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Diagnosis and Treatment of Vertebral Column Metastases
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The vertebral column is recognized as the most common site for
bony metastases in patients with systemic malignancy. Patients
with metastatic spinal tumors may present with pain, neurologic
deficit, or both. Some tumors are asymptomatic and are detected
during screening examinations. Treatment options include medi-
cal therapy, surgery, and radiation. However, diversity of patient
condition, tumor pathology, and anatomical extent of disease
complicate broad generalizations for treatment. Historically, sur-
gery was considered the most appropriate initial therapy in pa-
tients with spinal metastasis with the goal of eradication of gross
disease. However, such an aggressive approach has not been
practical for many patients. Now, operative intervention is often
palliative, with pain control and maintenance of function and
stability the major goals. Surgery is reserved for neurologic com-
promise, radiation failure, spinal instability, or uncertain diagno-
sis. Recent literature has revealed that surgical outcomes have
improved with advances in surgical technique, including refine-
ment of anterior, lateral, posterolateral, and various approaches
to the anterior spine, where most metastatic disease is located.
We review these surgical approaches for which a team of sur-
geons often is needed, including neurosurgeons and orthopedic,
general, vascular, and thoracic surgeons. Overall, a multimodality
approach is useful in caring for these patients. It is important that
clinicians are aware of the various therapeutic options and their
indications. The optimal treatment of individual patients with
spinal metastases should include consideration of their neurologic
status, anatomical extent of disease, general health, age, and
quality of life.
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BS = bone scan; CSF = cerebrospinal fluid; CT = computed tomography;
IDEM = intradural extramedullary; IM = intramedullary; MRI = magnetic
resonance imaging; PET = positron emission tomography; SPECT =
single-photon emission CT

The vertebral column is the most common site for bony
metastases, with an incidence of 30% to 70% in pa-

tients with metastatic neoplasms.1-3 Furthermore, metas-
tases are the most frequent spinal column tumor in the
United States, with approximately 18,000 new cases diag-
nosed annually.4 Breast, lung, prostate, and kidney cancers
have been the most common malignancies with secondary
spine involvement.5,6 However, in a postmortem series of
842 consecutive autopsies of patients with known meta-
static malignancy, lung cancer, breast cancer, lympho-
reticular malignancies, and myeloma accounted for 65% of

the vertebral column malignancies.7 Among patients with
cancer, 12% to 20% present initially with spinal column
metastases.8,9

ANATOMICAL LOCALIZATION
AND PATHOPHYSIOLOGY

Spinal metastases can occur in 3 locations: extradural,
intradural extramedullary (IDEM), and intramedullary
(IM). More than 98% of spinal metastases are extradural
because the dura mater provides a relative barrier for
metastatic disease; IDEM and IM disease account for less
than 1% of spinal metastatic disease.6,10 Both IDEM and
IM disease most commonly originate from drop me-
tastases in the setting of patients with either primary or
metastatic brain disease. This review focuses on extradu-
ral metastases.

Paralleling vertebral body size, metastases occur most
frequently in the lumbar spine followed by the thoracic and
then the cervical spine.11 However, thoracic lesions (70%)
are most often symptomatic due to the smaller space avail-
able for the spinal cord in this region, followed by lumbar
(20%) and cervical (10%) lesions.4,12 Eighty percent of
spinal metastases involve vertebral bodies rather than pos-
terior vertebral elements.13 Extradural metastases are be-
lieved to occur through 3 mechanisms: (1) direct local
extension into the extradural space, (2) retrograde spread
through the valveless extradural venous channels of the
spine (Batson plexus), and (3) arterial emboli with subse-
quent spread through cortical veins.14,15

PRESENTATION

The presentation of bony metastases includes bony pain,
pathologic fracture, radiculopathy, myelopathy, and pro-
gressive deformity. Spinal cord compression can occur
from fracture, tumor invasion, or progressive osteoblastic
remodeling.16 Among patients with spinal cord compres-
sion, 90% present with pain and 47% present with neuro-
logic symptoms.17-19 Symptomatic spinal cord compression
occurs in 8.5% to 20% of patients with vertebral column
metastases.20,21 Radiculopathy secondary to posterior ele-
ment involvement and subsequent nerve root impingement
also can occur. Only 11% to 34% of patients presenting
with spinal cord compression are ambulatory at diagno-
sis.22 Sensory loss occurs in 70% to 80%, paraparesis or
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TABLE 1. Brice and McKissock Classification

Grade

I Mild weakness, but able to walk
II Moderate weakness, able to move legs but not against gravity
III Severe weakness, slight residual motor and sensory function
IV No motor, sensory, or sphincter function below the lesion

paraplegia in more than 60%, and bowel and/or bladder
difficulty in 14% to 77%.23 Simple neurologic grading
scales similar to that of Brice and McKissock24 or the
Karnofsky scale25 allow clinicians to communicate clearly
and to assess clinical outcome (Table 1).

DIAGNOSIS

Initial evaluation should begin with a detailed medical
history, clinical examination, and directed laboratory tests.
Preoperative assessment and documentation of bowel/
bladder function, motor weakness, and sensory deficits are
critical to postoperative outcome assessment. Determina-
tion of general health and nutritional status is essential in
the preoperative assessment of the patient with cancer be-
cause both affect healing and infection risk. Laboratory
studies should include the following: complete blood cell
count, creatinine, electrolytes, liver function, albumin,
prealbumin, amylase, lipase, and coagulation. Electrolyte
imbalance, coagulopathy, and neutropenia should be cor-
rected. Nutritional optimization should be pursued in pa-
tients with malnutrition. Ultrasonography and computed
tomography (CT) of both the abdomen and chest may be
helpful for localizing primary neoplasms.

The imaging armamentarium available to the clinician
includes plain radiography, CT, magnetic resonance imag-
ing (MRI), myelography, radionuclide bone scan (BS),
single-photon emission CT (SPECT), and positron emis-
sion tomography (PET). In the setting of complete sub-
arachnoid block, myelography may increase the risk of
neurologic deterioration. Therefore, it is used most often in
patients who cannot undergo MRI because of implanted
devices or foreign bodies. More than 85% of patients have
multiple-level involvement if results from MRI, CT, plain
radiography, and surgery are pooled.12 Plain radiography,
CT, and MRI comprise the core imaging modalities for
patients with vertebral metastases.

