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Simple Summary: Musculoskeletal tumors often require surgical treatment, which can result in
substantial peri-operative blood loss. Preoperative transarterial embolization (TAE) is used to reduce
peri-operative blood loss during the surgery of musculoskeletal tumors but there is no consensus
about the actual place of TAE in the musculoskeletal tumor therapeutic algorithm, and there is no
firm recommendation about its best technical approach. The purpose of this study was to report our
experience in preoperative TAE of musculoskeletal tumors regarding the effectiveness of preoperative
TAE in terms of blood loss and functional outcomes. For 31 patients, we found that TAE led to
complete (58%) or near-complete (42%) tumor devascularization, allowing bloodless surgery in
71% of patients and moderate transfusion needs for the remaining 29%. A total of 27% of patients
had complete improvement of the initial symptoms at the end of the follow-up, 15 (50%) with
partially satisfying improvement, 4 (13%) with partially unsatisfying improvement and 3 (10%) with
no improvement.

Abstract: The purpose of this study was to report the effectiveness of preoperative transcatheter
arterial embolization (TAE) of musculoskeletal tumors in terms of blood loss and functional outcomes.
Patients who underwent preoperative TAE of hypervascular musculoskeletal tumors between January
2018 and December 2021 were retrospectively included. The patients’ characteristics, TAE procedure
details, degree of post-TAE devascularization, surgical outcomes in terms of red blood cell transfusion
and functional results were collected. The degree of devascularization was compared between
patients who had peri-operative transfusion and those who did not. Thirty-one patients were included.
The 31 TAE procedures led to complete (58%) or near-complete (42%) tumor devascularization.
Twenty-two patients (71%) had no blood transfusion during surgery. Nine patients (29%) had a blood
transfusion, with a median number of red blood cell packs of three (q1, 2; q3, 4; range: 1–4). Eight
patients (27%) had complete improvement of the initial musculoskeletal symptoms at the end of
the follow-up, 15 (50%) had partially satisfying improvement, 4 (13%) had partially unsatisfying
improvement and 3 (10%) had no improvement. Our study suggests that preoperative TAE of
hypervascular musculoskeletal tumors allowed for bloodless surgery in 71% of patients and minimal
transfusion needs for the remaining 29%.

Keywords: blood loss; surgical; bone neoplasms; embolization; preoperative; musculoskeletal; gelatin
sponge; microspheres; Onyx
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1. Introduction

Musculoskeletal tumors represent a heterogeneous group of benign and malignant
conditions, including primary and metastatic tumors occurring within the skeleton, joint
structures and muscles [1]. The most frequent condition is represented by bone metastases,
whose incidence is increasing due to the prolonged survival of patients with cancers [1].
Primary musculoskeletal tumors are relatively rare, as they account for 0.2–0.5% of all
malignancies in all ages [2].

All of these various musculoskeletal tumors may present as incidental findings, pain,
loss of function or fractures [3]. As a result, they regularly require surgical or interventional
radiology treatment to prevent or stabilize fractures and to improve the patient’s quality of
life [4,5]. However, surgery can result in substantial peri-operative blood loss, leading to
longer operative times, increasing peri-operative mortality and postoperative morbidity
particularly because of allogenic transfusions [6,7]. Substantial blood loss occurs during the
surgical resection of hypervascular musculoskeletal tumors, such as aneurysmal bone cysts,
giant cell tumors, solitary fibrous tumors or osteosarcomas for primary musculoskeletal
tumors, as well as bone metastases from renal cell and thyroid carcinomas [8].

Preoperative transarterial embolization (TAE) is often used to reduce peri-operative
blood loss during surgery for musculoskeletal tumors [9]. Indeed, the goal of TAE is to
occlude tumor vessels using embolic agents through a catheter that is selectively placed
in an arterial branch feeding the tumor. Consequently, TAE devascularizes and maintains
ischemia and necrosis in the center of the tumor. As a result, TAE may facilitate resection
since the tumor often shrinks in response to ischemia, and thus, borders between the tumor
and the surrounding tissues can become clearer [10]. However, there is no consensus
about the actual place of TAE in the musculoskeletal tumor therapeutic algorithm, prob-
ably because of the diversity of this heterogeneous group of tumors. In this regard, one
study revealed that preoperative TAE significantly reduced the mean estimated blood loss,
allogenic transfusion volume and operative time when applied to bone metastases [11].
Similarly, TAE with cyanoacrylate demonstrated effectiveness for aneurysmal bone cysts
and giant cell neoplasms, reducing morbidity and local recurrences [12,13]. In contrast, a
recent systematic review found no evidence to support the use of preoperative TAE for
bone metastases from thyroid cancer, lung carcinoma or prostate carcinoma [14].

Preoperative TAE of musculoskeletal tumors is often complex with non-negligible risk
to adjacent structures. The current development of interventional radiology has led to an
increasing choice of catheterizing devices, and since the first description of TAE using a
gelatin sponge [15], many options for embolic agents are available, such as polyvinyl alcohol
(PVA) particles, trisacryl microspheres, different liquid agents (N-2-butyl cyanoacrylate
[NBCA], absolute alcohol, ethylene vinyl alcohol copolymer, and stainless-steel-fibered or
platinum coils) [16]. To date, there are no firm recommendations in the literature about
the best technical approach for the preoperative TAE of musculoskeletal tumors, and the
predominant factor with respect to the choice of device or embolic material seems to be the
experience and preference of the operator [17].

Therefore, the purpose of this study was to report our experience in preoperative TAE
of musculoskeletal tumors with the wish of providing stronger evidence regarding the
effectiveness of preoperative TAE in terms of blood loss and functional outcomes.

2. Materials and Methods
2.1. Study Population

Our institutional review board approved the retrospective data analysis (AAA-2021-08-
037) and waived the need for written consent from the participants due to the retrospective
design of the study. The database of our institution was retrospectively queried from
January 2018 to December 2021 inclusive to identify all consecutive patients who had
elective surgery for a musculoskeletal tumor after TAE. For all patients, preoperative
TAE was decided during multidisciplinary musculoskeletal tumor board meetings when
important intraoperative bleeding was anticipated due to the hypervascular presentation
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of the tumors. Inclusion criteria included (i) age > 18 years; (ii) history of a musculoskeletal
tumor involving bone, joint or soft tissue that was benign or malignant and either primary
or secondary; and (iii) musculoskeletal tumor treated using elective orthopedic surgery
after preoperative TAE. Patients were excluded when no data regarding the TAE procedure
or follow-up were available.

