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EMBOLOTHERAPY or embolization
has rapidly developed in recent years
and now represents an integral part of
interventional radiology practice. Em-
bolotherapy is defined as the percuta-
neous endovascular application of one
or more of a variety of agents or ma-
terials to accomplish vascular occlu-
sion.

Embolotherapy has evolved since its
clinical introduction to include a wide
variety of applications that can be
grouped into the following categories:

1. Vascular malformations: occlusion
of congenital or acquired aneu-
rysms (cerebral, visceral, extremi-
ties), pseudoaneurysms, vascular
malformations, or other vascular
abnormalities that have potential
to cause adverse health effects (1-18).

2. Nontraumatic hemorrhage: treat-
ment of acute or recurrent hem-
orrhage (eg, hemoptysis, gastro-
intestinal bleeding, postpartum
and iatrogenic hemorrhage, and
hemorrhagic neoplasms) (18-53).
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3. Trauma: for control of dramatic hem-
orrhage, for example, related to
splenic laceration or pelvic fractures.

4. Uterine artery embolization: devascu-
larization of benign uterine leiomyo-
mas and adenomyosis for symptom
alleviation or to reduce operative
blood loss (3,4,14,54-57).

5. Oncologic embolization: to relieve
symptoms, prevent or treat hem-
orrhage, reduce operative blood
loss, or improve survival and
quality of life (3,4,14,54-57). Ex-
amples include primary and sec-
ondary hepatic malignancies, re-
nal cell carcinoma, and primary
and secondary bone malignancies.

6. Tissue ablation: ablation of be-
nign neoplastic and nonneoplas-
tic tissue that produces adverse
health effects to the patient (eg,
hypersplenism, refractory reno-
vascular hypertension, untreat-
able urine leak, proteinuria in
end-stage kidney disease, renal
angiomyolipoma, varicocele, pel-
vic congestion syndrome, pria-
pism, and abdominal pregnancy)
(9,10,14,16,58-68).

7. Flow redistribution: to protect normal
tissue (eg, gastroduodenal artery and
right gastric artery embolization in
hepatic artery chemoembolization
and radioembolization, or proxi-
mal superior gluteal artery coil
embolization during particle em-
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bolization of the anterior division
of the internal iliac artery for tu-
mor devascularization) (30,69) or
to facilitate subsequent other treat-
ments (eg, right portal vein embo-
lization to induce left lobe hyper-
trophy before surgical resection)
(70-71).

8. Endoleak management: including
direct sac puncture or collateral
vessel embolization for endoleaks
(72-76).

9. Regional therapy delivery: vehicle
for delivery of drugs or other agents
that may include oncolytic viruses,
chemotherapy, B-emitting spheres,
or other agents used to treat an or-
gan or specific target lesion.

10. Enterocutaneous tracts and lym-
phatic abnormalities: embolizing ab-
normal communications between or-
gans, from cavities or organs to the
skin surface, thoracic duct leaks,
lymphedema.

Embolization has grown dramati-
cally in scope and complexity over the
past three decades, and with this
growth, there is now a need to define
standards for those practicing in this
field, including: appropriate training
with monitoring of outcomes; provi-
sion of pre-, intra-, and postprocedure
patient care; and performance of the
technical aspects of the procedure.

PHYSICIAN QUALIFICATIONS

Embolization is a complex and de-
manding endovascular image-guided
intervention requiring all of the skills
of the interventional radiologist. Inter-
pretation of diagnostic imaging tests is
integral to performance of emboliza-
tion procedures. The interventional ra-
diologist who performs embolization
must be competent in diagnostic im-
age interpretation with all modalities
of diagnostic imaging including com-
puted tomography (CT), ultrasound
(US), magnetic resonance (MR) imag-
ing, fluoroscopy, and radiography.
This is demonstrated by the comple-
tion of an Accreditation Council of
Graduate Medical Education-accred-
ited radiology residency or its equiva-
lent or an international equivalent.