Plain radiography is useful and should be obtained for
most patients. Common findings on plain radiography in-
clude vertebral body collapse, pedicle erosion, osteoblastic
and osteolytic lesions, and pathologic fracture-disloca-
tion.26,27 The disk margins usually are spared in contrast to
marked disk destruction seen in infectious processes. Bone
destruction and substantial sclerosis are reliable indicators

of metastases. However, vertebral body collapse can be
associated with nonneoplastic lesions in up to 22% of
cases.3 To be visible on plain radiography, 30% to 40% of
the bone must be eroded; therefore, lesions can be missed
on plain radiography alone.16 However, about 90% of pa-
tients with symptomatic disease have abnormal findings on
plain radiography.18,28

Contrast-enhanced MRI of the entire spinal axis is the
current standard for the diagnosis and evaluation of spinal
column metastases.29-31 Misleading sensory levels in up to
26% of patients, multiple levels of asymptomatic disease,
and the large amount of bone destruction necessary to
visualize metastases on plain radiography necessitate lib-
eral use of MRI, often of the complete spinal axis.29 With
its superior delineation of soft tissue, MRI provides unpar-
alleled imaging of paraspinal and epidural masses, multi-
level distortion of cerebrospinal fluid (CSF) spaces, and
occult metastases. However, MRI is second to CT in imag-
ing of the bony anatomy of the spine.

Tailored CT with sagittal, coronal, and 3-dimensional
reconstruction provides excellent detail of the bony
anatomy of the spine, essential to both preoperative and
intraoperative surgical planning and postoperative evalua-
tions.32-35 Also, CT angiography can visualize the vertebral
arteries in the foramen transversarium and as they enter the
cranium, which assists surgical decision making and pa-
tient safety.36,37 The patient avoids the risk of conventional
angiography. The angulation, rotation, and overall instabil-
ity of a fracture; the extent of erosion of the vertebral body,
pedicles, and posterior elements; and the degree of osteo-
blastic canal compromise are well visualized on CT.

Other imaging modalities include radionuclide BS,
SPECT, and PET, which are available at multiple institu-
tions. Although BS is the oldest technique, almost 50% of
its results are false-negative for bone metastases.38 Also,
BS does not accurately distinguish between pathologic and
nonpathologic fractures. A recent comparison of BS,
SPECT, and PET with fluorodeoxyglucose F 18 found that
PET with fluorodeoxyglucose F 18 was as accurate as
MRI.38 However, because of limited availability and re-
sources, SPECT and PET are not part of the standard
evaluation.

Either needle or open biopsy can be used to obtain tissue
for diagnosis. With serial lumbar taps, CSF cytology re-
sults are positive in up to 90% of patients with lepto-
meningeal carcinomatosis.39 In patients with an unknown
primary neoplasm, CT-guided needle biopsy is a safe and
easily performed procedure with a 70% to 95% chance of
yielding a pathologic diagnosis.40-43 In patients with com-
pressive and/or unstable lesions, progressive neurologic
deficit, and nondiagnostic needle biopsies, open biopsy or
surgical excision usually is needed. Preoperative angiogra-
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phy with embolization especially for vascular tumors, such
as renal cell carcinoma, can reduce blood loss by 50% or
more in selected patients.44

TREATMENT OF SPINAL METASTASES

Treatment options available for metastatic disease of the
spine include medical therapy, surgery, and radiation. Op-
erative intervention is most often palliative with pain con-
trol, maintenance of neurologic function, and spinal stabil-
ity as primary goals. For years, many considered surgery
the best initial therapy, with the goal of gross total resec-
tion. Realistically, such an aggressive approach requires en
bloc resection, which is not feasible in most patients. This
is because spinal cord or vital neural elements commonly
locate within the margin of the tumor. Laminectomy, the
most common procedure, has a poor track record in recent
studies,45,46 in large part due to the usual location of spinal
metastatic disease in the anterior components of the spine,
which is inaccessible via laminectomy. Subsequently, ra-
diation therapy has become the most common treatment,
with surgery reserved for salvage or adjuvant therapy. With
advances in surgical technique and surgical thinking in-
cluding refinement of anterior and lateral approaches to the
anterior spine, the location of most spine metastases, surgi-
cal outcomes have improved. Patchell et al47 showed that
patients with spinal cord compressions treated with radical
direct decompressive surgery plus postoperative radio-
therapy survived longer and regained the ability to walk
more often than patients treated with radiation alone. With
these refinements, a team of surgeons including neuro-
surgeons and orthopedic, general, vascular, and thoracic
surgeons is often needed to access, decompress, and recon-
struct the spine. In summary, treatment of individual pa-
tients with spinal metastases should include consideration
of neurologic status, general health, age, anatomical extent
of disease, and the relative sensitivity of the tumor to
radiotherapy and chemotherapy.

The mean postoperative survival of patients with symp-
tomatic spinal metastases ranges from 10 to 16.5 months,
according to previous studies.48-50 The patient’s life expec-
tancy needs to be considered before such extensive surgery
is performed.

CORTICOSTEROIDS AND BISPHOSPHONATES

Although the mechanism for improvement is not under-
stood fully, intravenous or oral corticosteroid use often
leads to improvement or resolution of neurologic symp-
toms and pain in patients with epidural spinal metastases.
Decrease in reactive vasogenic edema in the spinal cord
and nerve roots has been shown experimentally.51,52 There
is no standard dosage regimen. It has been our practice

either to start with 10 mg of dexamethasone and then taper
to 4 mg 4 times daily, or to use the spinal cord injury
protocol of a 30 mg/kg bolus followed by 5.4 mg/kg of
methylprednisolone for 23 hours before surgery.