2.2. TAE Procedure Details

Each decision for surgical treatment with preoperative TAE was performed following
the recommendation of a multidisciplinary musculoskeletal tumor board meeting. Accord-
ing to Ma et al., there are no imaging standard criteria for evaluating tumor vascularity since
the correlation between the degree of enhancement on magnetic resonance imaging (MRI)
and the vascularity degree found on angiography remains unclear [18–20]. As a result,
pre-surgical TAE was considered for all musculoskeletal tumors assumed to be clinically
or histologically hypervascular, regardless of the imaging features, or for musculoskeletal
tumors whose imaging features were consistent with hypervascularization regardless of
the clinical or histological characteristics.

All TAE procedures were performed in an angiography suite equipped with a C-arm
fluoroscopic unit (Allura XperFD20, Philips, Amsterdam, The Netherlands) by a panel
of five interventional radiologists (A.D., R.D., M.Bl, M.Bt., M.A.) with five or more years
of experience in TAE under fluoroscopic guidance and strict aseptic conditions. Vascular
access was obtained using the arterial, femoral or radial approach, depending on operator
preference using the Seldinger technique. Introducer sheaths were used with variable
lengths depending on the distance between the puncture point and the tumor.

The first step of TAE consisted of a careful analysis of the musculoskeletal tumor vascu-
lar anatomy. This was obtained via selective catheterization using a 4-French (F), 5-F or 6-F
catheter of the main arterial branch(es) that was (were) supposed to vascularize the tumor.
An angiogram was obtained to evaluate the number and the anatomical characteristics
(ostium position, direction) of the feeding arteries (Figure 1). Particular attention was paid
to the presence of extratumoral branches that arose from the feeders whose embolization
might lead to ischemic complications. Then, each tumor-feeding artery was selectively
catheterized using a microcatheter whose caliber ranged from 2.0-F to 2.8-F, depending on
the tumor feeder’s size.

Tumor-feeding artery occlusion was undertaken using different embolic agents, whose
selection was left at the discretion of the operator in the absence of robust recommendations.
They included liquid embolic agents (NBCA (Glubran®, GEM Italy, Viareggio, Italy) or
ethylene vinyl alcohol copolymer (Onyx™, Microtherapeutics, Irvine, CA, USA)), a gelatin
sponge (Gelfoam® (Pfizer, New York City, NY, USA)) or Embocube® (Merit Medical, South
Jourdan, UT, USA) in pieces of 2.5, 5 or 10 mm microspheres (Embospheres®, Merit Medical,
South Jourdan, UT, USA) with various calibers (300–500 µm, 500–700 µm, 700–900 µm or
900–1200 µm). When the embolization of an extratumoral branch arising from a tumor-
feeding artery could not be avoided and the ischemic risk was considered non-negligible,
this extratumoral branch was also microcatheterized and occluded with metallic coils for
protective purposes (i.e., “back door embolization” technique) [21].

At the end of the procedure, the final control angiogram was obtained to evaluate the
degree of tumor embolization based on visual estimation of tumor blush reduction. TAE
was considered complete when a reduction in tumor blush greater than 90% was observed,
near-complete for a 75 to 90% reduction and incomplete for a reduction <75% [22]. Blush
reduction was evaluated by the operator and indicated in the final report.

Hemostasis at the puncture site was performed by using manual compression or 6-F or
7-F closure devices, including Femoseal® (St Jude. Medical, St. Paul, MN, USA), Angioseal®

(Terumo, Tokyo, Japan) or Starclose® (Abbott Vascular, Redwood City, CA, USA).
All patients underwent orthopedic surgery the same day or the day after since it is

generally recommended to perform surgery as early as possible after TAE, although no
consensus exists regarding the time between TAE and further surgery [23]. The different
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surgical techniques employed were resection; curettage, which is associated with prosthesis,
osteosynthesis or both; prosthesis alone and osteosynthesis alone. The decision regarding
the surgical approach and technique was taken by a panel of several specialized orthopedic
surgeons who reached a consensus opinion during multidisciplinary musculoskeletal
tumor board meetings.

All patients were followed-up at regular intervals with clinical examination, in partic-
ular with an orthopedic consultation, during which functional results were evaluated (pain,
mobility) with a minimal follow-up time of three months. Imaging examinations were also
performed to search for local recurrence and distant metastases.
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Figure 1. A fifty-eight-year-old man treated for right ilium metastasis of a clear cell renal cell
carcinoma. (A) First angiographic acquisition, which was realized thanks to a 5-Fr catheter, showed a
hypervascularized tumor fed by a main artery, namely, the posterior trunk of the right intern iliac
artery (black arrow). Two feeders were identified: one arising from the superior gluteal artery (open
arrow) and another arising from the iliolumbar artery (white arrow). (B) The feeder arising from
the superior gluteal artery was catheterized selectively using a microcatheter Maestro® 2.8 F (Merit
Medical, South Jourdan, UT, USA) and embolized with 300–500 µm microspheres (Embospheres®,
Merit Medical, South Jourdan, UT, USA). (C) The angiographic control showed a complete occlusion
of that feeder. (D) The feeder arising from the iliolumbar artery was catheterized selectively using
a microcatheter Maestro® 2.8 F (Merit Medical, South Jourdan, UT, USA) and embolized with
300–500 µm microspheres (Embospheres®, Merit Medical, South Jourdan, UT, USA). (E) Control
angiogram shows complete occlusion of that feeder. (F) Final angiographic control showing complete
devascularization of the right ilium tumor, with a tumoral blush intensity reduction greater than 90%.

