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PRINCIPLES
Spinal, epidural, and caudal blocks are collectively referred
to as central neuraxial blocks. Significant technical, physiologic, and pharmacologic differences exist between the
techniques, although all result in one or a combination of
sympathetic, sensory, and motor blockade. Spinal anesthesia requires a small amount of drug to produce rapid,
profound, reproducible, but finite sensory analgesia. In
contrast, epidural anesthesia progresses more slowly, is
commonly prolonged using a catheter, and requires a large
amount of local anesthetic, which may be associated with
The editors and publisher would like to thank Drs. Kenneth Drasner and Merlin D. Larson for contributing to this chapter in the
previous edition of this work. It has served as the foundation for
the current chapter.
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Fig. 17.1 Terminal spinal cord and cauda equina. (From Bridenbaugh PO, Greene NM, Brull SJ. Spinal [subarachnoid] blockade.
In Cousins MJ, Bridenbaugh PO, eds. Neural Blockade in Clinical
Anesthesia and Management of Pain. Philadelphia: LippincottRaven; 1998:203-242.)

systemic side effects and complications unknown to spinal
anesthesia. Combined spinal and epidural techniques blur
some of these differences but add flexibility to clinical care.!

PRACTICE
Neuraxial blockade is widely utilized in surgery, obstetrics, acute postoperative pain management, and chronic
pain relief. Single-injection spinal or epidural anesthesia is commonly used for surgery to the lower abdomen,
pelvic organs (e.g., prostate), and lower limbs and for
cesarean deliveries. Continuous catheter-based epidural
infusions are used for obstetric labor analgesia and to
provide postoperative pain relief for days after major
surgery (e.g., thoracic, abdominal, lower limb). Neuraxial
analgesia can reduce pulmonary and possibly cardiac
morbidity, although the mortality benefits appear minimal.1-3 More recently, the goals of epidural analgesia
have shifted to facilitation of fast-track surgery recovery.
Caudal blocks are mostly performed for surgical anesthesia and analgesia in children (also see Chapter 34) and for
therapeutic analgesia in adults with chronic pain (also see
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Ligamentum
flavum

Transverse
process

Supraspinous
ligament

Fig. 17.2 The spine in an oblique view. (From Afton-Bird G. Atlas
of regional anesthesia. In Miller RD, ed. Miller’s Anesthesia. Philadelphia: Elsevier; 2005.)

Chapter 44). Indwelling long-term spinal catheters may
be inserted for chronic malignant and nonmalignant pain.!

ANATOMY
The spinal cord is continuous with the medulla oblongata
proximally and terminates distally in the conus medullaris
as the filum terminale (fibrous extension) and the cauda
equina (neural extension) (Fig. 17.1). This distal termination
varies from L3 in infants to the lower border of L1 in adults.
The spinal cord lies within the bony vertebral column,
surrounded by three membranes: from innermost to outermost the pia mater, the arachnoid mater, and the dura mater
(Fig. 17.2). Cerebrospinal fluid (CSF) resides in the subarachnoid (or intrathecal) space between the pia mater and the
arachnoid mater. The pia mater is a highly vascular membrane that closely invests the spinal cord and brain. The
arachnoid mater is a delicate, nonvascular membrane that
functions as the principal barrier to drugs crossing into (and
out of) the CSF.4 The dura is a tough fibroelastic membrane.
Surrounding the dura is the epidural space, extending from the foramen magnum to the sacral hiatus. The
epidural space is bounded anteriorly by the posterior
longitudinal ligament, laterally by the pedicles and intervertebral foramina, and posteriorly by the ligamentum
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Fig. 17.4 Typical thoracic vertebra. (From Covino BG, Scott DB,
Lambert DH. Handbook of Spinal Anaesthesia and Analgesia. Philadelphia: WB Saunders; 1994.)
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Fig. 17.3 The vertebral column from a lateral view exhibits four
curvatures. (From Covino BG, Scott DB, Lambert DH. Handbook
of Spinal Anaesthesia and Analgesia. Philadelphia: WB Saunders;
1994:12-24.)

flavum. Contents include nerve roots, fat, areolar tissue,
lymphatics, and blood vessels.
The ligamentum flavum (the so-called “yellow ligament”) also extends from the foramen magnum to the
sacral hiatus. Although classically portrayed as a single
ligament, it is actually composed of the right and left ligamenta flava, which join to form an acute midline angle
with a ventral opening (see Fig. 17.2).5 The ligamentum
flavum thickness, distance to the dura, and skin-to-dura
distance vary with the area of the vertebral canal. The
vertebral canal is triangular and largest in area at the
lumbar levels, and it is circular and smallest in area at
the thoracic levels. Immediately posterior to the ligamentum flavum are either the lamina of vertebral bodies or

the interspinous ligaments (that connect the spinous processes). Finally there is the supraspinous ligament, which
extends from the external occipital protuberance to the
coccyx and attaches to the vertebral spines (see Fig. 17.2).
There are 7 cervical, 12 thoracic, and 5 lumbar vertebrae and a sacrum (Fig. 17.3). The vertebral arch,
spinous process, pedicles, and laminae form the posterior elements of the vertebra, and the vertebral body
forms the anterior element (Fig. 17.4). The vertebrae
are joined together anteriorly by the fibrocartilaginous
joints with central disks containing the nucleus pulposus, and posteriorly by the zygapophyseal (facet) joints.
Thoracic spinous processes are angulated more steeply
caudad as opposed to the almost horizontal angulation of the lumbar spinous processes. The differences
between the caudal and lumbar spinous processes are
clinically important for needle insertion and advancement (Fig. 17.5).
The sacral canal contains the terminal portion of the
dural sac, which typically ends at S2 in adults and lower
in children. The sacral canal also contains a venous plexus.

Spinal Nerves
Dorsal (afferent) and ventral (efferent) nerve roots merge
distal to the dorsal root ganglion to form spinal nerves
(Fig. 17.6). There are 31 pairs of spinal nerves (8 cervical, 12 thoracic, 5 lumbar, 5 sacral, and 1 coccygeal). The
nerves pass through the intervertebral foramen, becoming
ensheathed by the dura, arachnoid, and pia, which, respectively, become the epineurium, the perineurium, and the
endoneurium. Preganglionic sympathetic fibers originate
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in the intermediolateral gray columns between T1 and L2
and pass via the ventral nerve root to the paravertebral
sympathetic ganglia and more distant plexuses (Fig. 17.7).!
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Fig. 17.5 Lumbar and thoracic epidural technique. The increased
angle of needle insertion during thoracic epidural cannulation
may provide a slightly longer distance of “needle travel” before
entering the epidural space (A). In contrast to lumbar epidural
cannulation (B), the distance traveled is modified by a more perpendicular angle of needle insertion (C). (From Brull R, Macfarlane
AJR, Chan VWS. Spinal, epidural, and caudal anesthesia. In Miller
RD, Cohen NH, Eriksson LI, et al, eds. Miller’s Anesthesia. 8th ed.
Philadelphia: Saunders Elsevier; 2015:Fig. 56-9.)

Blood Supply
Two posterior spinal arteries supply the posterior one third
of the spinal cord, whereas the anterior two thirds of the
spinal cord are supplied by a single anterior spinal artery
(Fig. 17.8). One of the largest anastomotic feeder arteries to the anterior system is the artery of Adamkiewicz,
which arises from the aorta and enters an intervertebral
foramen between T7 and L4 on the left. Ischemia within
the anterior system leads to anterior spinal artery syndrome, manifested as anterior horn motor neuron injury
along with disruption of pain and temperature sensation
below the level affected. Ischemia may result from any
one or a combination of profound hypotension, mechanical obstruction, vasculopathy, or hemorrhage.
Longitudinal anterior and posterior spinal veins communicate with segmental anterior and posterior radicular
veins before draining into the internal vertebral venous
plexus in the medial and lateral components of the epidural space. These drain into the azygous system.!

Anatomic Variations
Variations exist in size and structure of the spinal nerve
roots as well as CSF volume, both of which may contribute to variability in spinal block quality, height, and
regression time. Similarly, the epidural space is more segmented and less uniform than previously believed, which
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Fig. 17.6 The spinal cord and nerve roots. (From Covino BG, Scott DB, Lambert DH. Handbook of Spinal
Anaesthesia and Analgesia. Philadelphia: WB Saunders; 1994:19.)
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Fig. 17.7 Cell bodies in the thoracolumbar portion of the spinal cord (T1-L2) give rise to the peripheral
sympathetic nervous system. Preganglionic efferent fibers travel in the ventral root and then via the white
ramus communicans to paravertebral sympathetic ganglia or more distant sites such as the celiac ganglion. Afferent fibers travel via the white ramus communicans to join somatic nerves, which pass through
the dorsal root to the spinal cord.

may be a factor in the unpredictability of drug spread.
Finally, contents of the epidural space also vary and can
influence the volume of local anesthetic required.!

MECHANISM OF ACTION
Local anesthetics disrupt nerve transmission within
the spinal cord, the spinal nerve roots, and the dorsal root ganglia. Nerves in the subarachnoid space
are easily anesthetized, even with a small dose of
local anesthetic, compared with the extradural nerves,
which are often ensheathed by dura mater (the “dural

sleeve”). The speed of neural blockade depends on the
size, surface area, and degree of myelination of the
nerve fibers exposed to the local anesthetic. The small
preganglionic sympathetic fibers (B fibers, 1 to 3 µm,
minimally myelinated) are most sensitive to local anesthetic blockade. The C fibers (0.3 to 1 µm, unmyelinated), which conduct cold temperature sensation, are
blocked more readily than the A-delta pinprick sensation fibers (1 to 4 µm, myelinated). The A-beta fibers
(5 to 12 µm, myelinated), which conduct touch sensation, are the last sensory fibers to be affected. The
larger A-alpha motor fibers (12 to 20 µm, myelinated)
are the most resistant to local anesthetic blockade.
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Fig. 17.8 Arterial blood supply to the spinal cord. (Modified from
Covino BG, Scott DB, Lambert DH. Handbook of Spinal Anaesthesia
and Analgesia. Philadelphia: WB Saunders; 1994:24.)

Regression of blockade (“recovery”) follows in the
reverse order.6 Maximum block height varies according
to each sensory modality, termed differential sensory
block. Therefore, cold sensation (also an approximate
level of sympathetic blockade) is most cephalad and is
on average one to two spinal segments higher than the
level of pinprick anesthesia, which in turn is one to two
segments higher than anesthesia to touch.

