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Abstract 

Background: Trans-arterial embolization (TAE) is a prom-
ising less aggressive modality in either primary treatment or 
adjuvant to surgical management of bone tumors. The main 
aim is to induce necrosis and decrease bleeding and therefore 
facilitate resection. Palliation of compression manifestation 
of inoperable bone neoplasm is another indication of TAE. 
Frequent tumors selected to this modality include vascular 
tumors (particularly metastases), aneurysmal bone cysts 
(ABC), giant cell tumor (GCT), and osteosarcoma. 

Aim of Study: Our aim is to assess the role of embolization 
in management of bone tumors. 

Patients and Methods: The current study prospectively 
evaluated 33 patients (23 males and 10 females). Their age 
ranged from 9 to 69 years (mean age of 43.246±19.65). 
Extremities, hip, vertebrae, and skull were involved by variety 
of bony tumors. Sixteen patients were affected by primary 
osseous tumors, while 17 patients had metastases. A transar-
terial embolization was done in all patients as a preoperative 
procedure in 15 patients, definite treatmentof primary benign 
inaccessible tumors in 6 patients, prebiopsy embolization in 
6 patients, and as a palliative treatment in 6 patients. 

Results: Technical success was obtained in 30 out of 33 
cases with percentage of 90.9%. All benign and primary 
malignant bony tumors showed technical success while, 82.4% 
of metastatic lesions did. 

Clinical success was achieved in 73.3% cases of first 
group, 83.3% of second group, 100% of third group and 66.7% 
of fourth group. Four patients (12.1%) showed no clinical 
improvement with 9% lost follow-up. 

Five out of 6 benign tumors showed clinical success 
(83.3%) as the sixth case lost follow-up (16.7%). Embolization 
of 9 of primary malignant lesions was clinically successful 
(90%), whereas 12 out of 17 metastatic lesions were improved 
clinically (70.6 %), 3 cases showed no clinical success (17.6%), 
and 2 cases were lost at follow-up (11.8%). 
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of Diagnostic and Interventional Radiology, 
Faculty of Medicine, Mansoura University, Mansoura, Egypt 

Conclusion: A high consideration should be given totran-
sarterialembolization in the algorithmic treatment strategy of 
bone tumors as it is much safer and effective tool when 
diminution of bleeding and compression manifestations is to 
be specifically aimed. 
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Introduction 

DIFFERENT lines of treatment of bone neoplasms 
are employed according to type of the tumor either 
primary or metastatic. Surgery is the conventional 
line of treatment with other additional therapies. 
Very large tumors, high vascularization, or prox-
imity to important structures may lead to difficult 
and hazardous surgeries. Recently, transarterial 
embolization (TAE) is considered the most effec-
tivepreoperative procedurewith subsequent rapid 
relief in pain and tumor shrinkagein the majority 
of boneneoplasms. It could be a definite treatment 
especially in benign tumors such as haemangioma 
and giant cell tumors [1,2]. Palliation of pain and 
neurological symptoms and, thereby improving 
life quality could be achieved successfully in those 
with irresectable bone neoplasia [3,4]. 

Promising results of TAE could be obtained 
whenthe bone tumor is hypervascular in nature 
such as giant cell tumors (GCT), aneurysmal bone 
cysts (ABC), haemangiomas, arterio-venous mal-
formations, osteoblastoma, osteosarcomas and 
highly vascular metastases (renal cell or thyroid 
carcinomas) [5-8]. 

In this study, we aim to evaluate the efficacy 
of embolization as aninitial preoperative, curative 
or palliative treatment modality in bone tumors 
either primary or metastatic. 
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Patients and Methods 

Institutional Review Board (IRP) of our insti-
tution approved this prospective study and informed 
consents were obtained from all patients. The 
present study was conducted on cases referred to 
Department of Radiology, Mansoura University 
Hospitals from July 2017 till February 2020.The 
study enrolled 33 patients (23 males and 10 fe-
males) with vascular bone tumors. The participants 
ranged from 9 to 69 years (mean age of 43.246± 
19.65). 

According to the purpose of the embolization 
the included patients were categorized into 4 
groups; preoperative embolization (n=15, 45.5%), 
definite treatment (n=6, 18.2%), pre-biopsy embol-
ization (n=6, 18.2%), and palliative embolization 
(n=6, 18.2%). 

