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block characteristics. However, the magnitude of the effects 
is relatively small and of such low predictive power that these 
characteristics are not useful predictors of local anesthetic dose 
in any individual patient.

 5 The risk of hemodynamic complications of epidural and spinal 
anesthesia increases with increasing block height.

 6 Lidocaine appears to be worse than other local anesthetics 
in terms of the risk of neurologic toxicity (i.e., cauda equina 
syndrome and transient neurologic symptoms).

 7 Human studies suggest that the preservative-free formulation 
of chloroprocaine may offer a viable alternative to lidocaine for 
short-duration spinal anesthesia.

 8 Administration of drugs that impair coagulation can put patients 
at increased risk of spinal hematoma. Our understanding of the 
relative risk of different classes of drugs affecting the clotting system 
is constantly evolving. Clinicians are directed to the consensus 
statement from the American Society for Regional Anesthesia 
and Pain Medicine for the most recent recommendations.

 1 Clinicians must develop a three-dimensional mental picture of 
the spinal anatomy so that when they contact bony structures 
during attempted epidural or spinal needle placement, they 
can redirect the needle in a reasoned and systematic manner 
and not subject the patient to random needle “pokes” in an 
effort to place the block.

 2 The epidural fat and the epidural venous plexus do not form 
a continuous cylinder surrounding the spinal cord, as is often 
depicted. Rather, the epidural fat lies in discrete pockets in 
the posterior and lateral epidural space and the epidural veins 
travel primarily in the anterior and lateral epidural space and 
are normally absent in the posterior epidural space.

 3 Serious systemic toxicity during attempted epidural block is 
almost always the result of inadvertent local anesthetic injection 
directly into the vasculature. Consequently, an appropriate test 
dose designed to identify intravascular injection is critical.

 4 Physical characteristics (e.g., height, weight, cerebrospinal 
luid volume) and age do have an effect on spinal and epidural 
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There are no absolute indications for spinal or epidural anesthe-
sia. However, there are clinical situations in which patient prefer-
ence, patient physiology, or the surgical procedure makes central 
neuraxial block the technique of choice. There is also evidence 
that these techniques may improve outcome in selected situa-
tions. Spinal and epidural anesthesia have been shown to blunt 
the “stress response” to surgery,1 to decrease intraoperative blood 
loss,2,3 to lower the incidence of postoperative thromboembolic 
events,2–5 and to decrease morbidity and mortality in high-risk 
surgical patients.6,7 In addition, both spinal and epidural tech-
niques can be used to extend analgesia into the postoperative 
period, where their use has been shown to provide better analgesia 
than can be achieved with parenteral opioids.8 In addition, cen-
tral neuraxial analgesia has become an indispensable technique 
to provide analgesia to nonsurgical patients. Thus, these tech-
niques are an indispensable part of modern anesthetic practice, 
and every anesthesiologist should be adept at performing them.

ANATOMY

Proiciency in spinal and epidural anesthesia requires a thor-
ough understanding of the anatomy of the spine and spinal cord. 
The anesthesiologist must be familiar with the surface anatomy 
of the spine but must also develop a mental image of the three- 
dimensional anatomy of deeper structures. In addition, one must 
appreciate the relationship between the cutaneous dermatomes, 
the spinal nerves, the vertebrae, and the spinal segment from 
which each spinal nerve arises.

vertebrae

The spine consists of 33 vertebrae (7 cervical, 12 thoracic, 5 lum-
bar, 5 fused sacral, and 4 fused coccygeal; Fig. 34-1). With the 
exception of C1, the cervical, thoracic, and lumbar vertebrae 
consist of a body anteriorly, two pedicles that project posteriorly 
from the body, and two laminae that connect the pedicles (Fig. 
34-2). These structures form the vertebral canal, which contains 
the spinal cord, spinal nerves, and epidural space. The laminae 
give rise to the transverse processes that project laterally and the 
spinous process that projects posteriorly. These bony projections 

serve as sites for muscle and ligament attachments. The pedicles 
contain a superior and inferior vertebral notch through which the 
spinal nerves exit the vertebral canal. The superior and inferior 
articular processes arise at the junction of the lamina and pedicles 
and form joints with the adjoining vertebrae. The irst cervical 
vertebra (“atlas”) differs from this typical structure in that it does 
not have a body or a spinous process.

The ive sacral vertebrae are fused together to form the wedge-
shaped sacrum, which connects the spine with the iliac wings of 
the pelvis (Fig. 34-1). The ifth sacral vertebra is not fused poste-
riorly, giving rise to a variably shaped opening known as the sacral 
hiatus. Occasionally, other sacral vertebrae do not fuse posteri-
orly, giving rise to a much larger sacral hiatus. The sacral cornua 
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FIgURE 34-2. Detail of the lumbar spinal column and epidural space. 
Note that the epidural veins are largely restricted to the anterior and 
lateral epidural space.

FIgURE 34-1. Posterior (a) and lateral (C) views of 
the human spinal column. Note the inset (B), which 
depicts the variability in vertebral level at which the 
spinal cord terminates.
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are bony prominences on either side of the hiatus and aid in iden-
tifying it. The sacral hiatus provides an opening into the sacral 
canal, which is the caudal termination of the epidural space. The 
four rudimentary coccygeal vertebrae are fused together to form 
the coccyx, a narrow triangular bone that abuts the sacral hiatus 
and can be helpful in identifying it. The tip of the coccyx can often 
be palpated in the proximal gluteal cleft, and by running one’s 
inger cephalad along its smooth surface, the sacral cornu can be 
identiied as the irst bony prominence encountered.

Identifying individual vertebrae is important for correctly locat-
ing the desired interspace for epidural and spinal blockade. The C7 
and T1 spinous processes are the most prominent and are easily pal-
pated while running the hand down the back of the neck. The twelfth 
thoracic vertebra can be identiied by palpating the  twelfth rib and 
tracing it back to its attachment to T12. A line drawn between the 
iliac crests crosses the body of L5 or the L4 to L5 interspace.

Ligaments

The vertebral bodies are stabilized by ive ligaments that increase 
in size between the cervical and lumbar vertebrae (Fig. 34-2). 
From the sacrum to T7, the supraspinous ligament runs between 
the tips of the spinous processes. Above T7, this ligament contin-
ues as the ligamentum nuchae and attaches to the occipital protu-
berance at the base of the skull. The interspinous ligament attaches 
between the spinous processes and blends posteriorly with the 
supraspinous ligament and anteriorly with the ligamentum la-
vum. The ligamentum lavum is a tough, wedge-shaped ligament 
composed of elastin. It consists of right and left portions that 
span adjacent vertebral laminae and fuse in the midline to vary-
ing degrees.7,8 The ligamentum lavum is thickest in the midline, 
measuring 3 to 5 mm at the L2 to L3 interspace of adults. The dis-
tance between the ligamentum lavum and the spinal meninges is 
also greater in the midline, measuring 4 to 6 mm at the L2 to L3 
interspace.9 As a result, midline insertion of an epidural needle is 
least likely to result in unintended meningeal puncture. The ante-
rior and posterior longitudinal ligaments run along the anterior 
and posterior surfaces of the vertebral bodies.

epidural space

The epidural space is the space that lies between the spinal menin-
ges and the sides of the vertebral canal (Fig. 34-3). It is bounded 
cranially by the foramen magnum, caudally by the sacrococcy-
geal ligament covering the sacral hiatus, anteriorly by the pos-
terior longitudinal ligament, laterally by the vertebral pedicles, 
and posteriorly by both the ligamentum lavum and the vertebral 
lamina. The epidural space is not a closed space but communi-
cates with the paravertebral space by way of the intervertebral 
foramina.10 The epidural space is shallowest anteriorly where 
the dura may in some places fuse with the posterior longitudinal 
ligament. The space is deepest posteriorly, although the depth 
varies because the space is intermittently obliterated by contact 
between the dura mater and the ligamentum lavum or verte-
bral lamina. Contact between the dura mater and the pedicles 
also interrupts the epidural space laterally. Thus, the epidural 
space is composed of a series of discontinuous compartments 
that become continuous when the potential space separating the 
compartments is opened up by injection of air or liquid. A rich 
network of valveless veins (Batson plexus) courses through the 
anterior and lateral portions of the epidural space and only very 
rarely in the posterior epidural space (Fig. 34-2).11 The epidural 
veins anastomose freely with extradural veins, including the pel-
vic veins, azygous system, and intracranial veins. The epidural 

space also contains lymphatics and segmental arteries running 
between the aorta and the spinal cord.

epidural fat

The most ubiquitous material in the epidural space is fat, which 
is principally located in the posterior and the lateral epidural 
space (Fig. 34-3).10 Interestingly, the epidural fat appears to have 
clinically important effects on the pharmacology of epidurally 
and intrathecally administered drugs. For example, using a pig 
model, Bernards et al.12 showed that there is a linear relationship 
between an opioid’s lipid solubility and its terminal elimination 
half-time in the epidural space, its mean residence time in the 
epidural space, and its concentration in epidural fat. In addition, 
net transfer of opioid from the epidural space to the intrathecal 
space was greatest for the least lipid-soluble opioid (morphine) 
and least for highly lipid-soluble opioids (fentanyl, sufentanil). 
In effect, increasing lipid solubility resulted in opioid “seques-
tration” in epidural fat, thereby reducing the bioavailability of 
drug in the underlying subarachnoid space and spinal tissue.

Epidural fat also appears to play a role in the pharmacokinetics 
of epidurally administered local anesthetics. Speciically, sequestra-
tion in epidural fat likely explains why a highly lipid-soluble local 
anesthetic like etidocaine is only approximately equipotent with 
lidocaine in the epidural space despite the fact that etidocaine is 
roughly seven times more potent than lidocaine in vitro. Because 
of its much greater lipid solubility, etidocaine is more likely than 
lidocaine to be sequestered in epidural fat, thereby reducing the 
amount of drug available to produce block in the spinal nerve 
roots and spinal cord. Consistent with this hypothesis, Tucker and 
Mather13 showed that after administering 80 mg of etidocaine and 
50 mg of lidocaine into the epidural space of sheep, the amount of 
etidocaine still present in epidural fat 12 hours later was more than 
100 times greater than the amount of lidocaine. Thus, sequestra-
tion in epidural fat appears to play an important role in the phar-
macokinetics of local anesthetics just as it does for epidural opioids.

meninges

The spinal meninges consist of three protective membranes (dura 
mater, arachnoid mater, and pia mater), which are continuous 
with the cranial meninges (Fig. 34-4).

FIgURE 34-3. The compartments of the epidural space (pink areas) 
are discontinuous. Areas where no compartments are indicated repre-
sent a potential space where the dura mater normally abuts the sides of 
the vertebral canal. (Reprinted from: Hogan Q. Lumbar epidural anat-
omy: A new look by cryomicrotome section. Anesthesiology. 1991;75: 
767, with permission.)
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Dura mater

The dura mater is the outermost and thickest meningeal tissue. 
The spinal dura mater begins at the foramen magnum where 
it fuses with the periosteum of the skull, forming the cephalad 
border of the epidural space. Caudally, the dura mater ends at 
approximately S2, where it fuses with the ilum terminale. The 
dura mater extends laterally along the spinal nerve roots and 
becomes continuous with the connective tissue of the epineu-
rium at approximately the level of the intervertebral foramina. 
The dura mater is composed of randomly arranged collagen 
ibers and elastin ibers arranged longitudinally and circumfer-
entially.14 The dura mater is largely acellular except for a layer of 
cells that forms the border between the dura mater and the arach-
noid mater. Despite the lack of cellular elements, the inner edge of 
the dura mater is highly vascular, which likely results in the dura 
mater being an important route of drug clearance from both the 
epidural space and the subarachnoid space.15

There is controversy regarding the existence and clinical signii-
cance of a dorsal midline connective tissue band, the plica mediana 
dorsalis, running from the dura mater to the ligamentum lavum. 
Anatomic studies using epiduroscopy and epidurography have 
demonstrated the presence of the plica mediana dorsalis and have 
led to speculation that this tissue band may on occasion be respon-
sible for dificulty in inserting epidural catheters and for unilat-
eral epidural block.16,17 However, using cryomicrotome sections to 
investigate the epidural space, Hogan10 failed to ind evidence of a 
substantial connection between the dura mater and the ligamen-
tum lavum. He speculated that the injection of either air or con-
trast required for the earlier studies may have compressed epidural 
contents (e.g., fat) and produced an artifact mimicking a connec-
tive tissue band. In addition, Hogan18 has shown in a clinical study 
that there is no signiicant impediment to spread of injectate across 
the midline. Thus, the plica mediana dorsalis does not appear to be 
clinically relevant with respect to clinical epidural anesthesia.

The inner surface of the dura mater abuts the arachnoid mater. 
There is a potential space between these two membranes called the 
subdural space (Fig. 34-4). Occasionally, a drug intended for either 
the epidural space or the subarachnoid space is injected into the 
subdural space.19 Subdural injection has been estimated to occur 
in 0.82% of intended epidural injections.20 The radiology literature 
suggests that the incidence of subdural injection during intended 
subarachnoid injection for myelography may be as high as 10%.21

arachnoid mater

The arachnoid mater is a delicate, avascular membrane composed 
of overlapping layers of lattened cells with connective tissue 
ibers running between the cellular layers. The arachnoid cells are 
interconnected by frequent tight junctions and occluding junc-
tions. These specialized cellular connections likely account for the 
fact that the arachnoid mater is the principal anatomic barrier for 
drugs moving between the epidural space and the spinal cord.22

In the region where the spinal nerve roots traverse the dura and 
arachnoid membranes, the arachnoid mater herniates through the 
dura mater into the epidural space to form arachnoid granulations. 
As with the cranial arachnoid granulations, the spinal arachnoid 
granulations serve as a site for material in the subarachnoid space 
to exit the central nervous system (CNS). Although some have pos-
tulated that the arachnoid granulations are a preferred route for 
drugs to move from the epidural space to the spinal cord, the avail-
able experimental data suggest that this is not the case.23

The subarachnoid space lies between the arachnoid mater and 
the pia mater and contains the cerebrospinal luid (CSF). The 
spinal CSF is in continuity with the cranial CSF and provides an 
avenue for drugs in the spinal CSF to reach the brain. In addition, 
the spinal nerve roots and rootlets run in the subarachnoid space.

Pia mater

The spinal pia mater is adherent to the spinal cord and is composed 
of a thin layer of connective tissue cells interspersed with collagen. 
Trabeculae connect the pia mater with the arachnoid mater and 
the cells of these two meninges blend together along the trabeculae. 
Unlike the arachnoid mater, the pia mater is fenestrated in places so 
that the spinal cord is in direct communication with the subarach-
noid space. The pia mater extends to the tip of the spinal cord where 
it becomes the ilum terminale, which anchors the spinal cord to the 
sacrum. The pia mater also gives rise to the dentate ligaments, which 
are thin connective tissue bands extending from the side of the spi-
nal cord through the arachnoid mater to the dura mater. These liga-
ments serve to suspend the spinal cord within the meninges.

Cerebrospinal fluid

CSF is a complex solution made up of 99% water and contain-
ing an array of molecules including electrolytes, proteins,  glucose, 

FIgURE 34-4. The spinal meninges of the dog, dem-
onstrating the pia mater (PM) in apposition to the spi-
nal cord, the subarachnoid space (SS), the arachnoid 
mater (AM), trabeculae (fibers stretching from arach-
noid mater to pia mater), and the dura mater (DM). 
The separation between the arachnoid mater and the 
dura mater demonstrates the subdural space. The sub-
dural space is only a potential space in vivo but is creat-
ed here as an artifact of preparation. (Reprinted from: 
Peters A, Palay SL, Webster H, eds. The Fine Structure 
of the Nervous System: The Neurons and Supporting 
Cells. Philadelphia, PA: WB Saunders; 1976, with per-
mission.)
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neurotransmitters, neurotransmitter metabolites, cyclic nucleo-
tides, amino acids, among many others. The CSF volume is 
approximately 100 to 160 mL in adult humans and it is produced 
at the rate of 20 to 25 mL/hr. Consequently, the entire CSF vol-
ume is replaced roughly every 6 hours.