Drug Uptake and Distribution
Local anesthetic injected directly into the CSF diffuses from areas of high concentration toward other
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segments of the spinal cord.7 Rostral spread, often evident within 10 to 20 minutes, is related to the CSF
circulation time. Local anesthetic also diffuses through
the pia mater and penetrates through the spaces of
Virchow-Robin (extensions of the subarachnoid space
accompanying the blood vessels that invaginate the
spinal cord from the pia mater) to reach the deeper
dorsal root ganglia. A portion of the subarachnoid drug
diffuses outward to enter the epidural space, and some
is taken up by the blood vessels of the pia and dura
maters.
Drug penetration and uptake are directly proportionate
to the drug mass, CSF drug concentration, contact surface
area, lipid content (high in spinal cord and myelinated
nerves), and local tissue vascular supply, but inversely
related to nerve root size.
Epidural drug uptake and distribution are more
complex. Some of the injected local anesthetic (<20%)
moves from the epidural space into the CSF to exert
its neural blocking effect, whereas some is lost through
either vascular absorption, uptake into epidural fat, or
exit via the intervertebral foramina. Other local anesthetic spreads by bulk flow longitudinally and circumferentially within the epidural space. Factors that
may enhance the distribution of local anesthetic within
the epidural space are small caliber (greater spread in
the thoracic space), decreased epidural space compliance, decreased epidural fat content, decreased local
anesthetic leakage through the intervertebral foramina
(e.g., in the elderly and those with spinal stenosis), and
increased epidural pressure (e.g., during pregnancy).8
The direction of drug spread also varies with the vertebral level. Spread is mostly cephalad in the lumbar and
low thoracic region, but caudad after a high thoracic
injection.8!

Drug Elimination
No drug metabolism takes place in the CSF. Regression
of neural blockade results from a decline in the CSF
drug concentration caused by non-neural tissue uptake
and, most importantly, vascular absorption. Increased
spread exposes the drug to a larger area for vascular absorption and thus a shorter duration of action.
Lipid-soluble local anesthetics (e.g., bupivacaine) bind
to epidural fat to form a depot that can slow vascular
absorption.!

PHYSIOLOGIC EFFECTS
Neuraxial anesthesia evokes blockade of the sympathetic and somatic (sensory and motor) nervous systems. The physiologic effects of epidural anesthesia are
similar to those of spinal anesthesia, with the exception
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that local anesthetic blood levels reach concentrations
sufficient enough to produce systemic effects on their
own.

Cardiovascular
Blockade of the peripheral (T1-L2) and cardiac (T1-T4)
sympathetic fibers as well as adrenal medullary catecholamine secretion reduces systemic vascular resistance (SVR)
and, to a much lesser extent, cardiac output. The degree to
which arterial blood pressure decreases with either spinal
or epidural technique depends on multiple factors.
Systemic Vascular Resistance

The vasodilatory changes depend on both baseline sympathetic tone (i.e., higher sympathetic tone in the elderly
equates to a greater hemodynamic change) and the extent
of the sympathectomy (i.e., the height of the block). The
sympathectomy typically extends for two to six dermatomes above the sensory block level with spinal anesthesia but the same level with epidural anesthesia.9 If normal
cardiac output is maintained, SVR should decrease only
15% to 18% after neuraxial blockade in healthy normovolemic patients, even with near total sympathectomy.!
Cardiac Output

Cardiac output is the product of heart rate and stroke
volume and it is generally either maintained or
slightly decreased during the onset of spinal anesthesia. Venous and arterial vasodilation reduces preload (venous return) and afterload (SVR), respectively.
Because 75% of the total blood volume resides in the
venous system, the venodilation effect predominates
and stroke volume is reduced. Despite a compensatory
baroreceptor-mediated sympathetic response (vasoconstriction and increased heart rate) above the level
of blockade, the reduction in venous return and right
atrial filling reduce signal output from intrinsic atrial
and great vein chronotropic stretch receptors,9 thereby
increasing parasympathetic activity. The two opposing responses result in a minimal change in heart rate
unless neuraxial anesthesia is extended to the T1 level
when blockade of the cardioaccelerator fibers (in addition to a marked reduction in venous return) may result
in severe bradycardia and even asystole. The BezoldJarisch reflex can also cause profound bradycardia and
circulatory collapse after spinal anesthesia, especially
in the presence of hypovolemia, when a small endsystolic left ventricular volume may trigger a mechanoreceptor-mediated bradycardia.10!
Coronary Blood Flow

A decrease in mean arterial pressure is paralleled by a
decrease in coronary blood flow. However, a high thoracic block in patients with ischemic heart disease may
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be beneficial, with improvement in global and regional
myocardial function and reversal of ischemic changes
likely owing to reduced myocardial oxygen demand and
left ventricular afterload.11!

Central Nervous System
Spinal anesthesia–induced hypotension may decrease
regional cerebral blood flow (CBF) in elderly patients and
those with preexisting hypertension. However, in studies that demonstrated a decrease in cerebral perfusion,12
there was no postoperative change in cognitive function
in any of the patients. Nevertheless avoiding hypotension
would seem prudent.!

Respiratory
Alterations in pulmonary variables during neuraxial block
are usually of little clinical importance. A decrease in vital
capacity follows a reduction in expiratory reserve volume
related to paralysis of the abdominal muscles necessary for
forced exhalation rather than a decrease in phrenic or diaphragmatic function. These changes are more marked in
obese patients and may affect patients with severe respiratory disease.13 Respiratory arrest can rarely occur owing to
hypoperfusion of the respiratory centers in the brainstem
but this almost always disappears once cardiac output and
arterial blood pressure are restored.!

Gastrointestinal
Neuraxial blockade from T6 to L1 disrupts splanchnic
sympathetic innervation to the gastrointestinal tract,
resulting in a contracted gut and hyperperistalsis because
of unopposed parasympathetic (vagal) activity. Nausea
and vomiting may occur in as many as 20% of patients.
Atropine is effective in treating nausea associated with
extensive (T5) subarachnoid anesthesia.
Thoracic epidural anesthesia (TEA) has a direct arterial blood pressure–dependent effect on intestinal perfusion.14 Correction of systemic hypotension by vasopressor
therapy (e.g., norepinephrine) reverses impaired colonic
perfusion. Nevertheless, TEA may improve anastomotic
mucosal blood flow in patients undergoing esophagectomy and may even reduce the rate of anastomotic leak
after emergency laparotomy, esophageal surgery, and
other gastrointestinal interventions.!

Renal
Despite a predictable decrease in renal blood flow accompanying neuraxial blockade, this decrease is of little
physiologic importance. The belief that neuraxial blocks
frequently cause urinary retention is questionable (see
“Complications” later in the chapter).!
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INDICATIONS
Neuraxial Anesthesia
Single injection spinal anesthesia is useful for procedures
of known duration that involve the lower extremities,
perineum, pelvic girdle, or lower abdomen. It may also
be indicated when patients wish to remain conscious or
when some comorbid condition, such as severe respiratory disease or an airway that may be difficult to manage,
increases the risks of using general anesthesia. Epidural
anesthesia allows for more prolonged surgical anesthesia by catheter-based local anesthetic delivery. Indwelling catheter-based spinal anesthesia is less conventional,
but may be useful when insertion of an epidural catheter
is challenging or in the setting of severe cardiac disease
when the reliability of a single-shot spinal anesthetic
must be combined with more hemodynamically stable
incremental dosing.!

Neuraxial Analgesia
Intrathecal or epidural local anesthetics along with other
additives, such as opioids either alone or in combination, can provide excellent quality, long-lasting intraand postoperative analgesia in labor and delivery15
(also see Chapter 33), during and after hip16 or knee
replacement17 (also see Chapter 32), in laparotomy,18 in
thoracotomy (also see Chapter 37),19 and increasingly
even in cardiac surgery (also see Chapter 25).20 They
may also be used in the management of chronic pain
(also see Chapter 44).!

CONTRAINDICATIONS
Absolute
The most important problems include patient refusal,
localized sepsis, and an allergy to any of the drugs to be
administered. A patient’s inability to maintain stillness
during needle puncture (which could expose the neural
structures to traumatic injury),21 as well as increased
intracranial pressure (which may theoretically predispose
to brainstem herniation)22 may be absolute contraindications to a neuraxial technique.!

Relative
Relative contraindications can be approached by system
and must be weighed against the potential benefits of
neuraxial blockade.
Neurologic
Myelopathy or Peripheral Neuropathy

Although preexisting central or peripheral neurologic
deficit has never been definitively demonstrated to
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increase susceptibility of injury following neuraxial
anesthesia or analgesia (the double-crush phenomenon), the risk-benefit ratio of performing neuraxial
techniques should be considered especially in patients
with preexisting central or peripheral neurologic
diseases such as multiple sclerosis (MS) or diabetic
polyneuropathy. Chronic low back pain without neurologic deficit is not a contraindication to neuraxial
blockade.!
Spinal Stenosis

There is an association between the presence of spinal
stenosis and nerve injury following neuraxial techniques,23 but the relative contribution of surgical factors and natural history of the spinal disease itself is
unknown.!
Spine Surgery

Previous spine surgery does not predispose patients to an
increased risk of neurologic complications.23 However, in
the presence of scar tissue, adhesions, hardware, or bone
grafts, needle access to the CSF or epidural space and
epidural catheter insertion may be challenging or impossible. In addition, the resultant spread of local anesthetic
in the CSF or epidural space in particular can be unpredictable and incomplete.!
Multiple Sclerosis

Patients with MS may be more sensitive to neuraxial local
anesthetics and exhibit a prolonged motor and sensory
blockade. Any association between neuraxial anesthesia and exacerbation of MS symptoms is not based in
evidence.24!
Spina Bifida

Depending on the severity of the neural tube defect the
potential for traumatic needle injury to the spinal cord
may be increased. The spread of local anesthetic in the
CSF and epidural space (if present) can be markedly variable. In any of these circumstances, a careful evaluation
of neurologic status must first be undertaken and noted
along with documentation of the discussion of the risks
and benefits.!
Cardiac (Also See Chapter 25)
Aortic Stenosis or Fixed Cardiac Output

The potential rapid and significant reduction in SVR
after spinal anesthesia is in theory a risk in preloaddependent patients and may dangerously decrease coronary perfusion.25 In the presence of aortic stenosis,
neuraxial anesthesia must be considered on an individual patient basis in the context of disease severity,
left ventricular function, and case urgency. A catheterbased neuraxial anesthetic with repeated small doses
of local anesthetic may allow better hemodynamic
control.!
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Hypovolemia

An exaggerated hypotensive response because of vasodilatory effects may occur.!
Hematologic
Thromboprophylaxis and Anticoagulants

Catastrophic cases of spinal hematoma causing paralysis
associated with low-molecular-weight heparin (LMWH)
have occurred. A summary of the American Society of
Regional Anesthesia and Pain Medicine (ASRA) and other
professional society guidelines regarding neuraxial techniques (including catheter removal) in patients receiving
antithrombotic or thrombolytic therapy is reproduced in
Table 17.1.!
Inherited Coagulopathy

Hemorrhagic complications after neuraxial techniques
in patients with known hemophilia, von Willebrand disease, or idiopathic thrombocytopenic purpura appear
infrequently when factor levels are more than 0.5 IU/
mL for factor VIII, von Willebrand factor, and ristocetin cofactor activity, or when the platelet count is more
than 50 × 109/L before block performance. The minimum
safe factor levels and platelet count for neuraxial blockade remain undefined in both the obstetric and general
populations.26!
Infection

Theoretical concerns exist regarding iatrogenic seeding of
the neuraxis in the setting of a systemic infection, particularly if a catheter is left in situ. This, along with profound
vasodilation, may be sufficient reason to avoid neuraxial
techniques in patients with significant bacteremia or septic shock. Some providers avoid neuraxial techniques in
febrile patients yet a lumbar puncture is a critical component of the investigation of fever of unknown origin.
Patients with evidence of systemic infection may safely
undergo neuraxial anesthesia once antibiotic therapy has
demonstrated a response.27!