Benigntumors were found in 6 cases (18.2%; 
aneurysmal bone cyst in 5 cases and vertebral 
hemangioma in one case). Primary malignant bone 
tumors were found in 10 cases (30.3%; osteosar-
coma in 6 cases, plasmacytoma in 2 cases, chond-
rosarcoma and recurrent sacral sarcoma in one 
case each). Seventeen patients (50.1%) were diag-
nosed with metastatic bony lesions (HCC in 6 
cases, RCC in 4 cases, pancreatic and thyroid 
cancers in 2 cases for each, colonic, breast, and 
chondrosarcoma in one case for each). Pre-
procedural pathological diagnosis was obtained in 
all patients except in patients referred for pre-
biopsy embolization. 

The most common encountered affected bone 
was humerus (n=8; 24.2%), followed by iliac bone 
(n=5; 15.2%), and sacrum (n=5; 15.2%). Other 
sites are illustrated in (Table 1). 

Table (1): Demonstrating anatomical sites of bony lesions in 
included 33 cases. 

Tumor site Number (%) 

Scapula 3 (9.1%) 
Humerus 8 (24.2%) 
Femur 3 (9.1%) 
Acetabulum 2 (6.1%) 
Clavicle 3 (9.1%) 
Iliac bone 5 (15.2%) 
Pubic bone 2 (6.1%) 
Tibia 1 (3%) 
Skull 1 (3%) 
Sacrum 5 (15.2%) 

Pre-procedural laboratory investigations were 
done to guarantee safe embolization. CTA and/or 
MRA were done to assess the feeding vessels and 
mapping the treatment strategy. 

Technique: 
Embolization and pre-procedural angiography 

both were done using either (Phillips - AlluraXper 
FD20/20 X-ray system) or (Philips BV pulsera C-
arm W/9'ii/Flat panels-Vascular Package), under 
local anesthesia. Common femoral artery approach 
was used in all procedures. Initial flush arteriogram 
was performed to map out arterial anatomy. For 
spinal and pelvic tumors, an aortogram is performed 
initially; however, for peripheral tumors, an arte-
riogram of the main extremityartery was performed. 
When stable selective catheterization was acom-
plished, a microcatheterwas used to target the direct 
supplying arteries of the tumor. 

Selective catheterization was achieved using 
either copra, angled catheter, rim, Mani or glide 
catheters, while coaxial microcatheterization was 
done in 29 patients (87.9%) using Progreat (in 
25cases; 75.8%), Renegade was used alone in 2 
cases (6.1%) and in conjugation with Marathon in 
one case, whereas Merit catheter was used in only 
one case. 

Twenty eight embolizations were performed 
using single embolic material (gel-foam in 18 
cases; 54.5% and polyvinyl alcohol in 10 cases; 
30.3%). In 4 cases we used a mixture of PVA and 
Gel-foam, while PVA with gel-foam and pushable 
coil were used in the remaining case. 

Reaching the angiographic endpoint could be 
achieved by loss of blush in vascular bed of the 
tumor; however, anyreduction inantegradeblood 
flow could be considered a successful technical 
outcome (Fig. 1). It was performed before 24h of 
surgery to avoidformation of collateral vesselsin 
the interval between the embolization and surgery. 

Patients comprised in the pre-operative embol-
ization group (45.5%) were compared with addi-
tional randomly chosen group (no TAE was done) 
with no statistically different mean age, tumor 
size,vascularity, bleeding tendency measurement-
sand operating team. Technical success (regardin-
gintra-operative blood loss) was evaluated in both 
groups. Peri-operative blood loss was quantified 
by measuring blood in thesuction machine, weight-
ing the operative sponges during surgery, measuring 
irrigation fluid, and from the postoperative suction 
drainage. 

In definitive treatment embolization group 
(18.2%), serial follow-up radiological studies were 
done for monitoring devacularization degree, in-
creased CT density (due to sclerosis) or debulking 
of the tumor as well as decreased threshold and 
frequency of pain. 
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Fig. (1): Female patient 17 years old with right pubic ABC. (A): MRI pelvis revealed multilocular right pubic bone benign 
looking lesion with fluid fluid levels on T2 (ABC). (B): Pre-embolization significant Tumor blush. C: Post-embolization 
no blush. (D): 6 months interval CT revealed significant increased sclerosis and mild regression in size. 