According to the traditional view of CSF hydrodynamics, CSF 
is produced by plasma ultrailtration in the choroid plexus within 
the cerebral ventricles. It then “lows” or “circulates” unidirec-
tionally through the subarachnoid space to inally be absorbed by 
the arachnoid villi in the superior sagittal sinus and/or into lym-
phatics via perineural sheaths of cranial and spinal nerves. Several 
recent investigations, however, contradict this widely held view. 
Bulat et al.24 hypothesized that CSF is formed by water iltration 
across arterial capillary walls in the CNS. The iltration of water 
from arterial capillaries generates an osmotic counterpressure that 
drives water reabsorption into cerebral microvessels (i.e., venous 
capillaries and postcapillary venules). Using radiolabeled water, 
they demonstrated that CSF does not low through  subarachnoid 
spaces and that the bulk removal of CSF occurred primarily via 
absorption into cerebral microvessels. Klarica et al.25 further dem-
onstrated that occlusion of the aqueduct of Sylvius does not alter 
isolated cerebral ventricle pressures, suggesting that the formation 
and absorption of CSF are in balance with one another.

In addition, the development of cine-magnetic resonance 
imaging and cine-computed tomography techniques have also 
shown that CSF does not circulate, rather it oscillates in the ceph-
alocaudal axis with a frequency equal to the heart rate.26,27 CSF 
oscillates because cerebral expansion during systole displaces CSF 
caudally into the spinal canal and cerebral contraction during 
diastole causes the CSF displaced into the spinal canal to retreat 
back into the cranial vault. Net CSF movement is estimated at 
0.04% per oscillation.

The clinical signiicance of this understanding of CSF motion 
is that CSF cannot be relied on to distribute drugs in the sub-
arachnoid space. This is of little importance in single-shot spinal 
anesthesia because the kinetic energy of the injection and the bar-
icity of the solution serve to distribute the drug. However, the lack 
of signiicant net CSF motion explains why drug distribution dur-
ing the very slow infusions used for chronic intrathecal analgesia 
results in very limited drug distribution.28

spinal Cord

In the irst-trimester fetus, the spinal cord extends from the fora-
men magnum to the end of the sacrum. Thereafter, the vertebral 
column lengthens more than the spinal cord so that at birth the 
spinal cord ends at about the level of the third lumbar vertebra. 
In the adult, the caudad tip of the spinal cord typically lies at the 
level of the irst lumbar vertebra. However, in 30% of individuals 
the spinal cord may end at T12, while in 10% it may extend to L3 
(Fig. 34-1).29 A sacral spinal cord has been reported in an adult.29 
Flexion of the vertebral column causes the tip of the spinal cord 
to move slightly cephalad.

The spinal cord gives rise to 31 pairs of spinal nerves, each 
composed of an anterior motor root and a posterior sensory root. 
The nerve roots are in turn composed of multiple rootlets. The 
portion of the spinal cord that gives rise to all of the rootlets of a 
single spinal nerve is called a cord segment. The skin area inner-
vated by a given spinal nerve and its corresponding cord segment 
is called a dermatome (Fig. 34-5). The intermediolateral gray mat-
ter of the T1 through L2 spinal cord segments contains the cell 
bodies of the preganglionic sympathetic neurons. These sympa-
thetic neurons run with the corresponding spinal nerve to a point 

FIgURE 34-5. Human sensory dermatomes.
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just beyond the intervertebral foramen where they exit to join the 
sympathetic chain ganglia.

The spinal nerves and their corresponding cord segments are 
named for the intervertebral foramen through which they run. In 
the cervical region, the spinal nerves are named for the vertebra 
forming the caudad half of the intervertebral foramen; for exam-
ple, C4 emerges through an intervertebral foramen formed by C3 
and C4. In the thoracic and lumbar regions, the nerve roots are 
named for the vertebrae forming the cephalad half of the inter-
vertebral foramen; for example, L4 emerges through an interver-
tebral foramen formed by L4 and L5. Since the spinal cord usually 
ends between L1 and L2, the thoracic, lumbar, and sacral nerve 
roots run increasingly longer distances in the subarachnoid space 
to get from their spinal cord segment of origin to the interverte-
bral foramen through which they exit. Those nerves that extend 
beyond the end of the spinal cord to their exit site are collectively 
known as the cauda equina (Fig. 34-1).

TECHNIqUE

Spinal and epidural anesthesia should be performed only after 
appropriate monitors are applied and in a setting where equip-
ment for airway management and resuscitation are immediately 
available. before positioning the patient, all equipment for spi-
nal block should be ready for use; for example, local anesthetics 
mixed and drawn up, needles uncapped, skin antiseptic solution 
available, and so on. Preparing all equipment ahead of time will 
minimize the time required to perform the block and thereby 
enhance patient comfort.

needles

Spinal and epidural needles are classiied by the design of their tips 
(Fig. 34-6). The Whitacre, Eldor, Marx, and Sprotte spinal nee-
dles have a “pencil-point” tip with one or two (Eldor) aperture(s) 
on the side of the shaft proximal to the tip. The Greene, Atraucan, 
and Quincke needles have beveled tips with cutting edges. The 
pencil-point needles require more force to insert than the bevel-
tip needles but provide a better tactile “feel” of the various tissues 
encountered as the needle is inserted. In addition, the bevel has 
been shown to cause the needle to be delected from the intended 
path as it passes through tissues while the pencil-point needles 
are not delected.30 Epidural needles have a larger diameter than 
spinal needles to facilitate the injection of luid or air when using 
the “loss of resistance” technique to identify the epidural space. 
In addition, the larger diameter allows for easier insertion of cath-
eters into the epidural space. The Tuohy epidural needle has a 
curved tip to help control the direction that the catheter moves 
in the epidural space. The Hustead needle tip is also curved, 
although somewhat less than the Tuohy needle. The Crawford 
needle tip is straight, making it less suitable for catheter insertion.

The outside diameter of both epidural and spinal needles is 
used to determine their gauge. Larger gauge (i.e., smaller diam-
eter) spinal needles are less likely to cause postdural puncture 
headaches (PDPH), but are more readily delected than smaller 
gauge needles. Epidural needles are typically sized 16G to 19G 
and spinal needles 22G to 29G. Spinal needles smaller than 22G 
are often easier to insert if an introducer needle is used. The intro-
ducer is inserted into the interspinous ligament in the intended 
direction of the spinal needle and the spinal needle is then inserted 
through the shaft of the introducer. The introducer prevents the 
spinal needle from being delected or bent as it passes through 

the interspinous ligament.30 Needles of the same outside diameter 
may have different inside diameters. This is important because 
inside diameter determines how large a catheter can be inserted 
through the needle and determines how rapidly CSF will appear 
at the needle hub during spinal needle insertion. All spinal and 
epidural needles come with a tight itting stylet. The stylet pre-
vents the needle from being plugged with skin or fat and, impor-
tantly, prevents dragging skin into the epidural or subarachnoid 
spaces, where the skin may grow and form dermoid tumors.

sedation

If the patient desires, light sedation is appropriate before place-
ment of spinal or epidural block. Generally, the patient should 
not be heavily sedated because successful spinal and epidural 
anesthesia requires patient participation to maintain good posi-
tion, evaluate block height, and to enable communication with 
the anesthesiologist should a paresthesia occur when the needle 
contacts neural elements. In addition, patient cooperation is 

Spinal needles

Epidural needles

Combined spinal/ epidural needle

Quincke

Sprotte

Whitacre

Greene

Hustead

Tuohy

Crawford

FIgURE 34-6. Some of the commercially available needles for spinal 
and epidural anesthesia. Needles are distinguished by the design of 
their tips.
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required to properly evaluate an epidural test dose; sedation with 
as little as 1.5 mg of midazolam plus 75 µg of fentanyl has been 
shown to reduce the reliability of patient reports of subjective 
symptoms of intravenous (IV) local anesthetic injection.31 Once 
the block is placed and adequate block height assured, the patient 
can be sedated as deemed appropriate.

spinal anesthesia

Position

Careful attention to patient positioning is critical to successful 
spinal puncture. Poor positioning can turn an otherwise easy spi-
nal anesthetic into a challenge for both the anesthesiologist and 
the patient. Spinal needles are often inserted with the patient in 
the lateral decubitus position and this technique is described in 
detail later. However, both the prone jackknife and sitting posi-
tions offer advantages under speciic circumstances. The sitting 
position is sometimes used in obese patients because it is often 
easier to identify the midline with the patient sitting. In addition, 
the sitting position allows one to restrict spinal block to the sacral 
dermatomes (saddle block) when using hyperbaric local anes-
thetic solutions. Spinal block is generally performed in the prone 
jackknife position only when this is the position to be used for 
surgery. The use of hypobaric local anesthetic solutions with the 
patient in the prone jackknife position produces sacral block for 
perirectal surgery.

In the lateral decubitus position, the patient lies with the 
operative side down when using hyperbaric local anesthetic solu-
tions and with the operative side up when using hypobaric solu-
tions, thus assuring that the earliest and most dense block occurs 
on the operative side. The back should be at the edge of the table 
so that the patient is within easy reach. The patient’s shoulders 
and hips are both positioned perpendicular to the bed to help 
prevent rotation of the spine. The knees are drawn to the chest, 
the neck is lexed, and the patient is instructed to actively curve 
the lumbar spine outward toward the anesthesiologist. This will 
spread the spinous processes apart and maximize the size of the 
interlaminar foramen. It is useful to have an assistant who can 
help the patient maintain this position. Using the iliac crests as a 
landmark (a line drawn between the iliac crests crosses the body 
of L5 or the L4 to L5 interspace), the L2 to L3, L3 to L4, and L4 
to L5 interspaces are identiied and the desired interspace cho-
sen for needle insertion. Interspaces above L2 to L3 are avoided 
to decrease the risk of hitting the spinal cord with the needle. 
Some ind it helpful to mark the spinous processes lanking the 
desired interspace with a skin marker. This obviates the need to 
reidentify the intended interspace after the patient is prepared 
and draped.

The skin is prepared with an appropriate antiseptic solution 
and draped. All antiseptic solutions are neurotoxic, and care must 
be taken not to contaminate spinal needles or local anesthetics 
with the antiseptic solution. Chlorhexidine–alcohol antiseptic 
prevents colonization of percutaneous catheters better than does 
10% povidone–iodine. Consequently, the American Society of 
Regional Anesthesia currently recommends chlorhexidine for 
skin antisepsis prior to regional anesthesia procedures.a How 
one drapes is a matter of personal preference, but clear plastic 
fenestrated drapes offer the important advantage of permitting 
visualization of the entire back, which makes it easier to identify a 
rotated or inadequately lexed spine.

midline approach

For the midline approach to the subarachnoid space, the skin 
overlying the desired interspace is iniltrated with a small amount 
of local anesthetic to prevent pain when inserting the spinal 
needle. One should avoid raising too large a skin wheal because 
this can obscure palpation of the interspace, especially in obese 
patients. Additional local anesthetic (1 to 2 mL) is then deposited 
along the intended path of the spinal needle to a depth of 1 to  
2 inches. This deeper iniltration provides additional anesthesia 
for spinal needle insertion and helps identify the correct path for 
the spinal needle. Iniltrating local anesthetic lateral to the mid-
line is painful and generally unnecessary.

The spinal needle or introducer needle is inserted in the mid-
dle of the interspace with a slight cephalad angulation of 10 to 
15 degrees (Fig. 34-7). The needle is then advanced, in order, 
through the subcutaneous tissue, supraspinous ligament, inter-
spinous ligament, ligamentum lavum, epidural space, dura 
mater, and inally arachnoid mater. The ligaments produce a 
characteristic “feel” as the needle is advanced through them, and 
the anesthesiologist should develop the ability to distinguish a 
needle that is advancing through the high-resistance ligaments 
from one that is advancing through lower-resistance paraspinous 
muscle. This will allow early detection and correction of needles 
that are not advancing in the midline. Penetration of the dura 
mater often produces a subtle “pop” that is most easily detected 
with the pencil-point needles. Detection of dural penetration will 
prevent inserting the needle all the way through the subarachnoid 
space and contacting the vertebral body. In addition, learning to 
detect dural penetration will allow one to insert the spinal needle 
quickly without having to stop every few millimeters and remove 
the stylet to look for CSF at the needle hub.

Once the needle tip is believed to be in the subarachnoid 
space, the stylet is removed to see if CSF appears at the needle 
hub. With small diameter needles (26G to 29G) this generally 
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FIgURE 34-7. Midline approach to the subarachnoid space. The spi-
nal needle is inserted with a slight cephalad angulation and should 
advance in the midline without contacting bone (B). If bone is con-
tacted, it may be either the caudad (a) or the cephalad spinous process 
(C). The needle should be redirected slightly cephalad and reinserted. If 
bone is encountered at a shallower depth, the needle is likely walking 
up the cephalad spinous process. If bone is encountered at a deeper 
depth, the needle is likely walking down the inferior spinous process. 
If bone is repeatedly contacted at the same depth, the needle is likely 
off the midline and walking along the lamina. (Reprinted from: Mulroy 
MF. Regional Anesthesia: An Illustrated Procedural Guide. Boston: Little 
Brown; 1989, with permission.)

aSee http://www.asra.com/publications-infectious-complications-2004.php.
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requires 5 to 10 seconds, but may require ≥1 minute in some 
patients. Gentle aspiration may speed the appearance of CSF. If 
CSF does not appear, the needle oriice may be obstructed by a 
nerve root and rotating the needle 90 degrees may result in CSF 
low. Alternatively, the needle oriice may not be completely in 
the subarachnoid space and advancing an additional 1 to 2 mm 
may result in brisk CSF low. This is particularly true of pencil-
point needles, which have their oriice on the side of the needle 
shaft proximal to the needle tip. Finally, failure to obtain CSF sug-
gests that the needle oriice is not in the subarachnoid space and 
the needle should be reinserted.

If bone is encountered during needle insertion, the anesthe-
siologist must develop a reasoned, systematic approach to redi-
recting the needle. Simply withdrawing the needle and repeatedly 
reinserting it in different directions is not appropriate. When 
contacting bone, the depth should be immediately noted and 
the needle redirected slightly cephalad. If bone is again encoun-
tered at a greater depth, then the needle is most likely walking 
down the inferior spinous process and it should be redirected 
more cephalad until the subarachnoid space is reached. If bone is 
encountered again at a shallower depth, then the needle is most 
likely walking up the superior spinous process and it should be 
redirected more caudad. If bone is repeatedly encountered at the 
same depth, then the needle is likely off the midline and walking 
along the vertebral lamina (Fig. 34-7).

When redirecting a needle it is important to withdraw the tip 
into the subcutaneous tissue. If the tip remains embedded in one 
of the vertebral ligaments, attempts at redirecting the needle will 
simply bend the shaft and will not reliably change needle direc-
tion. When using an introducer needle, it also must be withdrawn 
into the subcutaneous tissue before being redirected. Changes in 
needle direction should be made in small increments because 
even small changes in needle angle at the skin may result in fairly 
large changes in position of the needle tip when it reaches the 
spinal meninges at a depth of 4 to 6 cm. Care should be exercised 
when gripping the needle to ensure that it does not bow. Insertion 
of a curved needle will cause it to veer off course.

If the patient experiences a paresthesia, it is important to 
determine whether the needle tip has encountered a nerve root in 
the epidural space or in the subarachnoid space. When the pares-
thesia occurs, immediately stop advancing the needle, remove the 
stylet, and look for CSF at the needle hub. The presence of CSF 
conirms that the needle encountered a cauda equina nerve root 
in the subarachnoid space and the needle tip is in good position. 
Given how tightly packed the cauda equina nerve roots are, it is 
surprising that all spinal punctures do not produce paresthesias. 
If CSF is not visible at the hub, then the paresthesia may have 
resulted from contact with a spinal nerve root traversing the epi-
dural space. This is especially true if the paresthesia occurs in the 
dermatome corresponding to the nerve root that exits the verte-
bral canal at the same level that the spinal needle is inserted. In 
this case, the needle has most likely deviated from the  midline 
and should be redirected toward the side opposite the pares-
thesia. Occasionally, pain experienced when the needle contacts 
bone may be misinterpreted by the patient as a paresthesia and 
the anesthesiologist should be alert to this possibility.

