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Foundation Course
Gastrointestinal haemorrhage: how I do it

101.1
Diagnosis and localisation
M. Darcy;
Interventional Radiology, Washington University in St. Louis School 
of Medicine, St. Louis, MO, United States of America.

Learning Objectives
1. To learn about clinical management of GI haemorrhage
2. To learn about imaging strategies for GI haemorrhage, including 

CTA
3. To learn about technique, interpretation and results of CTA for GI 

haemorrhage
Clinical assessment can determine the likelihood that the patient is 
actively bleeding and thus the chance of a positive diagnostic study. 
Unstable patients (defined by Feingold as heart rate >100 beats/min, 
BP <100 mmHg) have positive tagged RBC (t-RBCs) scans 62% of the 
time, but for stable patients only 21% scans were positive (1). Clinical 
clues can also indicate the likely source (UGI vs. LGI) and determine 
the next step. For UGI bleeding, endoscopic sensitivity and specific-
ity are 98% and 100%, respectively. Conversely, colonoscopy may 
identify a source of LGI bleeding in as few as 13% patients (2). Thus, 
imaging is often the first approach. t-RBCs scans are often the initial 
test but may not be quickly available and may not accurately local-
ize bleeding.
CTA is now the first test in many centers and can detect bleeding 
even at 0.3 ml/min (3). Although, not as sensitive as t-RBCs, CTA may 
be clinically more relevant by eliminating the small bleedings that 
t-RBCs scans may detect but would never be seen on arteriography. 
Reported CT sensitivity and specificity for GI bleeding is 79%–91% 
and 95%–99%, respectively (4, 5).
The technique should include axial images (showing best extrav-
asation) and coronal MIPs (best demonstrating the artery enhanc-
ing the bleed). Primary findings include contrast extravasation into 
the bowel lumen or pooling of contrast not present on initial non-
contrast scans. Secondary findings include enhancement or thick-
ening of the bowel wall, masses, and vascular lesions. Benefits of 
CT include better localization than t-RBCs scans, identification of 
pathological lesions leading to better triage and prognostic infor-
mation, and depiction of the arterial anatomy that allows the key 
artery to be targeted at angiography and increased specificity of the 
arteriogram.
References
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101.2
Embolize upper GI haemorrhage
R. Loffroy;
Department of Vascular and Interventional Radiology, University of 
Dijon School of Medicine, Bocage Teaching Hospital, Dijon, France.

Learning Objectives
1. To learn about specific aetiologies of upper GI haemorrhage
2. To learn techniques for embolization of upper GI haemorrhage
3. To learn about results and complications of embolization for 

upper GI haemorrhage
Acute nonvariceal upper gastrointestinal (UGI) hemorrhage is a fre-
quent complication associated with significant morbidity and mor-
tality. The most common cause of UGI bleeding is peptic ulcers, but 
the differential diagnosis is diverse and includes tumors, ischemia, 
gastritis, arteriovenous malformations such as Dieulafoy lesions, 
Mallory–Weiss tears, trauma, and iatrogenic causes. Aggressive 
treatment with early endoscopic hemostasis is essential for favor-
able outcome. However, severe bleeding despite conservative medi-
cal treatment or endoscopic intervention occurs in 5%–10% patients 
requiring surgery or transcatheter arterial embolization. The typical 
candidate patient presents with the following: (1) massive bleeding 
(transfusion requirement of at least 4U blood/24 h) or hemodynamic 
instability (hypotension with systolic pressure <100 mm Hg and 
heart rate 100 beats/min or clinical shock secondary to blood loss); 
(2) bleeding that has failed to respond to conservative medical ther-
apy, including volume replacement, antacids, H2-receptor blocking 
agents, or proton pump inhibitors; and (3) bleeding that has failed 
to respond to at least one, sometimes two, attempt(s) at endoscopic 
control. Surgical intervention is usually an expeditious and gratify-
ing endeavor, but it can be associated with high operative mortal-
ity rates. Endovascular management using superselective catheter-
ization of the culprit vessel, “sandwich” occlusion, or blind emboli-
zation in the absence of extravasation has emerged as an alterna-
tive to emergent operative intervention for high-risk patients and 
is now considered the first-line therapy for massive UGI bleeding 
refractory to endoscopic treatment. Many published studies have 
confirmed the feasibility of this approach and its high technical and 
clinical success rates, which range from 69% to 100% and from 63% 
to 97%, respectively, even if the choice of the best embolic agent 
among coils, cyanaocrylate glue, gelatin sponge, or calibrated par-
ticles remains a matter of debate. However, factors influencing clin-
ical outcome, particularly predictors of early rebleeding are poorly 
understood. Marking with a metallic clip by the endoscopist can 
assist with localization of the vessel feeding the bleeding site even 
if there is no contrast medium extravasation after injection. Arterial 
embolization in the UGI tract above the ligament of Treitz is gener-
ally considered very safe because of the rich collateral supply to the 
stomach and duodenum. This lecture will attempt to define the role 
of embolotherapy for acute nonvariceal UGI hemorrhage that fails to 
respond to endoscopic hemostasis and summarize literature data on 
results and complications of this technique as well as on factors pre-
dicting angiographic and embolization failure.
References
1.  Loffroy R, Guiu B, D’Athis P et al (2009) Arterial embolotherapy 

for endoscopically unmanageable acute gastroduodenal hemor-
rhage: predictors of early rebleeding. Clin Gastroenterol Hepatol 
7:515–523.

2.  Defreyne L, Vanlangenhove P, De Vos M et al (2001) Embolization 
as a first approach with endoscopically unmanageable 
acute nonvariceal gastrointestinal hemorrhage. Radiology 
218:739–748.

3.  Eriksson LG, Ljungdahl M, Sundbom M, Nyman R (2008) 
Transcatheter arterial embolization versus surgery in the treat-
ment of upper gastrointestinal bleeding after therapeutic endos-
copy failure. J Vasc Interv Radiol 19:1413–1418.



CIRSE 2013 SS/FC/HL/HTS/CM S61SS/FC/HL/HTS/CM

4.  Loffroy R, Guiu B, Cercueil JP et al (2008) Refractory bleeding 
from gastroduodenal ulcers: arterial embolization in high-opera-
tive-risk patients. J Clin Gastroenterol 42:361–367.

5.  Loffroy R, Guiu B, Mezzetta L et al (2009) Short- and long-term 
results of transcatheter embolization for massive arterial hemor-
rhage from gastroduodenal ulcers not controlled by endoscopic 
hemostasis. Can J Gastroenterol 23:115–120.

6.  Padia SA, Geisinger MA, Newman JS et al (2009) Effectiveness 
of coil embolization in angiographically detectable versus non-
detectable sources of upper gastrointestinal hemorrhage. J Vasc 
Interv Radiol 20:461–466.

7.  Aina R, Oliva VL, Therasse E et al (2001) Arterial embolotherapy 
for upper gastrointestinal hemorrhage: outcome assessment. 
J Vasc Interv Radiol 12:195–200.

8.  Burke SJ, Golzarian J, Weldon D, Sun S (2007) Nonvariceal upper 
gastrointestinal bleeding. Eur Radiol 17:1714–26.

101.3
Embolize lower GI haemorrhage
J. Golzarian;
Department of Interventional Radiology & Vascular Imaging, 
University of Minnesota, Minneapolis, MN, United States of America.

Learning Objectives
1. To learn about specific aetiologies of lower GI haemorrhage
2. To learn techniques for embolization of lower GI haemorrhage
3. To learn about results and complications of embolization for 

lower GI haemorrhage

No abstract available.

101.4
Diagnose and treat chronic GI haemorrhage
L. Defreyne;
Department of Vascular and Interventional Radiology, University of 
Ghent, Ghent, Belgium.

Learning Objectives
1. To learn about clinical management of chronic GI haemorrhage
2. To learn about imaging strategies for GI haemorrhage
3. To learn about results and complications of embolization for 

chronic GI haemorrhage

No abstract available.

Special Session
Upper extremity PVD

102.1
Optimal imaging assessment for supra-aortic and upper limb 
arterial disease
C. Hohl;
Radiology, St. Marien-Krankenhaus, Siegen, Germany.

Learning Objectives
1. To learn about the clinical assessment of supra-aortic and upper 

limb ischaemia
2. To learn about the role of ultrasound, CT-angiography and 

MR-angiography
3. To learn about the role of digital subtraction angiography 
Introduction:
In patients with suspected peripheral arterial disease (PAD), many 
different therapeutic approaches are available. Similar to lower limb 

arterial disease, optimal imaging is a prerequisite for any therapeu-
tic approach in the supra-aortic vessels or the upper limb. Imaging 
should generally be reserved for patients with an established diag-
nosis of PAD when there is an intention to treat the patient. The 
selection of the appropriate imaging technique is crucial for ther-
apeutic success. The purpose of this special session is to learn to 
choose the appropriate imaging technique, to learn how to conduct 
the different techniques and to interpret the images.
Clinical assessment:
The subclavian artery and brachiocephalic trunk are the most com-
mon locations for atherosclerotic lesions in upper extremities. Clinical 
features include pulse deficit, arm pain, pallor, paraesthesia, coldness 
and unequal arm pressures. A difference of 15 mmHg or more indicates 
possible subclavian stenosis. Typical symptoms vary from arm claudi- 
cation to rest pain and ischaemia of the fingers with gangrene.
Examination should include bilateral blood pressure measurement 
and assessment of the axillary, brachial, radial and ulnar artery pulses. 
Auscultation is important and should begin in the supraclavicular 
fossa.
The assessment of supra-aortic PAD can be more challenging and 
neurological evaluation is essential to differentiate asymptomatic 
and symptomatic patients. All patients with neurological complaints 
should be seen as soon as possible by a neurologist because it may 
be challenging to determine whether symptoms are related to a 
carotid artery stenosis. Manifestations of carotid artery disease may 
be divided into hemispheric and/or ocular. Hemispheric (cortical) 
ischaemia usually consists of a combination of weakness, paralysis, 
numbness or tingling (all affecting the same side of the body) and 
contralateral to the culprit carotid artery. Neuropsychological symp-
toms may also be present and may include aphasia if the dominant 
hemisphere (usually left) is affected or neglected if the non-domi-
nant hemisphere (usually the right, even in most left-handed indi-
viduals) is affected. Emboli to the retinal artery may cause temporary 
or permanent partial or total blindness in the ipsilateral eye. A tem-
porary ocular deficit is called amaurosis fugax. Although neurologi-
cal symptoms of carotid disease are usually caused by distal emboli-
sation, they may seldom be due to cerebral hypoperfusion, either 
transient (‘low-flow TIA’) or permanent (haemodynamic stroke).
Color duplex ultrasound:
Until recently, color duplex ultrasound (CDU) has been the main 
imaging method used to assess lower extremity circulation. In many 
centres, it has been replaced by MR and CT angiography. Ultrasound 
is inexpensive, requires no more space than a small office, is rela-
tively quick and can be performed portably. Its main disadvantage 
is its operator dependency and the lack of the visible ‘road map’ pro-
vided by MRA and CTA. CDU is commonly used as the first step to 
detect extracranial carotid artery stenosis and to assess its severity. 
The peak systolic velocity measured in the internal carotid artery 
is the primary variable used for this purpose; secondary variables 
include the end-diastolic velocity in the internal carotid artery as 
well as the ratio of peak systolic velocity in the internal carotid artery 
to that in the common carotid artery. Although CDU evaluation may 
be hampered by severe plaque calcifications, tortuous vessels, tan-
dem lesions and slow turbulent flow in subtotal stenoses, this imag-
ing modality allows for a reliable estimation of the degree of the 
stenosis as well as for the assessment of plaque morphology in the 
hands of an experienced investigator.
In the evaluation of upper limb PAD, the proximal location of sub-
clavian arterial occlusive disease makes CDU challenging. However, 
duplex scanning is of particular value in differentiating occlusions from 
stenosis, in determining the direction of the vertebral blood flow and 
in screening for concurrent carotid artery stenosis. Subclavian steal can 
be present in the absence of retrograde vertebral flow at rest. Dynamic 
examination with cuff compression of the upper arm and consecutive 
hyperaemia after decompression can change the vertebral flow direc-
tion. Results of CDU of the arm arteries are similar to those in the leg.
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MR Angiography:
MR angiography has had a substantial effect on the evaluation of 
patients with PAD.
In comparison with conventional angiography, MRA has the obvious 
advantages of non-ionizing radiation, the lack of necessity for iodin-
ated contrast medium and the absence of the risks of arterial puncture. 
It has clear benefits in patients with a history of previous allergic reac-
tion to contrast medium. Contraindications to MRA include patients 
with cerebral aneurysm clips, cardiac pacemakers, defibrillators, claus-
trophobia and renal insufficiency in contrast enhanced studies.
Most radiologists use contrast enhanced 3D angiography (CE-MRA).
MRA is useful for planning interventions even when there is a previ-
ous duplex examination if the results of the aortoiliac segment are 
suboptimal.
As MRA includes the simultaneous imaging of the aortic arch, the 
common and internal carotid arteries in their totality, intracranial 
circulation as well as the brain parenchyma, it is useful for planning 
interventions even when there is a previous duplex examination.
The use of highly time resolved contrast enhanced MRA should also 
be considered because it enables acquisition of both functional and 
morphological information. This information can be used to distin-
guish antegrade from retrograde perfusion. MRA can be combined 
with special sequences to detect vessel wall oedema and contrast 
enhancement after administration of intravenous contrast. MRA can 
detect dilatation and stenosis of the supra-aortic vessels that may be 
associated with both arteritis and atherosclerosis.
Assessment of antegrade and retrograde flow is particularly helpful 
when steal syndrome is suspected. MRA is particularly useful for fol-
low-up studies.
MRI also enables diagnostic imaging of the brain to detect acute or 
previous stroke.
CT Angiography:
With the increasing availability of the newest generations of mul-
tislice CT scanners, the use of CTA for the evaluation of patients with 
PAD is becoming more widely adopted. The limitations of CTA com-
pared with MRA are obvious in terms of contrast mediated nephro-
toxicity and allergy and radiation dose. Excellent resolution of the 
vessels can be achieved, although if the vessels are calcified, this can 
make assessment of the lumen problematic.
CTA is much faster than MRA and offers excellent sensitivity and speci-
ficity for the detection of carotid artery stenosis; however, the presence 
of severe plaque calcification may lead to overestimation of the degree 
of stenosis. In a systematic review and meta-analysis, no major differ-
ence was found between DUS, MRA and CTA for the detection of a sig-
nificant carotid artery stenosis. To improve accuracy of the diagnosis, the 
use of two imaging modalities prior to revascularisation is suggested.
Upper limb atherosclerosis can be imaged in excellent detail using 
CTA. To avoid misinterpretations, it is important to detect congeni-
tal abnormalities to precisely define the four vessels perfusing the 
head. CTA should be interactively analysed based on a combination 
of axial images and post-processed views.
Invasive Angiography:
In this era of CDU, MRA and CTA, invasive angiography is generally 
performed immediately prior to an interventional procedure. The 
role of non-invasive imaging is to identify and locate the course of 
patients’ symptoms and the role of invasive angiography is to con-
firm the findings of CDU, MRA or CTA and to enable a percutaneous 
intervention at the same procedure. There are limited indications for 
purely diagnostic invasive angiography of the extremities in PAD.
References
1.  Clinical Practice in Interventional Radiology Vol.1. CIRSE 2007.
2.  ESC Guidelines on the diagnosis and treatment of peripheral 

