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The first descriptions of spine disorders were recorded nearly 
4000 years ago in Egypt, when patients with such afflictions 
were left bedridden and death was considered unavoidable. 
One of the first extensive series on surgery of the spine was 
reported by Elsberg in 1925, in which the surgical treat-
ment of spinal cord tumors was described.1 Since those early 
reports, spine surgery has made remarkable advancements, 
particularly since the 1980s. As surgical techniques have 
matured, complex operations are being performed on spine 
diseases once thought incurable. Moreover, increasingly 
older patients with multiple comorbidities are presenting for 
spine procedures. Consequently, the anesthetic approach to 
patients scheduled for spine surgery must consider the fol-
lowing issues: preoperative risk assessment, the specific spine 
pathology being treated, basic knowledge of spine anatomy 
and imaging modalities, the surgical procedure planned, an 
awareness of the specific spine disorder being treated, poten-
tial airway difficulties, patient positioning, anesthetic choices, 
intraoperative medical management decision-making (blood 
replacement, blood salvage, hemodynamic goals, pulmonary 
function), and postoperative airway concerns and pain man-
agement. This chapter discusses these issues.

ANATOMY

The anatomy of the spine can be divided into that pertaining 
to the vertebral bony column and the contents of the vertebral 
canal.2

Vertebral Column

The vertebral column is composed of 33 vertebrae. In adult life 
this number is functionally reduced to 24 presacral vertebrae, 
the sacrum, and the coccyx. The presacral vertebrae consist of 
7 cervical, 12 thoracic, and 5 lumbar bones. The 5 sacral and 
4 coccygeal vertebrae fuse early in development. The vertebral 
column normally exhibits four curves in the anteroposterior 
(AP) plane. The two forward curves, or lordoses, are in the 
cervical and lumbar areas, and the two posterior curves, or 
kyphoses, are in the thoracic and sacral areas. The combina-
tion of these curves gives the normal bony spine the character-
istic S shape when viewed from the side (Fig. 20-1).

Each of the individual “standard” vertebrae that make up 
the vertebral column is a single bony structure consisting 
of a large body, bilateral pedicles, bilateral lamina, bilateral 
 transverse processes, a spinous process, and four articular 
 processes (Fig. 20-2). The two pedicles laterally, the two lam-
ina posteriorly, and the body anteriorly together form the 
vertebral canal in which lies the spinal cord. The segmental 
nerves exit between the vertebrae through the intervertebral 
foramina. The four articular processes mate with correspond-
ing processes on the vertebrae above and below to form the 
facet joints. The facet joint articulations provide posterior sta-
bility, and the body articulations provide anterior and vertical 
stability. In addition, the facet joints provide flexion, exten-
sion, and lateral rotation of the spine.

The first two cervical vertebrae, C1 and C2, differ in struc-
ture from the standard vertebrae (Fig. 20-3). C1, the atlas, is 
ring-shaped and wider than the other vertebrae. The superior 
articular surfaces are configured to articulate with the two 
occipital condyles located at the base of the skull on either side 
of the foramen magnum. The atlas is composed of anterior 
and posterior arches, each possessing a tubercle while sharing 
lateral masses. The atlas has no spinous processes or body. C2, 
the axis, possesses a body that projects superiorly as the dens 
(odontoid process) (see Fig. 20-3), and a short bifid spinous 
process. The axis has two large flat superior articular facets. 
The transverse ligament of the atlas holds the dens in place, 
preventing horizontal movement of the atlas.

The anterior longitudinal ligament and the posterior lon-
gitudinal ligament (see Fig. 20-2) extend from the base of the 
skull and atlas to the sacrum. The anterior ligament is attached 
to the anterior surface of the vertebrae and intervertebral disks. 
The posterior ligament is attached to the posterior surface of 
the vertebrae and the intervertebral disks and lies within the 
vertebral canal. These two ligaments provide extension and 
flexion stability to the vertebral column. The supraspinal and 
interspinal ligaments join the spinous processes at each level, 
providing additional flexion stability. The ligamentum flavum 
unites the vertebral laminae at each level and forms part of the 
posterior border of the intervertebral foramen.

The intervertebral disks are fibrocartilaginous joints 
composed of an interior nucleus pulposus surrounded and 
enclosed by a tough anulus fibrosus (Fig. 20-4). Together, 
these two components provide a strong attachment between 
adjacent vertebrae but allow some movement. In addition, the 
disks act as very efficient shock absorbers.

The facet joints are synovial joints, which are paired and com-
pose part of the posterior elements of the vertebral column. With 
the intervertebral disks they form the remaining articulations of 
the vertebrae with each other. As posterior elements, the facet 
joints allow flexion of the spine. The facet joints of the cervical 
region are less rigid, thus allowing greater flexion of the neck.
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Figure 20–1  Vertebral column showing 24 presacral vertebrae, sacrum, coccyx, and curvatures of the adult vertebral column. Note that the first 
coccygeal vertebra has fused with the sacrum. Most vertebral columns are 72 to 75 cm long; about one fourth of this length is contributed by the 
fibrocartilaginous intervertebral disks. The vertebral column supports the skull and transmits the weight of the body through the pelvis to the lower 
limbs. (From Moore KL: Clinically Oriented Anatomy, 2nd ed, Baltimore, Williams & Wilkins, 1985, p 566.).
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Figure 20–2  Normal anatomic components of typical vertebrae and spinal column.
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Spinal Cord

The spinal cord is contained within the confines of the ver-
tebral canal. The anteroposterior (AP) diameter of the cervi-
cal cord constitutes about 40% of the diameter of the cervical 
canal, decreasing in diameter with neck extension. The spinal 
cord is contiguous with the brainstem at the  foramen mag-
num, and in the adult it extends to the conus medullaris at 
about the level of the first or second lumbar vertebra. The 
filum terminale attaches the end of the conus to the first 
coccygeal segment of the bony spine. The cord exhibits two 
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Figure 20–3  C1 and C2 cervical vertebrae, viewed from above and 
in anterior view.
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Figure 20–4  Transverse and sagittal images of an intervertebral disk.
3

prominent bulges in the cervical and lumbar areas, which 
 correspond to the origins of the nerves to the upper and lower 
extremities, respectively. A cross section of the cord reveals a 
mixture of white matter and gray matter (Fig. 20-5). The gray 
matter, in the shape of an H, surrounds the central canal and 
contains the cell bodies of the spinal neurons.

The dorsal horns are associated with sensory functions, 
including pain, position sense, touch, and temperature. 
The ventral horns contain neurons associated with motor 
 functions and spinal reflexes. The surrounding white matter 
contains the myelinated and unmyelinated fibers that commu-
nicate with higher and lower centers, including the  brainstem 
and cerebral cortex. The descending motor pathways travel 
in the white matter located in the lateral and ventral areas of 
the cord. The corticospinal tract conducts all primary motor 
impulses. The vestibulospinal and rubrospinal tracts also 
 participate in motor function and are located in the ventral 
and lateral areas of white matter, respectively. The dorsal areas 
of white matter contain the dorsal column tracts, the spino-
thalamic tracts, and the spinoreticular tracts, among others. 
These pathways transmit sensory information to higher cord 
segments and the brain.

The sympathetic nervous system is also segmental and tra-
verses the length of the vertebral column in two chains  anterior 
to the bony spine (Fig. 20-6).3 Segmental  communication is 
accomplished at each spinal segment via the communicating 
ramus of each segmental spinal nerve. The segmental spinal 
nerves are made up of the confluence of a dorsal root and a 
ventral root at each level (see Fig. 20-6).

A nerve emerges from each side of the spinal cord; thus 
they are paired. The dorsal roots conduct sensory informa-
tion, including pain. All nerve cell bodies of afferent axons are 
located in the dorsal root ganglion. The ventral roots conduct 
primarily motor and efferent information from the cord to 
the periphery. The two roots combine in the spinal nerve as 
they traverse the vertebral foramen. The nerve then divides 
into three rami: dorsal, ventral, and communicating. The 
ventral ramus continues as the primary spinal nerve, the dor-
sal ramus innervates the paraspinous muscles of the back and 
the facet joints at each level, and the communicating ramus 
provides segmental neuronal connections to the sympathetic 
chains.

The spinal nerves have a particular relationship to the 
respective spinal vertebrae (Fig. 20-7). The spinal nerves exit 
the vertebral canal via the intervertebral foramina. These 
foramina are formed by the juxtaposition of adjoining verte-
brae in the spinal column.

Spinal Cord Blood Supply

The spinal cord is supplied with blood from the aorta via the 
vertebral and segmental or radicular arteries; the three main 
arteries of the spinal cord are the single anterior spinal artery 
in the anterior or ventral median sulcus and two posterior 
spinal arteries located in the area of the dorsal nerve rootlets 
(Fig. 20-8). These three arteries usually arise as branches of 
the vertebral arteries at the base of the brainstem and traverse 
the entire length of the cord (Fig. 20-9). The blood flow is 
augmented by multiple segmental radicular and medullary 
arteries that enter at the intervertebral foramen (see Figs. 20-8 
and 20-9).

The anterior spinal artery supplies the anterior two thirds 
of the cord, and the posterior spinal arteries supply the poste-
rior one third. Below the level of the cervical cord segments, 
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additional blood supply is provided by segmental or radicular 
arteries that arise as branches of the aorta and enter the cord 
arterial system. The most consistent of these arteries is the 
artery of Adamkiewicz, which is the largest segmental feeder 
in the thoracolumbar region of the cord. It usually enters as a 
single vessel between the ninth and the eleventh thoracic  levels 
and arises on the left side of the aorta.2 This major arterial 
feeder vessel is thought to be the principal contributor to the 
arterial supply of the entire thoracic and lumbar cord distal to 
its entry. Loss of this artery after surgery or trauma to the aorta 
may produce paraplegia in the thoracic region.4

The arterial network of the three main blood vessels sup-
plies blood to the interior of the cord through an extensive 
network of arterioles and capillaries. The density of the capil-
lary bed reflects the metabolic demands of the different areas 
of the cord. Blood flow through these capillaries is very sensi-
tive to compression of the cord, and ischemia may result.

Venous drainage of the spinal cord is through radial veins 
serving the parenchyma.2 The veins feed into the coronal 
venous plexus or longitudinal veins on the surface of the cord, 

which are, in turn, drained by medullary veins that penetrate 
the dura adjacent to the dural penetration of the nerve roots 
to join the epidural venous plexus. The epidural or internal 
vertebral venous system drains into the external vertebral 
venous system, which communicates with the caval veins. 
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Figure 20–6  Cord segment with its roots, ganglia, and branches.
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Figure 20–7  Lateral view of the relationships among spinal cord, spi-
nal nerves, and vertebral column. Termination of the dura (dura mater 
spinalis) and its continuation as the filum terminale externum are shown.

Posterior
median septum

Posterior gray
commissure

Anterior
gray columnAnterior white

commissure

Anterior
median fissure

Anterior
funiculus

Lateral
funiculus

Posterior
funiculus

Spinal
ganglion

Anterior
rootlets

Anterior
root

Posterior
root

Central
canal

Intermediolateral
gray column

Posterior
gray column

Figure 20–5  Anatomy of the spinal cord.
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The veins in the epidural system are valveless and therefore 
subject to engorgement in certain normal and disease states, 
such as pregnancy and obesity, in which there is an increase 
in the intra-abdominal pressure or obstruction to venous flow 
through the inferior vena cava.

PHYSIOLOGY

Blood Flow

Spinal cord blood flow (SCBF) has been studied extensively in 
animal models. The values and data obtained from these studies 
are consistent with values obtained for the brain; average SCBF is 
about 60 mL/100 g/min,5,6 including a threefold to fourfold gray 
matter–white matter differential in blood flow.7 Autoregulation 
in the cord mimics that in the brain, with flow well maintained 
with a mean arterial blood pressure (MAP) of 60 to 120 mm 
Hg.7 Likewise, the effects of arterial blood gas tensions are simi-
lar to those in the brain; hypoxemia and hypercapnia cause vaso-
dilation, and hypocapnia causes vasoconstriction (Fig. 20-10).8

Injury to the spinal cord disturbs autoregulation of blood 
flow. Trauma to the cord results in a decrease in SCBF and loss 
of autoregulatory function.9,10 The nature of the operative proce-
dure itself may also have an effect on SCBF. This effect is well rec-
ognized with spinal distraction and instrumentation but may also 
occur during other operations, such as simple laminectomy.11

RADIOLOGIC CONSIDERATIONS

Imaging of the spine and spinal cord is an essential part of the 
diagnosis and treatment of spinal diseases. A variety of imaging 
modalities are available for the assessment of spinal pathology, 
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Dorsal ramus
intercostal artery

Intercostal artery

IVC
Aorta

Radicular artery

Figure 20–8  Blood  supply  of  the  spinal  cord  illustrating  the  single 
anterior  spinal  artery,  paired  posterior  arteries,  and  feeding  radicular 
branches from the aorta. IVC, inferior vena cava.
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Figure 20–9  Arteries of spinal cord. A, Ventral aspect. B, Dorsal aspect. Regions most vulnerable to vascular deprivation when the contributing arter-
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lumbosacral enlargement extends from L2 to S3. (From Moore KL: Clinically Oriented Anatomy, 2nd ed. Baltimore, Williams & Wilkins, 1985, p 613.)
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 the most common of which are plain radiography, computed 

tomography (CT), CT angiography, magnetic resonance imag-
ing (MRI), MR angiography, bone scanning, single-photon 
emission computed tomography (SPECT), and positron emis-
sion tomography (PET). The choice of imaging modalities best 
suited for the patient depends on the history, physical findings, 
and differential diagnosis. A general review of the common 
imaging techniques used in spine disease can be found in the 
later section on traumatic spinal cord injury (SCI).

SURGICAL DISORDERS OF THE SPINE

Disorders of the Cervical Spine

Cervical Spondylosis

Degenerative disease of the cervical spine affects more than 
90% of individuals older than 65 years. The term cervical spon-
dylosis refers to the nonspecific degenerative process of the 
spine that results in spinal stenosis as well as neural foraminal 
encroachment (Fig. 20-11).12

In those individuals who eventually experience symptoms 
of cervical degenerative disease, radiculopathy is the most 
common. Cervical radiculopathy is defined as a neurologic 
condition characterized by dysfunction of a cervical spinal 

nerve, the nerve roots, or both.13 It is most commonly caused 
by lateral disk herniation, osteophyte overgrowth with nar-
rowing of the lateral foramen (termed the lateral recess syn-
drome), or cervical spinal instability caused by subluxation of 
a cervical vertebra (Fig. 20-12).

MRI is the imaging modality of choice in the diagnosis of 
cervical radiculopathy; however, MRI is not indicated in the 
initial stages of management because the findings will not 
alter treatment. In general, medical management is attempted 
for 4 to 6 weeks, and if the patient remains symptomatic, an 
MRI study is appropriate. CT is of value primarily for defin-
ing the bony anatomy in the area of the spinal canal. Surgi-
cal treatment for cervical radiculopathy is indicated for severe 
clinical symptoms that medical therapy has failed to control 
combined with a compatible MRI study demonstrating nerve 
compression, for the persistence of pain despite medical man-
agement for at least 6 weeks, and for the presence of an evolv-
ing neurologic deficit.13

Cervical Spondylotic Myelopathy

Cervical spondylotic myelopathy (CSM) is the most com-
mon type of spinal cord dysfunction in patients older than 55 
years. Originally described more than 50 years ago, CSM is the 
result of narrowing of the cervical spinal canal due to a degen-
erative process or a congenital disorder. The primary patho-
physiologic abnormality in CSM is a reduction in the sagittal 
diameter of spinal canal, with cervical myelopathy develop-
ing in nearly all patients in whom there is a greater than 30% 
reduction in the cross-sectional area of the cervical vertebral 
canal.14,15 Typical signs and symptoms of CSM are pain in 
the neck, shoulder, and subscapular areas; numbness or tin-
gling in the upper extremities; motor weakness in the upper 
or lower extremities; sensory changes in the lower extremi-
ties; gait disturbances; bowel and bladder dysfunction; and 
spasticity, hyperreflexia, and clonus typical of an upper motor 
neuron lesion. The most common presentation of CSM is a 
spastic gait. Physical findings include atrophy of the muscles 
of the hand, hyperreflexia, electric shock–like sensations down 
the arm or back after flexion of the neck (Lhermitte’s sign), 
and sensory loss. Plain films often show evidence of osteo-
phyte formation, kyphosis, and subluxation. MRI remains the 
imaging modality of choice, providing information about the 
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Figure 20–10  Illustration  of  effect  of  changes  in  Paco2,  Pao2,  and 
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igure 20–11  Cervical  spondylosis.12  Common  sites  of  pathology 
hat may result in compression of the spinal cord or nerve root: A, Lateral 
isk herniation or osteophyte hypertrophy; B, Central disk herniation or 
steophyte formation; C, Facet joint osteophyte; D, Hypertrophy of the 
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Figure 20–12  Cervical  radiculopathy  caused  by  foraminal  stenosis 
from a posterolateral herniation of the nucleus pulposus with compres-
sion of  the exiting nerve  root.  (From Won DS, Herkowitz HN: Cervical 
radiculopathy: Posterior surgical approach. In Herkowitz HN, Garfin SR, 
Eismont FJ, et al [eds], Rothman-Simeone: The Spine, 5th ed. Philadel-
phia, Saunders-Elsevier, 2006, p 842.)
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spinal canal (demyelination, spinal cord atrophy, and edema), 
intervertebral disks, vertebral osteophytes, and ligaments. 
Treatment of CSM initially involves nonoperative therapy; 
however, early surgery is associated with significant improve-
ment in the neurologic prognosis.

For patients with symptomatic spinal stenosis, anesthetic 
management should consider the benefits of an awake fiber-
optic intubation or at least induction of general anesthesia 
with the head stabilized and intubation performed under 
fiberoptic guidance with the use of spinal cord monitoring. 
During these operations, spinal cord monitoring may provide 
useful feedback on potential SCI during the procedure and 
allow the operation to be modified to minimize adverse effects 
on spinal cord function.

Cervical Disk Herniation

Intervertebral disks are composed of a well-hydrated central 
nucleus pulposus surrounded by an outer anulus fibrosis. 
With age, the disks deteriorate, ultimately resulting in hernia-
tion when the anulus fibrosus breaks open or cracks, allowing 
the nucleus pulposus to extrude (see Fig. 20-12).

In the cervical spine, the most common location of the 
herniation is at C5-C6, followed by C6-C7, and herniation is 
most common in individuals older than 40 years. The symp-
toms of a cervical disk herniation are neck pain and radicular 
symptoms, which consist of shoulder, arm, or hand paresthe-
sias or pain, and muscle weakness in a dermatomal nerve root 
distribution. Patients may also present with symptoms of a 
cervical myelopathy if the herniation is centrally located. In 
patients in whom a disk herniation is suspected, plain films 
may demonstrate a narrowed disk space, osteophytes, or sub-
luxation of the vertebra. An MRI study is the radiologic imag-
ing modality of choice for evaluation of a suspected herniated 
cervical disk (Fig. 20-13).

The primary treatment of a cervical disk herniation is medi-
cal management, at least initially. Cervical soft collars, anti-
inflammatory agents, oral steroids, and physical therapy are all 
appropriate in the short term because more than 90% of patients 
with radiculopathic symptoms experience  improvement with 

Figure 20–13  Cervical disk herniation and anterior cervical diskectomy 
and fusion (ACD & F). A 41-year-old woman presented with pain in the 
neck that radiated to the left hand and fingers. This sagittal T2-weighted 
magnetic resonance image shows a 6-mm disk protrusion at C6-C7.
these measures. If nonsurgical therapy fails or the patient dem-
onstrates progressive neurologic symptoms, surgical therapy is 
selected, typically an anterior cervical diskectomy and fusion 
(ACD&F) with or without anterior cervical plating.

Complications of surgery include thoracic duct injury, 
 cerebrospinal fluid (CSF) leak, spinal cord or nerve root 
injury, vertebral artery injury, perforation of the esophagus or 
trachea, recurrent laryngeal nerve injury (vocal cord paralysis), 
postoperative hematoma, and wound infection. In instances in 
which there is a significant postoperative hematoma, the air-
way should be left secured until the patient is fully awake, the 
hematoma is not enlarging, and there is a  tracheal cuff leak.

Syringomyelia

Syringomyelia refers to the cystic cavitation of the spinal cord. 
Two main forms of syringomyelia have been described: com-
municating syringomyelia and noncommunicating syringo-
myelia. In communicating syringomyelia, there is primary 
dilatation of the central canal that is often associated with 
abnormalities at the foramen magnum such as tonsillar her-
niation (Chiari malformation) and basal arachnoiditis. In non-
communicating syringomyelia, a cyst arises within the cord 
substance itself and does not communicate with the central 
canal or subarachnoid space. Common causes of noncommu-
nicating syringomyelia include trauma (most common), neo-
plasm, and arachnoiditis. In the typical presentation, an adult 
between the ages of 20 and 50 years complains of sensory loss 
(similar to central cord syndrome) in a “cape” distribution, 
cervical or occipital pain, wasting in the hands, and painless 
arthropathies. MRI is the investigation of choice and should 
include images of the cervical and thoracic spinal cord as well as 
the brain. Treatment focuses upon reestablishing normal CSF 
flow across the site of the injury. Therapeutic choices include a 
posterior decompression procedure, placement of a shunt with 
direct drainage of the cyst into the subarachnoid space or pleu-
ral cavity, and a percutaneous aspiration of the cyst.

Disorders of the Thoracic and Lumbar Spine

Herniated Disk

Symptomatic thoracic disk herniations are rare, with an annual 
incidence of 1 per 1 million patients.16 Thoracic disk hernia-
tions occur most commonly at T8-T12, with a peak incidence 
between the ages of 40 and 60 years (mean, 46 years).17 The 
majority of disk herniations are located centrolaterally (94%) 
or laterally (6%) and manifest a variety of symptoms and 
signs, including pain (localized, axial, or radicular), myelopa-
thy, sensory disturbances, and bladder dysfunction.17 The 
radiographic diagnosis is made through a combination of 
plain films and MRI. The majority of symptomatic thoracic 
disk herniations are effectively managed with nonoperative 
therapy alone. Indications for surgery include failure of a 4-to 
6-week trial of medical treatment; severe, persistent radicular 
pain; and significant neurologic deficits, particularly if there is 
any progression of symptoms. Major surgical complications 
are uncommon; they include death from cardiopulmonary 
compromise, spinal instability requiring further surgery, and 
an increase in the severity of a preoperative paraparesis.17

Unlike a thoracic disk herniation, a lumbar disk herniation 
is very common, occurring in 2% of the general population 
at some time in their lives.18 Sciatica, resulting from a her-
niated lumbar disk, is the most common cause of radicular 
leg pain in the adult working population.19 Fortunately, the 
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 symptoms of sciatica typically resolve within 2 months from 

the onset in patients who are treated medically, and surgery 
is rarely  necessary. The majority of lumbar herniations occur 
at the L4-L5 or L5-S1 spinal levels, most often posterolater-
ally, where the posterior longitudinal ligament is thinnest. 
The symptoms of a lumbar disk herniation range from lower 
back pain to radiculopathy with leg pain, weakness, and par-
esthesias. With a large centrally located disk herniation, the 
cauda equina syndrome may occur, resulting in lower back 
pain, bilateral lower extremity sensorimotor deficits, bladder 
dysfunction, sexual dysfunction, and perirectal sensory loss. 
The presence of the cauda equinae syndrome warrants urgent 
medical attention. MRI is the imaging modality of choice for 
suspected herniation of an intervertebral disk, as it clearly 
defines the local anatomy (Fig. 20-14).

The majority of patients with disk herniations are treated 
medically. With such treatments, more than 75% of patients 
recover within 6 to 8 weeks. Accepted indications for surgi-
cal therapy include the cauda equina syndrome; significant 
motor deficits; severe pain unresponsive to medical therapy; 
failure of conservative therapy after 2 to 3 months; and large 
extruded disk fragments.

Lumbar Spondylosis

Lumbar spondylosis is a general term referring to changes in the 
vertebral joint characterized by progressive degeneration of the 
intervertebral disk, with subsequent changes in the bones and 
soft tissues. Disk degeneration, spinal stenosis, and spondylolis-
thesis are the characteristic pathologic changes that result. The 
clinical spectrum of spondylosis includes spinal instability, spi-
nal stenosis, and degenerative spondylolisthesis. Spinal stenosis, 
the most common of the spondylitic disorders, is a common 
indication for spinal surgery in adults older than 65 years.20

Lumbar Spinal Stenosis

The etiology of lumbar spinal stenosis may be congenital, 
acquired, or a combination of both. The patient with congen-
itally short pedicles typically has a shallow spinal canal that 

Figure 20–14  Lumbar disk herniation. A 42-year-old man complained 
of low back pain with radiation to the left lower extremity. This sagittal 
T2-weighted magnetic resonance image shows a large disk herniation at 
L4-L5 with the nucleus pulposis extruding 2 cm cephalad into the ventral 
epidural space.
predisposes to spinal stenosis later in life as the typical degen-
erative changes in the spine occur, such as disk protrusion, 
facet joint degeneration and hypertrophy, and spondylolisthe-
sis (Fig. 20-15).