Bisphosphonates are assuming a greater role in the treat-
ment of bony metastatic disease in the spine and axial
limbs. By preventing osteoclastic resorption of bone, these
pharmaceuticals help with both cancer pain and prevention
of fracture. Their potential to delay bony metastatic disease
is intriguing.53 Patients with breast cancer, prostate cancer,
and multiple myeloma all have shown benefit.54-56

VERTEBRAL AUGMENTATION

In patients with painful metastases without epidural com-
pression, minimally invasive surgical techniques are now
available to help alleviate their pain.  Vertebroplasty, the
injection of methylmethacrylate into the compression frac-
ture, and kyphoplasty, the injection of methylmethacrylate
into a balloon inflated in the vertebral body, are performed
increasingly in patients with epidural metastatic lesions
with good pain relief. Most of these procedures are per-
formed under biplane fluoroscopy; however, they can be
used as intraoperative adjuvants to bolster fusions or to
treat painful levels without epidural compression.
Kyphoplasty in selected patients can lead to restoration of
vertebral body height. More than 80% of patients experience
significant pain relief, leading to greater mobilization.57,58

Major complications include extravasation of contrast into
the canal with nerve root or spinal cord compression and
leakage of cement into large venous fistulas, leading to
pulmonary embolus. The latter can be minimized with
preinjection venography and potentially plugging of the fis-
tula with absorbable gelatin sponge. The overall complica-
tion rate for both vertebroplasty and kyphoplasty is less than
10%.57,58 Vertebra plana fractures and extensive epidural
compression are the main contraindications.

RADIATION

External beam radiation is an effective treatment for many
patients with radiation-sensitive tumors including hemato-
poietic, prostate, and germ cell malignancies. In radiosensi-
tive lesions, radiation therapy alone can be successful in
more than 80% of patients.17 Overall, with radiation, more
than 30% of patients experience neurologic improvement
from epidural compression, and more than 60% gain sig-
nificant pain relief.6,22 A typical dose is 30 Gy in 10 frac-
tions. Nausea, vomiting, and radiation-induced esophagitis
are common. Delayed radiation myelopathy can occur but
is rare with modern treatment paradigms. Radiation
therapy usually is recommended postoperatively in patients
with radiosensitive tumors in whom gross or microscopic
disease remains after surgery.
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Stereotactic radiosurgery has substantially enhanced
treatment of patients with intracranial metastases. New
stereotactic systems have been designed that can target
lesions in the body and spine.  Pain relief and actual shrink-
age of epidural tumors with improved neurologic function
have been documented in some series.59,60 Dosing plans and
appropriate patient selection are still not defined.

SURGICAL TREATMENT

The need to access the spine to obtain a diagnosis, to
decompress neural elements, or to stabilize and/or recon-
struct the spine are indications for surgery. The goals of
surgery are to decrease pain, to preserve or to improve
neurologic function, and to mobilize the patient without
lifelong external orthosis. Many surgical strategies are used

to treat spinal metastatic disease. The approach depends on
the location of the tumor and the surgical goal. Currently,
technical advances allow resection of tumors at all levels of
the spinal column (Figures 1-9). Options differ regarding
timing, surgical approach, and reconstruction.

A major goal of surgery is to restore stability to the
spine. A widely used and easily applied clinical scale of
spinal stability is a 3-column concept proposed by Denis61

for assessing traumatic fractures. The anterior column in-
cludes the anterior longitudinal ligament, anterior half of
the annulus, and anterior half of the vertebral body. The
middle column includes the posterior half of the vertebral
body, the posterior annulus, and the posterior longitudinal
ligament. The posterior column includes the posterior ele-
ments and ligaments. In general, disruption of 2 or more
columns will render the spine unstable. Even with this clear
categorization, determination of stability is not always
straightforward. Furthermore, there is no consensus regard-
ing what constitutes instability except in obvious cases of
fracture-dislocations, translational instability, or notable
kyphosis. Kostuik and Smith,62 Siegal and Siegal,63 and
Harms64 have all devised criteria to assess spinal stability
in patients with tumors of the spine. Five of the common
threads in these studies include (1) anterior and middle
column involvement or more than 50% collapse of verte-
bral body height, (2) middle and posterior column in-
volvement or shearing deformity, (3) 3-column involve-
ment, (4) involvement of the same column in 2 or more
adjacent vertebrae, and (5) iatrogenic, including laminec-
tomy to treat anterior or middle column disease and resec-
tion of more than 50% of the cut surface of the vertebral
body.

The spine is a load-sharing system with 80% to 90% of
the axial load bearing absorbed by the vertebral bodies and

FIGURE 1. Positioning of the patient, skin incision line, and expo-
sure of the vertebral bodies with transection of the rib for the
posterolateral approach.

FIGURE 2. Surgical approach and skin incision line for the transoral-
transpalatopharyngeal approach.

FIGURE 3. Exposure of cervical spine via the anterior approach.
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approximately 10% to 20% through the posterior joints.
Although most tumors involve the middle and anterior
columns, anterior reconstruction alone may be insufficient
for restoring torsional stability or tensile strength because
the pedicles and joint may be involved. After radical resec-
tion of a metastatic spinal tumor, anterior constructs may
be supplemented by posterior fixation.

Because most metastatic disease involves the vertebral
bodies and pedicles, it seems that all patients would require
anteroposterior fixation. However, clinical experience has
found that such extensive surgery is often unnecessary. The
rationale for surgery should be based not only on biome-
chanical considerations but also on the expected goals of
therapy and the longevity of the patient. Extensive surgery is
rarely justified in patients with limited survival. Elderly,
debilitated patients with impaired immune function, poor
nutritional status, and low bone marrow reserve are at a
much higher risk of mortality and morbidity, regardless of
surgical approach.

Emergency surgery is mandated in the setting of rapidly
progressive or advanced paraplegia or tetraplegia. Severe
and irreversible spinal cord injury will result without
prompt decompression of the thecal sac and nerve roots.
Surgical decompression is not likely to reverse complete
paralysis with a duration greater than 24 hours.

