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Spinal Metastases from Renal Cell Carcinoma: Effect of
Preoperative Particle Embolization on Intraoperative

Blood Loss

Christoph Manke, Till Bretschneider, Markus Lenhart, Michael Strotzer, Carsten Neumann, Josef Gmeinwieser, and
Stefan Feuerbach

BACKGROUND AND PURPOSE: Surgical repair of spinal metastases from renal origin is
often complicated by excessive bleeding. The purpose of this study was to assess the effect of
preoperative particulate embolization on intraoperative blood loss.

METHODS: Twenty spinal metastases from renal origin (17 patients) treated by preoperative
embolization with polyvinyl alcohol particles were analyzed retrospectively. Surgical decom-
pression was performed within 2 days after embolization. A control group of 10 patients with
11 spinal metastases of renal origin underwent surgery without embolization. The effect of
preoperative embolization, of completeness of embolization, and of particle size on the estimated
intraoperative blood loss was analyzed using nonparametric statistical tests.

RESULTS: Complete embolization was achieved in 10 cases and partial embolization in the
other 10. The estimated blood loss of 19 embolized and 11 control cases was available from
the surgical report. Median intraoperative blood loss in 19 embolized lesions was 1500 mL
(range, 300–8000 mL), compared with 5000 mL (range, 1440–15000 mL) in the control group.
Even after partial embolization, blood loss (median, 2000 mL) was significantly lower than in
the control group. No significant differences in estimated blood loss were noted between the
use of particles smaller than 250 mm and those larger than 250 mm. No embolization-related
permanent neurologic deficit or skin or muscle necrosis occurred.

CONCLUSION: Preoperative embolization of spinal metastases of renal origin with polyvinyl
alcohol particles is safe and might reduce intraoperative blood loss significantly. Even partial
embolization seems to be effective.

About 40% of patients with renal cell carcinoma
develop bone metastases. Renal cell carcinoma is
the fourth most common metastatic tumor of the
spine and the most common cancer to present as a
neurologic deficit secondary to an undetected pri-
mary malignancy (1). Chemotherapy and hormone
therapy are ineffective, making radiation and sur-
gery the mainstays of treatment. Failure to respond
to or relapse after radiotherapy is common (2, 3).
Osseous destruction is often associated with me-
chanical instability, intractable pain, radiculopathy,
and symptoms of cord compression. Anterior sur-
gical decompression and stabilization are the treat-
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ments of choice for radiation-resistant metastatic
spinal tumors, resulting in improved neurologic
function and pain reduction in more than 80% of
patients (4, 5). Vertebral metastases of renal origin
are highly vascular and often cause life-threatening
intraoperative bleeding (6, 7). Embolization has
been used as a presurgical maneuver in the treat-
ment of a variety of primary and secondary spinal
tumors (6–22). There is, however, limited data
about the effect of preoperative embolization on in-
traoperative blood loss in spinal metastases of renal
origin (6, 7, 15).

The purpose of this retrospective study was to
evaluate the effects of state-of-the-art selective em-
bolization with polyvinyl alcohol (PVA) particles
on intraoperative blood loss in vertebral metastases
of renal cell carcinoma. The effects of the com-
pleteness of embolization and the size of the em-
bolization particles were evaluated.

Methods
Patients

This retrospective study included 18 consecutive patients
with 21 symptomatic spinal metastases who underwent pre-
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operative spinal angiography and embolization at our institu-
tion between October 1995 and August 1999. All patients had
histologically proved metastases of renal carcinoma origin. Pa-
tient data are further specified in Table 1. The 12 men and six
women were between 47 and 78 years of age (mean age, 64
years) at their first presentation. The metastatic lesions were
located in the cervical spine (n 5 3, 14.3%), the thoracic spine
(n 5 11; 52.4%), and the lumbar spine (n 5 7; 33.3%). In two
(9.5%) of the 21 cases, the tumor extended to two adjacent
levels. Primary symptoms were intractable back pain and/or
radicular pain in 16 cases and lower limb weakness, spasticity,
or sensory changes due to cord or nerve root compression in
five cases (20.8%).

The control group consisted of 10 consecutive patients with
11 spinal metastases of renal carcinoma, which were treated
surgically without preoperative embolization between April
1994 and April 1997. Control group data are further specified
in Table 2. These patients underwent operation without pre-
operative embolization in seven instances because the method
was not available at our institution before October 1995 and
in four instances for reasons that defied explanation retrospec-
tively. These seven men and three women were between 47
and 74 years of age (mean age, 64 years) at their first presen-
tation. The metastatic lesions were located in the cervical spine
(n 5 2; 18.2%), the thoracic spine (n 5 6; 54.5%), and the
lumbar spine (n 5 3; 27.3%). In three (27.3%) of 11 cases,
the tumor extended to two adjacent levels. Primary symptoms
were intractable pain in six cases (54.5%) and indications of
cord or cauda compression in five cases (45.5%).