Lumbar stenosis most commonly occurs at the L4-L5 spi-
nal level, followed by the L3-L4 level. Clinical symptoms of 
lumbar spinal stenosis include the gradual onset of leg and 
buttock pain combined with lower extremity sensorineural 
deficits. These symptoms progress over a period of months. 
The initial diagnostic investigation should include AP, lat-
eral, flexion, and extension plain films. Suggestive findings 
on plain films include disk space narrowing and erosion and 
sclerosis of the vertebral end plates. MRI, the imaging modal-
ity of choice in lumbar stenosis, typically shows degenerative 
changes such as facet joint and ligamentous hypertrophy, disk 
herniation, and nerve root impingement. The initial approach 
for patients with the symptoms of spinal stenosis is medical 
management. Surgical therapy is indicated in patients for 
whom conservative treatment has failed or who have severe 
and debilitating pain, significant motor deficits, or symptoms 
of myelopathy.

Degenerative Spondylolisthesis

Spondylolisthesis is a term referring to the anterior displace-
ment of one vertebra on another in the presence of an intact 
neural arch (Fig. 20-16). Spondylolisthesis may be congenital 
or acquired. Degenerative spondylolisthesis is a common con-
dition, particularly in individuals older than 50 years, with a 
reported incidence as high as 8.7%.21 Women are affected four 
to six times more commonly than men.22 The development 
of spondylolisthesis is associated with the presence of degen-
erative intervertebral disks, laxity of ligaments, and facet joint 
pathology.23

Spondylolisthesis is typically asymptomatic; however, 
clinical symptoms may develop and are related to the pres-
ence of spinal stenosis causing lower back pain, radiculopathy, 
and neurogenic claudication (lower extremity pain, paresthe-
sias, and weakness associated with walking or standing). The 
evaluation of patients with spondylolisthesis incorporates 
clinical symptoms in combination with anatomic abnormali-
ties detected on radiologic imaging studies, because stenosis is 
commonly present without symptoms.24 The severity of spon-
dylolisthesis is determined by evaluation of the extent of slip 
and the slip angle using plain films. The extent of slip is sub-
sequently expressed as a percentage of anterior displacement 

Figure 20–15  Axial view of a lumbar vertebra. Characteristic hyper-
trophic  degenerative  changes  can  be  seen  in  the  central  canal,  facet 
joints, and lateral recesses.
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of the inferior end plate of the vertebral body above with the 
superior end plate of the vertebral body below.25,26 The slip 
angle is generally less than 30 degrees in patients with degen-
erative spondylolisthesis, but it may progress in about a third 
of patients.

The initiating pathophysiologic event in the develop-
ment of degenerative spondylolisthesis is deterioration of the 
intervertebral disk leading to a narrowing of the disk space, 
which in turn results in buckling of the ligamentum flavum 
with consequent microinstability of the motion segment.27,28 
Owing to the loss of normal ligamentous restriction, the verte-
bra develops an anterior listhesis (Fig. 20-17) or, occasionally, 
a posterior listhesis. Degeneration of the intervertebral disk 
may also result in segmental instability in the coronal plane, 
with a lateral listhesis (lateral slippage of the vertebra) leading 
to a progressive degenerative scoliosis, which is often associ-
ated with spondylolisthesis.28

The diagnosis of degenerative spondylolisthesis is based 
on plain films, including AP, lateral, flexion and extension, 

“Slipped”
vertebra

Figure 20–16  Degenerative  spondylolisthesis  with  anterior  “slip-
page” of the cephalad vertebra over the vertebra below it.

Figure 20–17  Spondylolisthesis. A 48-year-old man presented with 
bilateral lower extremity numbness. This midsagittal computed tomogra-
phy scan of the lumbar spine shows a 1-cm anterolisthesis of L5 on S1.
and oblique views. The definitive diagnosis of spondylolis-
thesis relies upon the lateral lumbar radiograph taken in the 
standing position showing the vertebral slippage (listhesis), 
which reduces with the supine film. In the presence of neu-
rologic signs and symptoms, MRI of the lumbosacral spine is 
indicated. This modality detects the presence of ligamentous 
hypertrophy, spinal cord compression, nerve root impinge-
ment, pathologic disk anatomy, and synovial cysts, all of which 
may be the source of back pain, neurologic deficits, or both.29

Definitive therapy in patients with degenerative spondylo-
listhesis is based on the clinical signs and symptoms combined 
with the findings from imaging studies. In nearly all cases, 
nonoperative therapy is preferred for the treatment of lower 
back pain, with or without neurologic deficits, for at least the 
first 4 to 6 weeks. If conservative therapy fails, a trial of epidu-
ral steroids is appropriate. The indications for surgery include 
persistent or recurrent back or leg pain or neurogenic claudi-
cation, which interferes with the daily activities of life and is 
unresponsive to 12 weeks of nonsurgical therapy; a progres-
sive neurologic deficit; and symptoms of spinal stenosis.28

Infections of the Spine

Osteomyelitis

Spinal infections may involve the vertebral body, the interver-
tebral disk, the neural arch, or the posterior elements. Verte-
bral osteomyelitis is the most common of the spinal infections, 
whereas epidural abscesses are relatively rare. Vertebral osteo-
myelitis preferentially involves the anterior and middle spinal 
columns. Although the treatment of vertebral osteomyelitis 
is usually nonsurgical, surgical intervention may at times be 
warranted. 

Clinically, the symptoms and laboratory findings in 
patients with vertebral osteomyelitis are nonspecific, with 
little evidence of a systemic process. The diagnosis, therefore, 
relies upon a high index of suspicion combined with the use 
of radiologic imaging.30 Bacteremic spread is the most likely 
route of vertebral osteomyelitis and is related to the rich arte-
rial blood supply to the vertebral body, particularly near the 
longitudinal ligament.31 Vertebral osteomyelitis most com-
monly affects the lumbar spine, followed by the thoracic 
spine, cervical spine, and sacral spine. Patients often complain 
of localized back pain and paravertebral muscle spasms.32,33 
Mild neurologic deficits are reported in about a third of 
patients,34,35 whereas others demonstrate a severe neuro-
logic deficit or an incomplete spinal cord syndrome. Labora-
tory tests demonstrate a leukocytosis in more than half of the 
patients, an elevation in the erythrocyte sedimentation rate, 
and an increase in C-reactive protein (CRP) levels.34-36 

The initial radiologic signs of osteomyelitis are usually 
absent, becoming evident only after several weeks, when the 
early findings reveal a reduction in disk height and vertebral 
end plate erosions, followed by the appearance of osteolytic 
areas, paravertebral soft tissue shadows, and eventual verte-
bral body collapse. The most sensitive early radiologic imag-
ing technique is a nuclear bone scan using technetium Tc 99m 
MDP (methylene diphosphonate) with single-photon emis-
sion computed tomography. This technique has a sensitivity 
greater than 90% in the early stages of vertebral osteomyeli-
tis.30 MRI, the preferred imaging modality for the diagnosis 
of osteomyelitis, discloses accurate detail regarding the inter-
vertebral disk, vertebral marrow, neurologic structures, and 
paraspinal soft tissue pathology.37 The typical MRI findings 
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 in vertebral osteomyelitis and diskitis include loss of end plate 

definition and decreased signal in the disk and adjacent verte-
bral bodies (Fig. 20-18).

Effective medical therapy consists of making an accurate 
and rapid diagnosis, followed by 4 to 6 weeks of intravenous 
antibiotics and an equal period of oral antibiotics. Surgical 
therapy is indicated for definitive identification of the caus-
ative organism, progressive neurologic deficits, spinal instabil-
ity, progressive spinal deformity, or failure of medical therapy.

Epidural Abscess

Epidural abscesses are relatively rare infections, occurring 
in about 1 in 10,000 hospital admissions.38 Local spread of 
bacteria into the epidural space is responsible for about one 
third of cases, and bacteremic seeding of the epidural space 
occurs in about 50% of cases.38 The clinical manifestations 
of an epidural abscess include back pain, fever, and neuro-
logic deficits.38 Neurologic deficits are late manifestations of 
the infection, and they require rapid treatment. As in verte-
bral osteomyelitis, laboratory findings are nonspecific, with a 
leukocytosis present in two thirds of patients; however, blood 
culture results may be positive and patients may appear to be 
systemically septic.39 Epidural abscesses are more commonly 
located in the posterior regions of the spine (unlike osteomy-
elitis, which affects the vertebral body), typically manifest in 
the thoracolumbar region, and often involve multiple spinal 
segments.

Spinal epidural abscesses are diagnosed from clinical and 
radiologic findings in combination with results of the culture 
of drainage material. Plain radiographs provide diagnostic 
assistance in less than 20% of the cases, although there may be 
evidence of coexisting osteomyelitis.40 The radiologic imaging 
test of choice is MRI. This modality is able to identify the exact 
location and extension of the epidural infection and to detect 
spinal cord compression and surrounding edema. Because of 
its noninvasive nature with less morbidity, MRI has replaced 
CT myelography in most instances. Plain films, CT scans, and 

Figure 20–18  Vertebral osteomyelitis. A 50-year-old male intravenous 
drug abuser presented with low back pain that had lasted for 1 month. 
This sagittal T1-weighted magnetic resonance image of the lumbar spine 
obtained after contrast administration shows edema and enhancement 
of the L2 and L3 vertebral body marrow and loss of height and signal in 
the L2-L3 disk space.
radionuclide imaging may be helpful in the diagnosis but do 
not take the place of MRI because the findings of these other 
evaluations are nonspecific. Once the diagnosis is confirmed, 
systemic antibiotic therapy is usually combined with surgical 
drainage.38,39,41 The most common surgical procedure per-
formed for the treatment of a spinal epidural abscess is a pos-
terior decompressive laminectomy with debridement.38,41,42 
Neurologic outcome depends on the patient’s preoperative 
neurologic condition.

Spinal Tumors

Although an in-depth review of spinal tumors is not the intent 
of this discussion, a number of issues pertinent to the care of 
patients with spinal tumors are addressed. In the approach 
to spinal tumors, a simple anatomic classification divides the 
tumors into extradural, intradural extramedullary, and intra-
medullary categories (Box 20-1). Clinically, the presentation 

BOX 20–1 �Anatomic�Classification�of�Spinal�
Tumors

Extradural

Metastasis
Chordoma
Osteochondroma
Osteoid osteoma
Osteoblastoma
Osteosarcoma
Aneurysmal bone cyst
Chondrosarcoma
Neurofibroma
Vertebral hemangioma
Giant cell tumor
Osteogenic sarcoma
Plasmacytoma
Multiple myeloma
Ewing’s sarcoma
Angiolipoma

Intradural Extramedullary

Spinal meningioma
Schwannoma
Neurofibroma
Epidermoid/dermoid
Lipoma
Metastasis
Arachnoid cyst

Intramedullary

Astrocytoma
Ependymoma
Dermoid/epidermoid
Malignant glioblastoma
Teratoma
Lipoma
Neuroma
Hemangioblastoma
Ganglioglioma
Oligodendroglioma
Paraganglioma
Cholesteatoma
Metastases: melanoma, sarcoma, breast

Data from Patel N: Surgical disorders of the thoracic and lumbar spine: 
A guide for neurologists. J Neurol Neurosurg Psychiatry 2002;73:42-48.
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of patients harboring spinal tumors includes pain, progres-
sive spinal deformity, neurologic deficits, or a combination 
of all three. Radiologic imaging is invaluable in facilitating a 
diagnosis. The specific surgical approach to spinal tumors is 
guided by the particular location and size of the tumor, the 
effect of the tumor on the biomechanical stability of the spine, 
and the involvement of surrounding tissues.43

Extradural spinal tumors most commonly originate in the 
vertebral body or the epidural space. Primary tumors of this 
area are Ewing’s sarcoma (Fig. 20-19), chordomas, chondro-
sarcomas, osteoid osteomas, multiple myelomas, and osteo-
sarcomas.

The majority of extradural tumors are malignant, repre-
senting metastatic disease from the lung, breast, prostate, or 
hematopoietic/lymphoid tissue. Indeed, the skeletal system is 
a common site of metastatic disease, ranking only behind the 
lungs and liver in the frequency of occurrence of metastases. 
As many as 30% of all patients with cancer have metastasis to 
the spine at autopsy.44 In the vast majority of patients, spi-
nal metastasis involves the vertebral body and occurs through 
hematogenous seeding or direct extension of a paravertebral 
tumor. The thoracic spine is the most common location for 
spinal metastasis,45,46 with pain the presenting symptom in 
more than 85% of cases. The pain is due to vertebral body 
involvement and may manifest as local constant pain aris-
ing from the mass effect on surrounding tissues, radicular 
pain from nerve root compression by epidural extension of 
the tumor, and axial pain that is mechanical in nature, being 
worse with motion and relieved with rest. Neurologic deficits 
may vary from mild radicular symptoms to spinal cord dys-
function. The neurologic deficits may occur in response to 
pathologic vertebral body fractures or dislocations or to pro-
gressive neural compression from tumor growth.

Figure 20–19  Ewing’s sarcoma. A sagittal pre-contrast T2-weighted 
magnetic  resonance  image shows a 5.4 cm  long by 1.6 cm heteroge-
neously enhancing mass located in the dorsal epidural space from T9 to 
T12 that is severely compressing the spinal cord.
Radiologic imaging is invaluable for assisting in the diag-
nosis of suspected extradural spinal metastasis. For highly 
vascular tumors (melanoma, hypernephroma), preoperative 
angiography with tumor embolization may be used to mini-
mize intraoperative blood loss during resection of a particu-
larly large tumor.47-49 The treatment of metastatic disease to 
the spine involves primarily nonsurgical treatment, particu-
larly in patients without neurologic compromise or spinal 
instability. These patients are best treated with palliative irra-
diation, chemotherapy, or both, depending on the tumor cell 
type. The indications for surgical therapy for extradural spinal 
disease include an unknown primary for which biopsy there-
fore is not possible, progressive neurologic deficits, severe 
pain unresponsive to medical treatment, progressive spinal 
deformity or instability, radioresistant tumors, and solitary 
tumors not responding to nonsurgical treatments.

Intradural extramedullary tumors are located within the 
dura but outside the substance of the spinal cord and may 
involve the arachnoid tissue, circulating CSF, nerve sheaths, 
dentate ligaments, filum terminale, and vascular structures. 
Tumors that arise within this space are typically benign, and 
more than 90% are either nerve sheath tumors or meningio-
mas. The nerve sheath tumors can be located at any level of the 
spine and are usually schwannomas or neurofibromas, which 
tend to localize in the dorsal or sensory nerve roots. Malig-
nant tumors in this region of the spine are much less com-
mon and usually originate from a primary brain tumor (e.g., 
ependymoma or medulloblastoma) or from meningeal spread 
secondary to metastatic disease. The thoracic spine is the most 
common location for a meningioma (80%), followed by the 
cervical (10%-20%) and lumbar (1%-5%) regions.

The clinical presentation of a patient with an intradural 
extramedullary tumor is usually a myelopathy or a radiculop-
athy. As with extradural metastatic spinal tumors, radiologic 
diagnosis relies on plain films, CT, CT myelography, and MRI. 
Although plain films are rarely of significant value in making 
a diagnosis, CT provides useful detail of the spinal anatomy, 
with meningiomas appearing as high-density well-circum-
scribed intradural lesions. CT myelography is highly sensitive 
in delineating the location of a displaced spinal cord; however, 
MRI has essentially replaced CT myelography in most institu-
tions and is now considered the imaging modality of choice. 
Surgery is warranted for the treatment of benign intradural 
extramedullary tumors such as schwannomas, meningiomas, 
and neurofibromas.50

Intramedullary tumors are located within the substance 
of the spinal cord. In adults, more than 80% of these tumors 
consist of astrocytomas and ependymomas. The typical 
clinical manifestations of intramedullary tumor consist of a 
myelopathy and sensory disturbance below the level of the 
spinal tumor. When the tumor is located at the level of the 
conus medullaris, a cauda equina syndrome is characteristic. 
The primary treatment for an intramedullary tumor is surgi-
cal laminectomy, followed by tumor resection or biopsy.50

Scoliosis

Adult scoliosis is defined as any curvature of the spine greater 
than 10 degrees in a skeletally mature individual. Adult sco-
liosis is divided into two groups. In the first group, a curve 
develops during adolescence (idiopathic scoliosis) but is 
treated only in adulthood. In the second group, the curve first 
manifests after skeletal maturity (termed “de novo” scolio-
sis).51 Degenerative spine disease is the most common cause 
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 of de novo scoliosis, although scoliosis may occur after previ-

ous spinal surgery or in patients with osteoporosis.52 Degen-
erative lumbar scoliosis occurs as part of the normal aging 
process that adversely affects the vertebrae, intervertebral 
disks, spinal ligaments, facet joints, and muscles. This degen-
erative process leads to wedging of vertebral bodies and disks 
with progressive spinal rotation and translation, most com-
monly involving the upper lumbar and lower thoracolumbar 
spine.53 Degenerative scoliosis is common, with a prevalence 
reported to range from 6% to 68%51,54 and increasing with 
age.55-57 The clinical symptom that first requires medical care 
is back pain. Although the incidence of back pain in adults 
with scoliosis is similar to that found in the general popu-
lation, the most common indication for eventual surgery 
is back pain, with 1% of patients with scoliosis requiring  
surgery.53

Thoracic scoliotic curves have a much greater adverse effect 
on pulmonary function than curves located in other regions of 
the spine. There is a direct relationship between the magni-
tude of the curve and the reduction in lung volumes. With 
thoracic curves greater than 60 degrees, and particularly those 
greater than 100 degrees, the patient complains of shortness 
of breath and dyspnea, and spirometric testing shows pro-
gressive restrictive pulmonary disease with reductions in vital 
capacity, forced expiratory volume in one second (FEV1), and 
Pao2 with all abnormalities being in proportion to the severity 
of the scoliotic curve.

Most patients with back pain related to scoliosis are 
effectively treated with nonsurgical therapy. At present, the 
indications for surgery in the setting of scoliosis include per-
sistent back pain that medical therapy has failed to control; 
progressive neurologic deficits; progressive spinal deformity, 
particularly in the setting of worsening pulmonary func-
tion; and postural imbalance related to muscle fatigue. The 
surgical goals are to correct deformity without creating spi-
nal instability and to allow early patient mobilization. Post-
operative complications are not uncommon. In one report, 
patients older than 60 years undergoing an anterior fusion 
for scoliosis correction had a 64% incidence of postoperative 
complications, and 24% of the complications were consid-
ered major.58 Pulmonary dysfunction was the most common 
major  complication.58

Inflammatory Arthritides of the Spine

Rheumatoid Arthritis

Rheumatoid arthritis (RA) is the most common of the inflam-
matory diseases, affecting approximately 1% of the world’s 
population. It is characterized by a chronic, systemic, auto-
immune inflammatory state resulting in symmetrical pain, 
heat, swelling, and destruction in synovial joints of the hands 
and feet, wrists, elbows, hips, knees, ankles, and the cervical 
spine.59 The T cell–mediated inflammatory state of RA affects 
synovial tissues throughout the body, resulting in hypertrophy 
of joint tissue and erosion of articular cartilage and subchon-
dral bone.60 The cervical spine is affected, with involvement 
of the synovial joints of the cervical spine, particularly those 
surrounding the C1-C2 articulation.61,62 The synovitis weak-
ens the surrounding supportive structures, resulting in axial 
instability that may lead to subluxation of the C1-C2 articu-
lation and spinal cord compression. Atlantoaxial subluxation 
affects as many as one fourth of patients with RA and is the 
most common cervical spine manifestation of RA.
Clinically, patients with RA involving the cervical spine 
may complain of neck pain, headaches, and limitation of neck 
movement. In severe disease, subaxial subluxation may cause 
progressive cervical myelopathy with spasticity of the legs, 
motor weakness, and incontinence, or symptoms of nerve 
root compression. The diagnosis of cervical spine involve-
ment in the setting of RA relies upon typical radiologic find-
ings, including atlantoaxial subluxation, narrowed disk spaces, 
erosion of vertebral end plates, apophyseal joint erosion with 
blurred facets, and spinal osteoporosis.59 A CT scan is of value 
for detecting the extent of cervical spine bony destruction, 
whereas MRI is useful for identification of spinal cord pathol-
ogy and soft tissue abnormalities.

Surgery is indicated in the presence of myelopathy; severe 
neck pain with a neurologic deficit and excessive sublux-
ation of C1-C2 with spinal canal stenosis, vertebral artery 
compromise, and spinal cord compression. Patients demon-
strating symptoms of myelopathy, particularly in the pres-
ence of C1-C2 subluxation, require emergency posterior 
spinal decompression and fusion, with placement of screws 
across the C1-C2 facet joint and bone grafting. The presence 
of subaxial subluxation (C3-C7) warrants realignment and 
stabilization from a posterior approach, particularly when 
multiple levels are involved. An anterior approach may be 
appropriate as an alternative technique; it involves a decom-
pressive corpectomy with spinal fusion with or without 
instrumentation.59

The anesthetic approach for a patient undergoing surgery 
for RA should take into account the airway concerns unique to 
these patients, including limitation of neck and temporoman-
dibular joint movement (limiting visualization of the larynx), 
arthritic involvement of the cricoarytenoid joints (preopera-
tive hoarseness and stridor) with a narrowed tracheal inlet, 
atlantoaxial subluxation with potential vertebral artery com-
promise, basilar impression (from rostral advancement of 
the odontoid process with compression of the spinal cord 
or medulla), and instability of the lower cervical spine. That 
said, an awake fiberoptic intubation with spinal cord moni-
toring may be appropriate to minimize further  neurologic 
injury during the induction of anesthesia and positioning of 
the patient.

Ankylosing Spondylitis

Ankylosing spondylitis (AS) is considered the prototypi-
cal seronegative spondyloarthropathy; it is characterized by 
a progressive inflammatory involvement of the sacroiliac 
and axial skeletal joints, which may result in severe spinal 
 deformity (Fig. 20-20). In addition to axial skeletal disease, 
AS involves enthesopathy (inflammation at the sites of tendon 
and ligamentous insertions), the presence of human leukocyte 
antigen (HLA-B27), and the absence of rheumatoid nodules 
and rheumatoid factor in serum (seronegative).59 The disease 
is three times more common in men than in women.

Patients with AS may experience radicular pain that is very 
similar to the pain of a herniated lumbar disk. Thoracic spine 
involvement causes reduced movement in the costovertebral 
articulations and adversely affects pulmonary function. Labo-
ratory findings are nonspecific in AS and of little diagnostic 
value; however, the erythrocyte sedimentation rate is increased 
in 80% of patients with active disease. The diagnosis is typically 
made on the basis of clinical criteria, including significant and 
persistent lower back discomfort and stiffness, particularly in 
the morning hours, along with limited spinal mobility and 
chest expansion in combination with radiographic findings 
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of sacroiliitis, spinal inflammation, and ligamentous calcifica-
tion. The regions of the spine most often involved in AS are 
the sacroiliac, costovertebral, zygapophyseal, and discoverte-
bral joints.59 In AS, fractures are most commonly seen in the 
lower cervical spine (C6-C7), although they may also occur in 
the lumbar and thoracic segments.63

Surgery is indicated for individuals with severe spinal defor-
mities that adversely affect normal activities and in patients 
who have spinal instability due to spondylodiskitis or spinal 
fracture.64 In patients with AS who are scheduled for correc-
tive spine surgery or other, unrelated surgical procedures, 
preoperative considerations should include an assessment of 
pulmonary function and potential difficulties with intubation 
due to the severe cervical deformities seen in some patients.

Osteoporosis

Osteoporosis is a metabolic bone disease characterized by a 
decrease in bone mineral density and disrupted microarchi-
tecture that leads to a higher risk of fractures, particularly 
of the hip, spine, and wrists. Osteoporosis affects nearly 30 
million individuals in the United States, making it the most 
prevalent bone disease.65,66 It is found most commonly in 
women after menopause but may occur in men and premeno-
pausal women in the presence of hormonal disorders or other 
chronic disease states, in which case it is secondary osteopo-
rosis. Disease states associated with secondary osteoporosis 
include hyperthyroidism, gastrointestinal disorders, disorders 
of calcium balance, and chronic steroid use.