SPINAL ANESTHESIA
Factors Affecting Block Height
The dermatomal levels required for various surgical procedures are outlined in Fig. 17.9. Intra-abdominal structures such as the peritoneum (T4), bladder (T10), and
uterus (T10) have a spinal segment innervation that may
be much more cephalad than the corresponding skin incision used to operate on these structures. Drug, patient,
and procedural factors can all affect the distribution of
local anesthetic spread within the intrathecal space,28
but not all are controllable by the anesthesia provider,
leading to significant interpatient variability (Table 17.2).
Ultimately dose, baricity, and patient positioning are most
important.
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Drug Factors
Baricity

Baricity is the ratio of the density of a local anesthetic
solution to the density of CSF. It is conventionally defined
at 37° C because density varies inversely with temperature.
Plain bupivacaine 0.5%, for example, may be isobaric at
24° C but is slightly hypobaric at 37° C. The density of
CSF is 1.00059 g/L. Local anesthetic solutions that have
the same density as CSF are termed isobaric, those that
have a higher density than CSF are termed hyperbaric,
and those with a lower density are termed hypobaric.
Dextrose and sterile water are commonly added to render
local anesthetic solutions either hyperbaric or hypobaric
respectively. Hyperbaric solutions have a more predictable
spread,29 preferentially moving to the dependent regions
of the spinal canal. Hypobaric solutions spread to nondependent regions whereas isobaric solutions tend not to be
influenced by gravitational forces. The administration of
hyperbaric local anesthetic to patients in the lateral decubitus position will therefore preferentially affect the dependent side. The natural curvatures of the vertebral column
influence local anesthetic spread in patients placed in the
horizontal supine position immediately after intrathecal
administration. Hyperbaric local anesthetics injected at the
L3-L4 or L4-L5 interspace will spread from the height of
the lumbar lordosis down toward the trough of the thoracic
kyphosis, resulting in a higher level of anesthetic effect
than isobaric or hypobaric solutions.28!
Dose, Volume, and Concentration

Dose, volume, and concentration are inextricably linked
(volume × concentration = dose), but dose is the most
reliable determinant of local anesthetic spread (and thus
block height) of isobaric and hypobaric solutions.30
Hyperbaric local anesthetic injections are primarily influenced by baricity.
The choice of local anesthetic or additive drugs (other
than opioids) does not influence spread if all other factors are controlled. Opioids may increase mean spread,28
possibly as a result of pharmacologic enhancement at the
extremes of the spread where the local anesthetic block
alone would have been subclinical.31!
Patient Factors

Many patient factors can influence the number of spinal levels which are anesthetized (blocked) from a spinal anesthetic. These factors include extremes of height
(short or tall), weight (thin or obese), age (children or the
elderly), and gender. Within the range of “normal-sized”
adults, a patient’s height does not affect the spread of
spinal anesthesia. However, the vertebral column length,
which is related to the local anesthetic spread, should
influence the dosage.
Although lumbosacral CSF pressure is fairly constant,
the CSF volume varies between patients, which influences
peak block height and regression.32 Although block height
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Resource

Subcutaneous UFH

Intravenous UFH

LMWH

German Society for Anaes- NSAIDs: no contraindication;
thesiology and Intensive- hold LMWH, fondaparinux
Care Medicineb
36-42 h
Thienopyridines and GPIIb/IIIa
are contraindicated

Needle placement 4 h after
heparin; heparin 1 h after needle
placement or catheter removal

Needle placement and/or catheter removal 4 h after discontinuing heparin, heparinize 1 h after
neuraxial technique; delay bypass
surgery 12 h if traumatic

Neuraxial technique 10-12 h
after LMWH; next dose 4 h after
needle or catheter placement
Delay block for 24 h after therapeutic dose

Belgian Association for
Regional Anesthesiac

NSAIDs: no contraindication
Discontinue ticlopidine 14 d,
clopidogrel 7 d, GPIIb/IIIa
inhibitors 8-48 h in advance

Not discussed

Heparinize 1 h after neuraxial
technique
Remove catheter during normal
aPTT; reheparinize 1 h later

Neuraxial technique 10-12 h
after LMWH; next dose 4 h after
needle or catheter placement
Delay block for 24 h after
therapeutic dose

American Society of
Regional Anesthesia
and Pain Medicine

NSAIDs: no contraindication.
Discontinue ticlopidine 14 d,
clopidogrel 7 d, GPIIb/IIIa
inhibitors 8-48 h in advance

No contraindication with
twice-daily dosing and total
daily dose <10,000 U, consider
delay heparin until after block if
technical difficulty anticipated.
The safety of neuraxial blockade
in patients receiving doses greater
than 10,000 units of UFH daily,
or more than twice daily dosing of
UFH has not been established.

Heparinize 1 h after neuraxial technique, remove catheter 2-4 h after
last heparin dose; no mandatory
delay if traumatic

Twice-daily dosing: LMWH 24 h
after surgery, regardless of technique; remove neuraxial catheter
2 h before first LMWH dose
Single-daily dosing: according to
European statements
BUT with no additional
hemostasis-altering drugs
Therapeutic dose: delay block
for 24 h

American College of
Chest Physiciansd

NSAIDs: no contraindication
Discontinue clopidogrel 7 d
before neuraxial block

Needle placement 8-12 h after
dose; subsequent dose 2 h after
block or catheter withdrawal

Needle placement delayed until
anticoagulant effect is minimal

Needle placement 8-12 h after
dose; subsequent dose 2 h after
block or catheter withdrawal
Indwelling catheter safe with
twice-daily dosing
Therapeutic dose: delay block
for 18+ h

aFor

Antiplatelet Medications

patients undergoing deep plexus or peripheral block, follow American Society of Regional Anesthesia (ASRA) recommendations for neuraxial techniques.
from the German Society of Anesthesiology and Intensive Care Medicine Consensus guidelines.
cModified from the Belgian Association for Regional Anesthesia. Working party on anticoagulants and central nerve blocks.
dModified from the American College of Chest Physicians.
aPTT, Activated partial thromboplastin time; GPIIb/IIIa, glycoprotein IIb/IIIa; LMWH, low-molecular-weight heparin; NSAIDs, nonsteroidal antiinflammatory drugs; UFH, unfractionated
heparin.
From Horlocker TT, Wedel DJ, Rowlingson JC, et al. Regional Anesthesia in the Patient Receiving Antithrombotic or Thrombolytic Therapy American Society of Regional Anesthesia and Pain
Medicine Evidence-Based Guidelines (Third Edition). Reg Anesth Pain Med. 2010;35(1):64-101.
bModified
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Table 17.1
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C2
C3

C2
C3

C4
C5
C6
C7
C8
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
L1
L2
L3
L4
L5

C4
C5
T1
T2
T3
T4
T5
T6
T7
T8
T9

C6

C5

C6

T1

T10

C7

T11
T12

L1

C6

L2

C7

C8

S1

S2

S3
S4
S5

L3

III

L2
L3

L4

L5

L5

S1 S2

L4
S1
S1
L4

L5

L5

S2
L4

Sensory level anesthesia necessary for surgical procedures
Sensory level

Type of surgery

S2-S5
L2-L3 (knee)

Hemorrhoidectomy
Foot surgery

L1-L3 (inguinal ligament)

Lower extremity surgery

T10 (umbilicus)

Hip surgery
Transurethral resection
of the prostate
Vaginal delivery

T6-T7 (xiphoid process)

Lower abdominal surgery
Appendectomy

T4 (nipple)

Upper abdominal surgery
Cesarean section

Fig. 17.9 Areas of sensory innervation by spinal nerves and the sensory level required for various surgical procedures. Note that the thoracic nerves supply the thorax and abdomen and the lumbar and sacral
nerves supply the lower limb. (Modified from Veering BT, Cousins MJ. Epidural neural blockade. In Cousins
MJ, Bridenbaugh PO, Carr DB, Horlocker TT, eds. Neural Blockade in Clinical Anesthesia and Management of
Pain. Philiadelphia: Lippincott-Raven; 2009:241-295.)
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Table 17.2

Factors Affecting Spinal Local Anesthetic Distribution and Block Height

Factors

More Important

Less Important

Not Important

Drug
factors

Dose
Baricity

Volume
Concentration
Temperature of injection
Viscosity

Additives other than
opioids

Patient factors

CSF volume
Advanced age
Pregnancy

Weight
Height
Spinal anatomy
Intra-abdominal pressure

Menopause
Gender

Procedure factors

Patient position
Epidural injection
postspinal

Level of injection (hypobaric more than hyperbaric)
Fluid currents
Needle orifice direction
Needle type

CSF, Cerebrospinal fluid.
Modified from Greene NM. Distribution of local anesthetic solutions within the subarachnoid space. Anesth Analg. 1985;64(7):715-730.

varies indirectly with CSF volume, CSF volume itself does
not correlate well with simple anthropomorphic measurements other than body weight.32 The increased abdominal
mass in obese patients, and possible increased epidural
fat, may in theory decrease CSF volume and therefore
increase the spread of local anesthetic and block height.33
CSF density varies depending on gender, menopausal
status, and pregnancy (also see Chapter 33), but the clinical relevance of these factors is probably unimportant.
Advanced age is associated with increased block
height (also see Chapter 35). In older patients, CSF volume decreases, whereas its specific gravity increases.
Further, the nerve roots are likely more sensitive to local
anesthetics in the aged population.
In the lateral position, the broader shoulders of males
relative to their hips make this position slightly more headup whereas the reverse is true in females. Despite this,
whether males actually have reduced cephalad spread as
compared to females in the lateral position is not clear.
Variations of the spine such as scoliosis can make needle insertion more difficult but have little effect on local
anesthetic spread if the patient is turned supine. Kyphosis,
however, in a supine patient may affect the spread of a
hyperbaric solution.
Spread of local anesthetic is enhanced by changes in
the lumbar lordosis during pregnancy, as well as by the
volume and density of CSF, by twin pregnancies compared
with singletons, by intra-abdominal pressure increases
(possibly), and by a progesterone-mediated increase in
neuronal sensitivity (also see Chapter 33).!
Procedure Factors

The spread of local anesthetic within the subarachnoid
space appears to stop 20 to 25 minutes after injection;
thus, positioning of the patient is most important during this period, particularly in the initial few minutes.
Although a 10-degree head-up tilt can reduce the spread
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of hyperbaric solutions without hemodynamic compromise, a head-down tilt does not always increase the
spread of hyperbaric bupivacaine. Flexion of the hips in
combination with the Trendelenburg position flattens
the lumbar lordosis and increases cephalad spread of
hyperbaric solutions.34 A “saddle block” in which only
the sacral nerve roots are anesthetized can be achieved
with a small dose of hyperbaric local anesthetic while the
patient remains sitting for up to 30 minutes. Block height
is more extensive with hypobaric solutions if they are
administered to patients who are in the sitting position.
The specific needle type and orientation of the orifice may affect block quality. With hypobaric solutions,
cephalad alignment of the orifice of Whitacre, but not
Sprotte, needles produces greater spread.35 The orientation of the needle orifice does not appear to affect the
spread of hyperbaric solutions. When directing the needle
orifice to one side (and using hyperbaric anesthetic), a
more marked unilateral block is achieved again when
using a Whitacre rather than a Quincke needle.36
The level of injection does not affect block height with
hyperbaric solutions. With isobaric solutions, the block
height is generally higher the more cephalad the injection.37 Injection rate and barbotage (repeated aspiration
and reinjection of CSF) of isobaric and hyperbaric solutions have not consistently been shown to affect block
height. The injection of local anesthetic or even saline
into the epidural space after a spinal anesthetic increases
the block height and is discussed later.!

