexmedetomidine side effects are sedation, dose related bradycardia and hypotension, but
rarely reach critical levels and are easy to treat. The largest evidence about the effectiveness of
intrathecal clonidine is provided by studies on post-surgical pain. Although intratecal
clonidine is safe, in obstetrics patients we still need to use the smallest dose based on current
recommendations.

This chapter may serve as a review to help clinicians decide whether or not to use spinal
clonidine as adjuvant drugs in their daily practice.
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Midazolam in Spinal Anesthesia — Intrathecal or
Intravenous?
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1. Introduction

The first spinal anesthesia was carried out by Dr August Bier in 1899 and his anesthetic
technique has become the standard practice for lower extremity and abdominal surgery
worldwide [1]. Nowadays, the most commonly used drugs for spinal anesthesia are local
anesthetics. However, a major disadvantage of single injection spinal anesthesia is its limited
duration of action. In clinical practice, a number of adjuvants have been added to intrathecal
local anesthetics for supplementation of intraoperative anesthesia and postoperative analge‐
sia. They have advantages as they reduce the dose of local anesthetic; provide long lasting
postoperative analgesia with reduced incidence of central nervous system depression, motor
effects or hypotension [2].

Midazolam, synthesized by Walsar and colleagues in 1976, was the first clinically used water
soluble benzodiazepine [3]. It is also the first benzodiazepine that was produced primarily for
use in anesthesia [4]. In 1986, Faull and Villiger demonstrated that there is a high density of
benzodiazepine (GABA‐A) receptors in lamina II of the dorsal horn in the human spinal cord,
suggesting a possible role in pain modulation [5]. One year later, Goodchild and Serrao
reported that benzodiazepines might have analgesic effects at the spinal cord level in animals
[6]. In 1990s, analgesic efficacy of intrathecal midazolam in humans has been demonstrated
[7-9]. Naltrindole, a δ-selective opioid antagonistic agent, suppresses the antinociceptive effect
of intrathecal midazolam, suggesting that intrathecal midazolam is involved in the release of
an endogenous opioid acting at spinal δ receptors [10].

This chapter is going to focus on the relationship between midazolam and spinal anesthesia.

© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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2. Midazolam

Benzodiazepines commonly used in the perioperative period include diazepam, midazolam,
and lorazepam, as well as the selective benzodiazepine antagonist flumazenil (Figure 1). The
chemical structure of the benzodiazepines contains a benzene ring fused to a seven-member
diazepine ring, hence their name. They are all composed of a benzene ring (A) fused to a seven-
membered 1, 4-diazepine ring (B). Anesthesiologically relevant benzodiazepine agonists also
contain a 5-aryl substituent (ring C), which enhances the pharmacological potency. However,
the benzodiazepine antagonist flumazenil has two important structural differences as com‐
pared to the above agonists. Flumazenil has a keto function at position 5 instead of ring C, and
a methyl substituent at position 4. Hence benzodiazepines are unique among the group of
intravenous anesthetics in that their action can readily be terminated by administration of their
selective antagonist flumazenil [11, 12].

Figure 1. Chemical structure of the three commonly used benzodiazepines and their antogonist flumazenil.

Midazolam is an imidazobenzodiazepine. This results in the ability of a water molecule to open
the diazepine ring, thus encouraging aqueous solubility. The equilibrium between the two
forms of midazolam is determined by pH. The change from one form to the other is relatively
slow, having a half-life of 10 minutes. The pH in the ampoule containing midazolam hydro‐
chloride is 3.0 and so the ring is open and it is soluble. Once subjected to body pH 7.4, the
diazepine ring closes and the midazolam becomes lipid-soluble, allowing it readily to cross
the blood–brain barrier. In the plasma most of the midazolam (95%) is protein-bound. Small
changes in its plasma protein binding will produce large changes in the amount of free drug
available, which may have consequences in clinical practice [13]. The high lipophilicity of
midazolam accounts for the relatively large volume of distribution at steady-state [14]. Older
age does not increase the volume of distribution significantly [15, 16]. However, in obese
patients, the volume of distribution is increased and the elimination half-time is prolonged
while the clearance remains unchanged [15].

Elimination half-time is independent of the route of administration. Major operations seem to
increase the volume of distribution and prolong the elimination half-time [16]. Following
intravenous administration, midazolam is rapidly distributed and the distribution half-time
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is 6-15 min [17]. The fused imidazole ring of midazolam is oxidized much more rapidly than
the methylene group of the diazepine ring of other benzodiazepines [18-20]. In elderly men,
the clearance of midazolam is reduced and the elimination half-time is prolonged as compared
to young males. Between elderly and young women, however, no significant differences were
detected in the clearance or the elimination halftime of midazolam [15]. In addition to the liver,
midazolam is also metabolized at extrahepatic sites. This has been demonstrated by the
discovery of metabolites following intravenous injection of midazolam during the anhepatic
period of liver transplantation [21]. In patients with advanced cirrhosis of the liver, the plasma
clearance is reduced and the elimination half-time is prolonged as compared to healthy
volunteers, while the volume of distribution remains unchanged [22].

The first step in the metabolism of midazolam is hydroxylation [23]. The two metabolites
formed are α-hydroxymidazolam and 4-hydroxymidazolam, both are pharmacologically
active [14, 24]. The α-hydroxymidazolam is as potent as the parent compound and may
contribute significantly to the effects of the parent drug when present in sufficiently high
concentrations. 4-Hydroxymidazolam is quantitatively unimportant [25]. Both metabolites are
rapidly conjugated by glucuronic acid to form products which have been considered to be
pharmacologically inactive [14]. On the other hand; glucuronidated α-hydroxymidazolam, the
main metabolite of midazolam, has a substantial pharmacological effect and can penetrate the
intact blood–brain barrier. The elimination half-time of α-hydroxymidazolam is about 70 min
[25]. However, it can accumulate in patients with renal failure. Furthermore, in vitro binding
studies show that the affinity of glucuronidated α-hydroxymidazolam to the cerebral benzo‐
diazepine receptor is only about ten times weaker than that of midazolam or unconjugated
α-hydroxymidazolam [26].

Midazolam is supplied as hydrochloride salt with a pH less than 4.0 (buffered to an acidic pH of
3.5). This is important because midazolam displays pH-dependent solubility. The diazepine
ring of midazolam accounts for its stability in solution and rapid metabolism. It remains open
at pH value of <4, thus maintaining drug´s water solubility. The ring closes at pH value of >
4, as when the drug is exposed to physiologic pH, thus converting midazolam to a highly lipid
soluble drug [27] and this lipophilicity is responsible for its rapid CNS effect and large volume
of distribution [28]. Therefore the pH of the commercial midazolam hydrochloride preparation
is adjusted to 3 with hydrochloride acid and sodium hydroxide. As midazolam is injected into
patients, pH is increased and the ring is closed thus increasing the lipid solubility.

Midazolam exerts its effect by occupying benzodiazepine receptor that modulates γ-amino
butyric acid (GABA), the major inhibitory neurotransmitter in the brain. Benzodiazepine
receptors are found in the olfactory bulb, cerebral cortex, cerebellum, hippocampus, substantia
nigra, inferior colliculus, brain stem, and spinal cord. There are two types of GABA receptors;
benzodiazepine receptors are part of the benzodiazepine-GABAA-chloride channel receptor
complex. Benzodiazepine binding site is located on the γ2 subunit of the GABA receptor
complex [29, 30]. With the activation of the GABAA receptor, gating of the channel for chloride
ions is started after which the cell becomes hyperpolarised and resistant to neuronal excitation.
The hypnotic effects of benzodiazepine are mediated by alterations in the potential dependent
calcium ion flux [31]. Hypnotic, sedative, amnesic, and anticonvulsant effects are mediated by
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The hypnotic effects of benzodiazepine are mediated by alterations in the potential dependent
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α1 GABA receptors and anxiolysis and centrally acting muscle relexant properties are
mediated by α2 GABA receptors [31].

The  anxiolytic  effect  of  midazolam  is  via  its  action  at  mammillary  body.  Presumably
midazolam exerts its anxiolytic property like other benzodiazepines by increasing glycine
inhibitory  neurotransmitter.  Midazolam  also  possesses  anticonvulsant  action  which  is
attributed to enhanced activity of GABA on the brain’s motor circuit. It exhibits a muscle
relaxant  effect  via  its  action  at  the  glycine  receptors  in  the  spinal  cord.  Midazolam
administered via intrathecal or epidural routes can produce analgesia, probably due to its
GABA mediated action [4]. Other mechanisms of action including its interaction with opiate
receptors have also been proposed [10].

3. Intrathecal midazolam: Useful or toxic?

Spinal anesthesia is the most commonly used regional anesthetic technique. Local anesthetic
agents used for this purpose provide good intraoperative analgesia. However, they provide a
very limited postoperative duration of action. In order to overcome this problem and to
maximise the duration of anesthesia-analgesia, many adjuvants, such as intrathecal opioids
and non-opioids, have increasingly been tried in the last two decades to relieve postoperative
pain [32-34]. Among the various methods availabe for providing post-operative analgesia, the
benefits of intrathecal opioids and non-opioids as adjuncts in spinal anaesthesia are well
documented. Unfortunately the addition of intrathecal opioids is associated with dose-related
adverse effects such as respiratory depression, nausea, vomiting, urinary retention, pruritus,
and sedation [35]. Therefore, the use of non-opioids such as ketamine, clonidine, neostigmine,
magnesium sulfate, and midazolam have become popular adjuncts for post-operative
analgesia. However, side-effects in the postoperative period render most adjuvants less than
ideal.

Midazolam, a water soluble benzodiazepine, has been used via intrathecal route in the
management of acute (perioperative) [36, 37], chronic [38] and cancer [39] pain. Goodchild and
Noble were the first to demonstrate the role of intrathecal midazolam in relieving pain of
somatic origin in humans [36]. The rationale for the use of intrathecal midazolam focuses on
the awareness that it is an agonist at the benzodiazepine binding site, a subunit of the pen‐
tameric gammaaminobutyric acid (GABA-A) receptor. Agonist occupancy of the benzodiaze‐
pine binding site enhances the activity of GABA at the GABA-A receptor. The GABA receptor
is a chloride ionophore that, when activated, typically stabilises the transmembrane potential
at, or near, the resting potential. In neurons, this typically serves to decrease excitability [40].
Intrathecal benzodiazepine-induced analgesia is spinally mediated. Binding sites are GABA
receptors, abundantly present in the dorsal root nerve cells, with the maximum concentration
found within lamina II of the dorsal nerve cells, a region that plays a prominent role in
processing nociceptive and thermoceptive stimulation [36]. The present cumulative experience
with intrathecal midazolam across species broadly confirms the safety thereof, the analgesic
activity of the molecule and its benzodiazepine pharmacology, and the lack of irreversible
effects [8].
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Intrathecal midazolam was originally shown to have antinociceptive properties in animals in
the early 1980s [41, 42]. And later in 1991, Malinovsky et al. demonstrated potential of
neurotoxic effect of intrathecal administration of ketamine and midazolam in rabbits [43].
Midazolam-treated rabbits showed significant changes in both blood-brain barrier and light
microscopy studies. They postulated that, the neurotoxicity might be due to the 10% HCL used
as a vehicle in the preparation of midazolam. In 1999 Erdine et al. conducted a study of
intrathecal midazolam in rabbits and reported neurotoxicity [44]. They concluded that the
neurotoxicity was due to the use of intrathecal catheter. They also reported that this toxic
change did not produce any change in the vital parameters of those animals. However, in 1991
Schoeffler et al. conducted a detailed histological study in rats following administration of
midazolam via subarachnoid catheter while investigating control of cancer pain [45]. They
found that the amount of fibrosis, infiltration, and deformation in midazolam group is not
different from saline control group. Aguilar et al. in 1994, conducted study and reported that
intrathecal midazolam can relieve pain in different clinical situations (as long as 13 months) and
they did not show any toxic neurological effects following prolonged administration of
intrathecal midazolam [46]. Nevetheless, in 1995 Svensson et al. conducted a morphological
study on rat spinal cords following chronic subarachnoid administration of midazolam,
documenting its neurotoxic effect [47].

In 1996, Valentine et al. studied the effect of intrathecal midazolam along with hyperbaric
bupivacaine for caesarean section delivery under spinal anaesthesia and found no side effects
attributable to midazolam [8]. In the same year, Borg and Krijnen reported long-term intra‐
thecal administration of midazolam and clonidine in patients with refractory musculoskeletal
pain persisting more than 2.5 years [9]. They administered intrathecal midazolam up to 6mg/
day which showed promising results, they also reported that this high dose did not cause any
neurological deficits in those patients suffering with chronic refractory musculoskeletal pain
[9]. One year later, Bozkurt et al. studied the histological change following epidural adminis‐
tration of midazolam in neonatal rabbits and showed a variable degree of neurotoxic effects
such as degeneration of vacuoles, cytoplasm and neurofilaments, disruption of myelin sheaths,
lysis of cell membranes, perivascular oedema, and pyknosis of nuclei [48]. The toxic effects of
acidic saline and midazolam (commercially available preparations) were similar. In the same year,
Bahar et al. examined in an animal model whether intrathecal midazolam, alone or with
fentanyl, can achieve anaesthesia sufficient for laparotomy, comparable to lidocaine; they
concluded that midazolam, when injected intrathecally, produces reversible, segmental,
spinally mediated antinociception, sufficient to provide balanced anaesthesia without any
adverse effect [49]. In 1999, Nishiyama et al. conducted histopathological study in cats with
intrathecal midazolam. Neither acute histological damage nor inflammatory reaction of the
spinal cord were seen in the cats [50].

In 1998, Nishiyama et al. studied the effect of continuous infusion of midazolam with local
anesthetic for treatment of postoperative pain and showed that adding midazolam to a
continuous epidural infusion of bupivacaine provides better analgesia, amnesia, and sedation
than bupivacaine alone without any side effects [51]. Also Nishiyama et al. in the same year
studied the effect of adding midazolam and bupivacaine to human cerebrospinal fluid in glass
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spinal cord were seen in the cats [50].
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test tubes and the solution was examined for any change of pH and a reduction in the
transparency of the solution [52]. Cerebrospinal pH was decreased to below 7.0 adding more
than 3 mg of midazolam, more than 1.9 mL of 0.25% bupivacaine or 1.3 mL of the mixture.
Cerebrospinal transparency by adding more than 0.7 mg of midazolam, 1.1 mL of 0.25%
bupivacaine or 0.6 mL of the mixture. Midazolam in saline neither decreased the pH below
nor reduced transparency. These results are very important so this study showed that clinically
useful doses of intrathecal or epidural midazolam were not neurotoxic. In the same year, Gulec
et al. showed that caudal administration of a bupivacaine-midazolam mixture produces a
longer duration of postoperative analgesia than a bupivacaine-morphine mixture and
bupivacaine alone [53]. Batra et al. in 1999, conducted a study on postoperative analgesia in
patients undergoing knee arthroscopy following intrathecal administration of midazolam in
combination with hyperbaric bupivacaine [54]. They demonstrated that this combination
produces better postoperative analgesia. In 2001, Kim and Lee showed a dose-dependent effect
of intrathecal midazolam [55]. Sen et al. reported that intrathecal midazolam produced
significant postoperative pain relief together with antiemetic effect and tranquillity in patients
undergoing caesarean section delivery [56]. Maharjan et al showed that caudal administration
of midazolam-bupivacaine mixture significantly prolongs postoperative analgesia compared
to bupivacaine alone in children undergoing genitourinary surgery [57]. Moreover, other
studies have shown that addition of intrathecal midazolam significantly improves the duration
and quality of spinal anesthesia and provides prolonged perioperative analgesia without any
significant side effects and neurological damage [58-61]. Prochazka shared their decade long
experience of using intrathecal midazolam in 2006 [62]. According to them, intrathecal
midazolam is able to provide good analgesia in most patients and is a very suitable supplement
for postoperative and long-term analgesia without demand of expensive systems (Patient
Controlled Analgesia and other drug infusion systems, etc.). On the other hand, recent studies
showed that intrathecal midazolam appears to improve perioperative analgesia and it can be
useful and safe adjunct to bupivacaine for intrathecal analgesia during different surgical
operations [35, 63-66].