Vertebral compression fractures, the most common com-
plication of osteoporosis, occur most often in the thoracic and 
lumbar spine.67 Development of an acute fracture manifests 
as acute pain localized over the affected area or referred across 
the chest. After the fracture heals, the patient may complain 
of chronic back pain. In the thoracic spine, osteoporotic 
fractures are located primarily in the anterior aspect of the 

Figure 20–20  In a patient with ankylosing spondylitis, a progressive 
spinal curvature may eventually develop, resulting in a stooped posture 
from vertebral fusion.
 vertebral body, causing a compression fracture that appears 
as a wedge shape on plain films. The wedge-shaped vertebral 
body results in a dorsal kyphosis, particularly if fractures affect 
multiple spinal levels. In the lumbar spine, the vertebral frac-
tures are located more evenly throughout the vertebral body, 
resulting in a compression fracture without the wedge shape.

The diagnosis of osteoporosis relies on a combination 
of clinical history, plain radiographs, bone mineral density 
(BMD) testing, and biochemical markers suggesting rapid 
bone turnover (bone-specific alkaline phosphatase). Osteopo-
rosis is treated nonsurgically in the majority of cases. Surgical 
intervention is indicated in the setting of acute vertebral com-
pression fractures associated with severe pain unresponsive to 
medical therapy, neurologic deficits, and in the presence of 
progressive spinal deformity and instability.

TRAUMA OF THE SPINE 
AND SPINAL CORD

Among individuals suffering general traumatic injuries, the 
cervical spine is involved in 4.3% of cases, the thoracolumbar 
spine in 6.3% of cases, and the spinal cord in 1.3%.68,69 The 
most common causes of spine trauma are motor vehicle acci-
dents, falls, violence, and sports-related injuries. Spinal inju-
ries have a predilection for the more mobile areas of the spine, 
which include the cervical spine (75% of cervical spine inju-
ries are at C3-C7) and the thoracolumbar junction (16% of 
thoracolumbar injuries are at the L1 junction),69 with as many 
as one fifth of injuries to the spine occurring at multiple levels. 
In general, the goals of management of spinal trauma are: pre-
vention of further neurologic injury; enhancement of neuro-
logic recovery if deficits exist; neurologic decompression; and 
the surgical correction of spinal malalignment or deformity.

After initial evaluation and resuscitation, a more detailed 
neurologic examination is performed to detect the presence 
of neurologic deficits. Initial radiologic imaging consists of a 
cross-table lateral radiograph of the cervical spine, which is 
able to detect nearly 80% of all injuries. The lateral view must 
satisfactorily visualize the entire cervical spine, including the 
cervicothoracic junction. The addition of an AP view and an 
open-mouth view facilitates an accuracy of diagnosis of cervi-
cal spine injury approaching 95%.69

Biomechanical Considerations in Spinal Injury

An understanding of the biomechanics of spinal impact and 
resulting spinal injury is helpful in estimating the probability 
and severity of both the spinal column and SCI as well as the 
planning of effective therapy. Traumatic spinal injuries most 
commonly occur after impact forces that result in the follow-
ing seven basic types of spinal trauma: hyperflexion, hyperex-
tension, compression, rotation, shear, avulsion injuries, and a 
combination of these types.69 A variant mechanistic classifica-
tion of cervical spinal injuries is also illustrated (Fig. 20-21): 
Traumatic spinal injuries, associated neurologic sequelae, and 
the usual treatments are outlined in Table 20-1.

Hyperflexion

Hyperflexion injuries may be divided into flexion-compres-
sion and flexion-distraction injuries. The direction of the 
applied load determines the particular injury pattern. Simple 
flexion-compression fractures results in wedge fractures of 
the vertebral body that cause a loss of anterior vertebral body 
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1. Extension

Distraction/extension

Extension

Extension/compression

3. Flexion-compression

Flexion/compression

2. Compression

Compression

5. Distraction

4. Flexion-distraction

Distraction/flexion

Flexion

Distraction

Figure 20–21  Mechanistic classification of cervical spinal injuries. This illustration of the spectrum of cervical spine injuries is based on the mecha-
nistic classification proposed by Allen and colleagues.250 (From Lindsey RW, Gugala Z, Pneumaticos SG: Injury to the vertebra and spinal cord. In Moore 
EE, Feliciano DV, Mattox KL [eds]: Trauma, 5th ed. New York, McGraw-Hill, 2004, pp 459-492.)
height, creating a wedge shape. These injuries are typically sta-
ble, unless significant loss of vertebral body height results. Severe 
flexion-distraction injuries occur from a combination of flexion 
and distraction loads, with the center of rotation located anteri-
orly. This injury results in characteristic subluxations or disloca-
tions (Fig. 20-22) of the vertebral bodies with disruption of the 
posterior longitudinal ligament, causing significant spinal insta-
bility. Herniation of the intervertebral disks is commonly seen 
after severe flexion injuries, as is dislocation of the facet joints, 
particularly if enough of a rotational component is involved.

Hyperextension

Hyperextension injuries are most common in the cervical 
region and are a common cause of lower cervical neck inju-
ries (see Fig. 20-22). Hyperextension injuries may result from 
facial or frontal trauma, whereby the forces separate the ver-
tebral body and the adjacent lower end of the intervertebral 
disk. Hyperextension injuries result in disruption of the ante-
rior and middle spinal columns in tension, reducing the AP 
diameter of the spinal canal and compressing the spinal cord 
between the posterior aspect of the vertebral body and the lig-
amentum flavum and lamina. Elderly individuals with cervi-
cal spondylosis are particularly susceptible to hyperextension 
injuries, and even moderate hyperextension may produce 
cord injury. The vertebral arteries may be damaged in cervi-
cal extension injuries, particularly in people with severe spon-
dylosis. Hyperextension injuries are typically unstable owing 
to the disruption of the stabilizing ligamentous elements and 
injury to the intervertebral disks.

Compression

Compression injuries occur after impact forces containing 
a significant axial load (e.g., falls on the occiput) and result 
in wedge compression fractures, burst fractures (Fig. 20-23), 
and ligamentous rupture. Wedge compression fractures, 
most common in the thoracolumbar region, result from pure 
flexion injury, whereby the posterior ligamentous complex 
remains intact. Compression injuries with burst fractures 
often cause serious neurologic damage from retropulsion of 
bone fragments, ligaments, and disk material into the spinal 
canal. Compression injuries associated with flexion may pro-
duce the so-called teardrop fracture, in which the vertebra is 
dislocated anteriorly, with an associated avulsion of the supe-
rior aspect of the vertebra and posterior longitudinal ligament 
damage, usually with significant neurologic damage.

Rotation

Flexion and extension injuries that include significant rota-
tional forces may result in severe spinal injuries, including 
subluxation, dislocation, and fracture-dislocations. Serious 
injuries to the vertebral bodies and intervertebral disks are 
often involved in the process (Fig. 20-24).

Rotational spinal injuries often result in severe injuries to 
the spinal cord and cauda equina. In particular, hyperflex-
ion-rotation forces associated with dislocation may produce  
either unilateral or bilateral locked facets. Bilateral facet dis-
locations (locked facets) are associated with major neurologic 
injury and often require surgical reduction and stabilization. 
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Table 20–1 Selected Spinal Injuries, Associated Clinical Findings, and Treatment

Spinal Injury Typical Clinical Findings Treatment

Upper Cervical (C1-C2) Spine Injuries

Atlanto-occipital dislocation Unstable; commonly fatal; if patient sur-
vives there are neurologic deficits

Reduction, immobilization; surgical 
stabilization-fusion

Atlas fracture (Jefferson fracture) with 
intact transverse ligament

Usually stable, neurologically intact Cervical orthosis if nondisplaced; C1-C2 
fusion if displaced

Atlantoaxial dislocation/subluxation Usually neurologically intact Reduction and immobilization, posterior 
fusion if reduction fails

Isolated odontoid fracture at neck or 
base (type II)

Usually neurologically intact; typically 
unstable

Immobilization ± surgical 
 stabilization-fusion

Axis fracture—bilateral pars 
 interarticularis or pedicle fracture 
(hangman’s fracture)

Usually neurologically intact Immobilization; if severe, surgical fusion

Subaxial Cervical (C3-C7) Spine Injuries

Axial compression
 Wedge compression fracture

 Burst fracture

Neurologically variable

Unstable; neurologically variable

Immobilization ± surgical 
 stabilization-fusion

Halo vest vs. surgical stabilization

Flexion compression
 Teardrop fracture Unstable; neurologically variable Usually surgical stabilization

Flexion-distraction Unstable (disrupted posterior longitudi-
nal ligament); neurologically variable

Surgical stabilization

Extension-distraction
 Hyperextension, ± fracture ± 

 dislocation:

  With retrolisthesis

May or may not be stable; elderly 
 patients with spinal stenosis; 
 neurodeficits  (central cord syndrome)

Unstable, neurologically variable

Immobilization vs. surgical decompression 
and stabilization

Surgical stabilization (anterior  
±  posterior)

Rotation-flexion or extension
 Unilateral facet dislocation
 Bilateral facet dislocation

Unstable; disrupted posterior stabilizing 
elements; usually severe neurologic 
deficits

Reduction; surgical decompression, 
 stabilization

Thoracolumbar Injuries

Transverse process, spinous process, and 
articular process fractures

Stable; neurologically intact Symptomatic ± orthoses

Compression fractures
 Wedge fracture

 Burst fracture

Chance fracture (horizontal fracture 
through anterior-posterior bony 
 elements)

Flexion-distraction

Fracture-dislocation
Extension-distraction

Unstable if severe compression (>50% 
loss of vertebral body height); 
 neurologically variable

Neurologically variable

Unstable; neurologically variable

Unstable if ligamentous disruption; 
 neurologically variable

Unstable; neurologically variable
Rare (patients with metabolic bone 

disease); unstable; neurologic deficits 
common

Thoracolumbosacral orthosis (TLSO) if 
stable; surgical stabilization if unstable

TLSO ± surgical decompression and 
 stabilization

Surgical stabilization

Surgical stabilization

Reduction; surgical stabilization
Reduction; surgical stabilization

Penetrating missile injury Neurologically variable; recovery poor Symptomatic treatment
These are most often seen in the lower cervical spine (C5-C7). 
Fractures of the vertebral peduncles may be associated with 
bilateral facet dislocations. Unilateral facet dislocations may 
be associated with no neurologic injury; however, they may be 
associated with nerve root compression or an incomplete SCI.

Shear

Some degree of spinal translation is involved in most spinal inju-
ries, including spinal fractures and ligamentous tears. The shear 
mechanism typically involves all three columns of the spine and 
is associated with a higher incidence of facet  dislocation.69

Avulsion

Avulsion injuries are typically stable injuries. An example of 
such an injury is the odontoid type 1 fracture, in which the 
tip of the odontoid process is fractured or chipped. These 
fractures are stable injuries. Another example is the extension 
teardrop fracture.69

Combined

Combined injuries, resulting from various vectors of force 
such as axial loading, rotation, and flexion or extension, 
chiefly affect the cervical region and commonly produce  
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ligamentous tears and distraction (an increase in distance 
between individual components of adjacent vertebrae. For 
example, a combined injury, or whiplash, involves rapid 
acceleration-deceleration forces resulting in extreme exten-
sion followed by flexion and is often associated with rotation, 
compression, and tearing forces. This kind of acceleration 
lesion distorts the spinal components, damaging the soft tis-
sues of the neck, muscles, and anteroposterior ligaments, and 
sometimes involves nerve roots and disks.

Traumatic spondylolisthesis of the axis occurs with motor 
vehicle accidents when the driver’s face or chin hits the steering 

Anterior
longitudinal

ligament

Posterior
longitudinal

ligament

Posterior
longitudinal

ligament

Interspinous
ligament

Supraspinous
ligament

Figure 20–22  Top,  Distracted  vertebral  body  with  disrupted  poste-
rior  longitudinal  ligament  occurring  after  hyperflexion  injury.  Bottom, 
Distracted vertebral body with disrupted anterior  longitudinal  ligament 
occurring after hyperextension injury (arrows shows direction of forces).

Figure 20–23  Top, Vertebral compression fracture  (arrow). Bottom, 
Vertebral burst fracture (arrow) with retropulsion of bone fragments pos-
teriorly into the vertebral canal.
wheel. The extreme hyperextension of the neck produces shear 
stresses on the C2-C3 vertebral units, resulting in  fracture of 
the neural arches with dislocation between C2 and C3. How-
ever, the avulsed arches decompress the cervicomedullary 
junction, so patients seldom experience neurologic deficits 
and usually have a good prognosis.

Mid-thoracic to upper thoracic spinal injuries are much less 
common than injuries of the cervical or thoracolumbar regions 
because of the protection and fixation of the thoracic area by 
the rib cage and sternum. When thoracic spine injuries do 
occur, the SCI is typically neurologically complete. The greater 
mobility of the vertebral column at the thoracolumbar junc-
tion contributes significantly to the frequency of spinal inju-
ries in this region. Injury to the thoracolumbar spinal column 
can result in wedge fractures of the vertebrae, with destruction 
of the laminae, pedicles, and facets. Protrusion of the verte-
bral body or disk material into the spinal cord may occur. The 
addition of torque results in fracture-dislocations of the ver-
tebral column. Lumbar fractures have been reported to occur 
much less often and are the result of flexion and compression 
forces. Neurologic injuries that involve only the cauda equina 
have a high potential for significant neurologic recovery.

Penetrating wounds of the spine may cause significant 
damage, including direct and indirect spinal cord injury 
through transmitted energy. Many of these injuries produce 
damage to both the spinal cord and nerve roots as a result of 
associated shear stress; compression and contusion of cord tis-
sue by bony impingement, herniated disks, or intraparenchy-
mal bone fragments; or ischemia caused by interruption of the 
vascular supply. However, no consistent relationship exists 
between actual trauma to supporting structures and injury to 
the spinal cord. Thus, a patient may present with a stable spine 
without bony or ligamentous injury and still sustain SCI or 
may have serious fractures and an unstable spine without neu-
rologic deficits. In adults, the areas most susceptible to injury 
are the lower cervical spine (C5 to C7) and the thoracolumbar 
junction (T12- L1), regions of the spine coinciding with the 
areas of greatest spinal column mobility.70

Neurologic Assessment

In patients with spinal trauma, a neurologic examination is 
essential in establishing a baseline of neurologic function and 
in facilitating the decision matrix for specific radiologic test-
ing. Following the primary trauma survey, the neurologic 
evaluation process includes an assessment of mental status, an 
examination of the spinal column, and an evaluation of the 
sensorimotor function of the extremities. Initially, the clinician 
palpates the spine in its entirety, specifically noting tender-
ness, evidence of hematoma, or spinal malalignment. During 
examination of the patient, it is important to maintain spinal 
precautions at all times (i.e., log rolling, maintaining neutral 

Figure 20–24  Rotation injury showing dislocated articular facts (small 
arrow).
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R L R L R L
MOTOR

Key muscles
SENSORY

Key sensory points

Elbow flexors
Wrist extensors
Elbow extensors
Finger flexors (distal phalanx of middle finger)
Finger abductors (little finger)

Hip flexors
Knee extensors
Ankle dorsiflexors
Long toe extensors
Ankle plantar flexors

Voluntary anal contraction (Yes/No)

MOTOR SCORETOTALS
(Maximum)

TOTALS

(Maximum)(50) (50) (100) (56) (56) (56) (56)
+ =

0    = Total paralysis
1    = Palpable or visible contraction
2    = Active movement,
         gravity eliminated
3    = Active movement,
         against gravity
4    = Active movement,
         against some resistance
5    = Active movement,
         against full resistance
NT = Not testable

C2
C3
C4
C5
C6
C7
C8
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
L1
L2
L3
L4
L5
S1
S2
S3
S4–5

C2
C3
C4
C5
C6
C7
C8
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
L1
L2
L3
L4
L5
S1
S2
S3
S4–5

R L
SENSORY

MOTOR

R L
SENSORY

MOTOR

NEUROLOGICAL
LEVEL

The most caudal segment
with normal function

COMPLETE OR INCOMPLETE?

ASIA IMPAIRMENT SCALE

Incomplete = Any sensory or
motor function in S4–S5 Caudal extent of partially

innervated segments

ZONE OF PARTIAL
PRESERVATION

+
=
=

+
Any anal sensation (Yes/No)

PIN PRICK SCORE

LIGHT TOUCH SCORE

(max: 112)
(max: 112)

LIGHT
TOUCH

PIN
PRICK

0    = Absent
1    = Impaired
2    = Normal
NT = Not testable

Figure 20–25  American Spinal  Injury Association  (ASIA) Dermatome Chart demonstrating  the  comprehensive neurologic evaluation  system  for 
determining the extent of neurologic injury. (Reproduced from the American Spinal Injury Association, Atlanta, GA, with permission.)
neck position). The neurologic examination should be accu-
rately detailed in the medical record using the American Spinal 
Injury Association (ASIA) dermatome chart (Fig. 20-25).

The ASIA chart standardizes the neurologic evaluation 
process and facilitates the accuracy of the neurologic exami-
nation (see Fig. 20-25). In the ASIA system, neurologic assess-
ment is performed by testing of key muscles and sensory 
points. For muscle testing, 10 groups are tested. The function 
of these muscles is graded on a 6-point scale, with 0 assigned 
for total paralysis and 5 points assigned for normal strength. 
In total, there are 100 points when the right and left sides are 
assessed.

The second part of the ASIA neurologic examination is the 
sensory score, which is based on the evaluation of 28 sensory 
dermatomes on the right and left sides of the body. At each 
of these key points, both sensitivity to pinprick and to light 
touch are tested and scored on a scale of 0 to 2 (0, absence 
of sensation; 1, impaired sensation; and 2, normal sensation). 
In addition to testing of the key muscles and sensory points, 
voluntary motor contraction of the external anal sphincter 
is tested by digital examination. Perirectal sensation is also 
tested; this sensation, along with the presence of the bulbo-
cavernosus reflex or the anal-cutaneous reflex, is an important 
signal of the preservation of distal function (sacral sparing), 
indicating incomplete SCI and predicting a more favorable 
prognosis. Proprioception (position sensation) testing is con-
sidered optional but is highly recommended.

Finally, an assessment should be made of the complete-
ness of the neurologic injury as defined by the ASIA impair-
ment scale (Table 20-2). In this scale (formerly called the 
Frankel scale), the neurologic injury is divided into one of 
five possible grades. The term sensory level or motor level 
is used to define the most caudal segment of the cord with 

Table 20–2 American Spinal Injury Association 
(ASIA) Impairment Scale

ASIA 
Grade Type of Injury Definition of Type of Injury

A Complete No motor or sensory function

B Incomplete Sensory but not motor function is 
preserved below the level of the 
injury

C Incomplete Motor function is preserved, but 
majority of key muscles below 
the neurologic level have a 
muscle grade <3

D Incomplete Motor function is preserved, and 
majority of key muscles below 
the neurologic level have a 
muscle grade ≥ 3

E Normal Motor function and sensory 
 function are normal
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  normal sensory or motor function, respectively, on both 

sides of the body.
The diagnosis of SCI should be considered when the fol-

lowing signs or symptoms are present: motor signs, such as 
weakness or paralysis of the extremities or trunk muscles; 
sensory signs, such as the absence or alteration of sensation 
of the trunk or extremities; bowel or bladder incontinence; 
abrasions, lacerations, or deformities of the spine, neck, or 
head region; and tenderness or pain on palpation of the spine 
or neck. The patient’s neck or back should not be moved to 
determine whether it is painful but should only be palpated. 
An unconscious patient must be considered to have an SCI 
until proved otherwise. An injury to other systems (e.g., 
head injury) may mask an SCI; conversely, an SCI may mask 
other system injuries (e.g., visceral rupture or fracture of long 
bones).

Radiologic Considerations

The goal of imaging after spinal trauma is to recognize and 
quantify spinal injury as well as to aid in determining progno-
sis (Table 20-3). The results of radiologic tests and identifica-
tion of neurologic deficits are combined with knowledge of 
the mechanism of injury to define the final pathologic state.

Plain Radiographs

Initial determination of spinal pathologic conditions such as 
fractures, dislocations, and combination injuries begins with 
plain radiographs. For patients with signs or symptoms of 
thoracic or lumbosacral injury, AP and lateral films should be 
taken. For the cervical spine, the most important radiographic 
tests include a lateral view, an AP view, and an open-mouth 
view of the odontoid; these three views are often called a 
“three-view series” (Fig. 20-26).

Supine oblique views are added when findings of the 
three-view series are equivocal or negative or if facet-joint 
dislocation is suspected. The initial images must visualize the 
occipitocervical junction, all seven cervical vertebrae, and the 
C7-T1 junction.

Table 20–3 Specificity of Spine Radiologic 
Evaluations

Category
Plain  
Radiograph

Computed 
Tomography

Magnetic 
Resonance 
Imaging

Bony anatomy ++ +++ ++

Ligament injury + + +++

Spinal canal size 0 +++ +++

Spinal cord 
 compression

0 ++ +++

Nerve root 
 compression

0 ++ +++

Hemorrhage and 
edema

0 + +++

Syrinx formation 0 ++ +++

Prediction of 
deficit

++ ++ +++

Prediction of 
outcome

+ ++ +++

0, no benefit; +, poor; ++, good; +++, very good.
If all seven cervical vertebrae are not visualized, a swim-
mer’s view should be ordered to view the lowermost cervi-
cal spine (all images collectively termed a “five-view” series). 
Fractures of vertebral bodies, spinous processes, and the 
odontoid process are usually seen on lateral plain radiographs, 
whereas injuries to the pedicles and facets are seen best on AP 
and oblique views. The AP view is the most sensitive view on 
which to identify lateral mass fractures of the vertebral bodies. 
Flexion and extension films of the cervical spine are indicated 
in alert patients in whom plain films demonstrated normal 
spinal anatomy but who either complain of persistent neck 
tenderness or are tender on examination and who have no 
neurologic symptoms. These patients may still be at risk of 
having suffered significant ligamentous injury.

Although a lateral cervical spine film is sensitive in detect-
ing cervical spine trauma, it is often inaccurate in completely 
eliminating cervical spine injury; therefore the three-view 
series is considered superior to the lateral film for diagnosis of 
cervical spine injury.71-73

Computed Tomography

The spatial resolution of CT is superior to that of plain radio-
graphs, and the axial format provides better evaluation of 
the spinal canal. CT provides an excellent means of imaging 
bone and may be the only way to properly evaluate the lower 
cervical area, which must be studied to the C7-T1 junction. 
Moreover, CT is useful for measuring spinal canal and neu-
roforaminal diameter, provides detail of the facet joints, and 
can display hematoma formation. It is usually the procedure 
of choice for determining compression of the spinal canal and 
spinal stability. CT may also be necessary to detect a unilateral 
jumped facet or bone fragments in the canal or root foramen.

In general, CT is performed for any injury resulting in a 
neurologic deficit, for fractures of the posterior arch of the 
cervical canal, and for fractures that may involve bony frag-
ments in the spinal canal. CT is also indicated for the evalua-
tion of uncertain radiographic findings, to provide details of 
bony injury as an aid to surgical planning, for assessment of 
focal cervical pain when no radiologic abnormalities are evi-
dent, to clear the lower cervical spine in symptomatic patients 
for whom plain films are inadequate, to assess postoperative 
complications of internal fixation, and to localize foreign bod-
ies and bone fragments in relation to the spinal cord.

Magnetic Resonance Imaging

MRI has inherent advantages in the setting of spinal trauma, 
including the ability to image the spinal cord in any orienta-
tion and to visualize soft tissues. MRI is able to show the epi-
dural and subarachnoid spaces, thereby providing exceptional 
ability to detect intraspinal ligament tears and disruptions 
(Fig. 20-27).

MRI is superior in the ability to directly image injury to 
spinal cord parenchyma, including edema, hemorrhage, 
myelomalacia, and lacerations. MRI also has a better capacity 
to evaluate the extent of spinal canal compromise from bone 
fragments, osteophytes, herniated disk material, or epidural 
hematomas. MRI is an excellent choice for directly imaging 
nerve root impingement in addition to detecting the presence 
of syrinx formation, scarring, or late compression of the cord. 
Although MRI can detect most vertebral fractures, it is not as 
sensitive as CT for this purpose. MRI is indicated in patients 
with incomplete neurologic deficits after traction, realign-
ment, and immobilization of the spine and in patients who 
have cervical cord deficits after trauma but no demonstrated 
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Figure 20–26  Three-view cervical spinal radiographic series. A, Lateral view of cervical spine showing alignment of posterior aspects of the vertebral 
bodies (P) and spinolaminar junction (SL). All seven cervical vertebrae (including C7) and the upper border of T1 should be visualized. B, Anteroposterior 
view showing alignment of spinous processes (SP) and vertebral bodies. Note the uniformity of disk spaces (D). Also visualized are transverse processes 
(T) and pedicles (P). C, Open-mouth (odontoid) view showing the odontoid (A). The odontoid is normally centered between the lateral masses (LM) of 
C1. The body of C2 (2) should be clearly visualized.
abnormalities on plain films or CT scans. MRI is indicated in 
a patient manifesting neurologic progression of a previously 
stable neurologic deficit as well as in a patient whose level of 
neurologic deficit appears to be above the level of apparent 
cervical spine injury.