artery diseases. European Heart Journal 2011.
3.  Wardlaw JM et al. Accurate, practical and cost-effective assess-

ment of carotid stenosis in the UK. Health Technol Assess 2006.

102.2
How can we improve our results for the treatment of 
subclavian artery occlusions? - Tips and tricks
S. Macdonald;
Consultant Vascular Radiologist & Honorary Clinical Senior Lecturer, 
Freeman Hospital, Newcastle-upon-Tyne, United Kingdom.

Learning Objectives
1. To learn about the possibilities of access (transfemoral vs. trans-

brachial)
2. To learn about the preferred guidewires (hydrophilic, 0.018’’)
3. To learn about the preferred stent types (self-expanding vs. 

balloon expandable)

No abstract available.

102.3
Is there a role for PTA and/or stenting for disease distal to the 
subclavian arteries?
S.D. Qanadli;
Radiology and Interventional Radiology, Centre Hospitalier 
Universitaire Vaudois, Lausanne, Switzerland.

Learning Objectives
1. To learn about the anatomy of the axillary region 
2. To learn about the different types of vascular disease in this 

region (arteriosclerotic, radiogenic, inflammatory)
3. To learn about the clinical results after stenting, ballooning and 

also surgery
Endovascular interventions for obstructive arterial diseases are con-
sidered a major therapeutic option in patient management. However, 
these procedures, with extensive reported literature and established 
recommendations, are widely used for peripheral arterial diseases of 
lower limbs and their role, specifically balloon angioplasty and stents, 
is insufficiently debated and under-reported in the literature for upper 
limbs compared with other anatomic sites. This is probably due to 
multiple factors including the anatomic characteristics of the upper 
arterial tree distal to the subclavian artery and the rare prevalence 
of symptomatic atherosclerosis lesions. However, the potential of 
angioplasty/stents for treating different types of obstructive lesions 
is increasing, although the literature is mainly based on case report 
experiences. Angioplasty/stent has been reported to be safe and to 
deliver promising results in atherosclerosis, fibrodysplasia, vasculi-
tis, post-radiation therapy obstructions, trauma, and management 
of dialysis access. This lecture presents an overview of clinical appli-
cations, through several examples, to further define the role of PTA/
stents in the upper limb distal to the subclavian artery.

102.4
How should we treat aneurysms and pseudoaneurysms of the 
upper extremity arteries?
E. Brountzos;
2nd Dept of Radiology, University of Athens, Athens, Greece.

Learning Objectives
1. To learn about the aetiology of pseudoaneurysms and aneurysms 

of the upper extremity
2. To learn about the technique of treating pseudoaneurysms 

(access; long wires and devices needed; types of stentgrafts 
available)

3. To learn about the indication for treating pseudoaneurysms and 
surgical alternatives

Upper extremity arterial aneurysms are rare compared with other 
peripheral aneurysms. However, they should be recognized and treat- 
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ed because they may cause major disability and death. The present-
ing symptoms vary according to the aneurysm location: centrally 
located aneurysms may cause limb ischemia caused by thromboem-
bolism, leading to gangrene and digit or limb loss. They may cause 
neurological symptoms as the result of retrograde embolization to 
the anterior or posterior cerebral circulation. They may rupture and 
lead to lethal hemorrhage. They may cause neuromuscular or sen-
sory dysfunction by brachial plexus compression.
Subclavian artery aneurysms:
Majority of those located proximally are caused by atherosclerosis; 
less common causes include syphilis, cystic medial necrosis, or inva-
sion by surrounding inflammatory or tumorous processes. Usually, 
the patients are males older than 60 years.
They present with chest, shoulder, or neck pain from expansion or 
rupture; acute or chronic limb ischemia; symptoms of brachial plexus 
compression; hoarseness from compression of the laryngeal nerve; 
dyspnea from tracheal compression, TIAs, and stroke; hemoptysis 
from lung erosion.
Treatment should eliminate the aneurysmal sac as a source of throm- 
boembolic material and also preserve perfusion of the limb. There-
fore, surgical repair consists of resection of the aneurysm and rees-
tablishment of the arterial continuity with end-to-end anastomosis 
or interposition graft.
Interventional treatment with the percutaneous placement of a 
stent-graft has been reported in old high-risk patients (Sullivan).
Subclavian-axilary artery aneurysm: poststenotic dilatation from tho- 
racic compression syndrome
These are more prevalent in young female patients and are caused 
by compression of the subclavian artery by a cervical rib or the ante-
rior scalenus muscle. Although cervical ribs occur in 0.6% people, only 
4% patients with cervical ribs have aneurysms of the subclavian artery. 
There is also right side predominance. However, they are often bilateral.
The patients may be asymptomatic or have symptoms of acute or 
chronic limb ischemia caused by thromboembolism. Sometimes 
they present with Raynaud’s phenomenon or with neurological 
symptoms of thoracic outlet obstruction.
The treatment strategy depends on the presence of symptoms: 
if the patient is asymptomatic and the aneurysmal sac is less than 
two times, the normal diameter resection of the cervical rib is suf-
ficient; if there is an aneurysm with more than twice the normal 
arterial diameter, repair of the aneurysm in addition to cervical rib 
removal is indicated; in symptomatic patients with peripheral embo-
lization, resection of the aneurysm and arterial reconstruction with 
vein interposition graft is recommended.
Aneurysm of aberrant subclavian aneurysm: Kommerell’s diverticu-
lum
An aberrant right subclavian artery arising from the proximal por-
tion of the descending aorta is the most common congenital anom-
aly of the aortic arch. Rarely degenerative aneurysm occurs in the 
anomalous vessel. This is termed Kommerell’s diverticulum.
Clinically, the patients may have dysphagia, dyspnea, and coughing 
or chest pain from expansion and rupture.
Treatment is surgical resection of the aneurysms with arterial recon-
struction of the subclavian artery.
Axillary artery aneurysms
They are usually caused by blunt or penetrating trauma and are 
encountered in young males. In older patients, crutch-induced axil-
lary artery aneurysms have been described. They are caused by 
repetitive trauma to the arterial wall. The most common symptom is 
hand ischemia attributed to thromboembolization.
False aneurysms can be caused by penetration trauma as well as 
by blunt trauma such as humeral fractures or dislocation. Although 
limb perfusion may be maintained by collateral circulation, severe 
bleeding surrounding the brachial plexus may lead to severe neuro-
logical deficits.
Surgery involves resection of the aneurysm and interposition of a 
venous graft. Stent-grafts are an excellent alternative.

Several small studies have shown good results of percutaneous 
endovascular treatment with stent-grafts in patients with traumatic 
pseudoaneurysms of the subclavian or axillary arteries. The advan-
tages of this treatment include less blood loss and morbidity, with 
similar short to mid-term patency rates. However, the anatomical 
indications for endovascular repair are restricted to relatively limited 
axillosubclavian injuries (pseudoaneurysms, arteriovenous fistulas, 
first-order branch vessel injuries, intimal flaps, and focal lacerations). 
Relative contraindications for endovascular repair include injury 
to the axillary artery’s third portion, substantial venous injury (e.g., 
transection), refractory hypotension, and upper extremity compart-
ment syndrome with neurovascular compression. Strict contraindi-
cations to endovascular repair include long segmental injuries, inju-
ries without sufficient proximal or distal vascular fixation points, and 
subtotal/total arterial transection.
Stent-graft treatment is particularly successful for the management 
of iatrogenic arterial injury during central vein catheter placements.
Ulnar artery aneurysm: the hypothenar hammer syndrome
These are one of the most common causes of digital ischemia. If left 
untreated, they may lead to digital necrosis and major disability. 
The syndrome refers to the development of ulnar artery aneurysm, 
which is caused by repetitive trauma to the unprotected part of the 
ulnar artery by the hook of the hamate bone in people who use the 
palms of their hands for pushing, pounding, or twisting.
Intimal trauma causes thrombosis, while medial trauma leads to aneu-
rysm formation. The symptoms are associated with chronic thrombo- 
embolism. A variety of symptoms include pain, cold sensation, par-
esthesias, cyanosis, and mottling of the fingers.
Treatment is solely surgical with microvascular resection of the 
aneurysmal sac to decompress the ulnar nerve, and ulnar reanas-
tomosis or vein graft interposition. In patients with minimal symp-
toms, medical treatment with calcium blockers to alleviate vaso-
spasm is recommended. If the digital thrombosis is of recent onset, 
thrombolytic therapy may restore the patency of digital arteries.
Percutaneous thrombin exclusion for pseudoaneurysms of the bra-
chial, radial, and ulnar arteries: Several small series have shown good 
results for the percutaneous treatment of these lesions.
References
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Special Session
Training and accreditation for IRs