In pre-biopsy embolization group (18.2%), 
intra-procedure blood loss monitoring was done. 
In palliative embolization group (18.2%), clinical 
outcome was assessed by regression of either 
degree or frequency of hemorrhage, pain, and 
compression manifestations. Two doctors' reviews 
were obtained. If obviously opposingreviews; 
higher staff consultation was requested. 

Statistical analysis: 

The collected data was coded, processed and 
analyzed using SPSS program (version 21) for  

windows. The appropriate statistical tests wereused 
when needed. p-value less than 0.05 will be con-
sidered to be statistically significant. 

Results 

Technical success reflected immediate results 
of embolization and is typically evaluated with 
completion of angiography. It was monitored by 
evaluation if selective access of all feeders was 
done and subjective evaluation of devascularization 
rate. 
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Technical success was obtained in 30 out of 33 
cases with percentage of 90.9% (in 80% of pre 
resection embolization, in all patients of definitive 
treatment, pre-biopsy and palliative embolization 
groups (Table 2). 

All benign and primary malignant bony tumors 
showed technical success while, 82.4% of meta-
static lesions did. 

The technical success of our procedure is de-
pendent upon the superselective catherization of 
every single feeder and degree of devascularization 
which was obtained after TAE. Our subjective cut 
offpoint was 80%. Only 4 cases had less than 80% 
with percentage about 12.1%. In the other 29 cases, 
80% devascularization or more wasobtained. 

As regard the clinical success of embolization 
procedure in the first group (Table 3), the mean 
tumor diameter did not differ significantly between 
those patient who underwent TAE before surgery 
and the other group with no pre-operative embol-
ization (p=0.924). Although less intra-operative 
blood loss was observed after embolization 840ml 
vs. 1080ml without embolization but with no sta-
tistical significance (p=0.133). 

Regarding the 6 patients for whom TAE was 
performed for curativeintention, the number of 
embolization sessions ranged between 1-3 sessions. 
CT angiography was used for follow-up. The fol-
low-up periodranged between 3 and 12 months. 
However, one case was lost during follow-up. 
Apart from that case, decreased vascularity and 
increaseddensity were detected in other lesions 
after intervention (83.3%). Moreover, clinical-
improvement and decreased tumor size was also 
reported in that 5 cases. 

Concerning the 6 patients who were referred 
for TAE as pre-biopsy tool, all cases showed no 
significant blood loss, smooth procedure and were 
discharged in same day without significant com-
plication. 

The remaining 6 cases who were referred for 
TAE as palliative treatment, clinical success was 
detected in all cases apart from two cases who 
were lost during follow-up (66.7%). Clinical suc-
cess was measured by symptom improvement and 
it was judged by two different observers. 

Our procedure was accomplished without any 
significant complications in about 21 cases (63.6%). 
But puncture site and local tumor pain were the 
main complications and they were noted in 7 cases 
(21.2%). It was managed by simple analgesics in  

all cases. Broken catheter (copra) tips, dissection 
of the feeding branch, rupture of small parietal 
branch were noticed in single case for each. 

Five out of 6 benign tumors showed clinical 
success (83.3%) as the sixth case lost follow-up 
(16.7%). Embolization of 9 (out of 10) primary 
malignant lesions was clinically successful (90%), 
whereas 12 out of 17 metastatic lesions were im-
proved clinically (70.6%), 3 cases showed no 
clinical success (17.6%), and 2 cases were lost at 
follow-up (11.8%). (Fig. 2). 

Table (2): Technical success according to Trans-Arterial 
Embolization indication. 

Preoperative 
(n=15) 

Definitive 
(n=6) 

Pre-
biopsy 
(n=6) 

Palliative 
(n=6) 

Total 
(n=33) 

No 3 (20%) 0 (0%)  0 (0%) 0 (0%) 3 
Yes 12 (80%)  6 (100%) 6 (100%) 6 (100%) 30 (80%) 

Table (3): Comparison between operative cases with and 
without preoperative embolization. 