Spinal Angiography and Embolization

All embolization procedures were performed under local an-
esthesia via a femoral sheath to facilitate catheter exchange.
When necessary, midazolam hydrochloride, piritramide hydro-
gentartrat, or pethidine hydrochloride were administered intra-
venously for sedation and analgesia. Digital subtraction angio-
grams were carefully evaluated for a spinal cord supply and
for tumor feeding pedicles using nonionic contrast material.

The angiographic technique has been described previously
(23–25). After global aortography, selective bilateral catheter-
ization of the corresponding segmental arteries (including one
level above and below) was performed. For cervical and upper
thoracic tumors, the vertebral artery and the thyrocervical and
costocervical trunk were selectively catheterized. For lesions
of the lower lumbar spine, both internal iliac arteries were
catheterized additionally. Various preshaped 5F catheters were
used (C2, JB1, RIM, or SIM1; Cook, Inc, Bloomington, IN),
depending on the origin of the feeding arteries.

Feeding arteries were superselectively catheterized using a
coaxial catheter system (Tracker 18, Target Therapeutics, Fre-
mont, CA, or Rapid Transit, Cordis, Miami Lakes, FL). For
embolization, PVA particles of 45- to 150-mm diameter were
used in one case, 150- to 250-mm diameter in seven cases,
250- to 355-mm diameter in 10 cases, and 355- to 500-mm
diameter in two cases (Contour, Target Therapeutics). One vial
of particles was suspended in 50 mL normal strength nonionic
contrast medium. Pedicles with a spinal cord vascular supply
were not embolized. In one patient, embolization could not be
performed owing to reversible neurologic symptoms during se-
lective angiography. Of the remaining 20 lesions, 10 were em-
bolized completely and 10 partially. Incomplete embolization
was due to a radiculomedullary artery originating from the
same pedicle as the tumor in five cases. In four cases, seg-
mental arteries were not embolized because of catheter-induced
dissection of the feeder, hypoplastic tumor feeders, unstable
catheter position, or excessive kinking of the iliac arteries (Ta-
ble 1). In the remaining case, tumor-supplying branches of a
vertebral artery were not embolized after balloon occlusion of
the contralateral vertebral artery.

To avoid downstream embolization of lumbar and intercostal
arteries (17), the artery distal to the origins of tumor feeders

was occluded using platinum (Target Therapeutics) or tungsten
(Balt, Montmorency, France) coils in 11 cases (Fig 1). In three
cases, cervical metastases were supplied by small branches of
the vertebral artery. The vertebral artery was occluded tem-
porarily with a latex balloon occlusion catheter (Meditech,
Boston Scientific, Watertown, MA). When the patient re-
mained neurologically asymptomatic for 20 minutes, the ver-
tebral artery was occluded distal to the origins of the tumor
feeders with a detachable latex balloon (GVB, Nycomed-In-
genor, Paris, France) and the tumor vessels were obliterated
with PVA particles (Fig 2).

Angiograms and angiographic reports were analyzed retro-
spectively for completeness of embolization. Embolization was
judged to be complete if 75% of the tumor stain and all an-
giographically detectable feeding pedicles were obliterated.
Embolization was judged to be partial if there was less than
75% obliteration of the tumor vascularity or at least one major
feeding artery not embolized. Clinical success was defined as
less than 3000 mL estimated blood loss (EBL) at surgery (13).

Surgical Resection

All patients were operated on by the same team of four
experienced orthopedic surgeons using standardized tech-
niques. Surgery was scheduled by the orthopedic surgeon with-
in 2 days after embolization. Surgery was performed on the
same day as embolization in five cases, on the following day
in 14 cases, and on day 2 in one case. The surgical approach
was dependent on the anatomic site of the osseous destruction
and the soft tissue tumor. Usually, the lesions were decom-
pressed anteriorly by vertebrectomy and stabilized by metal-
reinforced polymethylmethacrylate and internal fixation (6).
Laminectomy and posterolateral decompression were per-
formed when the tumor had destroyed not only anterior but
also lateral or posterior elements (26). Intraoperative blood loss
was estimated by the anesthesiologist and noted in the surgical
report.

Statistical Method

Results with P , .05 were considered significant. The oc-
currence rate of severe hemorrhage ($3000 mL) among em-
bolized lesions was compared with that in the control group
using the Fisher exact test.