103.1
How does IR training vary across Europe?
P. Reimer;
Radiology, Klinikum Karlsruhe, Karlsruhe, Germany.

Learning Objectives
1. To learn about different entry criteria into IR training across 

Europe
2. To learn about differences in IR training across Europe
3. To propose an ideal model of training
Situation in Europe
There is no general European Union-based or organised formal IR 
training within radiology education or IR specialisation. Such profes-
sional activities are organised within member states and typically by 
professional societies. Countries may control or guide these activi-
ties by national medical authorities.
When web searching for interventional radiology in Europe, one 
gets directed to the EBIR (European Board in Interventional radiol-
ogy) website. EBIR is linked to a syllabus in practice, and a curriculum 
is in preparation (searched 2nd April 2013). The syllabus sets out what 
interventional radiologists should learn [1].
To obtain an overview about the situation in Europe, a survey will be 
mailed to colleagues in different European countries asking for spe-
cific information about training in interventional radiology such as 
the following:
- interventional radiology education within radiology education
- interventional radiology education not within radiology education
- interventional radiology education following radiology education
- interventional radiology education separate from radiology  education
- does a curriculum for interventional radiology education exist?
- interventions performed by other disciplines
- clinical education part of interventional radiology education
- interventional radiology as a subspecialty
What may be an ideal model for training?
There may be different ways to achieve a solid training in interven-
tional radiology. These options may include a well-organised train-
ing within radiology education and training after radiology boards 
as an additional qualification, fellowship or subspecialty. In reality, 
each national situation plays a key role in determining which model 
will get accepted. The method of establishing a subspecialty in the 
UK may not be politically feasible in other European countries [2].
Perspective
Ultimately, any education has to ensure a broad clinical competence 
with knowledge about methodology, clinical indication, differential 
indication, patient management, complications and their manage-
ment, patient safety or clinical evidence of treatment [3-6].
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103.2
How will the EBIR and the new curriculum help training and 
accreditation?
A.-M. Belli;
Dept. of Radiology, St. George’s Hospital, London, United Kingdom.

Learning Objectives
1. To learn how a unified curriculum and examination can help 

demonstrate competency
2. To learn how the EBIR and the new curriculum will gain traction in 

European countries
3. To learn about the future of curriculum development and exami-

nation development
Radiology training at both undergraduate and postgraduate lev-
els focuses on diagnostic radiology. Although diagnostic imaging is 
crucial to interventional radiology, those wishing to pursue a career 
involving interventional radiology need a dedicated training pro-
gramme, with a curriculum that they can follow, culminating in an 
examination and certification of their skills. A European curriculum is 
required as programmes for IR training vary greatly between coun-
tries and even within different institutions in the same country.
It is important that every trainee wishing to call themselves an inter- 
ventional radiologist is trained to a set standard and assessed to es-
tablish that they have achieved this standard before they are accred-
ited as IR specialists. With movement of specialists between different 
countries in Europe, this is particularly important to ensure patient 
safety. The EBIR (European Board of Interventional Radiology), not 
to be confused with the EDiR (European Diploma in Radiology), is a 
means of ensuring quality control and competency and acts as a 
‘permit’ to perform IR procedures.
The curriculum encompasses all aspects of training in IR and acts as 
a blueprint for the EBIR examination. It has been endorsed by the 
national European societies of CIRSE, some of which have already 
agreed to adopt this for their national training. It can be translated 
into the local language of any country wishing to adopt it. It is envis-
aged that all new IR’s will voluntarily take this examination in future. 
The curriculum will be updated every 5 years with input from the 
EBIR committee. An undergraduate curriculum for IR has also been 
launched.
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103.3
Arguments for and against recertification
J.A. Kaufman;
Dotter Interventional Institute, Oregon Health & Science University 
Hospital, Portland, OR, United States of America.

Learning Objectives
1. To learn what recertification means
2. To learn about the pros and cons of continuous medical education
3. To learn what the future holds for continuous medical education
Certification and recertification are the mechanisms by which the 
public is assured that medical professionals meet minimum stan-
dards of training and proficiency. Certification and recertification 
are usually provided by an organization charged with oversight of a 
group of medical professionals making claims of proficiency. Certifi-
cation developed in response to unregulated medical practices in the 
1800s. (1) Recertification is a more recent addition to the process and 
is also becoming widely adopted.
Why certification and recertification?
Certification is intended first and foremost to be protective of 
patients (ensuring minimum competency), but others such as insti-
tutions (a standardized criteria for identifying appropriately trained 
staff), insurers (who expect improved outcomes with better train-
ing), and the professionals being certified (ensuring uniform training 
and experience of one’s peers) benefit as well. Objective confirma-
tion of reaching a recognized standard of training and experience 
is reassuring to all members of the medical care team, particularly 
when providing complex and specialized care. Although the link 
between certification and quality of care can be difficult to objec-
tively demonstrate, there is general acceptance that certification is 
the preferred standard. (2)
The concern that lifetime certification based on a single testing epi-
sode did not reflect competency and proficiency over time and 
lead to the development of time-limited certification with specific 
requirements for recertification. (3) The concept of maintenance 
of certification (MOC) with periodic testing for recertification has 
become widely adopted within many countries. Surveys of phy-
sicians indicate that most participate in MOC for altruistic reasons, 
although increasingly this is a requirement for employment and 
reimbursement. (4)
Elements of certification and recertification
Certifying organizations must have clear, consistent, and readily 
accessible criteria for certification and recertification. The specifica-
tions of requirements for certification and the certification process 
will vary but three common elements can be described. These are 
listed below:
1. Completion of standardized training. For physicians, this will 
include imaging and IR training. Curricula for this training have 
been developed by several national organizations. (5-7) The training 
includes didactic and clinical components, of which imaging physics 
and safety are integral. Documentation of clinical experience with 
level of responsibility and outcomes is usually required. Minimum 
numbers of specific procedures or types of procedures are usually 
also required.
2. Examination by a generally accepted and recognized medical cer-
tifying organization. This examination may take many forms, includ-
ing written, oral, and both. The content of the examinations must 
be designed to assess knowledge and competency, with the under-
standing of the limitations of this method of assessment.
3. Maintenance of certification and periodic recertification. Life-
long learning is considered an essential aspect of medical practice. 
For physicians, initial certification should be followed by periodic re-
examination and recertification, usually in a 10-year or longer cycle. 
During the intervening years, physicians must complete and docu-
ment continuing medical education relevant to their practice. In a 
field that changes as rapidly as IR, this is very important.

Current status of certification and recertification
The most developed certification and recertification processes are 
found in the United States, where IR was recently (September 2012) 
recognized by the American Board of Medical Specialties (ABMS) 
as a primary specialty under the auspices of the American Board of 
Radiology (ABR). The ABR and the Accreditation Council of Graduate 
Medical Education (ACGME) are developing the credentialing criteria 
for training programs and the certification and recertification pro-
cesses for physicians. Until 2012, IR was recognized as a subspecialty 
of diagnostic radiology. Certification in IR required certification in 
diagnostic radiology (1 year of internship and 4 years of diagnostic 
radiology residency), completion of a 1-year ACGME accredited fel-
lowship with a minimum of 500 cases, and 1 year of practice with 
a minimum of 200 cases (700 cases in total). The number and clas-
sification of complications must be reported. An alternative train-
ing pathway, the DIRECT (Diagnostic and Interventional Radiology 
Enhanced Clinical Training) pathway, allows 2 years of nonradiology 
clinical training, 3 years of diagnostic radiology, and 1 year of IR fel-
lowship. The initial examination for all VIR subspecialty certificates is 
an oral case-based examination in three sections: vascular diagno-
sis, vascular intervention, and nonvascular intervention. Each sec-
tion is 30 min in duration. Recertification is required every 10 years. 
To maintain certification, the following is required: current medical 
licensure; 75 American Medical Association (AMA) category 1 con-
tinuing medical education (CME) credits per 3 years, of which 25 
must be self-assessment modules (SAMS); successful completion of 
a computer-based examination; and completion of a practice quality 
improvement (PQI) project.
In 2009, the European Union of Medical Specialties (EUMS) rec-
ognized interventional radiology as a distinct specialty in Europe 
with creation of the IR division within the UEMS Radiology Section. 
Certification in IR is through the European Board of Interventional 
Radiology (EBIR), which is organized by the Cardiovascular and 
Interventional Radiological Society of Europe (CIRSE), the European 
Society of Radiology (ESR), and the UEMS IR division. The first IR 
examinations were offered in 2010. To qualify for the examination, 
the applicant must document completion of diagnostic radiology 
training and either 1 year of dedicated IR training or at least 7 years 
of IR practice; full membership in CIRSE and the ESR; at least 150 
cases in the 24 months preceding the examination, with at least 25 
as first operator but none less than first assistant (100 cases must be 
vascular and 50 nonvascular); and letters of support from either the 
IR program director or a CIRSE fellow. The EBIR examination is both 
written (60 multiple choice questions) and oral (2 sections, each 30 
min in duration). The certification is life-long.
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103.4
Should IR become a separate subspecialty?
I. Robertson;
Interventional Radiology Unit, Gartnavel General Hospital, Glasgow, 
United Kingdom.

Learning Objectives
1. To learn about the benefits of becoming a subspecialty
2. To learn how IR became a subspecialty in the UK
3. To learn how IR might become a subspecialty in other European 

countries
Interventional radiology emerged as a subspecialty in the UK in 2010. 
Achieving consensus with diagnostic radiology to enable subspe-
cialty accreditation required careful consideration and was not with-
out difficulty. Demonstrating that the overwhelming majority of 
practicing interventional radiologists within BSIR supported the bid 
to achieve subspecialty accreditation was pivotal in this achievement.
The responsibilities for the organization of training and examination 
remain with the Royal College of Radiologists. Candidates undergo 
a 6-year training (1 year longer than a diagnostic radiologist in the 
UK), with a 3-year training in diagnostic radiology and another 3 
years in interventional radiology. All candidates must complete the 
FRCR, the same examination as all diagnostic radiologists, and also 
complete a series of structured practical assessments during train-
ing that focuses on IR techniques in the last 3 years. At the end of 
training, successful trainees are awarded the FRCR with a certificate 
of Completion of Training in Interventional Radiology.
Subspecialty status has been a major step forward in the UK. There 
are major changes to the structure of NHS in the UK and to training 
in other related surgical specialties over the last few years. An inte-
gral component of subspecialty accreditation has been developing 
a defined training path and IR curriculum, which will not only quality 
assure training standards within UK interventional radiologists, but 
has also defined the level of training required for other specialities 
that wish to develop their own curricula to include interventional 
radiology techniques. In addition, subspecialty accreditation has 
given UK interventional Radiology an opportunity to develop more 
clinically focused training with clear clinical competencies defined 
within the curriculum and an agreement to develop basic surgical 
competencies in the next 1–2 years.
Interventional radiologists require skills in diagnostic radiology; how-
ever, subspecialty accreditation has allowed a clearer identity for IR in 
the UK. This has led to an increased recognition of the role of interven-
tional radiologists and the need to develop and plan the workforce to 
ensure that vital elements of service delivery can be maintained.
Subspecialty accreditation has been vital to IR in the UK and would 
be valuable for other European countries. A clearly defined train-
ing path and curriculum is the key component. This will not only 
improves quality of IR training and should ensure best patient out- 
comes but also defines a level of training required for other speciali- 
ties.
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Special Session
Advances in image guidance for interventional 
oncology procedures

104.1
New developments in guidance and navigation
N. Abi-Jaoudeh;
Interventional Radiology, National Institutes of Health, Bethesda, 
MD, United States of America.