Once the needle is correctly inserted into the subarachnoid 
space, it is ixed in position and the syringe containing local 
anesthetic is attached. CSF is gently aspirated to conirm that the 
needle is still in the subarachnoid space and the local anesthetic 
slowly injected (≤0.5 mL/sec). After completing the injection, a 
small volume of CSF is again aspirated to conirm that the needle 
tip remained in the subarachnoid space while the local anesthetic 
was deposited. This CSF is then reinjected and the needle, syringe, 
and any introducer removed together as a unit. If the surgical 

procedure is to be performed in the supine position, the patient is 
helped onto his or her back. To prevent excessive cephalad spread 
of hyperbaric local anesthetic, care should be taken to ensure that 
the patient’s hips are not raised off the bed as they turn.

Once the block is placed, strict attention must be paid to the 
patient’s hemodynamic status with blood pressure and/or heart 
rate supported as necessary. Block height should also be assessed 
early by pin prick or temperature sensation. Temperature sensa-
tion is tested by wiping the skin with alcohol, and may be prefer-
able to pin prick because it is not painful. If, after a few minutes, 
the block is not rising high enough or is rising too high, the table 
may be tilted as appropriate to inluence further spread of hypo-
baric or hyperbaric local anesthetics.

Paramedian approach

The paramedian approach to the epidural and subarachnoid 
spaces is useful in situations where the patient’s anatomy does 
not favor the midline approach, such as inability to lex the spine 
or heavily calciied interspinous ligaments. This approach can 
be used with the patient in any position and is probably the best 
approach for the patient in the prone jackknife position.

The spinous process forming the lower border of the desired 
interspace is identiied. The needle is inserted approximately 
1 cm lateral to this point and is directed toward the middle of 
the interspace by angling it approximately 45 degrees cephalad 
with just enough medial angulation (approximately 15 degrees) 
to compensate for the lateral insertion point. The irst signii-
cant resistance encountered should be the ligamentum lavum. 
Bone encountered prior to the ligamentum lavum is usually the 
vertebral lamina of the cephalad vertebra and the needle should 
be redirected accordingly. An alternative method is to insert the 
needle perpendicular to the skin in all planes until the lamina is 
contacted. The needle is then walked off the superior edge of the 
lamina and into the subarachnoid space. The lamina provides a 
valuable landmark that facilitates correct needle placement; how-
ever, repeated needle contact with the periosteum can be painful.

Lumbosacral approach

The lumbosacral (or Taylor) approach to the subarachnoid and 
epidural spaces is simply a paramedian approach directed at the 
L5 to S1 interspace, which is the largest interlaminar space. This 
approach may be useful when anatomic constraints make other 
approaches unfeasible. The patient may be positioned laterally, 
prone, or sitting, and the needle inserted at a point 1 cm medial 
and 1 cm inferior to the posterior superior iliac spine. The needle 
is angled cephalad 45 to 55 degrees and just medial enough to 
reach the midline at the level of the L5 spinous process. As with 
the paramedian approach, the interspinous ligament is bypassed 
and the irst signiicant resistance felt should be the ligamentum 
lavum.

Continuous spinal anesthesia

Inserting a catheter into the subarachnoid space increases the 
utility of spinal anesthesia by permitting repeated drug admin-
istration as often as necessary to extend the level or duration of 
spinal block. A common and reasonable recommendation for 
subsequent dosing or “topping up” of continuous spinal blocks 
is to administer half the original dose of local anesthetic when the 
block has reached two thirds of its expected duration.

The technique is similar to that described for “single-shot” spi-
nal anesthesia except that a needle large enough to  accommodate 
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the desired catheter must be used. After inserting the needle and 
obtaining free-lowing CSF, the catheter is simply threaded into 
the subarachnoid space a distance of 2 to 3 cm. It is often easier 
to insert the catheter if it is directed cephalad or caudad instead 
of laterally. If the catheter does not easily pass beyond the needle 
tip, rotating the needle 180 degrees may be helpful or another 
interspace may be used. Once the catheter is advanced beyond 
the needle tip, the catheter should not be withdrawn back into the 
needle shaft due to the risk of shearing the catheter off into the 
subarachnoid space.

A variety of catheters and needles are available for continu-
ous spinal anesthesia. Commonly, 18G epidural needles and 20G 
catheters are used. However, needles and catheters this size carry a 
higher risk of PDPH, especially in young patients. Because of this 
risk, smaller needle and catheter combinations have been devel-
oped with catheters ranging in size from 24G to 32G. Although 
smaller catheters decrease the risk of PDPH, they have also been 
associated with multiple reports of neurologic injury, speciically, 
cauda equina syndrome (see “Complications”). For this reason, 
the United States Food and Drug Administration has advised 
against using any catheter smaller than 24G for continuous spinal 
anesthesia.

epidural anesthesia

For the novice, correct placement of an epidural needle can 
be technically more challenging than spinal needle placement 
because there is less room for error. However, with experience, 
epidural needle placement is often easier than spinal needle place-
ment because the larger gauge needles used for epidural anesthe-
sia are less likely to be delected from their intended path and they 
produce much better tactile feel of the interspinous and laval 
ligaments. In addition, the loss of resistance technique provides 
a much clearer end point when entering the epidural space than 
does the subtle “pop” of a spinal needle piercing the dura mater.

Patient preparation, positioning, monitors, and needle 
approaches for epidural anesthesia are the same as for spinal anes-
thesia. Unlike spinal anesthesia, epidural anesthesia may be per-
formed at any intervertebral space. However, at vertebral levels 
above the termination of the spinal cord, the epidural needle may 
accidentally puncture the spinal meninges and damage the under-
lying spinal cord. To prevent accidental meningeal puncture, the 
anesthesiologist must learn to identify the interspinous ligaments 
and the ligamentum lavum by their feel. In addition, epidural 
needles must be advanced slowly and, most importantly, under 
control.

After proper positioning, sterile skin preparation, and drap-
ing, the desired interspace is identiied and a local anesthetic skin 
wheal is raised at the point of needle insertion. Because epidural 
needles are relatively blunt, it is sometimes helpful to pierce the 
skin with a ≥18G hypodermic needle before inserting the epidu-
ral needle. For epidural anesthesia using the midline approach, 
the epidural needle is inserted through the subcutaneous tissue 
and into the interspinous ligament. The interspinous ligament 
has a characteristic “gritty” feel, much like inserting a needle into 
a bag of sand. This is especially true of younger patients. If the 
interspinous ligament is not clearly identiied, then one should 
be suspicious that the needle is not in the midline. After engaging 
the interspinous ligament, the needle is advanced slowly through 
it until an increase in resistance is felt. This increased resistance 
represents the ligamentum lavum.

The epidural needle must now traverse the ligamentum la-
vum and stop within the epidural space before puncturing the 
spinal meninges. Numerous techniques for identifying the epi-

dural space have been used successfully; however, the loss of 
resistance to luid has the advantage of simplicity, reliability, and, 
most importantly, a higher success rate when compared to the use 
of air for loss of resistance.32 In addition, use of luid instead of 
air for loss of resistance decreases the risk of PDPH in the event of 
accidental meningeal puncture.33

A glass syringe or a specially designed low-resistance plas-
tic syringe is illed with 2 to 3 mL of saline and a small (0.1 to  
0.3 mL) air bubble. The syringe is attached to the epidural needle 
and the plunger is pressed until the air bubble is visibly com-
pressed. If the needle tip is properly embedded within the liga-
mentum lavum, it should be possible to compress the air bubble 
without injecting luid. In this way the air bubble serves as a gauge 
of the appropriate amount of pressure to exert on the syringe 
plunger. If the air bubble cannot be compressed without inject-
ing luid, then the needle tip is most likely not in the ligamentum 
lavum. In this case, the needle tip may still be in the interspinous 
ligament, or it may be off the midline in the paraspinous muscles. 
To differentiate between these possibilities, one can carefully 
advance the needle and syringe a few millimeters in an effort to 
engage the ligamentum lavum. If it is still not possible to com-
press the air bubble, withdraw the needle into the subcutaneous 
tissue and reinsert it.

Once the ligamentum lavum is identiied, the needle is slowly 
advanced with the nondominant hand while the dominant hand 
maintains constant pressure on the syringe plunger (Fig. 34-8). 
Do not advance the needle with the hand compressing the 
plunger because this does not allow for adequate control of needle 
movement. As the needle tip enters the epidural space, there will 
be a sudden and dramatic loss of resistance as the saline is rapidly 
injected. Saline injection into the epidural space can be moder-
ately painful and patients should be forewarned. If the needle is 
advancing obliquely through the ligamentum lavum, it is pos-
sible to enter into the paraspinous muscles instead of the epidural 
space. In this case the loss of resistance will be less dramatic. To 

Interspinous ligament

FIgURE 34-8. Proper hand position when using the loss-of-resistance 
technique to locate the epidural space. After embedding the needle tip 
in the ligamentum flavum, a syringe with 2 to 3 mL of saline and an 
air bubble is attached. The left hand rests securely on the back and the 
fingers of the left hand grasp the needle firmly. The left hand advances 
the needle slowly and under control by rotating at the wrist. The fingers 
of the right hand maintain constant pressure on the syringe plunger 
but do not aid in advancing the needle. If the needle tip is properly 
engaged in the ligamentum flavum, it should be possible to compress 
the air bubble without injecting the saline. As the needle tip enters the 
epidural space, there will be a sudden loss of resistance and the saline 
will be suddenly injected. (Reprinted from: Mulroy MF. Regional An-
esthesia: An Illustrated Procedural Guide. Boston: Little Brown; 1989, 
with permission.)
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help verify that the needle has entered the epidural space, 0.5 mL 
of air can be drawn into the syringe and injected. There will be 
virtually no resistance to air injection in the epidural space, while 
in the paraspinous muscles air injection will encounter demon-
strable resistance.

After entering the epidural space, stop advancing the needle. 
because the dura mater abuts the ligamentum lavum in many 
places, the dura may now be tented over the needle tip and 
advancing the needle any farther than necessary heightens the 
risk of accidental meningeal puncture, that is, “wet tap.” When 
the syringe is disconnected from the needle, it is common to have 
a small amount of luid low from the needle hub. This is usu-
ally the saline lowing back out of the epidural space but it could 
be CSF if the needle accidentally entered the subarachnoid space. 
CSF can often be distinguished by the fact that CSF will usually 
low out in a volume greatly exceeding that used for the loss of 
resistance, CSF will be warm compared with saline, and CSF will 
test positive for glucose.

If a single-shot technique is to be used, then a local anesthetic 
test dose should be administered to help rule out undetected 
subarachnoid or IV needle placement. After a negative test dose, 
the desired volume of local anesthetic should be administered in 
small increments (e.g., 5 mL) at a rate of 0.5 to 1 mL/sec. Slow, 
incremental injection decreases the risk of pain during injection 
and allows detection of adverse reactions to accidental IV or sub-
arachnoid placement before the entire dose is administered.

Continuous epidural anesthesia

Use of a catheter for epidural anesthesia affords much greater 
lexibility than the single-shot technique because the catheter can 
be used to prolong a block that is too short, to extend a block that 
is too low, or to provide postoperative analgesia. On the down-
side, catheters may migrate into an epidural vein, into the sub-
arachnoid space, or out an intervertebral foramen. Catheter use 
is also more likely to result in unilateral epidural block, a clinical 
fact shown to result from catheter tips that end up in the ante-
rior epidural space or migrate out an intervertebral foramina.18,34 
An ever-changing selection of epidural catheters is commercially 
available. They differ in diameter, stiffness, location of injection 
holes, presence or absence of a stylet, construction material, and 
the like. Whichever catheter is chosen, it is important to verify 
that it passes easily through the epidural needle before the nee-
dle is placed in the epidural space. Epidural catheters are usually 
inserted through either Tuohy or Hustead needles because their 
curved tips help direct the catheter away from the dura mater. 
The needle bevel should be directed either cephalad or caudad, 
although the direction of the bevel does not guarantee that the 
catheter will travel in that direction. The catheter will typically 
encounter resistance as it reaches the curve at the tip of the nee-
dle, but steady pressure will usually result in passage into the epi-
dural space. If the catheter will not pass beyond the needle tip, it is 
possible that the needle opening is not completely in the epidural 
space or that some structure in the epidural space is preventing 
catheter insertion (e.g., epidural fat). In this instance, the needle 
can be carefully advanced 1 to 2 mm more or rotated 180 degrees 
and the catheter reinserted. Although either of these maneuvers 
may result in successful catheter placement, they also increase 
the risk of accidental meningeal puncture. Alternatively, the pro-
cedure can be repeated at another interspace or with a different 
needle approach, for example, paramedian. Occasionally a cath-
eter will advance only a short distance past the needle tip. This 
raises the possibility that the needle tip is not in the epidural space 
and needs to be repositioned. In this case, the catheter should not 

be withdrawn back into the epidural needle because of the risk 
that the catheter tip will be sheared off by the bevel’s sharp edge. 
Rather, the needle and catheter should be pulled out in tandem 
and the procedure repeated. An alternative explanation for the 
inability to thread an epidural catheter is that the tip of the epi-
dural needle was bent during bony contact and now partially 
occludes the needle lumen.

The catheter should be advanced only 3 to 5 cm into the epi-
dural space. Placing a longer length of catheter in the epidural 
space increases the risk that it will form a knot,35,36 enter an epi-
dural vein, puncture the spinal meninges, exit an intervertebral 
foramen, wrap around a nerve root, or wind up in some other 
disadvantageous location. Once the catheter is appropriately 
positioned in the epidural space, the needle is slowly withdrawn 
with one hand as the catheter is stabilized with the other. After 
the needle is removed, the length of the catheter in the epidu-
ral space is conirmed by subtracting the distance between the 
skin and the epidural space from the length of the catheter below 
the skin. Documenting this distance is important when trying to 
determine if catheters used in the postoperative period have been 
dislodged.

An epidural test dose must be administered through the cathe-
ter to test for IV or subarachnoid placement before incrementally 
delivering the entire epidural drug dose. In addition, because of 
the risk of undetected IV or subarachnoid migration of the cath-
eter over time, additional test doses must be administered before 
each top-up dose is given through the catheter. As with continu-
ous spinal anesthesia, a reasonable guideline for top-up doses is to 
administer half the initial local anesthetic dose at an interval equal 
to two thirds the expected duration of the block.

epidural Test Dose

The epidural test dose is designed to identify epidural needles or 
catheters that have entered an epidural vein or the subarachnoid 
space. Failure to perform the test may result in IV injection of 
toxic doses of local anesthetic or total spinal block. Aspirating the 
catheter or needle to check for blood or CSF is helpful if positive, 
but the incidence of false-negative aspirations is too high to rely 
on this technique alone.37

The most common test dose is 3 mL of local anesthetic con-
taining 5 µg/mL of epinephrine (1:200,000). The dose of local 
anesthetic should be suficient that subarachnoid injection will 
result in clear evidence of spinal anesthesia. Intravenous injection 
of this dose of epinephrine typically produces an average 30 beats 
per minute heart rate increase between 20 and 40 seconds after 
injection.38,39 Heart rate increases may not be as evident in some 
patients taking beta-blocking drugs; relex bradycardia often 
occurs in these patients.38,40 In beta-blocked patients, a systolic 
blood pressure increase of ≥20 mm Hg may be a more reliable 
indicator of IV injection.38,40

Importantly, the sensitivity of the standard 15-µg epineph-
rine test dose has been shown to be markedly diminished by 
pre- existing high thoracic epidural anesthesia and/or concurrent 
general anesthesia.41 Larger epinephrine doses may be effective 
at detecting IV injection in these settings, but that has not been 
shown experimentally.

Isoproterenol has also been used to detect intravascular injec-
tion.42 In addition, air injection combined with a precordial 
Doppler to detect the characteristic murmur has been used suc-
cessfully to test for IV placement of epidural catheters.37 These 
techniques have been developed for the use in laboring women in 
whom the sensitivity of epinephrine as a test dose is disturbingly 
low because maternal heart rate increases during contractions are 
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often as large as those produced by epinephrine.43 The clinical 
indications for these alternative tests of IV injection await addi-
tional larger studies.