The EBL for control and embolized lesions was compared
using the nonparametric Mann-Whitney rank sum test. Sub-
groups were compared by means of the same test: the intra-
operative EBL of the control lesions was compared with the
EBL of the partially embolized lesions. Intraoperative EBL of
partially and completely embolized lesions was compared. The
intraoperative EBL of lesions embolized with small and me-
dium-size (45–250 mm) particles was compared with the EBL
of lesions that were embolized with larger (250–500 mm) PVA
particles.

Results
All patients who underwent spinal angiography

had hypervascular metastases. One patient with an
incomplete paraparesis and metastasis of the fifth
to seventh thoracic vertebra experienced persisting
myoclonus of the right leg after contrast injection
into the fifth left intercostal artery, although no spi-
nal-supplying artery was identified on the angio-
grams (case 13, Table 1). Neurologic symptoms
subsided after selective intraarterial injection of 10
mg diazepam, and no further attempt to embolize
the lesion was undertaken. The lesion was consid-
ered to be inoperable by the orthopedic surgeon and
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TABLE 1: Surgical decompression of spinal metastases with preoperative embolization

Case No.
Age (y)/

Sex
Clinical

Presentation

Level of
Metastatic

Deposit
Particle

Size (mm)

Embolized
Arteries/
Detected
Tumor
Feeders Reason for Incomplete or Failed Embolization

Estimated
Intraoperative
Blood Loss

(mL)

Cervical spine
1
2
3

54/M
75/F
62/M

Pain
Pain
LLS

C2
C2
C5

150–250
150–250
250–355

1/1
2/2
2/3

· · ·
· · ·

Occluded contralateral vertebral artery

1500
2000
NA

Thoracic spine

4 A*
4 B*
5
6
7
8
9

10 A†
11
12

64/F
65/F
56/M
51/M
78/M
61/F
71/M
63/M
77/M
57/M

Pain
Pain
LS
Pain
Pain
Pain
LLS
Pain
Pain
Pain

T8/9
T1
T6
T11
T7
T8
T3
T3
T10
T9

250–355
250–355
250–355
250–355
150–250
45–150

150–250
250–355
150–250
150–250

2/3
1/2
1/2
3/3
4/4
2/3
4/4
1/1
1/1
3/3

Radiculomedullary artery
Hypoplastic thyreocervical trunc
Unstable catheter position

· · ·
· · ·

Radiculomedullary artery
· · ·
· · ·
· · ·
· · ·

2000
2500
1000
2800
500

1500
2750
700
900

1000
13 63/M LLS T5-7 No embolization Reversible myoclonus at selective DSA No operation

Lumbar spine

4 C*
14
15
16
17
10 B†
18

66/F
66/F
73/M
54/M
74/F
63/M
47/F

LLS
Pain
Pain
Pain
Pain
Pain
Pain

L5
L2
L2
L4
L2
L4
L3

150–250
250–355
355–500
250–355
355–500
250–355
250–355

2/3
2/2
3/4
2/3
4/4
1/2
2/3

Excessive kinking of the iliac arteries
· · ·

Radiculomedullary artery
Radiculomedullary artery

· · ·
Catheter-induced dissection
Radiculomedullary artery

800
1000
2000
8000
300
800

2100

Note.—LLS indicates lower limb symptoms (weakness, sensory changes); NA, data not available from the patient record.
* Three separate presentations of one patient.
† Two separate presentations of one patient.
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TABLE 2: Surgical decompression of spinal metastases without preoperative embolization (control group)

Case No.
Age (y)/

Sex
Clinical

Presentation

Level of
Metastatic

Deposit

Estimated
Intraoperative
Blood Loss

(mL)

Cervical spine

1
2

66/M
64/F

LLS
Pain

C3
C3/4

1440
3500

Thoracic spine

3
4
5
6 A*
7
6 B*

53/M
73/F
74/M
47/M
58/M
48/M

LLS
LLS
Pain
Pain
Pain
Pain

T7
T11
T12
T5/6
T11
T5/7

1500
2500

15000
8500
5000
6000

Lumbar spine

8
9

10

71/M
73/F
57/M

Pain
LLS
LLS

L3
L2
L1

3000
5000

15000

Note.—LLS indicates lower limb symptoms (weakness, sensory changes).
* Two separate presentations of one patient.

the patient was treated conservatively. The remain-
ing 20 lesions were embolized completely in 10
cases and partially in 10 cases for reasons noted
above. The median number of embolized arteries
was two (range, one to four). No embolization-re-
lated permanent neurologic deficit nor skin or mus-
cle necrosis was noted.