Yegin et al. in 2004, conducted a study on the analgesic and sedative effects of intrathecal 2mg
preservative free midazolam in perianal surgery under spinal anesthesia [37]. They found that
the addition of bupivacaine produces a more effective and longer analgesia with a mild
sedative effect in patients in the experimental group. One year later Agrawal et al. investigated
postoperative pain relief following intrathecal administration of 1mg preservative free
midazolam with bupivacaine in patients scheduled for elective lower abdominal, lower limb,
and endoscopic urological surgeries [67]. They showed that intrathecal midazolam and
bupivacaine provide longer duration of postoperative analgesia as compared to intrathecal
bupivacaine alone, without prolonging time for dermatomal regression. Also, Prakash et al.
[35] with Ho and Ismail [64] found that intrathecal midazolam appears to improve perioper‐
ative analgesia and reduce nausea and vomiting during caesarean delivery. On the other hand
in 2011, Shadangi et al. concluded that the addition of preservative-free midazolam to
bupivacaine intrathecally resulted in prolonged postoperative analgesia without increasing
motor block [68].
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Addition of preservative free midazolam to hyperbaric bupivacaine for spinal anesthesia in
different surgical procedures/operations prolongs the duration of effective analgesia as
compared to bupivacaine alone and delays the need for postoperative rescue analgesics
without having any sedative effect, pruritus, or respiratory depression. The use of intrathecal
midazolam also decreases the incidence of postoperative nausea vomiting (PONV). Moreover,
intrathecal midazolam does not have any clinically significant effect on perioperative hemo‐
dynamics. A small diluted dose of preservative-free intrathecal midazolam (<1mg/mL concen‐
tration and 1 to 2.5mg) appears to have few systemic side effects and is free of short-term
neurotoxicity.

4. Sedation in spinal anesthesia with intravenous midazolam

The use of spinal anesthesia is often limited by the unwillingness of patients to remain awake
during surgery [69]. Spinal anesthesia provides anesthesia at the surgical site, yet unpleasant
and uncomfortable patient experiences result from having to remain in the same position,
prolonged duration of surgery or ambient noise in the operating room. To avoid spontaneous
movements by an inadequately sedated patient that can interfere with the surgical procedure,
intravenous sedative medications can be useful in patients who are positioned in specific
postures that can be considered uncomfortable [70]. On the other hand, the goals of sedation
during spinal anesthesia include rapid achievement of adequate sedation, its maintenance at
a constant level during the surgical procedure and awakening the patient quickly at the end.
This can be attained by continuous infusion of sedative drugs preceded by a bolus.

Conscious sedation is a minimally depressed level of consciousness that retains the patient's
ability to maintain his or her airway independently and continuously, and to respond
appropriately to physical stimulation and verbal command, produced by pharmacologic or
non-pharmacologic methods, alone or in combination [71]. With conscious sedation only some
of the centers in the medullary reticular formation and thalamus are depressed in a dose
dependent manner [72]. Thus, this level of sedation provides the additional benefit of preser‐
vation of protective airway reflexes, especially in monitored anesthesia care. An ideal supple‐
mental sedative should provide effective anxiolysis, an easily controllable level of sedation,
predictable depth of amnesia, a rapid and clear headed recovery, minimal intraoperative side
effects, no evidence of cumulation and minimal postoperative side effects. Numerous agents
have been used as sedative adjuvants to spinal anesthesia, each with their own advantages
and disadvantages.

The most widely used technique for administering sedation in regional anesthesia is the
intermittent intravenous bolus dose technique. This technique has been shown to be associated
with peaks and troughs in plasma concentration producing significant side effects and delayed
recovery [73]. Continuous infusions have been proven to produce lesser side effects, faster
recovery, easy controllability over the desired depth of sedation and, should the regional block
prove to be ineffective, easy conversion to general anesthesia [74, 75].
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ability to maintain his or her airway independently and continuously, and to respond
appropriately to physical stimulation and verbal command, produced by pharmacologic or
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dependent manner [72]. Thus, this level of sedation provides the additional benefit of preser‐
vation of protective airway reflexes, especially in monitored anesthesia care. An ideal supple‐
mental sedative should provide effective anxiolysis, an easily controllable level of sedation,
predictable depth of amnesia, a rapid and clear headed recovery, minimal intraoperative side
effects, no evidence of cumulation and minimal postoperative side effects. Numerous agents
have been used as sedative adjuvants to spinal anesthesia, each with their own advantages
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intermittent intravenous bolus dose technique. This technique has been shown to be associated
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Of the currently available benzodiazepines, midazolam has a fast onset and short recovery
time, because of which it is one of the most widely used sedatives in spinal anesthesia. With
a low context sensitive half time (70 minutes for a four hour long infusion and up to 100 minutes
for longer infusions), it can be easily titrated to the needs of the patient, making its use well
suited for ambulatory conscious sedation techniques [4, 76]. It produces good sedation and
excellent amnesia but has no specific analgesic properties [77].

Benzodiazepines cause greater depression of upper airway muscle tone in the elderly, resulting
in a higher incidence of airway obstruction [78, 79]. On the other hand, the synergistic effects
between benzodiazepines and other drugs, especially opioids and propofol, facilitate better
sedation and analgesia. However, the combination of these drugs also enhances their respi‐
ratory depression and may lead to airway obstruction or apnea [80]. Administration of oxygen
to all the patients during sedation and immediate relief of airway obstruction prevented the
occurrence of oxygen desaturation. A smaller volume bolus and a slow infusion rate avoided
apnea.

Bolus administration of midazolam 0.05 mg/kg was reported to give enough amnesia and
sedation without any adverse effects on hemodynamics and respiration [80]. With this method,
patients did not respond to verbal command but recovered in 25 minutes [81] and opened their
eyes spontaneously in 47 minutes [82]. As long as patients closed their eyes, amnesic effect
was kept and when they opened their eyes, additional midazolam 1 mg (approximately 18 mcg/
kg) was enough for patient’s comfort [82]. However, bolus administration of sedative can not
provide constant level of sedation. In contrast, continuous infusion can provide constant
sedation level but usually prolongs onset time of sedation compared with the intermittent
bolus technique [83]. Different studies showed that during spinal anesthesia, midazolam (1-2
mg given and followed by 0.1-0.5 mg/kg/hr intravenously) provides rapidly induced sedation and
amnesia with stable hemodynamics and respiration. Oxygen must be administered at 3-6
L/min through a mask during the procedure. Intraoperative monitoring must include electro‐
cardiography, pulse oxmetry, noninvasive sphygmomanometry, and capnography.

Midazolam is considered safe even at high doses and, at equipotent doses, it affects (via
GABA) the central nervous system in a similar fashion [84]. GABA receptors are found in
different parts of the brain. The sedative effects of the benzodiazepines are mediated by the
brainstem GABA receptors that inhibit the ascending pathways that activate the brain cortex.
The ataxia and memory impairment are mediated by GABA receptors in the cerebellar,
hippocampal, and forebrain areas. While hypnosis or sedation is always achieved after
appropriate individually based doses, anxiolysis is seldom transformed into anxiety, restless‐
ness, rage or a myriad of uncontrolled behaviours (midazolam paradox)[84]. The relationship of
the paradoxical reaction to alteration of the cholinergic homeostasis, serotonin levels, the role
of genetics, and gamma-aminobutyric acid receptor configuration are suspect [85]. Such
paradoxical reactions may harm the unconscious or semiconscious patient. Low dose of
flumazenil (0.2-0.3 mg, range 0.1-0.5 mg) completely reverses midazolam-induced paradoxical
reactions and they are more frequent in older patients [84, 85].
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5. Conclusion

Spinal anesthesia has the advantage of being able to maintain spontaneous breathing as well
as relaxing the necessary muscles for surgery. However, the time limit and patient’s anxiety
of spinal anesthesia are important disadvantages. On the other hand, the impediments to the
effective use of spinal anesthesia are the predictable decreases in arterial blood pressure and
heart rate through the accompanying sympathectomy with its attendant vasodilatation and
blockade of cardio accelerator fibres. Another clinically important impediment to successful
block is inadequate sedation. Adjunctive drugs are used to decrease anxiety, alleviate discom‐
fort, improve hemodynamic stability and induce a feeling of calmness during spinal anesthe‐
sia.

When using sedative medication during spinal anesthesia, the anesthesiologist attempts to
titrate the drug to optimize patient comfort while maintaining cardiorespiratory stability and
intact protective reflexes. Morever, adequate sedation in spinal anesthesia relieves the anxiety
of the patient, improves physiological and psychological stress, and increases the satisfaction
of the surgeon, anesthetist and patient. Midazolam is most frequently used as the agent for
sedation. It is often used intravenously in single doses of between 0.5 mg and 2.5 mg. Mida‐
zolam provides rapidly induced sedation and amnesia with stable hemodynamics and
respiration during spinal anesthesia.

Moreover, midazolam has been shown to have antinociceptive effects when administered
intrathecally, both in laboratory animals and in humans. Intrathecal injection up to 2 mg
midazolam have been reported without adverse effects. The paucity of studies on intrathecal
midazolam warrants caution in elderly patients, the obese, and those who are already on other
sedatives. When intrathecal midazolam is used, all patients should be closely monitored intra
and postoperatively. In brief, intrathecal preservative free midazolam appears safe and has
clinically acceptable analgesic properties.
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flumazenil (0.2-0.3 mg, range 0.1-0.5 mg) completely reverses midazolam-induced paradoxical
reactions and they are more frequent in older patients [84, 85].
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Complications in Spinal Anaesthesia

Alparslan Apan and Özgün Cuvaş Apan

Additional information is available at the end of the chapter
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1. Introduction

Spinal anaesthesia is one of the most popular and widely used anaesthetic procedures. It is a
simple, cost effective and efficient technique that provides complete sensory and motor block,
as well as postoperative analgaesia with a high success rate. Several advantages of spinal
anaesthesia include a decreased incidence of deep vein thrombosis, reduced intraoperative
blood loss, as well as the prevention of pulmonary aspiration in case of emergency, especially
in patients with potential airway problems and known respiratory diseases.

Due to the invasive nature of spinal anaesthesia, there are several types of complications that
may occur with different incidence. At least some of these problems appear to be inevitable
and as such, it is not possible to eliminate them all. Fortunately, more severe neurological
complications such as death, neuropathy, arachnoiditis and permanent neurologic injury are
seldom observed. In a national survey performed in the UK, the incidence of permanent
neurologic injury and death ranged from 0. 7 to 1. 8 in 100, 000 patients [1]. On the other hand,
proper patient selection, meticulous attention to detail, well-known patient related changes
and in the case of difficult circumstances, using image techniques [x rays, fluoroscopy and
ultrasound] as a guide may help to prevent or decrease complications.

Increasing co-morbidities, concomitant medication, surgery for advanced malignancy,
patients with compromised immune systems, as well as instances of infection poses a real
challenge to the use of spinal anaesthesia. Patients with degenerative vertebral anomalies or
who have undergone previous spinal surgeries are also difficult cases; these require further
evaluation and an increase in efforts for properly performing intrathecal anaesthesia and
analgaesia in contexts where it may lead to undesirable consequences.

© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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2. Hypotension

Hypotension is an inevitable complication of spinal anaesthesia that occurs when the sympa‐
thetic chain becomes blocked, especially when higher dermatome levels are needed. A drop
in blood pressure may initiate nausea and vomiting, indicating ischaemia on the spinal cord,
which in turn induces an undesired condition for the patient and operating staff. Blood
pressure changes between the left lateral to supine position has been determined as an
indicator for predicting a perioperative decrease in obstetric patients undergoing caesarean
delivery under spinal anaesthesia [2].

In a non-obstetric study population, changing patients to the Trendelenburg position for 10
minutes immediately following a spinal block has been demonstrated as efficient, as has
loading with a lactated ringer or 6% hydroxyl ethyl starch solution by means of maintaining
cardiac output. Co-hydration is more efficient than pre-hydration and colloid loading is better
for maintaining cardiac output and blood pressure [3]. In their report, Shin et al. [4] investi‐
gated the influence of crystalloid and colloid loading on cerebrospinal fluid movements in
volunteers, as well as the spread of local anaesthetics in patients. Although crystalloid pre-
treatment delayed the cranial spread of the block, it induced cerebrospinal fluid production,
which may be valuable in the case of post-dural-puncture headache [PDPH].

In case of pregnancy, a decrease in blood pressure at the critical level may affect both mother
and baby, and result in more serious outcomes over a longer period. Increased venodilatation
under the influence of progesterone or prostaglandins may also contribute to changes in blood
pressure. The presence of hypertension, advanced age, increased body mass index, higher birth
weight and higher block are considered as risk factors in hypotension performed with spinal
anaesthesia. Fluid loading, lateral tilt or wedge performed under the right buttock to prevent
aortocaval compression, or vasopressor therapy, constitutes preventive measurements to treat
hypotension in obstetric patients. The influence of aortocaval pressure or other determinants
remain controversial in terms of how they contribute to haemodynamics during spinal
anaesthesia. In order to attenuate the effect of hypotension, the influence of positioning the
patient on a lateral decubitus position for a brief period was investigated. The hypotension
episode showed a slight delay, but the incidence of hypotension or drug use was the same as
observed in patients lying supine] [5]. In an editorial, Sharwood-Smith and Drummond [6]
criticized the role of vena caval compression in light of the presence of persistent vasocon‐
striction, such as observed in patients with pre-eclampsia, which is known to be volume
depleted or hypovolemic; hypotension, however, was observed to a lesser extent. These
observations justify vasopressor therapy and indicate that sympathetic block affecting arterial
vasculature might be a major concern related to arterial pressure drop [6].

Time, duration and the selection of vasoactive drugs are controversial issues where obstetric
patients are concerned. Ephedrine may stimulate beta adrenergic receptors by crossing the
umbilical cord and increasing foetal acidosis; therefore, phenylephrine has become the
vasopressor of choice [7]. Variable infusion has been demonstrated as being superior to the
fixed infusion and 25-50 µg min-1 was demonstrated to be sufficient or maintaining hemody‐
namic status. Non-invasive cardiac output monitoring might be indicated for a patient with
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severe cardiac disease [8]. On the other hand, a phenylephrine infusion may induce brady‐
cardia, presumed (or) indicated by the baroreflex receptor mediated mechanism [9].

3. Hypothermia

A  decrease  in  body  temperature  is  commonly  encountered  after  neuraxial  anaesthesia.
Subarachnoid local anaesthetic administration blocks all afferents of skin temperature that
patients are unable to release the decrease in core temperature. Vasodilation due to sympathet‐
ic blockade increases skin blood flow, which allows for lowering the body's core temperature
in a reliable manner. In preparing the skin for surgery with antiseptic solutions, especially when
performed on a large area, evaporation from surgical field and irrigation solutions, or fluid
infusion at a higher rate, may also contribute to hypothermia during surgery. [Fig 1] A decrease
in core temperature may initiate shivering, especially during the postoperative period, which
increases oxygen consumption.  Hypothermia is  known to induce hyper coagulation and
infections. Special care should be exerted to decrease this physiologic stress, especially in
paediatric, obstetric and patients in advanced age, since it may lead to serious consequences,
including low perfusion to the vital organs, coronary ischaemia and infection [10].

It is crucial to warm the patient with blankets, surgical thermal mattresses, forced air heathers,
by using pre-warmed irrigation, intravenous solutions and blood products in order to decrease
the severity of this complication.

Figure 1. Large areas of skin prepped with a Povidone-iodine solution and uncovered during surgery favour hypother‐
mia and its complications [Source: www. anestesia-dolor. org].
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4. Post-dural-puncture headache

PDPH is a troublesome complication, mostly observed in middle-aged women and the
obstetric population. Lower body mass index, previous PDPH and the presence of chronic
headaches are other risk factors. Headache rarely occurs in the paediatric population, espe‐
cially in neonates, but some physicians believe that this may be due to the inability to com‐
municate pain in early childhood. PDPH also decreases with age, which may be related to
changes in the composition of cerebral content, which increase on cerebrospinal fluid [CSF]
that may compensate and prevents its occurrence.

PDPH requires differentiation from other causes of headache [11]. It typically occurs in the
fronto-occipital region with nuchal rigidity and initiates when moving from the supine
position to sitting or standing up. It may vary from mild to severe and the type of pain may
be dull, throbbing or burning. Vertigo, nausea and vomiting might be observed due to PDPH
in some patients. Headache typically appears on the second day following the dural puncture
and can range from lasting one to four days, but may be observed as early as 20 min after the
dural puncture [12]. The leaking of CSF across the dural hole may initiate PDPH. This is
explained by the following mechanisms: a decrease in intracranial pressure causes the traction
of pain sensitive cranial structures, the depletion of CSF volume may induce compensatory
cerebral vasodilatation [the Monroe-Kelly doctrine] and the activation of adenosine receptors
may cause cerebral vasodilatation [13].