Duration of the Block
Duration is affected primarily by the dose,38 the intrinsic
properties of the local anesthetic (which affect elimination from the subarachnoid space), and the use of additives (if applicable). Hyperbaric solutions have a shorter
duration of action than isobaric solutions.38!
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Dose, Block Height, Onset Times, and Duration of Commonlya Used Spinal Anesthetics

Local Anesthetic
Mixture

Dose (Mg)
To T10

To T4

Duration (Min)
Plain

Epinephrine (0.2 mg)

Onset (Min)

20-50%

3-5

-

2-4

N/R

2-4

Lidocaine
5% (with/
without
dextrose)

40-75

75-100

60-150b

Mepivacaine 1.5% (no
dextrose)

30-45c

60-80d

120-180e

Chloroprocaine 3%
(with/without dextrose)

30-40

40-60

40-90f

Bupivacaine 0.5-0.75%
(no dextrose)

10-15

12-20

130-230g

20-50%

4-8

Levobupivacaine 0.5%
(no dextrose)

10-15

12-20

140-230g

-

4-8

Ropivacaine 0.5-1%
(with/without dextrose)

12-18

18-25

80-210h

-

3-8

Note that duration depends on how the regression of the block is measured, which varies widely between studies.
aLidocaine is not commonly used now.
bRegression to T12.
cNote peak with these doses was T12, and not in all cases.
dMedian peak block height in this study with 60 mg was T5, not T4.
eRegression to S1 for block duration.
fRegression to L1.
gRegression to L2.
hRegression to S2.
N/R, Not recommended.
From Brull R, Macfarlane AJR, Chan VWS. Spinal, epidural, and caudal anesthesia. In Miller RD, Cohen NH, Eriksson LI, et al, eds. Miller’s Anesthesia.
8th ed. Philadelphia: Saunders Elsevier; 2015:1696, Table 56-4.

Pharmacology
The clinical effects of intrathecal local anesthetics are mediated by drug uptake and distribution within the CSF, and
elimination. These variables in turn are dictated in part by
the pKa (dissociation ionization constant), lipid solubility,
and protein binding of the local anesthetic solution. Rather
than their pharmacologic structure (i.e. amide or ester),
local anesthetics are usually classified by their duration
of action. The choice and dose of local anesthetic depend
on both the expected duration and the nature (location,
ambulatory) of surgery. Table 17.3 shows a range of local
anesthetics commonly used for spinal anesthesia with corresponding doses, onset times, and durations of action.
Short- and Intermediate-Acting Local Anesthetics

Procaine is an ester local anesthetic and one of the oldest
spinal anesthetics. It is not commonly used because of
a more frequent failure rate than lidocaine, significantly
more nausea, and a slower time to recovery.
Chloroprocaine is an ultra–short-acting ester that
is rapidly metabolized by pseudocholinesterase with
minimal systemic or fetal effects. Preservative-free
chloroprocaine is of interest in ambulatory surgery

owing to reliable, short-duration spinal anesthesia,39
with a faster recovery time than procaine, lidocaine,
and bupivacaine. Transient neurologic symptoms (TNS)
can occur, albeit at a considerably lesser rate (0.6%)
than lidocaine (14%).40
Articaine is an ester metabolized by nonspecific cholinesterases and has been widely used for dental nerve
blocks. It has not been used in spinal anesthesia.
Lidocaine is a hydrophilic, relatively poorly proteinbound amide local anesthetic with a rapid onset and
intermediate duration. Because of an association with
both permanent nerve injury and TNS (discussed later,
under “Complications”) the use of intrathecal lidocaine
has declined.
Prilocaine is an amide local anesthetic with an intermediate duration of action. It is rarely associated with
TNS and may be used in the ambulatory surgery setting (also see Chapter 37). In large doses (>600 mg;
not used in spinal anesthesia), prilocaine can result in
methemoglobinemia.
Mepivacaine is an amide local anesthetic but the incidence of TNS after hyperbaric mepivacaine was similar
to that of lidocaine.40 TNS occur less frequently with the
isobaric preparation.!
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Long-Acting Local Anesthetics

Tetracaine is an ester packaged either as niphanoid crystals or as an isobaric 1% solution. A 0.5% hyperbaric
preparation can be created for perineal and abdominal
surgery. Tetracaine is usually combined with a vasoconstrictor additive because the duration of tetracaine alone
can be unreliable. Although such combinations can provide up to 5 hours of anesthesia, the addition of phenylephrine in particular has been associated with TNS.
Bupivacaine is a highly protein-bound amide with a
slow onset because of its relatively high pKa, and a duration of action of 2.5 to 3 hours.41 Doses as low as 4 to 5
mg of bupivacaine are used in ambulatory procedures.42
Bupivacaine is rarely associated with TNS.
Levobupivacaine is the pure S(–) enantiomer of racemic
bupivacaine. Although levobupivacaine potency appears
to be slightly less than bupivacaine, the majority of clinical studies using identical doses of levobupivacaine and
bupivacaine have found no significant difference in clinical efficacy for spinal anesthesia. Levobupivacaine is less
cardiotoxic than bupivacaine, but this is only a theoretical risk in spinal anesthesia.
Ropivacaine is another highly protein-bound amide
local anesthetic. With the same pKa (8.1) as bupivacaine,
it also has a slow onset and a long duration of action,
but it is less potent. The proposed advantages of spinal
ropivacaine were less cardiotoxicity and greater motorsensory block differentiation, resulting in less motor
block. When given in an equivalent dose to bupivacaine,
there is slightly less motor block and earlier recovery with
ropivacaine.43!
Spinal Additives

A variety of medications may exert a direct analgesic
effect on the spinal cord and nerve roots, or prolong the
duration of sensory and motor blockade. The coadministration of such drugs often allows a reduction in the dose
of local anesthetic, with the advantage of motor block
sparing and faster recovery while still producing the same
degree of analgesia.
Opioids added to the CSF are complex because of a
combination of direct spinal cord dorsal horn opioid
receptor activation, cerebral opioid receptor activation
after CSF transport, and peripheral and central systemic
effects after vascular uptake. The effect at each site
depends on both the dose administered and the physicochemical properties of the opioid, particularly lipid
solubility. Highly lipid-soluble drugs such as fentanyl
and sufentanil have a more rapid onset and shorter duration of action than more hydrophilic opioids. Greater lipid
solubility also results in rapid uptake into both blood vessels (with a resultant systemic effect) and fatty tissue. The
spread of lipophilic opioids within the CSF is therefore
more limited than hydrophilic opioids such as (preservative-free) morphine, which demonstrate greater spread as
a result of slower uptake and elimination from the CSF.
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As a result, hydrophilic opioids have a more frequent risk
of late respiratory depression. The extent of neural tissue
and vascular uptake also affects the potency of intrathecal opioids. For example, the relative intrathecal to intravenous potency of morphine is 200:1 to 300:1, whereas
for fentanyl and sufentanil it is only 10:1 to 20:1.44 Other
side effects of intrathecal opioids are discussed under
“Complications.”
Hydrophilic Opioids

Preservative-free morphine is widely used, providing
analgesia for up to 24 hours.45 Adequate analgesia with
minimal side effects is achieved with 100 µg for cesarean
deliveries (also see Chapter 33). The most efficacious dose
for major orthopedic surgery is less clear,46 but side effects
increase without improvement in analgesia with doses of
300 µg or more. Spinal opioids alone are commonly given
as a simple alternative to epidural local anesthetic–based
analgesia. For major abdominal surgery or thoracotomies,
500 µg or more may be used. However, the optimal dose
remains unclear.
Diamorphine is a lipid-soluble prodrug that crosses
the dura faster than morphine and is cleared from the
CSF more quickly than morphine. It is converted to morphine and 6-monoacetyl morphine, both of which are
µ-agonists with a relatively long duration of action.
Hydromorphone is not commonly used for spinal
analgesia and does not provide any advantage compared
with morphine. Also, few data are available.
Meperidine is an opioid of intermediate lipid solubility,
but it also has some local anesthetic properties. Although
it has been administered as the sole intrathecal anesthetic
in both obstetric and general surgery, it is rarely used. The
neurotoxicity profile is unclear.!
Lipophilic Opioids

Fentanyl and sufentanil are used frequently in obstetrics
for labor analgesia and cesarean delivery as discussed
elsewhere (also see Chapter 33). Fentanyl is useful in
ambulatory surgery because of its rapid onset time of
10 to 20 minutes and relatively short duration of 4 to 6
hours.!
Vasoconstrictors

Epinephrine and phenylephrine prolong sensory and
motor blockade when added to local anesthetics. The α1adrenergic-mediated vasoconstriction reduces systemic
local anesthetic uptake and epinephrine may also enhance
analgesia via a direct α2-adrenergic-mediated effect. Tetracaine, lidocaine, and bupivacaine spinal anesthesia can
all be prolonged by epinephrine. Although there are no
human data to support the theory, there is a concern that
potent vasoconstrictive action places the blood supply of
the spinal cord at risk. Phenylephrine prolongs both lidocaine and tetracaine spinal anesthesia but is associated
with TNS.!

Chapter 17

Spinal, Epidural, and Caudal Anesthesia

Technique

α2-Agonists

Intrathecal clonidine, dexmedetomidine, and epinephrine
all act on prejunctional and postjunctional α2–adrenergic
receptors in the dorsal horn of the spinal cord. Clonidine
prolongs sensory and motor blockade by approximately
1 hour and improves analgesia. It likely causes less urinary retention than morphine but can cause (non–doserelated) hypotension and sedation lasting up to 8 hours.
Dexmedetomidine is approximately 10-fold more α2receptor selective than clonidine and can prolong motor
and sensory block without hemodynamic compromise.!
Other Drugs

Intrathecal neostigmine prolongs motor and sensory
blockade and reduces postoperative analgesic requirements, but its benefits are limited by nausea, vomiting,
bradycardia, and, in higher doses, lower extremity weakness. Midazolam also increases sensory and motor block
without adverse effects and appears to be safe. Intrathecal
ketamine, adenosine, tramadol, magnesium, and nonsteroidal antiinflammatory drugs are unlikely to have any
clinical value.!

