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Abstract Transcatheter embolotherapy (TCE), a com-
mon procedure for interventional radiologists, com-
prises transcatheter delivery of embolic agents into
target vessels in order to eliminate lesions or lesion-
associated symptoms. Good knowledge of delivery cath-
eters and embolic agents is essential to optimize embo-
lization techniques and to obtain the desired therapeutic
outcomes. In this review, we describe the principles and
techniques of TCE for peripheral arterial and venous
lesions featuring visceral aneurysms, peripheral and
pulmonary arteriovenous malformations (AVMs), and
varicoceles.
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Introduction

Today, transcatheter embolotherapy (TCE) is one of the
most common procedures used by interventional radi-
ologists. TCE comprises transcatheter delivery of embo-
lic agents into target vessels to be occluded in order to

eliminate lesions, prevent rupture or bleeding of lesions,
or alleviate lesion-associated symptoms. To optimize the
embolization techniques, comprehensive understanding
is essential regarding (1) the purpose of embolization, (2)
pathophysiology of the disease and target organ, (3)
regional vascular anatomy, (4) vascular structure and
hemodynamics of target vessels, and (5) delivery cath-
eters and proper embolic agents to be used. Especially
the choice of embolic agents is crucial to obtain the
desired therapeutic outcomes. In this review, we describe
the principles and techniques of TCE for peripheral arte-
rial and venous lesions featuring visceral aneurysms,
peripheral and pulmonary arteriovenous malformations
(AVMs), and varicoceles.

Embolic agents

Embolic agents are classified into mechanical devices,
particulate agents, and liquid agents according to their
mechanism and the level of the occlusion. Mechanical
devices, especially coils, are mainly used for proximal or
large-vessel occlusion when treating aneurysms and arte-
riovenous fistulas (AVFs).1 The standard coils used have
been 0.035- to 0.038-inch stainless steel or platinum fiber
coils, but currently 0.018-inch fiber platinum microcoils
are more widely used for selective TCE along with
microcatheters. However, fiber microcoils have less
thrombogenicity and the risk of migration due to a thin
core wire and the radial force. In addition, the need for
many microcoils leads to high medical costs.

Recently, a new long platinum fiber microcoil
(Micronester; Medico’s Hirata, Osaka, Japan) has been
introduced to solve these problems. This microcoil has
an extended length of 14 cm and permits cross-sectional
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occlusion by tight packing into a compact “nest.”2 It
should be noted that later recanalization can happen
to even once-occluded vessels owing to inadequate coil
packing. Therefore, initial cross-sectional occlusion by
dense coil packing is important to obtain long-term ves-
sel occlusion. Detachable nonfiber microcoils give an
option as a first anchor coil to prevent coil migration or
to occlude narrow-neck aneurysms. Mechanically and
hydraulically detachable microcoils are currently ap-
proved for peripheral use; however, they are generally
expensive and are not necessary for routine arterial or
venous occlusion. Although detachable balloons ideally
permit immediate cross-sectional occlusion, they are
seldom used because of their limited availability, their
complicated delivery system, and the risk of early
detachment or deflation.

Particulate agents are delivered into more distal or
peripheral vessels in a “free-flow” manner. Gelatin
sponge, a resorbable agent, provides temporary vessel
occlusion and has little role in occluding vascular
lesions. In contrast, nonresorbable particles, in-
cluding polyvinyl alcohol (PVA) particles, tris-acryl
gelatin microspheres (Embosphere; Biosphere Medical,
Rockland, MA, USA), and superabsorbent polymer
(SAP) microspheres (Hepasphere, Biosphere Medical),
can provide long-term vessel occlusion, although none of
them is commercially available in Japan.

Liquid occlusive agents include absolute ethanol and
n-butyl cyanoacrylate (NBCA) (Histoacryl; B-Braun
Medical, Tuttlinger, Germany). Absolute ethanol causes
acute thrombosis by denaturing blood proteins and pro-
ducing endothelial damage. As it can penetrate capillar-
ies, ethanol has a high risk of ischemic tissue injury.
NBCA, or “glue,” a tissue adhesive for closure of minor
skin wounds, has been diverted as an embolic agent in
managing peripheral vascular lesions, especially AVMs.3

NBCA polymerizes quickly when in contact with anions
contained in blood, saline, and water-soluble contrast
agents. NBCA is usually mixed with iodized oil
(Lipiodol; Laboratoire Guerbert, Paris, France) not
only to obtain radiopacity but also to slow the polymer-
ization time. However, precise control of the occlusion
level of the mixture is difficult and depends on the
operator’s skill and experience.