Training in interventional radiol-
ogy following completion of a diag-
nostic imaging residency demonstrat-
ing essential competency in imaging
interpretation is mandatory. The only

accredited training pathways to achieve
the necessary education to perform
embolization procedures in the body
is through the Accreditation Council
of Graduate Medical Education-ac-
credited fellowship programs in vas-
cular and interventional radiology or
its international equivalent. It is recog-
nized that embolization requires a
skill set only available through such
rigorous and comprehensive Ameri-
can Board of Medical Specialties—ac-
credited medical imaging and inter-
vention training or its international
equivalent. The 1-year duration of
training is the minimum for attaining
competency in embolization catheter-
ization techniques and to acquire suf-
ficient knowledge of the spectrum of
diseases that can be served by embo-
lization, including the natural history
and risk-benefit analyses associated
with provision of the procedures;
training on specific aspects of the tech-
nical procedures; and the performance
characteristics in indications for use
for the numerous embolic materials
available. This comprehensive train-
ing is critical to ensuring that patients
receive safe and effective care.

It is expected that, as part of the
accredited training process in diagnos-
tic imaging and vascular and interven-
tional radiology, the physician will
have a thorough understanding of
vascular anatomy including congeni-
tal and developmental variants and
common collateral pathways, angio-
graphic equipment, radiation safety
considerations, and physiologic moni-
toring equipment. Moreover, it is an-
ticipated that, before the performance
of any embolization procedure, the
operator will have received specific
training, including didactic training as
well as hands-on training with a suffi-
cient number of procedures in each of
the areas or vascular territories that
may be served routinely by emboliza-
tion (ie, vascular malformations, non-
traumatic hemorrhage, trauma embo-
lization, benign tumor embolization,
malignant tumor embolization, tissue
ablation, flow redistribution, endoleak
embolization, regional therapy deliv-
ery, and enterocutaneous and lym-
phatic management). In addition, they
must have access to an adequate sup-
ply of catheters, guide wires, embolic
agents, and personnel to perform the
procedures safely. Techniques that
should be mastered during training in-

clude the use of microcatheters for
subselective catheterization and the
handling and delivery of particulate
agents and embolization coils. The use
of embolic agents beyond those de-
scribed as “basic” may require addi-
tional training and proctoring as stip-
ulated by the manufacturer or by the
appropriate governing body. Conse-
quences of inadequate training or ex-
perience can lead to major adverse
events if the disease or imaging and
embolization techniques are not fully
understood by the operator. These ad-
verse events could include nontarget
embolization that can result in major
morbidity depending on the territory
treated (eg, stroke or blindness for ep-
istaxis embolization, bowel or bladder
infarction for uterine artery emboliza-
tion).

The clinical relationship between a
patient who needs an embolization
procedure and an interventional radi-
ology physician should be structured
so that the physician should see every
patient for a preprocedural clinical
evaluation and consultation before
treatment and for a postprocedure
longitudinal clinical follow-up after
the procedure. Some of the clinical
skills and responsibilities required for
patient care particular to embolization
procedures include the following:

1. Knowledge of the natural history
of the disease;

2. Understanding of the risks of the
procedure given the patient’s spe-
cific presentation and findings;

3. Review of all available diagnostic
imaging tests;

4. Knowledge of the acute tumor ly-
sis syndrome;

5. Treatment of the postembolization
syndrome;

6. Use of relevant medications in-
cluding pain medications;

7. Hydration;

8. Treatment failure and potential sub-

sequent interventions;
9. Staging embolization; and

10. Clinical follow-up.

Angiographic and Interventional
Skills and Knowledge of Embolic
Materials

According to the requirements of
American College of Radiology, the
operating physician must be capable
of accomplishing, with documented
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and acceptable success and complica-
tion rates, each aspect of embolization
procedures, including:

1. Percutaneous arterial access;

2. Manipulation of catheters to selec-
tively access the target vessel and
appropriate use of catheters and
microcatheters;

3. Understanding and handling of mate-
rials used in embolization, including
temporary and permanent agents such
as particles, coils, plugs, and occluders;
and

4. Assessment of the angiographic or
imaging to determine the therapeu-
tic endpoint.

There is a wide variety of embolic
agents and materials that need to be
mastered by the physician performing
the embolization procedures. During a
single embolization procedure, the in-
terventional radiologist frequently uses
a combination of embolic materials
to obtain the optimal occlusion of a
vessel and optimal clinical result.
Specific knowledge of the following
characteristics of embolic materials is
required: the desired duration of oc-
clusion; the size and shape of the tar-
get vessel; the mechanism of occlusion;
the understanding of flow changes and
distribution before, during, and after
embolization; and the mechanical and
biologic interaction of the embolic ma-
terials with the vessel wall and the
target end organ.

