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With advancements in oncological treatment and prolonged
survival of cancer patients, the incidence of bonemetastases is
expected to increase in the future. Bone metastases signifi-
cantly impact quality of life and survival due to pain, fractures,
and neurologic deficit, including cord compression.Metastatic
spinal cord compression is reportedly observed in 5 to 10% of
cases of advanced cancer, with 48% of patients unable to walk
at the time of diagnosis.1 Radiotherapy is the most common
treatment for bone metastasis; however, when spinal cord
compression or fracture occur, surgical intervention, although
usually controversial, remains a viable treatment option.

Surgery for bonemetastasis can be associatedwith compli-
cationssuchassignificant intraoperativeblood loss (IBL),which
can result in life-threatening hemorrhage and increased trans-
fusion requirements during surgery. A recent meta-analysis
reported an estimated perioperative blood loss of 2,180 mL
(95% confidence interval: 1,805–2,554 mL) with catastrophic
blood loss ashighas5,000mLfor spinalmetastaticdisease.2 IBL
can lead to increased operative times, severe perioperative

complications, and delayed wound healing. Occasionally, sur-
gery may have to be discontinued due to excessive blood loss.

Since the first reported transarterial embolization (TAE)
of bone metastases by Feldman et al in 1975,3 preoperative
embolization has been regarded as a safe and effectivemeans
of reducing IBL. Although initially most of the literature
consisted of case reports lacking control groups,4,5 in the
past two decadesmultiple higher level studies have provided
evidence about preoperative embolization of bone metas-
tases.6–8 In this article, the indications, contraindications,
techniques, efficacy, prognostic factors, and complications of
preoperative embolization of bonemetastases are discussed.

Indications

The most common indication for TAE is preoperative treat-
ment of hypervascular metastatic bone tumors which pro-
duces tumor devascularization, thereby reducing IBL. Several
different clinical, pathological, and imaging factors may
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Abstract Management of patients with bone metastasis is complex and should include different
specialties.Goals of therapy shouldbe identified for each individual patientprior to the start
of treatment. Preoperative embolization has generally been considered a safe and effective
means of reducing intraoperative blood loss with recent studies and advances in technique
reported. Update on indications, contraindications, technique, and efficacy, as well as
prognostic factors and complications of preoperative embolization of bonemetastaseswill
be reviewed. New trends such as transradial arterial access and usage of liquid embolic
agents will be discussed. Large tumor size, increased preprocedural tumor vascularity,
longer embolization-to-surgery interval, and radical surgical procedures are associatedwith
greater intraoperative blood loss and prolonged operative time. An accurate, noninvasive
method to evaluate tumor vascularity prior to angiography is needed to identify patients
who are most likely to benefit from preoperative embolization. Particular attention will be
paid to skeletal metastases and spinal metastases as each has its own set of complexity.
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predict which patients will benefit from preoperative embo-
lization; however, an accurate method for evaluating vascu-
larity of metastases preoperatively has not been developed
thus far.

Clinical findings such as inflammatory changes (e.g.,
erythema, induration, puckering) or rapid growth in tumor
size may predict hypervascularity.9 Tumor histology is also
quite helpful, as 60 to 70% of bone metastases from renal cell
carcinoma (RCC) are considered hypervascular and can be
effectively embolized.10,11 Embolization can also be success-
fully performed in tumors often thought of as moderately
vascular like hepatocellular carcinoma or lung cancer.12

Preprocedural Imaging
Routine preprocedural imaging is recommended to further
characterize the metastatic lesions. While the utility of gado-
linium-enhanced magnetic resonance imaging (MRI) for the
evaluation of bone metastases may confirm hypervascularity,
the absence of increased activity with gadolinium-enhanced
MRI did not effectively rule out a hypervascular tumor subse-
quently identified on angiography. Thiex et al found a correla-
tion coefficient between the degrees of gadolinium
enhancement on MRI compared with angiography in patients
with RCC.13 Conversely, Prabhu et al reported hypervascular
tumors on preoperative angiography in 79% of patients in
whom MRI found absence of significant vascularity.14 On
MRI, tumors were classified as hypervascular if there were
intratumoral or peritumoral flow voids, bright contrast
enhancement, or evidence of intratumoral hemorrhage.

Since there are no standard criteria to evaluate tumor
vascularity, angiography should be considered in all tumors
thought to be hypervascular clinically or histologically,
regardless of noninvasive imaging findings, as well as in all
tumors that demonstrate imaging findings consistent with
hypervascularity, regardless of tumor histology.

