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Summary. Good knowledge of the various approaches of embolization of peripheral bleedings and different
embolic materials available is of paramount importance for successful and safe embolization. We review and
illustrate the main endovascular and percutaneous techniques used for embolization, along with the charac-

teristics of the different embolic materials, and the potential complications. (www.actabiomedica.it)
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Introduction

In recent years, radiology has been one of the
medical branches that has experienced the most im-
portant technological revolution and expansion, both
in diagnostic (1-3) and interventional applications.
In the interventional setting, numerous and differ-
ent techniques have been introduced (4-7), allowing
the treatment of several medical (8) and surgical (9-
11) conditions in practically all body areas (12-19). In
this context, embolization has become a major arm of
modern interventional radiology practice, with grow-
ing scope and complexity in diverse clinical scenarios.
The goal of embolization is to obtain the occlusion or
decrease of the blood/ lymph flow through the endo-
vascular application of different agents or materials.
Over the past decades, endovascular embolization has
witnessed an increasing use because of a combination
of the trend towards conservative treatment protocols,
advances in catheter technology, the introduction of

new embolic agents, and improvements in digital im-
aging (20, 21).

Different endovascular procedures have been ap-
plied for previously unsolvable problems, replacing
open surgery in many settings thanks to their low inva-
siveness, reduced morbidity and mortality rates, short-
ened hospital stay and recovery time, and an overall
positive impact on the health system economics (20,
21).

After the first intuition in 1953 by Seldinger, of a
simple technique allowing the percutaneous catheter
replacement of a needle or trocar, Dotter described,
in the early 1960s, the possibility of using catheters
to perform intravascular surgery; however, only in
the mid-1970s, transcatheter therapeutic procedures
started to become popular (22). Since then, emboli-
zation has become a fundamental procedure and has
been included in the treatment protocols for a wide
variety of conditions: trauma, emergency bleeding;
non-traumatic hemorrhage including hemoptysis or
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gastro-intestinal bleeding; cancer care, through direct
therapy delivery and solid tumor chemoembolization,
preoperative devascularization, hepatic growth stimu-
lation before surgery; congenital or acquired vascular
malformations and aneurysms; treatment of uterine
myomas and other benign conditions (23-32).

A comprehensive understanding and practical
knowledge of these techniques are essential for the op-
timal and safe use in different scenarios. In this work,
we describe different approaches of embolization with
a focus on “tips and tricks” of each modality, providing
interventional strategies for avoiding and managing
procedure-related complications.

Endovascular Approach

The endovascular approach is the most used, with
different available techniques.

Proximal Embolization

Proximal embolization (PE) is recommended in
cases of multifocal injury or in cases of contrast blush
detected at CT-angiography, without clear evidence of
bleeding with catheter angiography. This approach re-
quires a proper planning in the different vascular areas,
to assess the presence of “good” collaterals to the target
tissue, and thus preventing ischemic lesions (33).

Spleen

PE plays a crucial role in the management of trau-
matic splenic lesions, decreasing the perfusion pressure
within the splenic parenchyma, and maintaining the
collateral flow to preserve long-term splenic function.
PE of splenic artery reduces the risk of acute rupture,
infarction, and abscess formation. Splenic PE is per-
formed mainly using endovascular plugs and coils, to
spare the origin of the dorsal pancreatic artery and
great pancreatic artery, and to maintain the collateral
flow (34, 35).

Proximal splenic embolization, if permed in se-
lected patients, is also an efficient treatment for hy-
persplenism, increasing white blood cells (WBC) and
platelets count in these patients (36).

Liver

Blunt liver trauma are more frequently associated
with venous injuries, commonly treated conservatively.
In case of arterial lesions in hemodynamically stable
patients, the endovascular approach is recommended;
this can be performed through permanent and distal
embolization (e.g., coils) if the bleeding site is easily
evidenced by angiogram; otherwise temporary embo-
lization (usually with gelfoam) should be chosen for
“shower” embolization, distally to the origin of the
gastro-duodenal artery. Procedural complications in-
clude liver necrosis and abscess formations (37, 38).

Renal artery embolization

Renal artery embolization (RAE) is recommend-
ed in various pathologic conditions, including trau-
matic or iatrogenic vascular injuries, and reports have
described good preservation of renal function after
embolization. RAE should always be performed as se-
lective as possible in order to reduce the risk of loss of
nephrons and renal function (39). Some authors stated
that detachable coils are safer than liquid embolizing
agents (40), because they allow a more reliable con-
trolled release (fig. 1).