Several attempts have been made to identify clinical
prognosticators in cases of spinal metastatic disease.
Yamashita et al65 reported longer survival in patients with
spinal or pelvic lesions compared with those with appen-
dicular lesions or both. Tokuhashi et al66 proposed a scoring
system using 6 parameters to determine survival after sur-
gery for metastatic spinal tumors: general condition, num-
ber of vertebral metastases, number of metastases to in-
ternal organs, number of metastases to extraspinal bone,
primary site, and severity of spinal cord injury. Each pa-
rameter was given a score of 0 to 2. Although no individual
parameter was predictive, summed scores correlated with
survival periods. Scores of 9 or higher were predictive of

FIGURE 4. A 63-year-old man, with a history of renal cell carcinoma 9 years previously, experienced
neck pain radiating into the bilateral upper limbs on the left side more than the right for 2 weeks. The
patient had weakness in the left C7 myotome. Preoperative computed tomogram (CT) (A) shows
destruction of the C7 vertebral body and left greater than right pedicles. Axial (B) and sagittal (C) T1-
weighted magnetic resonance images with contrast show abnormally enhanced tissue circumferentially
around the C7 vertebral body in epidural space and paravertebral soft tissues, centered at the left C7
foramen. Postoperative cervical CT with reconstruction (D) and plain radiograph (E) show anterior plating
and fibular strut graft placed after C6 and C7 corpectomy via the anterior approach. Surgical specimen
was consistent with metastatic renal cell carcinoma.
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survival of at least 12 months; scores of 5 or less were
predictive of survival of less than 3 months. The authors
suggested that patients with scores of 9 or higher undergo
surgery with the primary goal of excision, whereas for
those with scores of 5 or less, palliation is the goal. Other
studies have corroborated the work of Yamashita et al but
also have found that ambulatory status, age less than 60
years, and single vertebral segment involvement were inde-
pendent predictors of good outcome.48,49,67,68 Weigel et al49

showed statistically significant correlation between the post-
operative Karnofsky scale and duration of survival. Ambula-
tory status is influenced by multiple factors including neural

compression, pain, and general systemic condition; thus, the
initial consideration of a patient for operative management
of spinal epidural disease should be multifactorial.

Posterior Approaches. Traditionally, decompressive
laminectomy has been used to relieve compression of the
spinal cord, cauda equina and nerve roots and is performed
easily in the cervical, thoracic, and lumbar spine. The
approach has undergone review and was revealed to be
beneficial in only 40% of patients.69,70 In studies comparing
combined radiotherapy and laminectomy with laminec-
tomy alone, authors found no significant difference in out-
come.71,72 In a large series, Bach et al73 reported improve-
ment rates of 46% in patients who underwent laminectomy,
35% in patients who underwent radiation, and 59% in
patients who underwent combined laminectomy and ra-
diation. Other large series have corroborated these data
with improved outcomes from laminectomy alone ranging
from 38% to 50%.69,74 Schoeggl et al75 especially analyzed
bladder/bowel dysfunction in patients who underwent de-
compressive laminectomy with partial or total tumor re-
moval. Among their patients, 56% experienced bladder or
bowel dysfunction preoperatively. In total, 18% of patients
reported improvement postoperatively, although none who
required preoperative catheterization showed improvement.

The mediocre outcomes of laminectomy are not surpris-
ing because pure posterior lesions are uncommon and the
procedure does not adequately decompress the ventral spi-
nal cord. The failure to individualize surgical approach
based on tumor location has contributed to the failure of
this traditional procedure.76 Major limitations of laminec-
tomy are inadequate access to the anterior aspect of the

FIGURE 5. Positioning of the patient, skin incision line, and expo-
sure of the thoracic vertebral bodies for the anterior transthoracic
approach.

FIGURE 6. A 67-year-old man with a history of hyperthyroidism and coronary artery disease presented with
sudden onset of interscapular back pain and gait disturbance. The patient had upper motor neuron type
weakness in bilateral lower limbs. A preoperative sagittal T2-weighted magnetic resonance image (A)
shows a T7 burst fracture associated with marked narrowing of the spinal canal (arrow); T7 corpectomy
through left thoracotomy was performed. Postoperative computed tomogram with sagittal reconstruction
(B) shows a titanium implant (Synex cage, Synthes, Inc, West Chester, Pa) in place. Postoperative plain
radiographs (C and D) show the posterior fusion from T2 through T12 performed in a second staged
operation. The pathology was metastatic renal cell carcinoma.
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spinal cord and loss of stability, which may play a role in
patients who are rapidly deteriorating neurologically and
have medical comorbidity or when there is strong suspicion
of a radiation-sensitive tumor. Through the same posterior
incision, a more lateral pediculectomy can be performed to
further decompress the spine and nerve roots with minimal
retraction on the spinal cord and nerve roots. This allows
better decompression of the anterior spinal elements than
laminectomy alone. Notable postlaminectomy kyphosis is
a potential complication in long-term survivors.

After decompression of the spinal cord and/or nerve
roots, resultant spinal instability requires instrumentation
and fusion for reconstruction of the spine. Hooks that at-
tach to the lamina, facet joints, or transverse processes and
pedicle screw systems are used for posterior instrumenta-
tion. As a general principle, posterior spinal instrumenta-
tion is attached to normal spinal elements above and below
the decompressed area to restore stability. The number of
levels and construct depend on the strength of the bone, the
quality of fixation, and the presence of additional me-
tastases within the fusion segment. Although the addition
of posterior stabilization may improve pain relief and
maintain neurologic function compared with laminectomy
alone, overall results are not ideal.

Posterolateral Approaches. Posterolateral approaches
combine the simplicity of laminectomy with the ability to
decompress the ventral aspect of the dural tube. These
approaches are useful in patients with ventral disease and
comorbidity that prevent transthoracic, transabdominal, or
retroperitoneal approaches. Costotransversectomy with re-
moval of 1 or more ribs is the only commonly performed
posterolateral approach. This approach involves removal
of the proximal rib and the transverse process to expose the
posterolateral aspects of the spine (Figure 1). It provides
adequate access to the posterolateral spine while allowing
concurrent posterior access. The anatomy of the upper and
lower thoracic spine presents unique problems.

In the upper thoracic spine, the scapula needs to be
mobilized, and the reversal of thoracic kyphosis can make
resection of tumor and vertebral bodies difficult. At T11-
12, the diaphragm progressively limits the working space.
Also, with posterolateral approaches, the working distance
can be extensive, making surgery difficult.

Anterior Approaches. Craniocervical Junction. The
craniocervical junction encompasses the foramen magnum,
the C1 and C2 vertebrae, and the structures contained
within these bony landmarks including the vertebral arter-
ies, spinal cord, lower cranial nerves, and CSF spaces.
Surgical decompression should be achieved from the same
vector as the compressive mass. If the tumor is compress-
ing the spinal cord anteriorly, an anterior or anterolateral
approach should be used.