Operated cases 

Parameter pre-operative 
without 

TAE 

Max diameter 10.2±2.8 10.1±2.9 t=0.096 
Intra-operative  1080±289  840±528 t=1.545 

blood loss 
Units of blood 2 (1-2) 1 (0-2) Z=–1.493 

transfusion 
needed 

Bar Chart 

Benign vs malignant tumors 

Fig. (2): Column chart demonstrating achieved clinical success 
according to tumor classification. 
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Fig. (3): Male patient 62 years old with a well-defined destructive bony lesion seen at the right glenoid with extensive large 
extra-osseous soft tissue component. (A): CT angiography of the right upper limb revealed the previously described pathologically 
proven plasmacytoma. (B): Pre-embolization run (DSA) after super-selective catherization of the main feeding artery using 
merit microcatheter revealed significant tumor blush. (C): Post-embolization run (DSA) after super-selective catherization of 
the main feeding artery using merit microcatheter revealed no significant tumor blush. 

(A) 

(B) (C) 

Fig. (4): Male patient 60 years 
old with HCC and metastatic sacral 
lesion. (A): CT revealed multiple 
variable sized hepatic focal lesions 
with arterial hyper-enhancement & 
destructive bone lesion is seen at 
the left antro-lateral aspect of the 
sacrum with extra-osseous soft tis-
sue component. (B): DSA pre em-
bolization revealed significant tu-
mor blush. (C): DSA post 
embolization revealed no signifi-
cant tumor blush. 
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Discussion 

Therapeutic embolization could be carried out 
with different intentions. It may be utilized as an 
operative adjuvant aiming to diminish thepotential 
hazard of hemorrhage, better delineation of tumor 
margins and thereby, simplification of surgery 
especially in highly vascularised lesions. Also, it 
could be employed as a relatively less aggressive 
palliative procedure in a patient with poor condition 
or when surgical intervention is hazardous. More-
over, pain palliation, relief of fever and hypercal-
cemia are considered valuable indications of TAE 
in the setting of bone tumor management. Embol-
ization may enhance response of tumor cells to 
radiation or chemotherapy [7,9,10]. 

Embolization aims to keep up ischemia and 
necrosis within the centerof the tumor, by occluding 
small distal feeders inside the tumor. Thus, atumor 
will shrink, borders between the tumor and the 
surrounding tissue will become distinct, improving 
ability of the surgeon to control bleeding leading 
to easier surgical excision and manipulation [11]. 

Vast majority of the similar previous studies 
suggested that TAE was performed under local 
anaesthesia as done in our study. 

In our study, only 5 cases had >/= 1000ml intra-
operative blood loss (metastatic HCC, breast car-
cinoma, RCC, osteosarcoma and recurrent sacral 
sarcoma) with devascularization less than 80% in 
four of them. The degree of devascularization 
which was obtained after TAE was 80% or more 
in 29 cases. 

In the same context, Sun and Lang's [12] reported 
in their experiences with 16 patients that bleeding 
reduces significantly in lesions of >70% devasclar-
ization degree on follow-up angiographies. 

Wirbel et al. [13] agreed that hypervascular 
bony metastatic lesions represent a surgical chal-
lenge. In theirstudy of 32 patients with a preoper-
ative TAE, there was a significant difference in 
blood loss and transfusion requirements compared 
with non embolized controls. The operation time 
was shorter yet with no statistical significance. 
There were no attributable neurological deficits. 

In another study, Chu et al. [14] used chemo-
embolic combination and found that application 
of transarterial chemoembolization (TACE) appears 
to enhance tumorcell necrosis and lead to decrease 
incidence of local recurrence. 

In this work, all cases were operated 1 day after 
embolization apartfrom one case operated 3 days  

after the embolization session. Barton [15] reported 
thatan interval of 3 or more days between embol-
ization and surgery had raised the risk of blood 
loss in those patients because of rapid revascular-
ization of tumors. 

In the current study, embolization was employed 
as a definitive treatment of 6 benign tumors (5 
ABC and one vertebral haemangioma). Three cases 
of ABCs were embolized twice, one case threetimes 
and the last one was embolized only one time. 
Technical success was achieved in all cases (100%), 
while clinical success was experienced in 5 cases 
as one caselost follow-up. CTA revealed decreased 
vascularity, significant increased density of the 
lesion with mild regression in size was noted in 4 
cases. 