Combined Spinal–Epidural Anesthesia

Combined spinal–epidural anesthesia (CSEA) is a useful tech-
nique by which a spinal block and an epidural catheter are placed 
simultaneously. This technique is popular because it combines 
the rapid onset, dense block of spinal anesthesia with the lex-
ibility afforded by an epidural catheter. There are special epidural 
needles with a separate lumen to accommodate a spinal needle 
available for CSEA (Fig. 34-6). However, the technique is eas-
ily performed by irst placing a standard epidural needle in the 
epidural space and then inserting an appropriately sized spinal 
needle through the shaft of the epidural needle and into the sub-
arachnoid space. The desired local anesthetic is injected into the 
subarachnoid space, the spinal needle is removed, and a catheter 
placed in the epidural space via the epidural needle. The catheter 
can then be used to extend the height or duration of intraoperative 
block or can be used to provide postoperative epidural analgesia.

An interesting pharmacologic aspect of CSEA is the observa-
tion that after the peak spinal block height is established, both 
saline and local anesthetic injected into the epidural space are 
effective at pushing the block level higher.44–46 This observation 
has been interpreted to indicate that the mechanism by which 
the epidural “top-up” increases block height is by a volume effect 
(i.e., compression of the spinal meninges forcing CSF cephalad) 
as well as a local anesthetic effect.

A potential risk of this technique is that the meningeal hole 
made by the spinal needle may allow dangerously high concen-
trations of subsequently administered epidural drugs to reach 
the subarachnoid space. Anecdotal case reports and in vitro ani-
mal studies suggest that this may be a legitimate concern.43,47–49 
Although CSEA is advantageous in some circumstances, addi-
tional prospective studies are necessary to identify the relative 
risks and limitations of the technique.

pHARMACOLOgY

Successful spinal or epidural anesthesia requires a block that is 
high enough to block sensation at the surgical site and last for the 
duration of the planned procedure. However, variability between 
patients is considerable (Figs. 34-9 and 34-10), reliably predicting 
the height and duration of central neuraxial block that will result 
from a particular local anesthetic dose is dificult. Thus, recom-
mendations regarding local anesthetic choice and dose must be 
viewed as approximate guidelines. The clinician must understand 
the factors governing spinal and epidural block height and dura-
tion to individualize local anesthetic choice and dose for each 
patient and procedure.

Spinal Anesthesia

Block Height

Table 34-1 lists some common surgical procedures that are read-
ily performed under spinal anesthesia and the block height that is 
usually suficient to ensure patient comfort. Also listed are tech-
niques that are appropriate to achieve the desired block height. 
The rationale for these recommendations is explained in the fol-
lowing section.

Bupivacaine Etidocaine

T2

T1

T2

T3
T4
T5
T6
T7

FIgURE 34-10. Peak epidural block height following 20 mL of 0.75% 
bupivacaine or 1.5% etidocaine injected via a catheter at the L1 to L2 
interspace. Note that despite a well-controlled technique, the interindi-
vidual variability in block height is considerable and demonstrates the 
difficulty in accurately predicting block height in an individual patient. 
(Adapted from: Sinclair CJ, Scott DB. Comparison of bupivacaine and 
etidocaine in extradural blockade. Br J Anaesth. 1984;56:147, with 
permission.)

Hypobaric Isobaric

10 mg
15 mg

Hyperbaric

FIgURE 34-9. Peak spinal block height following 10- and 15-mg dos-
es of hypobaric, isobaric, and hyperbaric tetracaine solutions injected at 
L3 to L4 with patients in the lateral horizontal position. Note that dose 
has no influence on block height and that there is considerable inter-
individual variability in peak block height, especially with the hypobaric 
solution. (Adapted from: Brown DT, Wildsmith JA, Covino BG, et al. 
Effect of baricity on spinal anaesthesia with amethocaine. Br J Anaesth. 
1980;52:589, with permission.)
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TAbLE 34-1.  rePresentative surgiCal ProCedures aPProPriate for 

sPinal anesthesia

Surgical 

Procedure

Suggested 

Block Height Technique Comments

Perianal
Perirectal

L1–L2 Hyperbaric solution/
sitting position

Hypobaric solution/
jackknife position

Isobaric solution/
horizontal position

Patients must remain in relative 
head-up or head-down position 
when using hypobaric and 
hyperbaric solutions to maintain 
restricted spread during the 
procedure

Lower extremity T10 Isobaric solution Hypobaric and hyperbaric solutions 
are also suitable but may produce 
higher blocks than necessary

Hip

Transurethral 
resection of 
the prostate

Vaginal/cervical

Herniorrhaphy
Pelvic procedures
Appendectomy

T6–T8 Hyperbaric solution/
horizontal position

Isobaric solutions injected at L2–L3 
interspace may also be suitable

Abdominal
Cesarean section

T4–T6 Hyperbaric solution/
horizontal position

Upper abdominal procedures usually 
require concomitant general 
anesthesia to prevent vagal 
relexes and pain from traction on 
diaphragm, esophagus, and the like

TAbLE 34-2.  faCtors that have been 

suggested as Possible deter-

minants of sPread of loCal 

anesthetiC solutions within 

the subaraChnoid sPaCe

Characteristics of the local anesthetic solution

Baricity
Local anesthetic dose
Local anesthetic concentration
Volume injected

Patient Characteristics

Age
Weight
Height
Gender
Pregnancy
Patient position

technique

Site of injection
Speed of injection
Barbotage
Direction of needle bevel
Addition of vasoconstrictors

diffusion

Adapted from: Greene NM. Distribution of local anesthetic solutions within the 
subarachnoid space. Anesth Analg. 1985;64:715, with permission.

Baricity and Patient Position

The height of spinal block is thought to be determined by the 
cephalad spread of local anesthetic within the CSF. Table 34-2 
lists some of the many variables that have been proposed to inlu-
ence the spread of local anesthetics within the subarachnoid 
space. Many of these variables have been shown to be of negli-
gible clinical importance. Of those factors that do exert signiicant 
inluence on local anesthetic spread, the baricity of the local anes-
thetic solution relative to patient position is probably the most 
important. Baricity is deined as the ratio of the density (mass/
volume) of the local anesthetic solution divided by the density 
of CSF, which averages 1.0003 ± 0.0003 g/mL at 37°C. Solutions 
that have the same density as CSF have a baricity of 1 and are 
termed isobaric. Solutions that are denser than CSF are termed 
hyperbaric, whereas solutions that are less dense than CSF are 
termed hypobaric.

Table 34-3 lists the baricity of local anesthetic solutions com-
monly used for spinal anesthesia. For practical purposes, solu-
tions with a baricity <0.9990 can be expected to reliably behave 
hypobarically in all patients. Hypobaric solutions are typically 
prepared by mixing the local anesthetic solution with distilled 
water. Solutions with a baricity of ≥1.0015 can be expected to 
reliably behave hyperbarically. Hyperbaric solutions are typically 
prepared by mixing the local anesthetic in 5% to 8% dextrose. 
The baricity of the resultant solution depends on the amount 
of dextrose added; however, dextrose concentrations between 
1.25% and 8% result in equivalent block heights.50,51 Lower dex-
trose concentrations have been shown to have a concentration-
dependent effect on block height, with 0.33% producing a block 
to T9.5 on average, 0.83% producing a block to T7.2, and 8% 
producing a block to T3.6.52
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baricity is important in determining local anesthetic spread 
and thus block height because gravity causes hyperbaric solutions 
to low downward in CSF to the most dependent regions of the 
spinal column, whereas hypobaric solutions tend to rise in CSF. In 
contrast, gravity has no effect on the distribution of truly isobaric 
solutions. Thus, the anesthesiologist can exert considerable inlu-
ence on block height by choice of anesthetic solution and proper 
patient positioning. Spinal block can be restricted to the sacral 
and low lumbar dermatomes (“saddle block”) by administering 
a hyperbaric local anesthetic solution with the patient in the sit-
ting position53 or by administering a hypobaric solution with the 
patient in the prone jackknife position. Similarly, high thoracic to 
midcervical levels of anesthesia can be reached by administering 
hyperbaric solutions with the patient in the horizontal and Tren-
delenburg positions54,55 or by administering hypobaric solutions 
with the patient in a semisitting position. However, this use of 
hypobaric solutions is not recommended because the high block 
achieved and the diminished venous return associated with the 

upright posture can lead to signiicant cardiovascular compro-
mise.

The sitting, Trendelenburg, and jackknife positions have 
marked inluences on the distribution of hypobaric and hyper-
baric solutions because these positions accentuate the effect of 
gravity. However, most spinal anesthetics are administered as 
hyperbaric solutions injected while patients are in the horizon-
tal lateral position, after which they are turned to the horizontal 
supine position. In this situation the inluence of gravity is more 
subtle because the dependent areas of the spinal column do not 
deviate as much from the horizontal. While the patient is turned 
laterally, gravity has a small but measurable effect on local anes-
thetic distribution in that hyperbaric solutions will produce a 
denser, longer-lasting block on the dependent side, while hypo-
baric solutions will have the opposite effect.56 This makes hypo-
baric solutions ideal for unilateral procedures performed in the 
lateral position when the operative side is nondependent (e.g., hip 
surgery). Hyperbaric solutions can be used to advantage for uni-
lateral procedures performed in the supine position if the opera-
tive side is dependent during drug injection and the patient is left 
in the lateral position for at least 6 minutes.56 However, despite 
differences in block density and duration, peak block height will 
be comparable between the dependent and nondependent sides.

When the patient is turned supine following hyperbaric drug 
injection in the lateral position, the normal spinal curvature will 
inluence subsequent movement of the injected solution. Hyper-
baric solutions injected at the height of the lumbar lordosis will 
tend to low cephalad to pool in the thoracic kyphosis and caudad 
to pool in the sacrum (Fig. 34-11). Pooling of hyperbaric local 
anesthetic solutions in the thoracic kyphosis has been evoked to 
explain the clinical observation that hyperbaric solutions tend to 
produce blocks with an average height in the midthoracic region 
(Fig. 34-9). In addition, hyperbaric solutions have also been 
observed to produce blocks with a bimodal distribution; that is, 
one group of patients with blocks centered in the low thoracic 
region and a second group of patients with blocks centered in 
the high thoracic region.57,58 The presumed explanation for this 
observation is that the lumbar lordosis produces “splitting” of 
the local anesthetic solution with some portion lowing caudad 
toward the sacrum and the remainder lowing cephalad into the 
thoracic kyphosis. The cephalad extent of the block then depends 
on what fraction of the injected drug lows cephalad. Consistent 
with this hypothesis is the fact that eliminating the lumbar lordo-
sis by maintaining the hips lexed has been shown to signiicantly 
reduce58 or eliminate57 the bimodal distribution of blocks without 
affecting maximal block height.

Obviously, gravity inluences the distribution of hyperbaric 
and hypobaric solutions only until they are suficiently diluted 
in CSF so that they become isobaric. At this point, the local anes-
thetic solution no longer moves in response to changes in patient 
position and the block is said to be “ixed.” Interestingly, the time 
required for a local anesthetic solution to become ixed may be 
considerable. Povey et al.53,54 showed that hyperbaric  bupivacaine 

FIgURE 34-11. In the horizontal supine 
position, hyperbaric local anesthetic solu-
tions injected at the height of the lumbar 
lordosis (circle) flow down the lumbar lordo-
sis to pool in the sacrum and in the thoracic 
kyphosis. Pooling in the thoracic kyphosis is 
thought to explain the fact that hyperbaric 
solutions produce blocks with an average 
height of T4 to T6.

TAbLE 34-3.  bariCity of solutions 

Commonly used for sPinal 

anesthesia

Baricitya

hyperbaric

Tetracaine: 0.5% in 5% dextrose 1.0133
Bupivacaine: 0.75% in 8.25% dextrose 1.0227
Lidocaine: 5% in 7.5% dextrose 1.0265
Procaine: 10% in water 1.0104

isobaricb

Tetracaine: 0.5% in normal saline 0.9997
Bupivacaine: 0.75% in saline 0.9988
Bupivacaine: 0.5% in saline 0.9983
Lidocaine: 2% in saline 0.9986

hypobaric

Tetracaine: 0.2% in water 0.9922
Bupivacaine: 0.3% in water 0.9946
Lidocaine: 0.5% in water 0.9985

aMeasured at 37°C, except for hypobaric 0.5% lidocaine measured at 25°C. At 
37°C, this solution’s baricity is less.
bThese solutions are slightly hypobaric but are used clinically as if they were isobaric.
Data from: Horlocker TT, Wedel DJ. Density, speciic gravity, and baricity of 
spinal anesthetic solutions at body temperature. Anesth Analg. 1993;76:1015; 
Lambert D, Covino B. Hyperbaric, hypobaric and isobaric spinal anesthesia. 
Resident Staff Physician. 1987;33:79; Greene NM. Distribution of local anes-
thetic solutions within the subarachnoid space. Anesth Analg. 1985;64:715; and 
Bodily N, Carpenter R, Owens B. Lidocaine 0.5% spinal anaesthesia: A hypobaric  
solution for short-stay perirectal surgery. Can J Anaesth. 1992;39:770.
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injected in the sitting position produces a saddle block that 
is restricted to the lumbar segments for as long as the subjects 
remained sitting. However, even 60 minutes after bupivacaine 
injection the block spread to midthoracic levels after turning the 
patients supine. Similarly, bodily et al.59 found that hypobaric 
lidocaine administered in the jackknife position rose as many as 
six dermatomes when patients were allowed to sit upright in the 
recovery room as long as 60 minutes after lidocaine injection. 
Whether it is also possible to affect spread so long after inject-
ing hyperbaric or hypobaric solutions in the horizontal position 
is unclear. Nonetheless, these indings demonstrate that in some 
situations it may be possible to exert inluence on block height 
by adjusting patient position for at least 60 minutes after local 
anesthetic injection.

In contrast to the situation with hyperbaric solutions, patient 
position has no effect on the distribution of isobaric solutions 
because these solutions are not inluenced by gravity. Conse-
quently, isobaric solutions tend not to spread as far from the site 
of injection and produce blocks with an average height in the 
low thoracic region (Fig. 34-9).51,60 The obvious caveat is that the 
local anesthetic solution must be truly isobaric in the patient in 
whom it is used. Because of the variability in CSF density among 
patients, it is dificult to produce reliably isobaric local anesthetic 
solutions. Nonetheless, as indicated in Table 34-3, several local 
anesthetic solutions are used as if they were isobaric. It is note-
worthy that while isobaric solutions produce an average block 
height that is lower than comparable hyperbaric solutions,51,60–62 
the “isobaric” solutions produce blocks with a much greater vari-
ability in height.63–65 Logan et al.63 have termed plain bupivacaine 
“an unpredictable spinal anesthetic agent.” The greater variability 
in spread may stem in part from the fact that these solutions are 
actually slightly hypobaric and their spread has been shown to 
be affected by patient position.66,67 Temperature-related changes 
in baricity may also play a role in the variability in distribution 
of these nearly isobaric solutions. For example, Stienstra and 
van Poorten68 have shown that the distribution of plain bupi-
vacaine is signiicantly altered by changes in temperature of the 
injected solution, with greater spread found with warmer injec-
tate. In addition, McClure et al.69 have shown that increasing the 
volume and decreasing the concentration of isobaric tetracaine 
also increases the variability in block height. These and other 
unknown factors may play a role in the unpredictability of these 
nearly isobaric solutions. Although unpredictability is cause for 
concern, it should be pointed out that the lower average block 
height achieved offers potential advantages for surgical proce-
dures below the umbilicus because of the decreased incidence 
of cardiovascular side effects associated with lower blocks. The 
isobaric solution that has been shown to most reliably produce 
a low thoracic block is 10 mg of tetracaine crystals diluted in 1- 
or 2-mL room temperature saline and injected in the horizontal 
position.69

Dose, Volume, and Concentration

Studies aimed at determining the effect of these three interde-
pendent variables on block height are dificult to conduct and 
interpret because it is not possible to change one variable without 
simultaneously changing another. Nonetheless, it is possible to 
draw some conclusions regarding the effect of these variables on 
block height. Several studies with isobaric tetracaine and bupiva-
caine solutions have found that neither injected volume nor drug 
concentration affects block height when dose is held constant.69–73 
Drug dose does appear to play a small role in determining block 
height with isobaric bupivacaine. Two studies have found that  
10 mg of isobaric bupivacaine results in signiicantly lower blocks 

than does 15 or 20 mg, but there is no difference in block height 
between the two higher doses.74,75 In contrast, two studies that 
examined the effect of different doses of isobaric tetracaine found 
that doses between 5 and 15 mg had no effect on block height, 
producing blocks with an average height of T9 to T10.60,76

Drug dose and volume appear to be relatively unimportant 
in predicting the spread of hyperbaric local anesthetic solutions 
injected in the horizontal position. Increasing the dose and vol-
ume of hyperbaric tetracaine, while holding concentration con-
stant, does not affect block height when doses between 7.5 and  
15 mg are used.60,76,77 Similarly, increasing the dose and volume of 
hyperbaric 0.5% bupivacaine does not increase block height when 
doses between 10 and 20 mg are used.78,79 However, doses of 
hyperbaric 0.5% bupivacaine <10 mg have been shown to result 
in blocks that are approximately two and one-half dermatomes 
lower than those achieved with doses >10 mg.78 The fact that 
bupivacaine dose affects block height only at the extreme low end 
of the usual dose range is consistent with the experience with iso-
baric bupivacaine reported earlier. The fact that drug dose is rela-
tively unimportant in determining block height with hyperbaric 
solutions likely results from an overwhelming effect of baricity 
and patient position in determining spread of these solutions.