The transoral-transpalatopharyngeal approach to the
craniocervical junction provides exposure to the ventrome-
dial spine from the midclivus to the C2-3 interspace.77-79

The tongue or palate may be split in combination with this
approach to gain more exposure (Figure 2).80,81

Another route to the upper cervical spine and clivus is
the lateral extrapharyngeal approach. This provides expo-
sure limited by the ramus of the mandible, parotid gland,
hyoid bone, hypoglossal nerve, and carotid sheath.82-84

A posterior approach provides access to the posterior
foramen magnum and extends laterally to the jugular
bulb.85-88 It combines the standard dorsal midline incision
with the lateral cerebellar approach and may include re-
moval of the mastoid process and occipital condyle.

These 3 approaches, described in detail by Menezes,79

provide circumferential exposure of the upper cervical
spine and can be combined with the subtemporal, infratem-
poral fossa, preauricular, and postauricular exposures to
access the cranial base.

Cervical Spine. The subaxial cervical spine may be
approached anteriorly via a lateral retropharyngeal ap-
proach. This corridor is commonly used in degenerative
and traumatic spinal disease. Usually, during an anterior
approach, corpectomy of the involved bone is performed.
Autologous or allogeneic bone graft and other materials
such as titanium mesh cages, carbon fiber cages, poly-
etheretherketone implants, and polymethylmethacrylate
are used to replace the excised bone. An anterior plate is
used to complete the reconstruction. Exposure usually can
be gained from C2 to approximately the T3 level (Figures 3

FIGURE 7. Positioning of the patient, skin incision line, and expo-
sure of the vertebral bodies in the thoracolumbar junction.
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and 4). The great vessels can be retracted for improved
inferior exposure and the brachiocephalic vein ligated as
necessary. Posterior instrumentation should be considered
at the cervicothoracic junction because there is a high risk
of junctional kyphosis. This is due to the transition from the
mobile cervical spine to the stiff thoracic spine.

Thoracic Spine. The use of anterior transthoracic expo-
sures has paralleled improvements in anesthesia/critical
care and surgical techniques. These advances have substan-
tially reduced the morbidity and mortality from thoracic
surgery. The midthoracic vertebral bodies are best exposed
(Figures 5 and 6). High lesions including T3-4 are usually
approached from the right as the aortic arch can limit left-
sided visualization. However, T5-10 is generally ap-
proached from the left because the liver is difficult to
mobilize. In an excellent case series of transthoracic verte-
brectomy for metastatic spinal tumors, Gokaslan et al4

reported that postoperatively, 17 of 33 ambulating but
weak patients (52%) regained normal strength, 10 of 13
nonambulatory patients (77%) could walk, and 60 of 65
patients (92%) experienced significant improvement in
pain. The 30-day mortality rate was 3% with a 1-year
survival of 62%.

After tumor exposure and resection, usually a structural
allograft or a vertebral bony replacement device and a
plate are used to replace the vertebrectomy-removed de-
fect. The aorta, subclavian artery, esophagus, inferior vena
cava, thoracic duct, and azygous vein are all at risk of in-

jury in this exposure. Chest tube drainage is routine after
such surgery.

Thoracolumbar Junction. The thoracolumbar junction
provides a challenge to anterior spinal exposure. Opening
of the thorax and abdomen adds considerably to patient
morbidity. Similar to the anterior thoracic approach, the
patient is placed in the lateral decubitus position, and a
thoracotomy incision is made over the lower thoracic ribs.
The intrathoracic exposure is identical to that of the ante-
rior thoracic approach, but now the diaphragm is divided
to expose the upper 2 lumbar levels. This additional ex-
posure places the kidneys, ureters, spleen, sympathetic
trunk, and intra-abdominal contents at potential risk. All
patients should be expected to have an ileus postopera-
tively (Figure 7).

Lumbar Spine. Anterolateral retroperitoneal approaches
through variations of oblique incisions from the 12th rib to
the lower abdomen can be used to approach the upper
lumbar spine. However, these approaches, although less
morbid for higher-risk patients, provide limited exposure
for tumor resection and reconstruction compared with
paramedian incisions around the rectus muscle. By using a
paramedian incision, both transperitoneal and retroperito-
neal exposures can be undertaken. Generally, we prefer the
retroperitoneal approach because it provides greater pro-
tection for the intra-abdominal contents. With a retroperito-
neal approach, the intra-abdominal contents and the hypo-
gastric plexus can be mobilized as a unit. After exposure of
the appropriate vertebral level, tumor resection and recon-
struction can begin (Figures 8 and 9).

Complications of surgery include damage to the great
vessels, ureters and intra-abdominal contents. Also, urogeni-
tal complications, such as retrograde ejaculation, due to
sympathetic injury are well described.89 As with thoraco-
abdominal exposure, damage to the anterior spinal artery can
occur with anterior approaches. There are areas of limited
blood supply to the anterior spinal cord at the upper and
lower cervical and throughout the thoracic spine. The artery
of Adamkiewicz, the largest radiculomedullary artery sup-
plying the inferior thoracic cord, generally branches from the
left side between T8 and L2. However, this complication has
been described only in scoliosis surgery.90

CONCLUSIONS

No prospective studies guide the modern treatment of spi-
nal epidural metastases.  It is difficult to generalize regard-
ing outcome with the diversity of surgical approaches,
decompressive and reconstructive techniques, patient vari-
ables, and tumor pathology. However, it is clear from large
modern series that more than 90% of well-selected patients
receive pain relief and that more than 50% experience

FIGURE 8. Skin incision lines for various approaches including the
retroperitoneal and transperitoneal approaches to expose the upper
lumbar spine.
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FIGURE 9. Positioning of the patient, skin incision line, and expo-
sure of the lumbar vertebral bodies for the retroperitoneal approach.

significant neurologic recovery.91-93 Patient selection is
critical to good surgical outcome. Rapid neurologic decline
is a poor prognostic indicator. Patients who experience
progressive neurologic deficits over a 24-hour period have
a 28% to 35% chance of permanent paraplegia, whereas
approximately 60% to 76% of those with slowly evolving
deficits regain ambulatory function. Overall, prognosis
is directly related to neoplastic type, spinal location, and
extent of systemic involvement. The patient’s preopera-
tive functional status and level of activity correlate directly
with postoperative outcome.45 Multimodality therapy with
vertebroplasty/kyphoplasty, stereotactic radiosurgery, bis-
phosphonates, and other pharmacological therapies and a
team approach to the operative and nonoperative care of pa-
tients with spinal metastases will lead to better outcomes.