Guzey et al. [16] reported that embolization, in 
addition to radiation therapy and cryotherapy, had 
been used for management of recurrent or inacces-
sible aneurysmal bone cysteither as a primary or 
a preoperative procedure insteade of surgical re-
section alone which used to be the treatments of 
choice but with increased risk of local recurrence. 

In similar studies, Börüban et al., Yildirim et 
al., and Rossi et al. [17-19] found that embolization 
of ABC, either alone or followed by resection, and 
curettage improved resolution of lesions with no 
recurrence. 

Lin et al. [20] had similar results in their study 
done for 18 GCT with 50% of patients showed 
durable response and 31% showed local recurrence 
at 10 years and 43% at 15 years. Börüban et al. 
[17] used TAE in two cases of haemangioma with 
less satisfactory results. 

A preoperative biopsyprecipitated massive he-
morrhage in vascular bone tumors which could be 
managed with TAE [21]. This was in agreement 
with our 6 cases referred for a pre-biopsy emboli-
zation who showed devasculaization rate more 
than 80%. The procedure was smooth with insig-
nificant blood loss. 

In this study; sex cases was embolized as a 
palliative treatment. They were refereed for intol-
erablepain (5 cases), limited movement (5 cases), 
and significant increased lesional growth rate with 
intra-tumoral hemorrhage (2 cases). One of them 
lost follow-up while other cases show subjective 
clinical improvement. 

Targeted occlusion of the feeding vessels after 
embolization will reduce the volume of a tumor; 
thus, compression on the elevated periosteum will 
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be revoked and contributes to painal leviation. The 
pain-free period may be variable and re–emboliza-
tion may be needed in some cases. In the literature, 
reported pain-free periods are between 2 and 8 
months [2,9,22,23,24]. 

In the current study, TAE procedure was com-
pleted with usage of coaxial system in 29 cases. 
The most used microcatheter was Progreat, which 
was used in 25 cases (75.8%). 

Usage of microcathetersis considerably advan-
tageous as they providetarget delivery of the em-
bolic agent further from the parent vessel to smaller 
feeding branches and therefore doubt less cut back 
the possibility of non-target embolization (Fig. 3) 
[9,24]. 

More recently, the development of upgraded 
coaxial microcatheters, guidewires, and digital 
angiographic equipment have enabled moreperiph-
eral superselective catheterization of distal vessels, 
allowing moreselective vascular interventions [25-
28]. 

In our study, gel foam was the mostcommon 
used embolic material (18 cases-54.5%), followed 
by PVA (10 cases-30.3%). 

The chosen embolic material should suits the 
catheter size and diameter of targeted vessels. 
Familiarity with the unique pharmaceutical prop-
erties of each embolic agent, desired outcome of 
embolization procedures, flow characteristic and 
expected complication should be considered [7,29]. 

There are few published comparative studiesa-
bout technical results of different embolic material 
(particles, gel-foam, liquids, coils). Liquid embolics 
(absolute alcohol, N-butyl cyanoacrylate, ethylene 
vinyl alcohol) may provide moretumor necrosis 
than particules (e.g. PVA). This is to be advanta-
geous where definite treatment is desired but carries 
an increased potential accidental non-target embol-
izationand necrosis and thus require more experi-
ence [18,30,31,32]. 

In this study, significant numbers of bony tu-
mors managed with TAE was in the appendicular 
skeleton (n=26, 79%) with metastases were the 
commonest pathological entity (n=17). In contrast, 
to othersimilar studies, spinal column was the most 
common site, especially for metastases [33,34]. 
However, results of Jha et al. [7], Shimohira et al. 
[24] and Suster et al. [35] agreed with ours. In the 
study of Geraets et al. [36], RCC metastases were 
the most frequent lesion on the contrary of our 
study where HCC metastases were the most fre- 

quent (n=6, 35% of metastatic lesions) as demon-
strated in Fig. (4) [36]. 

The findings of this study have to be seen in 
light of some limitations. The first isthe short term 
follow-up of the patients. The long term monitoring 
of the clinical outcome of the procedure (by serial 
X-ray and CT) is crucial particularly if embolization 
is used as a curative method of treatment. The 
second is the relative small patients group. Larger 
number of patients isrequired for confirmation of 
thereliability and efficacy of the technique. 
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