The incidence of PDPH has been reported at a level of 2.5% when using a 25 G pencil point
needle in obstetric patients [14]; in the non-obstetric population, the incidence of PDPH is as
low as 0.37% when using fine spinal needles [15]. Cutting edge needles are not recommended
for spinal anaesthesia, due to the increased incidence of PDPH, even when using fine needles
in patients undergoing anorectal surgery [16].

Accidental dural entry is a more distressing event that occurs while advancing the Tuohy
needle or epidural catheter, resulting in PDPH at a level of about 75%. The epidural catheter
is presumed to introduce from weak points of dura which may occurs with Tuohy needle
Incidence of this occurring has been reported as 0.5% in an obstetrical referral centre [17]. It is
not possible to recognize or observe clear CSF in needles or catheters in all patients. Therefore,
as a treatment tool, re-inserting the epidural catheter in a different lumbar interspace, or
leaving the catheter in the perforated dura mater with the intent to decrease PDPH does not
succeed in all patients.

Patient position when performing spinal anaesthesia, the experience of the physician and using
finer needles do not appear to influence the occurrence of PDPH [17]. Pneumocephalus with
subsequent PDPH is a rare but well-described complication of unintentional dural puncture.
It has late clinical onset manifestations and can induce a long-lasting headache as a result of
accidental dural entry when epidural anaesthesia is performed by means of the loss of
resistance technique, using air [18].

The treatment algorithm depends on the severity of PDPH. Conservative treatment consists
of bed rest and oral or intravenous fluid replacement. Pharmacological therapy includes
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analgaesics, vasoconstrictors or drugs that increase CSF production. Paracetamol or non-
steroidal anti-inflammatory drugs are used as first step treatment. Vasoconstrictors, such as
caffeine and Sumatripan, have been used but with limited benefits. Caffeine should be
prescribed with caution due to the patient having a lowered convulsion threshold and long
term administration is not advised. Gabapentin has also been used successfully for the
treatment of PDPH. Drug therapy may provide relief, but do not completely resolve the
symptoms. Epidural morphine has also been demonstrated as beneficial but may leak from
the dural hole into the intrathecal space and has well-known side effects such as pruritus,
nausea and vomiting [19].

Although controversies surrounding it remain, the epidural blood patch [EBP] remains the
gold standard for treating PDPH. A sterile sample of 15-20 mL autologous blood is drawn from
the patient and immediately injected at the same or a lower level inside the epidural space,
until backache or dullness can be felt. It is generally performed after waiting 24 hours following
the epidural block. If PDPH persists, a second EBP a week later may be necessary. A third EBP
is seldom needed. In a series of cases, the volume of blood needed was reduced while per‐
forming EBP under fluoroscopy guidance [20].

The witnessed accidental dural entry has different treatment options. Advancing an epidural
catheter to the subarachnoid space, injecting 10 mL of saline initially and leaving the catheter
in place for 24 hours are helpful for decreasing the incidence of PDPH. A catheter is believed
to induce inflammatory reaction to the dural hole and closure may occur during withdrawal
of catheter. At the very least, the presence of the epidural catheter may impede CSF leakage.
Epidural catheter placement in a different interspace has also shown potential benefits.
Epidural saline or a dextran infusion for creating a fluid column has limited therapeutic
efficacy, possibly due to the easy reabsorption from dural veins [21]. Fibrin glue was also used,
especially in patients who refuted the therapy or any other contraindications such as coexisting
systemic infection [22]. Surgical treatment is the final step; this only occurs if chronic leakage
persists [23].

Cranial hypotension and long-lasting CSF loss may distract cerebral bridging veins that can
easily rupture and lead to acute or chronic subdural or subarachnoid haematoma occurring.
Caution should be applied when spinal anaesthesia is implemented in a patient who has
experienced recent cranial trauma, the likes of which may either facilitate or confuse the
outcome. Neurological investigation should be performed when the headache lasts more than
a few days and is resistant to the conservative treatment [2]. Spinal haematoma is a rare event
that may relate to the direct needle trauma [25].

Chronic leakage and cranial hypotension may influence cranial nerves and nerve palsies may
rarely occur due to compression or altered blood supply. It mostly affects the VI cranial nerve;
the reason for this might be attributed to its longer course (or path) in cranium [26]. Treatment
modalities against CSF leakage and specific therapy for nerve palsy, including corticosteroids,
have been demonstrated as being beneficial [27]. Altered mental status and speech or stupor
may be observed with intracranial hypotension, headache, nausea and vomiting, and deter‐
mined as posterior reversible encephalopathy syndrome presenting as oedema in the posterior
cerebral portions with MRI. This syndrome is largely related to the systemic illness that was
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4. Post-dural-puncture headache

PDPH is a troublesome complication, mostly observed in middle-aged women and the
obstetric population. Lower body mass index, previous PDPH and the presence of chronic
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accidental dural entry when epidural anaesthesia is performed by means of the loss of
resistance technique, using air [18].

The treatment algorithm depends on the severity of PDPH. Conservative treatment consists
of bed rest and oral or intravenous fluid replacement. Pharmacological therapy includes
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caffeine and Sumatripan, have been used but with limited benefits. Caffeine should be
prescribed with caution due to the patient having a lowered convulsion threshold and long
term administration is not advised. Gabapentin has also been used successfully for the
treatment of PDPH. Drug therapy may provide relief, but do not completely resolve the
symptoms. Epidural morphine has also been demonstrated as beneficial but may leak from
the dural hole into the intrathecal space and has well-known side effects such as pruritus,
nausea and vomiting [19].

Although controversies surrounding it remain, the epidural blood patch [EBP] remains the
gold standard for treating PDPH. A sterile sample of 15-20 mL autologous blood is drawn from
the patient and immediately injected at the same or a lower level inside the epidural space,
until backache or dullness can be felt. It is generally performed after waiting 24 hours following
the epidural block. If PDPH persists, a second EBP a week later may be necessary. A third EBP
is seldom needed. In a series of cases, the volume of blood needed was reduced while per‐
forming EBP under fluoroscopy guidance [20].

The witnessed accidental dural entry has different treatment options. Advancing an epidural
catheter to the subarachnoid space, injecting 10 mL of saline initially and leaving the catheter
in place for 24 hours are helpful for decreasing the incidence of PDPH. A catheter is believed
to induce inflammatory reaction to the dural hole and closure may occur during withdrawal
of catheter. At the very least, the presence of the epidural catheter may impede CSF leakage.
Epidural catheter placement in a different interspace has also shown potential benefits.
Epidural saline or a dextran infusion for creating a fluid column has limited therapeutic
efficacy, possibly due to the easy reabsorption from dural veins [21]. Fibrin glue was also used,
especially in patients who refuted the therapy or any other contraindications such as coexisting
systemic infection [22]. Surgical treatment is the final step; this only occurs if chronic leakage
persists [23].

Cranial hypotension and long-lasting CSF loss may distract cerebral bridging veins that can
easily rupture and lead to acute or chronic subdural or subarachnoid haematoma occurring.
Caution should be applied when spinal anaesthesia is implemented in a patient who has
experienced recent cranial trauma, the likes of which may either facilitate or confuse the
outcome. Neurological investigation should be performed when the headache lasts more than
a few days and is resistant to the conservative treatment [2]. Spinal haematoma is a rare event
that may relate to the direct needle trauma [25].

Chronic leakage and cranial hypotension may influence cranial nerves and nerve palsies may
rarely occur due to compression or altered blood supply. It mostly affects the VI cranial nerve;
the reason for this might be attributed to its longer course (or path) in cranium [26]. Treatment
modalities against CSF leakage and specific therapy for nerve palsy, including corticosteroids,
have been demonstrated as being beneficial [27]. Altered mental status and speech or stupor
may be observed with intracranial hypotension, headache, nausea and vomiting, and deter‐
mined as posterior reversible encephalopathy syndrome presenting as oedema in the posterior
cerebral portions with MRI. This syndrome is largely related to the systemic illness that was
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first described in an obstetric patient following spinal anaesthesia. The late onset and course
of the syndrome implicates compression of posterior portion of the brain vault due to chronic
loss of CSF [28]. Reversible cerebral vasoconstrictor syndrome is another entity that has similar
clinical features such as headache but lacks imaging findings [29].

Hearing loss is another complication related to loss of CSF during spinal anaesthesia. Hearing
disability especially affects low frequencies on audiometry and commonly occurs at the second
post spinal block. Studies have shown that aims to decrease incidences of leaking CSF using
fine and pencil-point-tipped spinal needles can decrease this complication [30]. Type intrave‐
nous fluid loading either using crystalloid or colloid do not seems to largely influence or
prevents the presence of auditory malfunctions [31].

5. Transient neurologic symptoms

Radicular symptoms, including pain, a burning sensation on the buttocks, dysaesthesia and
paraesthesia may be observed following spinal anaesthesia. These symptoms generally
subside within two days. But these clinical features are alarming for possible serious conse‐
quences. There is no representation of these symptoms on radiographs, CT or MRI. Ambula‐
tory surgery, lithotomy position, the type of local anaesthetic used, as well as the concentration
of dextrose and osmolarity has being mentioned as contributing factors for transient neuro‐
logic symptoms. The use of spinal lidocaine is one factor that may increase the incidence of
transient neurologic symptoms, especially when some factors are combined. An increase in
local anaesthetic concentration by pooling and maldistribution may also increase the incidence
of this complication [32]. In a review by Zaric et al. [33], the authors indicated that the relative
risk was about seven-to eight-fold lower with other local anaesthetics such as bupivacaine,
mepivacaine, and prilocaine.

6. Urinary retention

Bladder distension during the postoperative period produces discomfort to patients and unless
relieved, leads to more severe complications, including permanent injury to the detrusor
muscle. Spinal anaesthesia influences urination by blocking all afferent nerve fibres, rendering
the patient unable to feel bladder distension or urinary urgency. Bladder catheterization is not
innocuous; it carries the risk of urethral trauma and more severe complications, including
infection and haematologic spread that may reach the surgical site [34]. Urodynamic studies
indicate that the function of the detrusor muscle returns to normal after about 100 min longer
than the sensorial level regression from the S2 to S3 level [35]. It has been demonstrated that
spontaneous urination may be influenced by an intrathecal local anaesthetic; long-acting
agents require a longer time to recover from urinary function [36].

Several surgical risk factors may increase the incidence of urinary retention, such as anorectal
surgery, inguinal hernia, orthopaedic [especially hip] surgery, abdominal surgery, instrumen‐
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tal delivery, prolongation of labour and gynaecologic surgery [37]. Patient characteristics
showed that being predisposed to urinary retention included the male gender, 50 years and
older and the presence of urination problems [38]. Besides neuraxial anaesthesia, some of the
anaesthesia-related or intraoperative factors are prolongation of anaesthesia or surgery,
increased intraoperative fluid volume [>750 mL], a required atropine, decreased body
temperature and opioid-based anaesthesia, which may increase urinary retention [38, 39].
Spinal anaesthesia may also contribute to this complication by increasing or contributing to
the requirements of at least several factors mentioned above.

Commonly used additives such as opioids or epinephrine may also increase the time leading
up to urinating. In a meta-analysis, hydrophilic opioids were more prone to contribute to
urinary retention than lipophilic compounds, which are especially important for outpatient
surgery [40]. The gap between general anaesthesia and neuraxial blocks are decreased when
systemic opioids are predominantly used for pain control [38]. The duration of spinal anaes‐
thesia performed with hyperbaric local anaesthetics is shorter than more plain solutions, which
may also be preferred [41]. Interestingly, when compared to the same intrathecal dose, more
dilute solutions of local anaesthetics regressed earlier and regained bladder function faster
[42]. Short-acting local anaesthetics, the administration of which should be given in as low a
dose as possible, a plain or hyperbaric solution with no additives and avoiding an unnecessary
increase of sensorial levels may decrease this complication in susceptible individuals within
the outpatient setting. Indeed, a meticulous review indicates that there is no risk involved in
single shot spinal anaesthesia when such precautions are taken [43]. Bladder volume is also
an important issue during admission to the intensive care unit. Single bladder catheterization
may be necessary during the peri-operative period or immediately following surgery.
Ultrasound may precisely determine the bladder volume in adults and can be an important
part of routine use in post-anaesthesia care units [44]. A multimodal approach for postopera‐
tive pain regarding the decrease of systemic opioids might be beneficial to avoid unnecessary
hospital re-admissions. Non opioids, non-steroid anti-inflammatory drugs and other regional
techniques such as wound infiltration and peripheral nerve blocks have also been demon‐
strated to decrease urinary retention [43].

7. Haematologic complications

Spinal haematoma following spinal anaesthesia is a severe complication that requires early
surgical intervention to prevent permanent neurological damage. Classically, the incidence of
this condition has been accepted as 1 in 220, 000 patients undergoing spinal anaesthesia, but
the actual incidence remains unknown and is presumed to be on the increase. Advanced age,
female gender, patients receiving drugs that influence coagulation, difficulty in performing
block and placement of the indwelling epidural catheter are mentioned as risk factors [45]. A
study investigating neurologic complications after neuraxial block, performed in Sweden over
a period of ten years, indicates an increased incidence in female patients undergoing hip
fracture surgery – 1 in 22, 000 compared to 1 in 480, 000 when all patients were included [46].
Haematoma was more frequently encountered with epidural anaesthesia or catheter place‐
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quences. There is no representation of these symptoms on radiographs, CT or MRI. Ambula‐
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of dextrose and osmolarity has being mentioned as contributing factors for transient neuro‐
logic symptoms. The use of spinal lidocaine is one factor that may increase the incidence of
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of this complication [32]. In a review by Zaric et al. [33], the authors indicated that the relative
risk was about seven-to eight-fold lower with other local anaesthetics such as bupivacaine,
mepivacaine, and prilocaine.

6. Urinary retention

Bladder distension during the postoperative period produces discomfort to patients and unless
relieved, leads to more severe complications, including permanent injury to the detrusor
muscle. Spinal anaesthesia influences urination by blocking all afferent nerve fibres, rendering
the patient unable to feel bladder distension or urinary urgency. Bladder catheterization is not
innocuous; it carries the risk of urethral trauma and more severe complications, including
infection and haematologic spread that may reach the surgical site [34]. Urodynamic studies
indicate that the function of the detrusor muscle returns to normal after about 100 min longer
than the sensorial level regression from the S2 to S3 level [35]. It has been demonstrated that
spontaneous urination may be influenced by an intrathecal local anaesthetic; long-acting
agents require a longer time to recover from urinary function [36].

Several surgical risk factors may increase the incidence of urinary retention, such as anorectal
surgery, inguinal hernia, orthopaedic [especially hip] surgery, abdominal surgery, instrumen‐
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tal delivery, prolongation of labour and gynaecologic surgery [37]. Patient characteristics
showed that being predisposed to urinary retention included the male gender, 50 years and
older and the presence of urination problems [38]. Besides neuraxial anaesthesia, some of the
anaesthesia-related or intraoperative factors are prolongation of anaesthesia or surgery,
increased intraoperative fluid volume [>750 mL], a required atropine, decreased body
temperature and opioid-based anaesthesia, which may increase urinary retention [38, 39].
Spinal anaesthesia may also contribute to this complication by increasing or contributing to
the requirements of at least several factors mentioned above.

Commonly used additives such as opioids or epinephrine may also increase the time leading
up to urinating. In a meta-analysis, hydrophilic opioids were more prone to contribute to
urinary retention than lipophilic compounds, which are especially important for outpatient
surgery [40]. The gap between general anaesthesia and neuraxial blocks are decreased when
systemic opioids are predominantly used for pain control [38]. The duration of spinal anaes‐
thesia performed with hyperbaric local anaesthetics is shorter than more plain solutions, which
may also be preferred [41]. Interestingly, when compared to the same intrathecal dose, more
dilute solutions of local anaesthetics regressed earlier and regained bladder function faster
[42]. Short-acting local anaesthetics, the administration of which should be given in as low a
dose as possible, a plain or hyperbaric solution with no additives and avoiding an unnecessary
increase of sensorial levels may decrease this complication in susceptible individuals within
the outpatient setting. Indeed, a meticulous review indicates that there is no risk involved in
single shot spinal anaesthesia when such precautions are taken [43]. Bladder volume is also
an important issue during admission to the intensive care unit. Single bladder catheterization
may be necessary during the peri-operative period or immediately following surgery.
Ultrasound may precisely determine the bladder volume in adults and can be an important
part of routine use in post-anaesthesia care units [44]. A multimodal approach for postopera‐
tive pain regarding the decrease of systemic opioids might be beneficial to avoid unnecessary
hospital re-admissions. Non opioids, non-steroid anti-inflammatory drugs and other regional
techniques such as wound infiltration and peripheral nerve blocks have also been demon‐
strated to decrease urinary retention [43].