Visceral aneurysms and pseudoaneurysms

Visceral aneurysms or pseudoaneurysms are uncommon
but have a risk of spontaneous life-threatening rupture.
The location is variable, with the splenic artery being
most common; and the etiologies are diverse including
atherosclerosis, vasculitis, trauma, iatrogenic causes,
and inflammation.4 Other known etiologic factors

include pregnancy and portal hypertension related to
splenic artery aneurysms4 and celiac-axis stenosis related
to pancreatoduodenal artery aneurysms.5 The aneu-
rysms often remain asymptomatic without enlargement,
and indications for the treatment are not fully clarified.
However, as the mortality associated with rupture is
considerably high, at least symptomatic or enlarging
aneurysms as well as pseudoaneurysms should be
treated.4 Recently, TCE has been the treatment of choice
in most cases because surgery is often difficult due to
accessibility, or it is associated with high morbidity and
mortality.

As a rule, an aneurysm must be completely excluded
from the parent arterial circulation. A coil-packing tech-
nique is feasible for a narrow-neck aneurysm, which
preserves the parent arterial flow. For a wide-neck aneu-
rysm, an isolation technique is necessary in which all
distal and proximal vessels entering the aneurysm should
be occluded with coils (Fig. 1). To treat pseudo-
aneurysms, an isolation technique or parent arterial oc-
clusion is essential to trap the entire injured portion of
the artery. NBCA is an alternative agent when coil em-
bolization alone is insufficient or selective catheteriza-
tion is difficult owing to the small size or tortuosity
of the target vessel.6 With the isolation technique, an
inadequate distal collateral supply increases the risk of
end-organ ischemia.

When the artery supplies a vital organ, stent-based
options may be utilized to maintain the vessel’s continu-
ity: placement of a stent graft to exclude the aneurysm7

or a bare stent combined with coil embolization through
the stent mesh.8 However, the stent delivery system often
limits the accessibility, and postprocedure anticoagula-
tion for stent patency may counteract the embolic
effects. In addition, prolonged administration of antibi-
otics is necessary to prevent stent graft infection espe-
cially in mycotic aneurysms.

Peripheral AVMs and AVFs

Peripheral AVMs consist of congenital abnormal com-
munications, called a “nidus,” between feeding arteries
and draining veins without intervening capillary beds.
AVMs may contain small to large direct AVFs, but
AVFs more commonly occur under posttraumatic or
iatrogenic conditions.9 A combination of arterial steal
and venous hypertension causes tissue ischemia, and the
patients develop variable symptoms such as a pulsatile
mass, pain, swelling, bleeding, and ulceration. Ultra-
sonography and magnetic resonance imaging (MRI) are
essential to demonstrate the extent and flow characteris-
tics of AVMs, but diagnostic angiography is still vital for
planning treatment. Cure is rare after surgical ligation
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and skeletization of feeding arteries, and curative resec-
tion is limited for superficial localized lesions.10

Thus, TCE has been a less invasive, effective treatment
option. With embolization, permanent occlusion of the
nidus is the goal, thereby achieving long-term symptom
control.11 Proximal feeder occlusion should be avoided,
as it definitely results in collateral recruitment from adja-
cent arteries. Blood flow control using a balloon catheter
or a tourniquet may promote flow stasis of the shunts but
can cause migration of the embolic agent into normal
arterial territory. For large, complex lesions, multistaged
procedures are recommended to minimize the risk of
complications caused by excessive embolization. A deliv-
ery catheter must be placed as close as possible to or even
inside the nidus. Direct needle puncture is an alternative
approach when catheter access is difficult.11