Contraindications

The typical contraindications to preoperative TAE are uncor-
rectable coagulopathy, renal dysfunction without expected
dialysis, and visualization of a radiculomedullary artery
(artery of Adamkiewicz) in close proximity to the tumor-
feeding arteries (►Fig. 1). Failure to recognize this artery
with subsequent reflux of embolic agents may cause devas-
tating complications, such as paralysis, anesthesia, loss of
bladder and bowel control, and sexual dysfunction.

Technique

Transradial Access
Most of the existing literature regarding TAE of bone metas-
tasis employs transfemoral access (TFA). Panet alfirst reported
three consecutive cases of TAEofmetastatic bone tumor in the
upper extremity via ipsilateral transradial access (TRA).15

Depending on anatomic location, ipsilateral TRA allows for
shorter catheters andwires to be used, and better controlmay
be achieved compared with TFA. By eliminating the need to
manipulate the devices within the aorta, TRA reduces the risk

of catheter-related distal embolism in patients with athero-
sclerotic disease in the aortic arch. TRA also avoids the
difficulty of gaining arterial access and passing catheters and
wires in patients with severe aortoiliac or lower extremity
vascular disease. However, the limited catheter lengths avail-
able and acute angulation needed to access potential target
branches may limit the application of TRA. Further studies
should be conducted on the safety and efficiency of preopera-
tive embolization via TRA compared with TFA, especially for
bonemetastases of theupper extremity, aswell as cervical and
upper thoracic vertebrae.

Comprehensive Angiographic Assessment
The efficacyand safety of preoperative TAE of bonemetastases
largely depends on the comprehensive angiographic assess-
ment. There are usually multiple tumor feeding arteries for
hypervascular bonemetastases. The interventional radiologist
should be aware of common vascular variants. In general,
specific spinal level and extremities have unique vascular
arrangements (►Table 1). For spinal lesions, every effort
should be made to identify the radiculomedullary and spinal
arteries and to assess whether the radiculomedullary artery
shares the same pedicle as the feeding artery to the tumor. A
global understanding of tumor feeding vessels can facilitate
optimal embolization planning and appropriate embolic
agents. The angiography should include the visualization of
the arteries at least two levels superior to and inferior to the
tumor site in spinal metastases.

At the skull base, the occipital artery should be evaluated
given its supply to the first and second cervical levels. The
ascendingpharyngeal artery shouldalsobe interrogateddue to
itspotential anastomoseswith theoccipital arterial circulation.

In the cervical region, the vertebral arteries, thyrocervical
trunk, and costocervical trunk comprise the three predomi-
nant vascular sources supplying blood to the spine.

For the lower cervical and upper thoracic vertebrae, the
superior intercostal arteries should be assessed in addition to
thyrocervical and costocervical trunks. Paired segmental
arteries arise at each vertebral body throughout the thoracic
and lumbar segments.

At the sacral level, the medial sacral artery, the iliolumbar
arteries (typically arising from the common iliac artery), and
the lateral sacral arteries (arising from the internal iliac
artery) should be evaluated.

Main tumor feeding arteries of the pelvis and extremities
include branches of the common iliac and the internal and
external iliac arteries (►Fig. 2).

A cone-beam CT may help provide detailed anatomical
information about the feeding arteries, the radiculomedul-
lary and spinal arteries, and the tumor itself.16

Evaluation of Tumor Vascularity
The grade of tumor blush during angiography is an important
characteristicwhenassessing thedegreeofembolization,used
mainly invertebralmetastases, butcanbeexpanded to skeletal
metastases. Lesions are classified into three grades: hypervas-
cular is defined as the visible tumor blush as intense as the
contrast-filled normal adjacent artery, moderately vascular is
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defined as the visible tumor blush less intense than the
contrast-filled normal adjacent artery, and hypovascular is
defined as the visible tumor blush equal to or less than the
adjacent vertebra without tumor involvement.8,12,17

Balloon Test Occlusion
Compared with other spinal tumors, embolization of cervical
tumors can be technically challenging because of the complex
arterial anatomy, carrying increased potential risk, especially

Table 1 Common origins of tumor feeders

Cervical Thoracic and lumbar Pelvis Upper limb Lower limb

Vertebral Segmental Common iliac Subclavian External iliac

Subclavian Supreme intercostal Internal iliac Axillary Deep and superficial femoral