Data for completeness of embolization, size of
particles used, and EBL are given in Tables 1 and
2. Data for intraoperative EBL were available for 19
of 20 embolized lesions and for all 11 nonembolized
lesions. No intraoperative EBL was noted in the sur-
gical report for one partially embolized cervical le-
sion. The rate of severe intraoperative hemorrhage
($3000 mL) was significantly higher in the control
group than in the embolized group (eight of 11 vs
one of 19 cases, P , .001). Intraoperative EBL was
significantly less among embolized lesions than
among nonembolized lesions (median, 1500 mL vs
5000 mL; P , .001). Intraoperative EBL of partially
embolized lesions (n 5 9) was also significantly
lower than among nonembolized lesions (median,
2000 mL vs 5000 mL; P 5 .02). Although no sig-
nificant difference in EBL between complete (n 5
10) and partial (n 5 9) embolization was observed,
there was a trend toward higher blood loss if lesions
were embolized incompletely (median, 1000 mL vs
2000 mL; P 5 .287). The only severe intraoperative
hemorrhage after embolization (EBL, 8000 mL) oc-
curred after an L4 metastasis was embolized incom-
pletely (two of three supplying lumbar arteries). One
lumbar artery gave rise to a radiculomedullary ar-
tery and hence was not embolized. No significant
differences in EBL between the use of PVA particles
smaller than 250 mm (n 5 8) and larger than 250
mm (n 5 11) were noted (median, 1250 mL vs 2000
mL; P 5 .507).

In two of the 10 patients who underwent surgery
without preoperative embolization, the operation
had to be terminated prematurely due to a life-
threatening intraoperative hemorrhage.

Discussion
Although surgical management of symptomatic

spinal metastases is strictly palliative, it improves
quality of life. Neurologic deficit improves after
surgery in 58% to 80% of patients (4, 26). Verte-
brectomy in spinal metastases requires intralesional
curettage of the tumor, whereas peripheral lesions
(eg, femoral neck metastases) are usually resected
radically without opening the tumor. Stabilization
of spinal metastases of renal origin is occasionally
complicated by catastrophic intraoperative hemor-
rhage of more than 10 L (6, 7, 15). Although early
studies failed to show significant effects (6, 16),
preoperative embolization appeared to be an effec-
tive method to decrease intraoperative blood loss.
The limitations of most studies on preoperative spi-
nal embolization include inhomogeneous spinal
diseases, the use of a variety of embolization
agents, and the lack of a control group. Several
retrospective studies have reported a mean or me-
dian intraoperative blood loss between 1540 and
4300 mL after embolization of spinal tumors of
various origin (7, 9–11, 13, 15, 19, 22). In our ho-
mogeneous collective, the mean intraoperative
blood loss of 1797 mL compares well with these
published figures. In our patient group, intraoper-
ative hemorrhage was significantly lower than in
the control group, even with incomplete emboli-
zation of the lesion. However, there was a trend
toward higher blood loss as compared with the
completely embolized lesions, and the only severe
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FIG 1. A, CT scan in a patient with metastasis involving the T7 vertebral body (asterisk).
B, Selective angiogram of the right 7th intercostal artery with a 5F Cobra-shaped catheter shows a hypervascular mass (arrows) and

no arterial supply to the spinal cord.
C, Injection after further selective catheterization with a 3F Tracker catheter (solid arrow indicates catheter tip), protective embolization

of intercostal artery distal to the tumor feeders with a platinum coil (open arrow), and embolization with PVA particles. No tumor blush
is identified. A coil (arrowhead) is seen in the 6th right intercostal artery after previous embolization.

FIG 2. A, T1-weighted axial MR image shows a large metastasis (asterisk) involving the C2 vertebral body and extending into the
surrounding soft tissues.

B, Early arterial phase of a preembolization right vertebral angiogram shows a hypervascular mass (arrowheads) supplied by small
cervical branches of the vertebral artery.

C, Right vertebral angiogram obtained after balloon occlusion of the vertebral artery at the level of C1 (arrow) and embolization with
PVA particles. No residual tumor stain is visible.

hemorrhage (8000 mL) during operation occurred
in a partially embolized lesion. Surgeons have to
be aware of this risk, although partial embolization
seems to reduce blood loss effectively in most pa-
tients. Several studies have described excessive in-
traoperative bleeding after incomplete preoperative
embolization of spinal metastases when emboliza-
tion of tumor feeders was impossible (16).