Summary

Patients at risk for SCI should undergo a neurologic evalua-
tion followed by radiologic imaging to identify and quantify 
abnormalities suggested by history or examination (Table 
20-4). At a minimum, clearance of the cervical spine requires 
a three-view cervical spine series. If visualization of the cer-
vical anatomy is inadequate, then additional evaluation is 
indicated. Patients with SCI may require MRI to detect intra-
medullary lesions, extrinsic spinal cord processes, and pos-
sible ligamentous injury.

Spinal Cord Injury

Epidemiology

The reported incidence of SCI in the United States varies from 
12 to 55 patients per million population per year,74 with a 
prevalence of 253,000 (range 225,000-296,000 persons).75 Eti-
ologic factors responsible for SCI are motor vehicle accidents 
(46.9%-50.4%), falls (23.7%), violence (11.2%-13.7%), sports 
and recreational accidents (8.7%-9.0%), and other causes 
(7%).75,76 Most victims of SCI are young males between 15 
and 34 years of age. The incidence of SCI declines after this 
period and modestly peaks again in the elderly population.77 
Spinal cord injury occurring after spinal trauma is most com-
mon in the cervical spine (55%), followed by the thoracic 
spine (30%), and the lumbar spine (15%). Of those individu-
als sustaining an SCI, incomplete tetraplegia (34.5%) is the 



362

20
 

• 
N

EU
RO

SU
RG

IC
A

L 
D

IS
EA

SE
S 

A
N

D
 T

RA
U

M
A

 O
F 

TH
E 

SP
IN

E 
A

N
D

 S
PI

N
A

L 
C

O
RD
A

C5

B

A
B

C

Figure 20–27  A, Lateral cervical spine radiograph of a patient with a flexion injury involving C5 shows malaligned posterior vertebral body lines. 
B, T2-weighted sagittal magnetic resonance image of the same patient showing probable injury to the posterior longitudinal ligament (A), an increased 
signal within the spinal cord (B) consistent with spinal cord injury, and a hyperintense signal involving the posterior ligamentous complex (C).

Table 20–4 Summary of Appropriate Radiographic Evaluation of Cervical Spine Trauma

Clinical Status or Findings Recommended Procedure

Asymptomatic; alert, with normal physical findings Radiographs not needed

Symptomatic; signs and symptoms of cervical injury Three-view radiographic series

Ligamentous injury; normal plain film findings but with neck pain Flexion and extension views (patient awake; physician in 
attendance) or magnetic resonance imaging

Neurologic deficit in spite of normal plain film findings Magnetic resonance imaging

Plain films indicate craniovertebral injury involving occiput, C1, or C2 Computed tomography

Impaired sensorium; neurologic evaluation compromised Three-view radiographic series
most common, followed in descending order by complete 
paraplegia (23.1%), complete tetraplegia (18.4%), and incom-
plete paraplegia (17.5%).76 The probability of death following 
SCI is 6.3% during the first year, decreases to 1.8% during the 
second year, and is 0.7% to 1.3% per year thereafter, with a 
12-year survival rate of 85.1%.78 Predictors of survival include 
level of consciousness; presence of multiple injuries; need 
for respiratory assistance; lesion level; severity of neurologic 
injury; age; and psychological, social, and vocational variables. 
Leading causes of death in patients with SCI include respira-
tory and cardiac complications, septicemia, pulmonary embo-
lism, and suicide.78-80

Terminology

In describing the severity of acute SCI, the use of correct ter-
minology is essential. The term pentaplegia is used to describe 
high cervical spine injuries (C1) with paralysis of the lower 
cranial nerves and diaphragm and loss of motor and sensory 
function involving both upper and lower extremities. For SCI 

involving C3 to C5, the term tetraplegia or quadriplegia is used; 
although facial and neck sensation and accessory muscle func-
tion remain intact at this level, the patient loses diaphragmatic 
function as well as motor and sensory function of the upper 
and lower extremities. For SCI involving C5 to C6, the term 
tetraplegia is still used. In this lesion, patients retain diaphrag-
matic function and some proximal movement of the upper 
extremities but nothing else. For SCI involving the T1 level 
and below, the term paraplegia is used and is most commonly 
associated with loss of lower extremity function. Perineal para-
plegia involves loss of sacral roots (S2 to S5) only, with result-
ing dysfunction of the bowel, bladder, and sexual  function.

Complete versus incomplete Spinal Cord Injury

Determining whether a patient has complete or incomplete 
SCI is vitally important in the prediction of outcome and in 
surgical planning. The diagnosis of a complete SCI (ASIA grade 
A) can be made only when there is absence of all motor and 
sensory function distal to the level of injury for more than 48 
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hours. An incomplete neurologic injury is defined by the ASIA 
as the presence of any sensory or motor function in the lowest 
sacral segment. Determining touch and pinprick sensations in 
the lowest sacral dermatomes (S4, S5), such as perianal sen-
sation, and demonstrating voluntary rectal tone (rather than 
reflex rectal tone) is important, as there is a favorable progno-
sis for recovery in patients with incomplete injuries.81,82

Incomplete SCI manifests as a distinct constellation of 
neurologic abnormalities correlating with an involvement of 
a distinct lesion in the spinal cord (Fig. 20-28; Table 20-5).83

The type of neurologic syndrome depends on the level of 
injury as well as the force and vector in spinal impact. The 
common spinal cord syndromes are the cervicomedullary syn-
drome, central cord syndrome, anterior cord syndrome, pos-
terior spinal cord syndrome, the Brown-Séquard syndrome, 
conus medullaris syndrome, and cauda equina syndrome (see 
Table 20-5). The cervicomedullary syndrome (cervical cord 
to medulla syndrome) involves the upper cervical cord and 
brainstem; it typically occurs from excessive traction or com-
pression due to severe dislocation with AP spinal cord com-
pression. The distinguishing feature is sensory loss over the 
face, so it is important to include an examination of facial sen-
sation in all cervical spinal injuries. A perioral distribution of 
sensory loss signifies a lesion in the medulla and upper cervical 
cord, whereas a more peripheral facial distribution of sensory 
loss, involving the forehead, ear, and chin, denotes a lesion in 
the cord at C3-C4. In addition to the facial sensory loss, there 
may be evidence of motor deficits with a greater loss of upper 
extremity function than lower extremity function (similar to 
the anterior cord syndrome).

The central cord syndrome is an acute central cervical spinal 
cord injury syndrome in which upper extremity weakness is 
greater than lower extremity weakness and there are altera-
tions in pain and temperature sensations (as the fibers cross the 
midline). This syndrome is seen more often in elderly patients 
with cervical spinal stenosis who have extension-type injuries 
from falls, trauma, syringomyelia, or intrinsic cord tumor.

The anterior cord syndrome results from an injury to the 
spinal cord that spares the posterior columns. Motor and sen-
sory functions and pain and temperature sensations are lost, 
but vibration and position sensation are preserved. The syn-
drome occurs more commonly in the cervical region and is 
characterized by lower motor neuron paralysis of the arms and 
upper motor neuron paralysis of the legs. The posterior cord 

A B

C D
Figure 20–28  Types  of  spinal  cord  injury  (shaded areas)  that  pro-
duce the four main incomplete injury patterns seen clinically. A, Central 
cord syndrome; B, anterior cord syndrome; C, posterior cord syndrome; 
D, Brown-Séquard syndrome.
syndrome is a rare type of incomplete syndrome that involves 
the posterior column primarily, resulting in loss of fine sensa-
tion and vibratory and position sensations, with preservation 
of pain sensation, temperature sensation, and motor func-
tion. The Brown-Séquard syndrome is relatively uncommon, 
appearing most often in the context of cervical spine injuries; 
it involves impairment of the lateral half of the spinal cord, 
sparing the other half. Clinically, there is motor paralysis and 
a loss of position sense ipsilateral to the lesion, with loss of 
sensory and temperature sensation opposite to the lesion. This 
syndrome is seen more often with hyperextension injuries but 
can be associated with flexion injuries, locked facets, compres-
sion fractures, herniated disks, and extrinsic tumors.

The conus medullaris syndrome involves a lesion at the level 
of the conus (T12-L1), where the spinal cord narrows and 
involves the sacral (and perhaps lumbar) cord segments. This 
syndrome is characterized by areflexia of the bowel and bladder, 
variable motor and sensory losses in the lower extremities, and 
sacral sensory sparing. The cauda equina syndrome occurs from 
SCI at or below the L1-L2 disk space and involves the lumbar 
and sacral nerve roots (L1-L5). Typical findings include vari-
able lower motor neuron sensory and motor loss to the lower 
extremities and an areflexic bowel and/or bladder. The cauda 
equina syndrome is seen after acute central disk herniation, 
spinal trauma, and extrinsic neoplastic or infectious processes.

Anatomic and Physiologic Considerations

Following traumatic SCI, autoregulation of SCBF is impaired, 
so the adverse effects of hypotension or hypoxia are com-
pounded (particularly when both are present), resulting in 
further injury. Subsequent to SCI, there is an initial catechol-
amine release resulting in a pressor response that contributes 

Table 20–5 Incomplete Spinal Cord Injury 
Syndromes

Syndrome Clinical Findings

Conus medullans 
syndrome

Areflexia of bowel and bladder; variable 
motor and sensory loss in lower extrem-
ities; sacral sparing

Cauda equina 
syndrome

Areflexia of bowel and bladder;  variable 
motor and sensory loss in lower 
 extremities

Cervicomedullary  
syndrome 
 tetraplegia

Respiratory arrest, hypotension, 
 anesthesia below C1

Distinguishing feature is facial sensory 
loss

Deficits may be greater in upper than in 
lower extremity

Anterior cord 
 syndrome

Loss of motor, sensory, temperature, and 
pain sensations

Vibration and position sensations intact

Central cord 
 syndrome

Motor impairment of upper extremities 
more than lower extremities

Alterations in pain and temperature 
sensations

Posterior cord 
 syndrome

Loss of fine, vibratory, and position 
 sensations

Motor function preserved

Brown-Séquard 
syndrome

Ipsilateral paralysis, loss of 
 proprioception, touch, and vibration 
sensations

Contralateral loss of pain and 
 temperature sensations
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 to vasogenic edema.84 After the hypertensive response, there 

is a phase of hypotension and reduced cardiac output. These 
hemodynamic changes are in part responsible for a reduc-
tion in SCBF that is observed as early as 30 to 60 minutes after 
injury, which preferentially affects gray matter and central 
white matter.85,86 Blood flow may not return to preinjury lev-
els for up to 24 hours. Finally, after SCI, there is a progressive 
decrease in oxygen tension and a loss of CO2 responsiveness, 
which is correlated with neurologic outcome.87

Pathophysiology of Spinal Cord Injury

Primary and Secondary injury (Fig. 20-29)

Primary injury results from direct tissue destruction from 
blunt or penetrating forces. Such trauma is observed following 
vertebral fracture or dislocation, burst fractures with retropul-
sion of bone fragments or disk material into the spinal cord, 
ligamentous injury with distraction and spinal cord compres-
sion, and gunshot and knife wounds. The term secondary 
injury is simply defined as a worsening of the original injury 
as a result of factors other than the mechanism of the original 
insult. Many mechanisms for secondary injury have been pro-
posed (Box 20-2); they are set in motion within minutes of the 
primary injury and may continue for days. These  processes 

 contribute to the ischemic zones observed in the gray mat-
ter and surrounding central white matter soon after SCI and 
explain the increases in tissue lactic acid and decreases in ade-
nosine triphosphate (ATP) production observed.88  Progressive 
ischemia is an etiologic factor in secondary degeneration; it 
may be worsened by edema, which reaches a  maximum at 3 to 
6 days and may persist for 2 weeks.

One of the first changes observed immediately after spinal 
injury is a loss of neurologic function (spinal cord concussion), 
which may occur in the absence of initial histologic changes. 
This effect is due in part to an efflux of K+ into the extracel-
lular space, which causes membrane depolarization as well as 
disturbances in metabolic and synaptic function.89,90 Depolar-
ization of the membrane stimulates the release of excitatory 
amino acids, which in turn facilitates further depolarization. 
In addition, the failure of transmembrane ionic pumps results 
in increases in intracellular Na+, which stimulates the Na+/
Ca2+ pump to operate contrary to its normal function, that is, 
pumping Na+ out of the cell and Ca2+ into the cell. Intracel-
lular Ca2+ activates calcium-dependent proteases, phospholi-
pases, and endonucleases, further facilitating cell damage.

Free radical–induced lipid peroxidation of neuronal and 
vascular cell membranes and myelin is also involved in second-
ary injury.91 Finally, the release of endogenous opioids after 
Traumatic
spinal cord injury

Loss of
autoregulation of SCBF

Microvascular
damage

  Free radical productionEndogenous opioid release

Hemorrhage

  Ca2+ entry into cells   Fatty acid release  EAA release with activation
of NMDA receptors

  Arachidonic
acid metabolism

  Free radical
production  Vasospasm

Hypotension

Thromboxane   Vascular permeability
with    cellular swelling

ProstacyclinProstaglandin F2α

Platelet aggregationVasodilationVasoconstriction

Activation of
phospholipases
with proteases

  Cellular
swelling

Ischemia

Neurologic injury

  Lipid membrane peroxidation
Fe2+ complexes with

    free radical
production

Neuronal dysfunction

Cell death

  Lactate and    ATP

Prostaglandins Leukotrienes

Membrane damage

Figure 20–29  Pathophysiologic cascade involved in secondary spinal cord injury. ATP, adenosine triphosphate; EAA, xx; NMDA, N-methyl-d-aspartate; 
SCBF, spinal cord blood flow; ↑, increase; ↓, decrease.
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traumatic SCI has been implicated in the  pathophysiology of 
secondary injury.92 However, in the definitive human study, 
naloxone did not improve SCI.93 Subsequent reanalysis of the 
data did indicate some benefit from the use of naloxone.94

Spinal Cord–Protective Strategies

Minimizing secondary SCI is the most important aspect of 
medical therapy following any injury to the spinal cord. Early 
institution of pharmacologic therapies combined with surgi-
cal decompression and stabilization of the spine may result in 
the best outcome potential. The current use of both modalities 
is briefly reviewed.

Pharmacologic TheraPieS

Corticosteroids.  Corticosteroids are believed to stabilize 
membranes, alter ionic-clearing mechanisms, improve blood 
flow, inhibit lipid peroxidation formation, and enhance Na+/
K+-ATPase activity.95 The membrane-stabilizing effects may 
prevent the release of lysosomes and excessive Ca2+ ionic fluxes 
into cells. Improvement in blood flow may be due to a reduc-
tion in tissue edema, the direct vasodilative effects of steroids, 
and antioxidant properties. One of the first clinical studies of 
corticosteroid use in SCI was the first National Acute Spinal 
Cord Injury Study (NASCIS I).96 This study failed to show any 
benefit in neurologic recovery following steroid therapy; how-
ever, the dose regimen was thought to be inadequate.

The second National Acute Spinal Cord Injury Study 
 (NASCIS II) was a multi-institutional, randomized, placebo-
controlled, double-blind study that involved 487 patients 
entered into the study within 12 hours of their injuries.93 
The patients were randomly allocated to one of three treat-
ment groups: (1) methylprednisolone, 30 mg/kg, followed 
by 5.4 mg/kg/hr for 23 hours; (2) naloxone, 5.4 mg/kg fol-
lowed by 4 mg/kg/hr for 23 hours; or (3) placebo. No mean-
ingful improvement in neurologic function was seen between 
the groups, but when the methylprednisolone results were 
stratified according to the timing of administration, patients 
treated within 8 hours of injury showed significant improve-
ment in motor and sensory function in comparison with those 

BOX 20–2 �Secondary�Mechanisms�of�Acute�Spinal�
Cord�Injury

Vascular
Hemorrhage
Loss of auto 

 regulation
Arteriolar 

 occlusion
Vasospasm
Edema
 ↑Vascular 

 permeability
Hypotension

Cellular Dysfunction
 ↑Extracellular K+

 ↑Intracellular Ca2+

 ↑Intracellular Na+

Inhibition of Na+/K+-
ATPase

Lipid peroxidation
Increased intracellular 

edema
Mitochondrial failure

Biochemical Aberrations
 ↑Catecholamine release
 ↑Arachidonic acid 

 metabolism
Prostaglandins
Thromboxanes
Leukotrienes
Free radicals
 ↑Endogenous opioid 

release
 ↑Excitatory amino acid 

release
 ↑Free radical formation
Arachidonic acid 

 metabolism
Decompartmentaliza-

tion of iron
Hemoglobin extravasa-

tion
Mitochondrial “leak”
Activated neutrophils
3

given the placebo. The naloxone-treated group, however, did 
not show any difference in neurologic outcome. The NASCIS 
II results led to the common practice of administering meth-
ylprednisolone to patients within 8 hours of SCI.

NASCIS III compared the efficacy of methylprednisolone 
administered for 24 hours with methylprednisolone given for 
48 hours or tirilazad mesylate administered for 48 hours.95 A 
total of 499 patients received methylprednisolone (30 mg/kg) 
within 8 hours of SCI. Patients in the 24-hour group received 
methylprednisolone (5.4 mg/kg/hr) for 24 hours, those in the 
48-hour group received methylprednisolone (5.4 mg/kg/hr) 
for 48 hours, and those in the tirilazad group received tirilazad 
mesylate 2.5 mg/kg every 6 hours for 48 hours. Patients treated 
with methylprednisolone for 48 hours showed greater motor 
recovery at 6 weeks and 6 months after injury than patients 
treated with the same agent for 24 hours. The effect of the 
48-hour methylprednisolone regimen was most significant at 
6 weeks and 6 months among patients whose therapy was ini-
tiated 3 to 8 hours after injury. Patients treated with tirilazad 
for 48 hours showed motor recovery rates equivalent to those 
of patients treated with methylprednisolone for 24 hours. 
The investigators concluded that patients with acute SCI who 
received methylprednisolone within 3 hours of injury were to 
remain on the treatment regimen for 24 hours. When meth-
ylprednisolone was initiated 3 to 8 hours after injury, patients 
were to stay on steroid therapy for 48 hours. No functional 
benefit was demonstrated for the use of steroid therapy in the 
treatment of penetrating SCI.97

The use of methylprednisolone after acute SCI has now 
been questioned. Since the original publication of both NAS-
CIS II and III, reexamination of these trials has led to signifi-
cant criticism about their conclusions. Specifically, NASCIS 
II has been disparaged for flaws in study design and statistical 
analysis, and NASCIS III results have been questioned because 
of concerns regarding the timing of surgery, the process of 
neurologic assessment, and the fact that differences in motor 
scores and functional outcome were clinically negligible.98 In 
a reevaluation of the results and conclusions of these  trials 
regarding primary outcomes and post-hoc comparisons, it 
was concluded that both NASCIS II and III failed to demon-
strate meaningful differences in neurologic recovery among 
the placebo, 24-hour methylprednisolone, and 48-hour meth-
ylprednisolone treatment groups.99 Moreover, in patients 
in NASCIS III who received a 48-hour infusion, there was 
a higher incidence of infections than in patients receiving a 
24-hour infusion. Thus, any marginal benefit of steroid use 
in SCI may be nullified by the increase in infectious compli-
cations. In response to the paucity of medical evidence con-
clusively supporting significant clinical benefits from steroid 
use in either a 24-hour or 48-hour dosing regimen, most 
 guidelines now consider the use of high-dose steroids to be a 
“treatment option” rather than a standard.100,101

Hypothermia.  Extensive animal evidence supports the 
efficacy of hypothermia for the treatment of traumatic SCI. 
A review of the literature on the efficacy of hypothermia in 
the setting of experimental SCI determined that although the 
efficacy of hypothermia in improving functional outcome 
of mild to moderate traumatic SCI has been demonstrated, 
hypothermia may not be protective against severe traumatic 
SCI.102 To date, little clinical evidence conclusively proves that 
hypothermic techniques can benefit patients with traumatic 
SCI. Moreover, because of significant circulatory, pulmo-
nary, metabolic, and immunologic side effects, the routine use 
of hypothermia as a spinal cord protectant in the setting of 
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  traumatic SCI remains an option but cannot be considered 

standard therapy.
Hypertension.  Hypertension is advocated by some to 

improve perfusion in the post-traumatic patient with hypo-
perfusion of the spinal cord. Although definitive data are 
lacking, early and aggressive intervention to maintain a mean 
arterial blood pressure above 85 mm Hg for the first 7 days 
after injury is recommended to preserve neurologic function 
because autoregulation is impaired.100,103 Even though more 
aggressive hypertensive therapy may have advantages, it may 
convey a risk of further hemorrhage and edema.

Conclusion.  Unfortunately, no clear benefit from any 
pharmacologic therapy has yet emerged to significantly reduce 
spinal cord damage following traumatic injury. Nonetheless, 
research into newer therapies focusing on neurologic regen-
eration and protection is receiving much attention and may 
ultimately prove beneficial (Box 20-3).

Surgical TheraPieS

Early surgical therapy following SCI may reduce neurologic 
injury. The decision for surgical intervention following SCI 
involves many considerations including (1) neurologic and 
radiologic evaluation; (2) the initial success of closed reduc-
tion and decompression; (3) determination of the degree of 
spinal column stability; (4) determination of the benefit of 
early open surgical decompression and stabilization; and (5) 
choosing the particular surgical approach (Box 20-4).

Neurologic  and  Radiologic  Evaluation.  Surgi-
cal intervention following SCI is based on the detec-
tion of  neurologic deterioration obtained from frequent 
 neurologic assessments (every 12 hours) and the extent 

of spinal column abnormalities detected on initial radio-
graphic studies.

Initial Closed Reduction and Decompression.   Initial 
therapy after SCI is directed toward prevention of further 
neurologic injury, because up to 25% of SCIs occur after the 
 initial insult, either during the transport process or early in the 
course of treatment.13 Spinal immobilization is initially car-
ried out at the scene of the accident and is achieved by placing 
the patient on a spinal board, with immobilization of the head 
and neck using sandbags as well as adhesive tape on the fore-
head attached to each side of the board.

If radiographic films taken at the hospital reveal a spinal 
dislocation, closed reduction is attempted with the use of a 
traction device to align and immobilize the spine, decom-
press neural structures, and prevent further neurologic 
injury. Diminished pressure on the spinal cord results in 
improved microvascular circulation, which may reduce spi-
nal cord edema and prevent a progressive neurologic deficit. 
Closed reduction is successful 70% to 80% of the time, with 
few reports of neurologic worsening.104 On occasion, facets 
may be locked during injury, preventing reduction even with 
extreme traction.

Determination  of  Spinal  Stability.  The determina-
tion of spinal stability following trauma is important in plan-
ning potential surgical treatment. Spinal stability has been 
defined as the means by which the vertebral structures main-
tain their cohesion in all physiologic positions.105 Instability 
or loss of stability is a pathologic process that, if left untreated, 
can lead to progressive spinal deformity, neurologic loss, and 
chronic pain.106 In the setting of acute spine trauma, the clini-
cal history, neurologic examination, and initial radiographic 
BOX 20–3 �Current�Status�of�Treatment�After�
Traumatic�SCI�in�Humans

Accepted Benefit

None

Potential Benefit

Methylprednisolone
21-Aminosteroids
GM-1 gangliosides
Minocycline
Prostacyclin analogs
NMDA-receptor antagonists
Hypertonic saline
Platelet-activating factor antagonists
Neurite growth inhibitor antibodies
Antioxidants and free radical scavengers
Stem cell transplantation
Gene therapy
Activated macrophage implantation

Little or No Proven Benefit

Opioid antagonists
Thyrotropin-releasing hormone analogs
Arachidonic acid metabolite inhibitors
Localized hypothermia
Dimethyl sulfoxide
Hyperbaric oxygen
ε-aminocaproic acid
Calcium antagonists

BOX 20–4 �Indications�for�Surgical�Intervention�
Following�Traumatic�Spinal�Injury

Accepted Indications for Surgery

 •  Progressive neurologic deterioration in an unstable spine, 
especially with spinal canal compromise

 •  Failure of closed reduction and stabilization of dislocation with 
residual canal narrowing of ≥ 50%

 • Unstable spine with dislocated bilateral “locked” facets
 •  Unstable spine where nonunion is likely (e.g., ligamentous injury 

with vertebral body separation)
 •  Uncooperative patient with unstable spine risking further 

neurologic injury
 • Compression of conus medullaris or cauda equina

Controversial Indications for Surgery

 •  Vertebral fractures with bony encroachment of spinal canal 
without neurologic findings

 •  Complete SCI with dislocation successfully treated with closed 
reduction and immobilization

 •  Incomplete SCI with dislocation successfully treated with closed 
reduction and immobilization

 •  Unstable spine with complete SCI (to facilitate “zonal root” 
recovery)

 •  Unstable spine with incomplete SCI (to prevent further 
deterioration)

 • Unstable spine without neurologic deficits
 •  Thoracolumbar burst fractures successfully treated by closed 

reduction and immobilization

SCI, Spinal cord injury.
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imaging should allow a reasonable determination of spinal 
stability.