Thyrocervical trunk Superior intercostal Lumbar Humeral Circumflex femoral

Costocervical trunk Thyrocervical trunk Iliolumbar Circumflex humeral Superior gluteal

Occipital Costocervical trunk Lateral sacral Radial Obturator

Transverse cervical Bronchial Medial sacral Ulnar Lateral

Inferior thyroid Phrenic Fibular

Supreme intercostal Tibial

Superior intercostal

Fig. 1 A 62-year-old man with a history of metastatic renal cell carcinoma in need of preoperative embolization of the T7 metastatic lesion.
(a) Sagittal MR STIR image of the thoracic spine demonstrates marrow infiltration of the T7 vertebral body (arrow) with pathologic fracture and
involvement of the anterior epidural space with effacement of the thecal sac. (b and c) Preembolization angiography of the T7 right segmental
artery demonstrated the target segmental artery (b, arrow) with more selective angiography demonstrating extensive tumor blush consistent
with a hypervascular T7 lesion. (d) After 150–300 µm tris-acryl gelatin microspheres were injected followed by another 5-mm detachable
coil placed in the proximal right T7 segmental artery, angiography showed that near stasis was achieved. (e) The left T7 segmental artery was
selected and preembolization angiography was performed. The preembolization angiography showed opacification of the radiculomedullary
artery (arrow) arising through the tumor staining. Thus, it was decided not to proceed with the embolization from this vessel.
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neurologic complications.When the vertebral or carotid artery
must be sacrificed, balloon test occlusion (BTO) should be
performed to determine the patient’s tolerance to permanent
arterial occlusion. A compliant balloon is inflated at the level of
possible occlusion for at least 20 minutes, During the BTO, the
competence of contralateral vertebral and carotid arteries as
well as serial neurological examinations should be per-
formed.18,19Patsalides et al reportedvertebral arteryocclusion
was successfully performed in 40.1% (N ¼ 20) of embolization
procedures, without any neurological complications.19

Backdoor Occlusion
When typically hypervascular metastases (e.g., RCC) exhibit
large caliber tumor vessels arising from segmental arteries,
or other lesions (e.g., multiple myeloma) develop a network
of fine vessels less amenable to superselective catheteriza-
tion, it is recommended to occlude the distal segment of the
arterywith coils. This so-called backdoor technique prevents
downstream embolization of the normal tissue and also
allows the perfusion pressure and blood flow to carry the
embolic agent distally into the tumor.20,21

Embolic Agent Selection
The selection of embolic agent depends heavily on the experi-
ence and preference of the interventionalist and must be
individualized based on the characteristics of the tumor
vasculature, including presence or absence of arteriovenous
shunt, vessel caliber distortions, and collateralization to or
from healthy tissue.

Particles are the most common embolic agent used in
preoperative TAE and have been proven safe and effective.
Moderate-size particles (300–700 μm) are usually first line,
both to avoid transvenous material leakage and risking
pulmonary embolism or “over” embolization.22 No signifi-
cant differences in estimated blood loss were noted between
the use of particles smaller than 250 μm and those larger
than 250 μm.11

Polyvinyl alcohol (PVA) particles and Gelfoam are also
widely used. However, due to the irregular shape, PVA
particles tend to clump and aggregate within the catheter
and adhere to the walls of larger vessels rather than achieve
distal occlusion.23 The efficiency of tris-acryl gelatin micro-
spheres (Embosphere; Merit, South Jordan, UT) has been
evaluated.24,25 Patients treated with embolization using
Embospheres had less IBL comparedwith thosewho received
PVA particles.24 As Gelfoam alone provides only temporary
occlusion and early recanalization, it is usually used as a
complementary embolic agent.