7. Haematologic complications

Spinal haematoma following spinal anaesthesia is a severe complication that requires early
surgical intervention to prevent permanent neurological damage. Classically, the incidence of
this condition has been accepted as 1 in 220, 000 patients undergoing spinal anaesthesia, but
the actual incidence remains unknown and is presumed to be on the increase. Advanced age,
female gender, patients receiving drugs that influence coagulation, difficulty in performing
block and placement of the indwelling epidural catheter are mentioned as risk factors [45]. A
study investigating neurologic complications after neuraxial block, performed in Sweden over
a period of ten years, indicates an increased incidence in female patients undergoing hip
fracture surgery – 1 in 22, 000 compared to 1 in 480, 000 when all patients were included [46].
Haematoma was more frequently encountered with epidural anaesthesia or catheter place‐
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ment, because of the increased vascularity of the epidural space. The presence of haematoma
is frequently suspected in the case of an unexpected increase in the duration of motor block or
delay on recovery. Neurosurgery within eight hours after the epidural haematoma is manda‐
tory to regain motor functions without neurologic harm. Should neurologic harm be suspected,
imaging studies, including computed tomography or preferably MRI, should be implemented
as early as possible. Unfortunately, neurologic outcomes have been poor for the majority of
patients, even when surgery was performed within eight hours. Spinal catheters should be
considered as epidural catheters, for which placement or removal requires strict adherence to
withdrawal guidelines to avoid having an effect on anticoagulation therapy.

Many drugs interfere with blood clotting, thereby requiring adherence to recommendations
for the removal of neuraxial catheters. A number of regional anaesthesia societies have
published their own recommendations [47, 48, 49]. Recent evidence indicates spinal anaes‐
thesia to be safe, provided the half-life of the drug or residual effects are monitored. Non-
steroidal anti-inflammatory drugs are considered safe, but concomitant drug use can increase
the risk of haematoma. Therefore, patients receiving more than one drug affecting coagulation
should be carefully evaluated. Additionally, some herbal drugs only or in combination with
anticoagulants can increase the risk of spinal haematoma [45].

Central neuraxial blocks in patients with pre-existing haematologic disorders or disease
affecting coagulation do not appear to be a significant problem. In their review, Choi and Brull
[50] investigated the outcome of neuroaxial anaesthesia in patients with common bleeding
disorders. A total of 78 spinal anaesthetics, 53 diagnostic lumbar punctures and two combined
spinal and epidural anaesthetics were performed. No bleeding complications were observed,
except in one infant, who was an unknown haemophilia A, developed spinal haematoma and
needed surgical decompression. Spinal anaesthesia appears to be safe in patients with known
bleeding disorders, provided that the status of coagulation is monitored. Although there is no
consensus concerning a safe platelet count, 50, 000 to 80, 000 mm3 is generally considered a
critical number for spinal or epidural anaesthesia. Individual patient assessment should be
conducted in patients with lower platelet counts [51]. For more details, the reader is referred
to the chapter on spinal haematoma included in this book.

8. Infectious complications

Although bacterial meningitis following neuraxial anaesthesia is an uncommon complica‐
tion,  in  cases  where  it  does  occur  it  may  result  in  severe  harm,  including  permanent
neurologic disability and death. The presence of a fever and neurologic disturbance may
provide a differentiation from PDPH. Epidural abscess is generally caused by skin flora;
the bacteria most frequently involved is S. aureus. It is therefore prudent to initiate treatment
with  synthetic  penicillin,  even  in  the  absence  of  a  positive  culture.  Other  less  common
causes  of  infection  are  aerobic  and anaerobic  streptococci,  and anaerobic  gram-negative
bacilli. The incidence of meningitis varies between 1 in 50, 000 and mostly occurs as a result
of airborne pathogens. The exact mechanism for how the microorganism reaches the spinal
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cord remains controversial. It may occur during preparation or performing the block, with
a droplet from medical personal is the predominant source. Infection is more likely to occur
in streptococci in most of the cases, emphasizing the need for strict adherence to precau‐
tions while performing spinal anaesthesia [52].

A case report and review from the literature indicates 179 cases of bacterial meningitis related
to the central neuraxial puncture for any indication covering the period 1952 to 2005, in which
54% was related to spinal anaesthesia and 5% was observed for the combined spinal and
epidural technique, which included 15 obstetric patients. Technical difficulties during
placement of the needle or repeated attempts to spinal anaesthesia appear to be contributing
factors [53].

Spinal anaesthesia in patients with coexisting infection is a controversial issue. In their study,
Gritsenko et al. [54] retrospectively reviewed patients who had undergone removal of an
infected prosthesis due to hip or knee arthroplasty performed under neuraxial anaesthesia to
look for possible associations between perioperative infection and postoperative neuraxial
complications regarding meningitis or epidural abscess. Although higher incidence of positive
joint culture or pus was found during these procedures, none of the patients included in the
474 cases demonstrated infectious complications during the postoperative period. A study
performed by Bader et al. [55] investigated 319 obstetric patients with chorioamnionitis, eight
of whom had bacteraemia, but none developed neuraxial infection following neuraxial
anaesthesia. A similar study of 517 patients with the same pathology, including 13 cases of
systemic infection, demonstrated no meningitis or epidural abscess [56]. These results indicate
that the possibility of haematologic spread through the spinal cord from the remote site as an
infectious source is less likely to occur; regardless, clinicians are advised to perform the block
under empirical antibacterial therapy.

Spinal anaesthesia in a patient with immunodeficiency is another instance where the presence
of infection has been observed to lead to positive CSF culture and infection [57]. Therefore,
performing spinal anaesthesia in such patients requires strict attention and may be attempted
in combination with antibiotic treatment.

On the other hand, in a large prospective study including obstetric patients, general anaes‐
thesia was associated with a higher incidence of surgical site infection and post-operative
hospital stay compared to the use of spinal or epidural blocks [58].

9. Neurologic complications

A review by Brull et al. [59], which included a large series of neurologic complications, reported
that the incidence of permanent neurological injury following spinal anaesthesia varied
between 0 to 4. 2per 10 000 patients. In a French survey, permanent neurological injury other
than that caused by haemorrhage was more common and included injury to the conus
medullaris, and the estimated risk was calculated as 1:78 660 spinal anaesthesia patients;
incidence was nearly half the amount in obstetric patients compared to the non-obstetric
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ment, because of the increased vascularity of the epidural space. The presence of haematoma
is frequently suspected in the case of an unexpected increase in the duration of motor block or
delay on recovery. Neurosurgery within eight hours after the epidural haematoma is manda‐
tory to regain motor functions without neurologic harm. Should neurologic harm be suspected,
imaging studies, including computed tomography or preferably MRI, should be implemented
as early as possible. Unfortunately, neurologic outcomes have been poor for the majority of
patients, even when surgery was performed within eight hours. Spinal catheters should be
considered as epidural catheters, for which placement or removal requires strict adherence to
withdrawal guidelines to avoid having an effect on anticoagulation therapy.

Many drugs interfere with blood clotting, thereby requiring adherence to recommendations
for the removal of neuraxial catheters. A number of regional anaesthesia societies have
published their own recommendations [47, 48, 49]. Recent evidence indicates spinal anaes‐
thesia to be safe, provided the half-life of the drug or residual effects are monitored. Non-
steroidal anti-inflammatory drugs are considered safe, but concomitant drug use can increase
the risk of haematoma. Therefore, patients receiving more than one drug affecting coagulation
should be carefully evaluated. Additionally, some herbal drugs only or in combination with
anticoagulants can increase the risk of spinal haematoma [45].

Central neuraxial blocks in patients with pre-existing haematologic disorders or disease
affecting coagulation do not appear to be a significant problem. In their review, Choi and Brull
[50] investigated the outcome of neuroaxial anaesthesia in patients with common bleeding
disorders. A total of 78 spinal anaesthetics, 53 diagnostic lumbar punctures and two combined
spinal and epidural anaesthetics were performed. No bleeding complications were observed,
except in one infant, who was an unknown haemophilia A, developed spinal haematoma and
needed surgical decompression. Spinal anaesthesia appears to be safe in patients with known
bleeding disorders, provided that the status of coagulation is monitored. Although there is no
consensus concerning a safe platelet count, 50, 000 to 80, 000 mm3 is generally considered a
critical number for spinal or epidural anaesthesia. Individual patient assessment should be
conducted in patients with lower platelet counts [51]. For more details, the reader is referred
to the chapter on spinal haematoma included in this book.

8. Infectious complications

Although bacterial meningitis following neuraxial anaesthesia is an uncommon complica‐
tion,  in  cases  where  it  does  occur  it  may  result  in  severe  harm,  including  permanent
neurologic disability and death. The presence of a fever and neurologic disturbance may
provide a differentiation from PDPH. Epidural abscess is generally caused by skin flora;
the bacteria most frequently involved is S. aureus. It is therefore prudent to initiate treatment
with  synthetic  penicillin,  even  in  the  absence  of  a  positive  culture.  Other  less  common
causes  of  infection  are  aerobic  and anaerobic  streptococci,  and anaerobic  gram-negative
bacilli. The incidence of meningitis varies between 1 in 50, 000 and mostly occurs as a result
of airborne pathogens. The exact mechanism for how the microorganism reaches the spinal
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cord remains controversial. It may occur during preparation or performing the block, with
a droplet from medical personal is the predominant source. Infection is more likely to occur
in streptococci in most of the cases, emphasizing the need for strict adherence to precau‐
tions while performing spinal anaesthesia [52].

A case report and review from the literature indicates 179 cases of bacterial meningitis related
to the central neuraxial puncture for any indication covering the period 1952 to 2005, in which
54% was related to spinal anaesthesia and 5% was observed for the combined spinal and
epidural technique, which included 15 obstetric patients. Technical difficulties during
placement of the needle or repeated attempts to spinal anaesthesia appear to be contributing
factors [53].

Spinal anaesthesia in patients with coexisting infection is a controversial issue. In their study,
Gritsenko et al. [54] retrospectively reviewed patients who had undergone removal of an
infected prosthesis due to hip or knee arthroplasty performed under neuraxial anaesthesia to
look for possible associations between perioperative infection and postoperative neuraxial
complications regarding meningitis or epidural abscess. Although higher incidence of positive
joint culture or pus was found during these procedures, none of the patients included in the
474 cases demonstrated infectious complications during the postoperative period. A study
performed by Bader et al. [55] investigated 319 obstetric patients with chorioamnionitis, eight
of whom had bacteraemia, but none developed neuraxial infection following neuraxial
anaesthesia. A similar study of 517 patients with the same pathology, including 13 cases of
systemic infection, demonstrated no meningitis or epidural abscess [56]. These results indicate
that the possibility of haematologic spread through the spinal cord from the remote site as an
infectious source is less likely to occur; regardless, clinicians are advised to perform the block
under empirical antibacterial therapy.

Spinal anaesthesia in a patient with immunodeficiency is another instance where the presence
of infection has been observed to lead to positive CSF culture and infection [57]. Therefore,
performing spinal anaesthesia in such patients requires strict attention and may be attempted
in combination with antibiotic treatment.

On the other hand, in a large prospective study including obstetric patients, general anaes‐
thesia was associated with a higher incidence of surgical site infection and post-operative
hospital stay compared to the use of spinal or epidural blocks [58].

9. Neurologic complications

A review by Brull et al. [59], which included a large series of neurologic complications, reported
that the incidence of permanent neurological injury following spinal anaesthesia varied
between 0 to 4. 2per 10 000 patients. In a French survey, permanent neurological injury other
than that caused by haemorrhage was more common and included injury to the conus
medullaris, and the estimated risk was calculated as 1:78 660 spinal anaesthesia patients;
incidence was nearly half the amount in obstetric patients compared to the non-obstetric
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population. Pre-existing spinal pathology or disease increases the incidence of postoperative
neurologic complications following neuraxial blockade. Repeated attempts or improper
positioning of patients may facilitate neurologic injury [60]. Lumbar canal stenosis is another
contributing factor for adverse neurologic outcome [61]. The presence of scoliosis with or
without prior surgery constitutes difficulties for performing neuraxial anaesthesia. When
compared to spinal blocks, the success rate was lower with epidural anaesthesia, due to
technical difficulties and improper distribution of local anaesthetics [62]. Although the precise
mechanism was not determined, hydrostatic pressure performed during an epidural block
was indicated as a possible source of injury. On the other hand, direct needle trauma appears
to be one of the preventable reasons for neurological complications. It is best to withdraw the
needle in the case of paraesthesia, which is highly associated with postoperative radiculopathy
and repeating local anaesthetic injection should be avoided in order to prevent toxic concen‐
trations in the spinal cord [63].

Reynolds [64] reported a series of cases of conus medullaris injury that including one non-
obstetric and six obstetric female patients, resulting in long-lasting neurologic damage. Spinal
anaesthesia was performed in three of the patients, while combined spinal and epidural
anaesthesia was accomplished in the rest of the other patients. Only one patient suffered pain
during needle placement. The possible reasons for this were indicated as misplacement of the
needle at the lower end of the spinal cord, misidentification ofTuffier’s line or that the
arachnoid membrane may have been attached to the conus like a web. Author concluded that
Tuffier’s line was an unreliable method for identifying the correct intervertebral level [64].
Possibly, the addition of cutaneous and subcutaneous tissue over the crista iliaca in obese
patients, or in the case of pregnancy, may erroneously lead to performing a higher interver‐
tebral space for needle placement. Indeed, Broadbent et al. [65] demonstrated that an anaes‐
thesiologist incorrectly identified the correct intervertebral space by palpation. Assuming the
correct intervertebral space was correct in only 30% of patients using palpation and in 71%
using ultrasound [66]. In a MRI study of 690 patients, Kim et al. [67] indicated that caution
should be exercised when selecting the appropriate intervertebral space, especially in obese
and elderly patients. The level of conus medullaris might be lower than expected in female
patients with thoracic vertebral compression fractures [68]. These points have also been
highlighted along with determining lateral needle deviation or placement as a source of
possible reasons for neurological injury in a study group by the American Society of Regional
Anesthesia [ASRA]; clinicians are advised to especially be aware of challenging surface
anatomical changes [69]. Ultrasound imaging can also be used to guide proper accomplish‐
ment of neuraxial anaesthesia. Although promising results have been published on facilitating
neuroaxial anaesthesia in difficult cases by means of decreasing the time and number of
attempts [70], to date, it is not yet possible to conclude that using an ultrasound guide may
decrease complications [69]. Anaesthesiologists should also be cautious concerning patients
with pre-existing comorbidities, such as peripheral vascular disease and diabetes mellitus,
which may present subclinical neuropathies that could predispose the patient to neurological
deficits following spinal anaesthesia [71].
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Skin antiseptics like chlorhexidine have proven to be superior to iodopovidone-based solu‐
tions. ASRA advises using chlorhexidine in an alcohol solution prior to all regional anaesthetic
interventions to prevent infectious complications [72]. In a recent retrospective study, the
neurological complication rate when using chlorhexidine was found to be similar to the
findings of other surveys [57]. However, using chlorhexidine is not entirely devoid of risk. In
an editorial, Bogod [73] published two cases of chlorhexidine inducing permanent neurological
injury. In one case, chlorhexidine solution was inadvertently administered into the epidural
space. In the second case, 0. 1 mL anticeptic of solution (chlorhexidine) mixed with a local
anaesthetic was wrongly administered to the subarachnoid space. The author advised using
a spray formulation for skin preparation, warning against high concentrations [more than 2%].
Applying one puff was concluded to be sufficient and emphasize was placed on waiting for
the skin to dry.

Figure 2 shows medullaris cone injury secondary to attempted spinal anaesthesia in an
obstetric patient undergoing a caesarean section. This patient had severe pain during bupiva‐
caine injection. The injury was managed with steroids. Final neurological damage was
minimal.

