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Vascular Metastatic Lesions of the Spine:
Preoperative Embolization?

Preoperative embolization of vascu-
lar metastatic tumors of the spine,
particularly carcinomas of renal and
thyroid origin, is an adjuvant tech-
nique that significantly decreases
the intraoperative blood loss and re-
sultant surgical morbidity. Surgical
decompression was achieved in 24
spinal vascular metastatic lesions, 20
of which were treated with preoper-
ative embolization and four of
which were not. The embolic mate-
rials used were gelatin sponge,
polyvinyl alcohol foams, and metal-
lic coils. In patients who underwent
adequate embolization, an average
of 1,850 mL of estimated blood loss
was reported; in those who under-
went inadequate or no emboliza-
tion, greater than 3,500 mL of esti-
mated blood loss occurred. When
gelatin sponge is used, surgery
should be performed within 24
hours to prevent preoperative re-
canalization.
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METASTATIC tumors that invade
the epidural space involve the
vertebral body and usually occur an-
terior to the spinal cord. Anterior
surgical decompression of the spine
has become the treatment of choice
for radiation therapy-resistant,
symptomatic metastatic spinal tu-
mors (1-3). Some of these metastatic
lesions are highly vascular, particu-
larly those of renal and thyroid ori-
gin, so surgeons encounter substan-
tial intraoperative bleeding during
tumor resection. Preoperative embo-
lization has become necessary in the
more aggressive and curative ap-
proach taken by today’s surgeons (4-
8). Few data have been published re-
garding the correlation between em-
bolization and the amount of intra-
operative blood loss. In this report,
we describe our experience with a
variety of metastatic spinal lesions.

PATIENTS AND METHODS

We retrospectively reviewed the cases
of 23 consecutive patients with a total of
26 metastatic spinal lesions who under-
went spinal angiography between 1984
and 1989. The 13 men and 10 women
ranged in age from 25 to 74 years. Seven-
teen patients had metastatic renal carci-
noma, two patients had thyroid carcino-
ma, and one each had melanoma, pheo-
chromocytoma, paraganglioma, and
adenocarcinoma with primary tumors of
unknown origin. Three lesions were in
the cervical region, 14 were in the thorac-
ic region, and nine were in the lumbar re-
gion. Twenty-six spinal angiograms were
obtained, and 22 spinal emobilizations
were performed. Embolization was not
performed for four lesions, either because
the lesion was hypovascular (n = 2) or be-
cause of atherosclerotic vascular disease
involving the feeding vessels themselves
(n = 2). Palliative embolization was per-
formed for two lesions but subsequent
surgery was not performed. A total of 24
surgical decompressions were performed
in 20 lesions that were treated with pre-
operative embolization and four that
were not.

Patients with destructive metastatic spi-
nal lesions, whether or not the site of the
primary vascular tumor was known, met
the initial criteria for angiography and
embolization. The embolization proce-
dure was usually performed within 24
hours before surgery. Devascularization
of segmental vessels was attempted bilat-
erally at the level of the lesion as well as
cephalic and caudal levels. Digital sub-
traction angiograms were obtained before
and after the embolization procedure to
identify and evaluate any residual tumor
vascularity. Particular attention was paid
to the demonstration of the radiculome-
dullary branches to the anterior spinal ar-
tery (artery of Adamkiewicz). Magnified
subtraction views in the anteroposterior
projection were routinely used; if needed,
oblique or lateral digital views were ob-
tained as well. If the artery of Adam-
kiewicz was visualized in the preemboli-
zation digital view, embolization of this
segmental vessel was not performed.