NBCA or glue has been commonly used as an embolic
agent (Fig. 2).10 Ideally, an NBCA-Lipiodol mixture
achieves vascular casting of the nidus, but when inap-
propriately handled the mixture either remains in the
proximal feeder or migrates into the lung. In addition,
an intense foreign body reaction or solid glue mass for-
mation limits its use in superficial lesions.12 Ethanol is

the rival agent that has been mentioned in regard to its
curative potential with its ablative effect to the nidus.13

With experts, cure and clinical improvement was seen in
40% and 80% of patients, respectively.14 Intravascular
ethanol injection is extremely painful, and general anes-
thesia is recommended. Extreme caution is required to
avoid tissue necrosis or nerve injury when injecting
ethanol exclusively into the nidus. Systemic toxicity also
limits the dose of ethanol to within 1 ml/kg body
weight.12

As an alternative to these liquid agents, calibrated
microspheres are inert, safe materials and theoretically
occlude tiny to small vessels precisely at the desired level.
SAP microspheres have been used for palliative or
preoperative embolization of AVMs with moderate
efficacy.15 Coils usually have no role in treating AVMs,
except for occluding large fistulous components.

Pulmonary AVMs

Congenital pulmonary arteriovenous malformations
(PAVMs) are direct connections between a pulmonary

a b

c

Fig. 1. A 60-year-old man
with a splenic artery
aneurysm. Celiac arteriogram
shows a 2.5-cm wide neck
aneurysm in the middle of the
splenic artery. a An isolation
technique was performed
using a 4F angiographic
catheter. b Following
placement of an M-size Coil-
Anchor (Medikit, Tokyo,
Japan) (arrow), 0.035-inch
fiber platinum coils (Boston
Scientific Japan, Tokyo,
Japan) were deployed for
distal and proximal occlusion.
The dorsal pancreatic artery
gives collateral flow to the
distal splenic artery via the
transverse and great
pancreatic arteries. c Final
celiac arteriogram confirms
occlusion of the aneurysm
with adequate collateral flow
to the spleen
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artery (PA) and a pulmonary vein (PV), forming a
venous sac. It should be noted that PAVMs can occur as
manifestations of hereditary hemorrhagic telangiectasia
(HHT). Because of the right-to-left shunts, patients
present with dyspnea and fatigue due to hypoxemia.
More serious complications are hemoptysis and para-
doxical embolization, leading to stroke or a brain ab-
scess. Treatment is recommended for all PAVMs with
feeding arteries larger than 3 mm, which is the size
threshold for neurological complications.16 PAVMs are
classified as a “simple type,” supplied by a single seg-
mental PA, or a “complex type,” supplied by two or
more segmental PAs.17

Right or left pulmonary angiography in various pro-
jections is necessary to evaluate the anatomy and decide
which feeder to occlude. Use of a 7F–8F guiding catheter
is helpful for accessing a PAVM and stabilizing the con-
trol of a 4F–5F coaxial catheter. Contrast injection while
rotating the imaging intensifier gives the best view for
profiling the entry of the artery into the venous sac. As a
rule, coils should be placed in the feeding artery as close
as possible to the venous sac. Proximal occlusion of the

feeding artery causes collateral recruitment. To avoid
coil migration into the vein, the first coil should be 2 mm
larger than the estimated vessel diameter.17 For larger
feeders, use of a coil-anchor device (Coil Anchor;
Medikit, Tokyo, Japan) or detachable microcoils may be
useful. The anchor technique is another option, in which
the initial 2–3 cm of the first coil is anchored to the
nearest normal branch to the venous sac (Fig. 3). In case
of a short feeding artery, venous sac occlusion is neces-
sary with the use of detachable microcoils.18 If the size of
the venous sac is not diminished on the follow-up chest
X-ray film and computed tomography (CT) at 6 months
to 1 year, the feeding artery may be recanalized; or
there may have been a missed feeding artery, and
reembolization is necessary.