Learning Objectives
1. To learn about the need of improvement in image guidance
2. To learn about the latest developments in guidance and navigation
3. To learn about the pros and cons of available techniques
As personalized medicine is becoming standard clinical practice, the 
demand for serial targeted biopsies and image guided minimally 
invasive therapies is increasing.
Image fusion and navigation enable the operator to utilize informa-
tion from advanced imaging modalities such as MRI or PET-CT during 
the procedure1. Therefore, the operator can consistently sample a 
specific area of a tumor in a repeated fashion in cases of serial biop-
sies or ensure complete tumor coverage during ablations.
Several navigation solutions are available and will be reviewed; how-
ever, for interventional radiologists, Cone-beam CT (CBCT) is by far 
the most widely used technology. Most vendors have software for 
vascular and nonvascular applications with similar capabilities.
For embolization procedures, navigation technologies enable to 
see, navigate, and treat tumors. Tumor detection with CBCT imag-
ing is superior to tumor detection with digital subtraction angiogra-
phy2,3 and equivalent to contrast enhanced CT4 and MRI5. Moreover, 
a recent publication demonstrated that detection of small lesions 
(<1 cm) with contrast-enhanced CBCT is superior to depiction with 
contrast enhanced MDCT6. CBCT imaging also improves tumor 
feeder detection7,8 and treatment assessment9. CBCT is equivalent 
in predicting completeness of treatment as CT or one-month con-
trast-enhanced MRI9. The advantage of CBCT is that it is procedurally 
performed with the potential of immediate intervention to achieve 
complete tumor coverage. Finally, a recent albeit retrospective sin-
gle-institution study examined chemoembolization with CBCT guid-
ance vs. historical cohort using conventional imaging guidance10. 
Procedures and patient characteristics were similar in both groups. 
The study found that CBCT guidance during TACE was an indepen-
dent factor associated with improved survival10.
For nonvascular procedures, studies have examined navigation tech-
nologies for biopsies and ablations with encouraging results. Most 
studies are retrospective or case series11,12. However, publications con-
sistently report safety, feasibility, and high technical success using 
CBCT navigation13-15. Case series have also described image fusion 
with CBCT navigation for improved tumor depiction during biopsies 
or ablations. Previous PET imaging can be manually registered to a pro- 
cedural CBCT16. The target can be selected based on PET activity. The 
selected target is displayed on CBCT and real-time fluoroscopy en-
abling the operator to navigate with PET information16. Image fusion 
is particularly useful when lesions are not visible with conventional 
imaging modalities i.e., ultrasound or nonenhanced CT or when they 
demonstrate heterogeneous PET uptake1. Specific ablation solutions 
are available with tumor segmentation capabilities and ablation plan-
ning software which illustrate the ablation zone per manufacturer 
specifications and aid the operator to determine the number of abla-
tions zones required to achieve complete tumor coverage. Moreover, 
CBCT navigation provides guidance during probe placement and 
enables iterative changes according to the probe’s final position1,17. As 
probes are being inserted, the ablation plan is adjusted to show the 
expected ablation zone with the needle’s actual position instead of its 
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planned position. Finally, a study demonstrated that CBCT is equiva-
lent to CT in detecting incomplete tumor coverage18.
Image fusion and navigation are not only safe and feasible but can 
also enable certain procedures and may improve outcome. CBCT 
navigation is the most widely used technology because of its avail-
ability, and any angiography suite can be upgraded with CBCT nav-
igation capabilities. Prospective randomized trials are underway to 
establish efficacy and efficiency of CBCT navigation compared with 
conventional image guidance methods in vascular and nonvascular 
oncological applications.
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104.2
Non-contrast fusion road-mapping: how can it help?
M.J.L. van Strijen;
Dept. of Radiology, Sint Antonius Hospital, Nieuwegein, 
Netherlands.

Learning Objectives
1. To learn about the technique of non-contrast fusion road-

mapping
2. To learn about the role of non-contrast fusion road-mapping
3. To learn about the pros and cons of the techniques
Before starting an interventional procedure, one should realise that 
in almost every patient previous imaging data is available, acquired 
with dedicated protocols on advanced cross-sectional imaging 
equipment and with the use of appropriate contrast enhancement. 
Using these acquisitions in the actual intervention can be an excel-
lent way to potentially reduce the amount of contrast needed and 
the total radiation dose for patient and operators. Non-contrast 
low-dose acquisitions on interventional imaging systems can then 
be used for registering these previously acquired volumes with the 
actual position of the patient on the table.
Pre-interventional image analysis and preparation
To be able to use available data, it is necessary that these images 
have sufficient quality or have been segmented in a way that, for 
instance, vascular anatomy or tumour size and location can be 
viewed from any angle without being obscured by overlying other 
structures. Most ideally, the initial acquisitions have a high reso-
lution and are acquired with isotropic voxel size. Noise should be 
limited as much as possible, and contrast enhancement should be 
optimal. Segmentation needs to be performed on dedicated work-
stations with a high flexibility in tissue definition and standardized 
export features. Contour segmentation of areas of interest can be 
very helpful in identifying the relevant anatomy and facilitating the 
fusion process. Despite the most precise preparation and fusion, 
the ability for manual adjustments of fused images is a necessary 
requirement.
Vascular interventions: fusion with CT or MR angiography images
In patients with poor renal function and in procedures that poten-
tially require many contrast injections, the use of 3D information 
providing essential information on vascular anatomy can consid-
erably reduce the need for contrast. This works particularly well in 
the relatively fixed abdominal aorta, for localising and targeting, for 
instance, renal arteries in fenestrated endovascular aneurysm repair. 
An otherwise complicated procedure requiring over 300 cc of con-
trast can be performed with as little as 40–80 cc. This works less well 
in the iliac arteries, where the introduction of stiff guidewires can 
severely distort the overlayed anatomical natural course of the ves-
sels. Accurate sizing and placement in these situations require spe-
cial techniques. In placing endoprosthesis in abdominal aorta aneu-
rysm repair millimetre precision is required, whereas road-mapping 
for tortuous vascular anatomy is less critical. In the thoracic aorta 
cardiac movement and the shape of the aortic arch provide separate 
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challenges, but recent experiences have shown that exact placement 
of endoprosthesis is more critical with important branching vessels in 
this area.
Best experiences to date are with 3D–3D registering techniques, but 
recently experiments have started with using only two 2D single-
shot acquisitions with sufficient spacing to provide enough informa-
tion for registering to previously acquired 3D DICOM image set.
Non-vascular interventions: merging cone-beam CT with pre-inter-
ventional CT and MR
Although the image quality of CBCT is sufficient for performing nee-
dle path planning, additional information from pre-interventional 
CT or MR images may sometimes be required or can be very help-
ful in hard-to-visualize structures. In particular, the unique soft tis-
sue information on MR scans can sometimes be very helpful for nee-
dle path planning or targeting. In these cases, the imported volume 
is registered to a CBCT volume based on anatomical landmarks, after 
which the needle planning can be performed on the imported vol-
ume. This technique is very helpful in needle interventions in soft 
tissue lesions or lesions only visible on contrast-enhanced CT.
After segmentation and planning, additional graphical information 
on lesion size and location can be used as an overlay for plain fluoros-
copy during the intervention or in repeat non-contrast imaging series 
in the course of the procedure. Another possible feature is the use of 
graphical depiction of the potential effect of dedicated intervention 
needles in, for instance, thermal ablation procedures. Monitoring the 
ablation is easier and the desired effect more reproducible.
Disadvantages and potential pitfalls
If the position of the patient changes considerably between the ini-
tial data set and the actual interventional procedure, severe misreg-
istrations can occur. It is therefore essential to first focus on the rel-
evant anatomy instead of the easily identifiable surrounding struc-
tures like bone or hard tissue–air interfaces in a more distant loca-
tion. In particular, the major upper abdominal organs can change 
considerably in shape and anatomical location when changing from 
a prone to a supine position.
In addition, normal breathing motion can interfere when targeting 
smaller lesions in organs highly subject to this movement. The use of 
dedicated breathing movement monitoring devices, fiducials as well 
as temporarily halting breathing in fully relaxed patients under gen-
eral anaesthesia can help overcome this.
The introduction of interventional materials of certain stiffness in 
flexible anatomic structures can also cause considerable displace-
ment relative to the initial imaging series. Examples of this are the 
use of stiff guidewires in the iliac vasculature and the introduction of 
needles in fibrous tumours in a displaceable kidney.
Future developments
Currently, new techniques are being developed for facilitating the 
process of image fusion and the combined use of different image 
data sets. The automatic and intelligent recognition of anatomic 
structures, displacement and distortion of solid organs and vascular 
anatomy should be developed in dedicated and intuitive software. 
The next step could be automatic continuous live adaptations of the 
fused images, compensating for patient movement during the pro-
cedure and even prediction of deformation based on the character-
istics of interventional devices. Robot assistance for catheter move-
ment and needle guidance is also available currently, but this tech-
nology needs further development in seamless integration with the 
fusion process and the next generations of imaging equipment.
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104.3
Stereotaxy and robotic assistance: where are we now?
R. Bale;
Clinic of Radiology, Medical University Innsbruck - SIP - Department 
for Microinvasive Therapy, Innsbruck, Austria.

Learning Objectives
1. To learn about the latest developments in robotic intervention
2. To learn how to select a patient for a robotic intervention
3. To learn about the potential of assisted intervention

No abstract available.

104.4
Intraprocedural evaluation
G. Soulez;
Dept. Radiology, Radio-oncology and Nuclear Medicine, University 
of Montreal, Montreal, QC, Canada.