The embolic materials used were gela-
tin sponge (Gelfoam; Upjohn, Kalamazoo,
Mich) in 34 vessels, polyvinyl alcohol
foam (PVA) (International Therapeutics,
San Francisco) ranging in size from 150 to
500 um in nine vessels, and metallic coils
(Mini Gianturco stainless steel or Hilal ti-
tanium microcoils) (Cook, Bloomington,
Ind) in seven vessels. The spinal arteries
were catheterized with a Simmons cere-
bral catheter (Sim-2; Cook), a headhunter
cerebral catheter (H1, Cook), or a Cobra
visceral catheter (C;; Cook). In the latter 6
months of the study, Tracker catheters
(Target Therapeutics, San Jose, Calif)
were frequently used for superselective
catheterization.

RESULTS

The embolization was judged to be
satisfactory by both the surgeon and
the radiologist if both 75% oblitera-
tion of the tumor stain after emboli-
zation and less than 3,000 mL of esti-
mated blood loss (EBL) at surgery
were noted. Fourteen cases with an
average EBL of 1,850 mL satisfied
these criteria (Table; Figs 1, 2).

Abbreviations: EBL = estimated blood loss,
PVA = polyvinyl alcohol foam.
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Figure 1. Satisfactory embolization in a 46-year-old man with thyroid carcinoma metastatic to L-4. (a) Postmyelography axial computed
tomographic (CT) scan demonstrates a destructive lesion of the L-4 vertebral body with minimal epidural extension. (b) Anteroposterior
view of the left L-4 digital subtraction angiogram before embolization demonstrates tumor vascularity (arrowheads). (c) Anteroposterior
view of the left L-4 digital subtraction angiogram after embolization with gelatin sponge demonstrates occlusion of the feeding artery with

complete obliteration of the tumor vascularity.

The embolization was judged to be
unsatisfactory if there was either less
than 75% obliteration of the tumor
vascularity or more than 3,000 mL of
blood loss at surgery. Eight cases
with an EBL of 3,500-15,000 mL were
included in this group. Two of these
eight patients in whom surgery was
delayed 3 and 5 days after emboliza-
tion had an average EBL of 9,450 mL
even though both lesions were more
than 75% obliterated during emboli-
zation. This unsatisfactory result oc-
curred early in our experience. The
embolization was completely unsuc-
cessful in two cases because of
marked atherosclerotic changes in
the segmental vessels. Patients in this
group had an average EBL of 8,750
mL during surgery.

Partial embolization (less than
75%) was achieved in four patients
due to either the proximity of a major
feeding vessel to the spinal cord (ar-
tery of Adamkiewicz) (Fig 3) or brain
(vertebral artery) or reflux into the
aorta. Posterior decompression (lami-
nectomy), rather than anterior de-
compression (corpectomy or costo-
transversectomy), was performed in
these cases, with an average EBL of
720 mL.

In two patients, no tumor stain was
detected on preoperative spinal an-
giograms, and embolization was
therefore not performed; at surgery,
an EBL of 900 mL was noted. Two ad-
ditional patients with recurrent renal
metastasis to the spine underwent
successful embolization with PVA
for pain control, with no subsequent
decompression surgery.

None of the patients developed
postangiographic or postemboliza-
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Outcome of Surgery and Embolization

Angiography/Embolization No. of Cases EBL (mL)/Corpectomy
Satisfactory 14 1,850
Unsatisfactory 8 3,500-15,000
Successful embolization (>3 d) 2 9,450
Unsuccessful embolization 2 8,750
Partial embolization 4 720 (laminectomy)
No embolization (hypovascular) 2 900
Palliative embolization 2 No surgery (pain control)

tion complications. Duration of spi-
nal arteriography and subsequent
embolization averaged 90 minutes.
The location of the vertebral metasta-
sis did influence the results of the
embolization. Embolization of metas-
tases in the cervicothoracic region
were more difficult because their
blood supply arose from the verte-
bral arteries or thyrocervical trunk.
The thoracic or thoracolumbar metas-
tases were relatively less dangerous
and easier to embolize when no ar-
tery of Adamkiewicz was seen.