We are indebted to John V. Hagen for his expert preparation of
the figures.

REFERENCES
1. Boland PJ, Lane JM, Sundaresan N. Metastatic disease of the spine. Clin

Orthop Relat Res. 1982;169:95-102.
2. Harrington KD. Metastatic disease of the spine. J Bone Joint Surg Am.

1986;68:1110-1115.
3. Wong DA, Fornasier VL, MacNab I. Spinal metastases: the obvious, the

occult, and the impostors. Spine. 1990;15:1-4.
4. Gokaslan ZL, York JE, Walsh GL, et al. Transthoracic vertebrectomy for

metastatic spinal tumors. J Neurosurg. 1998;89:599-609.
5. Healey JH, Brown HK. Complications of bone metastases: surgical

management. Cancer. 2000;88(12, suppl):2940-2951.
6. Jacobs WB, Perrin RG. Evaluation and treatment of spinal metastases: an

overview. Neurosurg Focus. December 2001;11(article 1):1-11.
7. Ortiz Gomez JA. The incidence of vertebral body metastases. Int Orthop.

1995;19:309-311.
8. Schick U, Marquardt G, Lorenz R. Intradural and extradural spinal

metastases. Neurosurg Rev. 2001;24:1-5.
9. Schiff D, O’Neill BP, Wang CH, O’Fallon JR. Neuroimaging and treat-

ment implications of patients with multiple epidural spinal metastases. Cancer.
1998;83:1593-1601.

10. Perrin RG, Livingston KE, Aarabi B. Intradural extramedullary spinal
metastasis: a report of 10 cases. J Neurosurg. 1982;56:835-837.

11. Nottebaert M, von Hochstetter AR, Exner GU, Schreiber A. Metastatic
carcinoma of the spine: a study of 92 cases. Int Orthop. 1987;11:345-348.

12. Grant R, Papadopoulos SM, Greenberg HS. Metastatic epidural spinal
cord compression. Neurol Clin. 1991;9:825-841.

13. Perrin RG, McBroom RJ. Anterior versus posterior decompression for
symptomatic spinal metastasis. Can J Neurol Sci. 1987;14:75-80.

14. Arguello F, Baggs RB, Duerst RE, Johnstone L, McQueen K, Frantz CN.
Pathogenesis of vertebral metastasis and epidural spinal cord compression.
Cancer. 1990;65:98-106.

15. Batson OV. The function of the vertebral veins and their role in the
spread of metastases. Ann Surg. 1940;112:138-149.

16. Heary RF, Bono CM. Metastatic spinal tumors. Neurosurg Focus. De-
cember 2001;11(article 10):1-9.

17. Janjan NA. Radiotherapeutic management of spinal metastases. J Pain
Symptom Manage. 1996;11:47-56.

18. Stark RJ, Henson RA, Evans SJ. Spinal metastases: a retrospective
survey from a general hospital. Brain. 1982;105(pt 1):189-213.

19. Sundaresan N, Galicich JH, Lane JM, Bains MS, McCormack P. Treat-
ment of neoplastic epidural cord compression by vertebral body resection and
stabilization. J Neurosurg. 1985;63:676-684.

20. Domchek SM, Younger J, Finkelstein DM, Seiden MV. Predictors of
skeletal complications in patients with metastatic breast carcinoma. Cancer.
2000;89:363-368.

21. Schaberg J, Gainor BJ. A profile of metastatic carcinoma of the spine.
Spine. 1985;10:19-20.

22. Janjan NA. Radiation for bone metastases: conventional techniques and
the role of systemic radiopharmaceuticals. Cancer. 1997;80(8, suppl):1628-
1645.

23. Boogerd W, van der Sande JJ. Diagnosis and treatment of spinal cord
compression in malignant disease. Cancer Treat Rev. 1993;19:129-150.

24. Brice J, McKissock W. Surgical treatment of malignant extradural spinal
tumours. BMJ. 1965;1:1341-1344.

25. Karnofsky DA, Burchenal JH. Clinical evaluation of chemotherapeutic
agents in cancer. In: Macleod CM, ed. Evaluation of Chemotherapeutic Agents.
New York, NY: Columbia University Press; 1949:191.

26. Algra PR, Heimans JJ, Valk J, Nauta JJ, Lachniet M, Van Kooten B. Do
metastases in vertebrae begin in the body or the pedicles? imaging study in 45
patients. AJR Am J Roentgenol. 1992;158:1275-1279.

27. Asdourian PL, Weidenbaum M, DeWald RL, Hammerberg KW,
Ramsey RG. The pattern of vertebral involvement in metastatic vertebral
breast cancer. Clin Orthop Relat Res. 1990;250:164-170.

28. Rodichok LD, Harper GR, Ruckdeschel JC, et al. Early diagnosis of
spinal epidural metastases. Am J Med. 1981;70:1181-1188.

29. Cook AM, Lau TN, Tomlinson MJ, Vaidya M, Wakeley CJ, Goddard P.
Magnetic resonance imaging of the whole spine in suspected malignant spinal
cord compression: impact on management. Clin Oncol (R Coll Radiol). 1998;
10:39-43.

30. Loughrey GJ, Collins CD, Todd SM, Brown NM, Johnson RJ. Magnetic
resonance imaging in the management of suspected spinal canal disease in
patients with known malignancy. Clin Radiol. 2000;55:849-855.

31. Williams MP, Cherryman GR, Husband JE. Magnetic resonance imag-
ing in suspected metastatic spinal cord compression. Clin Radiol. 1989;40:286-
290.

32. Baba H, Uchida K, Maezawa Y, Furusawa N, Wada M, Imura S. Three-
dimensional computed tomography for evaluation of cervical spinal canal
enlargement after en bloc open-door laminoplasty. Spinal Cord. 1997;35:674-
679.