2.3. Data Collection

Medical, biological and surgical data were retrospectively recorded by the study co-
ordinator (A.K., a fourth-year resident in radiology). They included (i) age at the time of
surgery, (ii) gender, (iii) histological type of the tumor, (iv) localization of the treated tumor,
(v) type of surgery, (vi) purpose of the surgery (therapeutic goal or symptomatic/functional
goal in palliative surgical interventions), (vii) intraoperative blood loss, (viii) hemoglobin
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serum level before and after surgery, (ix) surgical complications if any, (x) local recur-
rence, (xi) global progression of the disease in case of malignant tumor and (xii) overall
survival (OS).

In addition, the study coordinator recorded details about TAE including (i) the main ar-
terial branch to the tumor, (ii) tumor-feeding arteries, (iii) embolized extratumoral branches,
(iv) devices used (diameter and length of introducer sheaths, diameters of catheters, di-
ameters of microcatheters, diameters of microwires, type of embolic agents and volume
of iodinated contrast material in mL), (v) dose area product (DAP in mGy·cm2), (vi) air
kerma (in mGy) and (vi) endovascular procedure-related complications. Main arterial
branches were defined as large- or medium-caliber arteries that gave rise to several feeders
vascularizing the tumor. Feeders were smaller arterial branches vascularizing the tumor in
which embolic agents were injected.

2.4. Outcomes

For each patient, the difference in hemoglobin serum level (g/dL) between after and
before surgery was calculated and considered as an indicator of peri-operative blood loss.
The need for blood transfusions was estimated as the number of red blood cell packs
received by the patient.

Functional results were evaluated according to the latest orthopedic consultation
reports available during the follow-up. There was no standardized scale to evaluate func-
tional results because of the heterogeneity of tumor localization and surgical interventions.
Surgeons did not systematically employ quality-of-life questionnaires in their follow-up
reports. However, they assessed the evolution of pain, mobility and consequences on daily
life activities. All of these elements were retrospectively gathered and interpreted to define
four levels of post-procedure evolution. A complete improvement was reported when the
patient noticed a return to baseline autonomy without any residual pain related to the
treated bone. Partial satisfying improvement corresponded to a significant but incomplete
reduction of pain and disability, associated with a greater quality of life compared with
the situation before surgery. When the patient noticed a slight improvement in pain and
mobility with an important remaining disability, it corresponded to a partially unsatisfying
improvement. Finally, lack of improvement was defined as the absence of significant
improvement in pain, disability and consequences on quality of life. Local recurrence and
global disease progression were noted for each patient.

2.5. Statistical Analysis

Statistical analysis was performed using version 4.1.0 of R software. Continuous vari-
ables were expressed as medians, interquartile ranges (q1; q3) and ranges [24]. Qualitative
variables were expressed as raw numbers and proportions. The OS was estimated using the
Kaplan–Meier method. The survival time was defined from the date of surgery to the date
of death or the last follow-up visit. The percentage of complete or near-complete devas-
cularization at the end of TAE was compared between patients who had peri-operative
transfusion and those who did not using a chi2 test. The association between the degree of
devascularization and the need for transfusion was evaluated by estimating the odds ratio
and its 95% confidence interval. The level of significance was set at p < 0.05.

3. Results
3.1. Study Population

Thirty-three patients who underwent TAE for musculoskeletal tumors before elective
orthopedic surgery were initially identified. Of these, two patients were further excluded
because they were followed-up at another institution and no information about their
functional status after TAE and surgery were available. The final study population included
31 patients (15 men, 16 women) with a median age of 67 years (q1, 55; q3, 74; range:
19–87 years). The initial characteristics of the 31 patients are summarized in Table 1. Among
the 31 musculoskeletal tumors, 27 (27/31, 87%) were bone metastasis and mainly from clear
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cell renal cell carcinoma (17/31, 55%), and four (4/31, 13%) were primary musculoskeletal
tumors (aneurysmal bone cyst, giant cell tumor, undifferentiated spindle and pleomorphic
sarcoma, with one each). Tumors were mostly located in the thigh (12/31, 39%) or pelvic
bones (6/31, 19%).

Table 1. Baseline characteristics of the 31 patients who underwent preoperative arterial embolization
of bone tumors.

Characteristics Values

Age (years) 67 (55; 74) [19–87]

Sex

Male 15/31 (48%)

Female 16/31 (52%)

Tumor histological type

Primary tumors 4/31 (13%)

Aneurysmal bone cyst 2/31 (7%)

Giant cells tumor 1/31 (3%)

Undifferentiated spindle and pleomorphic sarcoma 1/31 (3%)

Secondary tumors 27/31 (87%)

Clear cell renal cell carcinoma 17/31 (55%)

Chromophobe renal cell carcinoma 2/31 (7%)

Mucinous tubular and spindle cell carcinoma 1/31 (3%)

Solitary fibrous tumor 3/31 (10%)

Leiomyosarcoma 1/31 (3%)

Thyroid carcinoma 3/31 (10%)

Tumor localization

Pelvic bone 6/31 (19%)

Acetabulum 5/31 (16%)

Ilium 1/31 (3%)

Thigh 12/31 (39%)

Femoral head 2/31 (7%)

Femoral Neck 1/31 (3%)

Femoral metaphysis 1/31 (3%)

Femoral diaphysis 5/31 (16%)

Femoral condyle 1/31 (3%)

Soft tissue 2/31 (7%)

Upper limb 10/31 (32%)

Humeral neck 2/31 (7%)

Humeral metaphysis 1/31 (3%)

Humeral diaphysis 6/31 (19%)

Forearm soft tissue 1/31 (3%)

Spine (sacrum) 3/31 (10%)
Qualitative variables are expressed as proportions; numbers in parentheses are percentages. Quantitative variables
are expressed as medians; numbers in parentheses are interquartile ranges (q1; q3); numbers in square brackets
are ranges.
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3.2. TAE Procedures

All TAEs were performed with morphine-based patient-controlled anesthesia (PCA).
Other analgesic drugs, such as paracetamol, ketoprofen or nefopam, were added in four
TAEs (30%), when morphine did not provide sufficient analgesia or when it was poorly
tolerated during TAE. TAEs were performed under local anesthesia in 29/31 patients (94%);
1/31 patients (3%) had regional anesthesia and 1/31 patients (3%) had general anesthesia
because he denied local anesthesia. A femoral approach was used in 30/31 (97%) patients
and a radial approach in one patient (3%).