Injection Site

The site of injection can have an important effect on block height 
in some situations. In particular, sensory block height resulting 
from isobaric 0.5% bupivacaine is reduced by two dermatomes 
per interspace when comparing different groups of patients who 
received injections at the L2 to L3, L3 to L4, or L4 to L5 inter-
spaces.80,81 In an even more convincing study, this group of inves-
tigators performed repeated blocks in the same patient and found 
that by moving from the L3 to L4 to the L4 to L5 interspace means 
block height could be reduced from T6 to T10 when using iso-
baric 0.5% bupivacaine.82 In contrast, Sundnes et al.78 found no 
relationship between injection site and block height when using a 
hyperbaric bupivacaine solution, presumably because of the over-
whelming effect of gravity and patient position on distribution 
of hyperbaric local anesthetics. Whether isobaric and hyperbaric 
solutions of other local anesthetics will behave similarly is not 
clear.

Patient Characteristics

In young adults, it was determined that the most important vari-
able governing block height with hyperbaric local anesthetic solu-
tions may be lumbosacral CSF volume.83 However, it is unclear 
if these indings can be extrapolated to other local anesthetics or 
patient ages.

Higuchi et al.84 performed a detailed examination of the effect 
of lumbar CSF volume, CSF density, lumbar CSF motion, patient 
age, weight, height, and body mass index (BMI) on spinal block 
with isobaric bupivacaine. Multiple linear regression demon-
strated that neither patient age nor height correlated with any 
clinical characteristic of spinal block. However, CSF volume and 
weight were correlated with peak block height. CSF volume was 
the only variable to correlate with time to voiding. BMI was the 
only signiicant predictor of time to onset of complete sensory 
block.

Although these variables were statistically significant pre-
dictors of several important aspects of spinal block, the coef-
ficients of determination (R2) were generally small (average, 
0.23; range, 0.08 to 0.46), indicating that these variables account 
for a relatively small amount of the variability in each of the 
block outcomes examined. Clearly, other factors contribute  

4
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signiicantly to the clinical characteristics of spinal block with iso-
baric bupivacaine.

Although these studies are mechanistically important, their 
clinical application is necessarily limited by the dificulty in deter-
mining an individual patient’s CSF volume, CSF density, and 
velocity of CSF movement.

Importantly, several investigators have found that patient age, 
weight, BMI, and height are either not predictive of clinical char-
acteristics of spinal block85–89 or are of such low predictive power 
as to be unreliable predictors in any individual patient.65,80,90–92

onset

Most patients can sense the onset of spinal block within a very 
few minutes after drug injection regardless of the local anesthetic 
used. However, there is a signiicant difference among drugs in 
the time to reach peak block height. Lidocaine and mepivacaine 
tend to reach peak block height between 10 and 15 minutes, 
whereas tetracaine and bupivacaine may require >20 minutes 
before peak block height is reached.

Duration

Spinal blocks do not end abruptly after a ixed period of time. 
Rather, they recede gradually from the most cephalad derma-
tome to the most caudad. As a result, surgical anesthesia lasts 
signiicantly longer at sacral levels than at thoracic levels. There-
fore, when discussing the duration of spinal block it is neces-
sary to distinguish between duration at the surgical site and the 
time required for the block to completely resolve. The former is 
important for providing adequate surgical anesthesia, and the lat-
ter is important for assuring a timely recovery. A thorough under-
standing of the factors that govern block duration is necessary if 
the clinician is to choose techniques that result in an appropriate 
duration of spinal blockade.

Local Anesthetic

The principal determinant of spinal block duration is the local 
anesthetic drug employed. Procaine is the shortest-acting local 
 anesthetic for subarachnoid use, lidocaine and mepivacaine are 

agents of intermediate duration, and bupivacaine and tetracaine 
are the longest-acting drugs. Table 34-4 lists the range of times 
required for sensory block to regress two dermatomes and to 
completely resolve with the local anesthetics most commonly 
used for spinal anesthesia. Although drug choice is the principal 
determinant of block duration, other variables are responsible for 
the wide range of block duration found in Table 34-4.

Drug Dose

Increasing local anesthetic dose clearly increases the duration of 
spinal block.74,75,77,93,94 For example, Brown et al.60 demonstrated 
that the duration of sensory block at L1 following 15 mg of tet-
racaine was approximately 20% greater than following 10 mg. 
Sheskey et al.75 demonstrated an approximate 40% increase in 
block duration at L2 when comparing 10 mg of bupivacaine with  
15 mg. Similarly, Axelsson et al.93 found that the duration of sen-
sory block at L2 was nearly doubled when comparing 10 mg of 
bupivacaine with 20 mg.

Block Height

If drug dose is held constant, higher blocks tend to regress faster 
than lower blocks.94 Consequently, isobaric local anesthetic 
 solutions will generally produce longer blocks than hyperbaric 
solutions using the same dose. The conventional wisdom is that 
greater cephalad spread results in relatively lower drug concen-
tration in the CSF and spinal nerve roots. As a result, it takes less 
time for local anesthetic concentration to decrease below the 
minimally effective concentration.

Adrenergic Agonists

Adrenergic agonists, such as epinephrine, phenylephrine, and 
clonidine, are added to local anesthetics in an effort to prolong 
the duration of spinal anesthesia. Their effectiveness depends  
on the local anesthetic with which they are combined. In addi-
tion, they are more effective at prolonging block in the lumbar 
and sacral dermatomes than in thoracic dermatomes.

Epinephrine is typically administered in doses of 0.2 to 0.3 mg 
and phenylephrine in doses of 2 to 5 mg. There is evidence to 

TAbLE 34-4.  dose and duration of loCal anesthetiCs used for 

sPinal anesthesia

Duration of Sensory Block

Drug Dose (mg)a
Two-dermatome 

Regression (min)b

Complete 

Resolution 

(min)b

Prolongation 

by Adrenergic 

Agonists (%)c

Procaine 50–200 30–50 90–120 30–50
Chloroprocaine 30–100 30–50 70–150            NR
Lidocaine 25–100 40–100 140–240 20–50
Bupivacaine 5–20 90–140 240–380 20–50
Tetracaine 5–20 90–140 240–380 50–100

aThe lowest doses are used primarily for very restricted blocks (e.g., saddle block), lest they become too dilute to be effective.
bDuration is inluenced by dose and block height. The duration of surgical anesthesia will obviously depend on the surgical site.
cThe effect of adrenergic agonists depends on the dose and choice of agonist. Prolongation is greatest at lumbar and sacral derma-
tomes and least at thoracic dermatomes.
NR: Not recommended; see text for explanation.
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suggest a relationship between the dose of vasoconstrictor added 
and the duration of spinal anesthesia; however, the relationship 
is not strong.95–98 At the maximal doses used clinically, phenyl-
ephrine (5 mg) prolongs spinal block to a greater degree than 
epinephrine (0.5 mg).99,100 At lower doses, epinephrine (0.2 to 
0.3 mg) and phenylephrine (2 to 3 mg) appear to be equally 
effective in prolonging spinal block.98,101 Thus, both choice of 
adrenergic agonist and dose administered appear to play a role 
in determining block duration. Clonidine, most commonly in a 
dose of 75 to 150 mg, is at least as effective as moderate doses of 
phenylephrine and epinephrine at prolonging sensory block but 
has been associated with greater decreases in blood pressure in 
some102 but not all studies.103 Interestingly, clonidine also pro-
longs spinal block when administered orally.104–106

Tetracaine is the local anesthetic that is most dramatically pro-
longed by addition of adrenergic agonists. The duration of tetra-
caine spinal block may be increased 70% to 100% at lumbar and 
sacral dermatomes by the addition of phenylephrine. Epineph-
rine may prolong tetracaine spinal anesthesia by 40% to 60%. 
Clonidine prolongs tetracaine spinal block by 50% to 70%, with 
the larger effect occurring at lumbar dermatomes.

bupivacaine spinal block is also prolonged by adrenergic ago-
nists, although the effect is somewhat less than that seen with 
tetracaine (Table 34-4). Epinephrine in doses of 0.2 mg prolongs 
bupivacaine spinal block by 20% to 30%, but only in lumbar 
 dermatomes. Larger doses of epinephrine (0.3 to 0.5 mg) pro-
long sensory block in thoracic dermatomes as well by 30% to 
50%. Clonidine prolongs bupivacaine spinal block by 30% to 
50% as well.

The effect of adrenergic agonists on the duration of lidocaine 
spinal block is controversial. Some clinical studies have demon-
strated that adrenergic agonists clearly prolong lidocaine spinal 
block,96,107–109 whereas others have concluded that adrenergic 
agonists do not produce clinically useful prolongation.110,111 This 
discrepancy may be explained, in part, by the fact that spinal 
block duration is so variable that studies using small numbers 
of patients may lack suficient statistical power to detect real dif-
ferences in mean block duration between groups. This problem 
was obviated in an interesting study by Chiu et al.,112 who used a 
crossover study design to demonstrate that 0.2 mg of epinephrine 
signiicantly prolonged lidocaine sensory block in lumbar and 
sacral dermatomes. Thus, the available data suggest that adding 
epinephrine to lidocaine will result in a somewhat longer block, 
at least in lumbar and sacral dermatomes, than would be achieved 
if epinephrine were not added.

The mechanism by which adrenergic agonists prolong spi-
nal block is not clear. Originally, epinephrine and phenyleph-
rine were added to local anesthetics with the intent of reduc-
ing local spinal cord blood low and thereby slowing the rate 
of drug elimination from the spinal cord and CSF. There are 
animal studies that support this mechanism113,114 and others 
that do not.115,116 Animal studies with clonidine indicate that 
it does reduce regional spinal cord blood low.117 There are no 
human studies that have investigated the effect of intrathecal 
adrenergic agonists on spinal cord blood low. However, there 
are human studies that demonstrate that epinephrine decreases 
the rate of local anesthetic clearance from the CSF118,119 and also 
slows the rate at which subarachnoid local anesthetic appears in 
the plasma.107 These indings have been interpreted as evidence 
of a vasoconstrictor-mediated decrease in drug clearance from 
the spinal cord; however, they are not proof that this is the only, 
or even the principal, mechanism by which adrenergic agonists 
prolong spinal anesthesia. Alternatively, Kozody et al.120 have 
shown that intrathecal epinephrine decreases blood low in the 
dura mater without altering spinal cord blood low, a inding 
most consistent with decreased drug clearance via the dural vas-
culature.

Adrenergic agonists are potent analgesic agents in their own 
right when administered into the subarachnoid space.121 Anal-
gesia results from inhibition of nociceptive afferents, an effect 
that is mediated by stimulation of α-adrenergic receptors in the 
spinal cord dorsal horn. In addition, large intrathecal doses of 
α-adrenergic agonists have been shown to produce laccidity in 
animal models by hyperpolarizing motor neurons.122 Thus, pro-
longation of motor and sensory block by adrenergic agonists may 
be partly because of direct inhibitory effects of these drugs on sen-
sory and motor neurons.

epidural anesthesia

Any procedure that can be performed under spinal anesthe-
sia can also be performed under epidural block and requires 
the same block height (Table 34-1). As with spinal anesthesia, 
there is a great deal of variability among patients in spread (Fig. 
34-10) and duration of epidural block (Table 34-5). Therefore, 
to choose the most appropriate local anesthetic and dose for a 
particular clinical situation, the anesthesiologist must be famil-
iar with the variables that affect spread and duration of epidural 
anesthesia.

TAbLE 34-5. loCal anesthetiCs used for surgiCal ePidural bloCK

Duration of Sensory Block

Druga
Two-dermatome 

Regression (min)

Complete  

Resolution (min)

Prolongation by 

Epinephrine (%)

Chloroprocaine 3% 45–60 100–160 40–60
Lidocaine 2% 60–100 160–200 40–80
Mepivacaine 2% 60–100 160–200 40–80
Ropivacaine 0.5–1% 90–180 240–420 No
Etidocaine 1–1.5% 120–240 300–460 No
Bupivacaine 0.5–0.75% 120–240 300–460 No

aThese concentrations are recommended for surgical anesthesia; more dilute concentrations are appropriate for epidural analgesia.
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Block spread

Injection Site

Unlike spinal anesthesia, epidural anesthesia produces a segmen-
tal block that spreads both caudally and cranially from the site of 
injection (Fig. 34-12). Thus, injection site is arguably the most 
important determinant of the spread of epidural block. Caudal 
epidural blocks are largely restricted to sacral and low lumbar 
dermatomes. Low thoracic levels can be reached with caudal 
injections if large volumes are used (e.g., 30 mL). However, the 
block at thoracic dermatomes tends to be patchy and short-lived 
following caudal injection.123 Lumbar local anesthetic injections 
with volumes of 10 mL often extend caudad to include all sacral 
dermatomes, although the onset of block in the L5 and S1 roots 
is often delayed and may be patchy.124 Twenty-milliliter volumes 
produce better-quality sacral anesthesia following lumbar injec-
tion. The slow onset at L5 and S1 is thought to result from their 
larger diameter and consequent slower drug penetration. Lumbar 
injections can be extended to midthoracic levels (T4 to T6) when 
20-mL volumes of local anesthetic are used. Thoracic injections 
produce a symmetric segmental band of anesthesia, the width 
of which depends on the dose of local anesthetic administered. 
When using a mid-to-upper thoracic injection site, it is prudent 
to reduce the local anesthetic doses by approximately 30% to 50% 
relative to lumbar doses to prevent excessive cephalad spread. It is 
generally not feasible to produce surgical anesthesia in low lum-
bar and sacral dermatomes with midthoracic or higher injection 
sites. Thoracic epidural block is ideally suited for anesthesia of the 
chest and abdomen.

Dose, Volume, and Concentration

Within the range typically used for surgical anesthesia, drug 
concentration is relatively unimportant in determining block 
spread. However, drug dose and volume are important vari-
ables determining both spread and quality of epidural block. If 
drug concentration is held constant, increasing the volume of 
local anesthetic (and thereby the dose) will result in signiicantly 
greater average spread and greater block density. However, the 
relationship is nonlinear. For example, doubling the volume and 
dose of 1.5% lidocaine or 0.75% bupivacaine from 10 to 20 mL 
has been shown to increase spread by only three to four spinal 
segments.124,125 Volume appears to be important in determin-

ing block spread independent of drug dose, but again the rela-
tionship is nonlinear. Erdemir et al.126 showed that tripling the 
injected volume of lidocaine from 10 to 30 mL while holding the 
dose constant (300 mg) increased the cephalad extent of block 
by only 4.3 dermatomes. This tendency toward greater spread is 
thought to be explained by the observation that increasing the 
volume of solution injected into the epidural space increases 
cephalad distribution.127

Position

When using a single-shot technique, maintaining patients in 
the lateral position during and after epidural injection of surgi-
cal doses of local anesthetics does not seem to have a clinically 
important effect on spread of the block from side to side.128 Simi-
larly, studies examining the effect of patient position on cepha-
lad spread of epidural block have generally found that the effect 
of posture on spread is not clinically important.129 Interestingly, 
Ponhold et al.130 demonstrated that maintaining a 30-degree 
head-up position signiicantly increased the frequency of ade-
quate block at the L5 and S1 nerve roots even though there was 
no effect on the cephalad extent of anesthesia.