33. Ohmori K, Kawaguchi Y, Kanamori M, Ishihara H, Takagi H, Kimura T.
Image-guided anterior thoracolumbar corpectomy: a report of three cases.
Spine. 2001;26:1197-1201.

34. Sawatzky BJ, Jang SB, Tredwell SJ, Black A, Reilly CW, Booth KS.
Intra-operative analysis of scoliosis surgery in 3-D. Comput Methods Biomech
Biomed Engin. 1998;1:211-221.

35. Tacke J, Klein HM, Bertalanffy H, et al. Clinical significance of three-
dimensional helical CT in neurosurgery. Minim Invasive Neurosurg. 1997;40:
30-35.

36. Murayama Y, Sakurama K, Satoh K, Nagahiro S. Identification of the
carotid artery dural ring by using three-dimensional computerized tomography
angiography: technical note. J Neurosurg. 2001;95:533-536.

37. Villavicencio AT, Gray L, Leveque JC, Fukushima T, Kureshi S, Fried-
man AH. Utility of three-dimensional computed tomographic angiography for
assessment of relationships between the vertebrobasilar system and the cranial
base. Neurosurgery. 2001;48:318-326.

38. Schirrmeister H, Glatting G, Hetzel J, et al. Prospective evaluation of the
clinical value of planar bone scans, SPECT, and 18F-labeled NaF PET in newly
diagnosed lung cancer. J Nucl Med. 2001;42:1800-1804.

39. Wasserstrom WR, Glass JP, Posner JB. Diagnosis and treatment of
leptomeningeal metastases from solid tumors: experience with 90 patients.
Cancer. 1982;49:759-772.

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.



Mayo Clin Proc.     •     September 2005;80(9):1177-1186     •     www.mayoclinicproceedings.com1186

VERTEBRAL COLUMN METASTASES

40. Kang M, Gupta S, Khandelwal N, Shankar S, Gulati M, Suri S. CT-
guided fine-needle aspiration biopsy of spinal lesions. Acta Radiol. 1999;40:
474-478.

41. Kornblum MB, Wesolowski DP, Fischgrund JS, Herkowitz HN. Com-
puted tomography-guided biopsy of the spine: a review of 103 patients. Spine.
1998;23:81-85.

42. Phadke DM, Lucas DR, Madan S. Fine-needle aspiration biopsy of
vertebral and intervertebral disc lesions: specimen adequacy, diagnostic utility,
and pitfalls. Arch Pathol Lab Med. 2001;125:1463-1468.

43. Schiff D, O’Neill BP, Suman VJ. Spinal epidural metastasis as the initial
manifestation of malignancy: clinical features and diagnostic approach. Neu-
rology. 1997;49:452-456.

44. Manke C, Bretschneider T, Lenhart M, et al. Spinal metastases from
renal cell carcinoma: effect of preoperative particle embolization on intraop-
erative blood loss. AJNR Am J Neuroradiol. 2001;22:997-1003.

45. Bednar DA, Brox WT, Viviani GR. Surgical palliation of spinal onco-
logic disease: a review and analysis of current approaches. Can J Surg. 1991;
34:129-131.

46. O’Connor MI, Currier BL. Metastatic disease of the spine. Orthopedics.
1992;15:611-620.

47. Patchell R, Tibbs PA, Regine WF, et al. A randomized trial of direct
decompressive surgical resection in the treatment of spinal cord compression
caused by metastasis. Program Proc Am Soc Clin Oncol. 2003;22:1. Abstract
2.

48. Sioutos PJ, Arbit E, Meshulam CF, Galicich JH. Spinal metastases from
solid tumors: analysis of factors affecting survival. Cancer. 1995;76:1453-
1459.

49. Weigel B, Maghsudi M, Neumann C, Kretschmer R, Muller FJ, Nerlich
M. Surgical management of symptomatic spinal metastases: postoperative
outcome and quality of life. Spine. 1999;24:2240-2246.

50. Hirabayashi H, Ebara S, Kinoshita T, et al. Clinical outcome and survival
after palliative surgery for spinal metastases: palliative surgery in spinal me-
tastases. Cancer. 2003;97:476-484.

51. Ushio Y, Posner R, Kim JH, Shapiro WR, Posner JB. Treatment of
experimental spinal cord compression caused by extradural neoplasms. J
Neurosurg. 1977;47:380-390.

52. Ushio Y, Posner R, Posner JB, Shapiro WR. Experimental spinal cord
compression by epidural neoplasm. Neurology. 1977;27:422-429.

53. Neville-Webbe HL, Holen I, Coleman RE. The anti-tumour activity of
bisphosphonates. Cancer Treat Rev. 2002;28:305-319.

54. Berenson JR. Advances in the biology and treatment of myeloma bone
disease. Semin Oncol. 2002;29(6, suppl 17):11-16.

55. Body JJ, Mancini I. Bisphosphonates for cancer patients: why, how, and
when? Support Care Cancer. 2002;10:399-407.

56. Pavlakis N, Stockler M. Bisphosphonates for breast cancer. Cochrane
Database Syst Rev. 2002;1:CD003474.

57. Fourney DR, Schomer DF, Nader R, et al. Percutaneous vertebroplasty
and kyphoplasty for painful vertebral body fractures in cancer patients. J
Neurosurg. 2003;98(1, suppl):21-30.

58. Wenger M. Vertebroplasty for metastasis. Med Oncol. 2003;20:203-
209.

59. Benzil DL, Saboori M, Mogilner AY, Rocchio R, Moorthy CR. Safety
and efficacy of stereotactic radiosurgery for tumors of the spine. J Neurosurg.
2004;101(suppl 3):413-418.

60. De Salles AA, Pedroso AG, Medin P, et al. Spinal lesions treated with
Novalis shaped beam intensity-modulated radiosurgery and stereotactic radio-
therapy. J Neurosurg. 2004;101(suppl 3):435-440.

61. Denis F. Spinal instability as defined by the three-column spine concept
in acute spinal trauma. Clin Orthop Relat Res. 1984;189:65-76.