Retrospective studies are of limited value in de-
termining the exact effect of a certain form of treat-
ment. Blood loss depends on the individual skills
of the surgeon and is difficult to estimate. In our
study, intraoperative blood loss has been quantified
by the anesthesiologist by means of cell savers, re-
infusion of irradiated red blood cells (27), and es-
timation of the blood remaining on swabs and
sheets. Our patients were operated on by the same
team of four orthopedic surgeons using standard-
ized techniques. Since all surgeons had had several
years of experience with the repair of spinal lesions
before the beginning of this study, the observed

differences are unlikely to be only the result of in-
creasing surgical experience. Although our two
study groups were comparable in age and tumor
location, the lower rate of lower limb symptoms
and extension of tumor to more than one level in
the embolized group suggests bias in patient selec-
tion: patients with pain and less extensive tumor
masses, who would otherwise be treated conser-
vatively, probably underwent surgery after being
treated by preoperative embolization. Therefore, a
prospective, randomized study would be desirable
for an exact evaluation of the method. However, a
randomized study comparing intraoperative hem-
orrhage with and without embolization would be
impossible to perform from an ethical point of
view. Embolization with particles is a safe and min-
imally invasive procedure in experienced hands.
Most orthopedic surgeons agree that preoperative
embolization is a prerequisite for vertebrectomy
procedures in hypervascular and, especially, renal
metastatic disease of the spine (6, 7, 15).
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Different embolization agents have been used for
preoperative embolization of spinal metastases, in-
cluding alcohol, tissue adhesive, coils, gelatin
sponges, and PVA particles. The use of liquid em-
bolization agents (eg, ethanol, tissue adhesive) for
spinal metastases is associated with a high rate of
neurologic complications, even in experienced
hands (17, 24). Berkefeld et al (9) found no sig-
nificant effect of preoperative coil embolization on
intraoperative blood loss in hypervascular spinal
metastases as compared with a control group. The
use of coils seems to be ineffective, since metas-
tases from renal cell carcinoma show an angioma-
tous vascularization that may open collateral chan-
nels within hours. The same study suggested that
the additional use of coils after PVA particle em-
bolization provides no further benefit. Gelfoam par-
ticles have been used in early studies for preoper-
ative embolization of spinal metastases. However,
this gelatin sponge has no defined size, is degraded
by enzymes, and results only in temporary occlu-
sion. In one study, rapid revascularization of the
tumor was observed within 3 days from adjacent
collaterals, resulting in considerable intraoperative
bleeding (13). Two other reports also suggested a
less reliable control of intraoperative bleeding as
compared with nonresorbable PVA particles of de-
fined size (15, 19). Our findings suggest that the
use of larger particles (250–355 mm or 355–500
mm) has no significant impact on intraoperative
blood loss as compared with medium or small par-
ticles (,250 mm). We generally prefer the use of
larger particles for this indication, since smaller
particles may compromise arterial cord supply be-
low the level of collaterals. Nonetheless, proper an-
giographic technique with frequent angiograms ob-
tained during embolization is necessary to avoid
inadvertent embolization of cord-supplying arteries
via intersegmental anastomoses. These anastomo-
ses usually open at the end of particle embolization
(24).

Protective coil or balloon embolization of arter-
ies distal to the origin of tumor feeders was applied
to avoid inadvertent downstream embolization.
This procedure is absolutely necessary for tumor
feeding branches of the vertebral artery. Although
the risk of skin or muscle necrosis is minimal with
the use of PVA particles in thoracolumbar lesions,
protective coil embolization might shorten the em-
bolization procedure: in our experience, emboliza-
tion of the tumor vessels was completed faster
when there was a distal occlusion of the tumor sup-
plying the segmental artery, and there was no need
for superselective catheterization of tumor feeders.

Complete embolization could be achieved in
only 50% of our cases, as compared with 75% to
86% in comparable studies (7, 9, 14, 16). These
differences may be explained by our rigid criteria
of complete embolization and cautious emboliza-
tion technique: embolization was aborted when
there was doubt concerning potential spinal feed-
ers. This strategy is supported by our result that

even partial preoperative embolization seemed to
be effective. Aggressive embolization with the risk
of paraplegia is not justified in these patients, since
survival is not affected by surgery for metastases
(6). No irreversible neurologic complication was
noted in our study. A postembolization syndrome
(fever, pain) as described by other authors (8, 20,
28) was difficult to separate retrospectively from
the pain associated with the metastasis and the sur-
gical procedure in our patients.

Conclusion

The preoperative embolization of spinal metas-
tases of renal cell carcinoma with PVA particles is
a safe and effective tool to reduce intraoperative
blood loss. Even partial embolization seems to re-
duce intraoperative blood loss in most patients.
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