DISCUSSION

Decompression of the spinal cord
is the goal of surgical intervention in
patients with radiation therapy-resis-
tant spinal tumors associated with
neurologic compromise. Surgical in-
tervention in these patients with vas-
cular metastatic lesions is frequently
complicated by excessive intraopera-
tive blood loss. Preoperative emboli-
zation of the tumor facilitates surgi-
cal resection primarily by decreasing
bleeding during surgery and shrink-
ing the tumor, thus making more
complete tumor resection possible
(9,10). Hospital stays are shorter, and
the need for transfusion and its at-

tendant risks are decreased. Emboli-
zation may also be used as palliative
treatment in unresectable tumors to
decrease tumor growth and aid in
pain control.

The majority of metastatic lesions
to the spine involve the vertebral
body as opposed to the posterior ele-
ments. In more than 75% of affected
patients, dural compression from
metastatic lesions to the spine is doc-
umented to be caused by an anterior
mass; in only 10% is the compression
caused by a posterior mass. The roles
of the various treatment modalities
in the management of metastatic dis-
ease of the spine have been contro-
versial, due in part to the failure to
standardize the types of spinal in-
volvement and the treatment indica-
tions. Two basic classes of patients re-
quire surgical treatment of metastatic
disease of the spine: (a) those with se-
vere involvement of the vertebral
body with or without mild anterior
epidural compression in whom radia-
tion therapy has failed and the tumor
has progressed or pain control has
been unsatisfactory, and (b) those
with a neurologic deficit secondary
to anterior dural compression. Al-
though “decompression” by means
of posterior laminectomy has been
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Figure 2. Satisfactory embolization in a 45-year-old man with renal carcinoma metastatic to C-4. (a) Postmyelography axial CT scan demon-
strates a destructive lesion on the right side of the C-4 vertebral body with substantial epidural extension. (b) Anteroposterior view of the
right vertebral digital subtraction angiogram before embolization demonstrates tumor vascularity (arrowhead). (c) Anteroposterior view of
the right vertebral digital subtraction angiogram after embolization with gelatin sponge and one steel coil. Residual tumor stain is noted.
Note the prominent radiculomedullary branch to the anterior spinal artery (arrow). (d) Anteroposterior view of the right vertebral digital
subtraction angiogram after embolization with a second coil. The coil was released proximal to the feeding vessel but distal to the origin of
the radiculomedullary branch. Note the obliteration of the tumor stain and preservation of the radiculomedullary branch (arrowheads).

a. b. cé d.

Figure 3. Unsatisfactory embolization in a 59-year-old man with renal carcinoma metastatic to T-11. (a) Anteroposterior myelogram dem-
onstrates a complete block at the level of T-12 with displacement of the cord to the left. (b) Anteroposterior view of the right T-11 digital

subtraction angiogram before embolization demonstrates the tumor stain. (c) Anteroposterior view of the right T-11 digital subtraction an-
giogram after the third embolization with gelatin sponge demonstrates occlusion of the intercostal artery with complete obliteration of the

tumor stain. (d) Anteroposterior view of the left T-11 digital subtraction angiogram demonstrates the artery of Adamkiewicz (arrowhead)
precluding embolization of the residual tumor stain.

cited in the treatment of this type of
metastatic disease, it has been conclu-
sively shown to be routinely ineffec-
tive. Black has demonstrated, in a re-
view of a number of large series, that
laminectomy is routinely ineffective
for relief of neurologic symptoms in
patients with anterior dural compres-
sion (11). Because these patients form
the majority, laminectomy is not con-
sidered an effective modality. Radia-
tion therapy alone has been shown to
aid in the improvement in neurolog-
ic status in approximately 50% of pa-
tients with metastatic disease to the
spine. More recently, however, sev-
eral authors have demonstrated that
approximately 85% of patients with
neurologic impairment and pain will
demonstrate substantial recovery af-
ter anterior decompression (2,12).
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Anterior decompression is indicat-
ed for patients with anterior or an-
terolateral tumors with dural com-
pression. Posterior decompression
should be reserved predominantly
for those patients with posterior
compression of the dural sac (approx-
imately 10% of all patients).