Liquid agents allow fast, permanent occlusion and deep
penetration within the tumor. However, due to their liquid
nature, these agents are difficult to manipulate, which may
render them dangerous because of the risk of nontargeted
embolization. In recent years, liquid agents have beenwidely
used as a preoperative embolic agent and have proven to
be efficacious.10,12 Rossi et al reported usage of N-butyl-2-
cyanoacrylate (NBCA; Depuy Synthes, West Chester, PA) in
33% Lipiodol “sandwiched” with 5% glucose solution with a
100% success rate and nomajor complication in preoperative

Fig. 2 A 65-year-old woman with renal cell carcinoma metastases to the pelvis presented with preoperative embolization prior to surgical
curettage scheduled for the next day. (a) Pelvic angiography demonstrates tumoral blush within the pelvic bones including the inferior pubic
rami (open arrow), acetabulum (solid arrow), and left iliac bone (white star). (b) Superselective left pudendal artery angiography demonstrates
tumoral stain within the knownmetastatic disease within the inferior pubic rami and acetabulum arising from the pudendal artery branches. The
lesions were embolized using 500–700 µm Embospheres as well as multiple detachable coils. (c) Postembolization angiography in the left
anterior iliac branch demonstrates successful embolization with near stasis of contrast (arrow) proximal to the embolization coils.
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TAE of spinal metastases.26,27 Significant reduction in tumor
size (5.5 cm [range: 2–20 cm]) postembolization versus
(7.8 cm [range: 5–30 cm]) before embolization has also
been reported.27 A distinct advantage of NBCA in Lipiodol
comparedwith particles is its dense radiopacity. Its exact site
of occlusion can be observed and documented. Preoperative
TAE using Onyx (Medtronic, Irvine, CA) for treating
hypervascular spinal metastases has also proven to be
effective and safe and reduces intraoperative bleeding to a
minimum.18,28,29

Coils can be utilized to embolize high-flow tumor-feeding
arteries or dangerous intersegmental anastomoses as “back-
door” occlusion, or in combined use with particles or liquid
agents; however, their use as the sole embolic agent is not
recommended. Coils are ineffective for tumor embolization
due to their inability to occludemore distal vessels. Hypervas-
cular tumors, such as RCC metastases, have intersegmental
vessels which can collateralize within hours. Moreover, coils
block the ability for repeat embolization in the event of tumor
recurrence, repeat surgery, or reembolization. Berkefeld et al
reported no significant difference in intraoperative bleeding
between patients who did not undergo embolization and
those who underwent coil embolization alone.30

Evaluation of the Degree of Embolization
The degree of embolization is an important indicator of the
success of the procedure. Two different methods are used to
evaluate the degree of embolization. Most interventionalists
gradethedegreeofembolizationbyvisual estimationof tumor
blush intensity reduction based on angiography as greater
than 90% reduction, 75 to 90% reduction, 50 to 75% reduction,
and less than 50% reduction. More than 90% reduction is
considered complete embolization8,31–33 (►Fig. 3). Another

method to evaluate the degree of embolization in spinal
metastases, similar to the grading criteria of angiography, is
complete embolization if there is no appreciable vascularity,
near-complete embolization if there is weak tumor blush
equal to adjacent nontumor involved vertebra, and partial
embolization if there is moderate tumor blush greater than
adjacent uninvolved vertebral body.13 In skeletal lesions,
embolization is more commonly performed until stasis or
near stasis, with deployment of a coil at the end to ensure
complete vessel occlusion.

Efficacy

Reduction of Intraoperative Blood Loss
Intraoperative blood loss is associated with major operative
morbidity andmortality in surgery for bonemetastases, thus
making it a primary endpoint of preoperative TAE. In the
current literature, the efficacy of preoperative embolization
remains controversial.

Many studies report preoperative TAE can significantly
reduce IBL and transfusion requirements.6,34,35 In a recent
case–control study, which matched patients with respect to
age, surgery type, and tumor size, patients of the emboliza-
tion group had less mean IBL (0.90 vs. 1.77L; p ¼ 0.002) and
less packed red blood cell transfusion volume (2.15 vs. 3.56U;
p ¼ 0.020), respectively, compared with those without
preoperative embolization.7

Conversely, other studies reported that IBL did not differ
between the embolization and control groups.36,37 The only
randomized controlled trial (RCT) assessing the efficacy of
preoperative TAE in decreasing IBL showed no significant
difference in perioperative blood loss, but subgroup analysis
of moderate and pronounced hypervascular metastases did