Recently, Jardinet et al. (41) proposed the use of
microvascular plugs as embolic agents in case of renal
bleeding; they reported a superselective embolization
with a minimal resulting renal infarction volume.

Pelvic Trauma

In case of active arterial bleeding from pelvic frac-
tures or organ injuries (muscle laceration), endovascu-
lar embolization is nowadays considered a safe option
in order to stabilize a patient with polytrauma (33, 42,
43). Internal iliac artery (IIA) branches are the most
common source of pelvic bleeding followed by branch-
es of the external iliac and common femoral arteries. In
pelvic trauma, both proximal and distal embolization
were described (44, 45).

Proximal embolization is usually adopted in pa-
tients with multiple lesions and/or unstable patients.
As hemodynamic stabilization should be considered
the main purpose of TAE, the operator may also use
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Figure 1. CT coronal view shows pseudoaneurysm (PSA) after nephrostomy (a); arteriogram confirms PSA and reveals an artero-
venous fistula also (b); final angiogram after embolization with coil (c).

temporary embolic materials to save valuable time in
hemodynamically unstable patients.

Selective embolization is preferred in stable pa-
tients and when one or more bleeding point are clearly
visualized at preliminary angiogram (33, 45).

In literature, both mechanical and liquid embolic
agents were described as effective and safe (46, 47).
Gelfoam and coils seem to be the most used materials,
often used in combination. Gelfoam is a biodegradable
gelatine sponge, lasts for 7-21 days, and it is relatively
manageable and economical. Furthermore, no long or
short-term complications were associated with its use
(46). Coils are commonly used for more specific and
selective embolization, allowing a fast mechanical oc-
clusion. However, multiple coils are often necessary to
obtain the complete bleeding control. Liquid agents,
including adhesive (glue) or non-adhesive (Onyx),
represent interesting tools for very distal vessels, and
can also be used in cases of rebleeding. The main limi-
tations of liquid embolising agents are the costs, the
lack of controlling the amount used and the risk of

back-flow (45).
Lower gastrointestinal bleeding

Embolization is currently proposed as the first
step in the treatment of acute, life-threatening LGIB,
when an endoscopic approach is not possible or un-
successful (48). Despite the high success rate, some
complications like rebleeding and bowel infarction are
reported in literature. Due to the terminal bowel vas-

cular branches with no collateral circulation, the ideal
area to perform LGIB embolization is at the level of
vasa recta. The ideal embolic agent should also be char-
acterized by controlled release to reduce the risk of ex-
travasation in the marginal vessels. Some Authors (49)
suggested the use of selective flow-directed particles;
however, these cannot be visualized or precisely de-
posited and may reflux into non-target arteries. Better
results, in terms of rebleeding rates, were achieved with
cyanoacrylates, despite their use require experienced
operator, due to the increased risk of non-targeted
embolization and microcatheter entrapment (50). To
overcome this limitation, detachable coils were intro-
duced, allowing a safe and selective embolization also
in cases in which vessels are thin and/or tortuous. Lig-
uid embolic (LE) materials like non-adhesive agents,
such as ethylene-vinyl alcohol co-polymer (EVOH),
are characterized by controlled release, non-adherence,
progressive solidification, cohesiveness, high vascular
penetration, and a weak inflammatory effect on the
endothelium.

Moreover, they polymerize gradually from the pe-
riphery out towards the center. This represents a great
difference from cyanoacrylates, which polymerize in-
stantaneously. Furthermore, another advantage is that
LE is displaced by pressure applied by the operator on
the syringe and is not blood-flow dependent. Conse-
quently, the procedure is safer and allows to leave the
distal tip of the catheter in situ, thus permitting selec-
tive angiographic control after some minutes.
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Bronchial artery hypertrophy embolization

Bronchial artery embolization is the recommend-
ed treatment for hemoptysis in case of airways bleed-
ing. Both mechanical and liquid agents could be used.
Among the mechanical ones, the most used are parti-
cles and coils (fig. 2). The particles are highly effective
on the distal microcirculation (51). Coils represent a
safer alternative, with high success rates, however, in
case of large-caliber bronchial artery with tortuous
course (V-shaped), the use of coils can be problematic.
Liquid embolic agents overcame those limitations, the
most used being n-Butyl-2-cyanoacrylate (NBCA).
Nevertheless, liquid embolizing agents have some lim-
itations such as the need of compatible microcatheters,
the cost and the mandatory use of dimethyl sulfoxide
DMSO, which can cause vasospasm, endothelial wall
damage and pain (52).