Learning Objectives
1. To gain background knowledge for intraprocedural evaluation
2. To learn about imaging modalities for intraprocedural evaluation
3. To learn about clinical utility of intraprocedural evaluation
INTRODUCTION
During interventional oncology procedures, imaging is required to 
visualize and target the lesion, navigate therapeutic devices (cathe-
ter, RF probe), and visualize penetration of therapeutic agent inside 
the tumor. The main limitation of fluoroscopic/DSA guidance cur-
rently available in the angiography suite is the absence of soft tissue 
differentiation and functional information. Measurement of impor-
tant physiological parameters such as contrast enhancement, tumor 
perfusion, and pharmacokinetic information on drug delivery can 
be very helpful to define new therapeutic endpoints during the pro-
cedure. We will discuss in this presentation how recent advances in 
imaging in the interventional suite such as cone-beam CT (CBCT), 
MRI, PET-CT, image fusion, and contrast-enhanced ultrasound can 
be useful to evaluate the impact of interventional procedure and 
eventually influence patient management.
DOCUMENTATION OF LIPIODOL UPTAKE AND TUMOR ENHANCE-
MENT BY CBCT PREDICTS TUMOR RESPONSE DURING LIVER CHEMO- 
OR RADIOEMBOLIZATION
Beside 2D/3D guidance, soft-tissue differentiation in the range of 5–10 
HU is obtained in the angiography suite with a CBCT acquisition. Early 
clinical experience has demonstrated CBCT to be an useful adjunct to 
visualize tumor-feeding vessels and parenchymal stain during TACE1. 
CBCT provided information not apparent or discernible at DSA in 36% 
of the patients undergoing chemoembolization of hepatocarcinomas 
and resulted in a change in diagnosis, treatment planning, or treatment 
delivery in 24 patients (28%)2. C-arm CT is nearly equivalent to MDCT for 
detecting incomplete iodized oil accumulation after TACE3. Thus, follow-
up unenhanced MDCT can be avoided. Detection of incomplete iodized 
oil accumulation correlates well with the presence of residual lesion on 
contrast-enhanced CT obtained 1 month after TACE [A(z) = 0.816]3.
Because drug-eluting beads are not visible under fluoroscopy, alter- 
nate surrogate endpoints has been defined to document complete 
embolization. The analysis of contrast saturation along the margin 
of the tumor correlates closely with the tumor response on follow- 
up imaging4. Dual phase C-arm CT can be also acquired during embo- 
lization with drug-eluting bead embolization to document tumor 
enhancement in the early arterial and delayed phase5. A significant 
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correlation was found between tumor enhancement in these two 
phases and tumor response after embolization5. Finally, in a retro-
spective study of patients undergoing chemoembolization for HCC, 
CBCT guidance was an independent factor associated with longer 
overall survival (hazard ratio, 0.40; P = 0.033) and local progression-
free survival (hazard ratio, 0.25; P = 0.003)6.
During radioembolization, per procedural CBCT acquisition could 
detect extrahepatic enhancement or incomplete tumor perfusion 
not detected by DSA in 33% of patients7. Extrahepatic enhancement 
that were not evident on (99m) Tc MAA imaging were also detected 
on CBCT in 19% of patients. Using dual-phase CBCT, the penetration 
of yttrium-90 microspheres at the capillary level was documented in 
radioembolization of patients’ carcinoid or neuroendocrinetumors8. 
Presently, radio-opaque (barium) and MR-visible drug-eluting parti-
cles (iron oxide) are under investigation, which will be very helpful to 
document the penetration of these particles within the tumor dur-
ing the procedure and perform MR–CT follow-up9, 10.
QUANTITATIVE FLOW MEASUREMENT WITH DSA
Perfusion study in the catheterization laboratory was originally devel-
oped for stroke imaging and required CBCT reconstruction from a rota-
tional acquisition11. A new method for the estimation of arterial hemo-
dynamic flow from x-ray video densitometry data has been developed 
and validated12. It has been adapted to provide a quantitative flow 
analysis on standard 2D DSA acquisitions. Three parameters can be 
estimated: 1. The arterial flow rate (slope of enhancement), 2. The total 
relative perfusion [area under the curve (AUC)], and 3. The peak den-
sity (maximum density during the arterial phase). This technology has 
been used to document liver perfusion in splenic steal syndrome13 and 
is under investigation to document stasis during TACE.
PER PROCEDURAL USE OF MRI OR PET-CT VERSUS IMAGE FUSION
Extensive preclinical research has been done to evaluate the feasibil-
ity of MR guidance in embolization or needle ablation procedures14, 15. 
The potential advantages of MRI are the real time documentation of the 
therapeutic device (particle, catheter, and needle) in the target lesion 
with an excellent tissue characterization while monitoring tumor phys-
iologic response during therapy (perfusion, diffusion, temperature)16. 
However, this has never translated in the clinical practice. Cost and safety 
issue due to the high magnetic field and patient accessibility are the 
main limitations of this approach. Most researchers attempted to adapt 
fluoroscopic or CT-guided procedures with tools originally conceived for 
fluoroscopic-guided procedures. There are inherent limitations regard-
ing temporal and spatial resolution of MR fluoroscopy sequences and 
regarding safety because of heating due to the conduction of eddy cur-
rent caused by resonating RF waves in the metal guidewire17.
An interesting alternative approach is to take advantage of the mag-
netic gradient generated by the imaging coil to steer therapeutic 
magnetic carriers inside the tumor. The feasibility of this approach 
using ferromagnetic drug-eluting beads or magnetotactic bacteria 
has been reported18, 19. However, it is far from clinical application.
PET-CT can also be combined with an interventional suite to docu-
ment real-time imaging of the lesion during ablation therapy20. The 
proposed approach is to inject a split dose, a small dose at the onset 
of the procedure to target the lesion and larger dose at the comple-
tion of the treatment to document tumor ablation20.
Because of the prohibitive cost of these hybrid rooms and the issue 
of mobilizing the patient in a sterile environment during the proce-
dure between two imaging modalities, the use of image fusion is 
a very attractive approach. It allows real-time overlying per proce-
dural imaging (fluoroscopy, DSA, CBCT) on the prior imaging mo- 
dality of choice (MRI, PET-CT, MDCT). In this setting, unenhanced or 
enhanced C-Arm CTs can be acquired at different stages of the pro-
cedure and registered with a preoperative CT scanner, MRI, or PET 
examination to document complete tumor treatment21. However, 
breathing artifact and deformation of the target lesion by the device 
itself (ablation needle, catheter) or patient position are still major 
issues. Thus elastic registration and respiratory gating software need 
to be developed to improve fusion accuracy22.

CONTRAST-ENHANCED ULTRASOUND
Intraprocedural sonography, particularly with echo-enhancers, could 
be used for intraprocedural monitoring in selected cases of liver tu-
mors that undergo TAE or TACE23. It can detect lesion not visible on 
DSA, but this technology is also useful to detect residual perfusion 
during embolization. Compared with unenhanced ultrasound, intra-
procedural CEUS depicted immediate partial or complete disappear-
ance of tumor enhancement as a result of TAE/TACE and correlated 
with follow-up findings24.
In conclusion, there is evidence supporting the clinical use of ad-
vanced imaging technique such as CBCT or image fusion technique 
to improve patient management during oncologic intervention and 
potentially improve patient outcome. These advanced imaging tech-
niques are now a clinical reality. It is important to continue validating 
these technologies on a larger scale and compare the cost-efficiency of 
the different approaches. This is not an easy task because these imag-
ing technologies in continuous improvement are a moving target.
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Foundation Course
Female genito-urinary embolization: how I do it

201.1
Manage life-threatening post-partum haemorrhage
O. Pellerin;
Interventional Radiology, Hopital Européen Georges Pompidou, 
Paris, France.

Learning Objectives
1. To learn how to set up a PPH embolization task force
2. To learn how to identify the logistical challenges of embolization 

in PPH
3. To learn how to treat PPH by embolization

No abstract available.

201.2
Manage placental abnormalities
J.-P. Pelage;
Department of Radiology, University Hospital and Medical Center, 
Caen, France.

Learning Objectives
1. To learn about the anatomy and pathology of placental abnor-

malities
2. To learn how to manage placenta abnormality 
3. To learn about the role of prophylactic placement of occlusion 

balloon catheters prior to delivery

No abstract available.

201.3
Uterine artery embolization: patient selection and technique
T.J. Kroencke;
Department of Diagnostic & Interventional Radiology, Charité 
Universitätsmedizin Berlin, Berlin, Germany.

Learning Objectives
1. To learn how to select patients for UFE based on clinical presen-

tation and MRI
2. To learn how to perform UFE (including selection of embolic 

material, catheter or microcatheter)
3. To learn how to follow up UFE patients based on clinics and MRI
Uterine artery embolization (UAE) is a nonsurgical intervention for 
treating symptomatic uterine leiomyomas and represents an alterna-
tive to surgical removal. The indication for uterine artery emboliza- 
tion crucially relies on the preinterventional assessment of symptomo- 
logy and burden of disease. The location, size, and number of leio-
myomas are particularly important to determine treatment options. 
Magnetic resonance imaging (MRI) is superior compared with ultra-
sound in delineating the extent of fibroid disease and excluding 
other pathologies or disease processes that may mimic fibroid-
related complaints. MRI also has an established role in the follow-up 
of patients, particularly those who do not improve after therapy.
UAE is an option for most patients in whom intervention is consid-
ered appropriate. There is some evidence that patients with larger 
single fibroids and larger uteruses may have less improvement 
and be less satisfied with the results of UAE. Patient expectation is 
important when the uterus is markedly enlarged because shrinkage 
of the leiomyoma is limited. There is some evidence that broad-liga-
ment leiomyoma, cervical leiomyoma, narrow-based pedunculated 
leiomyoma, and intracavitary leiomyoma are less suitable for UAE. 
However, this perception does not stem from systematic studies but 
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is rather based on clinical experience. There are few contraindications 
to UAE for leiomyomata, such as pregnancy, suspected uterine or 
adnexal malignancy, active infection, or indeterminate endometrial 
or adnexal abnormalities, which require further evaluation. Based 
on current evidence from literature, UAE cannot be recommended 
in women who wish to become pregnant in future if other options 
are available.
The technique for UFE may be divided into 4 basic steps: a) get-
ting access to the target vessel, b) identifying the vascular territory, 
c) embolization, and d) document endpoint and check for collat-
eral supply. Getting access to the target vessels can be difficult and 
time consuming. Successful UAE should expose the patient to mini-
mal radiation and avoid spasm to allow flow-directed delivery of the 
embolic agent. Many different catheters and techniques can be used 
for catheterization of the uterine arteries. We describe common 
techniques, useful catheters, and pitfalls. A short review on the vas-
cular supply of the uterus, the uterine artery and its branches, and 
typical findings during uterine artery angiography (identifying the 
vascular territory) will be given and their consequences for UFE will 
be discussed. This includes tips to avoid non-target embolization, 
the importance of the utero-ovarian anastomosis and what to do 
“when things look strange.”

201.4
Ovarian vein embolization: patient selection and technique
A. Basile;
Interventional Radiology, Ospedale Ferraroto, Catania, Italy.

Learning Objectives
1. To learn how to select patients for OVE
2. To learn the techniques for OVE including tips and tricks in 

difficult cases
3. To learn about outcomes and complications of OVE
Pelvic congestion syndrome (PCS) causes acute or chronic pelvic 
pain most often in multigravids, and the diagnosis is considered when 
other significant gynecological or pelvic pathologies are excluded. 
The symptoms are various, classically post- coital pain, and can be 
acute and severe or chronic and dull. Clinical history and physical 
examination correlated by radiological imaging confirmation lead 
to correct diagnosis. However, all these studies may be capable of 
demonstrating only severe venous engorgement in the pelvis. 
Therefore, gonadal venography through femoral or jugular access 
still remains the definitive imaging modality to diagnose patients 
with PCS. If reflux is present, selective catheterization and emboliza-
tion can be performed.
Sclerosing agents plus coils or plug are suggested embolic materials. 
Different interventional techniques have been reported; recently, 
the most accepted one consists of bilateral ovarian vein emboli-
zation if the right ovarian vein is refluxing. If symptoms persist for 
a period of 3/6 months, it should be followed by the embolization 
of internal iliac veins, which is suggested to be performed without 
coils but only with sclerosing agents. On the basis of literature data, 
surgery is curative in up to 73% patients, while interventional radi-
ology is curative in up to 83% cases. Future efforts must be focused 
in building prospective trials that can assess scientific evidence for 
such intervention.

Special Session
Aortoiliac disease

202.1
Which is the best imaging modality for preprocedural 
assessment?
M. Das;
Department of Radiology, Maastricht University Medical Center, 
Maastricht, Netherlands.

Learning Objectives
1. To learn the best non-invasive imaging strategy for aortoiliac 

disease
2. To learn the role of CTA vs. MRA in aortoiliac disease
3. To learn the pitfalls of each imaging modality in aortoiliac disease
Imaging of aortoiliac disease is essential for the assessment of dis-
ease status, therapy enabling evaluation and therapy planning. 
Imaging can be performed using computed tomography angiogra-
phy (CTA), magnetic resonance angiography (MRA), ultrasound (US), 
or digital subtraction angiography (DSA). US is strongly patient- and 
user-dependent, and a sufficient assessment of aortoiliac disease 
is very difficult; however, it may have its role in assessing abdomi-
nal aneurysms, and transesophageal echo plays a role in assessing 
the thoracic aorta, particularly the aorta ascendens. DSA served as 
the gold standard for many years in the past, but is nowadays rarely 
used as a diagnostic tool. Its major drawback is its invasiveness and 
limitation to intraluminal imaging without assessment of vessel wall 
and its surroundings.
Non-invasive imaging using CTA or MRA is nowadays preferred. In 
terms of diagnostic accuracy MRA and CTA are basically equiva-
lent, if performed appropriately. They only differ in terms of logis-
tics and potential risk of radiation in CTA. CTA is usually the preferred 
method for imaging of the abdominal aorta. Particularly in emer-
gency settings, CTA offers unique image acquisition speed and short 
total acquisition time. Furthermore, images can easily be post pro-
cessed, e.g., for planning of endovascular aortic repair (EVAR). The 
big advantage is its high spatial and temporal resolution that allows 
fast image acquisition of a 3D dataset that can be post-processed 
by using multiplanar reformations (MPRs), centerline vessel refor-
mation, or volume-rendered techniques (VRT) for a quick overview. 
New techniques such as dual-energy scanning allow fast extrac-
tion of the aortoiliac vessel tree and subtraction of calcified plaques. 
Drawbacks of CTA are radiation burden and potential risk due to 
iodinated contrast material, which potentially damages the kidneys 
[contrast-induced nephropathy (CIN)]. MRA is more often used in 
the assessment of iliac disease and peripheral artery disease (PAD). 
MR offers the possibility not only to perform static imaging using 
phase-contrast MRA but offers the possibilities of non–contrast-
enhanced imaging using techniques such as steady-state free pre-
cession (SSFP) or time-of-flight (TOF) imaging in patients who can-
not receive contrast material. Drawbacks are longer scan time, which 
may lead to problems in critically ill patients, artifacts due to respira-
tory motion, and possible claustrophobia in a substantial number of 
patients. Furthermore, difficulties occur in vessels that were stented 
and heavily calcified vessels.
In general, both techniques can be used. Logistics around imaging 
favor one technique over the other. While CTA is usually favored in 
terms of acute setting and evaluation of the abdominal aorta, MRA 
is often favored for the assessment of iliac arteries and assessment 
of PAD.
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202.2
Are re-entry devices useful in chronic iliac occlusions?
A. Buecker;
Klinik für Diagnostische und Interventionelle Radiologie, 
Universitätsklinikum des Saarlandes, Homburg, Germany.