Patient Characteristics

Age

Most,124,125,131–134 but not all,135 studies that have examined the 
effect of age on epidural block have demonstrated greater spread 
in older patients. However, the effect of age is probably clinically 
signiicant only when comparing adults whose ages differ by ≥3 
decades. Even so, the difference in block height is not likely to 
be more than three or four dermatomes. Greater spread in older 
patients is thought to be related to a less-compliant epidural space 
and diminished ability for epidural solutions to leak out of inter-
vertebral foramina.127,136 Both of these age-related changes would 
be expected to result in more extensive spread of solutions within 
the epidural space.

Height and Weight

The correlation between patient height124,125,134,135 or weight134,135 
and spread of epidural block is weak and of little clinical 
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 signiicance except perhaps in patients who are extremely tall, 
extremely short, or morbidly obese.

Pregnancy

Studies examining the effect of pregnancy on spread of epidural 
block are conlicting. Some studies have demonstrated greater 
spread at term137 and during early pregnancy,131 suggesting that 
greater spread during pregnancy is not simply the result of ana-
tomic changes associated with pregnancy. However, other studies 
have not found a signiicant difference in spread of epidural block 
between pregnant and nonpregnant women.138–140

Atherosclerosis

Atherosclerosis was suggested as an important determinant of 
the spread of epidural block137; however, subsequent studies have 
failed to conirm this relationship.125,131,141

Given the myriad factors that have some effect on spread 
of epidural anesthesia, how should anesthesiologists choose 
an appropriate local anesthetic dose for a single-shot epidu-
ral block? A useful recommendation is to assume that a 20-mL 
volume of all local anesthetics intended for surgical anesthesia 
will produce a midthoracic block on average after lumbar injec-
tion. If there are multiple reasons to expect that the block may 
spread  excessively in an individual patient (e.g., advanced age, 
obesity, very short stature, high injection site) or if the proce-
dure does not require a high block, then reduce the dose accord-
ingly. If there are  multiple reasons to expect that the spread may 
be reduced from the average, then increase the volume accord-
ingly. Obviously, choice of the appropriate local anesthetic dose 
is obviated if an epidural catheter is used. In this situation, begin 
with a lower dose than one anticipates will be needed and admin-
ister additional local anesthetic as necessary to extend the block 
to the desired level.

onset

The onset of epidural block with all local anesthetics can usually 
be detected within 5 minutes in the dermatomes immediately 
surrounding the injection site. The time to peak effect differs 
somewhat among local anesthetics. Shorter-acting drugs gener-
ally reach their maximum spread in 15 to 20 minutes, whereas 
longer-acting drugs require 20 to 25 minutes. Increasing the dose 
of local anesthetic speeds the onset of both motor and sensory 
blocks.

Duration

Local Anesthetic

As with spinal anesthesia, choice of local anesthetic is the most 
important determinant of the duration of epidural block. Chlo-
roprocaine is the shortest-duration drug used for epidural anes-
thesia; lidocaine and mepivacaine provide blocks of intermediate 
duration; and bupivacaine, ropivacaine, and etidocaine produce 
the longest-lasting epidural block. Table 34-5 lists local anesthet-
ics commonly used for epidural block and approximate dura-
tion of surgical anesthesia. Of note, tetracaine and procaine are 
not generally used for epidural block because of the poor quality 
block that these drugs produce.

Importantly, when used epidurally some local anesthetics 
exhibit considerable separation in both the intensity and dura-
tion of sensory and motor blocks. Etidocaine produces the most 
intense motor block and is unusual among local anesthetics in 

that motor block may considerably outlast sensory block.142 The 
phenomenon of the postoperative patient who is in pain yet 
still unable to move his or her legs has led some anesthesiolo-
gists to abandon etidocaine for epidural use. This is unfortunate 
because etidocaine’s superior muscle relaxation is sometimes 
beneicial intraoperatively. Bupivacaine has the opposite senso-
rimotor proile in that low concentrations of bupivacaine pro-
duce sensory block that is relatively more intense than motor 
block. This separation of sensory and motor blocks underlies 
the common practice of using dilute bupivacaine solutions for 
epidural analgesia.

Dose

Increasing the dose of local anesthetic administered results in 
increased duration and density of epidural block.124,143–145

Age

Studies that have evaluated the effect of age on epidural block 
duration are inconclusive. Veering et al.133 found that duration 
of epidural block with plain bupivacaine was not signiicantly 
affected by age. Nydahl et al.132 found that epidural block using 
bupivacaine with epinephrine was actually shorter in older 
patients. In contrast, Park et al.131 found that epidural block using 
lidocaine with epinephrine was slightly but signiicantly longer in 
older patients. Additional studies are necessary to clarify the effect 
of age on duration of epidural block.

Adrenergic Agonists

Epinephrine, in a concentration of 5 µg/mL (1:200,000), is the 
most common adrenergic agonist added to epidural local anes-
thetics. It has been shown to prolong the duration of lidocaine 
and mepivacaine epidural block by as much as 80%.146 Block is 
prolonged by decreased drug clearance from the epidural space,147 
probably as a result of reduced blood low in the dura mater. As 
discussed earlier for spinal anesthesia, prolongation of motor and 
sensory blocks may be partly due to direct inhibitory effects of 
epinephrine on sensory and motor neurons.

Epinephrine does not signiicantly prolong the duration of 
anesthesia when added to concentrated solutions of bupiva-
caine,148,149 etidocaine,144,149 or ropivacaine150 that are gener-
ally used for surgical anesthesia, probably because the inherent 
duration of these drugs exceeds the duration of epinephrine’s 
effects. However, epinephrine does appear to prolong analge-
sia and improve the quality of block when added to more dilute 
solutions of these local anesthetics, such as those used for labor 
 analgesia.151–153

summary

The extent and duration of both spinal and epidural blocks are 
inluenced by a number of variables, some of which are under 
the control of the anesthesiologist. Understanding the impact  
of these variables will allow the anesthesiologist to rationally 
select the most appropriate drug and dose for any clinical situ-
ation. However, even the most experienced anesthesiologist will 
still have blocks that are not adequate for the planned procedure. 
The frequency of failed blocks can be kept to a minimum if the 
clinician aims to produce blocks that are a little higher and a little 
longer than seems necessary. It is often easier to deal with a block 
that is too high or too long than to cover up for a block that is too 
low or too brief.
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neurophysiology

The physiology of local anesthetic neural blockade is discussed 
in detail in Chapter 21. This section briely presents aspects of 
the physiology of neural blockade that are unique to spinal and 
epidural anesthesia.

site of action

The site of action of spinal and epidural anesthesia is not pre-
cisely known. Following epidural administration, local anesthetic 
is found in the spinal nerves within the epidural space, in spinal 
nerve rootlets within the CSF, and in the spinal cord. Similarly, 
following intrathecal administration in animals, local anesthetic 
is found in all sites between the spinal nerve rootlets and the inte-
rior of the spinal cord.154,155 Thus, neural blockade can potentially 
occur at any or all points along the neural pathways extending 
from the site of drug administration to the interior of the spinal 
cord.

In an interesting study in humans, Boswell et al.156 demon-
strated that patients are able to feel paresthesias during direct 
electrical stimulation of the spinal cord under spinal anesthe-
sia. Cortical evoked potentials from direct spinal cord stimula-
tion were also maintained under spinal anesthesia, although 
amplitudes were decreased. In contrast, paresthesias and cortical 
evoked potentials from tibial nerve stimulation were abolished 
by spinal anesthesia. These investigators concluded that neural 
pathways within the spinal cord were largely intact during spinal 
anesthesia and that the spinal nerve rootlets were the principal 
site of neural blockade.

The site of epidural block is less well localized. Monkey stud-
ies suggest that epidural block occurs largely at sites within the 
spinal meninges, including the cauda equina nerve roots, dorsal 
root entry zone, and the long tracts of spinal cord white mat-
ter.157 However, these indings are not entirely consistent with the 
segmental onset of epidural anesthesia (Fig. 34-12) or with the 
limited segmental blocks that can be produced with small doses 
of lumbar epidural local anesthetics in humans. These clinical 
observations are most readily explained by block of the segmental 
spinal nerves as they traverse the epidural or paravertebral spaces. 
In reality, epidural block likely occurs at both extradural and sub-
dural sites with extradural radicular block predominating early 
and subdural spinal block predominating later. This supposition 
is consistent with human studies by Urban,158 who rigorously 
examined the anatomic pattern of analgesia that occurred during 
onset and regression of epidural block. He concluded that local 
anesthetics initially acted on radicular structures followed later by 
actions within the spinal cord.

Interestingly, human studies demonstrate that somatosensory 
evoked potentials are maintained during epidural anesthesia, 
although amplitudes are decreased and latencies are increased. 
This contrasts with spinal block in which evoked potentials are 
completely eliminated and supports the clinical impression that 
epidural block is generally less dense than that achieved with spi-
nal anesthesia.

Differential nerve Block

Differential block refers to a clinically important phenomenon in 
which nerve ibers subserving different functions display vary-
ing sensitivity to local anesthetic blockade. Sympathetic nerve 

ibers appear to be blocked by the lowest concentration of local 
anesthetic followed in order by ibers responsible for pain, touch, 
and motor function. This observation has led to the widely held 
belief that differences in sensitivity to local anesthetic blockade 
is explained solely by differences in iber diameter, with smaller 
diameter neurons exhibiting greater sensitivity than larger diam-
eter neurons. Although the mechanism for differential block in 
spinal and epidural anesthesia is not known, it is clear that iber 
diameter is not the only, or perhaps not even the most important, 
factor contributing to differential block.159,160

Differential block occurs with both peripheral nerve blocks and 
central neuraxial blocks. In the peripheral nervous system, differ-
ential block is a temporal phenomenon with sympathetic block 
occurring irst followed in time by sensory and motor blocks. In 
contrast, with spinal and epidural anesthesia differential block is 
manifest as a spatial separation in the modalities blocked. This 
is seen most clearly with spinal anesthesia in which sympathetic 
block may extend as many as two to six dermatomes higher than 
pin-prick sensation,161 which in turn extends two to three derma-
tomes higher than motor block. This spatial separation is believed 
to result from a gradual decrease in local anesthetic concentration 
within the CSF as a function of distance from the site of injection. 
With epidural anesthesia, similar zones of differential sensory and 
sympathetic blocks are found.162

Perhaps the most troublesome consequence of differential 
block is the occasional patient who has intact touch and pro-
prioception at the surgical site despite adequate blockade of 
pain sensation. Even the most stoic patients are likely to ind 
this unpleasant and may lie in fear that the procedure will soon 
become painful. In no instance should the anesthesiologist 
downplay the distress this may cause patients. Reassurance and 
judicious sedation as necessary are usually suficient to overcome 
this problem.

Another important neurophysiologic aspect of central neu-
roaxial block is that it produces sedation,163 potentiates the 
effect of sedative hypnotic drugs,164–166 and markedly decreases 
minimum alveolar concentration of volatile anesthetics.167 The 
mechanism(s) underlying these effects is not known but deaffer-
entation (the loss of ascending sensory input to the brain) is com-
monly invoked as causative.

Cardiovascular Physiology

Cardiovascular side effects, principally hypotension and bra-
dycardia, are arguably the most important and most common 
 physiologic changes during spinal and epidural anesthesia. 
Understanding the homeostatic mechanisms responsible for con-
trol of blood pressure and heart rate is essential for understand-
ing and treating the cardiovascular changes associated with spinal 
and epidural anesthesia.

spinal anesthesia

Blockade of sympathetic efferents is the principal mechanism by 
which spinal anesthesia produces cardiovascular derangements. 
As would be expected, the incidence of signiicant hypotension 
or bradycardia is generally related to the extent of sympathetic 
blockade, which in turn parallels block height.168,169 However, the 
severity of cardiovascular changes has been shown not to corre-
late with peak block height in one study170 and to correlate poorly 
in another (Fig. 34-13).168 Additional risk factors associated with 
hypotension include age >40 to 50 years, concurrent general anes-
thesia, obesity, hypovolemia, and addition of phenylephrine to 
the local anesthetic.168,171

5
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Hypotension during spinal anesthesia is the result of both 
arterial and venodilation. Venodilation increases volume in 
capacitance vessels, thereby decreasing venous return and right-
sided illing pressures.170,172–174 This fall in preload is thought to be 
the principal cause of decreased cardiac output during high spinal 
anesthesia. Arterial dilation during spinal anesthesia results in sig-
niicant decreases in total peripheral resistance (Fig. 34-14).173,175 
Thus, the hypotension that accompanies 30% to 40% of spinal 
anesthetics may be the result of reductions in afterload, reduc-
tions in cardiac output, or both (Fig. 34-14). Human and animal 
studies indicate that an intact renin–angiotensin system helps 
to offset the hypotensive effects of sympathetic blockade.176,177 
This suggests extra caution when administering central neuraxial 
block to patients taking antihypertensives that impair the angio-
tensin system (e.g., angiotensin converting enzyme inhibitors or 
angiotensin II receptor blockers) and recognition that exogenous 
andiuretic hormone (vasopressin) may be necessary to induce 
peripheral vasoconstriction with refractory hypotension.

Heart rate does not change signiicantly during spinal anesthe-
sia in most patients (Fig. 34-14). However, clinically signiicant 
bradycardia occasionally occurs with a reported incidence of 10% 
to 15%. As with hypotension, the risk of bradycardia increases 
with increasing block height.168 Additional risk factors associated 
with bradycardia include age younger than 50 years, American 
Society of Anesthesiologists 1 physical status, and concurrent use 
of beta-blockers.168,171 The mechanism responsible for bradycar-
dia is not clear. Blockade of the sympathetic cardioaccelerator 
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FIgURE 34-14. The cardiovascular ef-
fects of spinal and epidural anesthesia in 
volunteers with T5 blocks. The effects of 
spinal anesthesia and epidural anesthe-
sia without epinephrine were generally 
comparable and are both qualitatively 
and quantitatively different from the 
effects of epidural anesthesia with epi-
nephrine. (Modified from: Bonica JJ, 
Kennedu WF Jr, Ward RJ, et al. A com-
parison of the effects of high subarach-
noid and epidural anesthesia. Acta An-
aesthesiol Scand. 1966;23(suppl):429.)

30

Mean arterial pressure

Time (minutes)

P
er

ce
nt

 c
ha

ng
e

20

10

0

�10

�20

�30
0 100 200

30

Peripheral resistance

Time (minutes)

P
er

ce
nt

 c
ha

ng
e

20

10

0

�10

�30

�40
0 100 200

Spinal
Epidural with epinephrine
Epidural without epinephrine

�20

30
Heart rate

Time (minutes)

P
er

ce
nt

 c
ha

ng
e

20

10

0

�10

�20

�30
0 100 200

30

Cardiac output

Time (minutes)

P
er

ce
nt

 c
ha

ng
e

20

10

0

�10

�20

�30
0 100 200



 CHaPTeR 34 Epidural and Spinal Anesthesia 925

A
N

E
S
T
H

E
T
IC

 M
A

N
A

G
E
M

E
N

T

ibers originating from T1 to T4 spinal segments is often suggested 
as the cause. The fact that bradycardia is more common with high 
blocks supports this mechanism. However, signiicant bradycar-
dia sometimes occurs with blocks that are seemingly too low to 
block cardioaccelerator ibers. Diminished venous return has also 
been proposed as a cause of bradycardia during spinal anesthe-
sia. Intracardiac stretch receptors have been shown to relexively 
decrease heart rate when illing pressures fall (the Bezold–Jarisch 
relex).178 Consistent with this mechanism, Jacobsen et al.179 dem-
onstrated a signiicant reduction in left ventricular volumes and 
heart rate during hypotensive episodes in two patients during 
epidural anesthesia. They concluded that central volume deple-
tion elicited a vagally mediated relex slowing of heart rate. Simi-
larly, Baron et al.180 demonstrated that vagal activity is enhanced 
by decreased venous return during epidural anesthesia. However, 
this mechanism does not operate at all times in all patients. Anzai 
and Nishikawa174 demonstrated signiicant heart rate increases in 
40 patients who had their illing pressures suddenly decreased by 
body tilt during spinal anesthesia. In reality, both blockades of 
cardioaccelerator ibers and decreased illing pressures as well as 
other unrecognized factors likely contribute to bradycardia dur-
ing spinal anesthesia.