Sac packing

In case of aneurysm or pseudoaneurysm, a sac
packing (SP) technique can be used for embolization
(53). This procedure implies coils placement in a vas-
cular sac until it is obliterated or excluded from the
circulation. This technique is well suited for saccular
aneurysms with a narrow neck, allowing retention of
the coils in the sac and preserving the parent vessel
flow to the visceral end-organ (54-56) (fig. 3). Balloon
assisted SP, bare metal stent-assisted SP and percuta-
neous SP cast forming may also be considered tech-

Figure 2. sclective arteriogram of the right hypertrophic bron-
chial artery (a); final angiogram after embolization performed
with particles (b).

niques to fill the sac with one or more embolic agents.
This technique consists in the coaxial positioning of an
inflated balloon, in order to reduce the risk of spillage
of the embolic agent; moreover, in the event of intra-
procedural acute aneurysm rupture, the balloon could
be used as a fast hemostatic agent (57).

Bare metal stent-assisted SP, always used in com-
bination with coils, aims to avoid the coils migration
and, at the same time, maintain the patency of the
treated vessel (58, 59).

Percutaneous direct puncture of the sac may be
considered when the endovascular approach is not fea-
sible or unsuccessful. Of course, the sac must be acces-
sible with the percutaneous approach; imaging guid-
ance must be usable (ultrasound, CT, Cone Beam CT,
fluoroscopic). The sac may be filled with one or more
embolic agents using more than one imaging tech-
nique as guidance.

Fig 3. 52 years old female with incidental finding of distal
splenic artery aneurysm. Axial CT acquisition shows a distal
splenic artery aneurysm with a diameter of cm 3 (a); Digital
Substruction Angiography (DSA) confirms the arterial dila-
tion of the distal part of the splenic artery (b). Super-selective
arteriogram performed with microcatheter with the distal end
inside the aneurysmal sac (c). Single shot acquisition demon-
strates coils compacted in the aneurysm (d). Post procedural
DSA corfims regular patency of the splenic artery with the
complete exclusion of the distal splenic artery aneurysm (e).
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Sandwich Technique

The sandwich technique implicates embolization
of both the afferent and efferent vessels to completely
remove all portions of a target lesion from the circu-
lation. Such a method is usually preferred in patients
in whom collateral flow could “flow back” into the
lesion if only one segment of the vessel is occluded
(60). Sandwich technique is indicated in peripheral
embolization, especially in districts in which back-
flow from collaterals should be fill the bleeding site
(fig. 4). A clear understanding of the target vessel
is critical, especially if it contains extensive collat-
eral supply (e.g., via muscular branches) as these can
provide distal flow and supply to the bleeding ves-
sel and therefore result in continued bleeding if they
are not also embolized. Accordingly, both proximal
and distal segments to the site of injury of the artery,
are routinely embolized to prevent this complication
(61). The intraprocedural impossibility to reach the
distal branch during an endovascular exclusion of a
PSA represents an example of a condition that is a
common challenge. An example of sandwich tech-
nique application is that of embolization of splenic
artery aneurysm/pseudoaneurysm that could be evi-
denced in the setting of pancreatitis, splenic trauma,
or mycotic infection of the arterial wall. As with
most pseudoaneurysms, there is a high risk of rup-
ture without appropriate management, and all splenic

Figure 4. small pseudoaneurysm (PSA) of the profunda fem-
oral artery (white arrow,a); angiogram at the end of the embo-
lization with sandwich technique performed with 2 microcoils
(white arrows, b); single shot confirms the presence of 2 coils
(white arrows, c).

lesions should be treated regardless of size or clini-
cal manifestation (62). Such proper management is
usually a coil embolization or a stent-graft placement
across the lesion when the anatomy allows (for in-
stance, more proximal lesions and non-tortuous arte-
rial segments to facilitate device passage).

Distal and proximal embolization (sandwich
technique) across the aneurysm neck is typically re-
quired to prevent collateral circulation resulting in
continued sac pressurization. Since the aneurysm sac
could continue to be pressurized through short gastric
or distal pancreatic arteries acting as retrograde-filling
collateral vessel, embolization of only the feeding-af-
ferent artery would be unsatisfactory indeed. The “back
door”, also named the efferent artery, is usually closed
first, followed by the “front door”, namely the affer-
ent artery. Alternatively, a sac-packing technique with
coils or parent artery glue embolization has also been
used. Intentional embolization of the entire splenic
artery may be required in complex, high-risk splenic
pseudoaneurysms (63).

The sandwich technique may also be applied in
more complex settings of multiple afferent or efferent
vessels.