Fig. 3 A 56-year-oldmanwith renal cell carcinomametastasis to the distal left femur presented for preoperative embolization. (a) AP view of the left femur
with lytic lesions in the left distal femur with pathologic fracture laterally (arrow). (b) Coronal T1 post contrast MR image of the left femur with enhancing
lesion in thedistal left femur (arrow)withdisruption of the cortex laterally. (c andd) Left femoral arteriographydemonstrates brisk tumoral enhancementof
the distal femoral osseous lesion with three distinct feeding inflow arterial branches. (e) Superselective angiography of the superior feeding artery of the
tumor arising from the left femoral artery demonstrates tumoral stain in the left distal femur. Each feeding branchwas selected. The superior feeding artery
was embolized with 500–700 µm Embospheres. The two additional feeding arteries were embolized with 3-mm coils. (f) Postembolization left femoral
angiography demonstrated successful embolization with near-complete resolution of the tumor enhancement.
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reveal a significant reduction of IBL in the embolization
group compared with the control group.8 Similar results
were also shown by Hong et al as IBL did not differ based
on preoperative embolization. However, massive bleeding
(>2,000 mL) was significantly more frequent in the non-
embolization group than in the embolization group.6

Moreover, Rehák et al reported conflicting results as the
embolized group presented with a significantly higher blood
lossof4,750mLcomparedwith1,786mLfor thenonembolized
group. Selection bias was likely present in this study, as tumor
volume in the embolization wing was 2.5 times higher than
that in the nonembolized group. In addition, complex surgical
strategies including combined dorsoventral approaches were
performed more often in the embolization group.9

Confounding results reflect the difficulty in accurately
assessing factorswhich contribute to IBL in embolized versus
nonembolized tumors such as primary tumor history, tumor
size and vascularity, degree of embolization, extensiveness of
surgery, and surgical interval.

Primary Tumor of Bone Metastasis
Thepredominate primary tumors of bonemetastases originate
in the breast (16–37%), lung (12–15%), prostate (9–15%), liver
(4–16%), kidney (3–6%), and thyroid (4%).38,39While tradition-
ally primary tumor typewas thought to significantly influence
IBL, studies have shown less direct correlation. For example,
although in 65 to 75% of cases of bonemetastases fromRCC are
considered as hypervascular tumors and routinely embolized
preoperatively,9,10,33,40 patients with bone metastases from
RCC undergoing embolization did not show reduced blood loss
in comparison to the nonembolized cohort.32 While bone
metastases from breast, lung, liver, or thyroid are in general
considered hypoavascular, they have been found to be hyper-
vascular relatively frequently and also can be preoperatively
embolized with high success rates and a high degree of
safety.12,39,41,42 A limited statistical analysis did not reveal a
statistical difference in IBL between patients when stratified
intoRCC (p ¼ 5.64),multiplemyeloma (p ¼ 5.28), othermalig-
nant tumors (p ¼ 5.17), andbenign tumor groups (p ¼ 5.26).13

Primary tumor histology of bone metastases is not as
significant to IBL as previously thought.

Tumor Size
The tumor volume also contributes to increased IBL.33 Reitz
et al found an increased IBL (1,291/2,620/4,971mL,p < 0.001)
and number of transfusions (1.2/3.4/7.0 U, p < 0.001) related
to increasing tumor volume (stratified as 0–50 cm3/50–
100 cm3/ > 100 cm3).32 Pazionis et al also reported that
multivariate regression analyses showed only larger tumor
size was correlated with greater estimated blood loss
(p ¼ 0.017), packed red blood cell transfusion volume
(p ¼ 0.010), and operation time (p < 0.001).7 Moderate cor-
relation (correlation coefficient [r] ¼ 0.51, p ¼ 0.019) was
observed between IBL and tumor size before embolization.43

Tumor Vascularity
Tumor vascularity is another factor affecting IBL. Based on
preembolization angiography, as mentioned earlier, lesions

can be classified into hypervascular, moderately vascular, and
hypovascular. The post hoc tests revealed that mean IBL was
significantly higher for pronounced hypervascular metastases
(847vs. 443mL) comparedwithnonhypervascularmetastases
independent of whether or not embolization was performed
(p ¼ 0.007).8 In cases of hypervascular tumors, the mean IBL
wasgreater in the nonembolization group (1,988 vs. 1,095mL,
p ¼ 0.042) than in the embolization group.6

Degree of Embolization
Complete embolization can be expected in 50 to 90% of
attempted cases in spinal metastases, due to the existence of
the spinal artery, complex cervical arterial supplies, and fine
capillary tumor feeders,5,12 and in 75 to 100% of attempted
cases involving extremity bone metastases.44–46 The reported
IBL was significantly less with complete embolization than
with partial embolization in some literatures.40,44,47