Figure 2. Sagittal and axial images of the conus medullaris T2 weighted FSE in which a high signal is noted at the centre
position, with conus oedema and/or haemorrhage caused by a spinal needle (Source: www. anestesia-dolor. org).

10. Neurological diseases

Patients  with  pre-existing  neurological  diseases  such  as  multiple  sclerosis,  amyotrophic
lateral  sclerosis,  or  a  post-poliomyelitis  condition  have  previously  been  considered  as
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relative  contraindications  for  neuraxial  anaesthesia.  A  double  crush  phenomenon  was
described  to  explain  the  deterioration  of  neurological  disease  in  the  case  of  vulnerable
neurons.  It  is  believed  that  mechanical  trauma caused  by  a  needle  or  catheter,  toxicity
induced  by  local  anaesthetics  or  neural  ischaemia  due  to  additives  could  worsen  the
patient's  neurological  status.  Increased  stress  may  induce  inflammation  deteriorates  the
clinical course, that may confuse with neural injury due to the procedure. However, recent
evidence has demonstrated that spinal anaesthesia might be an option in this patient group
[72].

Neuraxial  anaesthesia  in  patients  with  spinal  canal  pathology,  including  lumbar  disk
disease,  spinal  stenosis  or  previous  surgery,  is  another  issue  that  requires  special  con‐
cern. In a retrospective review, Hebl et al. [74] found that patients with pre-existing spinal
canal pathology demonstrated a higher rate of neurological complications. However, a lack
of control groups receiving general anaesthesia presents a difficulty for describing results
pertaining  to  whether  complications  occur  due  to  surgery  or  because  of  the  natural
progression  of  disease.  Additionally,  due  to  data  combinations,  it  is  also  impossible  to
conclude the particular role of single shot spinal anaesthesia.  Trauma and complications
may  be  more  common  when  using  large  gauge  Tuohy  needles,  or  during  catheter
placement. Epidural anaesthesia and catheter placement in patients with previous spinal
surgery appear to be more complicated, even when performed by experienced hands [75].
These  patients  require  special  attention  in  terms  of  evaluating  the  use  of  neuraxial
anaesthesia,  preoperative  neurological  evaluation  and  special  care  in  order  to  prevent
additional injuries.

In rare instances,  silent pathologies involving the spinal column may induce acute post-
operative  neurological  complications  such  as  tuberculosis  [76]  or  unrecognized  spinal
tumour  [77].  Patients  with  coexisting  or  previous  low  back  pain  and  paraesthesia  or
neurologic deficits should be carefully assessed preoperatively and their evaluation should
include a detailed neurologic examination and radiological images. Moreover, patients with
neural tube defects should be assessed earlier to determine the conus medullaris level or
other possible associated anomalies to decide whether neuraxial  techniques will  provide
them with safe anaesthetic options.

Patients like those described above are at higher risk of neurological complications than
the  rest  of  the  general  population  [78].  Postoperative  neurological  complications  were
observed  in  a  patient  presenting  adhesive  arachnoiditis,  extensive  syringomyelia  and  a
giant arachnoid cyst in the patient had been managed with a combination of spinal and
epidural  anaesthesia.  These  rare  complications  were  linked to  a  reaction  caused by  the
subarachnoid, the epidural drug, or as a result of catheter induced inflammation or trauma
[79].

The images in Figure 3 show a case of multiple neurofibromatosis with intrathecal participa‐
tion, which was managed with uncomplicated spinal anaesthesia.
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Figure 3. Forty-year-old patient with multiple neurofibromatosis. She was anesthetized successfully with spinal anaes‐
thesia for an abdominal hysterectomy. The back of the patient shows numerous skin tumours and some cafe au lait
spots. The sagittal image of the lumbar spine in post-spin echo fat-suppressed contrast demonstrates intradural solid
tumours in cauda equina nerves (Source: www. anestesia-dolor. org).

11. Cardiac arrest and perioperative death

Bradycardia and cardiac arrest are the most worrisome complications related to spinal
anaesthesia. The incidence of these conditions has been observed to be higher with spinal block
in comparison with general anaesthesia. Patients are generally healthy, ASA class I or II,
athletic and male with parasympathetic overtones. The influence of cardio-accelerator fibres
originating between T1 to T4 plays a crucial role in maintaining blood pressure and heart rate
according to the level of anaesthesia induced by spinal block, depleted vascular volume or
insufficient replacement with fluids, and the presence of deep sedation is considered a risk
factors for bradycardia and cardiac arrest. Surgical intervention may also trigger bradycardia
and cardiac arrest by vagal discharge or embolization. In the case of severe bradycardia, early
administration of epinephrine is important, especially in unresponsive cases to atropine and
ephedrine that should be administered previously [80]. Most patients are monitored in the
operating theatre, therefore early recognition of bradicardia and cardiac arrest and interven‐
tion is possible. Survival rate is higher in patients with cardiac arrest observed during spinal
anaesthesia compared to cases using general anaesthesia. [81]. A study by Chatzmichali and
colleagues [82] showed that assessment of heart rate variability in the preoperative period may
help to determine perioperative severe bradycardia. Clinicians must be cautious when
performing deep intravenous sedation, especially in patients with increased body weight,
since it may lead to death in the early postoperative period.
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12. Miscellaneous complications

Myoclonus occurs rarely as a complication of spinal anaesthesia in the postoperative period.
It may commonly be observed in the presence of systemic illness, drug use or with a pre-
existing vitamin B deficiency. Although the underlying mechanism for myoclonus in this
instance is unclear, the possibility of subclinical neuropathy has been mentioned [83]. Long-
term treatment, including neuroleptics and benzodiazepines, might be required to relieve the
symptoms of myoclonus [83].

Exposure to the halogenated compounds during general anaesthesia is an interesting topic,
especially in the context of the brain, which is currently under development as it relates to
aged patients. Spinal anaesthesia appears to be safe for preventing postoperative delirium and
cognitive dysfunction in the elderly, especially when additional measurements such as early
pain management, supplemental oxygen, fluid, caloric replacement and morphine avoidance
are applied [84].

Table 1 is a summary of the complications of neuraxial anaesthesia found in Finland. The
authors reported 1:17 741 spinal block cases and 1:24 285 cases of epidural blocks. Complica‐
tions were more severe in the application of spinal anaesthesia.

Claim motive Spinal Epidural Total

Cardiac arrest 2 [2] 0 2

Neurological 31 [19] 7 [4] 38

Infectious 4 [4] 6 [2] 10

Local anaesthetics acute toxicity 0 2 [2] 2

Opioid overdose 0 1 [1] 1

PDPH 9 8 17

Others 13 3 16

Patients who died or contracted permanent neuronal damage are shown in parentheses

Table 1. Severe complications associated with epidural and spinal anaesthesia [85].

13. Conclusions

Various complications may occur during spinal anaesthesia and are widely related to the
procedure itself or drugs used during the procedure. These complications occur with differing
incidence and in the case of at least some, appear to be inevitable and to be expected due to
the invasive nature of the blockade.

Many of these complications can be reduced with meticulous attention to the details during
the performance of the spinal block. The procedure may be rendered more patient-oriented
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and convenient by selecting the appropriate technique, drugs and their doses. It is of prime
importance that the incidence of hypotension should be decreased, as this can induce serious
adverse outcomes. Ultrasound guides may be helpful for decreasing complications in difficult
cases. In order to decrease serious complications, patient selection and adherence to the
guidelines appears to be fundamental. (such as patients with previous lumbar surgery as
mentioned)
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1. Introduction

Intravertebral haematomas may occur in the epidural or subdural space. Generally speaking
all intravertebral haematomas are also referred as "spinal haematomas". It is an infrequent‐
ly described complication of neuroaxial anaesthesia techniques. It has been described in the
literature in patients with a deranged coagulation profile in the form of systemic diseases
(e.g.  chronic renal failure, liver failure) or anticoagulant therapy. In this chapter we will
discuss  spinal  haematomas  as  a  devastating  complication  of  the  neuroaxial  anaesthesia
techniques.

2. Etiopathogenesis of spinal haematoma

Spinal haematoma is the accumulation of blood in the potential space between the dura and
bone. It can be a complication of neuroaxial anaesthesia techniques, especially in those patients
with a deranged coagulation profile due to systemic diseases (e.g. hepatic diseases, renal
failure) or anticoagulant therapy. It is more common in the patients treated with anticoagu‐
lants, thrombocytopenia, or in patients with alcoholic liver disease.

Advanced liver disease, with associated portal hypertension and hypersplenism, thrombocy‐
topenia, platelet dysfunction, reduced production of clotting factors, increased clotting factor
consumption, and increased fibrinolysis may also increase the risk of bleeding. Before
neuroaxial anaesthesia is planned, it is very important to detect liver diseases. The laboratory
tests needed are; haemoglobin, PT, aPTT, INR, platelet count, platelet function analysis, and
fibrinogen level. Dunn et al. reported that in a case with renal disease also causes haemostatic
defects due to defects in platelets, subendothelial metabolism, and platelet vessel interactions.
The metabolism of antiplatelet drugs and low-molecular-weight heparins is also reduced

© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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during kidney failure. Coagulation profile tests; bleeding time, PT, PTT, must be performed
in all patients with renal failure. Grejda and colleagues reported a case with clotting abnor‐
malities, apparently due to chronic renal failure, who developed paraplegia after spinal
anaesthesia secondary to spinal hematoma formation [1, 2].

Malnutrition, fat malabsorption, antibiotic usage, and liver disease may be cause for vitamin
k  deficiency.  Vitamin  k  deficit  leads  to  a  reduction  of  microsomal  carboxylase,  a  liver
enzyme dependent on vitamin k activity, which induce lack of converting factors II, VII,
IX, and X into their functionally active forms and consequently, a bleeding diathesis. The
clinical findings in these patients are melena, hematuria, ecchymoses and haematomas. In
the patient at-risk of bleeding it is recommended to give vitamin k supplements hours prior
to a procedure [3].

Other considered factors favouring the formation of a spinal haematoma include: trauma,
thrombolysis, lumbar puncture, disc herniation and the vertebral procedures, epidural or
spinal anaesthesia, coagulopathy or bleeding diathesis, hepatic disease with portal hyperten‐
sion, and vascular malformations. Less common causes include systemic lupus erythematosus,
ankylosing spondylitis, rheumatoid arthritis, Paget's disease in vertebral bones, Valsalva
manoeuvre and hypertension. In 40 to 50% of spinal haematomas there was not an apparent
underlying cause [4].

The haemorrhage into the spinal canal frequently occurs in the epidural space due to epidural
venous plexus rupture (Baston venous plexus), however arterial haemorrhage may also occur
[5, 6]. Nevertheless, the main source of bleeding (arterial or venous) is controversial. Spinal
haematoma can be seen quickly with arterial bleeding and can lead to neural trauma and
ischemia. However, when aetiology is the needle or the epidural catheter, the spinal haema‐
toma may become symptomatic after a few days, so this situation suggests that the cause is
not arterial bleeding. Therefore, spinal haematomas are mostly venous because there are no
valves in the epidural venous plexus and the pressure in the epidural space is low. Venous
plexus blood flow can be reversed with physical activity and the sudden increases in intra-
abdominal and intrathoracic pressure (Valsalva manoeuvre). Epidural venous pressure
elevation and hemodynamic changes in pregnancy can also cause rupture on the venous vessel
walls. Venous bleeding accumulates slowly, but it can theoretically tamponade the epidural
space before exceeding the spinal cord perfusion pressure. Thus, the whole clinical situation
may not be clearly understood. The amount of blood causing cord ischemia is variable, and it
depends on the speed of blood accumulation. Interestingly, most of the blood volume of the
haematomas associated with low-molecular-weight heparin (LMWH) is less than the injected
blood volume for epidural patch [7].

The region of spinal haematoma is often at cervical and thoracic vertebrae level, spreading
throughout the thoracolumbar spine. Most of the spinal haematomas are seen at the dorsal
dural sac, because it adheres to the posterior longitudinal ligament at the front of the spinal
canal. Posterior or posterolateral thoracic or lumbar regions are often involved. Usually the
haematoma is limited to a few vertebral level [4].
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3. Frequency

In  the  current  literature,  the  incidence of  spinal  haematoma is  about  1/150,000 epidural
anaesthesia and 1/220,000 for spinal anaesthesia [7]. From 1906 to 1994, there were 61 spinal
haematoma cases reported associated with epidural or spinal anaesthesia [5].  87% of the
patients had haemostatic abnormalities, traumatic or difficult needle insertion attempt, and
in 33% of these cases had more than one risk factor. What is relevant is that only 38% of
patients had partial or complete neurological recovery. A retrospective study from China
reviewed medical records from 1954 to 2008 and found an incidence of 2.14/100.000 (95%
confidence interval: 0.44-6.25/100.000) of spinal haematomas after neuraxial blockade. The
presence of bacterial infection and the need of emergency surgery were found to increase
the risk of epidural haematoma. In general, the risk of major bleeding were multifactorial
and increased with age (and associated with abnormalities of the spinal cord or vertebral
column),  the  presence  of  coagulopathy,  anticoagulation  (especially  standard  heparin  or
LMWH),  traumatic  needle  or  catheter  insertion.  There  is  a  correlation  between  early
decompression  surgeries  with  a  better  neurological  recovery.  [8]  If  laminectomy is  per‐
formed within 8 hours after the onset of neurological dysfunctions, spinal cord ischemia
tends to be reversible [9]. Spinal haematomas are responsible for about half of all spinal
cord injuries [10].

The true incidence of neurological dysfunction due to hemorrhagic complications associat‐
ed  with  neuroaxial  block  is  not  known.  Importantly,  postoperative  numbness  or  weak‐
ness are typically thought to be secondary to the injected local anaesthetic,  therefore the
diagnosis of cord ischemia may be delayed. On the other hand, patient proper care rarely
have the standard level of treatment (1/13 cases), and health care costs are very high. It is
impossible to identify the exact risk factors of spinal haematomas from case series. However,
the incidence of large surveillance studies (including spinal haematoma) investigated the
frequency  of  high-and  low-risk  groups  are  identified.  An  epidemiological  study  from
Sweden  for  a  10  years  period  with  1,260,000  spinal  and  450,000  epidural  blocks  was
investigated for serious neurological complications [9].  There were 33 spinal haematoma
cases, and from those 24 cases were women and 25 cases were associated with epidural
technique. The risk is lower in young women (for epidural analgesia, 1/200,000) than older
women (for knee arthroplasty, 1/3,600).  Similarly, in women, the risk of spinal haemato‐
ma with a hip fracture surgery under spinal anaesthesia (1/22,000) is higher than all spinal
anaesthesia (1/480,000) [7, 9].

4. History and physical examination

Needle placement into the spinal or epidural space may damage an epidural vein or artery
and causes spinal haematoma formation. Irritation of nerve roots in the epidural space results
in acute back pain, and may also cause spinal compression. Impairing vibration, two point
discrimination, and position sense are the first clinical findings because the posterior spinal
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columns are the first structure to be affected. If the cortical spinal motor tracts are compromised
resulting from expanded haematoma, the patient becomes paraplegic. The last clinical findings
are pain, temperature changes, and light touch alterations because the anterior lateral spinal
thalamic tract is the last structure to be affected [11].

The patient is usually very disturbed, and has often severe, localized and constant low back
pain.  In addition,  a  radicular  component  mimicking disc  herniation can be seen.  Weak‐
ness, drowsiness, urinary or faecal incontinence may be accompanied. In most cases, pain
starts spontaneously, but sometimes pain can be associated with minor symptoms such as
defecation,  lifting,  coughing  and  sneezing.  Spinal  cord  and  nerve  root  dysfunction,
depending on the level of the lesion develops quickly and rapidly progression to parapare‐
sis or paraplegia.  Low back pain increases with increasing intraspinal pressure manoeu‐
vres that stretching along the spine such as cough, sneeze and percussion. Depending on
the size and location of the spinal haematoma the physical findings includes unilateral or
bilateral  weakness,  sensory  loss  with  unilateral  or  bilateral  radicular  paresthesia,  deep
tendon reflexes in the form of various modifications and changes in the bladder and anal
sphincter tone.