Although bradycardia is usually of moderate severity and well 
tolerated, there have been reports of sudden, unexplained, severe 
bradycardia and asystole during both spinal and epidural anes-
thesia.181,182 In addition, multiple case reports document that spi-
nal anesthesia can also produce second- and third-degree heart 
blocks183–185 and that pre-existing irst-degree block may be a risk 
factor for progression to higher grade blocks during spinal anes-
thesia.183 These reports document the need for continued vigi-
lance with prompt and, if needed, aggressive treatment of the car-
diovascular changes that accompany central neuraxial blockade.

epidural anesthesia

The hemodynamic changes produced by epidural anesthesia are 
largely dependent on whether or not epinephrine is added to  
the local anesthetic solution (Fig. 34-14).186 High epidural block 
with local anesthetic solutions that do not contain epinephrine 
results in decreased stroke volume, cardiac output, total peripheral 
resistance, and arterial pressure. The magnitude of these changes 
is generally less than that seen with comparable levels of spinal 
block.186 As with spinal anesthesia, these hemodynamic changes 
are believed to result from venous and arterial dilation induced by 
sympathetic blockade. In contrast, when epinephrine-containing 
solutions are used for epidural anesthesia, stroke volume, and 
cardiac output increase signiicantly (Fig. 34-14).186 However, 
peripheral resistance falls dramatically, resulting in a decrease 
in arterial pressure greater than that seen with nonepinephrine-
containing solutions. β2-adrenergic–mediated vasodilatation 
produced by low doses of absorbed epinephrine accounts for the 
greater decrease in peripheral vascular resistance and blood pres-
sure. Decreased peripheral resistance may also contribute to the 
marked increase in cardiac output. However, epinephrine-induced 
venoconstriction with a resultant increase in venous return may 
also play an important role in increasing cardiac output.187

Treating Hemodynamic Changes

Treatment of hypotension secondary to spinal and epidural blocks 
must be aimed at the root causes: Decreased cardiac output and/
or decreased peripheral resistance. Bolus crystalloid administra-
tion has often been advocated to restore venous return and thus 
cardiac output during central neuraxial blockade. The effective-
ness of this therapy in normovolemic patients, however, is con-

troversial. Prehydrating patients with 500 to 1,500 mL of crystal-
loid does not reliably prevent hypotension, but has been shown 
to decrease the incidence of hypotension during spinal anesthe-
sia in some,188 but not all, studies.169,189 Rapid crystalloid luid 
administration increases atrial naturietic peptide release with 
subsequent vasodilator and diuretic effects.190 Further, crystalloid 
luid is rapidly redistributed from the intravascular compartment 
after administration. Ueyama et al.191 demonstrated that after the 
administration of a 1,500-mL crystalloid preload, only 28% of 
the crystalloid remained intravascular after 30 minutes and the 
crystalloid preload did not signiicantly increase cardiac output 
or effectively prevent hypotension after spinal anesthesia. Thus, 
although judicious crystalloid preloading before central neuraxial 
blocks may beneit some, it cannot be relied on to prevent clini-
cally signiicant hypotension in most patients. Colloid solutions 
that remain in the intravascular compartment longer offer an 
interesting alternative to crystalloids for preloading before cen-
tral neuraxial blocks. Marhofer et al.192 showed that 500 mL of 6% 
hetastarch actually increases systemic vascular resistance index 
in elderly patients having spinal anesthesia, whereas 1,500 mL 
of crystalloid signiicantly decreases systemic vascular resistance 
index. In contrast, Tamilselvan et al.193 demonstrated increased 
cardiac output after 500- and 1,000-mL preload with 6% hetas-
tarch but found no signiicant decrease in the incidence of hypo-
tension compared to 1,500-mL crystalloid preload. Thus, while 
prophylactic colloid preload may increase cardiac output, this 
may not be suficient to compensate for arterial blood pressure 
reduction after spinal anesthesia.

Vasopressors are a more reliable approach to treating hypo-
tension secondary to central neuraxial blockade. Drugs with both 
α- and β-adrenergic activities have been shown to be superior to 
pure α-agonists for correcting the cardiovascular derangements 
produced by spinal and epidural anesthesia.194,195 Ephedrine 
is the drug most commonly used to treat hypotension. Ephed-
rine boluses of 5- to 10-mg increase blood pressure by restoring 
cardiac output and peripheral vascular resistance. Dopamine, 
in low-to-moderate doses, has also been shown to correct the 
hemodynamic changes induced by central neuraxial block.196,197 
Dopamine may be preferable to ephedrine for long-term infu-
sion because tachyphylaxis can develop with repeated ephedrine 
boluses. Pure α-adrenergic agonists, most commonly phenyl-
ephrine, are also used to correct hypotension during spinal anes-
thesia. However, α-agonists increase blood pressure largely by 
increasing systemic vascular resistance, sometimes at the expense 
of further decreasing cardiac output.195 In addition, phenyleph-
rine boluses have been shown to produce transient left ventricu-
lar dysfunction during epidural anesthesia with nonepinephrine-
containing local anesthetics.198 A potential, but as yet unstudied, 
role for α-agonists may be to treat hypotension that occurs dur-
ing epidural anesthesia with epinephrine-containing local anes-
thetics. Because the principal derangement in this situation is a 
marked decrease in systemic vascular resistance, α-agonists may 
be an appropriate choice for treating hypotension in this setting. 
In addition, for patients who are taking medication that disrupts 
the renin–angiotensin system, vasopressin may be the optimal 
drug choice for restoration of adequate blood pressure.

Deciding when to treat hemodynamic derangements dur-
ing spinal and epidural anesthesia is perhaps more dificult than 
deciding how to treat them. Currently no studies clearly deine 
the lower limit of acceptable blood pressure or heart rate for any 
group of patients. In the absence of such data, several authors 
have recommended treating blood pressure if it decreases more 
than 25% to 30% below baseline or in normotensive patients, 
if systolic pressure falls below 90 mm Hg. Recommendations 
regarding bradycardia suggest initiating treatment if heart rate 
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falls below 50 to 60 beats per minute. These recommendations are 
reasonable, although not universally applicable. Ultimately, anes-
thesiologists must decide what is an acceptable blood pressure 
and heart rate for an individual patient based on that patient’s 
underlying medical condition.

Respiratory Physiology

Spinal and epidural blocks to midthoracic levels have little effect 
on pulmonary function in patients without pre-existing lung 
disease. Drugs used perioperatively for sedation during spinal or 
epidural block likely have a larger impact on pulmonary func-
tion than the block per se. In particular, lung volumes, resting 
minute ventilation, dead space, arterial blood gas tensions, and 
shunt fraction show little or no change during spinal or epidural 
anesthesia. Interestingly, the ventilatory response to hypercapnia 
is actually increased by spinal and epidural blocks.199,200

High blocks associated with abdominal and intercostal muscle 
paralysis can impair ventilatory functions requiring active exha-
lation. For example, expiratory reserve volume, peak expiratory 
low, and maximum minute ventilation may be signiicantly 
reduced by high spinal and epidural blocks. The negative impact 
of high blocks on active exhalation suggests caution when using 
spinal or epidural anesthesia in patients with obstructive pulmo-
nary disease, who need to cough to clear sputum, or who other-
wise rely on their accessory muscles of respiration to maintain a 
clear airway and/or adequate ventilation.

Patients with high spinal or epidural blocks may complain 
of dyspnea despite normal or elevated minute ventilation. This 
likely results from the patient’s inability to feel the chest wall 
move while breathing. This is understandably frightening to the 
patient, but reassurance is usually effective in alleviating the fear. 
The anesthesiologist must be alert to the possibility that the com-
plaint of dyspnea stems from incipient respiratory failure second-
ary to respiratory muscle paralysis. A normal speaking voice, as 
opposed to a faint gasping voice, suggests ventilation is normal.

Gastrointestinal Physiology

The gastrointestinal effects of spinal and epidural anesthesia are 
largely the result of sympathetic blockade. The abdominal organs 
derive their sympathetic innervation from T6 to L2. Blockade of 
these ibers results in unopposed parasympathetic activity by way 
of the vagus nerve. Consequently, secretions increase, sphincters 
relax, and the bowel becomes constricted. Some surgeons believe 
this improves surgical exposure. Nausea is a common complica-
tion of spinal and epidural anesthesia. The etiology is unknown 
but an increased incidence of nausea during spinal anesthesia is 
associated with blocks higher than T5, hypotension, opioid pre-
medication, and a history of motion sickness.168,171

Endocrine–Metabolic Physiology

Surgery produces numerous endocrine and metabolic changes, 
including increased protein catabolism and oxygen con-
sumption as well as increases in circulating concentrations of 
 catecholamines, growth hormone, renin, angiotensin, thyroid-
stimulating hormone, β-endorphin, glucose, and free fatty acids, 
among others.1 These endocrine–metabolic changes have collec-
tively been termed the surgical stress response.

The mechanisms responsible for the stress response are com-
plex and incompletely understood. However, afferent sensory 

information from the surgical site plays an important role in ini-
tiating and maintaining these changes.1 Not surprisingly, spinal 
and epidural anesthesia have been shown to inhibit many of the 
endocrine–metabolic changes associated with the stress response. 
The inhibitory effect is greatest with lower abdominal and lower 
extremity procedures and least with upper abdominal and tho-
racic procedures. The salutary effect of spinal and epidural anes-
thesia is believed to result from blockade of the afferent sensory 
information that helps initiate the stress response.

Although some aspects of the surgical stress response may be 
beneicial, it is generally viewed as maladaptive and possibly a con-
tributor to postoperative morbidity and mortality.1 Despite the 
ability of central neuraxial block to decrease the stress response, 
there is as yet no clear evidence that this results in decreased mor-
bidity or mortality.

COMpLICATIONS

Backache

Although postoperative backache occurs following general anes-
thesia, it is more common following epidural and spinal anes-
thesia.201 Compared with spinal anesthesia, back pain following 
epidural anesthesia is more common (11% vs. 30%) and of longer 
duration.202 Importantly, back pain has been cited in one study as 
the most common reason for patients to refuse future epidural 
block.202 The etiology of backache is not clear, although needle 
trauma, local anesthetic irritation, and ligamentous strain sec-
ondary to muscle relaxation have been offered as explanations.

Postdural Puncture Headache

PDPH is a common complication of spinal anesthesia with a 
reported incidence as high as 25% in some studies. The risk of 
PDPH is less with epidural anesthesia, but it occurs in up to 50% 
of young patients following accidental meningeal puncture with 
large diameter epidural needles. The headache is characteristi-
cally mild or absent when the patient is supine, but head eleva-
tion rapidly leads to a severe fronto-occipital headache, which 
again improves on returning to the supine position. Occasion-
ally, cranial nerve symptoms (e.g., diplopia, tinnitus) and nau-
sea and vomiting are also present. The headache is believed to 
result from the loss of CSF through the meningeal needle hole, 
resulting in decreased CSF pressure without an accompanying 
decrease in intravenous pressure. This pressure difference causes 
cerebral venous dilation and is likely the cause of the resultant 
headache.

The incidence of PDPH decreases with increasing age (Fig. 
34-15) and with the use of small diameter spinal needles with 
noncutting tips.203,204 Inserting cutting needles with the bevel 
aligned parallel to the long axis of the meninges has also been 
shown to decrease the incidence of PDPH.204,205 Some authors 
have suggested that parallel insertion spreads dural ibers, 
whereas perpendicular insertion cuts the ibers, resulting in a 
larger meningeal hole. However, the collagen ibers of the dura 
mater are arranged randomly; therefore, as many ibers will be cut 
with parallel insertion as with perpendicular insertion. A more 
likely explanation arises from the fact that the dura mater is under 
longitudinal tension. Thus, a slit-like hole oriented perpendicular 
to this longitudinal tension will tend to be pulled open, whereas a 
hole oriented parallel to this tension will be pulled closed. Some 
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studies have suggested that women are at greater risk of develop-
ing PDPH. However, if age differences are accounted for, there 
does not appear to be a gender difference in the incidence of 
PDPH.204 Folklore aside, remaining supine following meningeal 
puncture does not decrease the incidence of PDPH. Finally, the 
use of luid, instead of air for loss of resistance during attempted 
epidural anesthesia does not alter the risk of accidental meningeal 
puncture, but does markedly decrease the risk of subsequently 
developing PDPH as intrathecal air may contribute to the head-
ache.33 PDPH usually resolves spontaneously in a few days to 
a week for most patients. However, there are reports of PDPH 
persisting for months following meningeal puncture. Initial 
treatment is appropriately conservative if this meets the patient’s 
needs. Bed rest, hydration, and analgesics as necessary are the 
mainstay of conservative treatment. Cerebral vasoconstrictors 
such as caffeine, sumatriptan, and oral methergine may also pro-
duce short-term symptomatic relief.206–208

epidural Blood Patch

Patients who are unable or unwilling to await spontaneous reso-
lution of PDPH should be offered epidural blood patch. Ten to 
twenty milliliters of autologous blood is aseptically injected into 
epidural space at or near the interspace at which the meningeal 
puncture occurred. This is effective in relieving symptoms within 
1 to 24 hours in 85% to 95% of patients; and approximately 90% 
of patients who fail an initial blood patch will respond to a sec-
ond patch. Epidural blood patch is believed to compress the the-
cal space and increase subarachnoid pressure thereby forcing the 
CSF cephalad. In addition, clot formation over the meningeal 
hole prevents further CSF leak while the meningeal rent heals and 
provides a sustained therapeutic effect. The most common side 
effects of blood patch are backache and radicular pain, although 
transient bradycardia and cranial nerve palsies have also been 
reported.

The timing of epidural blood patch has been controver-
sial. Some studies have shown that prophylactic blood patch is 
effective in preventing PDPH in patients in whom the meninges 
were accidentally punctured during attempted epidural anes-
thesia.209,210 However, Scavone et al.211 demonstrated that while 
prophylactic epidural blood patch shortened the duration of 
PDPH, it did not decrease the incidence of PDPH nor the need 

for therapeutic epidural blood patch. Further, recent evidence 
suggests a beneit to delaying epidural blood patch for 24 hours 
after symptoms develop. In a study of 504 patients who under-
went epidural blood patch, Safa-Tisseront et al.212 demonstrated 
complete symptomatic resolution in 75% of patients with PDPH 
who underwent epidural blood patch and only a 7% failure rate. 
The two predictive factors of epidural blood patch failure were 
increased needle diameter (<20G) and decreased time interval 
between dural puncture and epidural blood patch. Thus, these 
studies suggest that routine prophylactic blood patch is not 
appropriate for most patients and that epidural blood patch is 
best performed only after an initial 24-hour observation period 
with conservative treatment. However, it may be prudent to con-
sider prophylactic epidural blood patch for the high-risk outpa-
tients for whom a return trip to the hospital would be extremely 
dificult.

Hearing Loss

Hearing loss in the low-frequency range after spinal anesthesia 
has been reported. The incidence of hearing loss after spinal anes-
thesia varies greatly from 0.2% to 92%.213,214 It is associated with 
PDPH and the use of larger gauge needles and it is thought to be 
due to CSF loss through the spinal puncture hole which results 
in decreased intracranial and intracochlear pressures. Onset 
of hearing loss occurs from 24 hours to 8 days following spinal 
anesthesia and usually resolves within 6 months. Lamberg et al.215 
demonstrated that a transient (1 to 3 days) mild decrease in hear-
ing acuity (>10 dB) is common after spinal anesthesia, with an 
incidence of roughly 40% and a 3:1 female-to-male predomi-
nance. Some studies suggest that epidural volume expansion with 
normal saline may prevent the occurrence of postspinal hearing 
loss,216 though more studies are necessary to understand the etiol-
ogy and appropriate prevention or treatment of this side effect of 
spinal anesthesia.

systemic Toxicity

Systemic toxicity of local anesthetics is discussed in detail in 
Chapter 21. Systemic toxicity does not occur with spinal anesthe-
sia because the drug doses used are too low to cause toxic reac-
tions even if injected intravenously. Both CNS and cardiovascular 
toxicity may occur during epidural anesthesia. CNS toxicity may 
result from local anesthetic absorption from the epidural space 
but more commonly occurs following accidental intravascular 
injection of local anesthetic. In contrast, cardiovascular toxicity 
from local anesthetics can probably only occur from unintended 
intravascular injection because the plasma concentrations of local 
anesthetics required to produce serious cardiovascular toxicity 
are very high. An adequate IV test dose and incremental injection 
of local anesthetics are the most important methods to prevent 
both CNS and cardiovascular toxicity during epidural anesthesia.