Of all the clinical considerations in
an embolization procedure, the main
factors influencing the selection of a
specific embolic agent relate to the size
of the vessel, the speed of flow in the
vessel, the desired level of occlusion in
the vascular tree, and the desired du-
ration of occlusion. For example, when
dealing with traumatic bleeding ver-
sus hemorrhage caused by a hypervas-
cular tumor, the therapeutic goal, the
vascular anatomy, the size of vessels
involved, and the level of occlusion
will all be different and lead to a com-
pletely different selection of embolic
materials. It is important to note that
the level of occlusion, which is primar-
ily determined by the size of the agent,
can also be affected by the occurrence
of “clumping” when using particulate
agents.

Specific clinical problems can re-
quire even more detailed knowledge
of occlusion devices. For instance,

high-flow arteriovenous fistulas re-
quire careful sizing of metallic occlu-
sion devices, knowledge of techniques
of packing, and knowledge of tech-
niques to control the delivery of the
devices to prevent paradoxic emboli-
zation. Techniques of preparation and
injection of liquid and particulate agents
are very important. For instance, re-
cent studies have demonstrated that
the degree of dilution of embolic par-
ticles and the use of the proper tech-
nique for preparation and injection of
the particles can significantly affect the
technical and clinical success and the
rate of complications of a procedure
(77,78). Inappropriate preparation or
injection of liquid embolic agents can
be a major cause of nontarget emboli-
zation. Poor preparation technique
and inappropriate dilution can dam-
age embolic materials or create condi-
tions that allow them to clump, which
can result in clogging of the catheter or
lodging in the incorrect size or loca-
tion vessel within the vascular tree,
resulting in incomplete or nontarget
embolization. It is equally important
to employ the proper technique of in-
jection. Forceful injection is frequently
associated with vessel damage, non-
target embolization, clinical failure,
and complications (79).

Knowledge of vascular anatomy,
collateral pathways, possible anatomic
variants, and the locations where one
may encounter small anastomoses that
are not seen during angiography (also
called “invisible arterial anastomo-
ses”) are essential. This requires famil-
iarity with a variety of vascular beds,
as the propensity for downstream tis-
sue infarction or distal vascular recon-
stitution is usually very organ-specific.
Anastomoses between arterial beds
can be the cause of significant compli-
cations if they are not appreciated (80),
if an improper technique of injection is
used, or if an inappropriate type or
size of embolic agent is used.

Radiation Safety Training

Complex embolization procedures
require prolonged exposure to radia-
tion to the patient and operator. This
frequently occurs in regions where
there are radiation-sensitive organs
such as the lens of the eyes, thyroid,
breast, or gonads (81). The operator
needs to be cognizant of that risk and
be trained in techniques to reduce ra-

diation exposure to the patient and the
staff. This training includes not only the
knowledge of radiology physics but also
practical training in radiation protection
such as is provided during interven-
tional radiology training (82,83).

Physicians, medical physicists, and
radiology technologists have a respon-
sibility to minimize the radiation dose
to patients, staff, and society as a
whole, while maintaining necessary
image quality. This concept is known
as “as low as reasonably achievable,”
or “ALARA” (84).

In consultation with a medical
physicist, interventional radiology fa-
cilities should adhere to the policies
and procedures of ALARA. Examina-
tion protocols should take into ac-
count patient body habitus and use
dose reduction devices and techniques
to control radiation dose while main-
taining image quality. To ensure dose
optimization and radiation protection
of the staff and the patient, the angio-
graphic suite should at least be able to
offer additional tube filtration, pulsed
fluoroscopy, last image hold, and fade
in/fade out fluoroscopy. Flat-screen
digital panels provide another excel-
lent option, as magnification can be
achieved without an increase in dose.

Patient radiation doses should be
recorded in the medical record for all
embolization procedures and should
be periodically reviewed by a medical
physicist as recommended by the ap-
propriate professional organizations
(85,86).