Lumbar epidural haematoma may mimic an acute disc herniation. Epidural haematoma due
to neuroaxial anaesthesia or lumbar puncture may represent new or progressive postoperative
neurological symptoms. A time delay in return of loss of sensory or motor (with or without
back pain) function after spinal or epidural block, are pathognomonic signals of spinal
haematoma, and until proven otherwise, treatment should be considered [4].

5. Diagnosis

Spinal epidural haematoma is usually diagnosed based on the acute neurological deficits, a
rapid loss of motor and sensorial function, paraplegia, quadriplegia, or autonomic dysfunc‐
tion. Quite often patients have acute radiating pain, sensory nerve root or spinal cord com‐
pression and focal neurologic deficit. Postoperative epidural haematoma is usually seen in the
first 24-48 hours after the neuraxial block. Back pain and lower limb weakness as well as
sensory deficit should alert the clinician to the presence of a central compressing lesion. Early
clinical signs of pain or focal neurologic deficit are found in the postoperative period. Any new
or progressive neurological symptoms or bowel and bladder incontinence require rapid
clinical evaluation and diagnostic studies. If a new or progressive neurologic deficit is observed
during epidural analgesia infusion, this requires an immediate discontinuation. The epidural
catheter is left in place, and no more local anaesthetics are injected because of an early warning
signs may be masked by their injection. If an epidural infusion causes the neurological findings,
the return of sensory and motor function should be noted when the local anaesthetic effect
wear off. On the other hand, speedy radiographic imaging studies and a neurosurgical
consultation should be carried out. If there is an acute neurological deficit with low back pain,
nerve root and spinal cord compression. An urgent assessment should be made to distinguish
situations that mimic spinal haematoma such as epidural abscess, spinal cord disease,
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neoplasia, and acute herniated disc. Also, new or progressive neurological manifestations
includes muscular or ligamentous injury related to needle placement, postoperative surgical
neuropraxia, prolonged or exaggerated neuroaxial block, anterior spinal artery syndrome, and
pre-existing undiagnosed neurological disorder need to be discarded.

Complete blood counts including platelets should be done, and the presence of infection
should be investigated. Prothrombin time, aPTT, and INR are very useful to study bleeding
diathesis

Urgent radiographic diagnostic studies are essential to avoid delay in surgical treatment of
spinal haematomas. Magnetic resonance imaging (MRI) is the preferred method due to the
rapid and non-invasive technique. MRI can detect presence of the spinal haematoma and
location of associated vascular malformation; define the degree of compression of the cord.
Also, the age of the haematoma can be diagnosed by MRI. Chronological MRI characteristics
of spinal haematoma are similar to intracranial haemorrhage. In hyper acute period (first 6
hours), presence of spinal haematoma is seen isointense in T1-weighted images and mildly
hyperintense and heterogeneity in T2-weighted images. In acute period (7-72 hours) hemato‐
ma is still isointense on T1-weighted images and begin to hypointense on T2-weighted images.
This depends on intracellular deoxyhemoglobine and T2 becomes shorter. With the increase
in the concentration of metahemoglobin, haematoma T1 and T2 hyperintense also starts to
become homogeneous [4]. (Figure 1).

Figure 1. Sagital T1 MRI showing an epidural haematoma (h) due to an epidural block in an anticoagulated patient.
Courtesy of www.anestesia-dolor.org

Spinal or Epidural Haematoma
http://dx.doi.org/10.5772/58702

165



columns are the first structure to be affected. If the cortical spinal motor tracts are compromised
resulting from expanded haematoma, the patient becomes paraplegic. The last clinical findings
are pain, temperature changes, and light touch alterations because the anterior lateral spinal
thalamic tract is the last structure to be affected [11].

The patient is usually very disturbed, and has often severe, localized and constant low back
pain.  In addition,  a  radicular  component  mimicking disc  herniation can be seen.  Weak‐
ness, drowsiness, urinary or faecal incontinence may be accompanied. In most cases, pain
starts spontaneously, but sometimes pain can be associated with minor symptoms such as
defecation,  lifting,  coughing  and  sneezing.  Spinal  cord  and  nerve  root  dysfunction,
depending on the level of the lesion develops quickly and rapidly progression to parapare‐
sis or paraplegia.  Low back pain increases with increasing intraspinal pressure manoeu‐
vres that stretching along the spine such as cough, sneeze and percussion. Depending on
the size and location of the spinal haematoma the physical findings includes unilateral or
bilateral  weakness,  sensory  loss  with  unilateral  or  bilateral  radicular  paresthesia,  deep
tendon reflexes in the form of various modifications and changes in the bladder and anal
sphincter tone.

Lumbar epidural haematoma may mimic an acute disc herniation. Epidural haematoma due
to neuroaxial anaesthesia or lumbar puncture may represent new or progressive postoperative
neurological symptoms. A time delay in return of loss of sensory or motor (with or without
back pain) function after spinal or epidural block, are pathognomonic signals of spinal
haematoma, and until proven otherwise, treatment should be considered [4].

5. Diagnosis

Spinal epidural haematoma is usually diagnosed based on the acute neurological deficits, a
rapid loss of motor and sensorial function, paraplegia, quadriplegia, or autonomic dysfunc‐
tion. Quite often patients have acute radiating pain, sensory nerve root or spinal cord com‐
pression and focal neurologic deficit. Postoperative epidural haematoma is usually seen in the
first 24-48 hours after the neuraxial block. Back pain and lower limb weakness as well as
sensory deficit should alert the clinician to the presence of a central compressing lesion. Early
clinical signs of pain or focal neurologic deficit are found in the postoperative period. Any new
or progressive neurological symptoms or bowel and bladder incontinence require rapid
clinical evaluation and diagnostic studies. If a new or progressive neurologic deficit is observed
during epidural analgesia infusion, this requires an immediate discontinuation. The epidural
catheter is left in place, and no more local anaesthetics are injected because of an early warning
signs may be masked by their injection. If an epidural infusion causes the neurological findings,
the return of sensory and motor function should be noted when the local anaesthetic effect
wear off. On the other hand, speedy radiographic imaging studies and a neurosurgical
consultation should be carried out. If there is an acute neurological deficit with low back pain,
nerve root and spinal cord compression. An urgent assessment should be made to distinguish
situations that mimic spinal haematoma such as epidural abscess, spinal cord disease,

Topics in Spinal Anaesthesia164

neoplasia, and acute herniated disc. Also, new or progressive neurological manifestations
includes muscular or ligamentous injury related to needle placement, postoperative surgical
neuropraxia, prolonged or exaggerated neuroaxial block, anterior spinal artery syndrome, and
pre-existing undiagnosed neurological disorder need to be discarded.

Complete blood counts including platelets should be done, and the presence of infection
should be investigated. Prothrombin time, aPTT, and INR are very useful to study bleeding
diathesis

Urgent radiographic diagnostic studies are essential to avoid delay in surgical treatment of
spinal haematomas. Magnetic resonance imaging (MRI) is the preferred method due to the
rapid and non-invasive technique. MRI can detect presence of the spinal haematoma and
location of associated vascular malformation; define the degree of compression of the cord.
Also, the age of the haematoma can be diagnosed by MRI. Chronological MRI characteristics
of spinal haematoma are similar to intracranial haemorrhage. In hyper acute period (first 6
hours), presence of spinal haematoma is seen isointense in T1-weighted images and mildly
hyperintense and heterogeneity in T2-weighted images. In acute period (7-72 hours) hemato‐
ma is still isointense on T1-weighted images and begin to hypointense on T2-weighted images.
This depends on intracellular deoxyhemoglobine and T2 becomes shorter. With the increase
in the concentration of metahemoglobin, haematoma T1 and T2 hyperintense also starts to
become homogeneous [4]. (Figure 1).

Figure 1. Sagital T1 MRI showing an epidural haematoma (h) due to an epidural block in an anticoagulated patient.
Courtesy of www.anestesia-dolor.org

Spinal or Epidural Haematoma
http://dx.doi.org/10.5772/58702

165



Epidural haematoma may be diagnosed by conventional CT, but if the thecal sac or spinal cord
haematoma is isodense and if the upper thoracic region image quality is affected by artefacts
the result may falsely negative. Also, CT may not be diagnostic for thoracic spinal level because
the resolution is high contrast between the vertebral bone area and lung parenchyma.

Conventional angiography may be required to demonstrate a vascular malformation. Mye‐
lography and CT were used in the diagnosis of epidural hematomas, but they are not specific,
invasive, and can worsen the clinical condition [4].

6. Precautions, treatment and prognosis

Neuraxial anaesthesia should be avoided in patients who are receiving anticoagulants drugs,
patients  suspected  of  bleeding  diathesis,  thrombolysis  or  after  recent  lumbar  puncture.
Anaesthesiologists should be constantly up to date regarding information on anticoagula‐
tion protocols, new anticoagulant medications and the guidelines for regional anaesthesia
in this clinical scenario. Antithrombotic therapy in patients receiving neuroaxial block and/
or catheter removal needs special timing for the procedure. It should be based on patient
regional anaesthesia benefit ratio versus risk of spinal haematoma.

Although  some  case  reports  mention  that  patients  with  epidural  haematoma  had  been
treated successfully with conservative methods, the treatment protocol should be decom‐
pressive surgery [12, 13]. Successful non operative treatment has been reported mainly at
the level of the cauda equina and in patients with mild neurological symptoms. Most reports
of spinal haematomas with neurologic symptoms improved when they were treated with
immediate laminectomy;  however,  the decision of  surgery belongs to the neurosurgeon.
The  most  important  factors  for  neurological  recovery  after  a  spinal  haematoma  are
preoperative neurological deficit and operative interval. Neurological outcome is related to
the  time  between  clinical  symptoms  and  surgical  decompression.  Early  recognition  is
needed. The clinical symptoms are back pain (radicular), bladder dysfunction and senso‐
ry  and,  more  often,  motor  deficits.  These  symptoms  should  initiate  immediate  further
diagnostic efforts. Magnetic resonance imaging is the most appropriate tool. If transport of
the patient to a hospital with MRI would prolong the start of surgical therapy considera‐
bly,  other  diagnostic  means  such  as  myelography  or  computed  tomography  should  be
considered. Immediate surgical decompression in the case of epidural haematoma is the
best way to achieve neurological restitution. Most of the patients with good recovery had
less than eight hours delay from the onset of symptoms to surgery [14].

If surgery is delayed, prognosis is poor [15]. For a full neurologic recovery the time interval
between the onset of paralysis and surgery should not be more than 8 hours. Neurologi‐
cal  improvement  without  surgery  is  rare,  and  consultation  for  decompression  surgery
should not be delayed. Overall mortality is 8%. Functional recovery is associated with the
duration of symptoms, and the healing is seldom after 72 hours after symptoms have begun
[16]. The prognosis for neurological recovery and neurological dysfunction primary depends
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on the duration of the patient's preoperative neurological status.  Improvement is due to
early diagnosis, hence neurological and neurosurgical consultation should be done as soon
as possible. Neurological complications of spinal haematoma include paraplegia, spastici‐
ty, neuropathic pain, and urinary and anal sphincter dysfunction.

The clinician performing neuroaxial anaesthesia must be aware of the potential bleeding
complication  of  these  procedures.  Most  cases  of  spinal  haematomas  associated  with
neuroaxial anaesthesia (epidural/spinal) are related to thromboprophylaxis.The American
Society of  Regional  Anesthesia has published guidelines addressing the risk of  bleeding
and haematomas following neuroaxial techniques in anticoagulated patients, cases receiv‐
ing antithrombotic or thrombolytic therapy. That will  be discussed in detail  later in this
chapter [10].

Ho et al. [17] summarized in ten steps the safety precautions to minimize the risk of spinal
haematoma following epidural catheterization during cardiac surgery:

1. Normalization of coagulation before needle or catheter insertion

2. Avoidance of repeated attempts

3. Postponement of surgery for 24 hours after bloody tap

4. Needle or catheter insertion 1 hour before systemic heparinization

5. Optimization of haemostasis after cardiopulmonary bypass

6. Removal of epidural catheter only after normal haemostasis has been restored postoper‐
atively

7. Close neurologic surveillance

8. Using midline approach technique

9. Administration of saline solution through the needle to distend the epidural space before
insertion of the catheter

10. Neuroaxial instrumentation postoperatively only after normalization of coagulation.

Raj and colleagues [18] have developed a bleeding risk score, which estimated based on the
potential hazards of bleeding, associated with specific anticoagulants and bleeding disorders.
In this scoring system each factor count as one point; the target structure is near a major
vascular or neurological structure or is in a confined space. The other factors are the calibre of
the needle, the use of fluoroscopy and contrast media, and the use of aspiration are factors that
influence the risk and recognition of bleeding, and a “single shot” procedure. The clinician
should be made a decision to cancel or carry out the procedure according to the bleeding risk
score (Table 1) and overall risk stratification (Table 2)
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haematoma following epidural catheterization during cardiac surgery:

1. Normalization of coagulation before needle or catheter insertion

2. Avoidance of repeated attempts

3. Postponement of surgery for 24 hours after bloody tap

4. Needle or catheter insertion 1 hour before systemic heparinization

5. Optimization of haemostasis after cardiopulmonary bypass

6. Removal of epidural catheter only after normal haemostasis has been restored postoper‐
atively

7. Close neurologic surveillance

8. Using midline approach technique

9. Administration of saline solution through the needle to distend the epidural space before
insertion of the catheter

10. Neuroaxial instrumentation postoperatively only after normalization of coagulation.

Raj and colleagues [18] have developed a bleeding risk score, which estimated based on the
potential hazards of bleeding, associated with specific anticoagulants and bleeding disorders.
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vascular or neurological structure or is in a confined space. The other factors are the calibre of
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Risk factors associated with neuroaxial technique Score

• Proximity to significant vascular structures 1

• Proximity to significant neurological structures 1

• Target in a confined space 1

• Use of a sharp, rather than blunt needle to reach target 1

• Multiple passages 1

• Contrast not used, if applicable 1

• Fluoroscopy not used, if applicable 1

• Aspiration not performed or presence of blood at needle hub 1

• Needle size larger than 20 gauge 1

• Continuous, not single shot procedure 1

Table 1. Bleeding risk score during neuroaxial blocks (adapted from reference 18)

Overall score 0-4 5-6 7-10

Overall risk stratification Low Medium High

Table 2. Overall risk stratification according to the bleeding risk score

Antithrombotic therapy

In 2008 the American College of Chest Physicians (ACCP), 8th Antithrombotic and Thrombo‐
lytic Therapy Conference issued a statement [19]. Recommendations from this report are
summarized in Table 3.

These recommendations have brought new challenges for the management of patients with
neuraxial block. In general, the long-range high degree thromboprophylaxis is recommended.
Acceptable alternative guide to ACCP is Surgical Care Improvement Project (SCIP; www.qual‐
itynet.org). In addition, American Academy of Orthopaedic Surgeons (AAOS) has published
a guide in 2007 for surgical bleeding associated with thromboprophylaxis for deep vein
thrombosis in patients undergoing hip surgery to prevent pulmonary embolism
(www.aaos.org / guidelines.pdf). In general, the AAOS guideline is more conservative and
recommends routine mechanical prophylaxis and aggressive chemoprophylaxis in high-risk
patients [10].

Understanding of mechanism of blood coagulation, pharmacological properties and clinical
studies of anticoagulation and antiplatelet medication reduced the risk of spinal haematoma
in neuroaxial blocks.
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Risk level
DVT risk without

thromboprophylaxis (%)*

Recommended thromboprophylaxis

options

Low risk

∙ Minor surgery in mobile patients

∙ Medical patients who are fully mobile

<10
Not specific thromboprophylaxis

Early and aggressive ambulation

Middle risk

∙ Most of gynecological or urological

patients

∙ Internal medicine patients: in bed,

middle VTE risk+high bleeding risk

10–40

DMWH (on recommended doses), LDUH or

fondaparinux

Mechanical thromboprophylaxis

High risk

∙ Hip and knee arthroplasty, hip surgery

∙ Major trauma, spinal cord injury, high

VTE risk + high bleeding risk

40–80

DMWH (on recommended doses),

fondaparinux, oral vitamin K antagonist (INR

2–3)

Mechanical thromboprophylaxis

* Asymptomatic DVT rates with objective diagnostic screening in patients not receiving thromboprophylaxis.

† mechanical thromboprophylaxis: intermittent pneumatics pressure, venous foot pump, and/or Anti-embolism Stock‐
ings, Low molecular weight heparin (LMWH), LDUH: low dose unfractioned heparin,INR, international normalized ra‐
tio, VTE: venous thromboemboli

Table 3. The risk of thromboembolism and recommended thromboprophylaxis for patients in hospital stay [19].