A total of 33 introducers were used for 31 TAEs, consisting of short introducers (20/33,
61%), with a length of 10 cm, or long introducers (13/33, 39%), with a length of 45 cm or
55 cm. The introducers’ calibers ranged from 4-F to 6-F. A total of 49 catheters were used
for the 31 TAE procedures, with a single catheter used for the whole TAE procedure in 16
TAEs (57%). The catheter type was variable, depending on the anatomical configuration of
the targeted artery, with calibers ranging from 4-F to 6-F. Two TAEs (7%) did not require the
use of a microcatheter because the main feeding artery (posterior trunk of the intern iliac
artery) was embolized with pieces of gelatin sponge (Gelfoam®). A single microcatheter
was used in 24 TAEs (77%) and 2 or 3 in 5 TAEs (16%), with a caliber ranging from 2.0- to
2.8-F. A total of 36 microwires with calibers ranging from 0.014- to 0.021-inch were used
since two microwires were needed for 7 TAEs (2%) and 3 for 2 TAEs (7%).

The embolic agents were metallic coils for 16 TAEs (52%), microspheres for 15 TAEs
(48%), a gelatin sponge for 14 TAEs (42%), NBCA for 6 TAEs (19%) and Onyx™ 18 for 5 TAEs
(16%). Some TAEs required the use of different embolic agents for the same tumor. The
gelatin sponges were in the form of Gelfoam® pieces (8/14, 57%) or Embocube® particles
that were 2.5 (2/14, 14%), 5 (3/14, 21%) or 10 mm (1/14, 71%) in size. The median number
of coils per TAE was three (q1, 2; q3, 5.5; range: 1–10). The median volume of Onyx™ 18
was 1.5 mL (q1, 1; q3, 3; range: 1–5 mL). The Embospheres (Merit Medical, South Jourdan,
UT, USA) had a caliber of 300–500 µm for two TAEs (13%), 500–700 µm for nine TAEs (60%),
700–900 µm for six TAEs (40%) and 900–1200 µm for one TAE (67%). Various calibers of
microspheres could be used for a single TAE, depending on the result of the intercurrent
angiographic controls in terms of devascularization. The Glubran® (GEM Italy, Viareggio,
Italy) dilution with ethiodized oil (Lipiodol®, Guerbet, Aulnay-sous-Bois, France) was 1:2
in two TAEs requiring the use of NBCA (33%), 1:3 in one TAE (17%), 1:4 in one TAE (17%)
and 1:6 in one TAE (17%). The median volume of Glubran® was 3 mL (q1, 0.4; q3, 3; range:
0.4–3 mL).

An arterial closure device, with a caliber of 6-F in 16/17 TAEs (94%) or 7-F in 1/17
TAEs (6%) was used in 17 TAEs (55%). The median amount of iodinated contrast material
was 200 mL (q1, 100; q3, 200; range: 40–400 mL).

The median DAP was 62,117 mGy·cm2 (q1, 29,680; q3, 153,655; range: 29,680–
587,656 mGy·cm2) and the median air kerma was 329 mGy (q1, 153.0; q3, 617.8; range:
67.1–3301.1 mGy).

The 31 musculoskeletal tumors were vascularized using a total of 48 main arteries.
The tumor was vascularized by a single main artery in 14 TAEs (45%), by 2 main arteries in
14 TAEs (45%) and by 3 main arteries in 2 TAEs (7%). The main arteries from which the
embolized tumoral feeders arose were the abdominal aorta, intern iliac artery, extern iliac
artery, common femoral artery, deep femoral artery, superficial femoral artery, popliteal
artery, axillary artery, humeral artery, ulnar artery and radial artery. A total of 84 tumor-
feeding arteries were embolized during the 31 TAEs (Table 2). The median number of
embolized feeders per TAE was three (q1, 2; q3, 3; range: 1–6). Extratumoral arterial
branches were embolized in four TAEs (13%).

Regarding the final angiographic control, complete devascularization was observed in
18 TAEs (58%), and near-complete was observed in 13 TAEs (42%). No complications were
reported in any of the 31 TAEs.
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Table 2. Anatomical characteristics of 84 embolized feeding arteries during 31 procedures.

Artery Value

Abdominal aorta 1/84 (1%)

Medial sacral artery 1/84 (1%)

Internal iliac artery 22/84 (26%)

Anterior trunk 3/84 (4%)
Pudendal artery 1/84 (1%)
Obturator artery 3/84 (4%)
Posterior trunk 1/84 (1%)

Trunk of superior gluteal artery 3/84 (4%)
Acetabular branch of superior gluteal artery 1/84 (1%)

Iliolumbar artery 4/84 (5%)
Trunk of lateral sacral artery 4/84 (5%)

Superior branch of lateral sacral artery 1/84 (1%)
Inferior branch of lateral sacral artery 1/84 (1%)

External iliac artery 3/84 (4%)

Inferior epigastric artery 2/84 (2%)
Deep circumflex iliac artery 1/84 (1%)

Common femoral artery 1/84 (1%)

Innominate branch 1/84 (1%)

Deep femoral artery 21/84 (25%)

Medical circumflex branch 7/84 (8%)
Lateral circumflex branch 8/84 (9%)

Muscular branch 1/84 (1%)
Perforating branch 5/84 (6%)

Superficial femoral artery 7/84 (8%)

Descending genicular artery 2/84 (2%)
Perforating branch 5/84 (6%)

Popliteal artery 3/84 (4%)
Superior lateral genicular artery 2/84 (2%)
Superior medial genicular artery 1/84 (1%)

Axillary artery 14/84 (17%)

Subscapular artery 1/84 (1%)
Anterior humeral circumflex artery 2/84 (2%)
Posterior humeral circumflex artery 12/84 (14%)

Humeral artery 13/84 (15%)

Innominate branch 3/84 (4%)

Branch from deep humeral artery 6/84 (7%)

Deep humeral artery 4/84 (5%)

Radial artery 1/84 (1%)

Radial recurrent artery 1/84 (1%)

Ulnar artery 1/84 (1%)

Interosseous branch 1/84 (1%)
Variables are expressed as proportions; numbers in parentheses are percentages. Arteries in bold are the main
large- or medium-caliber arteries from which the embolized feeders arised. Arteries in italics are the feeders (i.e.,
arterial branches vascularizing the tumor in which embolic agents were injected).