IMAGING AND
INTERVENTIONAL
TECHNOLOGY

Embolization is an image-intensive in-
tervention. The angiography suite, at a
minimum, should have equipment that,
independent of the patient’s weight, can
offer high field of view magnification, the
possibility of prolonged fluoroscopy time,
and high spatial resolution and contrast
resolution to be able to visualize micro-
catheters, fine 0.010-inch microwires,
2-mm coils, small arteriovenous shunts
and fistulas, and contrast agent reflux.
Availability of high-quality fluoroscopy
and digital subtraction angiograms
cannot be overemphasized. Mobile
C-arm units do not provide adequate
image quality or advanced capabili-
ties available in dedicated angiogra-
phy suites and therefore should not



Volume 21 Number 4

Golzarian et al - 439

be used for these interventions. Ad-
vanced imaging technologies avail-
able in “modern” or state-of-the-art
angiography units include roadmap-
ping, overlay technology, filtration
and collimation, semitransparent fil-
ters, replay, rotational angiography,
and in some cases, cone-beam CT.

Angiographic CT or rotational sub-
traction is important for selected embo-
lization procedures, including bronchial
and pulmonary artery embolization and
hepatic chemoembolization. Rotational
angiography provides a three-dimen-
sional view of vessels and can be a key
tool in certain types of embolization,
particularly neurointerventional appli-
cations.

The angiographic table must be
motorized and able to accommodate
large panning movements to move
rapidly from one body region to an-
other, especially in the setting of an
emergency.

The imaging equipment must have
the capacity to store multiple high-res-
olution images on film, in local digital
archives, or on a picture archiving and
communication system. The monitor-
ing equipment must have the capacity
to store all physiologic data in a paper
or electronic form. Full record keeping is
necessary to ensure that all patient-re-
lated information is maintained in a se-
cure and complete manner so that post-
procedural monitoring, patient follow-
up, and follow-up interventions are
accurately done if needed.

The physician performing emboli-
zation must be familiar with the oper-
ation of the angiographic system. The
physician should also be trained in
and comfortable with the interpreta-
tion of other imaging studies, includ-
ing CT, CT angiography, MR imaging,
MR angiography, duplex US, and con-
ventional US.

QUALITY ASSURANCE

The physician performing emboli-
zation should maintain a permanent
record of all patients undergoing em-
bolization and have a system in place
to monitor and evaluate outcomes, in-
cluding complications. All complica-
tions should be discussed in a regular
morbidity and mortality conference,
which should occur at least quarterly,
but preferably monthly. The minutes
from these conferences should be sub-
mitted to the department or hospital

quality oversight committee regularly
for evaluation.

Acknowledgments: Dr. Jafar Golzarian
authored the first draft of this document
and served as topic leader during the sub-
sequent revisions of the draft. Dr. Sanjoy
Kundu is chair of the SIR Standards of
Practice Committee. Dr. John F. Cardella is
Councilor of the SIR Standards Division.
All other authors are listed alphabetically.
Other members of the Standards of Prac-
tice Committee and SIR who participated
in the development of this clinical practice
guideline are (listed alphabetically) as fol-
lows: Fabrizio Fanelli, MD, Sanjeeva P.
Kalva, MD, Michael Lee, MD, Donald L.
Miller, MD, Steven C. Rose, MD, David
Sacks, MD, Nasir H. Siddiqi, MD, Leann
Stokes, MD, Timothy L Swan, MD, Patricia
E. Thorpe, MD, and Joan C. Wojak, MD.

References

1. Gabata T, Matsui O, Nakamura Y,
Kimura M, Tsuchiyama T, Takashima T.
Transcatheter embolization of traumatic
mesenteric hemorrhage. J Vasc Interv
Radiol 1994; 5:891-894.

2. Onohara T, Okadome K, Mii S, Ya-
sumori K, Muto Y, Sugimachi K.
Rupture of embolised coeliac artery
pseudoaneurysm into the stomach: is
coil embolisation an effective treatment
for coeliac anastomotic pseudoaneu-
rysm? Eur | Vasc Surg 1992; 6:330-332.

3. Mauro MA, Jaques P. Transcatheter
management of pseudoaneurysms com-
plicating pancreatitis. ] Vasc Interv Ra-
diol 1991; 2:527-532.

4. Baker KS, Tisnado J, Cho SR, Beachley
MC. Splanchnic artery aneurysms and
pseudoaneurysms: transcatheter emboli-
zation. Radiology 1987; 163:135-139.

5. Keller FS, Rosch J, Baur GM, Taylor LM,
Dotter CT, Porter J]M. Percutaneous an-
giographic embolization: a procedure of
increasing usefulness. Am | Surg 1981;
142:5-11.

6. Stanley P, Grinnell V, Stanton RE, Wil-
liams KO, Shore NA. Therapeutic
embolization of infantile hepatic he-
mangioma with polyvinyl alcohol. AJR
Am ] Roentgenol 1983; 141:1047-1051.