Technique can be classified into a series of steps: preparation, position, projection, and puncture (i.e., the four Ps).
Preparation

Informed consent must be obtained, and risks documented. Resuscitation equipment must be available,
intravenous access should be secured, and standard monitoring is necessary.
The most important characteristics of a spinal needle
are the shape of the tip and the needle diameter. Needle
tip shapes either cut (Pitkin and the Quincke-Babcock) or
spread (Whitacre and Sprotte) the dura (Fig 17.10). In the
latter group, needles have a conical, pencil-point tip that
provides better tactile sensation but, more importantly,
reduces the incidence of post–dural puncture headache.
Using smaller needles reduces the incidence of post–dural
puncture headache from 40% with a 22-G needle to less
than 2% with a 29-G needle. The failure rate is increased
however, with 29-G needles,47 so pencil-point needles
of 25 G, 26 G, and 27 G probably represent the optimal
needle choice.

Front view

Side view

1

2

3

4

5

6

7

Fig. 17.10 Comparative needle configuration for (1) 18-gauge Tuohy, (2) 20-gauge Quincke, (3) 22-gauge
Quincke, (4) 24-gauge Sprotte, (5) 25-gauge Polymedic, (6) 25-gauge Whitacre, and (7) 26-gauge Gertie
Marx. (From Schneider MC, Schmid M. Postdural puncture headache. In Birnbach DJ, Gatt SP, Datta S, eds.
Textbook of Obstetric Anesthesia. Philadelphia: Churchill Livingstone; 2000:487-503.)
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Strict aseptic technique is of utmost importance.
One of the most common organisms responsible for
postspinal bacterial meningitis is the oral commensal
Streptococcus viridans, emphasizing the purpose of
wearing a mask. A combination of chlorhexidine and
alcohol together is the most effective solution to clean
the back.48 Chlorhexidine must be allowed to dry completely before skin puncture because chlorhexidine is
neurotoxic.
Current consensus guidelines state that neuraxial
blocks should be performed with the patient awake,21
except when the physician and patient conclude that
benefit outweighs the risk. General anesthesia or heavy
sedation can prevent a patient from recognizing warning
signs of pain or paresthesia if the needle is in close proximity to nerve tissue.!
Position (Also See Chapter 19)

The two primary patient positions are lateral decubitus and sitting. The prone position is rarely used. The
superiority of any one particular position is unclear.
The lateral decubitus position facilitates administration
of sedative medication if required and is likely more
comfortable. Patients are placed with their back parallel to the edge of the operating table, thighs flexed
onto the abdomen, with the neck flexed to allow the
forehead to be as close as possible to the knees in an
attempt to “open up” the vertebral spaces. The patient
should be positioned so that spread of hypobaric, isobaric, or hyperbaric solution to the operative site is
optimized.
Identification of the midline may be easier when
the patient is placed in the sitting position, especially
when obesity or scoliosis renders midline anatomy
difficult to examine. An assistant helps to maintain the patient in a vertical plane while flexing the
patient’s neck and arms over a pillow, relaxing the
shoulders, and asking the patient to “push out” the
lower back to open up the lumbar vertebral spaces.
Hypotension may be more common in the sitting
position.!
Projection and Puncture

The spinal cord ends at the level of L1-L2, and so needle insertion above this level should be avoided. The
intercristal line is the line drawn between the two iliac
crests. This, albeit with incomplete reliability, corresponds to the level of the L4 vertebral body or the
L4-L5 interspace.49 Once the appropriate space (usually L3-L4, L2-L3, or L4-L5) has been selected, local
anesthesia is infiltrated and an introducer is inserted
at a slight cephalad angle of 10 to 15 degrees through
skin, subcutaneous tissue, and supraspinous ligament
to reach the interspinous ligament. The needle, with its
bevel parallel to the midline, is advanced slowly until
the characteristic change in resistance is noted as the
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needle passes through the ligamentum flavum and dura.
On passing through the dura, a slight “click” or “pop”
sensation often occurs. The stylet is then removed, and
clear CSF should appear at the needle hub. If the CSF
does not flow, the needle might be obstructed and rotation in 90-degree increments can be undertaken until
CSF appears. If CSF does not appear in any quadrant,
the needle should be advanced a few millimeters and
rechecked. If CSF still has not appeared the needle
should be withdrawn and the insertion steps repeated. A
common reason for failure is insertion of the needle off
the midline. After CSF is freely obtained the anesthetic
dose is injected at a rate of approximately 0.2 mL/sec.
After completion of the injection, CSF can be aspirated
into the syringe and reinjected into the subarachnoid
space to reconfirm location.
The paramedian approach may be especially useful
in the setting of diffuse calcification of the interspinous
ligament. A skin wheal is raised 1 cm lateral and 1 cm
caudad to the corresponding spinous process. The spinal
introducer and needle are inserted 10 to 15 degrees off
the sagittal plane in a cephalomedial plane (Fig. 17.11).
If the needle contacts bone, it is redirected slightly in a
cephalad direction and the needle “walked up” the lamina. The characteristic feel of the ligamentam flavum
and dura is possible, but with this approach the needle is
not passing through the supraspinous and interspinous
ligaments.!
Special Spinal Techniques

Continuous spinal anesthesia allows incremental dosing
of local anesthetic and therefore predictable titration of
the block to an appropriate level, with better hemodynamic stability than a single-shot spinal injection.50 This
approach is useful in controlling arterial blood pressure
in patients with severe aortic stenosis or pregnant women
with complex cardiac disease. It may also be used in prolonged cases rather than the combined spinal-epidural
(CSE) technique, or when previous spinal surgery may
hinder epidural spread. Spinal microcatheters exist, but
small-gauge catheters (less than 24 G in particular) have
been associated with cauda equina syndrome,51 probably
because of lumbosacral pooling of local anesthetic. Catheter-over-the-needle devices are also available for use
with continuous spinal anesthesia, with the advantage of
minimizing leakage of CSF around the catheter, but they
may be more difficult to insert.
The terms unilateral spinal anesthesia and selective
spinal anesthesia overlap slightly, but both refer to smalldose techniques that capitalize on baricity and patient
positioning to hasten recovery. For example, 4 to 5 mg of
hyperbaric bupivacaine with unilateral positioning can be
adequate for knee arthroscopy. In selective spinal anesthesia, minimal local anesthetic doses are used with the
goal of anesthetizing only the sensory fibers to a specific
area.52!
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1 cm
L4
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III
10°–15°

Fig. 17.11 Vertebral anatomy of the midline and paramedian approaches to central neuraxis blocks.
The midline approach highlighted in the inset requires anatomic projection in only two planes: sagittal
and horizontal. The paramedian approach shown in the inset and in the posterior view requires an additional oblique plane to be considered, although the technique may be easier in patients who are unable
to cooperate in minimizing their lumbar lordosis. The paramedian needle is inserted 1 cm lateral and 1
cm caudad to the caudad edge of the more superior vertebral spinous process. The paramedian needle
is inserted approximately 15 degrees off the sagittal plane, as shown in the inset. (Courtesy of the Mayo
Foundation, Rochester, Minn.)

Monitoring of the Block
Once the spinal anesthetic has been administered, the
onset, extent, and quality of the sensory and motor blocks
must be assessed while heart rate and arterial blood pressure should be monitored for any resultant sympathetic
blockade. Cold sensation and pinprick representing C
fibers and A-delta fibers respectively are used most often
to assess sensory block. Loss of sensation to cold usually
occurs first, verified using an ethyl chloride spray, ice, or
alcohol, followed by the loss of sensation to pinprick, verified using a needle that does not pierce the skin.6 Finally,
loss of sensation to touch occurs. The modified Bromage scale (Box 17.1) is most commonly used to measure
motor block, although this represents only lumbosacral
motor fibers.53 Ensuring that the level of block using cold
or pinprick is two to three segments above the expected
level of surgical stimulus, and the presence of a motor
block is commonly considered adequate.!

Box 17.1 Modified Bromage Scale
0 No motor block
1 Inability to raise extended leg; able to move knees and feet
2 Inability to raise extended leg and move knee; able to move
feet
3 Complete block of motor limb
From Brull R, Macfarlane AJR, Chan VWS. Spinal, epidural, and caudal
anesthesia. In Miller RD, Cohen NH, Eriksson LI, et al, eds. Miller’s
Anesthesia. 8th ed. Philadelphia: Saunders Elsevier; 2015, Box 56-1.

EPIDURAL ANESTHESIA
Factors Affecting Epidural Block Height
Drug Factors

The volume and total mass of injectate are the most
important drug-related factors. As a general principle,
1 to 2 mL of solution should be injected per segment to be
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Table 17.4

Factors Affecting Epidural Local Anesthetic Distribution and Block Height

Factors

More Important

Less Important

Not Important

Drug factors

Volume
Dose

Concentration

Additives

Patient factors

Elderly age
Pregnancy

Weight
Height
Pressure in adjacent body cavities

Procedure factors

Level of injection

Patient position

Speed of injection
Needle orifice direction

Visser WA, Lee RA, Gielen MJM. Factors affecting the distribution of neural blockade by local anesthetics in epidural anesthesia and a comparison
of lumbar versus thoracic epidural anesthesia. Anesth Analg. 2008;107(2):708-721.

blocked. Bicarbonate, epinephrine, and opioids influence
onset, quality, and duration of analgesia and anesthesia,
and these do not affect spread (Table 17.4).!
Patient Factors

Age can influence epidural block height. Up to 40%
less volume may be required in thoracic epidurals
in the elderly, possibly because of decreased leakage of local anesthetic through intervertebral foramina, decreased compliance of the epidural space, or
an increased sensitivity of the nerves (also see Chapter 35). Only the extremes of patient height influence
local anesthetic spread in the epidural space. Weight is
not well correlated with block height. Less local anesthetic is required to produce the same epidural spread
of anesthesia in pregnant patients, in part because of
engorgement of epidural veins secondary to increased
abdominal pressure (also see Chapter 33). Continuous
positive airway pressure increases the height of a thoracic epidural block.!
Procedure Factors

The level of injection is the most important procedural-related factor that affects epidural block height.
In the upper cervical region, spread of injectate is
mostly caudal, in the midthoracic region spread is
equally cephalad and caudal, and in the low thoracic
region spread is primarily cephalad.54 After a lumbar
epidural, spread is more cephalad than caudal. Some
studies suggest that the total number of segments
blocked is less in the lumbar region compared with
thoracic levels for a given volume of injectate. Patient
position affects lumbar epidural injections, with preferential spread and faster onset to the dependent side
in the lateral decubitus position. The sitting and supine
positions do not affect epidural block height. However,
the head-down tilt position does increase spread in
obstetric patients. Needle bevel direction and speed of
injection do not appear to influence the spread of a
bolus injection.!
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Pharmacology
Local anesthetics for epidural use may be classified into
short-, intermediate-, and long-acting drugs. A single
bolus dose of local anesthetic can provide surgical anesthesia ranging from 45 minutes up to 4 hours depending
on the type administered and the use of any additives
(Table 17.5). Most commonly, however, an epidural catheter is left in situ so that anesthesia or analgesia can be
extended indefinitely.
Short-Acting and Intermediate-Acting Local Anesthetics