The differences in morbidity and
mortality are not significantly differ-
ent for anterior corpectomy than for
posterior laminectomy when the tu-
mor is encountered. Thus, if a lami-
nectomy is performed and no tumor
is found posteriorly, the results of
the surgery are significantly inferior,
with less than 30% improvement
compared with anterior corpectomy.
Because the tumor is not directly re-
moved and decompressed, morbidity
may appear to be less than when di-

rect debulking of the tumor is per-
formed. The risk of laminectomy
cannot be substantiated, however,
because the surgery is clearly ineffec-
tive. Radiation therapy alone is clear-
ly more effective than laminectomy
in most tumors. The overall mortality
for anterior corpectomy is approxi-
mately 2%. The morbidity from the
wound is significantly less than that
of a posterior approach because pre-
operative radiation therapy may have
been administered through a posteri-
or portal in the thoracic and lumbar
spine. The wound complications can
be substantially increased in patients
who receive long-term steroid thera-
py before surgery. Thus, steroid ther-
apy in the patient with a neurologic
deficit should be restricted to a very
short-term preoperative regimen and
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then rapidly tapered postoperatively
to minimize wound complications.
The EBL in patients undergoing
posterior decompression was lower
than in those with satisfactory embo-
lizations undergoing anterior decom-
pression. Laminectomies that do not
approach the tumor mass have lower
EBLs than those that directly decom-
press the mass. If the mass is not di-
rectly excised, however, the surgery
is less effective. If the tumor is de-
bulked, via an anterior or posterior
procedure, EBL is comparable.
Various embolic agents were used
in our study. Particulate emboliza-
tions were performed with PVA or
gelatin sponge, a temporary vascular
occlusive agent that is degraded by
proteolytic enzymatic pathways and
resorbed within 7-21 days, according
to Kunstlinger et al (13). The dissolu-
tion of the intravascular thrombus
may actually begin within 24 hours
after embolization (5). These data
suggest that surgery should be per-
formed within 24 hours after emboli-
zation with gelatin sponge to pre-
vent recanalization of the segmental
vessels and subsequent revasculariza-
tion of the tumor from adjacent col-
lateral sources. The postembolization
morbidity due to vascular occlusion
of normal vessels is theoretically re-
duced with gelatin sponge, as vessels
that are inadvertently embolized will
recanalize. Complications during em-
bolization were minimized by ensur-
ing that the catheter was securely po-
sitioned in the vessel before emboli-
zation. In our earlier experience with
two patients operated on 3 days or
more after successful embolization
with gelatin sponge, the substantial
bleeding encountered at surgery
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seems to be attributed to recanaliza-
tion of the occluded vessels, as if no
prior embolization had been done.

PVA, a permanent nonresorbable
occlusive agent that is available as a
compressible sponge or as particles of
known diameter, should be used if
surgery is expected to be delayed or
if eventual surgery is not planned.
Accidental embolization of normal
vessels will be permanent with PVA,
which can increase the risks associat-
ed with embolization.

Coils, which provide permanent
vascular occlusion, can be used as the
only occlusive agent or in conjunc-
tion with other embolic materials.
We used gelatin sponge and PVA for
peripheral embolization and coils for
proximal occlusion.

Other authors have used ethanol
for occlusion of the vascular supply
to the vertebral bodies. Ethanol is an
excellent vascular occlusive agent
due to its low viscosity and nonadhe-
sive properties, and it is inexpensive,
readily available, and easy to sterilize
(14).

In conclusion, preoperative embo-
lization is effective in decreasing in-
traoperative blood loss and can be
performed with minimal risks and
excellent surgical therapeutic results,
given careful attention to technique
and the suitability of materials used
in individual cases. W
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