3.3. Surgical and Clinical Outcome

Among the 31 orthopedic surgical interventions, there were 16 resections (52%), 5 curet-
tages (16%), 4 prosthesis placements alone (13%), and 6 osteosyntheses alone (19%). Resec-
tions were associated with prostheses in eight patients (26%), with osteosynthesis in two
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patients (7%) and with both in one patient (3%) (Table 3). Curettage was associated with a
prosthesis for one patient (3%) and with osteosyntheses for two patients (7%). The surgical
purpose was palliative for 27 patients (87%) with secondary tumors and curative for 4 with
primary tumors (13%). Two peri-operative complications in two different patients (7%)
were reported. One patient had diaphragmatic paralysis after general anesthesia, which
required a short stay in the intensive care unit, but the patient recovered after a few hours
and did not have sequelae. Another patient developed a surgical site infection during the
month following surgery, which led to cardiac failure and death.

Table 3. Surgical data and outcomes of 31 patients who underwent preoperative arterial embolization
of bone tumors.

Variable Value

Type of surgery

Resection alone 5/31 (16%)

Resection with prosthesis 8/31 (26%)

Resection with osteosynthesis 2/31 (7%)

Resection with both prosthesis and osteosynthesis 1/31 (3%)

Curettage alone 2/31 (7%)

Curettage with prosthesis 1/31 (3%)

Curettage with osteosynthesis 2/31 (7%)

Prosthesis alone 4/31 (13%)

Osteosynthesis alone 6/31 (19%)

Surgical intent

Curative 4/31 (13%)

Palliative 27/31 (87%)

Hemoglobin, blood loss and need for transfusion

Hemoglobin serum level before surgery (g/dL) 11.8 (10.9; 13.3) [9.2–15.2]

Hemoglobin serum level after surgery (g/dL) 10.5 (9.6; 11.3) [8.4–12.7]

Hemoglobin differential (g/dL) 1.9 (0.9; 2.7) [0.1–6.2]

Blood loss (mL) 300 (300; 1000) [300–1000]

Need for transfusion 9/31 (29%)

Packed red blood cells 3 (2; 4) [1–4]

Complications 2/31 (7%)

Functional results

Complete improvement 8/30 (27%)

Partial satisfying improvement 15/30 (50%)

Partial unsatisfying improvement 4/30 (13%)

Lack of improvement 3/30 (10%)

Local recurrence 6/31 (19%)

Global disease progression 15/31 (48%)

Death 5/31 (16%)

OS (months) 22.1 (5.1; 29.7) [1.4–40.7]
Notes. Qualitative variables are expressed as proportions; numbers in parentheses are percentages. Quantitative
variables are expressed as medians; numbers in parentheses are interquartile ranges (q1; q3); numbers in square
brackets are ranges. OS indicates overall survival.
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The median intraoperative blood loss was 300 mL (q1, 300; q3, 1000; range: 300–1000 mL).
The median difference in hemoglobin serum level between after and before surgery was
1.9 mL (q1, 0.9; q3, 2.7: range: 0.1–6.2 mL). Nine patients (29%) required blood transfusions,
with a median of three units (q1, 2; q3, 4: range: 1–4) of packed red blood cells. The nine
patients who required blood transfusion underwent palliative orthopedic surgeries (7/9,
78%) for musculoskeletal tumors located in the sacrum (2/9, 22%), the acetabulum (2/9,
22%), the ilium (1/9, 11%), the femoral condyle (1/9, 11%), metaphysis (1/9, 11%) or the
humerus (2/9, 22%). As a result, the location probably does not explain the need for blood
transfusion. Nevertheless, the type of surgical intervention may explain the need for blood
transfusion since 7/9 patients (78%) requiring blood transfusion underwent “complex”
intervention, including at least two different techniques (i.e., the association of resection
and prosthesis placement (6/9, 67%) or the association of resection and osteosynthesis
(1/9, 11%)). Among the nine patients who required blood transfusion, four (44%) had
near-complete devascularization on a control angiogram. Among the 22 patients who did
not need any blood transfusion, nine (41%) had near-complete devascularization. The
percentage of complete or near-complete devascularization at the end of TAE did not differ
between patients who required blood transfusion and those who did not (p = 0.86). The
degree of devascularization at the end of TAE was not significantly associated with the
need for blood transfusion (odds ratio: 1.7, 95% confidence interval: 0.26–12.8, p = 0.70).

Functional results of the orthopedic surgical interventions, which were evaluated
regularly from three months after surgery, could be evaluated only for 30 patients (97%)
since one of them died 1.4 months after the surgery. Eight patients (27%) had complete
improvement at the end of the follow-up, 15 (50%) had partially satisfying improvement,
four (13%) had partially unsatisfying improvement and three (10%) had no improvement.
Local recurrence was noticed for six patients (19%). Fifteen patients (48%) had global
progression disease at the end of the follow-up. Five patients (16%) died at the end of the
follow-up, yielding a median OS of 22.1 months (q1, 5.1; q3, 29.7; range: 1.4–40.7 months).

4. Discussion

In this study, we found that preoperative TAE resulted in a complete or near-complete
devascularization of 58% and 42% musculoskeletal tumors, respectively. In addition, we
found a peri-operative blood transfusion rate of 29%, with a median drop in hemoglobin
serum level of 1.9 g/dL only after surgery. Our study suggested that preoperative TAE
allows for bloodless surgery of hypervascular musculoskeletal tumors in 71% of patients
and only moderate transfusion needs for the remaining 29%.