7. Goldblatt M, Goldin AR, Shaff ML
Percutaneous embolization for the man-
agement of hepatic artery aneurysms.
Gastroenterology 1977; 73:1142-1146.

8. Hollis HW Jr, Luethke JM, Yakes WF,
Beitler AL. Percutaneous emboliza-
tion of an internal iliac artery aneu-
rysm: technical considerations and lit-
erature review. ] Vasc Interv Radiol
1994; 5:449-451.

9. Beller U, Rosen RJ], Beckman EM,
Markoff G, Berenstein A. Congenital
arteriovenous malformation of the fe-
male pelvis: a gynecologic perspective.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Am ] Obstet Gynecol 1988; 159:1153—
1160.

Abbas FM, Currie JL, Mitchell S, Oster-
man F, Rosenshein NB, Horowitz IR.
Selective vascular embolization in be-
nign gynecologic conditions. ] Reprod
Med 1994; 39:492-496.

Komoda K, Hujii Y, Nakajima T, et al.
A ruptured thymic branch aneurysm
mimicking a ruptured aortic aneu-
rysm, with associated bronchial artery
aneurysms: report of a case. Jpn ] Surg
1994; 24:258-262.

Remy-Jardin M, Wattinne L, Remy J.
Transcatheter occlusion of pulmonary
arterial circulation and collateral supply:
failures, incidents and complications. Ra-
diology 1991; 180:699-705.

Boudghene F, L'Hermine C, Bigot JM.
Arterial complications of pancreatitis:
diagnostic and therapeutic aspects in
104 cases. ] Vasc Interv Radiol 1993;
4:551-558.

Kadir S, Marshall FF, White RI Jr, Kauf-
man SL, Barth KH. Therapeutic em-
bolization of the kidney with detach-
able silicone balloons. ] Urol 1983; 129:
11-13.

Eckstein MR, Waltman AC, Athanasou-
lis CA. Interventional angiography of
the renal fossa. Radiol Clin North Am
1984; 22:381-392.

Mazer M]J, Baltaxe HA, Wolf GL.
Therapeutic embolization of the renal
artery with Gianturco coils: limitations
and technical pitfalls. Radiology 1981;
138:37-46.

White RI Jr, Lynch-Nyhan A, Terry P,
et al. Pulmonary arteriovenous mal-
formations: techniques and long-term
outcome of embolotherapy. Radiology
1988; 169:663—669.

Hemingway AP, Allison DJ. Compli-
cations of embolization: analysis of 410
procedures. Radiology 1988; 166:669—672.
Hayakawa K, Tanaka F, Torizuka T, et
al. Bronchial artery embolization for
hemoptysis: immediate and long-term
results. Cardiovasc Intervent Radiol
1992; 15:154-159.

Kaufman SL, Martin LG, Zuckerman
AM, Koch SR, Silverstein MI, Barton
JW. Peripheral transcatheter emboli-
zation with platinum microcoils. Radi-
ology 1992; 184:369-372.

Eckstein MR, Kelemouridis V, Athana-
soulis CA, Waltman AC, Feldman L,
van Breda A. Gastric bleeding: ther-
apy with intraarterial vasopressin and
transcatheter embolization. Radiology
1984; 152:643-646.

Sharma VS, Valji K, Bookstein JJ. ~ Gastro-
intestinal hemorrhage in AIDS: arterio-
graphic diagnosis and transcatheter treat-
ment. Radiology 1992; 185:447-451.

Lang EV, Picus D, Marx MV, Hicks
ME. Massive arterial hemorrhage
from the stomach and lower esopha-



440 . Guidelines for Peripheral/Visceral Vascular Embolization Training

April 2010 JVIR

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

gus: impact of embolotherapy on sur-
vival. Radiology 1990; 177:249-252.
Gomes AS, Lois JF, McCoy RD.
Angiographic treatment of gastroin-
testinal hemorrhage: comparison of va-
sopressin infusion and embolization.
AJR Am ] Roentgenol 1986; 146:1031—
1037.

Goldberger LE, Bookstein JJ. Trans-
catheter embolization for treatment of di-
verticularhemorrhage. Radiology 1977;122:
613-617.

Reuter SR, Chuang VP, Bree RL.
Selective arterial embolization for con-
trol of massive upper gastrointestinal
bleeding. AJR Am ] Roentgenol 1975;
125:119-126.