Procaine is not commonly used because the resultant
block can be unreliable and of poor quality.
Chloroprocaine is available in 2% and 3% preservativefree solutions. Prior to preservative-free preparations,
large volumes of chloroprocaine had been associated with
deep, burning lumbar back pain.55 This was thought to
be secondary to the ethylenediaminetetraacetic acid that
chelated calcium and caused a localized hypocalcemia.
Articaine is not widely used for epidural anesthesia
and has not been studied extensively.
Lidocaine is available in 1% and 2% solutions. Unlike
spinal anesthesia, TNS is not commonly associated with
epidural lidocaine.
Prilocaine is available in 2% and 3% solutions. The
2% solution produces a sensory block with minimal
motor block. In large doses, prilocaine is associated with
methemoglobinemia.
Mepivacaine is available as 1%, 1.5%, and 2% preservative-free solutions. The 2% preparation has an onset
time similar to that for lidocaine of approximately 15
minutes, but a slightly longer duration (up to 200 minutes
with epinephrine).!
Long-Acting Local Anesthetics

Tetracaine is not widely used because of unreliable block
height and, in larger doses, systemic toxicity.
Bupivacaine is available in 0.25%, 0.5%, and 0.75% preservative-free solutions. More dilute concentrations such
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Table 17.5

Spinal, Epidural, and Caudal Anesthesia

Comparative Onset Times and Analgesic Durations of Local Anesthetics Administered Epidurally in 20- to 30-mL
Volumes
Duration (min)
Plain

1 : 200,000
Epinephrine

Drug

Conc. (%)

Onset (min)

2-Chloroprocaine

3

10-15

45-60

60-90

Lidocaine

2

15

80-120

120-180

Mepivacaine

2

15

90-140

140-200

Bupivacaine

0.5-0.75

20

165-225

180-240

Etidocaine

1

15

120-200

150-225

Ropivacaine

0.75-1.0

15-20

140-180

150-200

Levobupivacaine

0.5-0.75

15-20

150-225

150-240

Data from Cousins MJ, Bromage PR. Epidural neural blockade. In Cousins MJ, Bridenbaugh PO, eds. Neural Blockade in Clinical Anesthesia and
Management of Pain. Philadelphia: JB Lippincott; 1988:255; Brown DL. Spinal, epidural, and caudal anesthesia. In Miller RD, Cohen NH, Eriksson LI,
et al, eds. Miller’s Anesthesia. 7th ed. Philadelphia: Saunders Elsevier; 2010:1611-1638.

as 0.125% to 0.25% can be used for analgesia. However,
disadvantages include cardiac and central nervous system
toxicity and potential motor block from larger doses.
Levobupivacaine administered epidurally has the same
clinical characteristics as bupivacaine and is less cardiotoxic.
Liposomal bupivacaine is not licensed for epidural use.
Ropivacaine is available in 0.2%, 0.5%, 0.75%, and
1.0% preservative-free preparations. It is associated with
a superior safety profile compared with bupivacaine, with
a higher seizure threshold and less cardiotoxicity.!
Epidural Additives
Vasoconstrictors

Epinephrine reduces vascular absorption of local anesthetics in the epidural space. The effect is greatest with
lidocaine,56 mepivacaine, and chloroprocaine (up to 50%
prolongation); less with bupivacaine and levobupivacaine; and limited with ropivacaine, which already has
intrinsic vasoconstrictive properties (see Table 17.5). Epinephrine itself may also have some analgesic benefits
owing to absorption into CSF, and dorsal horn α2-receptor
activation. Phenylephrine is used less widely and is less
effective than epinephrine.!
Opioids

Opioids synergistically enhance the analgesic effects of
epidural local anesthetics, without prolonging motor
block. A combination of local anesthetic and opioid
reduces the dose-related adverse effects of each drug
independently. Opioid-related side effects are dosedependent and there appears to be a therapeutic ceiling
effect above which only side effects increase. Opioids
may also be used alone. Epidural opioids cross the dura
and arachnoid membrane to reach the CSF and spinal

cord dorsal horn. Lipophilic opioids, such as fentanyl
and sufentanil, partition into epidural fat and therefore
are found in lower concentrations in CSF than hydrophilic opioids, such as morphine and hydromorphone.
Fentanyl and sufentanil are also readily absorbed into
the systemic circulation, which may be the principal
analgesic mechanism.
Epidural morphine can be administered as a bolus
(duration of up to 24 hours) or continuously. The optimal bolus analgesic dose that minimizes side effects is 2.5
to 3.75 mg.57 Hydromorphone is more hydrophilic than
fentanyl but more lipophilic than morphine, and has a
duration of 18 hours. Epidural fentanyl and sufentanil
have a faster onset but a shorter duration (only 2 to 3
hours). Diamorphine is available in the United Kingdom.
Depodur is an extended-release liposomal formulation
of morphine used as a single-shot lumbar epidural dose,
potentially avoiding issues of continuous local anesthetic
infusions and indwelling catheters.!
α2-Agonists

Epidural clonidine can prolong sensory block to a longer extent than motor block and reduces both epidural
local anesthetic and opioid requirements. Clonidine may
also reduce immune stress and cytokine response, but side
effects include hypotension, bradycardia, dry mouth, and
sedation. Dexmedetomidine can reduce intraoperative
anesthetic requirements, improve postoperative analgesia, and prolong both sensory and motor block.!
Other Drugs

Ketamine, neostigmine, midazolam, tramadol, dexamethasone, and droperidol have all been studied but are not
commonly used.!
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Table 17.6

Suggested Epidural Insertion Sites for Common Surgical Procedures

Nature of Surgery

Suggested Level of Insertion

Remarks

Hip surgery
Lower extremity
Obstetric analgesia

Lumbar L2-L5

Colectomy, anterior resection
Upper abdominal surgery

Lower thoracic
T6-T8

Spread more cranial than caudal

Thoracic

T2-T6

Midpoint of surgical incision

Modified from Visser WA, Lee RA, Gielen MJM. Factors affecting the distribution of neural blockade by local anesthetics in epidural anesthesia and
a comparison of lumbar versus thoracic epidural anesthesia. Anesth Analg. 2008;107(2):708-721.

C7

T7

Inferior angle
of scapula

L1

L4

S2

Iliac Posterior
crest superior
iliac spine

Fig. 17.12 Surface landmarks are a guide to the vertebral level. (From Brown DL, ed. Atlas of Regional
Anesthesia. Philadelphia: WB Saunders; 1992.)

Carbonation and Bicarbonate

Both carbonation of the solution and adding bicarbonate
increase the solution pH, and therefore the nonionized
free-base proportion of local anesthetic. Although this
may theoretically increase the speed of onset and quality
of the block by producing more rapid intraneural diffusion and more rapid penetration of connective tissue surrounding the nerve trunk, data suggest that there are no
clinical advantages for carbonated solutions.58,59!

Technique
Preparation

Patient preparation as previously described for spinal
anesthesia must equally be applied to epidural anesthesia, namely consent, monitoring, resuscitation equipment, and intravenous access. Sterility is arguably even
more important than spinal anesthesia because a catheter is often left in situ. The nature and the duration of
surgery must be understood so that the epidural may
be inserted at the appropriate level (Table 17.6) and
the appropriate drugs chosen.8 The risks and benefits
will vary depending on the severity of patient comorbid conditions. Tuohy needles are most commonly used
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(see Fig. 17.10). They are usually 16 to 18 G and have a
shaft marked in 1-cm intervals with a 15- to 30-degree
curved, blunt Huber needle tip designed to both reduce
the risk of accidental dural puncture and guide the catheter cephalad. The catheter is made of a flexible, calibrated, radiopaque plastic with either a single end hole
or multiple side orifices near the tip. Multiple orifices
can improve analgesia but may increase epidural vein
cannulation in parturients.!
Position

The sitting and lateral decubitus positions necessary for
epidural puncture are the same as those for spinal anesthesia, and success rates are comparable. As with spinal anesthesia, epidurals are ideally performed with the
patient awake.21!
Projection and Puncture

Important surface landmarks include the intercristal line
(corresponding to the L4-L5 interspace), the inferior angle
of the scapula (corresponding to the T7 vertebral body),
the root of the scapular spine (T3), and the vertebra prominens (C7) (Fig. 17.12). Ultrasonography may be useful to
identify the correct thoracic space.
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A variety of different needle approaches exist: midline, paramedian, modified paramedian (Taylor approach),
and caudal. A midline approach, in which the angle of
approach is only slightly cephalad, is commonly chosen
for lumbar and low thoracic approaches. In the midthoracic region, the approach should be more cephalad
because of the significant downward angulation of the
spinous processes (see Fig. 17.5). The needle should be
advanced in a controlled fashion with the stylet in place
through the supraspinous ligament and into the interspinous ligament, at which point the stylet can be removed
and the syringe attached. This method may increase the
chance of a false loss-of-resistance, possibly because of
defects in the interspinous ligament.
Air or saline (or a combination) is commonly used to
detect a loss-of-resistance when identifying the epidural
space (Fig. 17.13). Each involves intermittent (for air) or
constant (for saline) gentle pressure applied to the bulb
of the syringe with the dominant thumb while the needle is advanced with the nondominant hand. Usually the
ligamentum flavum is identified as a tougher structure
with increased resistance, and when the epidural space is
subsequently entered, the pressure applied to the syringe
plunger allows the solution to flow without resistance
into the epidural space. Air is likely less reliable in identifying the epidural space, results in a possible chance
of incomplete block, and may cause both pneumocephalus (which can result in headaches) and even venous air
embolism in rare cases. Nevertheless, adverse outcomes
in obstetric patients do not vary when air versus saline
was studied.60 Fluid inserted through the epidural needle
before catheter insertion can also reduce the risk of epidural vein cannulation by the catheter.61 However, saline
may make it more difficult to detect an accidental dural
puncture.
With the hanging-drop technique, a drop of solution
such as saline is placed within the hub of the needle after
the needle is placed in the ligamentum flavum. When
the needle tip reaches the epidural space, the solution is
“sucked in” as a result of subatmospheric pressure inside
the epidural space.
When a lumbar midline approach is used, the depth
from skin to the ligamentum flavum in most (80%)
patients is between 3.5 and 6 cm. Ultrasonography can
predict this depth before needle insertion. When the epidural space is identified, the depth should be noted, the
syringe removed, and a catheter gently threaded to leave
4 to 6 cm in the space. Less than 4 cm in length in the
epidural space may increase the risk of catheter dislodgement and inadequate analgesia. Threading more catheter
increases the likelihood of catheter malposition or complications.62 The Tsui test can be used to confirm catheter
tip location using a special electrically conducting catheter.63 This stimulates the spinal nerve roots with a low
electrical current resulting in twitches of the corresponding muscles.!
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Noncompressed
air bubble

Ligamentum flavum
Compressed
air bubble

III

Fluid

Fig. 17.13 Loss-of-resistance technique. The needle is inserted
into the ligamentum flavum, and a syringe containing saline and
an air bubble is attached to the hub. After compression of the air
bubble is obtained by applying pressure on the syringe plunger,
the needle is carefully advanced until its entry into the epidural
space is confirmed by the characteristic loss of resistance to
syringe plunger pressure, and the fluid enters the space easily.
(From Afton-Bird G. Atlas of regional anesthesia. In Miller RD, ed.
Miller’s Anesthesia. Philadelphia: Elsevier; 2005.)