7. Thrombolytic and fibrinolytic therapy

Thrombolytic agents actively dissolve the fibrin clots. Exogenous plasminogen activators
(streptokinase and urokinase) are drugs used to dissolve thrombus, and also affect circulating
plasminogen that is decreasing the plasminogen and fibrin levels. Recombinant tissue-type
plasminogen activator (rt-PA) is more fibrin selective and has less impact on the level of
circulating plasminogen. Clot lysis leads to increase the fibrin degradation products, they also
inhibit platelet aggregation and has anticoagulant effect. About one day after the administra‐
tion of thrombolytic agents the haemostasis is altered. Fibrinogen is the latest improved factor.
In addition to fibrinolytic agent, these patients often receive intravenous heparin and clopi‐
dogrel or aspirin in order to keep 1.5-2 times higher than the normal aPTT level. There are
spinal haematomas case reports in patients taking thrombolytic agents while had an epidural
catheter placed [7, 9].

The contraindication guidelines for thrombolytic agents suggests that if these drugs are taken,
a needle insertion attempt should not be done during the following 10 days. Although there
is no precise data for a neuroaxial block attempt after stopping the drugs [7, 9].
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8. Management of regional anaesthesia in patients receiving thrombolytic
and fibrinolytic therapy [20].

• Patients receiving fibrinolytic or thrombolytic drugs should be considered if spinal or
epidural anaesthesia are thought to be applied.

• Patients receiving fibrinolytic or thrombolytic therapy, there is no suggestion a definite time
for the withdrawal of the epidural catheter. Fibrinogen level measurement may be useful
to assess residual thrombolytic effect.

8.1. Oral anticoagulants

Patients have different sensitivities to anticoagulants. In very sensitive patients the effect of
anticoagulants drugs is more potent and longer after their discontinuation. Prothrombin time
(PT) is up to 20% higher with a single dose of 3 to 5 mg of warfarin. The patients with resistance
to these drugs have shorter duration of anticoagulation. Factors that increase the sensitivity to
heparin and warfarin include general medical condition, diet, > 65 years old, female gender,
excessive surgical blood loss, liver, or heart, or kidney diseases [7].

Anaesthetic management of patients receiving preoperative warfarin depends on the dosage
and the treatment time. In patients with chronic oral anticoagulation, PT and INR levels take
3-5 days to return to normal values after anticoagulants discontinuation. Theoretically, PT and
INR will be affected more factor VII activity (factor VII half-life of 6-8 hours), the time to return
to normal PT and INR, factor II and X levels may not be sufficient for haemostasis. If INR is
within the normal range, vitamin k dependent factors are typically normal. Thus, the coagu‐
lation should returns to normal range before the neuraxial block [10]. Although after warfarin
discontinuation PT/INR are back to normal, the residual (subclinical) warfarin anticoagulant
effect may be seen postoperatively [9]. Depending on the time of warfarin initiation factor half-
life: Factor VII: 6-8 hours, Factor IX: 24 hours, Factor X: 25-60 hours, Factor II: 50-80 hours.

The correlation between vitamin k dependent coagulation factors and INR should be known
for the proper management of regional anaesthesia. In patients with congenital factors II, IX
and X deficits, activity levels of each factor for hemostasis should be normal or at least reach
to 40%. If any clotting factor level are 20-40% below of their normal values, bleeding may occur.
Factor VII and X activities are sensitive to PT and INR, but factor II activity is less sensitive to
them. Because factor VII have a relatively short half-life, PT and INR may increased in 24-36
hours.

When factor VII activity is approximately 55% the INR can be longer (INR > 1.2). If INR is 1.5
the activity of factor VII is about 40%. If INR is <1.5 the haemostasis should be normal.
However, prolonged PT/INR with factor VII activity may range from normal to very low levels.
Neuraxial catheterization is safe with normal PT/INR, but with prolonged PT/INR is difficult
to interpret for VII factor activity, and as much as 10% of the epidural catheters are withdrawn
early and unnecessary [6]. Adequate anaesthesia management of patients receiving warfarin
has to be based on the proper knowledge of the anticoagulant pharmacology, vitamin-K-
dependent factors levels, and in the experience of reported cases of spinal haematoma [10].
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Proper time for withdrawal of the neuroaxial catheter is controversial. Nearly 6,000 patients
who received preoperative oral anticoagulants with spinal or epidural catheters is examined
with four studies [7, 21].This study showed that responses of patients with warfarin have been
highly variable. Up to 48 hours after initiation of treatment PT may not be prolonged, but even
after a single dose, PT prolongation occurred in significant number of patients. Larger doses
(> 5 mg of warfarin) increases these findings. To avoid excessive PT prolongation, you should
assess daily levels [10].

8.2. Regional anaesthesia management for the patients treated with anticoagulants [20].

• Oral anticoagulation is stopped before neuraxial block, and normalization of PT is verified.

• PT and INR are monitored daily.

• When the vitamin-K dependent factors are adequate (INR <1.5), neuraxial catheters can be
pulled out.

• There is no definite recommendation when INR values are >1.5-<3.0 regarding the with‐
drawal of neuraxial catheters. Neurological condition should be carefully evaluated until
INR stabilized, and the neuraxial catheters should be cautiously withdrawn.

• If INR > 3, warfarin should be avoided. There is no definite recommendation regarding the
withdrawal of neuraxial catheters (eg. partial or complete recovery of the anticoagulant
effect of warfarin, or it can be interrupt until recovery of spontaneous haemostasis).

8.3. Intravenous and subcutaneous standard (unfractionated) heparin

In high risk patients (acute thromboembolism), full systemic heparinization is given until a
normal aPTT level is doubled. However, in vascular interventions, intravenous mid-level
dosage of heparin (~5000 units) is given intraoperatively. Systemic heparinization in patients
with spinal or epidural catheters were found to be safe in more than 4000 patients. Spinal
haematomas were detected in 2% of these patients after diagnostic lumbar procedures and
heparinization. In patients with anticoagulation within concomitant use of aspirin or antico‐
agulant therapy, after traumatic needle attempt or after a week of this attempt are defined as
risk factors for spinal haematoma [7].

In general, a large number studies and clinical experience of regional anaesthesia techniques
do not predict the risk of spinal haematoma during the use of systemic heparinization.
However, they have stated that such events are not rare as previously thought, and if there is
a suspicion for spinal haematoma diagnostic processes should be done as early as possible [10].

In patients receiving high-dose intraoperative systemic heparin, particularly in cardiac
surgery. Epidural and spinal anaesthesia and analgesia has gained popularity and has not been
reported cases of spinal haematomas. The possibility of epidural haematoma in these patients
is for epidural anaesthesia 1/1528, and for spinal anaesthesia 1/3610 [9].

In a study conducted on 9000 patients that received subcutaneous heparin and applied spinal
or epidural anaesthesia no spinal haematoma was reported. In patients receiving low-dose
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heparin, only four spinal haematoma has been reported after neuraxial block, epidural
anaesthesia technique was applied in three of them [9]. Neuraxial block security for these
patients is not known [19].

8.4. Regional anaesthesia management in patients receiving unfractionated heparin [20].

Regional anaesthesia and intravenous heparin for vascular surgery can be considered under
the following conditions:

• After needle or catheter attempt intravenous heparin is delayed by 1 hour.

• Prolonged anticoagulation increases the risk of spinal haematoma, especially in combina‐
tion with other anticoagulants or thrombolytic agents. If systematic anticoagulation is given
when the patient has an epidural catheter, its withdrawn has to be delayed 2-4 hours after
discontinuation of heparin, and after the coagulation status is evaluated.

• The catheter is withdrawn one hour before administration of heparin.

• If total daily dose < 10 000 units, there is no contraindication to neuraxial techniques if
subcutaneous standard heparin is given. The risk of spinal haematoma with higher doses
are uncertain; neurological follow-up is done on an individual basis and is closely evaluated.

• In patients receiving subcutaneous heparin > 5 days serial platelet counts should be
performed.

8.5. Low-Molecular-Weight Heparin (LMWH)

Enoxaparin was the first approved LMWH by the FDA in 1993. Between 1993-1997, 30 cases
of spinal haematoma were seen in patients receiving LMWH and undergoing spinal or
epidural anaesthesia. In 1997, the FDA has started to investigate these cases. In addition, all
LMWH and heparinoid manufacturers were warned [9].

Anesthesia and Anticoagulation Neuroaxial consensus conference (1998) described 45 spinal
haematoma cases associated with LMWH, in 40 of these patients neuraxial anaesthesia was
implicated. Severe radicular back pain was not manifest symptoms, but most patients had
incipient numbness, weakness, and bowel or bladder dysfunction. Median time between the
treatment start with LMWH and neurological dysfunction development was 3 days, and the
mean time between onset of symptoms and laminectomy was more than 24 hours. Bad or good
neurological recovery were seen in less than 1/3 patients.

The risk of spinal haematoma due to LMWH, neuraxial techniques, and the prevalence of
reported cases, with continuous epidural anaesthesia was reported in approximately 1/3000,
with spinal anaesthesia 1:40,000. However, the cases are probably more. About 60 cases have
been reported between the years of 1993-1998 by the FDA. The Second Consensus Conference
1998-2002, reported 13 spinal haematoma cases related to neuraxial block. In addition to
LMWH, 5 patients received ketorolac, one patient was taking ibuprofen, and one patient
received intravenous unfractionated heparin. Spinal anaesthesia in 3 cases, and 10 patients
underwent epidural anaesthesia while receiving LMWH. Thus, the reported characteristics of
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patients are supported previously recommendations that epidural catheter withdrawal before
starting LMWH thromboprophylaxis and other antiplatelet or anticoagulant medication [9].
(Table 4).

Patients factors Female gender

Elderly

Ankylosing spondylitis or spinal stenosis

Renal failure

Anaesthesia factors Traumatic needle/catheter placement

More risk in epidural compared with spinal technique

Epidural catheter placement during LMWH therapy

LMWH dosage factors Early preoperative (or intraoperative) LMWH therapy

Early postoperative LMWH therapy

Concomitant antiplatelet or anticoagulant medications

Twice daily LMWH administration

Table 4. Patient, anaesthetic, and LMWH dosing variables associated with spinal haematoma [7]

The effect of renal function cannot be completely evaluated. The anticoagulant effect increased
in serious renal failure and half-life is prolonged from 4-6 hours to 16 hours [22].

Efforts to determine the indications for LMWH are continuing. LMWH is not a good choice
for patients receiving chronic warfarin therapy, and is indicated for pregnant women, in
patients with prosthetic heart valve and atrial fibrillation, and in patients with a history and
existing hypercoagulable states. LMWH dose for the treatment of DVT is higher than dosage
of prophylaxis. The needle must be inserted at least 24 hours after last dose [9].

8.5.1. Regional anaesthesia management in patients receiving LMWH [20]

Perioperative management of patients receiving LMWH requires coordination and commu‐
nication. In addition, even if there is a protocol the patient dose may not be closely followed.
LMWH is not recommended with other antiplatelet or oral anticoagulant drugs.

Preoperative LMWH

• Neuraxial techniques should be applied at least 10-12 hours after thromboprophylaxis dose
and 24 hours after high therapeutic dose of the LMWH.

Postoperative LMWH

• Two doses per day, the first dose of LMWH should be given at least 24 hours after the
operation, regardless of the anaesthetic technique, and only if there is adequate hemostasis.

• Remove the catheter before starting LMWH thromboprophylaxis.
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The risk of spinal haematoma due to LMWH, neuraxial techniques, and the prevalence of
reported cases, with continuous epidural anaesthesia was reported in approximately 1/3000,
with spinal anaesthesia 1:40,000. However, the cases are probably more. About 60 cases have
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1998-2002, reported 13 spinal haematoma cases related to neuraxial block. In addition to
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patients are supported previously recommendations that epidural catheter withdrawal before
starting LMWH thromboprophylaxis and other antiplatelet or anticoagulant medication [9].
(Table 4).

Patients factors Female gender

Elderly

Ankylosing spondylitis or spinal stenosis

Renal failure

Anaesthesia factors Traumatic needle/catheter placement

More risk in epidural compared with spinal technique

Epidural catheter placement during LMWH therapy

LMWH dosage factors Early preoperative (or intraoperative) LMWH therapy

Early postoperative LMWH therapy

Concomitant antiplatelet or anticoagulant medications

Twice daily LMWH administration

Table 4. Patient, anaesthetic, and LMWH dosing variables associated with spinal haematoma [7]

The effect of renal function cannot be completely evaluated. The anticoagulant effect increased
in serious renal failure and half-life is prolonged from 4-6 hours to 16 hours [22].

Efforts to determine the indications for LMWH are continuing. LMWH is not a good choice
for patients receiving chronic warfarin therapy, and is indicated for pregnant women, in
patients with prosthetic heart valve and atrial fibrillation, and in patients with a history and
existing hypercoagulable states. LMWH dose for the treatment of DVT is higher than dosage
of prophylaxis. The needle must be inserted at least 24 hours after last dose [9].

8.5.1. Regional anaesthesia management in patients receiving LMWH [20]

Perioperative management of patients receiving LMWH requires coordination and commu‐
nication. In addition, even if there is a protocol the patient dose may not be closely followed.
LMWH is not recommended with other antiplatelet or oral anticoagulant drugs.

Preoperative LMWH

• Neuraxial techniques should be applied at least 10-12 hours after thromboprophylaxis dose
and 24 hours after high therapeutic dose of the LMWH.

Postoperative LMWH

• Two doses per day, the first dose of LMWH should be given at least 24 hours after the
operation, regardless of the anaesthetic technique, and only if there is adequate hemostasis.

• Remove the catheter before starting LMWH thromboprophylaxis.
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• The first dose of LMWH should be given at least 2 hours after withdrawal of catheter, and
after 24 hours insertion of needle or catheter.

• The interval between the insertion of needle or catheter with the first dose of LMWH should
be 6-8 hours. The other dose should not be given within 24 hours after the first dose.

Antiplatelet medications

Antiplatelet drugs includes the nonsteroidal anti-inflammatory drugs (NSAIDs), thienopyri‐
dine, and glycoprotein IIb/IIIa inhibitors, seldom used as agents for primary thromboprophy‐
laxis. It is important to note the pharmacologic differences among the drugs with antiplatelet
effects. Many orthopaedic patients are chronic NSAIDs (aspirin, ibuprofen, ketorolac, and
naproxen) users. Three of the 61 reported patients who developed spinal haematoma after
spinal or epidural anaesthesia were taking antiplatelet therapy. Many studies of these drugs
showed that they are relatively safe for neuraxial block in obstetric, surgical, or pain clinic
patients [10, 23]. Clinician also should be alert in heparinized patients who also take antiplatelet
agents as possible increased risk of spinal haematoma. Ticlopidine and clopidogrel are from
thienopyridine group, and are also platelet aggregation inhibitors. These agents inhibit the
platelet-fibrinogen binding and then impair platelet-platelet interaction [9]. This effect is
irreversible during the platelets life time. Platelet dysfunction lasts 5-7 days for clopidogrel
and 10-14 days after ticlopidine. Clopidogrel'in completely normal clotting dose range need
not secure due to the block. Prasugrel is a new thienopyridine drug and inhibits platelets faster
and sustained. It is used only for percutaneous coronary intervention in acute coronary
syndromes in the United States of America.

Platelet glycoprotein IIb/IIIa receptor antagonists (abciximab, eptifibatide and tirofiban)
impair platelet aggregation, platelet-fibrinogen binding and platelet-platelet interaction. Time
to normal platelet aggregation following discontinuation of therapy ranges from 8 hours
(eptifibatide, tirofiban) to 24 to 48 hours (abciximab). During therapy with GP IIb/IIIa antag‐
onists, labeling precautions recommend that puncture of noncompressible sites and “epidur‐
al” procedures be avoided [9].

8.5.2. Regional anaesthesia management in patients receiving antiplatelet drugs [20].

• If antiplatelet drugs are taken together with other anticoagulants, bleeding risk is high.

• NSAIDs alone does not a significant risk factor for spinal haematoma in epidural or spinal
anaesthesia.