Lieberman DA, Keller FS, Katon RM,
Rosch J. Arterial embolization for
massive upper gastrointestinal tract
bleeding in poor surgical candidates.
Gastroenterology 1984; 86:876—885.
Goldman ML, Land WC, Bradley EL
III, Anderson J. Transcatheter thera-
peutic embolization in the manage-
ment of massive upper gastrointestinal
bleeding. Radiology 1976; 120:513-521.
Rosch ], Keller FS, Kozak B, Niles N,
Dotter CT. Gelfoam powder emboli-
zation of the left gastric artery in treat-
ment of massive small-vessel gastric
bleeding. Radiology 1984; 151:365-370.
Feldman L, Greenfield AJ, Waltman
AC, et al. Transcatheter vessel occlu-
sion: angiographic results versus clini-
cal success. Radiology 1983; 147:1-5.
Teitelbaum GP, Reed RA, Larsen D, et al.
Microcatheter embolization of nonneu-
rologic traumatic vascular lesions. ] Vasc
Interv Radiol 1993; 4:149-154.

Sclafani SJA. The role of angiographic
hemostasis in salvage of the injured
spleen. Radiology 1981; 141:645-650.
Loevinger EH, Vujic I, Lee WM,
Anderson MC. Hepatic rupture asso-
ciated with pregnancy: treatment with
transcatheter embolotherapy. Obstet
Gynecol 1985; 65:281-284.

Kotoh K, Satoh M, Kyoda S, et al
Successful control of hemobilia second-
ary to metastatic liver cancer with trans-
catheter arterial embolization. Am J Gas-
troenterol 1991; 86:1642-1644.

Lang EK. Transcatheter embolization
of pelvic vessels for control of intracta-
ble hemorrhage. Radiology 1981; 140:
331-339.

Matalon TSA, Athanasoulis CA, Mar-
golies MN, et al. Hemorrhage with
pelvic fractures: efficacy of transcathe-
ter embolization. AJR Am J Roentgenol
1979; 133:859-864.

Yamashita Y, Harada M, Yamamoto H,
etal. Transcatheter arterial emboliza-
tion of obstetric and gynaecological
bleeding: efficacy and clinical outcome.
Br J Radiol 1994; 67:530-534.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Ivanick MJ, Thorwarth W, Donohue J,
Mandell V, Delany D, Jaques PF.
Infarction of the left main-stem bron-
chus: a complication of bronchial ar-
tery embolization. AJR Am ] Roentge-
nol 1983; 141:535-537.

Vujic I, Pyle R, Parker E, Mithoefer J.
Control of massive hemoptysis by em-
bolization of intercostal arteries. Radi-
ology 1980; 137:617-620.

Bookstein JJ, Moser KM, Kalafer ME, et
al. The role of bronchial arteriogra-
phy and therapeutic embolization in
hemoptysis. Chest 1977; 72:658-661.
Tonkin ILD, Hanissian AS, Boulden
TF, etal. Bronchial arteriography and
embolotherapy for hemoptysis in pa-
tients with cystic fibrosis. Cardiovasc
Intervent Radiol 1991; 14:241-246.
Remy J, Lemaitre L, Lafitte JJ, Vilain
MO, Saint Michel J, Steenhouwer F.
Massive hemoptysis of pulmonary ar-
terial origin: diagnosis and treatment.
AJR Am ] Roentgenol 1984; 143:963—
969.

John PR, Procter AE. Case report:
bronchial artery embolization for life
threatening haemoptysis from an iatro-
genic chronic pulmonary abscess. Clin
Radiol 1992; 46:206-208.

Lopez AJ, Brady AJB, Jackson JE. Case
report: therapeutic bronchial artery embo-
lization in a case of Takayasu’s arteritis.
Clin Radiol 1992; 45:415-417.

Hamer DH, Schwab LE, Gray R
Massive hemoptysis from thoracic acti-
nomycosis successfully treated by embo-
lization. Chest 1992; 101:1442-1443.