A preoperative TAE of a musculoskeletal tumor is a complex procedure. First, there
is no strong recommendation about the optimal technique. As a result, the operator
selects their approach depending on their own experience and preference and based
on pre-TAE imaging findings. However, some situations are hard to anticipate and are
ultimately identified intraoperatively. This is why for a single procedure, several catheters,
microcatheters and embolic agents may be used. However, some elements may guide the
decision, such as the vessel caliber and the presence of arteriovenous shunts or collaterals.
A good knowledge of the properties of each embolic agent is also necessary to perform an
effective and safe TAE. For example, we used liquid embolization agents, such as NBCA
or Onyx™ 18, to provide fast and permanent occlusion. In fact, these embolic agents are
known to induce more complete tumor necrosis than particulate agents [25]. Moreover,
NBCA is mixed with ethiodized oil, making it visible during TAE. The best dilution ratio of
NBCA with ethiodized oil seems to be 1:3 or less to avoid premature NBCA polymerization
and ensure distal embolization. Nevertheless, NBCA and Onyx™ 18 are more difficult to
manipulate and carry a greater risk of non-targeted embolization, which is an issue for these
patients who must undergo potentially disruptive surgery. This is why the benefit–risk
balance between optimal embolization in terms of devascularization and preservation
of tissues adjacent to the tumor must therefore be carefully assessed. Particulate agents,
such as PVA particles or tris-acryl gelatin, are easier to handle but their caliber must be
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carefully selected to avoid venous efflux, and those < 300 µm should not be used [17,26].
We do prefer tris-acryl gelatin particles because of their more regular shape compared with
PVA particles, which decreases the risk of aggregation and catheter occlusion [27]. Gelatin
sponge provides temporary occlusion and should be used when surgery is undertaken
less than 15 days after a TAE [16]. Coils are also an option, particularly in the “back door
embolization” technique, during which an extratumoral branch arising from a tumoral
feeder is occluded for protective purposes to avoid ischemic complications. However, coils
are not recommended as the sole embolic agent in tumor embolization because they cannot
provide distal vessel embolization, which is necessary for hypervascular tumors with
multiple collaterals [28]. The different embolic agents available do not provide the same
effectiveness in terms of devascularization but they are complementary because of their
different properties. We may recommend the association of an embolic agent providing
distal embolization, such as NCBA, Onyx or tris-acryl gelatin particles, with the additional
use of metallic coils to avoid non-target arterial occlusion.

In our study, a complete or near-complete devascularization was obtained in all tumors,
regardless of the type of embolic agent. This made it difficult to establish recommendations,
as no differences were observed in terms of the TAE efficacy between the different embolic
agents. Our results with respect to devascularization were similar to those observed in
the study by Kwon et al., who reported devascularization > 70% in 24 out of 25 patients
(96%) with peripheral bone metastasis [29]. Although commonly used, visual estimation of
devascularization may be subject to interobserver variability [30]. Cone-beam computed
tomography (CBCT) may provide a more objective way to estimate tumor devasculariza-
tion [31]. A comparison of tumor enhancement before and after TAE may be a more reliable
method to analyze the degree of tumor devascularization. To overcome this limitation, in
our study, control angiograms at the end of the TAE were performed with the catheter in
the most proximal part of the main artery feeding the tumor with long-term fluoroscopic
acquisitions to ensure that no arterial branches were left unembolized.

Our results in terms of blood loss should be interpreted on the basis of the low rate
of blood transfusion required, which was consistent with the results of Kwon et al. [29].
We were not able to precisely evaluate the blood loss in mL because the information was
rarely available in surgical reports, which may induce an interpretation bias. Moreover, our
study did not include a control group of patients without preoperative TAE, and thus, our
results should be interpreted with caution. We found no associations between the degree
of tumor devascularization and the need for transfusion. This may be partly explained by
the fact that all patients had a high degree of devascularization in our study. However,
literature data reporting on the effectiveness of preoperative TAE of musculoskeletal tumors
in terms of blood loss show conflicting results. In a randomized, controlled trial, Clausen
et al. found no significant differences in blood loss estimated in mL and the need for
transfusion between patients with and without preoperative TAE [32]. In contrast, Kato
et al. found a significant difference in mean blood loss between patients who underwent
TAE (520 mL; range, 140–1380 mL) and those who did not undergo TAE (1128 mL; range,
100–3260 mL) [33].

5. Study Limitations

Our study had some limitations. First, the retrospective collection of data about
peri-operative blood loss was incomplete, with missing information regarding the exact
volume of peri-operative blood loss. This study’s retrospective design did not allow for
collecting objective and standardized information about the functional results of orthopedic
surgeries. All of these elements may lead to an information bias. Second, we did not search
for a potential association between the degree of tumor devascularization and patients’
quality of life after treatment nor local recurrence of the tumor because we did not have
any control group. In addition, our population presented with great heterogeneity in
terms of tumor localization, tumor type and surgical techniques, which made the subgroup
analyses difficult.
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6. Conclusions

In conclusion, the results of our study bring further evidence regarding the safety
and efficacy of preoperative TAE of a musculoskeletal tumor. Preoperative TAE of a
musculoskeletal tumor was found to be a safe procedure that allowed for bloodless surgery
in 71% of patients and minimal transfusion needs for the remaining 29%. However, there
is still a need for larger-scale, randomized and controlled studies to definitively confirm
our results.

Author Contributions: Conceptualization, M.B., A.D., P.S. and D.B.; methodology, M.B., A.D. and
P.S.; validation, A.K., M.B., D.B., A.B., R.D., A.L., M.A., A.F., P.S. and A.D.; formal analysis, A.K. and
M.B.; investigation, A.K., M.B., A.D., P.S., D.B. and A.F.; resources, A.K., M.B., D.B., A.B., R.D., A.L.,
M.A., A.F., P.S. and A.D.; writing—original draft preparation, A.K., M.B., A.D., P.S., D.B.; writing—
review and editing, D.B., A.B., R.D., A.L., M.A. and A.F.; visualization, D.B., A.B., R.D., A.L., M.A.
and A.F.; supervision, M.B.; project administration, A.D., P.S., D.B. and A.F. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by our Institutional Review Board (AAA-2021-08-037).