Learning Objectives
1. To learn about currently available re-entry devices
2. To learn how to use re-entry devices in the aortoiliac segment
3. To learn the outcomes of the use of re-entry devices in aortoiliac 

disease
Minimally invasive treatment of chronic iliac occlusions has been shown 
to yield excellent results in terms of patency rates. Even the interven-
tional treatment of Class C and D lesions according to the TASC II clas-
sification has been shown to achieve good results. Primary stenting 
appears to be the first choice for treatment of these lesions (Ye et al. 
2011). The technical success of recanalization attempts is very high, and 
even the long term patency after successful treatment of occluded iliac 
arteries is excellent (Ozkan et al. 2010). Nonetheless, long and chronic 
occlusions can be difficult to cross and recanalize. From a technical 
point of view, antegrade and retrograde approaches as well as a com-
bination of both have been advocated in literature. Still, intraluminal 
recanalization is not always possible. Then subintimal recanalization 
can be tried to establish flow (Bolia et Fishwick 1997). The subintimal 
route for recanalization of total iliac occlusions has been performed 
many times. The technique was always applied as a bail out after unsuc-
cessful re-entry by standard catheter techniques. A comparison study 
of transluminal and subintimal recanalization for the iliac arteries 
showed no significant difference between the two techniques (Yilmaz 
et al. 2004). Considering the favorable results of iliac interventions 
even in case of total iliac occlusion, there is a good rationale for push-
ing the limits of iliac artery recanalization as far as possible. This means 
in case of technical failure of transluminal recanalization, one has to go 
for a subintimal approach. In case of unsuccessful re-entry, so called re-
entry devices are now available. These re-entry devices help to estab-
lish the bridge between the true lumen and the artificially created sub-
intimal space. Different re-entry devices are now available in the mar-
ket. The technical feasibility to use one device for subintimal iliac artery 
recanalization, namely the Outback LTD, has been shown in literature 

(Minko et al. 2011, Kim et al. 2013, Varcoe et al. 2011). However, it has 
to be mentioned that the Outback LTD is not approved for use in the 
iliac arteries. The Outback LTD is a “stand alone” catheter, which is con-
trolled via x-ray fluoroscopy alone. A 0.49 mm guidewire is used with 
the catheter. In contrast, the Pioneer Plus Catheter uses an integrated 
intravascular ultrasound (IVUS) system. The feedback given by this sys-
tem offers direct visual control of the puncture site used for re-entry, 
but the Pioneer Plus Catheter requires an additional dedicated ultra-
sound console to be connected to it. As with the Outback catheter, a 
0.49 mm guidewire is used to advance the catheter and secure the tract. 
Successful recanalization of chronic iliac occlusions with the Pioneer 
Plus Catheter was reported (Jacobs et al. 2006, Rezq et al. 2013). Newer 
re-entry devices will have to show their feasibility for iliac artery recan-
alization. The length of the needle is of particular importance if any re-
entry device is used in the aorta or iliac arteries with their large diam-
eters. However, it is not only the length of the needle that determines 
the success of re-entry devices in large vessels. The initial attempt to 
re-enter the true lumen by means of standard catheters and guide-
wires can create a large subintimal pouch. This can lead to a lack of sup-
port by the outermost vessel wall needed for the needle of the re-entry 
device to successfully puncture the intimal wall. More heavily calcified 
vessel walls ensure a likely possibility of this scenario. Further advancing 
the re-entry device in the vessel wall can circumvent this problem, but 
this will not allow aim for the ideal entry point in close proximity to the 
occlusion. Consequently, one has to carefully choose the right time for 
switching to the application of the re-entry device.
In conclusion one can state that re-entry catheters are very valuable 
tools for recanalization of chronic iliac occlusions when standard 
techniques have failed. In view of the excellent results of interven-
tional treatment of iliac occlusions, re-entry devices should be used 
despite the fact that there is no high grade evidence in terms of ran-
domized controlled studies available so far.
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202.3
Do we know the best treatment for different TASC lesions: PTA 
vs. bare metal stents vs. covered stents
T. Rand;
Dept. of Radiology, KH Hietzing, Vienna, Austria.

Learning Objectives
1. To learn the TASC classification in aortoiliac disease
2. To learn the outcomes of PTA vs. bare stents vs. covered stents in 

different TASC lesions
3. To learn the role of IR in TASC C and D lesions in aortoiliac disease
The TASC guidelines, first published in 2000 and then revised in 
2007, classify aortic and iliac lesions by lesions morphology.
TASC A and TASC B lesions are defined as focal or short lesions, 
wherein endovascular interventions are generally recommended. 
TASC C lesions are defined as long segmental lesions and stenosis 
up to 10 cm and TASC D lesions represent longer and more exten-
sive stenosis and occlusions.
For these lesions, basically, an open surgical approach was sug-
gested, except in patients in high-risk situations.
Nevertheless, several studies have reported success with endovas-
cular treatment of TASC C and D lesions.
The TASC classification generally describes lesion morphology and 
whether endovascular or surgical approach should be considered. 
However, further differentiations regarding specific methods of 
endovascular therapy such as the use of angioplasty vs. bare-metal 
stents (BMS) vs. covered stents are not mentioned.
In the beginning, endovascular therapy of aortoiliac lesions was per-
formed successfully with angioplasty alone; later, it was performed 
with self-expandable and balloon-expandable bare-metal stents, 
with or without prior angioplasty. More recently, the use of covered 
stents to treat aortoiliac occlusive disease has been proposed as a 
method to reduce intimal hyperplasia and improve patency rates.
Several studies have investigated the potential advantage of the 
individual methods, most of them dealing with angioplasty vs. BMS. 
Fewer studies have compared BMS with covered stents.
Regarding a subanalysis of individual procedures on the TASC crite-
ria, there are only limited results.
One major randomized study comparing primary angioplasty fol-
lowed by selective or primary stent placement is the Dutch Iliac Stent 
Trial (DIST). The short- and long-term results indicated that selective 
stent placement should be considered as the best treatment modality.
COBEST is one of the few studies including a subgroup analysis in 
a comparison of covered stents and BMS. In this study, aortoiliac 
lesions treated with a covered stent were significantly more likely to 
remain free from binary restenosis at 18 months than those treated 
with BMS (p = 0.02). The subgroup analysis specifically focused on 
freedom from binary restenosis according to the initially designated 
TASC lesions. A significant interaction was found between the TASC 
classification and the stent type for binary restenosis at 18 months (p 
= 0.03). The Kaplan–Meier survival estimates showed a statistically 
significant benefit when covered stents were used in TASC C and D 
lesions compared with BMS. However, this significant difference was 
not demonstrated for TASC B lesions. In patients with bilateral iliac 
artery stenting, the overall freedom from binary restenosis dem-
onstrated that there was significantly less restenosis with covered 
stents than with BMS. The interaction of the TASC group and ran-
domized stent was not significant. COBEST demonstrated covered 
and bare-metal stents produce similar results for TASC B lesions. 
Covered Stents perform better in TASC C and D lesions than bare-
metal stents in terms of long-term patency and clinical outcomes.
In a study that specifically evaluated patients with aortic bifurcation 
disease, Sabri et al. performed a retrospective review of 54 patients 
and compared balloon-expandable BMS vs. stent–grafts. Covered 
stents were superior with regard to primary patency. Patients who 
received covered stents had more TASC II C and D lesions.

Sixt et al. compared acute and long-term outcomes of endovascu-
lar therapy for TASC A and B lesions vs. TASC C and D lesions and 
found sustained long-term outcomes independent of the TASC II 
classification, even in class D lesions. No significant differences were 
observed on comparing the primary/secondary patency rates, reste-
nosis or reocclusion rates, or need for TLR after implanting balloon-
expandable, self-expandable, or both stent types.
In conclusion, endovascular treatment of extensive aortoiliac dis-
ease can be performed safely and effectively, with a variety of endo-
vascular modalities, and may improve the clinical status of patients 
in all types of TASC lesions.
There is increasing evidence that patients with complex aortoiliac 
lesions can be treated effectively with a covered stent.
Current developments will increase the meaning of endovascular 
treatment of not only TASC A and B lesions, but also TASC C and D 
lesions.
Which specific endovascular treatment might be used best in differ-
ent TASC lesions is still under investigation.
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202.4
Can interventional radiologists treat acute aortoiliac artery 
occlusion?
W. Jaschke;
Universitätsklinik für Radiologie, Medizinische Universität, 
Innsbruck, Austria.

Learning Objectives
1. To learn how IRs can treat acute aortoiliac occlusion
2. To learn the outcomes of IR treatment of acute aortoiliac occlusion
3. To learn how IRs can treat acute aortoiliac occlusion after EVAR
Acute occlusions of the abdominal aorta and iliac arteries are mainly 
caused by acute thrombotic occlusion of underlying severe athero-
sclerotic stenoses. TASC C and D lesions are primarily treated by sur-
gical means. However, surgical reconstruction implies 8.3%–12.2% 
complication rate and 3.3%–4.4% mortality. With the improvement 
of endovascular techniques and materials, endovascular treatment 
of aortoiliac occlusive disease is becoming more attractive, even 
in TASC C and D lesions because endovascular treatment offers a 
reduced perioperative mortality and morbidity. However, endo-
vascular reconstruction of the aortic bifurcation remains challeng-
ing. The kissing stent technique using bare metal stents (bms) suf-
fers from a rather low long term patency rate. The reported primary 
patency rates of bms were 76%–100% at 1 year, 58%–94% at 2 years, 
and 63% at 5 years. Complication rates of bms vary between 6.2% 
and 23.5%. Distal embolization was reported up to 8.3%. Covered 
stents (cs) appeared to improve results with a patency rate of 70%–
92% at 1 year and 65%–98% at 2 years.
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Acute occlusion after EVAR is mainly caused by poor run off caused 
by kinking of an iliac limb. Occlusion of the graft body or both limbs 
is extremely rare. Treatment of choice is surgical thrombectomy and 
endovascular treatment of the limb failure. Intra-arterial thromboly-
sis is usually prohibited because of recent surgery.
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Special Session
Preventative stroke management

203.1
What we know about atherosclerotic plaques: non-invasive 
morphologic imaging
A.H. Mahnken;
Department of Radiology, University Hospital Giessen and Marburg, 
Philipps University of Marburg, Marburg, Germany.