Bell SD, Lau KY, Sniderman KW.
Synchronous embolization of the gas-
troduodenal artery and the inferior
pancreaticoduodenal artery in patients
with massive duodenal hemorrhage. J
Vasc Interv Radiol 1995; 6:531-536.
Palmaz JC, Walter JF, Cho KJ. Thera-
peutic embolization of the small-bowel ar-
teries. Radiology 1984; 152:377-382.
Kantor A, Sclafani SJA, Scalea T, Dun-
can AO, Atweh N, Glanz S. The role
of interventional radiology in the man-
agement of genitourinary trauma. Urol
Clin North Am 1989; 16:255-265.
Remy J, Arnaud A, Fardou H, Giraud
R, Volsin C.  Treatment of hemoptysis
by embolization of bronchial arteries.
Radiology 1977; 122:33-37.

Rabkin JE, Astafjev VI, Gothman LN,
Grigorjev YG. Transcatheter emboli-
zation in the management of pulmo-
nary hemorrhage. Radiology 1987; 163:
361-365.

Uflacker R, Kaemmerer A, Neves C,
Picon PD. Management of massive
hemoptysis by bronchial artery embo-
lization. Radiology 1983; 146:627-634.
Uflacker R, Kaemmerer A, Picon PD, et
al. Bronchial artery embolization in
the management of hemoptysis: tech-

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

nical aspects and long-term results.
Radiology 1985; 157:637-644.

Cohen AM, Antoun BW, Stern RC.
Left thyrocervical trunk bronchial artery
supplying right lung: source of recurrent
hemoptysis in cystic fibrosis. AJR Am ]
Roentgenol 1992; 158:1131-1133.

Bakal CW, Cynamon ], Lakritz PS,
Sprayregen S. Value of preoperative
renal artery embolization in reducing
blood transfusion requirements during
nephrectomy for renal cell carcinoma. ]
Vasc Interv Radiol 1993; 4:727-731.
O’Keeffe FN, Carrasco CH, Charnsan-
gavej C, Richli WR, Wallace S.  Arterial
embolization of adrenal tumors: results
in nine cases. AJR Am ] Roentgenol 1988;
151:819-922.

Kozak BE, Keller FS, Rosch ], Barry J.
Selective therapeutic embolization of re-
nal cell carcinoma in solitary kidneys.
J Urol 1987; 137:1223-1225.

Kennelly MJ, Grossman HB, Cho K]J.
Outcome analysis of 42 cases of renal
angiomyolipoma. ] Urol 1994; 152:
1988-1991.

McLean GK, Meranze SG. Embolization
techniques in the urinary tract. Radiol Clin
North Am 1986; 24:671-682.

Spigos DG, Jonasson O, Mozes M, Ca-
pek V. Partial splenic embolization in
the treatment of hypersplenism. AJR
Am ] Roentgenol 1979; 132:777-782.
Kerr A, Trambert ], Mikhail M, Hodges
L, Runowicz C. Preoperative trans-
catheter embolization of abdominal
pregnancy: report of three cases. ] Vasc
Interv Radiol 1993; 4:733-735.

Reyes BL, Trerotola SO, Venbrux AC,
etal. Percutaneous embolotherapy of
adolescent varicocele: results and long-
term follow-up. J Vasc Interv Radiol
1994; 5:131-134.

Porst H, Bahren W, Lenz M, Altwein JE.
Percutaneous sclerotherapy of varicoce-
les: an alternative to conventional surgi-
cal methods. Br ] Urol 1984; 56:73-78.
Zuckerman AM, Mitchell SE, Venbrux
AC, etal. Percutaneous varicocele oc-
clusion: long-term follow-up. ] Vasc In-
terv Radiol 1994; 5:315-319.

Morag B, Rubinstein ZJ, Goldwasser B,
Yerushalmi A, Lunnenfeld B. Percuta-
neous venography and occlusion in the
management of spermatic varicoceles. AJR
Am ] Roentgenol 1984; 143:635-640.
Hunter DW, King NJ III, Aeppli DM, et
al. Spermatic vein occlusion with hot
contrast material: angiographic results.
J Vasc Interv Radiol 1991; 2:507-515.
Wernovsky G, Bridges ND, Mandell VS,
Castaneda AR, Perry SB. Enlarged
bronchial arteries after early repair of
transposition of the great arteries. ] Am
Coll Cardiol 1993; 21:465-470.

Spigos DG, Tan WS, Mozes MF, Prin-
gle K, Iossifides I. Splenic emboliza-



Volume 21

Number 4

Golzarian et al . 441

68.

69.

70.

71.

72.

73.

tion. Cardiovasc Intervent Radiol 1980;
3:282-288.