Total spinal anesthesia

Total spinal anesthesia occurs when local anesthetic spreads 
high enough to block the entire spinal cord and occasionally the 
brainstem during either spinal or epidural anesthesia. Profound 
hypotension and bradycardia are common secondary to com-
plete sympathetic blockade. Respiratory arrest may occur as a 
result of respiratory muscle paralysis or dysfunction of brainstem 
respiratory control centers. Management includes vasopressors, 
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FIgURE 34-15. The incidence of postdural puncture headache de-
creases as patient age increases. When using beveled needles, the inci-
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et al. Incidence and prediction of postdural puncture headache: A pro-
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 atropine, and luids as necessary to support the cardiovascular 
system, plus oxygen and controlled ventilation. If the cardiovas-
cular and respiratory consequences are managed appropriately, 
total spinal block will resolve without sequelae.

neurologic injury

Serious neurologic injury is a rare but widely feared complica-
tion of epidural and spinal anesthesia. Multiple large series of spi-
nal and epidural anesthesia report that neurologic injury occurs 
in approximately 0.03% to 0.1% of all central neuraxial blocks, 
although in most of these series the block was not clearly proven 
to be causative.217 Persistent paresthesias and limited motor 
weakness are the most common injuries, although paraplegia 
and diffuse injury to cauda equina roots (cauda equina syndrome) 
do occur rarely. Injury may result from direct needle trauma to 
the spinal cord or spinal nerves, from spinal cord ischemia, from 
accidental injection of neurotoxic drugs or chemicals, from intro-
duction of bacteria into the subarachnoid or epidural space, or 
very rarely from epidural hematoma.217

Importantly, local anesthetics intended for epidural and 
intrathecal use can themselves be neurotoxic in concentrations 
used clinically.218 In particular, hyperbaric 5% lidocaine has 
been implicated as a cause of multiple cases of cauda equina 
syndrome following subarachnoid injection through small-bore 
(“microspinal”) catheters during continuous spinal anesthesia.219 
Hyperbaric solutions injected through these high-resistance 
catheters have been shown to produce very little turbulence and 
thus poor mixing of the local anesthetic within CSF.220 Nerve 
injury is believed to result from pooling of toxic concentrations 
of undiluted lidocaine around dependent cauda equina nerve 
roots. Consequently, the U.S. Food and Drug Administration 
has banned the use of these small-gauge catheters for continu-
ous spinal anesthesia. Although the combination of microspinal 
catheters and high concentrations of lidocaine have clearly been 
implicated in causing cauda equina syndrome, this complication 
has also occurred when using larger (20G) catheters,219 2% lido-
caine,221 and 0.5% tetracaine.219 A common thread in all of these 
reports has been the apparent maldistribution of the local anes-
thetic within the CSF. Maldistribution should be suspected when-
ever spinal block is unexpectedly restricted, and maneuvers such 
as altering patient position or drug baricity should be employed 
to improve drug distribution before additional drug is injected 
through a continuous spinal catheter. If these maneuvers fail to 
improve drug distribution, an alternative anesthetic technique 
should be employed.

The mechanism by which local anesthetics produce cauda 
equina syndrome is not yet clear; however, in vitro evidence sug-
gests that local anesthetics can produce excitotoxic damage by 
depolarizing neurons and increasing intracellular calcium concen-
trations.222 Other studies demonstrate that local anesthetics can 
cause neuronal injury by damaging neuronal plasma membranes 
through detergent-like actions223,224 or by activation of phospho-
lipase-C.225 It is also unclear as yet whether adjuncts added to 
local anesthetics (e.g., epinephrine) contribute to cauda equina 
syndrome. However, based on animal studies, it has been argued 
that epinephrine should not be added to intrathecal lidocaine.226 
Rather, if a prolonged duration of spinal anesthesia is necessary, 
then a longer-acting drug like bupivacaine should be used.

Transient neurologic symptoms

In addition to cauda equina syndrome, the occurrence of tran-
sient neurologic symptoms (TNS) or transient radicular irritation 

(TRI) has also emerged as a concern following central neuraxial 
blockade. TRI is deined as pain, dysesthesia, or both, in the legs 
or buttocks after spinal anesthesia and was irst proposed as a rec-
ognizable entity by Schneider et al.227 All local anesthetics have 
been shown to cause TRI, although the risk appears to be greater 
with lidocaine than other local anesthetics.228–234

In a large epidemiologic study of nearly 2,000 patients, 
 Freedman et al.235 characterized the clinical picture of TRI. They 
found that patients receiving lidocaine were signiicantly more 
likely to develop TRI than were patients receiving spinal tetra-
caine or bupivacaine, although TRI did occur with these latter 
two drugs as well. Other risk factors for TRI include addition of 
phenylephrine to 0.5% tetracaine, surgery in the lithotomy posi-
tion or with the leg lexed at the knee (as for meniscectomy), and 
outpatient status.236,237 Evron et al.238 reported the use of a double-
oriice pencil-point needle was shown to signiicantly reduce 
the risk of TRI compared with a single-oriice needle. Variables 
shown not to increase the risk of TRI included lidocaine dose, 
addition of epinephrine to lidocaine, presence of dextrose, pares-
thesia, hypotension, and blood-tinged CSF among others.

Pain from TRI is not trivial, with the majority of patients rat-
ing it as moderate (visual analogue scale = 4 to 7/10). The pain 
usually resolves spontaneously within 72 hours, but a few patients 
have required up to 6 months.235

The mechanism responsible for TRI is unknown; however, it 
is not simply a milder manifestation of cauda equina syndrome. 
Differences in clinical presentation and risk factors suggest that 
these are not simply two points along a continuum of the same 
process.

Chloroprocaine

Chloroprocaine was introduced into clinical practice in 1951, and 
was used for spinal anesthesia beginning that year. In the early 
1980s; however, clinicians reported multiple cases of neurologic 
injury following intrathecal injection of chloroprocaine. Impor-
tantly, the chloroprocaine solution available at the time con-
tained either methylparaben as an antimicrobial or bisulite as 
an antioxidant. Subsequent animal studies aimed at determining 
the mechanism for spinal injury have been confusing, with some 
authors reporting that chloroprocaine itself does not cause neu-
rologic injury but that bisulite does, and others reporting that 
chloroprocaine can cause neurologic injury but that bisulite is 
neuroprotective.239 –241 Nonetheless, concern about the potential 
for chloroprocaine-mediated neurotoxicity led to its nearly com-
plete abandonment as a spinal anesthetic, in large part because 
lidocaine was perceived as a safer alternative.

However, we now recognize that lidocaine is not without 
risk of neurologic toxicity; in fact, it may be the most neurotoxic 
spinal anesthetic. This observation, coupled with the fact that a 
preservative-free chloroprocaine formulation is now available, 
has led to a re-evaluation of chloroprocaine as a short-acting 
spinal anesthetic. In 2004, Kouri and Kopacz242 compared the 
block characteristics of 40 mg of plain 2% lidocaine with 40 mg 
of plain 2% preservative-free chloroprocaine in humans using a 
double-blind, randomized crossover study design. They found 
that both drugs produced identical average block heights (T8), 
but that chloroprocaine resulted in more rapid resolution of 
sensory block (103 ± 13 vs. 126 ± 16 minutes) and faster attain-
ment of discharge criteria (104 ± 12 vs. 134 ± 14 minutes). In 
addition, seven of eight volunteers experienced TNS following 
intrathecal lidocaine and none experienced TNS following 2% 
chloroprocaine. In other studies from the same research group, 
chloroprocaine spinal block height and duration were shown to 
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be positively correlated with chloroprocaine dose243 and addition 
of dextrose was shown not to alter spinal block characteristics, 
except that it increased postvoid bladder volume.244 This group 
also performed studies to determine the effect of epinephrine and 
fentanyl as block-prolonging adjuvants to spinal chloroprocaine. 
Vath and Kopacz245 found that the addition of 20 µg of fentanyl 
to 40 mg of chloroprocaine increased average peak block height 
(T5 vs. T9), prolonged the time for sensory block regression to L1 
(78 ± 7 vs. 53 ± 19 minutes), and modestly increased the time to 
complete regression (104 ± 7 vs. 95 ± 9 minutes). Interestingly, 
Smith et al.243 found that epinephrine (0.2 mg) increased chlo-
roprocaine block duration but that its use was associated with a 
high incidence of myalgia, arthralgia, malaise, and anorexia that 
lasted up to 48 hours. The authors had no explanation for the 
epinephrine-associated side effects, but recommended against 
its use with intrathecal chloroprocaine. In a retrospective review 
of their experience with spinal chloroprocaine in 600 patients, 
 Hejtmanek and Pollock246 reported comparable clinical pharma-
cology, and no neurologic complications.

Thus, these studies, coupled with concerns about the potential 
for lidocaine-mediated neurotoxicity, raise the possibility that 
chloroprocaine will re-enter the mainstream as a spinal anes-
thetic, especially for ambulatory anesthesia.

Importantly, as of this writing, chloroprocaine is not specii-
cally indicated for spinal anesthesia; therefore, its use is “off-label.” 
But then, so is the use of multiple drugs that are routinely admin-
istered intrathecally, including plain bupivacaine, plain lidocaine, 
hydromorphone, fentanyl, and sufentanil, among others.

spinal Hematoma

Spinal hematoma is a rare but potentially devastating compli-
cation of spinal and epidural anesthesia, with an incidence esti-
mated to be <1 in 150,000. Patients most commonly present with 
numbness or lower extremity weakness, a fact that can make early 
detection dificult in patients receiving perioperative spinal local 
anesthetics for pain control. Early detection is critical because a 
delay of more than 8 hours in decompressing the spine reduces 
the odds of good recovery.247

Coagulation defects are the principal risk factor for epidural 
hematoma. This raises the legitimate question as to how to treat 
patients who are or who will be anticoagulated. This issue has been 
addressed in a Consensus Statement from the American Society 
for Regional Anesthesia and Pain Medicine248 and the recommen-
dations presented here are taken from this consensus statement. In 
brief, patients taking nonsteroidal anti-inlammatory drugs with 
antiplatelet effects (e.g., cyclooxygenase-1 inhibitors) or receiving 
subcutaneous unfractionated heparin for deep vein thrombosis 
prophylaxis are not viewed as being at increased risk of spinal 
hematoma.

In contrast, other classes of antiplatelet drugs, like thienopyri-
dine derivatives (e.g., ticlopidine, clopidogrel) and glycoprotein 
IIb/IIIa antagonists (e.g., abciximab, eptiibatide, tiroiban) have 
a more potent effect on platelet aggregation, and neuraxial block 
should generally not be performed in patients taking these or sim-
ilar medications. Further, the consensus statement recommends 
that ticlopidine be discontinued for 2 weeks and clopidogrel for 1 
week before performing central neuraxial blocks. The glycopro-
tein IIb/IIIa antagonists have a shorter duration of action; thus, 
it is recommended that abciximab should be discontinued 24 to  
48 hours before central neuraxial block, and eptiibatide and  
tiroiban should be discontinued 4 to 8 hours beforehand.

In patients receiving intravenous heparin, heparinization 
should be delayed for at least 1 hour after central neuraxial block. 

Further, neuraxial catheters should be removed at least 2 to  
4 hours after the last intravenous dose. Patients receiving fraction-
ated low-molecular-weight heparin (e.g., enoxaparin, dalteparin, 
tinzaparin) are considered to be at increased risk of spinal hema-
toma. Patients receiving these drugs preoperatively at thrombo-
prophylactic doses should have the drug held for 12 hours before 
central neuraxial block. At higher doses, such as those used to treat 
established deep vein thrombosis, central neuraxial block should 
be delayed for 24 hours after the last dose. For patients in whom 
low-molecular-weight heparin is begun after surgery, single-shot 
central neuraxial blocks are not contraindicated provided that 
the irst low-molecular-weight heparin dose is not administered 
until 24 hours postoperatively if using a twice-daily dosing regi-
men and 6 to 8 hours if using a once-daily dosing regimen. If an 
indwelling central neuraxial catheter is in place, it should not be 
removed until 10 to 12 hours after the last low-molecular-weight 
heparin dose, and the subsequent doses should not begin until at 
least 2 hours after catheter removal.

Patients who are “fully anticoagulated” (i.e., have elevated 
prothrombin time or partial thromboplastin time) or who are 
receiving thrombolytic or ibrinolytic therapy are considered to 
be at increased risk of spinal hematoma. These patients should 
not receive central neuraxial block except in very unusual circum-
stances when other options are not viable.

Importantly for those patients who may have an epidural or 
intrathecal catheter placed, its removal is nearly as great a risk for 
spinal hematoma as its insertion, and the timing of removal and 
anticoagulation should be coordinated. Also, drugs/regimens not 
considered to put patients at increased risk of neuraxial bleed-
ing when used alone (e.g., minidose unfractionated heparin and 
nonsteroidal anti-inlammatory drugs) may in fact increase risk 
when combined.

CONTRAINDICATIONS

The only absolute contraindication to spinal or epidural anes-
thesia is patient refusal. However, several pre-existing conditions 
increase the relative risk of these techniques and the anesthesiolo-
gist must carefully weigh the expected beneits before proceeding. 
Some conditions that increase the apparent risk of central neur-
axial block include the following:

 1. Hypovolemia or shock increases the risk of hypotension.
 2. Increased intracranial pressure increases the risk of brain her-

niation when CSF is lost through the needle, or if a further 
increase in intracranial pressure follows injection of large vol-
umes of solution into the epidural or subarachnoid spaces.

 3. Coagulopathy or thrombocytopenia increases the risk of 
 epidural hematoma.

 4. Sepsis increases the risk of meningitis.
 5. Infection at the puncture site increases the risk of meningitis.

Pre-existing neurologic disease, particularly diseases that 
wax and wane (e.g., multiple sclerosis), have been considered a 
contraindication to central–neuraxial block by some authors. 
Unfortunately, there are no well-controlled studies that answer 
the question as to whether spinal or epidural anesthesia alters  
the course of any pre-existing neurologic disease. However, Hebl 
et al.249 conducted an uncontrolled retrospective chart review of 
567 patients with pre-existing sensorimotor neuropathy or dia-
betic polyneuropathy who underwent spinal anesthesia. Two of 
these patients (0.4%; conidence interval: 0.1% to 1.3%) devel-
oped signiicant and persistent new neurologic symptoms: Pain-
ful exacerbation of diabetic neuropathy and lumbar plexopathy 
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superimposed on pre-existing sensorimotor neuropathy. In both 
cases, the role of spinal anesthesia in the patient’s new symptoms 
was unknown; thus, it is dificult to use these data to inform the 
decision whether or not to use central neuraxial block in patients 
with pre-existing peripheral neuropathy. Until more and better 
data are available, it is prudent to inform patients that there may 
be a small risk that their neuropathy may worsen so that they can 
consider that when discussing their anesthetic choice.

SpINAL OR EpIDURAL ANESTHESIA?

Spinal and epidural anesthesia each have advantages and disad-
vantages that may make one or the other technique better suited 
to a particular patient or procedure. Controlled studies com-
paring both techniques for surgical anesthesia have consistently 
found that spinal anesthesia takes less time to perform, produces 
more rapid onset of better-quality sensorimotor block, and is 
associated with less pain during surgery. Despite these impor-
tant advantages of spinal anesthesia, epidural anesthesia offers 
advantages too. Chief among them are the lower risk of PDPH, 
less hypotension if epinephrine is not added to the local anes-
thetic, the ability to prolong or extend the block via an indwelling 
catheter, and the option of using an epidural catheter to provide 
postoperative analgesia.
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