Although it is intuitive that less IBLwould be found in cases
of complete embolization, some authors found no correlation
between degree of devascularization and IBL. Reitz et al found
that when stratifying by grade of embolization, no significant
differences were found between the three groups (>90%/90–
75%/75–50%) for IBL (2,071/2,853/2,720mL), or the number of
transfusions (1.9/4.2/2.9 U).32 Kickuth et al found no signifi-
cant difference between IBL and devascularization grades
(p > 0.05).43 Wilson et al reported that in all patients, IBL
was not statistically significant when comparing partially and
completely embolized, although IBL was reduced significantly
when comparing partially and completely embolized (3,460
vs. 1,821 mL, p ¼ 0.028) RCC tumors.48

The confounding findings may be attributable to the
homogeneity of the dataset (most tumors are completely
embolized). Another possibility is that small feeding vessels
which were not embolized in the partial embolization cases
did not contribute significantly to tumor vascularity and that
embolization of the main tumor feeders is enough to achieve
an effective embolization angiographically. This is supported
because even in the partial embolization group, IBL was
significantly decreased compared with the control group.11

In addition, the subjective manner in grading the degree of
embolization may further cloud the subject.

Surgical Complexity
The surgical complexity (e.g., decompression, instrumenta-
tion, or corpectomy with anterior, posterior, or combined
approaches) has been found to have a greater effect on IBL
than tumor histology and degree of embolization. A more
radical surgery with a greater invasiveness index was highly
correlatedwith increased IBL.48 Robial et al found that regard-
less of the embolization status, cases of thoracolumbar cor-
pectomy or vertebrectomy resulted in an increase of IBL in
metastatic spinal tumors.37 In addition, vertebral replacement
performed by open surgery presented an increased amount of
IBL compared with the percutaneous approaches.32

Surgery Interval
Optimal timing of preoperative embolization and surgery
has not been established. In general, there is a tendency
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toward shorter interval between embolization and sur-
gery.34,35 The IBL was found to be significantly less in the
patients who had surgery performed the same day as the
preoperative TAE compared with those who had surgery
performed the following day47; however, most of the tumors
in this study were embolized with Gelfoam. Other research-
ers showedno significant difference noted in IBL between the
patients who underwent immediate and delayed surgery
after embolization.33,44

Operative Duration
Operative duration is usually a secondary end point of
preoperative TAE of bone metastases. Duration of the sur-
gery is significantly less in the embolization group compared
with the control group (124 vs. 90minutes) and larger tumor
size is strongly correlated with operative time (r ¼ 0.595;
p < 0.001).7

Overall Survival
Few reports focus on overall survival of patients with pre-
operative TAE, and limited data show survival did not sig-
nificantly differ between the embolization group and
nonembolization group.6,49

Complications

Preoperative embolization of bone metastases is a relatively
safe procedure and has been associated with low complica-
tion rates.12,14,36,50 Themost common complication of TAE is
postembolization syndrome, due to vessels occlusion and
tumor necrosis which can occur with symptoms such as pain
and fever. Major complications including death, permanent
neurologic injury, arterial injury, and ischemia of surround-
ing normal tissues are extremely rare.

Finstein et al reported a case of an unusual but serious
complication of paralysis and paresthesia at the T12 vertebra
and below as a result of preoperative embolization. No
radiculomedullary artery was identified on either the pre-
or postembolization angiograms.51

Wirbel et al reported two cases of surgical revision after
embolization of spinal and pelvic metastases due to necrosis
of the psoas muscle probably resulting from nontargeted
embolization.35

Given that most studies are retrospective, it is conceivable
that actual complication rates might be underestimated as
some patients experiencing complications from embolization
may be precluded from subsequently undergoing surgery.

Conclusion

Preoperative embolization of bone metastases has been
reported as safe and effective and facilitates tumor resection
with a significant reduction of IBL. An accurate noninvasive
method to evaluate tumor vascularity prior to angiography is
needed to select patients who will most likely benefit from
preoperative TAE. Preoperative TAE should be performed in
all tumors thought to be hypervascular clinically or etiolo-
gically, regardless of noninvasive imaging findings, and in all

tumors that demonstrate imaging findings consistent with
hypervascularity, regardless of tumor histology. Larger
tumor size, higher initial tumor vascularity, longer emboli-
zation-to-surgery interval, and complex surgical procedures
are associated with greater IBL and longer operative time.
Procedures performed via transradial arterial access and use
of liquid embolic agents should be further studied.
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