For the upper cervical spine (C1-C2), the primary deter-
minant of stability is the transverse atlantal ligament (TAL), 
which is assessed by plain radiographs and by CT. Any bony 
displacement beyond acceptable limits renders the spine 
unstable. In general, if the sagittal plane distance between the 
back of the anterior ring of C1 and the anterior portion of the 
dens is greater than 3 or 4 mm, and the sagittal plane distance 
between the posterior dens and the anterior portion of the 
posterior ring of C1 is less than 13 mm, the spine is unstable 
at that level.107

For the lower cervical spine (C3-C7), a variety of methods 
have been used to determine spinal stability; they include ana-
tomic considerations that divide the spine into columns105,108-110; 
clinical considerations that correlate the magnitude of the 
neurologic injury with the likelihood of spinal instability111; 
and radiographic criteria that assess various measurements 
of spinal bony alignment, spinal canal dimensions, disk space 
size, and identification of the presence of major ligamentous 
injury.105,108,109,112,113 Determination of major ligamentous 
injury is also important because adequate healing is unlikely in 
this setting, resulting in a chronically unstable spine with pro-
gressive kyphosis, neurologic deficits, or both.112

Anatomic considerations used in the assessment of spinal 
stability after lower cervical spine injury may be viewed in 
the context of either a three-column105,110 or a two-column 
approach.108,113 The Denis three-column model is a well-
described method of predicting spinal instability.110 Originally 
described and most commonly used for assessing thoraco-
lumbar trauma, it has been employed in cervical injuries as 
well. In this model, the spinal column is divided into three 
longitudinal columns (Fig. 20-30). The anterior column com-
prises the anterior longitudinal ligament, the anterior anu-
lus fibrosis, and the anterior half of the vertebral body. The 
middle column comprises the posterior half of the vertebral 
body, the posterior longitudinal ligament, and the posterior 
anulus fibrosis. The posterior column comprises the posterior 
bony arch with the posterior ligamentous complex. The bio-
mechanics of the injury combined with plain films and CT 
scans of the spine demonstrating failure of two or all columns 
renders the spinal unstable.

Clinical considerations may be used to predict cervical spine 
stability. This approach considers the presence of a neurologic 
deficit to imply that the cervical spinal trauma subjected the 
spinal cord or nerve roots to either a vascular, mechanical, or 
chemical insult and that given such severe injury, the integ-
rity of the supporting structures has been altered enough to 
permit further injury, thus representing an unstable spine.107

Use of radiographic criteria is a popular method for pre-
dicting lower cervical spine instability. In particular, radio-
graphic abnormalities demonstrating more than 11 degrees 
of sagittal plane translation and more than 3.5 mm of sagittal 
plane translation, more than 50% compression of the verte-
bral body, interspinous widening, loss of facet parallelism, 
and loss of normal cervical lordosis indicate spinal instability. 
Finally, both the clinical and radiologic findings may be com-
bined and used as part of an instability checklist, as suggested 
by White and Panjabi.107 The instability checklist assigns indi-
vidual points to specific radiologic and clinical findings, and 
then the points are summated for a total score that is used 
to estimate the likelihood of spinal instability. This checklist 
approach is very useful and can be applied to a variety of clini-
cal scenarios.
For assessment of thoracic and lumbar spinal injury, the 
evaluation is very similar to the techniques described for 
assessing the cervical spine, and it often relies on the Denis 
three-column model, or an instability checklist similar to that 
described by White and Panjabi for cervical spinal injury.107 
In the lumbar region, the Denis three-column model is most 
frequently used. Ultimately, correlating neurologic findings 
with radiologic evidence of structural damage will best guide 
treatment.

Early  Surgical  Therapy  Following  Spinal  Injuries. 
The indications and timing of surgical therapy following spi-
nal injuries are debated. Most authorities agree that surgery is 
clearly indicated in any unstable spinal injury associated with 
evolving neurologic deficits, especially when they are associ-
ated with radiologic evidence of acute spinal canal compro-
mise. Most would also agree that surgery is indicated for an 
unstable spine with dislocated bilateral “locked” facets, an 
unstable spine with significant ligamentous injury and ver-
tebral body separation, and an unstable spine in an uncoop-
erative patient who risks further neurologic injury. However, 
for other types of spinal injuries, the benefits and timing of 
surgical decompression and stabilization after SCI remain 
controversial. Experimental evidence strongly suggests that 
early decompression after SCI reduces secondary SCI and 
improves neurologic outcome.115-120 Clinical studies, how-
ever, have failed to clearly demonstrate the beneficial effects of 
early decompression so evident in the experimental models. 
Later studies and literature reviews increasingly suggest that 
early decompression (<24 hours) may indeed facilitate a more 

Middle AnteriorPosterior

ALLPLLSLSP

Figure 20–30  Spinal  column  stability  after  traumatic  injury  is  often 
based on a system that divides the spine into three columns. The anterior 
column comprises the anterior longitudinal ligament (ALL), the anterior 
anulus fibrosis, and the anterior half of the vertebral body. The middle 
column  comprises  the posterior  half  of  the  vertebral  body,  the poste-
rior  longitudinal  ligament  (PLL),  and  the  posterior  anulus  fibrosis.  The 
posterior column comprises the posterior bony arch, which includes the 
spinolaminar  junction  (SL),  the  spinous process  (SP),  and  the posterior 
ligamentous complex. Disruption of two or more of these columns indi-
cates spinal instability.
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 favorable neurologic outcome, particularly in patients with 

incomplete injuries.121-125 For spinal decompression therapy 
to be most effective, evidence suggests that decompression 
must occur within 24 hours, particularly in incomplete neuro-
logic injuries. Late surgical decompression (>48 hours) offers 
no particular neurologic benefits other than stabilization of 
the spinal column, which facilitates rehabilitation therapy.

Surgical Approaches in Spinal Injury.  If surgical ther-
apy is chosen, three basic approaches may be taken: anterior, 
posterior, or a combination of the two. In general, anterior 
approaches for spinal decompression and stabilization are 
indicated for removal of disk material, bone, or ligamen-
tous tissue compressing the spinal cord anteriorly. Anterior 
cervical instrumentation is typically used to treat unstable 
compression-flexion and distractive-flexion injuries, often in 
conjunction with a decompressive corpectomy (removal of 
vertebral body) if the cord is compressed (Fig. 20-31).

Posterior stabilization is indicated for significant disrup-
tion of the posterior bony or ligamentous structures of the 
cervical spine, particularly with minimal or no involvement 
of the vertebral body. Posterior fixation techniques are used to 
treat occipitocervical and atlantoaxial instability and for most 

cases of spinal instability caused by flexion injuries, including 
posterior ligamentous injury, anterior dislocation, bilateral 
facet dislocation, and simple wedge compression fractures. 
Flexion-rotation injuries causing unilateral facet dislocation 
may require posterior cervical stabilization as well, particu-
larly if closed reduction is unsuccessful.

A combined approach is indicated for significant injuries 
involving both the anterior and posterior bony or ligamen-
tous structures. Such injuries include extensive cervical inju-
ries, such as flexion teardrop fractures, vertical compression 
burst fractures with significant posterior ligamentous injury, 
and bilateral facet dislocation with disk compression of the 
spinal cord.

Medical Management

Pulmonary SySTem

Although acute SCI can have differing effects on the pulmo-
nary system, the level of injury often determines the magni-
tude of effect and the clinical course (Table 20-6; Box 20-5). 
Most abnormalities are the result of the adverse effects of SCI 
on pulmonary lung volumes and pulmonary mechanics.
A

B

C

Figure 20–31  Cervical spine teardrop fracture. A, A preoperative lateral cervical radiograph shows a teardrop fracture of the C4 vertebral body 
inferiorly. B, An anteroposterior radiograph shows anterior plate and screw fusion from C3 to C5 with prosthetic strut grafts and posterior fusion of 
the same levels with bilateral pedicle screws and rods. C, On this postoperative lateral radiograph, the anterior plate and screws are clearly visible.
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Table 20–6 Level of Spinal Cord Injury and Corresponding Respiratory Function*

Injury Level Ventilatory Function Cough Relevant Comment(s)

Above C3 0 0 Paralysis of diaphragm and accessory muscles, resulting in apnea; lifelong 
ventilator dependence

C3-C5 0 to + 0 Partial to complete diaphragmatic paralysis; paralysis of accessory muscles; 
marked reduction in lung volumes with hypoxemia; recurrent atelectasis 
and pneumonia; prolonged mechanical ventilator dependence; probable 
tracheostomy; most patients will be weaned from mechanical ventilation

C5-C7 + to ++ + to ++ Paralysis of accessory muscles; marked reduction in volumes with hypoxemia; 
recurrent atelectasis and pneumonia; many patients need mechanical 
 ventilation; possible tracheostomy

High thoracic ++ ++ Partial paralysis of accessory muscles; reduction in lung volumes with  atelectasis; 
increased incidence of pneumonia; possible need for mechanical ventilation

*Scale: 0 (no function) to +++ (normal).
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The normal muscles of respiration are composed of the 
intercostal muscles (supplied by the intercostal nerves origi-
nating from the thoracic spinal cord) and the diaphragm (sup-
plied by cervical innervation originating from C3 to C5). The 
diaphragm normally contributes about 65% of the vital capac-
ity. Injuries to the cervical cord above C3 produce nearly com-
plete respiratory muscle paralysis. Patients with injuries to this 
level of the spinal cord are not able to produce a tidal breath 
or to cough. Consequently, these patients require emergency 
assistance for breathing to prevent profound hypercapnia and 
hypoxemia. Tetraplegic patients use the accessory muscles 
of breathing during tidal breathing. With inspiration, the 
sternum is pulled cephalad and the upper rib cage expands, 
increasing the upper anterior–posterior diameter, and the 
lower rib cage is pulled inward, resulting in a reduction in the 
lower rib cage transverse diameter. With cervical SCI involv-
ing levels below C3, increasing function of the diaphragm is 
noted. However, the persistent absence of intercostal muscle 
function limits expiratory muscle use, and the ability to cough 
remains extremely limited. Spirometric pulmonary function 
tests performed acutely on patients with cervical SCI show 
significant reductions in all lung volumes except for residual 
volume (which is nearly twice normal levels).126,127 However, 

BOX 20–5 �Protocol�For�Reduction�of�Pulmonary�
Complications�in�Patients�with�SCI

Aggressive pulmonary hygiene
Frequent nasotracheal suctioning
Positional changes every 2 hours, best achieved with kinetic 

devices (e.g., rotational or circle beds)
Chest percussion every 4 hours
Assisted coughing exercises every 4 hours
Deep breathing exercises every 4 hours
Incentive spirometry every 4 hours

Bronchodilator therapy for assisting secretion clearance and bron-
chodilator effects

Early use of fiberoptic bronchoscopy in cases of lobar atelectasis 
secondary to retained secretions

Early institution of mechanical ventilation in those with progres-
sive labored breathing, increasing respiratory failure (hypoxia or 
hypercapnia) and vital capacities <1000 ml

Close monitoring of respiratory mechanics in patients receiving 
mechanical ventilation with optimal use PEEP therapy and limi-
tation of plateau pressure to <30 cm Hg
over the course of the first 4 to 5 months, improvement in 
most lung volumes can be expected to occur.

Contrary to the normal increase in vital capacity seen when 
healthy patients assume an upright position, patients with cer-
vical SCI demonstrate an improvement in vital capacity when 
assuming the supine position. This improvement in vital 
capacity is secondary to a reduction in the residual volume, 
which occurs in the supine position and is considered to be 
related to the effect of gravity on the abdominal contents in 
the presence of paralyzed abdominal musculature.

Pulmonary mechanics are altered in cervical SCI, with 
decreases in lung compliance128 and resultant increases in the 
work of breathing. The adverse effects on lung compliance 
are considered to be related to actual changes in the mechani-
cal properties of the lung in addition to the reduction in lung 
volumes.128 Gastric distention secondary to gastric atony 
may also be a contributory factor to the adverse effects of SCI  
on pulmonary mechanics. As the spinal shock state resolves  
(2 to 5 weeks), progressive spasticity of chest wall and abdomi-
nal muscles will assist in improving pulmonary function.

Pulmonary complications are the leading causes of mor-
bidity and early mortality after cervical and upper thoracic 
SCI and are seen in as many as 75% of patients.129 Pulmonary 
complications occur as a result of the alterations in respiratory 
mechanics and lung volumes. The reduction of lung volumes 
and the inability of the patient to generate an effective cough 
result in progressive retention of pulmonary secretions with 
gradual microatelectasis and lobar atelectasis, leading to incre-
mental hypoxemia and CO2 retention.

Other pulmonary problems are pulmonary edema (noncar-
diogenic, cardiogenic), aspiration pneumonitis, and coexist-
ing blunt chest trauma (pulmonary contusions, hemothorax). 
The onset of pulmonary complications depends on the level 
of SCI. Jackson and Groomes129 prospectively investigated the 
occurrence of pulmonary complications relative to the level 
of SCI. Overall, 84% of patients with C1 to C4 injuries, 60% 
of those with C5 to C8 injuries, and 65% of those with T1 to 
T12 injuries had respiratory complications. Ventilatory failure 
and aspiration were the earliest to occur (at 4.5 days) for all 
patients with SCI.

Kinetic therapy (i.e., rotational bed), in particular, is effec-
tive in reducing the incidence of pulmonary complications, 
decreasing time on the ventilator, and shortening length of 
stay in the intensive care unit.130-136 For best results, kinetic 
therapy should be started early in the treatment of patients 
with acute cervical spinal cord injuries. Aggressive prevention 
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 strategies, as mentioned, reduce hospital resource utilization 

as well as overall morbidity and mortality.126

Because significant impairment in pulmonary function is 
seen early in patients with tetraplegia, frequent reassessments 
and close monitoring of diagnostic tests are imperative. Dur-
ing the first 1 to 3 days, significant declines in pulmonary 
reserve may occur before overt clinical signs are seen. In addi-
tion, although tetraplegic patients may be initially hospitalized 
with a functioning diaphragm, progressive cord edema may 
occur over the first 2 days, resulting in an ascending neuro-
logic injury. This condition may cause a loss of diaphragmatic 
function with progressive respiratory failure and the need for 
tracheal cannulation. When the vital capacity decreases to less 
than 50% of predicted (2000 mL in an average adult), more 
frequent determinations of vital capacity must be made (e.g., 
every 6 hours); when the vital capacity decreases to less than  
1 L, and especially if the patient is clinically dyspneic and 
hypoxemic, endotracheal intubation should be performed.

When mechanical ventilation is indicated, a volume- 
control mode of mechanical ventilation, such as assist-control 
or synchronized intermittent mechanical ventilation (SIMV) 
is initially chosen, although other choices, including pressure-
limited modes, may be selected. Ventilator settings should be 
selected that limit the occurrence of ventilator-associated lung 
injury (VALI).137-140 Typical settings are an initial tidal vol-
ume of 6 to 8 mL/kg, positive end-expiratory pressure (PEEP) 
of 5, an initial rate of 8 to 15 breaths/min, and a plateau pres-
sure of ≤30 mm Hg. The positive end-expiratory pressure is 
added to recruit collapsed alveoli and prevent further atelecta-
sis. In patients with cervical SCI below C4, eventual weaning 
from mechanical ventilation is to be expected and is facilitated 
when spinal shock resolves and the respiratory and abdominal 
muscles develop spasticity (2-3 weeks), leading to improve-
ment in lung volumes and overall ventilatory ability. Nearly 
all patients with complete cervical SCI above C6 will require 
a tracheostomy because of the length of time on the ventila-
tor and the difficulty with clearing secretions. In this setting, a 
tracheostomy should be placed early.

Pulmonary edema may be observed in patients with acute 
SCI, with etiologic factors including neurogenic or cardiac 
pulmonary edema and pulmonary contusion. Neurogenic 
increases in extravascular water resulting in pulmonary edema 
have been observed both in head injury and in SCI141 and 
may be related, in part, to the initial sympathetic discharge 
that occurs at the time of SCI. Cardiogenic pulmonary edema 
may also be due to the combination of reduced myocardial 
ino tropy, seen with high SCI, and overzealous fluid adminis-
tration. Because of the hemodynamic alterations observed in 
SCI (hypotension, bradycardia), the usual indicators of fluid 
adequacy are unreliable. Chest trauma is associated with SCI 
and may include pulmonary contusions, rib fractures, pneu-
mothorax, hemothorax, and acute respiratory distress syn-
drome. These injuries may result in prolonged mechanical 
ventilation with difficult weaning and delayed operative spinal 
 intervention.

cardiovaScular SySTem

SCI also has a profound effect on the cardiovascular system, 
the magnitude again depending on the level of injury. In gen-
eral, complete cervical SCI has the most pronounced physi-
ologic effects, consisting of cardiovascular instability, cardiac 
dysrhythmias, and ventricular dysfunction, whereas SCI 
below T5 results in varying degrees of hypotension caused by 
the functional sympathectomy below the level of injury.
Hemodynamic changes noted after SCI have been observed 
consistently in experimental models of SCI and include a tran-
sient severe increase in blood pressure caused by an extensive 
sympathetic discharge at the time of injury. The systolic blood 
pressure may be as high as 300 mm Hg, lasting 2 to 5 min-
utes,142 with a gradual decline to values less than baseline.85 
Although the hypertensive response to SCI has been docu-
mented only in experimental models, it is generally believed 
to occur in humans at the time of injury and to resolve by the 
time medical treatment is undertaken. This sympathetic dis-
charge may be responsible for the noncardiogenic pulmonary 
edema reported to occur after SCI.

After the initial period of transient hypertension has 
resolved, hypotension becomes the predominant hemo-
dynamic abnormality and is present in nearly all patients 
with complete cervical SCI. The hypotension is related to 
 vasodilation of the vasculature, which arises secondary to 
the withdrawal of sympathetic neural outflow. When an SCI 
occurs in the cervical region, the sympathetic receptors lose 
their normal input and regulation, resulting in a functional 
sympathetic blockade. In contrast, the parasympathetic ner-
vous system remains intact as the vagus nerve exits from the 
brainstem. Consequently, after an acute injury occurs in the 
cervical or high thoracic spinal cord, the resulting autonomic 
imbalance between sympathetic and parasympathetic out-
flows leads to inadequate cardiac contraction and a loss of 
tonic vasoconstriction, with resulting hypotension, bradycar-
dia, and hypothermia (termed neurogenic shock).

Spinal shock describes the phenomenon seen with physi-
ologic or anatomic transection, or near transection, of the 
spinal cord; it consists of the loss of somatic motor and sen-
sory function below the level of injury, loss of voluntary rectal 
contraction, and loss of sympathetic autonomic function. The 
more severe the functional spinal cord transection and the 
higher the level of injury, the greater the severity and dura-
tion of spinal shock. If the loss of motor and sensory functions 
resulting from spinal shock lasts longer than 1 hour, patho-
logic injuries to the spinal cord, as opposed to a transient con-
cussive injury, are assumed to exist.

Sixty percent to 70% of patients demonstrate neurogenic 
shock after complete cervical injury.143 The more cephalad the 
level of spinal injury, the more severe the physiologic derange-
ments encountered. The most common cardiovascular 
abnormalities observed after an acute cervical SCI are marked 
bradycardia (in 71% of patients) and hypotension (in 68%). 
Bradycardia is present in virtually all patients with complete 
cervical SCI; however, it is less likely with SCI involving the 
thoracic and lumbar regions. Bradycardia results from the 
interruption of the sympathetic cardiac accelerator nerves 
(T1 to T4), leaving an unopposed parasympathetic influence. 
Bradycardia usually resolves over a 3- to 5-week period after 
injury. More profound degrees of bradycardia, even cardiac 
arrest, may occur during stimulation of the patient, such as 
turning or tracheal suctioning. The cardiovascular derange-
ments remain most problematic during the first 2 weeks after 
an acute cervical SCI.144 Preventive measures to avoid severe 
bradycardic episodes are encouraged; they include sedation, 
100% oxygen before suctioning, and limiting the time allowed 
for suctioning. Although most episodes are effectively treated 
with atropine, temporary pacemaker therapy may be required.

Hypotension, defined as a systolic blood pressure below 90 
mm Hg or systolic blood pressure 30% below baseline, is seen 
in 60% to 80% of patients with an acute cervical SCI. The opti-
mal treatment of hypotension after SCI has yet to be defined, 
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but it is recommended that the mean arterial pressure be 
maintained at ≥85 mm Hg for the first 7 days following acute 
SCI.103,145 Because autoregulation is lost after SCI, aggressive 
use of fluids or vasoactive medications for the correction of 
hypotension is crucial for optimal preservation of neurologic 
function and reduction of secondary injury. The hypoten-
sion is in part related to the relative hypovolemia secondary 
to vasodilation in patients with neurogenic shock. Appropri-
ate blood replacement should be administered as indicated to 
maintain a hemoglobin level of 10 g/dL in the early period of 
resuscitation. Caution should be exercised to limit the overall 
volume of fluid, because patients are prone to develop cardio-
genic and noncardiogenic pulmonary edema. If hypotension 
persists despite adequate fluid administration, vasopressor or 
inotropic therapy should be promptly instituted.

Care should be taken in the administration of potent 
α-agonist agents because substantial increases in cardiac 
afterload may impair cardiac output and precipitate left 
 ventricular failure. Accordingly, an inotropic agent is often 
the drug of choice for maintaining spinal cord perfusion. 
Invasive hemodynamic monitoring is recommended for opti-
mal guidance in the treatment of persistent hypotension in 
the context of neurogenic shock. Finally, there is evidence to 
support improvement in neurologic outcome separate from 
surgical intervention in SCI patients in whom hemodynam-
ics are managed aggressively.103 Because spinal cord edema is 
maximal at 3 to 6 days after injury, blood pressure support 
should continue during this period.

Although isotonic crystalloid is the initial fluid of choice 
in the treatment of neurogenic shock, the use of hypertonic 
saline may be of additional benefit in the initial resuscitation 
phase after SCI. Experimental data have indicated that the 
administration of hypertonic saline after experimental SCI 
improves SCBF and preserves spinal cord function,146,147 but 
definitive clinical studies are lacking.

Cardiac dysrhythmias are commonly observed following 
SCI in both experimental and clinical reports. In an experi-
mental model of extradural SCI,148 sinus tachycardia was 
noted, followed by striking electrocardiographic changes 
consisting of sinus pauses, a shifting sinus pacemaker, nodal 
escape beats, brief runs of atrial fibrillation, multifocal ven-
tricular premature contractions, ventricular premature con-
tractions, ventricular tachycardia, and ST-T wave changes. 
Atropine or bilateral vagal nerve section abolished all ectopic 
atrial and ventricular rhythm abnormalities but did not alter 
the sinus tachycardia. Propranolol abolished the tachycardia 
and ST-T wave changes. The investigators of the study con-
cluded that the initial response to spinal cord compression, 
characterized by the marked sympathetic discharge, elicited 
a secondary, compensatory, parasympathetic discharge. The 
resulting autonomic imbalance was responsible for the car-
diac dysrhythmias observed.

In a clinical report investigating the incidence of cardiovas-
cular abnormalities in 71 consecutive patients with acute SCI 
who were classified as having severe cervical SCI, mild cervi-
cal SCI, or thoracolumbar SCI,143 persistent bradycardia was 
observed in all 31 patients with severe acute cervical SCI, in 6 
of 17 (35.3%) patients with mild cervical SCI, and in 3 of 23 
(13%) patients with thoracolumbar injury. Primary cardiac 
arrest requiring cardiopulmonary resuscitation occurred in 
16% of the 31 patients with severe cervical SCI. The frequency 
of bradydysrhythmias was maximal on day 4 after injury, with 
all abnormalities resolving over a 14-day to 6-week period. 
The researchers proposed that the cardiac abnormalities were 
caused by an acute autonomic imbalance resulting from a dis-
ruption of sympathetic pathways while the parasympathetic 
influences via the vagus nerve remain undisturbed. In patients 
with chronic SCI, the risk of cardiac dysrhythmias decreases 
with time from injury and eventually disappears.

gaSTroinTeSTinal SySTem

Gastrointestinal complications are seen in up to 11% of patients 
after SCI; they consist of ileus, gastric distention, peptic ulcer 
disease, and pancreatitis.149 Excessive gastric dilation may 
occur after acute SCI, resulting in gastric distention that put the 
patient at risk for regurgitation and aspiration. In addition, gas-
tric distention may cause upward pressure on the diaphragm, 
adversely affecting ventilation. Insertion of a nasogastric tube 
may help in limiting distention, reducing the risk of regurgita-
tion and minimizing adverse effects on the diaphragm and pul-
monary system. Gastric emptying rates may also be decreased 
in patients with SCI, and patients should always be considered 
to be at an increased risk of gastric regurgitation.