Learning Objectives
1. To understand where non-invasive angiography (CTA, MRA) 

stands in the early detection of supra-aortic stenosis to prevent 
stroke

2. To understand basic pros and cons of CTA and MRA
3. To learn if and how imaging can detect atherosclerotic plaques 

that have a high risk of causing stroke
Atherosclerosis is a systemic disease commonly affecting the carotid 
arteries. Its microscopic changes begin during childhood and 
progress over time until an advanced pathologic state is reached. 
Subsequent stroke is a leading cause of death and long-term mor-
bidity. There are approximately 1,000,000 stroke-related events per 
year in the US alone. Because of its geometrical configuration, the 
carotid bifurcation the predilection site for atherosclerotic plaque 
formation and carotid stenosis and is often present in these patients. 
Atherothromboembolism from a focal plaque at the carotid bifur-
cation is a common cause of stroke. Commonly used non-invasive 
imaging techniques for diagnosis of significant carotid artery steno-
sis include Doppler ultrasonography (DUS), MR angiography (MRA), 
and multislice CT angiography (CTA). Even today, digital subtrac-
tion angiography (DSA) is considered the standard of reference for 
assessing carotid artery stenosis, but it carries a risk of neurological 
complications in the range of 0.05%–0.5%. Because DUS is not capa-
ble of imaging all vessels that are important for the brain’s blood 
supply, MRA or CTA are widely used in the work-up of suspected 
cerebrovascular disease and subsequent treatment planning.
For decades the degree of luminal stenosis has been used as the 
only marker for the stage of disease. In the late 1980’s, however, 
angiographic studies on coronary arteries demonstrated that mod-
erate coronary artery stenosis may lead to myocardial infarction. 
Histological studies revealed unique features of these plaques 
including plaque erosion and disruption. Subsequent prospective 
clinical trials in cerebrovascular disease showed the same for coro-
nary arteries. In fact, the majority of patients with a history of recent 
transient ischemic events or stroke suffered only mild-to-moder-
ate carotid stenosis. Using conventional stenosis criteria, in many 
of these symptomatic individuals, the severity of disease would be 
underestimated. Consequently, improved criteria for identifying 
the high-risk carotid plaques independent of the extent of stenosis 
were sought. Histological studies from different vascular territories 
have led to the hypothesis that plaques with large lipid-rich necrotic 

cores, thin fibrous cap, extensive plaque neovasculature, intraplaque 
hemorrhage, and vessel wall inflammation pose an increased risk for 
plaque rupture and ischemic events. Considering these features, the 
concept of the “vulnerable plaque” was coined.
Until now, it has been shown that “vulnerable plaques” are more 
prone to the slow flow phenomenon during carotid artery stenting 
(CAS) and intraplaque hemorrhage, which is considered to be asso-
ciated with embolization during carotid endarterectomy (CEA) [1]. 
These results, however, are unlikely to affect the need for treatment 
in case of a significant carotid artery stenosis. Despite the widespread 
consensus on the importance of the characteristics of the “vulnera-
ble plaque,” reliable imaging tools for in vivo plaque characterization 
are still missing. Over the last decade, MRA and, more recently, CTA 
have been identified as promising tools for assessing plaque mor-
phology and composition in the search for the “vulnerable plaque.” 
Only recently, radionuclide imaging, particularly positron emission 
tomography (PET), entered the field of plaque imaging with its ability 
to image molecular markers of inflammation or apoptosis.
Contrast-enhanced MRA and CTA may roughly be considered equal 
for assessing the degree of carotid stenosis [2]. In case of plaque 
imaging, MRA provides a more complex set of information. MRA 
is known to accurately identify key carotid plaque features, such 
as a lipid-rich necrotic core, intraplaque hemorrhage, neovascu-
lature, and vessel wall inflammation [3]. In contrast, CTA provides 
detailed information on lesion calcifications. A more detailed analy-
sis of plaque composition is limited because of a relevant overlap in 
the attenuation values associated with lipid-rich necrotic core, con-
nective tissue, and hemorrhage [4]. However, it can provide carotid 
artery wall thickness and information on the plaque surface with 
morphologic characteristics such as plaque ulceration being closely 
correlated with intraplaque hemorrhage [5]. Almost a decade ago, 
according to the American Heart Association [6], classification high-
resolution MR imaging with multicontrast acquisitions proved its 
ability to accurately classify human carotid atherosclerotic plaques. 
MRA therefore permits differentiation of advanced lesions from 
early and intermediate atherosclerotic plaques. The ability of MR 
imaging to visualize molecular targets in atherosclerotic lesions ren-
ders it the most versatile tool for plaque imaging [7].
Because of the current complexity of MR plaque imaging, it is not 
yet widely used in clinical routine practice. Moreover, imaging is 
only one piece of the puzzle. For many reasons including availabil-
ity, speed and ease of use CTA remain a standard in the workup 
of carotid artery disease. In fact, it has been shown that CTA is the 
most cost-efficient in the workup of suspected carotid stenosis [8]. 
Besides, a careful clinical workup with thorough neurological assess-
ment remains a mainstay in the diagnosis of carotid artery disease 
and the gatekeeper for imaging tests.
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203.2
Prevention of imminent or recurrent stroke with medical 
therapy or non-radiologic intervention
H.S. Markus;
Stroke and Dementia Research Centre, St George’s University of 
London, London, United Kingdom.

Learning Objectives
1. To understand basic pharmacologic aspects of anti-aggregation 

and anticoagulation agents with regards to stroke prevention and 
to learn the limitations of medical treatment in preventing stroke 
in patients with a critical extra- or intracranial stenosis

2. To learn when medical treatment should be the treatment of 
choice to avoid unnecessary intervention

3. To learn about the limitations of medical therapy in patients with 
carotid artery stenosis

There is an increased risk of recurrent stroke after stroke or TIA Recent 
data has shown that the risk is particularly high in the first days to 
week after the initial event, and that patients with larger artery dis-
ease (both extra- and intracranial) have a particularly high recurrent 
stroke risk. It has recently been shown that symptomatic vertebral 
stenosis has a very high recurrent stroke risk, similar to that seen for 
symptomatic carotid stenosis.
The much higher risk early after an event is leading to the con-
cept that patients should be treated differently soon after a TIA or 
stroke, compared with long term secondary prevention. Large RCTs 
have shown that in long term secondary prevention, Clopidogrel 
alone is as good as Clopidogrel and Aspirin, while Aspirin and Di- 
pyridamole have similar efficacy to Clopidogrel. Therefore, most 
guidelines recommend either Clopidogrel (which has the advantage 
of being given once a day and has fewer side effects), or Aspirin and 
Dipyridamole slow release.
For prevention during the first few weeks after stroke, data using the 
surrogate marker of TCD microembolic signals has shown Clopido-
grel and Aspirin is more effective at reducing embolization than 
Aspirin alone. This, and other data, has led to many clinicians giv-
ing the combination of Clopidogrel and Aspirin to patients with 
large artery stroke during the first three months after an event. This 
approach has been supported by the recent CHANCE trial which 
recruited 5,170 patients with TIA or minor stroke in China. It com-
pared Clopidogrel (300 mg loading dose followed by 75 mg a day) 
as well as Aspirin, versus Aspirin alone. The risk of recurrent stroke in 
the first 90 days was 32% lower in patients treated with Clopidogrel 
and Aspirin equated to an absolute risk reduction of 3.5%. The rate 
of haemorrhagic stroke was similar in both groups.
Treatment of vascular risk factors (such as hypertension, diabe-
tes, and hypercholesterolemia) is also very important and has been 
shown to reduce the risk of recurrent stroke. However, data showing 
that these treatments are effective over the very short term (as has 
been demonstrated for antiplatelet agents) is limited.

203.3
Extracranial stenting: indications and techniques
A. González García;
Department of Radiology, Virgen del Rocio University Hospital, 
Sevilla, Spain.

Learning Objectives
1. To learn the indications for stenting of extracranial cardotid and 

vertebral artery stenosis
2. To learn the techniques for stenting supra-aortic stenosis 
3. To learn about the different devices that are used to perform 

extracranial stent procedures
Data from the IBERICTUS1 study have shown that the incidence of 
cerebrovascular disease in the Spanish population older than 17 
years was 166.9/100,000 inhabitants/year for ictus, and 36.7/100,000 
inhabitants per year for TIA. The prevalence of ictus in our area is 
6%–7% in people older than 65 years, and cerebrovascular diseases 
are the first leading cause of death in women and the second lead-
ing cause of death overall.
The management of symptomatic and asymptomatic patients with 
extracranial carotid artery diseases can be medical, surgical, or 
endovascular.
Much has been written about good clinical practice (GCP) guide-
lines. Clinical guidelines are an excellent tool because they stan-
dardize criteria and work styles and are also basic to making good 
use of and properly distributing research resources. Those who con-
sider that their practice is based on clinical experience alone should 
remember that experience is subject to a many constraints and can 
be readily refuted, which calls to mind the story of the turkey who 
observes that the dawn of each new day promptly brings him food 
for 364 days. His conclusion that daylight brings food was proven 
wrong on Christmas day.
Decision-making concerning patients in daily clinical practice shows 
very often that what may seem logical is not always right. Trial 
requirements are not always fulfilled (it is impossible to anticipate 
the myriad of factors and variations presented by patients), and as a 
consequence results are not guaranteed. Often, taking a decision on 
the therapeutic approach is not easy.
With the introduction and widespread use of carotid artery stent-
ing (CAS), there is an ongoing debate regarding the treatment of 
choice for symptomatic and asymptomatic carotid artery stenosis2. 
Three different guideline committees, namely the American College 
of Cardiology/American Heart Association (ACC/AHA) Guidelines, 
the Updated Society for Vascular Surgery (SVS) Guidelines, and the 
European Society of Cardiology (ESC) Guidelines, reported their rec-
ommendations for the management of symptomatic and asymp-
tomatic carotid stenosis in 2011, possibly because of this contro-
versy. Two other guideline committees also reported their recom-
mendations in 2011 for the indications and role of CAS in the man-
agement of asymptomatic carotid stenosis. It would seem reason-
able that these guidelines should be similar because they were all 
based on the same published literature. However, they differ sub-
stantially with regard to several points. This is not new, and it has 
already been well documented in the medical literature. There may 
be a single reality, but there can be as many interpretations of that 
reality as there are minds of individual observers.
The recommendations [European Society of Cardiology (ESC)] for 
asymptomatic stenoses are IIa A for carotid endarterectomy and IIb B 
for stenting. These recommendations are the same as those of the AHA. 
However, the treatment of an asymptomatic stenosis (by surgery or 
endovascular procedure) is derived from documentation of the steno-
sis using imaging techniques and not by the evaluation of symptoms.
I will explain why it does not appear that scientific evidence supports 
this recommendation. As Dr Henry Barnett comments, the criterion that 
is often used for the treatment of asymptomatic carotid stenosis is the 
“Mount Everest indication.” When Sir Mallory was asked why he climbed 
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Everest, his response was “because it was there.” The treatment (either 
surgical or endovascular) of asymptomatic stenosis is often carried out 
for this same reason. In the article by McDonald et al3 that reviewed more 
than 215,000 EC and 13,000 CAS from the National Inpatient Sample (NIS), 
only 10% of the surgical series and 5% of the CAS were symptomatic.
To utilize the results of the ACAS (1995) and of the ACST (2004) to 
validate surgical or endovascular treatment is not well founded. The 
results of the medical arm of both trials are still used to justify sur-
gical or endovascular treatment. The risk of stroke/death at 5 years 
with medical treatment of 11% (ACAS) and 11.8% (ACST) belongs to 
history. At present, with the current medical treatments available, 
these results would probably be lower than those for EC or CAS.
We know that the majority of cases of asymptomatic stenosis will 
positively evolve with the current medical treatment available, and 
microemboli on transcranial Doppler imaging is detected in only 4% 
patients with asymptomatic stenosis Only 10%–15% patients with 
asymptomatic stenosis may benefit from surgery or stenting.
Why then expose all patients with asymptomatic stenosis to the risk 
of surgery or endovascular treatment? In general, an intervention is 
recommended in the following high-risk situations:
a) stenosis (>80%) developing in successive follow-up examinations
b) asymptomatic stenosis >80% with contralateral occlusion
c) clearly diminished or exhausted cerebral vasoreactivity
d) detection of embolism in a Doppler scan of the middle cerebral     
     artery homolateral to the stenosis
e) silent ischemic lesions in CT and MRI scans
f) patients that will undergo cardiac surgery
In endovascular treatment, perioperative safety and morbidity/mor-
tality rates depend on the operator, and long-term efficacy depends 
on the technique used.
Like all long-term trials published to date (SAPPHIRE at 3 years, 
CAVATAS at 8 years, EVA-3S at 4 years, SPACE at 2 years, and CREST at 
4 years), no differences have been observed between the two revas-
cularization techniques, although there is a difference in periopera-
tive morbidity and mortality rates.
For this reason it would be a good idea to review the center selec-
tion criteria.
In EVA-3S, the requirements were 12 endovascular carotid stent pro-
cedures or 5 carotid stent procedures among a total of at least 35 
stent procedures to supra-aortic vessels. Five types of endopros-
thesis and seven types of protection systems were used. In ICSS, 
the requirement was to have performed 50 stent procedures, 10 of 
these being carotid stents. Eight types of endoprosthesis and four 
protection systems were used. In CREST, the results of 10–30 treated 
carotid arteries, with a 30-day morbidity/mortality rate (death and/
or stroke) of between 6%–8% had to be presented. In this case only 
one type of prosthesis and one protection system were used.
There is an imbalance in professional qualifications: a surgeon with 
10 EC/year would not be allowed to take part in CREST, EVA-3S, ICSS, 
or SPACE. For conducting angioplasty plus carotid stenting, sur-
geons with 15 CAS in 3 years would be able to participate in CREST, 
EVA-3S, and ICSS (in the last two cases, 10 years would suffice). SPACE 
is the only trial with the same requirements for both techniques 
(25 cases) without a time ratio.
Treatment of symptomatic carotid stenosis should be performed as 
soon as possible in the first 2 weeks. Recommendations are estab-
lished for this point Class I, level B. In its final recommendations, 
the AHA recommends early treatment (Class IIa, level B evidence). 
Treatment for symptomatic severe stenosis should be performed 
as early as possible. In its recommendations, the National Stroke 
Strategy (The UK Department of Health, 5th December 2007) recom-
mends that treatment be performed during the first 48 h of TIA or 
minor stroke and considered an emergency procedure.
According to the new recommendations of American guidelines 
(published online October 2010), CAS is a safe and effective alterna-
tive to carotid endarterectomy in symptomatic patients with >50% 
stenosis and low to average surgical risk. The guidelines also state 