Informed Consent Statement: Our institutional review board waived the need for written consent
of the participants due to the retrospective design of the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author (M.B.) upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

CBCT Cone-beam computed tomography
CT Computed tomography
DAP Dose area product
MRI Magnetic resonance imaging
NBCA n-2-butyl cyanoacrylate
OS Overall survival
PCA Patient-controlled anesthesia
PVA Polyvinyl alcohol
TAE Transcatheter arterial embolization

References
1. Coleman, R.E. Metastatic bone disease: Clinical features, pathophysiology and treatment strategies. Cancer Treat. Rev. 2001, 27,

165–176. [CrossRef] [PubMed]
2. Bergovec, M.; Kubat, O.; Smerdelj, M.; Seiwerth, S.; Bonevski, A.; Orlic, D. Epidemiology of musculoskeletal tumors in a national

referral orthopedic department: A study of 3482 cases. Cancer Epidemiol. 2015, 39, 298–302. [CrossRef] [PubMed]
3. Saad, F.; Lipton, A.; Cook, R.; Chen, Y.-M.; Smith, M.; Coleman, R. Pathologic fractures correlate with reduced survival in patients

with malignant bone disease. Cancer 2007, 110, 1860–1867. [CrossRef] [PubMed]
4. Cazzato, R.L.; De Marini, P.; Leonard-Lorant, I.; Dalili, D.; Koch, G.; Autrusseau, P.A.; Mayer, T.; Weiss, J.; Auloge, P.; Garnon,

J.; et al. Percutaneous thermal ablation of sacral metastases: Assessment of pain relief and local tumor control. Diagn. Interv.
Imaging 2021, 102, 355–361. [CrossRef] [PubMed]

5. Garnon, J.; Meylheuc, L.; Cazzato, R.L.; Dalili, D.; Koch, G.; Auloge, P.; Bayle, B.; Gangi, A. Percutaneous extra-spinal cemento-
plasty in patients with cancer: A systematic review of procedural details and clinical outcomes. Diagn. Interv. Imaging 2019, 100,
743–752. [CrossRef]

6. Janssen, S.J.; Braun, Y.; Ready, J.E.; Raskin, K.A.; Ferrone, M.L.; Hornicek, F.J.; Schwab, J.H. Are allogeneic blood transfusions
associated with decreased survival after surgery for long-bone metastatic fractures? Clin. Orthop. 2015, 473, 2343–2351. [CrossRef]

7. Ristevski, B.; Jenkinson, R.J.; Stephen, D.J.G.; Finkelstein, J.; Schemitsch, E.H.; McKee, M.D.; Kreder, H.J. Mortality and
complications following stabilization of femoral metastatic lesions: A population-based study of regional variation and outcome.
Can. J. Surg. 2009, 52, 302–308.

https://doi.org/10.1053/ctrv.2000.0210
https://www.ncbi.nlm.nih.gov/pubmed/11417967
https://doi.org/10.1016/j.canep.2015.01.015
https://www.ncbi.nlm.nih.gov/pubmed/25703268
https://doi.org/10.1002/cncr.22991
https://www.ncbi.nlm.nih.gov/pubmed/17763372
https://doi.org/10.1016/j.diii.2020.12.008
https://www.ncbi.nlm.nih.gov/pubmed/33487588
https://doi.org/10.1016/j.diii.2019.07.005
https://doi.org/10.1007/s11999-015-4167-3


Cancers 2023, 15, 2657 13 of 13

8. Ibrahim, W.H.; Safran, Z.A.; Hasan, H.; Zeid, W.A. Preoperative and therapeutic embolization of extremities of bone and soft
tissue tumors. Angiology 2013, 64, 151–156. [CrossRef]

9. Feldman, F.; Casarella, W.J.; Dick, H.M.; Hollander, B.A. Selective intra-arterial embolization of bone tumors: A useful adjunct in
the management of selected lesions. Am. J. Roentgenol. Radium Ther. Nucl. Med. 1975, 123, 130–139. [CrossRef]

10. Rossi, G.; Mavrogenis, A.F.; Rimondi, E.; Ciccarese, F.; Tranfaglia, C.; Angelelli, B.; Fiorentini, G.; Bartalena, T.; Errani, C.; Ruggieri,
P.; et al. Selective arterial embolisation for bone tumours: Experience of 454 cases. Radiol. Med. 2011, 116, 793–808. [CrossRef]

11. Pazionis, T.J.C.; Papanastassiou, I.D.; Maybody, M.; Healey, J.H. Embolization of hypervascular bone metastases reduces
intraoperative blood loss: A case-control study. Clin. Orthop. 2014, 472, 3179–3187. [CrossRef]

12. Rossi, G.; Rimondi, E.; Bartalena, T.; Gerardi, A.; Alberghini, M.; Staals, E.L.; Errani, C.; Bianchi, G.; Toscano, A.; Mercuri, M.; et al.
Selective arterial embolization of 36 aneurysmal bone cysts of the skeleton with N-2-butyl cyanoacrylate. Skelet. Radiol. 2010, 39,
161–167. [CrossRef]

13. Mindea, S.A.; Eddleman, C.S.; Hage, Z.A.; Batjer, H.H.; Ondra, S.L.; Bendok, B.R. Endovascular embolization of a recurrent
cervical giant cell neoplasm using N-butyl 2-cyanoacrylate. J. Clin. Neurosci. 2009, 16, 452–454. [CrossRef]

14. Geraets, S.E.W.; Bos, P.K.; van der Stok, J. Preoperative embolization in surgical treatment of long bone metastasis: A systematic
literature review. EFORT Open Rev. 2020, 5, 17–25. [CrossRef]

15. Carpenter, P.R.; Ewing, J.W.; Cook, A.J.; Kuster, A.H. Angiographic assessment and control of potential operative hemorrhage
with pathologic fractures secondary to metastasis. Clin. Orthop. 1977, 123, 6–8. [CrossRef]

16. Owen, R.J.T. Embolization of musculoskeletal bone tumors. Semin. Interv. Radiol. 2010, 27, 111–123. [CrossRef]
17. Radeleff, B.; Eiers, M.; Lopez-Benitez, R.; Noeldge, G.; Hallscheidt, P.; Grenacher, L.; Libicher, M.; Zeifang, F.; Meeder, J.P.;

Kauffmann, G.W.; et al. Transarterial embolization of primary and secondary tumors of the skeletal system. Eur. J. Radiol. 2006,
58, 68–75. [CrossRef]

18. Ma, J.; Tullius, T.; Van Ha, T.G. Update on preoperative embolization of bone metastases. Semin. Interv. Radiol. 2019, 36, 241–248.
[CrossRef]