The incidences of gastritis, ulceration, and hemorrhage are 
increased after SCI, particularly in patients requiring mechan-
ical ventilation and those in whom high-dose corticosteroids 
have been administered. Preventive techniques that have 
been demonstrated to be effective include antacids, H2 block-
ers, sucralfate, proton pump inhibitors, and enteral feedings. 
In general, therapy with either H2 blockers or proton pump 
inhibitors should be instituted as prophylactic treatment 
upon admission and continued for 4 weeks.150 Minimal ben-
efits are to be expected in continuing treatment beyond this 
period unless specific indications exist.

Other diseases that may be seen in SCI are pancreatitis, 
acalculous cholecystitis, and occult acute abdomen. A high 
index of suspicion for acute abdomen is necessary because 
patients with SCI may not demonstrate the usual signs and 
symptoms (fever, tachycardia, pain). Patients with SCI char-
acteristically have elevated metabolic rates and are catabolic 
early; therefore early nutritional supplementation is advised.

geniTourinary SySTem

During the acute stages of SCI, the bladder is flaccid. Insertion 
of an indwelling urinary catheter (Foley catheter) facilitates 
bladder emptying and allows accurate recording of urinary 
output. Bladder flaccidity is followed by bladder spasticity. 
The abnormalities with bladder emptying predispose the 
patient to persistent urinary problems, which include recur-
rent urinary tract infections, bladder stones, nephrocalcinosis, 
and recurrent bouts of urosepsis.

TemPeraTure conTrol

The body temperatures of patients with complete SCI tend to 
approach that of the environment because of the inability to 
conserve heat in cold environments by vasoconstriction or to 
sweat in hot ambient conditions. Consequently, such patients 
are prone to hypothermia in situations in which the ambient 
temperatures are lower than normal body temperature.

coagulaTion

Deep vein thrombosis (DVT) has been reported to occur in 
40% to 100% of patients with acute SCI.151-154 Other risk 
factors for DVT include advanced age, a concomitant lower 
extremity fracture, and lack of or delay in thromboprophy-
laxis.154 Pulmonary embolism occurs in 0.5% to 4.6% of 
patients with SCI151,156,157 and is the third leading cause of 
death in such patients.154 Pulmonary embolism occurs more 
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 often with complete SCI and thoracic injury. The diagnosis of 

DVT or pulmonary embolism is made from clinical suspicion 
combined with support from a variety of diagnostic meth-
ods, including D-dimer levels, venography, color flow duplex 
imaging (CFDI), CT angiography, and pulmonary angiogra-
phy. The high incidence of DVT in patients with SCI neces-
sitates the institution of prophylactic treatment as soon after 
injury as is possible (i.e., 72 hours), which should be contin-
ued for a minimum of 3 months. With an effective treatment 
plan, the occurrence of DVT can be decreased to 5%. Consen-
sus guidelines on the prevention of DVT in patients with SCI 
have been published and serve to guide therapy.155

hyPerreflexic SyndromeS

Hyperreflexic syndromes are muscle spasms caused by hyper-
active spinal reflexes without the tempering effect of modulat-
ing cortical, brainstem, and cerebellar influences. This “mass 
reflex” may make the management of the unanesthetized 
patient difficult.

Autonomic  Hyperreflexia.  Autonomic hyperreflexia, 
which occurs in 85% of patients with spinal cord transections 
above T5 in whom the splanchnic outflow remains intact, is 
secondary to autonomic vascular reflexes, which usually begin 
to appear about 2 to 3 weeks after injury. Afferent impulses 
originating from bladder or bowel distention, childbirth, 
manipulations of the urinary tract, or surgical stimulation are 
transmitted along the pelvic, pudendal, or hypogastric nerves 
to the isolated spinal cord and elicit a massive sympathetic 
response from the adrenal medulla and sympathetic nervous 
system, which is no longer modulated by the normal inhibi-
tory impulses arising from the brainstem and hypothalamus. 
Vasoconstriction occurs below the lesion; reflex activity of 
carotid and aortic baroreceptors produces vasodilation above 
the lesion, which is often accompanied by bradycardia, ven-
tricular dysrhythmias, and even heart block. The hypertension 
may be treated with direct-acting vasodilators (e.g., sodium 
nitroprusside), β-blocking agents (e.g., esmolol), combina-
tion β-blockers (e.g., labetalol), calcium channel blocking 
agents (nicardipine), or ganglionic blocking agents (e.g., 

 trimethaphan). Sedation or topical anesthesia does not appear 
to attenuate the hypertensive response, but deep general, epi-
dural, or spinal anesthesia is effective.

infecTionS

Infections, the leading cause of death in patients with SCI, 
include pneumonia and urosepsis. A high index of suspi-
cion must be maintained at all times, and appropriate clinical 
examinations and testing must be performed routinely.

PreSSure ulcerS

Decubitus pressure ulcers readily develop in paralyzed patients 
as a result of direct pressure effects, reduced tissue perfusion, 
and limited mobility. The use of rotational beds, frequent 
patient turning, good skin care, foam padding of bony promi-
nences, or air floatation beds can help prevent pressure ulcers. 
If a pressure ulcer is identified, early care is essential in healing.

long-Term immobilizaTion

Prolonged immobilization predisposes patients to altered cal-
cium metabolism, resulting in painful heterotopic ossification 
and calcification of muscles as well as joint immobility. Early 
institution of active physical therapy is essential to limit joint 
immobility. Inactivity may lead to osteoporosis with hypercal-
cemia, resulting in nephrocalcinosis and secondary renal fail-
ure. Late mobilization of the patient may result in pathologic 
fractures.

neurologic SySTem

Ten percent of patients with traumatic quadriplegia have 
combined head injury.158 Following care and treatment of the 
patient with acute SCI, chronic medical issues arise, present-
ing further challenges for the medical care team, including 
particular relevance for perioperative management.

Summary

A synopsis of medical problems in the patient with chronic 
SCI can be found in Table 20-7. The perioperative care of 
the patient with acute SCI represents a complex challenge for 
Table 20–7 Summary of Medical Problems in Patients with Chronic Spinal Cord Injury (SCI)

System Abnormality Relevant Comment

Cardiovascular Autonomic hyperreflexia, decreased 
blood volume, orthostatic hypotension

Patient is susceptible to hypertensive crisis if SCI level is 
above T5; positional changes and intrathoracic pressure 
may cause hypotension

Respiratory Muscle weakness, decreased respiratory 
drive, decreased cough

Patient is susceptible to postoperative pneumonia and may 
be  difficult to wean from mechanical ventilation

Muscular Proliferation of acetylcholine receptors, 
spasticity

Hyperkalemia from succinylcholine

Genitourinary Recurrent urinary tract infections,  
altered bladder emptying

May lead to renal insufficiency, pyelonephritis, sepsis, or 
 amyloidosis

Gastrointestinal Gastroparesis, ileus Patient is susceptible to aspiration

Immunologic Urinary tract infection, pneumonia, 
 decubitus ulcers

Watch for subtle signs of infection and sepsis; questionable 
risk of seeding of an infection from invasive monitoring

Skin Decubitus ulcers Prevention

Hematologic Anemia, risk of deep vein thrombosis  
(DVT) or pulmonary embolism

DVT prophylaxis

Bone Bone density Osteoporosis, hypercalcemia, heterotopic ossification,  
and muscle calcification

Central nervous system Chronic pain Perioperative pain can be difficult to manage
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anesthesiologists. A fundamental knowledge of the initial neu-
rologic assessment and acute medical management strategies 
will facilitate the limitation of further neurologic deteriora-
tion (Box 20-6).

ANESTHETIC CONSIDERATIONS 
IN SPINAL SURGERY

Preoperative Evaluation and Preparation

General

Preoperative considerations derive from the overall medi-
cal condition of the patient and the specific procedure that is 
planned. Patients presenting for surgery of the spine may man-
ifest peripheral neuropathy, paraplegia, or spine  instability, 
each with its attendant complications and anesthetic consid-
erations. A comprehensive and coordinated anesthetic plan 
involving the surgeon and anesthesiologist that addresses the 

need for neurophysiologic or invasive monitoring (or both), 
the optimal approach to securing the airway, patient position-
ing, fluid requirements, special maneuvers such as an intra-
operative “wake-up” test, and timing of extubation must be 
formulated in advance.

Airway Evaluation

The airway of the patient presenting for elective spinal surgery 
under general anesthesia requires meticulous evaluation, per-
haps more so than for any other operation. Particular atten-
tion should be paid to the range of motion of the neck and to 
the presence of any neurologic symptoms or pain during such 
movement.

The initial airway assessment is made by means of a gen-
eral survey of the patient’s head and neck. Obvious problems 
such as morbid obesity, short neck, cervical collars, and any 
 breathing difficulties (e.g., stridor) should be noted. The pres-
ence of any craniofacial abnormalities may suggest a poten-
tially difficult airway. The presence of a full beard may make 
mask ventilation more difficult. Mouth opening, a function of 
73
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BOX 20–6 �Summary�of�Medical�Management�Guidelines�for�Acute�SCI

Important General Points

 •  Any patient sustaining traumatic injuries resulting in significant head or facial injuries, severe penetrating injuries in proximity to the spine, 
multiple blunt trauma, crush injuries, or significant acceleration or deceleration injuries should be suspected of having an unstable spinal  
injury (SCI).

 •  Spinal injuries may occur at multiple levels. Immobilization of the head and neck should be performed until a spinal injury is excluded.

Initial Management Points

 •  Initial management involves limiting any further injury to the spine and spinal cord through careful immobilization of the spine. This is best 
accomplished initially by placing the patient on a spinal board with the neck in a neutral or slightly extended position, immobilizing the neck 
by placing sandbags on either side of the head, and securing the head to the spinal board by placing 3-inch adhesive tape over the forehead and 
attaching it to either side of the spinal board. A cervical collar also may be used but provides no further spinal protection.

 •  Respiratory failure should be identified rapidly, and any patient with obvious signs of respiratory distress, such as cyanosis, apnea, severe para-
doxic breathing pattern, or airway obstruction, should have an oral airway placed with assisted or positive-pressure ventilation. This should be 
followed with endotracheal intubation via either an orotracheal or nasotracheal route stressing in-line manual immobilization (not traction).  
If endotracheal intubation is difficult and the patient is deteriorating, a laryngeal mask airway should be temporarily inserted until an emer-
gency cricothyrotomy or tracheostomy can be performed.

 •  Hemodynamic instability is common in SCI because of the sympathectomy with resulting venous pooling. Hypotension should be identi-
fied and treated first with vasopressors, if needed, until further hemodynamic monitoring can guide therapy. As autoregulatory ability is lost 
after spinal cord injury, aggressive blood pressure control is essential with the goal of maintaining the blood pressure in the normal to slightly 
increased range (i.e., mean arterial pressure of ≥85 mm Hg). Patients with SCI are susceptible to fluid overload and pulmonary edema; thus 
indiscriminate administration of fluids for blood pressure support should be avoided. It is always important to consider hemorrhagic shock as 
the cause of hypotension and rule it out by appropriate examination and testing.

 •  Bradycardia is nearly universal in high spinal cord injuries and should be treated with atropine if associated with hypotension. Occasionally, a 
temporary pacemaker is needed.

 •  Gastric atony resulting in significant gastric distention is common in patients with SCI; thus a nasogastric tube for decompression is indicated 
early on to decrease the chances of regurgitation and to facilitate oxygenation.

 •  A physical examination, including a pointed neurologic examination, should focus on the patient’s mental status, motor and sensory function 
(pinprick and light touch), and rectal tone. Frequent repeat neurologic examinations should be performed to detect deterioration in neuro-
logic status. Following the new international standard for neurologic examination of the spinal cord–injured patient (American Spinal Injury 
 Association grades and motor sensory scores) is important.

 •  Radiologic examination of the patient with potential spine injury should be carried out expeditiously. A three-view radiographic series of films 
including a cross-table lateral (with visualization of C7-T1) anteroposterior (AP) and odontoid (open mouth) views of the cervical spine are 
mandatory. Additional lateral and AP films of the thoracic and lumbar spines are indicated for multiple trauma patients with a history and 
physical examination suggestive of thoracolumbar injury. Computed tomography scans may be ordered early on to further identify bony spinal 
injuries, including spinal canal encroachment, facet joint dislocations, and occipital-C1 and C7-T1 vertebral injuries. Magnetic resonance imag-
ing is often carried out after the initial stabilization of the patient and is superior for visualizing spinal cord parenchyma, longitudinal ligaments, 
nerve roots, and intervertebral disks.

 •  Steroid therapy is a treatment option in patients with neurologic abnormalities after acute spinal injury. The protocol involves an intravenous 
bolus of methylprednisolone of 30 mg/kg over 15 minutes followed 45 minutes later by either a 23-hour intravenous infusion of 5.4 mg/ kg/hr 
if therapy is started within 3 hours of SCI, or a 47-hour infusion if therapy is started between 3 and 8 hours after SCI. Recent recommendations 
consider the use of steroid therapy following acute SCI to be a treatment option, rather than a standard of therapy.

 •  Closed reduction of spinal dislocations using various traction devices is attempted as soon as the initial examination and radiologic testing are 
completed.
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 the temporomandibular joint, should be assessed. The extent 

of mouth opening is often related to the ease of laryngoscopy. 
Limited mouth opening can make visualization of any laryn-
geal structures challenging. The presence of loose teeth should 
be noted and documented on the record. Next, the oral phar-
ynx is examined, with special notation made of the size of 
the tongue in relation to the mouth opening. During mouth 
opening, the ability to visualize the faucial pillars, soft palate, 
and base of the uvula with the tongue protruded maximally 
(Mallampati classification) has been shown to be an accurate 
predictor of difficulty with direct laryngoscopy and should be 
documented.

Patients with rheumatoid arthritis, cervical myelopathy, 
or spinal cord injury are at an increased risk for further neu-
rologic injury if a controlled approach by an experienced 
anesthesiologist is not performed. Moreover, the patient with 
moderate to severe limitation caused by mechanical or neu-
rologic restrictions should be considered for an awake intu-
bation under local anesthesia to minimize movement of the 
head and neck. If an awake intubation is considered optimal, 
a detailed discussion should take place with the patient, if pos-
sible, regarding the steps that will be required and in assuring 
the patient that care will be taken for comfort. Patients with 
only mild limitation of movement, in which a difficult intu-
bation is not anticipated, may undergo anesthesia induction 
prior to laryngoscopy, depending on the comfort level of the 
anesthesiologist. However, it should always be brought to the 
patient’s attention that the potential for further neurologic 
injury exists, and the option of performing an awake intuba-
tion should be offered.

For patients with spinal trauma who are presenting for 
elective surgery, clearance of the cervical spine to confirm sta-
bility should be performed prior to anesthesia induction. In 
the patient with cervical spine instability, the spine should be 
immobilized prior to surgery and anesthetic induction, if time 
allows. Several alternative means of intubating the trachea 
should be planned for and available in the event that airway 
management becomes difficult.

Pulmonary Evaluation

Patients presenting for spine surgery may have significant 
pulmonary disease related to the specific spine abnormality 
or to other risk factors, including smoking, obesity, asthma, 
chronic obstructive lung disease (COPD), and pulmonary 
tumor. In the evaluation of the pulmonary system, a focused 
history and physical examination are of value in eliciting evi-
dence of pulmonary disease. A chest radiograph is indicated 
for any patient undergoing thoracotomy for spine surgery or 
for any patient with the signs and symptoms of pulmonary 
disease. Arterial blood gas analysis is reasonable in any patient 
with evidence of significant pulmonary dysfunction, with spi-
nal deformity, or with morbid obesity.

Scoliosis may cause a significant restrictive lung defect. 
Pulmonary function should be optimized prior to surgical 
correction of scoliosis (or any major spine surgery), includ-
ing deep breathing and coughing exercises, discontinuation 
of tobacco use, antibiotics for any evidence of purulent spu-
tum, and optimization of breathing medications. Preoperative 
baseline spirometric tests (pre- and post-bronchodilator) and 
arterial blood gas analysis are reasonable for any patient with 
serious pulmonary disease and in individuals with advanced 
scoliosis. Upper thoracic spine surgery has a greater impact 
on postoperative pulmonary function than lower thoracic 
or lumbar spine surgery; thus, optimization of pulmonary 
 function is particularly vital for patients undergoing a planned 
upper thoracic procedure.

Cardiac Evaluation

Evaluation of the cardiac system should focus on identifica-
tion of heart disease and the stability of the disease. Many 
patients with spine abnormalities are older than 70 years and 
thus have an increased incidence of ischemic heart disease or 
the risk factors for it. A history and physical examination will 
identify most significant abnormalities. Cardiac risk assess-
ment depends on the type of surgery (low, intermediate, or 
high risk), the level of activity, and, most importantly, the 
presence of key risk factors.159

The Revised Cardiac Risk Index (RCRI)159 is now recom-
mended as part of the latest American College of Cardiology/
American Heart Association (ACC/AHA) 2007 guidelines on 
perioperative cardiovascular evaluation and care for noncar-
diac surgery.160 The RCRI factors considered most predictive 
of perioperative cardiac morbidity and mortality are major 
surgery; ischemic heart disease (myocardial infarction from 
history or electrocardiographic evidence, angina); heart fail-
ure; use of insulin therapy; cerebrovascular disease (stroke or 
transient ischemic attacks); and renal insufficiency (serum cre-
atinine >2.0 mg/dL).159 In clinically stable patients with three 
or more RCRI factors and with exercise capacity that is less 
then 4 METS or is unknown, noninvasive preoperative stress 
testing may be indicated. Otherwise, perioperative heart rate 
control with use of β-adrenergic blocking agents is sufficient.

Patients with a history of heart failure or in whom heart 
failure is suspected on the basis of the presence of cardiomeg-
aly present on chest radiograph have very high perioperative 
morbidity and mortality.161 As such, these patients should 
undergo echocardiography (if such a study has not been 
done within the past year) to better define the type of cardiac 
pathology and overall function. For patients presenting with 
uncontrolled hypertension (i.e., systolic blood pressure >180 
mm Hg and/or diastolic blood pressure >110 mm Hg) and 
known or suspected heart disease, the surgery should be post-
poned until adequate blood pressure control is obtained.

Neurologic Evaluation

Patients presenting for spinal surgery should be carefully evalu-
ated for a preexisting neurologic deficit. This assessment should 
be documented for comparison with the postoperative condi-
tion. The neurologic deficit, its duration, and its extent may 
influence other organ systems, as noted previously. If possible, 
the patient should demonstrate positions or describe condi-
tions that exacerbate his or her neurologic symptoms, so that 
precautions may be taken to avoid these movements and reduce 
any further insult. The presence of neurologic deficits may also 
alter the choice of anesthetic drugs and adjuncts, such as the use 
of muscle relaxants. Autonomic dysreflexia is likely in patients 
with SCI above T6 after 3 weeks of injury (sometimes sooner).

Laboratory Studies

The laboratory studies obtained for surgery are individualized 
to each patient. However, certain basic evaluations are appli-
cable to all patients preparing to undergo spinal operation. In 
addition, specific studies may be indicated (Box 20-7).

Pharmacology

Patients with chronic SCI may have altered pharmacoki-
netics with various medications162; such patients generally 
demonstrate an increased ratio in the size of extravascular to 
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intravascular albumin pools. Total body water is decreased, 
and body fat content is increased. However, the percentage 
of body weight that is represented by water can increase with 
extensive erosion of muscle mass.162 Endogenous creatinine 
clearance does not correlate with inulin clearance in paraple-
gics and therefore should not be used as a measure of glomer-
ular filtration.162

An important anesthetic consideration in patients with a 
preexisting neurologic deficit is the effect of succinylcholine 
on denervated muscle. Succinylcholine normally causes a 
muscular depolarization with resultant relaxation. In dener-
vated muscle, motor end plate receptors proliferate, and succi-
nylcholine then produces an exaggerated response with a very 
large release of potassium into the circulation.163 This acute 
increase in serum potassium may cause cardiac dysrhythmias, 
cardiac arrest, or death. Succinylcholine should therefore be 
avoided in these patients.163

In patients with spinal cord injury, gastrointestinal motility 
may be impaired, and thus the bioavailability of orally admin-
istered drugs that require intact postprandial gastric emptying 
to be absorbed may be reduced. Drugs that undergo biotrans-
formation and have relatively small volumes of distribution in 
the body when given as a single dose, such as lorazepam, are 
not likely to have disturbed pharmacokinetics.  Intramuscular 

BOX 20–7 �Preoperative�Laboratory�Values�
of�Interest

Basic Laboratory Values

Hematocrit
Hemoglobin level
White blood cell count
Urinalysis

Specific Laboratory Values

Blood urea nitrogen
Serum creatinine level
Serum electrolytes
Prothrombin time
Partial thromboplastin time
Fibrinogen
Platelet count
Electrocardiogram
Chest x-ray film
Arterial blood gases
Pulmonary function tests (spirometry)

Intraoperative Monitoring Techniques for Spinal Surgery

Routine Monitoring

Electrocardiography
Blood pressure measurement (non-invasive)
Pulse oximetry
End-tidal carbon dioxide
Temperature

Invasive Monitoring

Arterial blood pressure
Central venous pressure
Pulmonary artery pressure
Urine output
Cardiac output
Mixed venous oxygen saturation
Neurophysiologic monitoring
injections may have delayed absorption secondary to decreased 
blood flow in paralyzed muscles.

Patients with chronic neurologic dysfunction may be 
receiving low-dose heparin subcutaneously for prophylaxis 
against DVT. The decision to use regional anesthetic tech-
niques in this instance must be tempered by the slight risk 
of hematoma formation and spinal cord or nerve compres-
sion and injury. Finally, opioid tolerance is often present in 
patients with chronic back pain and other neurologic condi-
tions, and this possibility should be considered in the admin-
istration of perioperative opioids (i.e., larger overall doses may 
be required).

Premedication

The necessity for premedication and the drugs chosen depend 
largely on the perceived or stated level of anxiety of the 
patient, the medical condition of the patient, and aspects of 
the  operation and anesthetic that may be affected. In general, 
premedication is optional and should be prescribed at the dis-
cretion of the anesthesiologist and the patient. A small dose 
of a potent intravenous benzodiazepine may be considered 
desirable if the patient is particularly anxious, and narcotic 
analgesics may be valuable if the patient is in pain.

Airway Management for Cervical Spine Surgery

Patients with disease of the cervical spine have an increased 
incidence of difficulty with laryngoscopy, approaching 20% 
in one report.164 In particular, patients with occipito-atlanto-
axial complex disease have a higher prevalence of difficulty 
than those with disease in the subaxial (C3-C7) cervical spine. 
The best single radiographic predictor of difficulty is reduced 
separation of the posterior elements of C1 and C2 on lateral 
views,164 whereas the Mallampati classification is the best 
single clinical predictor of a difficult airway.164 For patients 
with symptomatic spinal stenosis (cervical myelopathy), ini-
tial airway management should consider the benefits of an 
awake fiberoptic intubation or induction of general anesthe-
sia with the head stabilized and intubation performed under 
fiberoptic guidance with the use of spinal cord monitoring. 
For most other patients scheduled for cervical spine surgery 
who have a reasonable range of motion, difficulty with intu-
bation is no higher than with other types of surgery. For all 
patients with cervical spine disease, documentation of a pre-
induction mental status and neurologic examination is essen-
tial to ensure that further injury has not occured during the 
intubation and positioning process.

One of the most challenging airways that anesthesiologists 
face is that of a patient with acute cervical spine injury. After 
a traumatic injury, patients who are awake, alert, and without 
neck pain or tenderness to palpation have minimal potential 
of cervical spine injury.165 However, a comatose or intoxi-
cated patient is assumed to have a cervical spine injury until 
a full diagnostic evaluation can be completed and expertly 
reviewed.165,166 Although secondary SCI resulting from airway 
management techniques is a valid concern, there are few case 
reports of neurologic injury following tracheal intubation in 
patients with unstable spine injuries.167 Indeed, it is important 
to first remember the ABCs of primary resuscitation. A patient 
with new-onset traumatic quadriplegia is likely to suffer from 
respiratory compromise secondary to diminished breathing 
mechanics, aspiration, or a concurrent head injury resulting 
in altered level of  consciousness.