Paramedian Approach

The paramedian approach is particularly useful in the midto high-thoracic region, where the angulation of the spine
is steeper and the spaces narrower. The needle should be
inserted 1 to 2 cm lateral to the inferior tip of the spinous
process corresponding to the vertebra above the desired
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Spinal and epidural "needle through needle"
Luer slip-hubs

Needle

A
"Back-eye" Tuohy needle
Tuohy needle

Ligamentum Dura
flavum

"Back eye"

Cauda
equina

Spinal needle

Epidural catheter

B
Fig. 17.14 (A) A spinal needle and epidural needle are used for the combined spinal-epidural technique.
(B) Tuohy needle with a “back eye” that permits placement of the spinal needle directly into the subarachnoid space (left panel) and subsequent threading of the epidural catheter into the epidural space after
removal of the spinal needle. (Modified from Veering BT, Cousins MJ. Epidural neural blockade. In Cousins
MJ, Bridenbaugh PO, Carr DB, Horlocker TT, eds. Neural Blockade in Clinical Anesthesia and Management of
Pain. Philadelphia: Lippincott-Raven; 2009:241-295.)

interspace. The needle is then advanced horizontally until the
lamina is reached and then redirected medially and cephalad
to enter the epidural space. The Taylor approach is a modified
paramedian approach via the L5-S1 interspace, which may
be useful in trauma patients who cannot tolerate or are not
able to maintain a sitting position. The needle is inserted 1 cm
medial and 1 cm inferior to the posterior superior iliac spine
and is angled medially and cephalad at a 45- to 55-degree
angle. Before initiating an epidural local anesthetic infusion,
a test dose may be administered. The purpose of this is to
exclude intrathecal or intravascular catheter placement.!

COMBINED SPINAL-EPIDURAL
ANESTHESIA
CSE anesthesia allows the flexibility of a rapidonset spinal block while the epidural catheter allows
anesthesia or analgesia to be extended as the spinal
294

resolves. This is particularly useful in obstetrics (also
see Chapter 33). Another advantage is the ability to
administer a low dose of intrathecal local anesthetic,
and, if necessary, use the epidural catheter to extend
the block. Adding either local anesthetic or saline alone
to the epidural space via the catheter compresses the
dural sac and increases the block height. This latter
technique of epidural volume extension (EVE) allows
smaller doses of intrathecal local anesthetic to be used
while significantly hastening motor recovery.64 This
sequential technique also provides greater hemodynamic stability for high-risk patients.

Technique
Most commonly the epidural needle is placed first, followed by either a “needle through needle” technique
using specially available kits (Fig. 17.14) or an altogether
separate spinal needle insertion at either the same or
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Fig. 17.15 Caudal technique. Palpating fingers locate the sacral cornua by using the equilateral triangle.
Needle insertion is completed by insertion and withdrawal in a stepwise fashion (inset, so-called “1-2-3
insertion”) until the needle can be advanced into the caudal canal and the solution can be injected easily
(without creation of a subcutaneous “lump” of fluid). (From Brull R Macfarlane AJR, Chan VWS. Spinal,
epidural, and caudal anesthesia. In Miller RD, Cohen NH, Eriksson LI, et al, eds. Miller’s Anesthesia. 8th ed.
Philadelphia: Saunders Elsevier; 2015:Fig. 56-10.)

different interspace. The separate needle insertion technique65 has the advantage of being able to confirm that
the epidural catheter is functional before spinal anesthesia is administered but does theoretically risk shearing the
in situ epidural catheter.!

CAUDAL ANESTHESIA
Caudal anesthesia is popular in pediatric anesthesia (also
see Chapter 34). In adults, caudal anesthesia is unpredictable when upper abdominal or thoracic spread is required.
Therefore its indications in adults are the same as those
for lumbar epidural anesthesia. It is most useful when
sacral anesthetic spread is desired (e.g., perineal, anal,
rectal procedures), where a spinal surgery scar may prevent a lumbar anesthetic technique, or more commonly,
in chronic pain and cancer pain management (also see
Chapter 44). Both fluoroscopy and ultrasonography can
help guide correct needle placement.

Pharmacology
The local anesthetics used are similar to those described
for epidural anesthesia and analgesia. In adults, approximately twice the lumbar epidural dose is required to
achieve a similar block with the caudal approach.!

Technique
Patient preparation as described before applies equally to
caudal anesthesia. The prone position, lateral decubitus
position, and the knee-chest position may be used. Caudal anesthesia requires identification of the sacral hiatus.
The sacrococcygeal ligament (i.e., extension of ligamentum flavum) overlies the sacral hiatus, between the two
sacral cornua. The posterior superior iliac spines should
be located, and by using the line between them as one
side of an equilateral triangle, the location of the sacral
hiatus can be approximated (Fig. 17.15).
After the sacral hiatus is identified, local anesthetic
is infiltrated and the caudal needle (or Tuohy needle
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if a catheter is to be placed) is inserted at an angle of
approximately 45 degrees to the sacrum. A decrease
in resistance to needle insertion should be appreciated
as the needle enters the caudal canal. The needle is
advanced until bone (i.e., the dorsal aspect of the ventral plate of the sacrum) is contacted and then slightly
withdrawn, and then redirected so that the angle of
insertion relative to the skin surface is decreased. In
male patients, this angle is almost parallel to the coronal plane; in female patients, a slightly steeper angle
(15 degrees) is necessary. During redirection of the needle, loss-of-resistance is sought to confirm entry into
the epidural space, and the needle advanced no more
than approximately 1 to 2 cm into the caudal canal. In
adults, the tip should never be advanced beyond the
S2 level (approximately 1 cm inferior to the posterior
superior iliac spine), which is the level to which the
dural sac extends. Additional advancement increases
the risk of dural puncture and unintentional intravascular cannulation. Before injection of any drugs,
aspiration to see if CSF can be withdrawn should be
performed and a test dose administered to exclude
intravascular or intrathecal placement.!

COMPLICATIONS
Clear distinction should be made between the physiologic
effects of the neuraxial technique and complications,
which imply some harm to the patient.66 The material
risks associated with neuraxial anesthesia must be intimately understood and respected because catastrophic
injury is not unknown.

Cauda Equina Syndrome

The rate of cauda equina syndrome is approximately 0.1
per 10,000 and invariably results in permanent neurologic deficit.69 The lumbosacral roots of the spinal cord
may be particularly vulnerable to direct exposure of large
doses of local anesthetic, whether it is administered as
a single injection of relatively highly concentrated local
anesthetic (e.g., 5% lidocaine) or prolonged exposure to
a local anesthetic through a (small gauge in particular as
described earlier) continuous catheter.!
Epidural Hematoma

Bleeding within the vertebral canal can cause ischemic
compression of the spinal cord and lead to permanent
neurologic deficit if not recognized and evacuated expeditiously. Many risk factors have been associated with the
development of an epidural hematoma, including difficult
or traumatic needle or catheter insertion, coagulopathy,
elderly age, and female gender.70 Radicular back pain,
prolonged blockade longer than the expected duration
of the neuraxial technique, and bladder or bowel dysfunction are features commonly associated with a spaceoccupying lesion within the vertebral canal and should
prompt magnetic resonance imaging on an urgent basis.
The rate is about 0.07 per 10,000.67!
Nerve Injury

Serious neurologic complications associated with neuraxial anesthesia are rare.

The current conclusion is that epidural (including CSE)
anesthesia is associated with a more frequent rate of radiculopathy or peripheral neuropathy compared with spinal
anesthesia,69 and that neuraxial anesthesia performed
in adults for the purposes of perioperative anesthesia or
analgesia is associated with an increased likelihood of
neurologic complications compared with that performed
in the obstetric, pediatric, and chronic pain settings.67 The
rate of permanent nerve injury is around 0.1 per 10,000.67
Radicular pain or paresthesia occurring during the procedure is a risk factor.!

Paraplegia

Post–Dural Puncture Headache

The frequency is reported to be approximately 0.1 per
10,000.67 The mechanism of such a severe injury is likely
multifactorial. Direct needle trauma to the spinal cord is
possible, but the intrathecal injectate can be neurotoxic.
In the early 1980s, several patients developed adhesive
arachnoiditis, cauda equina syndrome, or permanent
paresis possibly related to a combination of low pH and
the antioxidant sodium bisulfite preservative used in
early (and discontinued) preparations of the short-acting
ester local anesthetic chloroprocaine.68
Profound hypotension or ischemia of the spinal cord
can also be an important contributing factor. Anterior spinal artery syndrome, characterized by potentially irreversible, painless loss of motor and sensory
function with sparing of proprioception was described
earlier.!

This headache is relatively common and results from unintentional or intentional puncture of the dura membrane.
The incidence is approximately 1% in spinal anesthesia and
is minimized by using smaller gauge, noncutting tip spinal
needles and orientating the needle bevel parallel with the
axis of the spine. In obstetrics, accidental dural puncture
may occur in around 1.5% of patients with between 52%
and 80% of these patients subsequently developing a post–
dural puncture headache.71 Additional risk factors for post–
spinal puncture headache are listed in Box 17.2.
The loss of CSF through the dura may cause traction
on pain-sensitive intracranial structures as the brain loses
support and sags (Fig. 17.16). Perhaps the loss of CSF
initiates compensatory yet painful intracerebral vasodilation to offset the decreased intracranial pressure.72 The
characteristic feature of a post–dural puncture headache

Neurologic
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is a frontal or occipital headache that worsens with the
upright or seated posture and is relieved by lying supine.
Associated symptoms can include nausea, vomiting, neck
pain, dizziness, tinnitus, diplopia, hearing loss, cortical
blindness, cranial nerve palsies, and even seizures. Symptoms usually begin within 3 days of the procedure, and
66% start within the first 48 hours. Spontaneous resolution usually occurs within 7 days in the majority (72%) of
cases, whereas 87% of cases resolve by 6 months.
Box 17.2 Relationships Among Variables and Post Dural
Puncture Headache
Factors That Can Increase the Incidence of Headache
After Spinal Puncture
• Age: Younger, more frequent
• Sex: Females > males
• Needle size: larger > smaller
• Needle bevel: less when the needle bevel is placed in the
long axis of the neuraxis
• Pregnancy: more when pregnant
• Dural punctures: more with multiple punctures!
Factors That Do Not Increase the Incidence of Headache After Spinal Puncture
• Continuous spinal infusion
• Timing of ambulation
From Brull R, Macfarlane AJR, Chan VWS. Spinal, epidural, and caudal
anesthesia. In Miller RD, Cohen NH, Eriksson LI, et al, eds. Miller’s
Anesthesia. 8th ed. Philadelphia: Saunders Elsevier; 2015:Box 56-2.