Keller FS, Coyle M, Rosch ], Dotter CT.
Percutaneous renal ablation in patients
with end-stage renal disease: alterna-
tive to surgical nephrectomy. Radiol-
ogy 1986; 159:447-451.

Chuang VP, Wallace S, Gianturco C,
Soo CS. Complications of coil embo-
lization: prevention and management.
AJR Am ] Roentgenol 1981; 137:809—
813.

Abulkhir A, Limongelli P, Healey AJ, et
al. Preoperative portal vein emboliza-
tion for major live resection: a meta-anal-
ysis. Ann Surg 2008; 247:49-57.

Madoff DC, Abdalla EK, Vauthey JN.
Portal vein embolization in prepara-
tion for major hepatic resection: evolu-
tion of a new standard of care. J Vasc
Interv Radiol 2005; 16:779-790.
Golzarian J, Struyven ], Abada HT, et al.
Endoluminal aortic stent graft: transcath-
eter embolization of persistent perigraft
leaks. Radiology 1997; 202:731-734.
Steinmetz E, Rubin BG, Sanchez LA, et
al. Type II endoleak after endovascu-
lar abdominal aortic aneurysm repair:
a conservative approach with selective
intervention is safe and cost-effective. J
Vasc Surg 2004; 39:306-313.

74.

75.

76.

77.

78.

79.

80.

Mansueto G, Cenzi D, Scuro A, et al.
Treatment of type II endoleak with a
transcatheter transcaval approach: re-
sults at 1-year follow-up. ] Vasc Surg
2007; 45:1120-1127.

Kasirajan K, Matteson B, Marek JM,
Langsfeld M. Technique and results
of transfemoral superselective coil em-
bolization of type II lumbar endoleak. ]
Vasc Surg 2003; 38:61-66.

Rosen R]. Green RM. Endoleak man-
agement following endovascular aneu-
rysm repair. ] Vasc Interv Radiol 2008;
19(Suppl):S37-543.

Pelage JP, Le Dref O, Beregi JP, et al.
Limited uterine artery embolization
with tris-acryl gelatin microspheres for
uterine fibroids. ] Vasc Interv Radiol
2003; 14:15-20.

Laurent A. Microspheres and non-
spherical particles for embolization.
Tech Vasc Interv Radiol 2007; 10:248—-
256.

Repa I, Moradian GP, Dehner LP, et al.
Mortalities associated with use of a
commercial suspension of polyvinyl al-
cohol. Radiology 1989; 170:395-399.
Liu DM, Salem R, Bui JT, et al
Angiographic considerations in pa-
tients undergoing liver-directed ther-
apy. ] Vasc Interv Radiol 2005; 16:911-
935.

82.

83.

84.

85.

86.

. Miller DL, Balter S, Cole PE, et al.

Radiation doses in interventional radi-
ology procedures: the RAD-IR study.
Part II: skin dose. ] Vasc Interv Radiol
2003; 14:977-990.

Miller DL, Balter S, Wagner LK, et al.
Quality improvement guidelines for
recording patient radiation dose in the
medical record. ] Vasc Interv Radiol
2009; 20(Suppl):5200-5207.

Stecker MS, Balter S, Towbin RT, et al.
Guidelines for patient radiation dose
management. SIR Safety and Health
Committee and the CIRSE Standards of
Practice Committee. ] Vasc Interv Ra-
diol 2009; 20(Suppl):5263-5273.

Amis ES Jr, Butler PF, Applegate KE,
et al. American College of Radiol-
ogy white paper on radiation dose in
medicine. ] Am Coll Radiol 2007; 4:
272-284.

American College of Radiology. ACR
technical standard for management of
the use of radiation in fluoroscopic
procedures. In: Practice Guidelines and
Technical Standards 2008. Reston, VA:
ACR, 2008; 1143-1149.

International Commission on Radio-
logical Protection. Avoidance of radi-
ation injuries from medical interven-
tional procedures. ICRP Publication 85.
Ann ICRP 2000; 30:7-67.



	Guidelines for Peripheral and Visceral Vascular Embolization Training
	PHYSICIAN QUALIFICATIONS
	Angiographic and Interventional Skills and Knowledge of Embolic Materials
	Radiation Safety Training

	IMAGING AND INTERVENTIONAL TECHNOLOGY 
	QUALITY ASSURANCE
	Acknowledgments
	References