Although the indications for endotracheal intubation 
are well defined and usually apparent, little agreement can 
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 be found within the current literature regarding a superior 

approach to rapidly securing the airway while avoiding fur-
ther injury in patients with acute SCI. Of more importance, 
a basic knowledge of airway maneuvers and the effects that 
such maneuvers have on craniofacial structures and cervical 
spine motion is vital to avoiding airway mishaps that may 
worsen neurologic injury.168-170 Currently, the emphasis 
in airway management has shifted from a recommenda-
tion of a specific airway technique to operator expertise and 
managing each patient on a case-specific basis, because the 
current published clinical data do not show any particular 
technique to be superior for tracheal intubation of patients 
with cervical spine injuries.171-173 Factors to consider in ini-
tial airway management of the potentially cervical spine–
injured patient include urgency of airway intervention and 
whether there is time for adequate radiographic cervical 
spine evaluation; the presence of associated facial injuries 
or soft tissue injuries of the neck that may distort the nor-
mal airway anatomy and necessitate awake or surgical air-
way management; the presence of a basilar skull fracture or 
midface fracture that would contraindicate nasal tracheal 
intubation; whether the patient is awake and cooperative 
or possibly uncooperative as a result of alcohol or drug 
use; head injury; and the expertise of the operator in the 
different airway management techniques, including direct 

 laryngoscopy, nasal intubation, fiberoptically assisted intu-
bation, and surgical airway.

Maintaining a patent airway and adequate oxygenation in 
a patient with possible cervical spine injury may require bag-
mask ventilation, an oral or nasal airway, chin lift or jaw thrust, 
and oral or nasotracheal intubation (which is often accom-
plished in a rapid-sequence manner with cricoid pressure). All 
of these modalities of airway support have the potential for 
moving the cervical spine even when a cervical collar is in place 
(Table 20-8).174-177 The classic sniffing position requires flex-
ion of the lower neck on the chest and extension of the head 
on the upper neck. The majority of cervical motion in anes-
thetized normal patients undergoing direct laryngoscopy with 
a Macintosh blade is extension produced at the occipitoatlan-
tal and atlantoaxial (C1-C2) articulations. The subaxial cervi-
cal segments (C2-C5) are displaced only minimally,174,177,179 
so the risk of direct laryngoscopy may vary with the level of 
cervical spine injury. By inference, the upper cervical spine 
is at greater risk for secondary injury with laryngoscopy than 
the lower cervical spine, where the majority of injuries occur. 
Thus, patients with unstable C1 or C2 injuries might be the 
most vulnerable to neurologic damage from atlanto-occipital 
extension. However, the manner in which motion is distrib-
uted over segments adjacent to and remote from the level of 
cervical spine injury has not been fully  studied.
Table 20–8 Airway Management Techniques and Their Effects on the Cervical Spine

Maneuver Condition Result

Laryngoscopy Normal, anesthetized  •  Extension at occipitoatlantal and C1-C2 articulations
 •  C2-C5 displaced only minimally
 •  Sniffing position-flexing lower neck on the chest and extending the 

head on the upper neck

Cadaver, C5-C6 instability  •  3-4 mm widening disk space at level of injury

Straight vs. curved 
blade

Normal, anesthetized  •  No difference in cervical spine movement

Glidescope® Normal, anesthetized  •  Overall spine movement reduced 50% at C2-C5 as compared to curved 
blade

Bullard laryngoscope Normal, anesthetized,   
in-line stabilization

 •  Overall cervical spine movement reduced at C2-C5
 •  Less extension at occipitoatlantoaxial complex but similar occiput-C-5 

extension compared with direct laryngscopy with Macintosh blade if no 
in-line stabilization

Augustine guide Normal, healthy  •  Less spine extension than with direct laryngoscopy

Rigid indirect 
 laryngoscopy

 •  Cervical spine movements less than with direct laryngoscopy
 •  Better visualization of the glottis than direct laryngoscopy

Intubating laryngeal 
mask airway

 •  Exerts high pressures against upper cervical vertebrae with insertion and 
manipulation

 •  May produce posterior displacement of upper cervical spine
 •  For insertion, C5 and superior spinal segments flexed <2°; during 

 intubation, C4 and superior segments flexed <3°; little movement  
of the spine above C3

Cricoid pressure Normal, anesthetized,   
in-line stabilization

 •  Single-handed cricoid pressure causes vertical displacement of  
neck ≈5 mm, but no spine movement

Blind nasotracheal Cadaver, C5-C6 instability  •  Up to 2 mm subluxation but no increase in disk space; intubation >5 mm 
subluxation when neck is stabilized anteriorly by hand pressure

Airway support

Chin lift/jaw thrust Cadaver, C5-C6 instability  •  >5 mm widening disk space at level of injury

Oral/nasopharyngeal Cadaver, C5-C6 instability  •  ≈2 mm widening disk space at level of injury

Mask ventilation Cadaver  •  Significant anteroposterior translation displacement with maximal 
 flexion and extension of the head
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Table 20–9 Cervical Spine Immobilization Techniques

Technique Effect on Spine Immobilization

Cervical collar, sandbags, 
backboard, head tape

 •  Very effect method of limiting flexion, extension, rotation, and lateral bending; recommended 
by the American College of Surgeons for effective C-spine immobilization; makes orotracheal 
 intubation much more difficult if left in place at time of intubation

Hard and soft collar  •  Little effect on spine immobilization; allows moderate amount of head and neck extension; does 
not effectively eliminate movement of the neck during tracheal intubation; anterior portion of 
 collar  interferes with mouth opening; increases incidence of grade III or IV laryngoscopic view; alerts 
 medical personnel to possibility of C-spine injury

Manual in-line 
 immobilization (MILI)

 •  Reduces neck movement during intubation; recommended method of reducing neck mobility during 
tracheal intubation; head held in neutral position without axial traction; better view of larynx when 
anterior aspect of collar, if present, is removed before laryngoscopy

Axial traction  •  Excessive axial traction may cause distraction and subluxation

Halo brace  •  Most rigid immobilization technique of all the spinal orthoses; highly effective for skeletal fixation 
and in limiting motion of the upper cervical spine; limits both flexion-extension and lateral  bending 
movements of the cervical spine by 96% and axial rotation by 99%; utilized in the setting of an 
unstable cervical spine; does not allow any neck movement making direct laryngoscopy very difficult; 
fiberoptic intubation is recommended (awake or after induction)
377
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A significant incidence of cord injury may occur because 
of improper immobilization of the spine after trauma.181 
However, immobilization techniques (Table 20-9) can easily 
become the primary focus in resuscitation of patients at risk 
for cervical spine injury, delaying airway assessment, mak-
ing orotracheal intubation more difficult, and endangering 
patients subjected to the risks of inadequate ventilation.182

Neck-stabilizing cervical orthotic devices, such as the 
soft and hard collars (Fig. 20-32), do not eliminate spinal 

 movement; however, these collars are commonly placed on 
patients until the cervical spine is confirmed not to be injured. 
While providing some degree of spine immobilization and 
patient comfort, such collars allow both neck flexion and 
extension and thus do little to eliminate cervical motion, par-
ticularly during laryngoscopy.176,183 Moreover, the anterior 
portion of the collar interferes with mouth opening during 
orotracheal intubation and increases the incidence of diffi-
cult laryngoscopic views.184,185 That said, the removal of these 
devices is recommended in combination with manual in-line 
immobilization (MILI), to facilitate tracheal intubation.184,185

Immobilization techniques can make laryngoscopy diffi-
cult. Cervical Collars, tape, and sandbags result in a poor view 
of the larynx (grade III or IV) on laryngoscopy in more than 
half (64%) of patients immobilized in this manner.182 MILI is a 
technique applied to patients with known or suspected cervical 
spine injury to limit movement of the head and neck during 
direct laryngoscopy or other similar procedures. It is carried out 
by having an assistant positioned at the head of the bed or just 
to the side of the patient’s head who provides immobilization 
of the head by using the fingers placed on the mastoid processes 
and the hands holding the occiput steady.169 Unfortunately, 
MILI makes direct laryngoscopy more difficult. In the absence 
of stabilization maneuvers, the glottis is best visualized with 10 
to 15 degrees of head extension; MILI reduces the typical head 
extension with laryngoscopy by about 4 to 5 degrees compared 
with no stabilization, although it is more effective than axial 
traction immobilization in limiting neck extension.186 When 
MILI is substituted for the collar, tape, and sandbags method, 
however, the laryngoscopic view is improved, mainly because 
of increased mouth opening.183,186 Indeed, MILI is associated 
with a grade 3 or 4 view in only 22% of patients, as compared 
with 64% in patients in whom collar, tape, and sandbags are 
in place.182 MILI reduces but does not totally eliminate spine 
movement during laryngoscopy.176,181-189 Fortunately, the 
amount of airway movement with MILI is small, though not 
uniformly reduced in comparison with other methods.190-192

As mentioned, all airway maneuvers cause some neck and 
cervical spine movement (see Table 20-8). Basic maneuvers, 
including the jaw thrust and chin lift, resulted in up to 5 mm 
of movement of the spine at the site of the cervical injury in a 
cadaver model with an unstable spine.174 In the same model, 
advanced maneuvers, including placement of an orotracheal 

A B

C
Figure 20–32  Cervical  orthoses.  A,  Soft  cervical  collar;  B,  Philadel-
phia-type reinforced cervical collar; C, halo brace.
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 tube using a straight or curved laryngoscope blade, an esophageal 

obturator airway, and a nasotracheal tube, produced 3 to 4 mm of 
disk space enlargement.174 Another study examining the effect of 
basic airway maneuvers on cervical spine movement in traumatic 
arrest victims noted that maximal cervical spine displacement 
was 2.93 mm for mask ventilation, 1.51 mm for oral intubation, 
and 1.20 mm for nasal intubation.193 Mask ventilation resulted in 
more cervical spine movement than the other methods. 

In a different study looking at spine motion occurring dur-
ing intubation in a cadaver model with an intact spine and 
then with intubation following creation of an unstable C1-C2 
segment,194 the use of maximum neck flexion and extension 
maneuvers (as occurs with mask ventilation) narrowed the 
space available for the spinal cord (SAC) by 1.49 mm in the 
intact spine and by 6.06 mm in the unstable spine. Chin lift 
and jaw thrust reduced the SAC by 1.09 mm and 2.47 mm, 
respectively, and had the greatest effect in narrowing the SAC. 
Oral intubation and nasal intubation narrowed the SAC by 
1.60 mm and 1.61 mm, respectively.194 The researchers con-
cluded that in an unstable C1-C2 spine injury, oral intuba-
tion had the same effect on diminution of SAC as nasotracheal 
intubation and that the chin lift/jaw thrust maneuvers caused 
the most motion and hence the greatest effect on narrowing 
the SAC in the C1-C2 unstable spine.194 Rigid indirect laryn-
goscopy is associated with less cervical spine movement and 
better glottic visualization than direct laryngoscopy, with the 
exception of the GlideScope device.

In general, cervical spine movement during laryngoscopy is 
associated with the greatest degree of movement in the upper 
cervical spine with superior rotation of the occiput and C1 
and mild inferior rotation of C3-C5. The greatest motion is 
at the atlanto-occipital and atlantoaxial joints.175 The position 
of the cervical spine below C4 remains reasonably static dur-
ing laryngoscopy.180 Maximal movement of the spine during 
laryngoscopy is typically less than 5 mm with 2 to 3 mm of 
displacement. Such movements are very small and typically 
within physiologic ranges.169 Specific blades available for 
direct laryngoscopy have minimal differences with respect to 
the effects on spine movement.175,178,180,194-198 A newer laryn-
goscopic device, the GlideScope (Verathon, Inc., Bothell, WA) 
is a video laryngoscope incorporating a digital camera in the 
tip of the blade that transmits images to a display monitor via 
a video cable. Compared with the curved Macintosh blade, 
the GlideScope improves the laryngeal view by one grade in 
normal patients wearing cervical collars.199 Furthermore, 
compared with the MacIntosh blade, the GlideScope reduces 
spinal movement by 50%, although the time to intubation is 
longer.200

Emergency Airway Management in the Cervical 
Spine–Injured Patient

For emergency situations, a variety of airway management 
plans are reasonable for patients with potential cervical spine 
injuries because no evidence shows the superiority of any indi-
vidual tracheal incubation technique.166 The urgency of inter-
vention is a primary factor in planning airway  management 
for patients with potential cervical spine injuries, as demon-
strated in a suggested management algorithm from the Amer-
ican Society of Anesthesiologists (Fig. 20-33).

Patients who need immediate airway control should ini-
tially receive oxygen by bag and mask with assisted ventila-
tion. Although all of the techniques used to relieve airway 
obstruction have the potential of displacing the cervical spine 
(see Table 20-8), oxygenation and ventilation are a higher 
 priority than the risk of neurologic injury. Direct laryngos-
copy is advocated by many writers as the method of choice for 
immediate airway control in patients with actual or potential 
cervical spine injuries, whereas others recommend that anes-
thesiologists choose the technique with which they have the 
most expertise.

If necessary, midazolam, propofol, thiopental, or etomi-
date may be used for sedation, and succinylcholine may be 
used for muscular relaxation without apparent danger of 
hyperkalemia if the injury is less than 24 hours old.163 The 
application of  single- or double-handed cricoid pressure may 
be used to reduce the risk of pulmonary aspiration of gastric 
contents.201,202 Depending on the force applied and whether 
the posterior aspect of the neck is stabilized, as in bimanual 
application of cricoid pressure, there is a risk of vertical dis-
placement of the neck.201 If direct laryngoscopy fails, the 
patient should be ventilated by mask, and a backup method 
for tracheal intubation should be attempted.

As mentioned, head and neck stabilization techniques 
increase the difficulty of direct laryngoscopy and reduce visu-
alization of the glottic structures. Moreover, facial edema 
and fractures, pharyngeal edema, and soft tissue injuries are 
common with cervical spine injuries, and fractures can cause 
hematoma and edema formation around the larynx, further 
increasing the difficulty of airway management. If laryngos-
copy or other techniques fail and mask ventilation becomes 
inadequate, the practitioner should institute the American 
Society of Anesthesiologists difficult airway algorithm (see 
Fig. 20-33). Transtracheal ventilation or cricothyroidotomy 

Apnea/respiratory
distress

Mask
ventilation

Adequate

Emergency
airway

Airway secured

Yes No

Elective
airway

Intubation in most
efficient manner

• Maintain in-line manual
  cervical immobilization
  without axial traction

• ± CT scan
• ± MRI
• ± Special views

• Oral/nasal
  airway
• Avoid jaw
  thrust /chin
  lift

ASA difficult airway algorithm
• Jet ventilation
• Cricothyroidectomy
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• Awake
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• Surgical
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Cautious
oral or nasal
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Figure 20–33  Suggested airway management algorithm for a patient 
with a suspected C-spine (cervical spine)  injury. ASA, American Society 
of Anesthesiologists; CT, computed tomography; LMA,  laryngeal mask 
airway; MRI, magnetic resonance imaging
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may be required. The role of the laryngeal mask airway (LMA) 
in the cervical spine–injured patient has not been definitively 
determined. Although the presence of a cervical collar201 or 
use of MILI of the neck196 does not appear to interfere with 
placement of the LMA, it may be more difficult to position 
properly when MILI in combination with cricoid pressure is 
used. In one study,203 not only was the LMA more difficult 
to place under these conditions, but also vocal cord identi-
fication through the LMA was not possible in many of the 
cases. This finding suggests that attempted tracheal intubation 
through the LMA, using a bougie or small endotracheal tube, 
may be extremely difficult.

If oxygenation and ventilation are initially assessed to be 
adequate, there is time to further evaluate the cervical spine 
or plan an elective method of airway management. In stable 
trauma patients with possible cervical spine injury who are 
scheduled for nonemergency surgery, the operation should 
be delayed until the cervical spine can be adequately assessed. 
If a cervical spine injury is excluded, orotracheal intubation 
should be initiated. If an unstable cervical spine injury is con-
firmed or suspected and tracheal intubation is necessary in a 
cooperative patient, an awake fiberoptic oral intubation, nasal 
intubation, or blind nasal intubation with topical anesthesia 
may be appropriate.

Awake intubation techniques are often unsuitable in trau-
matized, uncooperative patients who may be intoxicated or 
hemodynamically unstable. Controlled oral intubation by an 
experienced laryngoscopist is often used in this setting. If the 
patient is brought to the operating room in tongs and traction, 
any technique of tracheal intubation may be chosen. How-
ever, an awake fiberoptic intubation with topical anesthesia is 
a popular choice because the traction device prevents optimal 
positioning for direct laryngoscopy.

In summary, there is no evidence that any particular airway 
management technique is either safe or dangerous in a patient 
with an unstable cervical spine. Some authorities have advo-
cated that the patient with an unstable spine injury with intact 
neurologic function undergo an awake tracheal intubation, if 
that has not already been accomplished, followed by awake 
positioning to allow neurologic evaluation in the planned 
surgical position before induction of general anesthesia. How-
ever, several retrospective studies have failed to demonstrate 
a higher incidence of neurologic injury in patients with cer-
vical instability after trauma associated with intubation. The 
method for definitive airway control should be based primar-
ily on the operator’s skill and experience rather than on the 
fear of inflicting cervical cord damage. In the event that the 
patient is apneic, orotracheal intubation should be attempted 
immediately with MILI. If this approach fails or extensive 
maxillofacial injury is present, a surgical airway should be 
achieved.

Anesthesia Induction and Maintenance

Induction

Once the airway is secured, delivery of anesthesia can begin. 
Induction of anesthesia for spinal surgery carries the same con-
siderations as those for any other general  anesthesia. Concerns 
related to patient comorbidities should be addressed as appro-
priate. As previously noted, a major issue is often whether to 
induce anesthesia before or after positioning. Muscle relax-
ants should be used with consideration of the potential for a 
hyperkalemic response in the instance of succinylcholine use 
in the patient sustaining a spinal cord injury. If muscle relax-
ants are used for induction, short- acting agents are recom-
mended, allowing subsequent evoked response monitoring. 
Following intubation and securing of the endotracheal tube, 
the patient can be prepared for  positioning.

Concerns arise regarding protection of neurologic integ-
rity after prone positioning when an area of the bony spine 
is unstable and susceptible to movement during position-
ing.204 If spinal instability is located in the cervical region, the 
patient may present for surgery with a cervical collar or in a 
halo immobilization or traction device. Other clinical condi-
tions that may be present include spinal stenosis, severe root 
impingement by a disk fragment, and preexisting neurologic 
deficit. It is important that every effort be expended to keep 
the head and spine in a neutral position during the position-
ing of a patient with any of these conditions. Once the prone 
position has been attained, access to the head and endotra-
cheal tube is restricted; thus, the use of a flexible armored 
endotracheal tube is advocated to avoid the risk of the tube 
kinking, which may result in difficulty with ventilation and 
oxygenation.

Maintenance

The anesthetic technique chosen for the majority of surgi-
cal procedures on the spine should be based primarily on the 
patient’s underlying medical condition, the anticipated intra-
operative conditions, and the preference of the anesthetist. 
If neurophysiologic monitoring is planned, an awareness of 
the effects of the various anesthetic agents on neurophysi-
ologic testing is essential, and the anesthetic choices should 
be altered accordingly. Most importantly, a stable intraopera-
tive anesthetic depth is essential so that any changes in evoked 
responses can be explained appropriately. An in-depth discus-
sion of neurophysiologic monitoring techniques in the con-
text of spine surgery is discussed in detail elsewhere in this 
book and is not covered in this discussion.

In addition to planning for neurophysiologic monitor-
ing, the possibility of an intraoperative wake-up test should 
be determined before induction. If an intraoperative wake-up 
test is desired, either a total intravenous anesthesia technique 
or a balanced technique consisting of low doses of a volatile 
agent together with opioids is effective.205 With use of such 
regimens, there is an associated 25% incidence of patient 
intraoperative awareness and recall of the awakening event; 
however, the recall is not regarded as unpleasant in most 
instances.206

Anesthetic Management of Patients with Acute 
Spinal Cord Injury

The level of SCI, severity of associated injuries, and preexisting 
medical conditions are factors to consider in selecting appro-
priate anesthetic agents and monitors for patients with acute 
SCI. An acute SCI that disrupts sympathetic outflow may result 
in neurogenic shock with myocardial depression. Disruption 
of the cardioaccelerator fibers and unopposed vagal stimula-
tion may result in bradycardia, bradydysrhythmias, and atrio-
ventricular block. The loss of the peripheral  vasoconstrictive 
response to cold predisposes the patient to hypothermia; and 
positive-pressure ventilation, positioning, and anesthetic-
induced myocardial depression or  vasodilation in the operat-
ing room may increase circulatory instability, reduce systemic 
pressure, and cause deterioration in spinal cord perfusion.

The standard monitors recommended by the American 
Society of Anesthesiologists plus a urinary catheter, arterial 
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 catheter, and central venous or pulmonary artery catheter are 

characteristically used. A pulmonary artery catheter may be 
useful in guiding adequacy of fluid resuscitation in the patient 
with a high SCI and an unstable form of neurogenic shock. 
Cervical spine stabilization devices, inability to position the 
neck with lateral rotation, and possibly altered neck anatomy 
from a hematoma or neck edema may make obtaining venous 
access via the internal jugular vessels difficult and necessitate 
the use of the subclavian or femoral veins. Nasal temperature 
probes should not be placed in the patient with a basilar skull 
fracture or midface fracture.

Transesophageal echocardiography may be used to evalu-
ate intraoperative myocardial function and anatomy. How-
ever, when making the decision to use this modality, one must 
consider several factors: the potential difficulty in placing 
the probe with the cervical spine immobilized; the theoreti-
cal possibility of cervical spine movement when the relatively 
large transesophageal echocardiography probe is placed and 
moved in the esophagus to obtain views; and the potential for 
an associated esophageal injury in trauma patients with a high 
SCI. These factors raise the question of whether the cervical 
spine should always be “cleared” before such a probe is placed.

Selecting the particular anesthetic technique for operations 
on the traumatized spine with acute SCI is of less importance 
than optimizing medical management during the procedure. 
To date, no evidence has been presented that conclusively 
favors one anesthetic agent or technique over another in the 
patient with acute SCI. However, maintenance of mean arte-
rial blood pressure at or above 85 mm Hg and an adequate 
cardiac output have been shown to prevent secondary injury 
to the spinal cord.207

Optimization of cardiovascular function in patients with 
acute SCI is essential in avoiding further neurologic injury. 
Systemic arterial hypoxemia and hypotension (e.g., neuro-
genic shock) are common clinical sequelae of SCI. Loss of 
autoregulation coupled with hypotension and arterial hypox-
emia may severely diminish spinal cord perfusion and oxy-
gen delivery, leading to ischemia and secondary injury after 
the primary traumatic event. Because the inotropic and 
chronotropic effects of the sympathetic nervous system are 
attenuated or lost, such patients may be unusually sensitive 
to the myocardial depressant effects of anesthetics. Although 
α-adrenergic agents such as phenylephrine may increase sys-
temic vascular resistance and restore blood pressure, they may 
do so at the expense of increased afterload and a reduction 
in cardiac output. Some patients are unable to increase left 
ventricular stoke work in response to a fluid challenge, and 
peripheral vasoconstriction may be detrimental.

Because the diaphragm is innervated by C3 to C5, an SCI 
at this level or above produces life-threatening respiratory fail-
ure. SCI at T7 to T8 or above produces respiratory impair-
ment because abdominal and intercostal muscle strength is 
lost. With high spinal cord transection, there is a predispo-
sition to hypoxemia because of a decreased functional resid-
ual capacity, greater risk of pulmonary aspiration of gastric 
 contents secondary to impaired airway reflexes, and an inabil-
ity to effectively cough, leading to decreased ability to handle 
secretions and increased risk of pneumonia.

The incidence of pulmonary edema in the patient with 
acute SCI is increased208 and is exacerbated by fluid overload 
during resuscitation. Often, diuretic therapy or ventilation 
with positive end-expiratory pressure is required. Respira-
tory alkalosis produced by hyperventilation may depress the 
myocardium and should be avoided unless required for the 
 management of intracranial hypertension. A gradual deteri-
oration in respiratory function often occurs during the first 
few days after SCI. As a result, most patients with cervical SCI 
should remain intubated after spine surgery and should be 
transferred directly to the intensive care unit.

Spinal cord vascular responsiveness to carbon dioxide is 
abolished with severe SCI; therefore, normocapnia should be 
maintained intraoperatively. Meticulous control of intraop-
erative blood glucose levels is important, because hyperglyce-
mia in the setting of critical illness has been associated with 
a greater morbidity and mortality. The blood glucose level 
above which neurologic risk is increased is unknown and likely 
varies among individuals. Until clinical studies provide data 
with clear recommendations for intraoperative glucose man-
agement of a patient with acute SCI, the prudent approach is 
to keep intraoperative blood glucose levels below 150 mg/dL 
by the avoidance of glucose-containing intravenous solutions 
and frequent determination of blood glucose levels. Should 
the patient’s blood glucose value remain elevated, an insulin 
infusion is appropriate.