A
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Conservative management for post–dural puncture
headache includes supine positioning, hydration, caffeine,
and oral analgesics. The use of sumatriptan has varying
effects. Epidural blood patch is the definitive therapy
for post–dural puncture headache73 with a single patch
resulting in a 90% initial improvement rate and persistent
resolution of symptoms in 61% to 75% of cases. A blood
patch is ideally performed 24 hours after dural puncture
and after the development of classic post–dural puncture
headache symptoms. Prophylactic epidural blood patching is not efficacious. It is recommended inserting the
blood patch needle at or caudad to the level of the dural
puncture, with 20 mL of blood being a reasonable starting
target volume.74 A second epidural blood patch may be
performed 24 to 48 hours if the first is ineffective.!
Transient Neurologic Symptoms

TNS are characterized by bilateral or unilateral pain in
the buttocks radiating to the legs or, less commonly,
isolated buttock or leg pain. Symptoms occur within 24
hours of the resolution of an otherwise uneventful spinal anesthetic and are not associated with any neurologic
deficits or laboratory abnormalities. Pain can be mild or
severe but typically resolves spontaneously in less than 1
week. TNS are more likely after intrathecal lidocaine and
mepivacaine and are far less frequent with bupivacaine.75
The phenomenon is related to the concentration of lidocaine, the addition of dextrose or epinephrine, and solution osmolarity. TNS are less commonly associated with

B
Fig. 17.16 Anatomy of a “low-pressure” headache. (A) A T1-weighted sagittal magnetic resonance image
demonstrates a “ptotic brain” manifested as tonsillar herniation below the foramen magnum, forward
displacement of the pons, absence of the suprasellar cistern, kinking of the chiasm, and fullness of the
pituitary gland. (B) A comparable image of the same patient after an epidural blood patch and resolution
of the symptoms demonstrates normal anatomy. (From Drasner K, Swisher JL. In Brown DL, ed. Regional
Anesthesia and Analgesia. Philadelphia: WB Saunders; 1996.)
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epidural procedures. The risk is also more likely in the
lithotomy position for surgery. Nonsteroidal antiinflammatory drugs are the first line of treatment, but opioids
may be required.!

reduced (also see Chapter 35). Coadministration of systemic sedatives also increases this risk.!

Cardiovascular

Bacterial meningitis and epidural abscess are rare but
potentially catastrophic complications. Staphylococcal
infections arising from organisms on the patient’s skin
are one of the most common epidural-related infections,
whereas oral bacteria such as S. viridans are a common
cause of infection after spinal anesthesia. The presence
of a concomitant systemic infection, diabetes, immunocompromised states, and prolonged maintenance of an
epidural (or spinal) catheter are risk factors. The rate of
serious neuraxial infection is less than 0.3 per 10,00079
for spinal anesthesia, whereas infectious complications
after epidural techniques may be at least twice as common.67 Obstetric patients are less likely to develop deep
infections related to epidural analgesia. Chlorhexidine in
an alcohol base is the most effective antiseptic for the
purposes of neuraxial techniques.!

Hypotension

Hypotension is more likely with peak block height higher
than or equal to T5, at an age of 40 years or older, baseline
systolic blood pressure less than 120 mm Hg, combined
spinal and general anesthesia, spinal puncture at or above
the L2-L3 interspace, and the addition of phenylephrine
to the local anesthetic. Hypotension is also independently
associated with chronic alcohol consumption, history of
hypertension, body mass index (BMI), and the urgency of
surgery.76 Nausea is a common symptom of hypotension
in the setting of neuraxial anesthesia; other symptoms
include vomiting, dizziness, and dyspnea.!
Bradycardia

The mechanism has been described earlier but factors that
may increase the likelihood of exaggerated bradycardia
include baseline heart rate less than 60 beats/min, age
younger than 37 years, male gender, nonemergency status,
β-adrenergic blockade, and prolonged duration of surgery.!
Cardiac Arrest

This event is rare, and the cause of sudden cardiac arrest
after spinal anesthesia is not understood. Hypoxemia and
oversedation may be a factor in the severe bradycardia
and asystole that can occur suddenly during well-conducted spinal anesthesia. Curiously, these rare events are
associated with spinal anesthesia rather than epidural
techniques.!

Respiratory
The risk of respiratory depression associated with neuraxial opioids is dose-dependent, with a reported frequency
that approaches 3% after the administration of 0.8 mg
of intrathecal morphine.77 Respiratory depression may
stem from rostral spread of opioids within the CSF to the
chemosensitive respiratory centers in the brainstem. With
lipophilic anesthetics, respiratory depression is generally
an early phenomenon occurring within the first 30 minutes (and has not been reported after 2 hours), whereas
with intrathecal morphine late respiratory depression
may occur up to 24 hours after injection. Respiratory
monitoring for the first 24 hours after the administration
of intrathecal morphine is recommended. Patients with
sleep apnea can be especially sensitive and considerable
caution must be exercised in this group.78 Older patients
also have a more frequent risk of respiratory depression,
and therefore, the dose of neuraxial opioids should be
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Infection

Backache
There is no association between epidural analgesia and
new-onset back pain up to 6 months postpartum.!

Nausea and Vomiting
Nausea and vomiting may be secondary to either direct
exposure of the chemoreceptor trigger zone in the brain to
emetogenic drugs (e.g., opioids), hypotension, or gastrointestinal hyperperistalsis secondary to unopposed parasympathetic activity. Nausea or vomiting after spinal anesthesia
is more likely with the addition of phenylephrine or epinephrine to the local anesthetic, peak block height more
than or equal to T5, baseline heart rate more rapid than 60
beats/min, use of procaine, history of motion sickness, and
the development of hypotension during spinal anesthesia.
Intrathecal morphine has the highest risk of opioid-induced
nausea or vomiting, whereas fentanyl and sufentanil carry
the lowest risk.80 Again these side effects are dose-dependent. Using less than 0.1 mg morphine reduces the risk,
without compromising the analgesic effect.!

Urinary Retention
Urinary retention can occur in as many as one third
of patients after neuraxial anesthesia. Local anesthetic
blockade of the S2, S3, and S4 nerve roots inhibits urinary function as the detrusor muscle is weakened. Neuraxial opioids can further complicate urinary function by
suppressing detrusor contractility and reducing the sensation of urge.81 Spontaneous return of normal bladder
function is expected once the sensory level decreases to
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less than S2-S3. Along with male gender and age, intrathecal morphine has also been linked to urinary retention
after neuraxial anesthesia.81!

Pruritus
Pruritus can be distressing and is the most common side
effect related to the intrathecal administration of opioids
with rates between 30% and 100%.82 It is not dependent
on the type or dose of opioid administered, although
reducing the dose can reduce the likelihood of pruritus.
Naloxone, naltrexone, or the partial agonist nalbuphine
can be used for treatment. Ondansetron and propofol are
also useful therapies.!

Shivering
The rate of shivering is as frequent as 55%83 and is more
related to epidural than spinal anesthesia. One postulated
cause is the relatively cold temperature of the epidural
injectate, which can affect the thermosensitive basal
sinuses. The addition of neuraxial opioids, specifically
fentanyl and meperidine, reduces the likelihood of shivering.83 Prewarming the patient with a forced air warmer
and avoiding the administration of cold epidural and
intravenous fluids can reduce the incidence of shivering.!

Complications Unique to Epidural Anesthesia
Intravascular Injection

Epidural anesthesia can produce local anesthetic–induced
systemic toxicity, primarily through the unintentional
administration of drug into an epidural vein. The frequency
of vascular puncture by needle or catheter can reach 10%,
with rates highest in the obstetric population, in whom
these vessels are relatively dilated.84 Seizures related to
epidural anesthesia may be as frequent as 1%.79 In obstetrics (also see Chapter 33), the likelihood of intravascular
injection is decreased by placing the patient in the lateral
position during needle and catheter insertion, administering fluid through the epidural needle before catheter insertion, using a single-orifice rather than multiorifice catheter
or a wire-embedded polyurethane compared with polyamide epidural catheter, and advancing the catheter less than
6 cm into the epidural space. The paramedian approach,
and the use of a smaller-gauge epidural needle or catheter,
does not reduce the risk of epidural vein cannulation.
Using epinephrine mixed with local anesthetic as a test
dose can be unreliable and so prevention of systemic toxicity should always involve aspiration of the catheter and
incremental administration of the local anesthetic.!
Subdural Injection

The subdural extra-arachnoid space is easily entered in
autopsy attempts in humans. It is an infrequent clinical
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problem with epidural anesthesia (<1%). Yet, when an
epidural block is performed and a higher-than-expected
block develops 15 to 30 minutes after injection, subdural placement of local anesthetic must be considered.
With a subdural block, the motor block will be modest
compared to the extent of the sensory block, and the
sympathetic block may be exaggerated. The treatment
is symptomatic.!

RECENT ADVANCES IN
ULTRASONOGRAPHY
Preprocedural ultrasound imaging can accurately identify the intervertebral levels, the midline spinous process,
the midline interspinous window, and the paramedian
interlaminar window.49 Imaging of the lumbar spine is
significantly easier than that of the thoracic spine, which
has narrower interspinous and interlaminar windows.
Through these windows the hyperechoic dura (a bright
line), the subarachnoid space, and the posterior aspect
of the vertebral body may be visualized. Visualization of
the ligamentum flavum and epidural space is often more
difficult. Ultrasound facilitates identification of the optimal location for needle insertion and an estimation of
the skin-to-dura distance. This can be useful in patients
with difficult surface anatomic landmarks (e.g., obesity),
spine disorders (e.g., scoliosis), or previous spine surgery.
Real-time guidance is a highly challenging technique.
Ultrasonography in the pediatric population is impressive because of limited ossification of the vertebral column. The epidural catheter tip, dural displacement, and
the extent of cranial spread of a fluid bolus can all be
visualized.!

QUESTIONS OF THE DAY
1. What is the distal termination of the spinal cord in
adults and infants? Why is this landmark important
to know when performing spinal anesthesia?
2. How does the shape of the spinous processes change
from the thoracic to lumbar region? What is the
implication for epidural block technique?
3. What is the mechanism of differential sensory block
during spinal anesthesia? What is the clinical implication when assessing block height?
4. What are the cardiovascular, respiratory, and gastrointestinal effects of neuraxial anesthesia?
5. What are the absolute and relative contraindications
to neuraxial anesthesia?
6. How does local anesthetic baricity impact local anesthetic spread during spinal anesthesia? What patient
positions can alter the spread of hyperbaric spinal
anesthesia?
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7. What local anesthetics are available for spinal use in
your institution? How do they differ in terms of duration of action or side effect profile?
8. What is the effect of the following spinal anesthesia
additives on quality and/or duration of anesthesia:
opioids, vasoconstrictors, alpha agonists?

9. What factors affect epidural anesthesia block
height?
10. What are the possible neurologic complications of
neuraxial anesthesia? What are the risk factors for
each?
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