Stent placement

Aneurysm and PSA with wide neck have an in-
creased risk of migration of embolic material. To avoid
this complication, stent-graft (covered stent) place-
ment, stent-assisted coiling and balloon remodeling
techniques are useful (53). These techniques also help
in preserving the patency of parent artery. Recently,
flow diverting multi-layered bare stents are available,
which facilitate slowing the blood flow within the vis-
ceral artery aneurysms and maintaining patency of the
parent artery as well as any branches arising from or
proximal to the aneurysm. Although it is used in the
treatment of true aneurysms, its use in pseudoaneu—
rysms is limited, as thrombosis occurs slowly and there
is a possibility of rupture in the interim (53).
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Percutaneous approach

It is usually used for cases of failed endovascular
approach or pseudoaneurysms or bleeding not accessi-
ble endovascularly, PSA with narrow neck or localized
in solid organs. Bleeding sites must be visible with im-
aging guides. More often, ultrasound or CT guidance
is used as imaging guidance; cone-beam CT may be
used as well. More rarely, operator may take advantage
from the stasis of the contrast media into the pseudoa-
neurysm after angiogram acquisition; after realizing the
impossibility to reach the bleeding site by endovascular
route, fluoroscopic guidance may be successfully used.

Multiple projections are usually necessary to guide the

needle. Its correct position may be confirmed with the
injection of contrast media; once in the desired location,
the embolic agent is injected under fluoroscopic guid-
ance until the embolization in completed

The pseudoaneurysm is usually punctured using a
22 G Chiba needle. Care should be taken to keep the
tip of the needle away from the neck, to avoid non-
target embolization. Once within the pseudoaneu-
rysm, embolization is performed as described above,
until thrombosis of the pseudoaneurysm occurs (fig.
5). Thrombin, glue and occasionally coils are used as
embolic materials. Complications include rupture of
the pseudoaneurysm, non- target embolization, and
recurrence (64, 65).

Figure 5. CT scan reveals gastric pseudoaneurysm (PSA) (a); arteriogram of the celiac trunk shows occlusion of the splenic artery
and the PSA filled by small vessels, impossible to catheterize (b); contrast medium remained in the PSA (white arrow,c); percuta-
neous puncture was performed under fluoroscopic guidance (d); glue was used as embolic agent (e); CT was performed to check the
complete embolization of the PSA (black arrow, f).
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Complications

Complications may be divided into complications
of the puncture site, of the embolization site and post-
embolization (64). Complications of the puncture site
occur in approximately 10-20% of cases and they are
usually classified as minor complications (pain, bleed-
ing and hematoma) that may be easily managed intrap-
rocedurally (66). Infection or, rarely, pseudoaneurysm
at the puncture site can be managed with supportive
care, percutaneous drainage, or other non-invasive
management.

Complications related to the embolization are
essentially the inadvertent distal infarction of nonex-
pendable vessels and damages in the adjacent organs
(67).

For this reason, a clear understanding of the target
vessel is critical, especially if it contains extensive col-
lateral supply, as these can provide flow to the bleeding
vessel. Therefore, routinely both segments of the artery
proximal and distal to the site of injury, are embolised.

A technically successful embolization requires the
catheter tip to be placed so that embolic material is
deposited only in blood vessels that serve the abnormal
area, preventing injury to healthy tissue. This can be
technically impossible in a small percentage of cases
(68).

Post-embolization complications include the
post-embolization syndrome, which is one of the most
common side effects of such procedure and it is more
often associated with large fibroids or large tumors or
solid organ embolization. This includes fever, nausea
and/or vomiting, and pain. It is often a self-limiting
phenomenon and usually occurs within the first 72
hours after the procedure and generally starting to
subside after 72 hours. Although the etiology of the
post-embolization syndrome is partially unknown, it
was hypothesized that tissue hypoxia and cell death
lead to the release of tissue breakdown products, in-
flammatory mediators, and vasoactive substances from
the tumor and or adjacent healthy tissues. Early im-
aging following embolization, either by ultrasound or
CT, may reveal intralesional gas. This is not to be mis-
taken for abscess without additional factors (69).

Post-embolization syndrome usually is self-limit-
ing, and treatment is symptomatic with analgesics and

intravenous fluids. Prophylactic use of antipyretic and
antiemetic therapy may be considered prior to the em-
bolization of large tumors/fibroids (70).

Another complication that may follow emboliza-
tion procedures is the continued bleeding distal to the
point of embolization secondary to collateral flow.

In general, up to 85% of complications of em-
bolization can be managed with only supportive care,
percutaneous drainage, or other non-invasive manage-

ment (64, 66, 67).
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