19. Thiex, R.; Harris, M.B.; Sides, C.; Bono, C.M.; Frerichs, K.U. The role of preoperative transarterial embolization in spinal tumors:
A large single-center experience. Spine 2013, 13, 141–149. [CrossRef]

20. Prabhu, V.C.; Bilsky, M.H.; Jambhekar, K.; Panageas, K.S.; Boland, P.J.; Lis, E.; Heier, L.; Nelson, P.K. Results of preoperative
embolization for metastatic spinal neoplasms. J. Neurosurg. 2003, 98, 156–164. [CrossRef]

21. Heran, M.K.S. Preoperative embolization of spinal metastatic disease: Rationale and technical considerations. Semin. Musculoskelet.
Radiol. 2011, 15, 135–142. [CrossRef] [PubMed]

22. Quraishi, N.A.; Purushothamdas, S.; Manoharan, S.R.; Arealis, G.; Lenthall, R.; Grevitt, M.P. Outcome of embolised vascular
metastatic renal cell tumours causing spinal cord compression. Eur. Spine J. 2013, 22, 27–32. [CrossRef] [PubMed]

23. Vetter, S.C.; Strecker, E.-P.; Ackermann, L.W.; Harms, J. Preoperative embolization of cervical spine tumors. Cardiovasc. Interv.
Radiol. 1997, 20, 343–347. [CrossRef] [PubMed]

24. Barat, M.; Jannot, A.-S.; Dohan, A.; Soyer, P. How to report and compare quantitative variables in a radiology article. Diagn. Interv.
Imaging 2022, 103, 571–573. [CrossRef]

25. Munk, P.L.; Legiehn, G.M. Musculoskeletal interventional radiology: Applications to oncology. Semin. Roentgenol. 2007, 42,
164–174. [CrossRef]

26. Brown, K.T. Fatal pulmonary complications after arterial embolization with 40–120- micro m tris-acryl gelatin microspheres. J.
Vasc. Interv. Radiol. 2004, 15, 197–200. [CrossRef]

27. Gupta, P.; Gamanagatti, S. Preoperative transarterial embolisation in bone tumors. World J. Radiol. 2012, 4, 186–192. [CrossRef]
28. Kauffmann, G.; Wimmer, B.; Bischoff, W.; Adler, C.; Strecker, E.P. Fundamental experiments for therapeutic artery occlusion by

angiography catheters. Radiologe 1977, 17, 489–491.
29. Kwon, J.H.; Shin, J.H.; Kim, J.H.; Gwon, D.I.; Yoon, H.K.; Ko, G.Y.; Sung, K.B.; Song, H.Y. Preoperative transcatheter arterial

embolization of hypervascular metastatic tumors of long bones. Acta Radiol. 2010, 51, 396–401. [CrossRef]
30. Reitz, M.; Mende, K.C.; Cramer, C.; Krätzig, T.; Nagy Zs Vettorazzi, E.; Eicker, S.O.; Dreimann, M. Surgical treatment of spinal

metastases from renal cell carcinoma-effects of preoperative embolization on intraoperative blood loss. Neurosurg. Rev. 2018, 41,
861–867. [CrossRef]

31. Martin, M.; Hocquelet, A.; Debordeaux, F.; Bordenave, L.; Blanc, J.F.; Papadopoulos, P.; Lapuyade, B.; Trillaud, H.; Pinaquy, J.B.
Comparison of perfused volume segmentation between cone-beam CT and 99mTc-MAA SPECT/CT for treatment dosimetry
before selective internal radiation therapy using 90Y-glass microspheres. Diagn. Interv. Imaging 2021, 102, 45–52. [CrossRef]

32. Clausen, C.; Dahl, B.; Frevert, S.C.; Hansen, L.V.; Nielsen, M.B.; Lönn, L. Preoperative embolization in surgical treatment of spinal
metastases: Single-blind, randomized controlled clinical trial of efficacy in decreasing intraoperative blood loss. J. Vasc. Interv.
Radiol. 2015, 26, 402–412.e1. [CrossRef]

33. Kato, S.; Murakami, H.; Minami, T.; Demura, S.; Yoshioka, K.; Matsui, O.; Tsuchiya, H. Preoperative embolization significantly
decreases intraoperative blood loss during palliative surgery for spinal metastasis. Orthopedics 2012, 35, e1389–e1395. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/0003319711436075
https://doi.org/10.2214/ajr.123.1.130
https://doi.org/10.1007/s11547-011-0670-0
https://doi.org/10.1007/s11999-014-3734-3
https://doi.org/10.1007/s00256-009-0757-z
https://doi.org/10.1016/j.jocn.2008.03.017
https://doi.org/10.1302/2058-5241.5.190013
https://doi.org/10.1097/00003086-197703000-00003
https://doi.org/10.1055/s-0030-1253510
https://doi.org/10.1016/j.ejrad.2005.12.008
https://doi.org/10.1055/s-0039-1693120
https://doi.org/10.1016/j.spinee.2012.10.031
https://doi.org/10.3171/spi.2003.98.2.0156
https://doi.org/10.1055/s-0031-1275596
https://www.ncbi.nlm.nih.gov/pubmed/21500133
https://doi.org/10.1007/s00586-012-2648-6
https://www.ncbi.nlm.nih.gov/pubmed/23328874
https://doi.org/10.1007/s002709900165
https://www.ncbi.nlm.nih.gov/pubmed/9271643
https://doi.org/10.1016/j.diii.2022.09.007
https://doi.org/10.1053/j.ro.2007.04.004
https://doi.org/10.1097/01.RVI.0000109400.52762.1F
https://doi.org/10.4329/wjr.v4.i5.186
https://doi.org/10.3109/02841851003660081
https://doi.org/10.1007/s10143-017-0935-8
https://doi.org/10.1016/j.diii.2020.09.003
https://doi.org/10.1016/j.jvir.2014.11.014
https://doi.org/10.3928/01477447-20120822-27

	Introduction 
	Materials and Methods 
	Study Population 
	TAE Procedure Details 
	Data Collection 
	Outcomes 
	Statistical Analysis 

	Results 
	Study Population 
	TAE Procedures 
	Surgical and Clinical Outcome 

	Discussion 
	Study Limitations 
	Conclusions 
	References