62. Kostuik JP, Smith TJ. Pitfalls of biomechanical testing. Spine. 1991;
16:1233-1235.

63. Siegal T, Siegal T. Surgical decompression of anterior and posterior
malignant epidural tumors compressing the spinal cord: a prospective study.
Neurosurgery. 1985;17:424-432.

64. Harms J. Screw-threaded rod system in spinal fusion surgery. Spine.
1992;6(3):541-575.

65. Yamashita K, Denno K, Ueda T, et al. Prognostic significance of bone
metastases in patients with metastatic prostate cancer. Cancer. 1993;71:1297-
1302.

66. Tokuhashi Y, Matsuzaki H, Toriyama S, Kawano H, Ohsaka S. Scoring
system for the preoperative evaluation of metastatic spine tumor prognosis.
Spine. 1990;15:1110-1113.

67. Enkaoua EA, Doursounian L, Chatellier G, Mabesoone F, Aimard T,
Saillant G. Vertebral metastases: a critical appreciation of the preoperative
prognostic Tokuhashi score in a series of 71 cases. Spine. 1997;22:2293-2298.

68. Sundaresan N, Galicich JH, Bains MS, Martini N, Beattie EJ Jr. Verte-
bral body resection in the treatment of cancer involving the spine. Cancer.
1984;53:1393-1396.

69. Constans JP, de Divitiis E, Donzelli R, Spaziante R, Meder JF, Haye C.
Spinal metastases with neurological manifestations: review of 600 cases. J
Neurosurg. 1983;59:111-118.

70. Sorensen S, Borgesen SE, Rohde K, et al. Metastatic epidural spinal cord
compression: results of treatment and survival. Cancer. 1990;65:1502-1508.

71. Byrne TN. Spinal cord compression from epidural metastases. N Engl J
Med. 1992;327:614-619.

72. Young RF, Post EM, King GA. Treatment of spinal epidural metastases:
randomized prospective comparison of laminectomy and radiotherapy. J
Neurosurg. 1980;53:741-748.

73. Bach F, Larsen BH, Rohde K, et al. Metastatic spinal cord compression:
occurrence, symptoms, clinical presentations and prognosis in 398 patients
with spinal cord compression. Acta Neurochir (Wien). 1990;107:37-43.

74. Kostuik JP, Weinstein JN. Differential diagnosis and surgical treatment
of metastatic spine tumors. In: Frymoyer JW, Ducker TB, Hadler NM, Kostuik
JP, Weinstein JN, Whitecloud TS III, eds. The Adult Spine: Principles and
Practice. Vol 1. New York, NY: Raven Press; 1991:861-888.

75. Schoeggl A, Reddy M, Matula C. Neurological outcome following lami-
nectomy in spinal metastases. Spinal Cord. 2002;40:363-366.

76. Hall AJ, Mackay NN. The results of laminectomy for compression of the
cord or cauda equina by extradural malignant tumour. J Bone Joint Surg Br.
1973;55:497-505.

77. Crockard HA, Pozo JL, Ransford AO, Stevens JM, Kendall BE,
Essigman WK. Transoral decompression and posterior fusion for rheumatoid
atlanto-axial subluxation. J Bone Joint Surg Br. 1986;68:350-356.

78. Menezes AH. Anterior approaches to the craniocervical junction. Clin
Neurosurg. 1991;37:756-769.

79. Menezes AH. Ventral exposures of the upper cervical spine. In: Benzel
EC, ed. Surgical Exposure of the Spine: An Extensile Approach. Park Ridge,
Ill: American Association of Neurological Surgeons; 1995:39-53.

80. Hall JE, Denis F, Murray J. Exposure of the upper cervical spine for
spinal decompression by a mandible and tongue-splitting approach: case re-
port. J Bone Joint Surg Am. 1977;59:121-123.

81. Krespi YP, Sisson GA. Transmandibular exposure of the skull base. Am
J Surg. 1984;148:534-538.

82. de Andrade JR, Macnab I. Anterior occipito-cervical fusion using an
extra-pharyngeal exposure. J Bone Joint Surg Am. 1969;51:1621-1626.

83. Lesoin F, Jomin M, Pellerin P, et al. Transclival transcervical approach
to the upper cervical spine and clivus. Acta Neurochir (Wien). 1986;80:100-
104.

84. McAfee PC, Bohlman HH, Riley LH Jr, Robinson RA, Southwick WO,
Nachlas NE. The anterior retropharyngeal approach to the upper part of the
cervical spine. J Bone Joint Surg Am. 1987;69:1371-1383.

85. George B, Dematons C, Cophignon J. Lateral approach to the anterior
portion of the foramen magnum: application to surgical removal of 14 benign
tumors: technical note. Surg Neurol. 1988;29:484-490.

86. Heros RC. Lateral suboccipital approach for vertebral and
vertebrobasilar artery lesions. J Neurosurg. 1986;64:559-562.

87. Menezes AH. Surgical approaches to the craniocervical junction. In:
Frymoyer JW, Ducker TB, Hadler NM, Kostuik JP, Weinstein JN, Whitecloud
TS III, eds. The Adult Spine: Principles and Practice. Vol 2. New York, NY:
Raven Press; 1991:967-985.

88. Spetzler RF, Grahm TW. The far-lateral approach to the inferior clivus
and the upper cervical region: technical note. BNI Q. 1990;6:35-38.

89. Johnson RM, McGuire EJ. Urogenital complications of anterior ap-
proaches to the lumbar spine. Clin Orthop Relat Res. 1981;154:114-118.

90. Dommisse GF. The blood supply of the spinal cord: a critical vascular
zone in spinal surgery. J Bone Joint Surg Br. 1974;56:225-235.

91. Cooper PR, Errico TJ, Martin R, Crawford B, DiBartolo T. A systematic
approach to spinal reconstruction after anterior decompression for neoplastic
disease of the thoracic and lumbar spine. Neurosurgery. 1993;32:1-8.

92. Harrington KD. Orthopedic surgical management of skeletal complica-
tions of malignancy. Cancer. 1997;80(8, suppl):1614-1627.

93. Sundaresan N, Digiacinto GV, Hughes JE, Cafferty M, Vallejo A. Treat-
ment of neoplastic spinal cord compression: results of a prospective study.
Neurosurgery. 1991;29:645-650.

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.