• Platelet function should be return to normal before neuroaxial block in patients receiving
ticlopidine, clopidogrel, and platelet GP IIb/IIIa receptor antagonists. Platelet aggregation
was returning to normal after discontinuation of the drug: 14 days for ticlopidine; 5-7 days
for clopidogrel; 7-10 days for prasugrel. The effects of GP IIb/IIIa inhibitors are terminated
between 8 hours (eptifibatide and tirofiban) with 48 hours (abciximab).
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8.6. Herbal medications

The use of herbal products in surgical patients is frequent, and sometimes the patients also
may disguise their use of them. Polypharmacy and physiological changes lead to morbidity
and mortality in the perioperative period. The bleeding may be seen due to garlic, ginkgo,
ginseng and ginseng-warfarin interaction. These commercial products are not yet sufficiently
under control, therefore, unexpected and adverse reactions may be seen, and in particular, and
the anaesthesiologist should be familiar the effects of these agents [9].

Herbal treatment and regional anaesthesia management [20].

• Herbal remedies does not pose any additional risk for spinal haematoma in epidural or
spinal anaesthesia. There is not a fully accepted test to assess the adequacy of haemostasis
for the herbal products. Inquiry and evaluation should be performed preoperatively. There
is no data evaluating the combination of herbal therapy with other anticoagulants. However,
an increased risk of bleeding with the drugs that effect on hemostasis system.

8.7. Fondaparinux

Fondaparinux is a synthetic pentasaccharide, the FDA approved in 2001, makes antithrombotic
effect by the inhibition of factor Xa. Plasma half-life of 21 hours, 6 hours after the operation is
given once daily. Spinal haematomas have not been reported with its use, but it must be used
very carefully. The actual risk of spinal haematoma to fondaparinux is unknown.

Fondaparinux and regional anaesthesia management [20].

• Neuraxial techniques should be applied carefully until an adequate clinical information is
obtained (single pass through with a needle, the use of atraumatic needle, avoidance from
neuraxial catheter). If the precautions are not possible,another method of prevention should
be considered.

8.8. Dabigatran

Dabigatran etexilate reversibly inhibits clot bound thrombin. It is a prodrug, gastrointestinal
absorption and bioavailability is about 5%. After being absorbed, esterases returned it the
active metabolite, dabigatran. A single dose of dabigatran has a half-life of 8 hours, with
multiple doses is 17 hours. Daily dose of the drug is suitable. It is contraindicated in patients
with renal failure, because 80 % of the drug is excreted unchanged from the kidney. Spinal
haematomas are not reported but currently data are insufficient. It is currently used only in
non-valvular atrial fibrillation [7].

Management of regional anaesthesia in patients receiving dabigatran [20].

• Dabigatran should be discontinued 7 days before the neuraxial block, because of the long
half-life, and irreversible effect. Neuraxial catheters should be withdrawn at least 6 hours
prior to initiation of treatment with dabigatran [22].

Spinal or Epidural Haematoma
http://dx.doi.org/10.5772/58702

175



• The first dose of LMWH should be given at least 2 hours after withdrawal of catheter, and
after 24 hours insertion of needle or catheter.

• The interval between the insertion of needle or catheter with the first dose of LMWH should
be 6-8 hours. The other dose should not be given within 24 hours after the first dose.

Antiplatelet medications

Antiplatelet drugs includes the nonsteroidal anti-inflammatory drugs (NSAIDs), thienopyri‐
dine, and glycoprotein IIb/IIIa inhibitors, seldom used as agents for primary thromboprophy‐
laxis. It is important to note the pharmacologic differences among the drugs with antiplatelet
effects. Many orthopaedic patients are chronic NSAIDs (aspirin, ibuprofen, ketorolac, and
naproxen) users. Three of the 61 reported patients who developed spinal haematoma after
spinal or epidural anaesthesia were taking antiplatelet therapy. Many studies of these drugs
showed that they are relatively safe for neuraxial block in obstetric, surgical, or pain clinic
patients [10, 23]. Clinician also should be alert in heparinized patients who also take antiplatelet
agents as possible increased risk of spinal haematoma. Ticlopidine and clopidogrel are from
thienopyridine group, and are also platelet aggregation inhibitors. These agents inhibit the
platelet-fibrinogen binding and then impair platelet-platelet interaction [9]. This effect is
irreversible during the platelets life time. Platelet dysfunction lasts 5-7 days for clopidogrel
and 10-14 days after ticlopidine. Clopidogrel'in completely normal clotting dose range need
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(eptifibatide, tirofiban) to 24 to 48 hours (abciximab). During therapy with GP IIb/IIIa antag‐
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al” procedures be avoided [9].
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for clopidogrel; 7-10 days for prasugrel. The effects of GP IIb/IIIa inhibitors are terminated
between 8 hours (eptifibatide and tirofiban) with 48 hours (abciximab).
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8.9. Rivaroxaban

Rivaroxaban is a potent, selective and reversible, orally active factor Xa inhibitor. Oral
bioavailability is approximately 80%. Maximum inhibitory effect is seen in 1-4 hours and the
inhibition lasts 12 hours. Antithrombotic effect is measured by PT, aPTT, and Heptest. It is
excreted through kidney and intestine, therefore in patients with renal failure is contraindi‐
cated. The half-life is 9 hours, but in the elderly last up to 13 hours. Clinical studies showed
that rivaroxaban (5-40 mg a day, the first dose 6-8 hours after surgery) a similar effect with
enoxaparin (40 mg given 12 hours before surgery). Although spinal haematoma is not reported,
it must be use cautiously because of the longer half-life [10].

Management of regional anaesthesia in patients receiving rivaroxaban [20].

• According to the European guidelines, neuroaxial block can be applied after 22 to 26 hours
of discontinuation of rivaroxaban. If there is renal failure this interval will be longer.
Neuraxial catheters are contraindicated. Postoperative rivaroxaban treatment should be
started at least 4-6 hours after the spinal block [22].

8.10. Peripheral nerve blocks and plexus blocks

It is known that the most important serious complication of neuraxial blocks is spinal haema‐
toma, but the risk is not identified for plexus and peripheral blocks. Few serious complications
have been reported. In patients received antiplatelet or anticoagulant agents, major bleeding
is reported after lumbar sympathetic block, or psoas compartment block. Neurological damage
has not been reported. The Neuroaxial Anesthesia and Anticoagulation Consensus Statement
are also used for the peripheral and plexus blocks [9, 10]

9. Diagnosis and treatment

In the differential diagnosis of postoperative new or progressive neurologic symptoms,
surgical neuropraxia, prolonged or exaggerated neuraxial block, anterior spinal artery
syndrome, epidural abscess, recurrence and existing undiagnosed neurological condition,
neurological disorders and spinal haematoma should be considered. Immediate post-opera‐
tive onset of symptoms is rare. Spinal haematomas rarely can be seen as "prolonged" in the
form of blocks [5, 6]. The time between the start of thromboprophylaxis with the entry of the
needle is important for neurological dysfunction. Complete paralysis develops within 10-15
hours after the start of neurological deficits. Clinical assessment should be focused on the
recognition of reversible or treatable causes. Thus, if any new or progressive neurological
symptoms are seen during epidural analgesia, infusion must be promptly stopped (catheter
is left) and the local anaesthetic effect and of volume effect is ruled out. If the neurological
deficit is due tothelocal anaesthetic and/or volume effects, the deficit is often return quick‐
ly,and it should be noted. Neurological recovery is due to early diagnosis and intervention,
radiographic imaging, preferably MRI should be done as soon as possible. In terms of the need
for emergency surgery, neurosurgery consultation should be requested immediately. Inter‐
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estingly, all spinal haematomas do not require emergency surgery, spontaneous healing have
also been reported [5, 6]. However, the decision of an emergent surgery or observation belongs
to the neurosurgeon. Neurological outcome for most patients are worse in all series. In
addition, if there is more than 8 hours after onset of the symptoms, a full recovery usually has
not been realized. Generally, bleeding after peripheral techniques is less common than
neuraxial haematoma, and often appears as hypovolemia not neural deficit. The decide for
surgery or observation for neuraxial haematoma or bleeding is based on the presence and
severity of neural deficit.

10. Summary and conclusion

Spinal hematoma is a haemorrhage in the spinal or epidural space that develops with forming
a heterogeneous group of disorders. Haematoma can be acute, chronic, spontaneous, traumatic
or iatrogenic. It is especially related to medication or disease associated with coagulopathy.
MRI is a special importance in diagnosis. Delay of surgery may rapidly worsen the clinical
outcome, so the surgery should be done urgently.

Spinal haematomas are rare and potentially reversible spinal cord compression. Early diag‐
nosis is essential for a full recovery. Spinal haematomas can occur in the absence of identifiable
risk factors. The clinician should be alert for the new neurological signs. Spinal cord and root
compression are potentially reversible. If the treatment is done quickly healing is complete.
Continuous surveillance of risk identification, assessment and training up to date information
for the physician should be done constantly for spinal and epidural blocks. The introduction
of new anticoagulants and antiplatelet agents, and the complex balance between thromboem‐
bolic events and hemorrhagic complications with regional anaesthesia or analgesia require‐
ment requires an evaluation of the indications for patient. Thus, the antithrombotic therapy in
patients receiving spinal or epidural anaesthesia or analgesia, timing of catheter removal
should be evaluated basis on the patient's situations. If there is an unacceptable risk, alternative
anaesthesia or analgesia techniques should be considered. The patient's coagulation status
should be optimized and the level of anticoagulation should be carefully monitored during
epidural catheterization. If there is a significant increase in the risk of spinal haematoma, the
catheter should not be removed. Identification of risk factors and the publication of the
guidelines does not eliminate the complication of spinal haematoma. It is reported that spinal
haematoma may develop in patients treated in accordance with the guidelines [24, 25]. United
States [10] Europe [26] and the Nordic countries [27, 28] have published guidelines. Closely
monitored of the patient to detect early neurological dysfunction is very important to recognize
and attempt to fast decompression. Not only try to prevent of spinal haematoma, but also
should be focused to make the best of the neurological consequences [7, 10].

Summary of the clinical key points

1. The clinician should have a high index of suspicion at all times in any patient who has
undergone spinal anaesthesia and who exhibits any sign or symptom of a neuraxial
haematoma
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8.9. Rivaroxaban

Rivaroxaban is a potent, selective and reversible, orally active factor Xa inhibitor. Oral
bioavailability is approximately 80%. Maximum inhibitory effect is seen in 1-4 hours and the
inhibition lasts 12 hours. Antithrombotic effect is measured by PT, aPTT, and Heptest. It is
excreted through kidney and intestine, therefore in patients with renal failure is contraindi‐
cated. The half-life is 9 hours, but in the elderly last up to 13 hours. Clinical studies showed
that rivaroxaban (5-40 mg a day, the first dose 6-8 hours after surgery) a similar effect with
enoxaparin (40 mg given 12 hours before surgery). Although spinal haematoma is not reported,
it must be use cautiously because of the longer half-life [10].

Management of regional anaesthesia in patients receiving rivaroxaban [20].

• According to the European guidelines, neuroaxial block can be applied after 22 to 26 hours
of discontinuation of rivaroxaban. If there is renal failure this interval will be longer.
Neuraxial catheters are contraindicated. Postoperative rivaroxaban treatment should be
started at least 4-6 hours after the spinal block [22].

8.10. Peripheral nerve blocks and plexus blocks

It is known that the most important serious complication of neuraxial blocks is spinal haema‐
toma, but the risk is not identified for plexus and peripheral blocks. Few serious complications
have been reported. In patients received antiplatelet or anticoagulant agents, major bleeding
is reported after lumbar sympathetic block, or psoas compartment block. Neurological damage
has not been reported. The Neuroaxial Anesthesia and Anticoagulation Consensus Statement
are also used for the peripheral and plexus blocks [9, 10]

9. Diagnosis and treatment

In the differential diagnosis of postoperative new or progressive neurologic symptoms,
surgical neuropraxia, prolonged or exaggerated neuraxial block, anterior spinal artery
syndrome, epidural abscess, recurrence and existing undiagnosed neurological condition,
neurological disorders and spinal haematoma should be considered. Immediate post-opera‐
tive onset of symptoms is rare. Spinal haematomas rarely can be seen as "prolonged" in the
form of blocks [5, 6]. The time between the start of thromboprophylaxis with the entry of the
needle is important for neurological dysfunction. Complete paralysis develops within 10-15
hours after the start of neurological deficits. Clinical assessment should be focused on the
recognition of reversible or treatable causes. Thus, if any new or progressive neurological
symptoms are seen during epidural analgesia, infusion must be promptly stopped (catheter
is left) and the local anaesthetic effect and of volume effect is ruled out. If the neurological
deficit is due tothelocal anaesthetic and/or volume effects, the deficit is often return quick‐
ly,and it should be noted. Neurological recovery is due to early diagnosis and intervention,
radiographic imaging, preferably MRI should be done as soon as possible. In terms of the need
for emergency surgery, neurosurgery consultation should be requested immediately. Inter‐
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estingly, all spinal haematomas do not require emergency surgery, spontaneous healing have
also been reported [5, 6]. However, the decision of an emergent surgery or observation belongs
to the neurosurgeon. Neurological outcome for most patients are worse in all series. In
addition, if there is more than 8 hours after onset of the symptoms, a full recovery usually has
not been realized. Generally, bleeding after peripheral techniques is less common than
neuraxial haematoma, and often appears as hypovolemia not neural deficit. The decide for
surgery or observation for neuraxial haematoma or bleeding is based on the presence and
severity of neural deficit.

10. Summary and conclusion

Spinal hematoma is a haemorrhage in the spinal or epidural space that develops with forming
a heterogeneous group of disorders. Haematoma can be acute, chronic, spontaneous, traumatic
or iatrogenic. It is especially related to medication or disease associated with coagulopathy.
MRI is a special importance in diagnosis. Delay of surgery may rapidly worsen the clinical
outcome, so the surgery should be done urgently.

Spinal haematomas are rare and potentially reversible spinal cord compression. Early diag‐
nosis is essential for a full recovery. Spinal haematomas can occur in the absence of identifiable
risk factors. The clinician should be alert for the new neurological signs. Spinal cord and root
compression are potentially reversible. If the treatment is done quickly healing is complete.
Continuous surveillance of risk identification, assessment and training up to date information
for the physician should be done constantly for spinal and epidural blocks. The introduction
of new anticoagulants and antiplatelet agents, and the complex balance between thromboem‐
bolic events and hemorrhagic complications with regional anaesthesia or analgesia require‐
ment requires an evaluation of the indications for patient. Thus, the antithrombotic therapy in
patients receiving spinal or epidural anaesthesia or analgesia, timing of catheter removal
should be evaluated basis on the patient's situations. If there is an unacceptable risk, alternative
anaesthesia or analgesia techniques should be considered. The patient's coagulation status
should be optimized and the level of anticoagulation should be carefully monitored during
epidural catheterization. If there is a significant increase in the risk of spinal haematoma, the
catheter should not be removed. Identification of risk factors and the publication of the
guidelines does not eliminate the complication of spinal haematoma. It is reported that spinal
haematoma may develop in patients treated in accordance with the guidelines [24, 25]. United
States [10] Europe [26] and the Nordic countries [27, 28] have published guidelines. Closely
monitored of the patient to detect early neurological dysfunction is very important to recognize
and attempt to fast decompression. Not only try to prevent of spinal haematoma, but also
should be focused to make the best of the neurological consequences [7, 10].

Summary of the clinical key points

1. The clinician should have a high index of suspicion at all times in any patient who has
undergone spinal anaesthesia and who exhibits any sign or symptom of a neuraxial
haematoma
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2. Adequate monitoring, follow-up, and immediately treatment are essential in patients on
anticoagulants who are receiving neuraxial blocks

3. Early recognition of epidural haematoma

4. Physical examination: vibration and position ability in the lower extremities. Pain,
temperature, and light touch (last sensory modalities), Assessing rectal tone.

5. If a new or progressive neurologic deficit are observed during epidural analgesia infusion,
it requires immediate discontinuation and the catheter is left in place

6. Urgent radiographic diagnostic studies: MRI (more sensitive and preferred method),
Conventional CT, conventional angiography, myelography and CT

7. Differential diagnosis: Epidural abscess, spinal cord disease, neoplasia, muscular or
ligamentous injury related to needle placement, postoperative surgical neuropraxia,
prolonged or exaggerated neuroaxial block, anterior spinal artery syndrome, and pre-
existing undiagnosed neurological disorder

8. Emergency neurosurgical evaluation for surgical decompression.
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