Positioning

Spine surgery typically requires that the patient be placed in 
one of three basic positions: supine, prone, or lateral decu-
bitus. Each of these positions requires special considerations 
to prevent injury. One of the most common injuries encoun-
tered with any particular position is peripheral nerve injuries. 
In general, avoidance of excessive arm abduction in the supine 
position to less than 90 degrees, positioning of the arms and 
lower extremities to avoid unnecessary pressure on nerves, 
appropriate padding of all pressure points including chest rolls 
for patients in the lateral decubitus position, neutral positions 
of the head and hips, properly functioning automated blood 
pressure equipment, and postoperative assessment for nerve 
injuries are recommended. Care should be directed to the 
avoidance of extreme head extension or rotation for opera-
tions on the cervical spine. Endotracheal tube position should 
be confirmed after positioning of the head in extension for 
anterior cervical spine surgery, because the tube may move 
proximally in this instance.

The lateral decubitus position is used for lateral approaches 
to the cervical spine, anterior approaches to the upper thoracic 
spine, and retroperitoneal approaches to the thoracolumbar 
junction and lumbar spine. In the lateral position, particular 
care must be directed to the positioning of the dependent arm 
to prevent brachial plexus injury and vascular compression; 
the use of an axillary roll is thus recommended for most pro-
cedures in the lateral position. In addition, the nondependent 
arm is usually outstretched in front of the patient and should 
be supported on a pillow or padded armrest. The head should 
be positioned in a neutral position to avoid cerebral venous 
outflow and endotracheal tube  obstruction, and it should be 
supported with a pillow or padded headrest.

The prone position is indicated for posterior spine sur-
gery and is accomplished in a variety of ways (Fig. 20-34). In 
 general, the goals of prone positioning are to:
	n	 	Provide adequate surgical exposure of the spine; this usu-

ally involves decreasing the lumbar lordotic curvature to 
increase the site of the interspinous spaces.

	n	 	Avoid abdominal compression, allow free movement of the 
abdomen, and reduce vena caval pressure, thus preventing 
vertebral venous engorgement and difficulties with bleed-
ing during surgery.
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Figure 20–34  Examples  of  achieving  the  prone  position  for  spine  surgery.  A,  Kneeling  prone;  B,  Wilson  Frame  Pad;  C,  Georgia  prone; 
D, Relton-Hall frame; E, Seated prone.
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	n	 	Avoid thoracic compression to allow easier ventilation. 

Increased airway pressure should be avoided because it 
may worsen vena caval engorgement and decrease venous 
return, which in turn may decrease cardiac output.

	n	 	Maintain normal positioning of the extremities. Compres-
sion or stretching of peripheral nerves or vasculature or 
entrapment of digits should be avoided.

	n	 	Support the head. Ocular pressure or pinching of the ears 
should be avoided.

	n	 	Provide liberal padding, thus avoiding pressure sores that 
otherwise may occur with long procedures.
Particular care must be taken when positioning the patient 

prone, particularly when there is spinal cord compromise 
or the potential for compromise. Moreover, positioning 
of patients who have a spinal deformity may be challeng-
ing because of the curvature of the spine. An adjustable 
four-posted frame operating table can be selected for such 
patients. For patients who have an unstable cervical spine and 
who are scheduled for a cervical spine operation, a halo brace 
or other immobilization technique may be necessary for spi-
nal cord protection before positioning. Patients who have 
undergone previous coronary artery bypass surgery using 
vein grafts may demonstrate electrocardiographic evidence 
of ischemia with prone positioning and anterior chest wall 
pressure.209 Attentiveness to maintaining a neutral head posi-
tion is always essential during prone positioning of a patient. 
The arms are typically placed on arm boards attached to the 
side of the table and at the level of the head; care should be 
directed to ensure that the shoulders are free and relaxed to 
avoid brachial plexus injuries and that the elbows and wrists 

are padded to prevent nerve compression (ulnar and median 
nerves). 

Complications inherent to the prone position include pres-
sure necrosis and muscle breakdown (with myoglobinuria) 
from prolonged compression of tissues during lengthy opera-
tions, peripheral nerve injuries due to overstretch or pressure, 
and blindness. Finally, postoperative visual loss is a feared 
complication of any surgical procedure performed with the 
patient in the prone position, particularly when the procedure 
is prolonged; this complication is discussed in more detail later.

Head Position

Basic principles of head positioning include avoidance of 
hyperextension, hyperflexion, and extreme rotation of the 
cervical spine. When surgery is being performed for a cervi-
cal spinal pathologic condition, these considerations are obvi-
ous. However, careful positioning of the head and cervical 
spine during operations on the thoracic and lumbar spine is 
also important. As mentioned, particular attention should be 
directed to maintaining a neutral head position when plac-
ing a patient prone. For posterior approaches to the middle 
to lower thoracic, lumbar, or sacral spine, the head is typically 
placed on soft foam or a gel pad with preconfigured cutouts 
or a horseshoe headrest that allows midline orientation of 
the face and head despite the prone position. Prior to prone 
 positioning, the eyes should be carefully protected, and plans 
should be made to avoid undue ocular pressure during sur-
gery. After turning, it is critical that the eyes be rechecked and 
documented to be free of any pressure. The nose should also 
be free from the surface of the table; otherwise pressure sores 
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 may develop. If the head is turned to one side, care must be 

exercised to avoid turning it too far and to avoid pressure on 
the ear. Hyperextension of the cervical spine is another com-
plication of the prone position that can be avoided by placing 
sufficient padding under the chest.

During operations on the anterior cervical spine, it is com-
mon for the surgeon to require traction on the head to dis-
tract the cervical vertebrae for placement of the bone graft for 
fusion. This maneuver should be performed under the direct 
supervision of the surgeon, because excessive traction may 
result in stretching and ischemic damage to the cervical cord. 
Hyperflexion during cervical laminectomy using the posterior 
approach is a common occurrence, primarily because of the 
conflict between the needs of the surgeon and the physical 
limitations on the cervical spine. To expose the posterior cer-
vical vertebrae high in the neck, the surgeon must often flex 
the head forward on the chest. This movement may put undue 
strain on the spine, but it also results in very restricted venous 
outflow from the head and face. In addition, the airway may 
be compromised by sharp bending of the tracheal tube in the 
posterior pharynx. Restriction of venous outflow from the 
face and head produces macroglossia and intracranial hyper-
tension, respectively. To prevent this complication, sufficient 
space must be retained between the anterior angle of the man-
dible and the sternal notch. This space may be ascertained by 
the comfortable placement of at least two finger-breadths in 
this space at peak inspiration after positioning.

Monitoring

Physiologic Monitoring

Surgical procedures on the spine are commonly associated 
with significant blood loss and extended operating times. 
Therefore, in addition to routine monitoring, anticipated 
hemodynamic conditions during an extensive surgery may 
require more intensive monitoring (Box 20-7).

Generally, invasive monitoring of arterial blood pressure is 
advisable for patients with deliberately induced hypotension, 
prolonged surgical procedures (>4 hours) in which moder-
ate to heavy blood loss is anticipated, significant cardiovas-
cular and renal disease, and serious pulmonary dysfunction 
or intended use of intraoperative lung isolation techniques 
in which systemic oxygenation may be problematic. Central 
venous or pulmonary artery pressure monitoring is appro-
priate for complex surgical procedures associated with large 
amounts of blood loss or fluid shifts and in any patient with 
a history of ischemic heart disease, heart failure, valvular dis-
ease, or dysrhythmias. The inability to place invasive monitors 
intraoperatively, should the need arise, may also influence the 
decision whether to place them  preoperatively.

Some debate still exists over the need to monitor patients 
for venous air embolism when surgery takes place in a posi-
tion other than the seated position.210 Air embolism may 
occur whenever the incision is elevated 5 cm or more above 
the level of the heart, and posterior spine approaches using 
the prone position result in a wound often located above that 
level. Indeed, venous air embolism has been reported during 
spine surgery, particularly in association with spine opera-
tions performed in the prone position.211-215 The incidence 
of this complication is increased further during extensive 
surgical spine procedures associated with significant blood 
loss and bony dissections. That said, an increased awareness 
and monitoring for venous air embolism is advocated in all 
instances in which the surgical site is elevated above the level 
of the heart. In such procedures, particularly when associated 
with the potential for substantial blood loss, a central venous 
catheter and direct arterial pressure monitoring, in addition to 
close monitoring of oxygenation and end-tidal carbon dioxide 
concentrations, are suggested.213,214 Neurologic monitoring is 
covered in detail elsewhere and will not be discussed here.

Fluid Management and Blood Transfusion

Fluid management in the context of spinal surgery reflects a 
balance between maintaining intravascular volume to ensure 
adequate tissue perfusion and oxygenation of vital organs, 
including the spinal cord, and avoiding the venous conges-
tion that may occur with fluid overload. Certainly, the type 
of surgery to be performed influences the approach to fluid 
replacement. Surgery involving extensive exposure of the 
spine with denuding of bone, such as scoliosis repair or exten-
sive spinal fusion and instrumentation procedures, may be 
associated with significant blood loss.216 Patients undergo-
ing such procedures typically receive large amounts of asan-
guineous fluid in addition to multiple blood products, with 
resulting longer stays in the intensive care unit.217 In patients 
undergoing revision posterior lumbar spine decompression, 
fusion, and segmental instrumentation, the number of levels 
fused and patient age appear to be the most significant factors 
predicting hospital stay, operative time, intraoperative blood 
loss, and transfusion therapy.218 As expected, patients who 
have received large amounts of fluid or blood products have 
significant tissue edema, and the safety of postoperative extu-
bation should be carefully considered before the endotracheal 
tube is removed.

Acute Normovolemic Hemodilution

Acute normovolemic hemodilution (ANH) involves the 
removal of blood from a patient immediately prior to sur-
gery. The blood is removed into a collection bag contain-
ing an anticoagulant and is stored in the operating room at 
ambient temperature until it is re-infused into the patient at 
the conclusion of the operation once the majority of blood 
loss has occurred. The blood that has been removed from the 
patient is replaced with an appropriate volume of acellular 
fluid (crystalloid or colloid) to maintain a euvolemic state. 
Surgery is thus performed with a reduced red blood cell mass 
but a normal vascular volume. The goal of ANH is to reduce 
the patient’s hematocrit to 30% prior to surgery. ANH is well 
tolerated in most patients because the reduced oxygen-carry-
ing capacity of blood is compensated for by greater cardiac 
output and enhanced venous return owing to a reduction in 
viscosity. Moreover, oxygen delivery to the tissues is unaf-
fected by hematocrit levels as low as 20%,219-221 and cardio-
vascular stability does not deteriorate until hematocrit levels 
reach 15%.222

The decision to use ANH should consider the patient’s 
underlying medical condition before the technique is imple-
mented. Recommendations for the use of ANH have been 
previously published; they emphasize the use of ANH in the 
appropriately selected patient.223 Patients who are considered 
good candidates for ANH have the following features: preop-
erative hemoglobin greater than 12 gm/dL; absence of clini-
cally significant coronary, pulmonary, renal, or liver disease; 
absence of severe hypertension; and the absence of infection 
and the risk of bacteremia. Although the efficacy of ANH in 
reducing the use of allogeneic red blood cell transfusion is 
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debated,224 a number of studies have demonstrated the useful-
ness of ANH in decreasing the use of allogeneic blood in cases 
associated with significant blood loss.224-227

Intraoperative Cell Salvage

Intraoperative cell salvage is a technique in which blood lost 
during surgery is collected via suction instruments, in which 
it is mixed with an anticoagulant (heparin or citrate) and then 
sent into a collection reservoir. The salvaged blood is subse-
quently pumped from the collection reservoir into a centri-
fuge bowl. After centrifugation, the red cell pack is washed 
with normal saline and then is pumped back into the patient, 
with a final hematocrit approaching 60%. In comparison with 
other methods of reducing allogeneic red cell transfusion, cell 
salvage offers the greatest flexibility and is the most cost effec-
tive method when blood loss is substantial (i.e., >2000 mL), as 
occurs in major reconstructive spine operations.228 The disad-
vantages are that the re-infused red cells may cause a coagu-
lopathy from residual anticoagulant and lack of coagulation 
factors or platelets. Clotting factors may need to be replaced if 
microvascular bleeding is noted in the surgical field.

Postoperative Care

Extubation

The question whether or not to extubate the patient following 
spinal surgery depends largely on the particular surgical pro-
cedure performed and the clinical condition of the patient. In 
the majority of cases involving spinal surgery, extubation may 
be performed immediately upon awakening of the patient 
after demonstration of the usual criteria for extubation. Intu-
bation may have to be maintained in certain cases of impaired 
ventilation caused by high cervical or thoracic lesions, pre-
operative pulmonary impairment, metabolic derangement, 
or persistent muscle weakness. Extubation is not necessarily 
imperative for the resumption of consciousness or ability to 
follow commands. In cases in which the operation was long 
(>6 hours) or the patient has significant facial edema, it is 
much safer to leave the patient intubated and to raise the head 
of the bed as least 45 degrees, and to extubate the patient in 
the recovery room or intensive care unit after the facial swell-
ing has diminished. Another important factor to consider in 
the assessment of readiness for extubation is to check for a 
tracheal air leak following endotracheal cuff deflation.

Postoperative Pain Control

Major surgical operations on the spine result in significant 
postoperative pain.229-236 Effective pain management is essen-
tial in order to facilitate early mobility, reduce postoperative 
pulmonary complications, shorten hospital length of stay, and 
enhance patient satisfaction. A variety of techniques are avail-
able to treat postoperative pain issues after spine surgery, with 
the particular surgical approach dictating the pain manage-
ment method. In general, cervical spine surgery is associated 
with the least amount of postoperative pain, whereas spinal 
fusion and instrumentation procedures involving the thoracic 
and lumbar spine are associated with the most significant 
postoperative pain. Techniques of pain management that have 
been used include intermittent intramuscular and intrave-
nous opioid use; continuous peripheral intravenous infusions 
of opioids; patient-controlled anesthesia (PCA) using intra-
venous opioids,229 intrathecal opioids,237-239 epidural analge-
sia (including patient-controlled epidural analgesia-PCEA) 
using only opioids, opioid-local anesthetic combinations, and 
local anesthetic infusions alone;232-235,240-241 intercostal blocks; 
paravertebral blocks; continuous wound instillation of local 
anesthetics via locally placed catheters231; non-opioid analge-
sics242; and a multimodal analgesic regimen incorporating a 
variety of these pain techniques.242 With the exception of the 
intermittent administration of opioids (intravenous, intra-
muscular), all the techniques listed have been demonstrated 
to be efficacious in reducing postoperative pain.

Complications

Complications of spinal surgery may occur intraoperatively 
or postoperatively. Intraoperative complications include car-
diac arrest from hypoxia while in the prone position and acute 
SCI from either direct trauma to the cord or distraction pres-
sure during instrumentation, pneumothorax, and hemotho-
rax. Postoperative complications include neurologic injury 
or deficit, visual loss, epidural hematoma, arachnoiditis, 
 intravascular volume deficits, anemia, coagulopathy, CSF leak 
from an intraoperative dural tear, hypoxemia from atelectasis 
or pulmonary edema, urinary retention, ileus, atelectasis or 
pneumonia, and venous thrombosis. Complications specific 
to anterior cervical procedures include dysphagia, hoarseness, 
and airway obstruction from edema or neck hematoma.

Neurologic Deficit

Neurologic deficits following spinal surgery are uncommon 
events. In particular, the incidence of complications is highest 
with scoliosis repair in which spinal fusion and instrumenta-
tion is used.243 In addition to spinal instrumentation, traction 
on the spinal cord during correction of the spinal deformity 
is a risk factor. The estimated frequency of new neurologic 
deficits after corrective scoliosis repair is less than 1%. When 
complete paralysis complicates instrumentation during scoli-
osis surgery, removal of the instrumentation, alteration of the 
corrective angle within 3 hours of discovery of the neurologic 
deficit, or both is important. With the advent of neurophysi-
ologic monitoring, neurologic deficits are now being detected 
intraoperatively, reducing the incidence of permanent injury.

Anterior Spinal Artery Syndrome

Anterior spinal artery syndrome results from anterior central 
cord ischemia in the distribution of the anterior spinal artery. 
This condition typically manifests as motor weakness that is 
greater than any sensory change244 and is due to the more 
central and ventral location of the motor tracts in the spinal 
cord, as opposed to the more dorsal and peripheral location 
of the sensory tracts. This syndrome results from obstruction 
of the feeder vessels to the anterior spinal artery, as occurs 
with aortic cross-clamping for repair of thoracolumbar aor-
tic aneurysm or coarctation of the aorta. However, ante-
rior spinal artery syndrome may also result from sustained 
 hypoperfusion,  correction of scoliosis, cervical spondylosis, 
disk herniation, and vertebral trauma. Treatment is aimed at 
relieving any existing contributory pathologic condition and 
providing general support.

Postoperative Visual Loss

Postoperative visual loss (POVL) is uncommon. The disor-
der has been reported most often following spine, cardiac, 
and head and neck operations. The reported estimates for 
blindness after spine surgery and cardiac surgery are 0.3% and 
4.5%, respectively.245,246 Most cases of POVL involve ischemic 
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 optic neuropathy, central retinal artery occlusion, or ischemic 

lesions in the cerebral cortex.247 Suggested risk factors for 
POVL in the context of cardiac surgery include advanced age, 
arteriosclerosis, prolonged bypass time, plaque-related micro-
emboli or macroemboli, postoperative anemia, and intraop-
erative hypotension.248 

The etiology of POVL has not been clearly identified. 
Although POVL has been associated with spine surgery in the 
prone position, the commonly proposed etiologies, includ-
ing increased intraocular pressure from the prone position, 
hypotension, and anemia, have not been clearly demonstrated 
as causative. A report by the American Society Task Force on 
Perioperative Blindness acknowledged that preoperative ane-
mia, hypertension, glaucoma, carotid artery disease, obesity, 
diabetes, prolonged procedures, and significant blood loss may 
be associated with perioperative visual loss.249 The important 
point is that although these disorders may be associated with 
POVL, no direct evidence of any involvement of these condi-
tions has ever been demonstrated to be clearly causative. The 
Task Force members published a practice advisory for POVL 
associated with spine surgery that should serve to guide peri-
operative management (see unnumbered box in Summary).

A retrospective analysis of 93 spine procedures in which 
POVL occurred concluded that ischemic optic neuropathy 
was the most common cause of visual loss after spine surgery, 
that most patients were previously healthy, and that blood loss 
of more than 1000 mL, anesthetic duration of greater than 6 
hours, or both was present in 96% of cases.250

In summary, POVL is uncommon after spine surgery but 
clearly may occur. That said, vision should be assessed after 
surgery once the patient is awake and alert. Any indication of 
deficit should be immediately followed by an ophthalmologic 
consultation to evaluate for possible causes. MRI should also 
be considered to evaluate for nonophthalmologic, intracranial 
causes of blindness.

Epidural Hematoma

Epidural hematomas may arise spontaneously as a result of 
a hypocoagulable state or trauma or from iatrogenic causes. 
The hematoma may exert a mass effect, with corresponding 
neuropathy, or it may be asymptomatic, as is often the case 
after the intentional epidural hematoma created as a result of 
epidural blood patching for post–dural puncture headache.

Deep Venous Thrombosis

DVT occurs with varying rates in orthopedic patients. 
Patients undergoing spine surgery appear to have a smaller 
risk of venous thromboembolism than those who have lower 
extremity surgery.155 Nonetheless, deliberate hypotension, 
hypothermia, decreased cardiac output, and hypovolemia all 
may predispose to thrombophlebitis, increasing the patient’s 
risk for this complication. A review of patient outcomes fol-
lowing lumbar spinal fusion noted a 3.7% rate of symptom-
atic DVT, with a 2.2% incidence of pulmonary embolism.19 
In patients with spine surgery who do not have DVT prophy-
laxis, the rate of DVT has been demonstrated to be as high as 
18%.227 Greater age and lumbar surgery appear to raise the 
postoperative risk for DVT.230 Other proposed risk factors are 
anterior or combined anterior-posterior surgical approaches, 
surgery for tumors, prolonged operations, and decreased 
postoperative ambulation or activity. Some form of venous 
thromboembolism prophylaxis is recommended after spine 
surgery, whether mechanical prophylaxis or pharmacologic 
therapy.
Dural Tear

Interruption of the dura mater during spinal surgery is not 
uncommon and is often a necessary part of the operation, par-
ticularly in procedures on the cord itself. It also may occur 
unintentionally, especially when the surgeon is working in an 
area of a previous operation. The tear is usually repaired with 
no further sequelae. However, a CSF leak occasionally devel-
ops, which may result in a postoperative headache, fluid col-
lections, or leaks. If drainage of CSF persists, reoperation and 
repair may be necessary.

Summary

Patients undergoing surgery on the spine or spinal cord pres-
ent a complex challenge to anesthesiologists. A fundamental 
knowledge of spine anatomy facilitates an appreciation of the 
scheduled surgical procedure and the particular approach 
used by the surgeon to complete the operation. A basic under-
standing of radiologic imaging in the context of spinal dis-
eases, and the indications for such tests, enhances awareness of 
the importance of imaging in formulating a medical and sur-
gical treatment strategy. General familiarity with the various 
surgical approaches to the spine greatly augments decisions 
about patient positions, hemodynamic monitoring, anesthetic 
choices, and the potential for perioperative complications. 
An awareness of the medical concerns related to the com-
mon surgical diseases of the spine assists the anesthesiologist 
in initiating medical discussions with the surgical team and 
also provides a degree of comfort with the appropriateness 
of the planned surgery. Spine diseases may present unique 
management challenges, such as the unstable cervical spine 
in a patient with severe rheumatoid arthritis or spinal cord 

 ANESTHESIA-RELATED ISSUES IN THE MANAGEMENT 
OF THE ACUTE SCI PATIENT UNDERGOING SURGICAL  
THERAPY

 •  Early surgical therapy of spine injuries focuses on the limitation of 
secondary spinal cord injury in patients with progressive neuro-
logic deficits due to spinal instability or in patients with the failure 
of closed reduction.

 •  Anesthetic concerns should consider a technique of securing the 
airway that limits spine movement.

 •  Manual in-line stabilization may be indicated with direct laryn-
goscopy

 •  An awake intubation may be the safest technique to limit neuro-
logic injury.

 •  Anesthetic induction and maintenance techniques should select 
anesthetic agents and doses that support blood pressure and mini-
mize cardiac depression.

 •  Hemodynamic monitoring is recommended for frequent determi-
nation of blood pressure, central venous pressure, arterial blood 
gas analysis, hemoglobin levels, and blood glucose.

 •  Meticulous attention to fluid management is essential to avoid 
fluid overload.

 •   Bradycardia is treated with appropriate chronotropic agents (i.e. 
dopamine) and hypotension is treated with fluids, to a state of 
euvolemia, and then the use of vasoactive medications with alpha 
agonist properties.

 •  Following surgery, extubation should be carefully considered 
in the context of the level of spinal injury. Patients with a spine 
injury resulting in an acute cervical SCI should be left intubated 
and transferred to the intensive care unit for further treatment.
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impingement in a patient with spinal stenosis, and a more 
complete understanding of the pathology associated with such 
diseases directly affects the delivery of anesthetic care.

An in-depth comprehension of airway management in the 
context of spine diseases is a fundamental requirement for 
every anesthesiologist. Knowledge of airway manipulations 
and their effect on subsequent spine movement is important 
to facilitate better decision-making and reduce further neuro-
logic injury, particularly in the setting of acute SCI. Following 
tracheal intubation, intraoperative anesthetic management 
of the spinal cord–injured patient should focus on maintain-
ing adequate perfusion pressure and oxygenation. Vasoactive 
agents are appropriate only after ensuring adequate volume 
status and cardiac function. In the majority of spine opera-
tions, anesthesia induction and maintenance are achieved 
using a variety of accepted techniques. In the setting of major 
spine surgery in which the potential for injury to the spinal 
cord is present (i.e., correction of spinal deformities, spinal 
stenosis, spine stabilization procedures), the use of neuro-
physiologic monitoring dictates the use of a limited number of 
acceptable anesthetic techniques. In this context, intravenous 
or balanced techniques are preferred.

Decisions regarding fluid management choices during 
spine surgery should focus more upon the maintenance of a 
euvolemic state and less upon the particular fluid type. Fluid 
overload is associated with an increase in morbidity, and thus 
invasive monitoring may be appropriate in prolonged major 
spine operations to avoid excessive fluid  administration. 
A sensible blood conservation strategy is facilitated by autol-
ogous blood predonation, lowering the transfusion triggers, 
preoperative acute normovolemic hemodilution, deliberate 
hypotension, and blood salvage techniques, whenever  possible.

Postoperative pain control is important to increase patient 
satisfaction and reduce both the overall hospital length of stay 
and health care cost. A variety of techniques is appropriate 
in the postoperative setting, and they provide excellent pain 
control if started early and continued for 2 to 4 days postop-
eratively. Epidural techniques appear particularly efficacious, 
although other strategies are effective as well. Finally, the 
avoidance and early detection of perioperative complications 
is imperative in improving surgical outcome. In particular, 
reducing the risk of postoperative visual loss through meticu-
lous attention to intraoperative detail and postoperative sur-
veillance may avoid this devastating complication.
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