Varicocele

Varicocele has been recognized as the most common
cause of male infertility. Although controversies remain
as to whether male infertility can be attributed to varico-

a

b

c

Fig. 2. A 42-year-old man
with a right cheek arterio-
venous malformation (AVM).
a Right external carotid
arteriogram in the left
anterior-oblique projection
shows a cheek AVM fed by
the large, tortuous facial artery
(large arrow) and the
transverse facial artery (small
arrow). A single outflow vein
(arrowhead) drains into the
facial vein. b A 1.5F flow-
directed microcatheter
(Flowrider Plus; ev3, Tokyo,
Japan) was selectively inserted
into the nidus. A total of
0.8 ml of 33% NBCA-Lipiodol
(1 : 2) mixture was continu-
ously injected under digital
subtraction angiography
(DSA) with manual
compression of the drainage
vein. The nidus was filled
with the mixture. c
Postembolization arteriogram
shows occlusion of the shunt
without visualization of the
drainage vein
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cele or is even solved by the treatment,19 it is generally
accepted that sperm abnormality or symptoms are alle-
viated after varicocele treatment.20 Most patients are
asymptomatic but are easily diagnosed by physical ex-
amination and ultrasonography. Varicocele is caused by
absent or incompetent valves of the internal spermatic
vein (ISV), causing reflux down to the pampiniform
plexus. It dominantly occurs on the left side in approxi-
mately 90% of cases. Previous comparative studies dem-
onstrated equivalent pregnancy rates of 30%–35% after
surgical ligation and embolization, but embolization was
associated with less morbidity and earlier resumption of
work.21 Indications for varicocele embolization include
infertility, painful symptoms, large varicocele in children
or adolescents with testicular atrophy, and recurrence
after surgery or embolization.

a
b

Fig. 3. A 16-year-old boy with
a pulmonary AVM. a A 6F/4F
guiding-coaxial catheter
(Prototype; Medikit) was
selectively advanced into the
feeder close to the venous sac.
b Feeder occlusion was
performed using a 6-mm 0.035-
inch fiber platinum coil
(Tornado LEF; Medico’s
Hirata, Osaka, Japan) and two
4-mm-long platinum microcoils
(Micronester; Medico’s
Hirata). The first coil was
deployed with the anchor
technique into the nearest
normal branch (arrow)

a
b

Fig. 4. A 35-year-old man with a left
varicocele. a Left internal spermatic
venogram was obtained with the Valsalva
maneuver using a 4F guiding sheath
catheter (prototype; Medikit). Small
parallel collaterals are seen (arrows).
b Some 0.035-inch fiber platinum coils
(Tornade LEF) were deployed from the
level of the internal inguinal ring to the
sacroiliac joint. Complete venogram
confirms no visualization of the internal
spermatic vein or collaterals

Regarding the technique, the right femoral vein ap-
proach is commonly used. A 4F–7F gonad-shaped guid-
ing catheter has been designed for placement in the left
ISV. Selective ISV venography with the Valsalva maneu-
ver is performed to demonstrate the reflux of ISV. Then
a 4F multipurpose coaxial catheter is advanced down to
the internal inguinal ring or the level of the superior
ramus of the pubis. The vein is occluded with 0.035-inch
platinum fiber coils at the level of the internal inguinal
ring, the sacroiliac joint level, and then the upper one-
third of the ISV, where the collateral channels are more
likely to exist. Finally, a postembolization venogram is
obtained to ensure that the ISV is occluded without
persistent collateral visualization (Fig. 4).

Right-sided varicoceles are uncommon. The right
jugular vein approach is easier for the right-sided varico-
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cele, but the procedure can be performed by the femoral
approach using a Simmons-shape angiographic catheter
and a microcatheter.

Sclerosing agents alone or in combination with coils
may be also used with equivalent effect. In this case,
manual compression of the groin is necessary to avoid
phlebitis of the varicocele.

Conclusion

Transcatheter embolotherapy of peripheral vascular le-
sions requires careful assessment of the patient and opti-
mal techniques with the appropriate catheters and
embolic agents. The majority of arterial and venous oc-
clusions are performed with pushable fiber coils. The
initial cross-sectional occlusion by dense coil packing is
crucial for long-term vessel occlusion. Ethanol and
NBCA share a unique role in treating peripheral AVMs,
but their use is demanding for interventional radiolo-
gists. Both clinical and imaging follow-up are necessary
to evaluate the therapeutic outcomes of TCE.
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