that prophylactic CAS may be considered in highly selected patients 
with asymptomatic carotid stenosis, but they add that its effective-
ness compared with medical therapy alone is not well established. 
For an American physician (based on the CREST result), surgery and 
stenting in symptomatic patients are Class 1 level A for surgery and 
Class 1 level B for stenting. However, for a European physician, sur-
gery is in the same position but stenting moves to IIb B.
On examination of the studies that have been conducted, CAVATAS, 
CREST, and SPACE trials show similar results; the SAPPHIRE study presents a 
better outcome for CAS, and EVA-3S and ICSS present better results for EC.
With the same studies, ASC is given an IB recommendation (AHA) 
and the European guidelines give it a IIbB recomendation.
Where are the differences that give rise to such diverse recommenda-
tions being introduced in the guidelines when presented with the same 
studies? Why does the EC present better results than the CAS in European 
randomized studies? It is also true that the only trials that included acute 
heart attack as endpoint were CREST and SAPHIRE, which curiously were 
the trials where the results were similar for the CAS and for EC.
Dr Rothwell stated that routine use of CAS could not be justified 
any longer and requested a moratorium for CAS because of the 
poor results in ICSS. In addition Dr Brown, the principal researcher 
in ICSS, stated that nobody has yet demonstrated that CAS was bet-
ter than EC, and although CREST presented similar results for both 
techniques, there were also three randomized trials that demon-
strated the contrary (EVA-3S, SPACE, and ICSS). SPACE concluded 
that it failed to prove the non-inferiority of CAS in comparison 
with surgery, when in reality it ought to have stated that it failed to 
make a complete randomization because of a lack of funding and 
low recruitment as the morbidity and mortality was similar in both 
groups. The EVA-3S presented an unacceptable rate of morbidity 
and mortality in CAS. In addition, it is important to take into account 
that the recruitment rate was 1.7 CAS/year/hospital. This in itself is 
selfexplanatory; in addition, the ICSS morbidity and mortality rate 
was 8.5% and 5.2%, respectively. In contrast, CREST presented a CAS 
morbidity and mortality rate of 7.2% and 6.8%, respectively.
The solution to this never-ending story is not to exclude all the 
patients from CAS or from EC. The solution lies in determining the 
best treatment for patients (CAS, EC, or medical treatment) and 
choosing and improving the best possible treatment for the patient.
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203.4
Intracranial stenting: indications and techniques
C.P. Stracke, R. Chapot;
Neuroradiology, Alfried Krupp Krankenhaus, Essen, Germany.

Learning Objectives
1. To learn the indications for stenting of intracranial carotid and 

vertebral artery stenosis
2. To learn different endovascular treatment approaches according 

to the lesion
3. To learn about stent selection in different settings according to 

lesion characteristics
The SAMMPRIS study demonstrated unaccaptable outcomes for 
intracranial stenting compared with aggressive medical treatment. 
Indication for intracranial PTA or stenting have changed according to 
these results. Hemodynamically significant stenosis seems to be the 
main indication for treatment. Arteries with a hing amount of perfo-
rators should not be stented, whereas other target vessels seem to 
have much less treatment risk. PTA and drug-eluting balloon treat-
ment may be considered to reduce technical complications.
We present an overview of current techniques according to the tar-
get vessel and lesion characteristics, including typical pitfalls and 
complications.
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204.1
Desmoid tumours
G. Tsoumakidou, J. Garnon, X. Buy, J.-P. Bergerat, A. Gangi;
Non-Vascular IR, University Hospital of Strasbourg, Strasbourg, 
France.

Learning Objectives
1. To learn how to select patients with desmoid tumours for IR 

treatment
2. To learn which technique is more effective, in which patient and 

in which location
3. To learn how to use the ablation techniques and which results and 

which complications to expect
Desmoid tumours (DT), also called deep or aggressive fibromato-
sis, are uncommon mesenchymal neoplasms with fibrotic band-like 
consistency. They can be intra-abdominal (often associated with 
Gardner syndrome), extra-abdominal, or can be located on the abdo- 
minal wall. They are locally aggressive tumors without potential for 
distant metastases. Local recurrence and adjacent organ involve-
ment are important causes of morbidity and mortality.
Three distinct mutations (T41A, S45F, and S45P) have been recently 

recognized in patients with DT. The S45F mutation is considered the 
most important predictor of recurrence after surgery of the primary 
tumor (relative risk of 3.5), whereas the 5-year recurrence-free sur-
vival rate is significantly worse in patients with DT with mutations in 
the beta-catenin gene than in those with wild-type tumors.
Treatment options for DT depend on the aggressiveness of the lesion 
and the presence of symptoms. In selected asymptomatic patients 
with stable-size DT, watchful waiting is considered the most appro-
priate treatment. On the other hand, the treatment of choice for 
symptomatic DT is surgical excision with wide margins. Surgery is 
often associated with postoperative radiotherapy to reduce the 
local recurrence rate in cases of involved surgical margins. If resec-
tion is not possible because of close association with vital struc-
tures, external beam radiation, brachytherapy, and systemic ther-
apy (chemotherapy/antihormonal therapy) with or without surgical 
excision should be considered. Recurrence after surgical excision of 
DT is common (17%–77%) and more frequent with extra-abdominal 
(30%–50%) than intra-abdominal DT (15%–30%). The appearance of 
DT on pretreatment MR images may be helpful in predicting their 
response to therapy. It has been suggested that tumors with larger 
regions of cellularity have a greater potential for recurrence after 
treatment, whereas those with greater proportions of fibrous tissue 
have a less aggressive behavior.
Over the past decade, percutaneous image-guided cryoablation has 
been used for curative and palliative treatment of a variety of benign 
and malignant tumors (kidney, liver, lung, prostate, and bone lesions). 
The third-generation cryoablation equipment currently in use involves 
17-G probes and relies on the application of the Joule–Thomson effect 
of gases to freeze (argon) and thaw (helium) tissue. The destructive 
effects of cryoablation can be grouped into two major mechanisms: 
cellular and vascular injury.
The size and extent of the cryoablation zone (ice ball around the 
tip of the cryoprobe) can be precisely monitored with imaging (CT 
and MRI). Compared with surgery, cryoablation is less invasive and 
patient recovery is quicker. Compared with radiofrequency ablation, 
cryoablation is less painful and requires less analgesia.
Technique-Procedure details
Percutaneous cryoablation (although less painful than the other 
ablation procedures) should be performed under general anesthesia. 
The number and type of cryoprobes should be based on the size 
and configuration of the lesion to be treated. For voluminous 
lesions, the operator should consider treating the patient in consec-
utive sessions to avoid complications due to the large ablation zone 
(postablation syndrome, cryoshock phenomenon). CT, MR or US 
guidance can be used to position the probes inside the lesion. CT 
and MR guidance should be preferred for monitoring of the ablation 
zone because the acoustic shadow of the surface of the ice ball does 
not permit visualization of the ablation zone with US. On CT, the ice 
ball is seen as a hypodense zone, whereas on MRI, it is seen as a sig-
nal void area with clearly visible margins. The cryoablation proce-
dure should systematically include two 10 minutes freezing cycles, 
separated by a 10-min passive thawing cycle. When the lesion is in 
proximity to healthy neighboring structures, the existing passive 
(CO2 dissection) and active (hydrodissection) insulation and temper-
ature monitoring (thermocouples) techniques should be advocated 
to avoid complications.
Our experience
We have so far performed image-guided cryoablation of extra-
abdominal desmoids in six symptomatic patients (8 procedures) 
who have failed to respond to standard therapy. All patients had his-
tologically confirmed extra-abdominal DT (with percutaneous core 
or surgical biopsy), and the decision to treat the included patients 
was taken on a multidisciplinary basis. All patients have been referred 
for cryoablation in an attempt to achieve local control of extra-
abdominal DT that had failed to surgical therapy. No patient had 
received external beam radiation or brachytherapy. No patient had 
a history of Gardner or FAP syndrome.
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Lesions were located on the shoulder (n = 1), neck (n = 2), anterior 
thoracic wall (n = 2), and pelvic wall (n = 1). Lesion size ranged from 
8 to 26 cm. In total, 8 cryoablations were performed in six patients. 
Cryoablation was performed in two consecutive sessions in one 
patient (26-cm tumor located on the neck, extending to the upper 
posterior thoracic wall), whereas one patient was retreated for a 
residual lesion. CT guidance was used in six cases and MR guidance 
in 2 cases. In one patient, ablation was performed using a combined 
open surgical and CT-guided approach during the same session 
because of local recurrence on the pelvic wall after surgical removal 
of a pelvic tumor and because of the proximity of the tumor to the 
pelvic organs and the sciatic nerve. In 4 patients, repositioning of 
the cryoprobes was needed to accomplish better lesion coverage.
Hydrodissection, CO2 dissection, was needed in most cases to protect 
the organs at risk. Sterile gloves filled with warm saline were placed 
on the skin to prevent it from freezing.
Results
Complete coverage of the tumor (>90%) was possible in three of six 
patients. In two patients, the tumor encased neighboring neural struc-
tures; to avoid major complications, the tumor coverage by the ice 
ball was incomplete. In the sixth patient (with a voluminous lesion in 
the anterior thoracic wall) we used ablation for the superior half of the 
lesion, while the inferior half will be treated during a second session. All 
patients experienced significant tumor size reduction (>75%); in four 
patients, complete resolution of the lesion was observed. In one patient 
(neck DT) we surprisingly noted necrosis of the tumor parts that were 
not covered by the ice ball. All patients reported significant reduction in 
the pain level and mass volume after treatment, whereas four patients 
were completely symptom-free 3 months after treatment.
Conclusion
•   Image-guided cryoablation is an alternative treatment of extra-

abdominal DT when conventional treatments have failed.
•   Because of the minimally invasive nature of cryoablation, it causes 

less damage to surrounding tissues than surgery.
•   The use of high-quality image guidance ensures satisfactory 

coverage of the lesion, while sparing the neighboring healthy 
structures.

•   Significant tumor size reduction and symptom regression can be 
safely achieved.

•   Further research with long-term follow-up and larger samples are 
needed to validate its efficacy.
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204.2
Malignant melanoma
C.W. Nutting;
Interventional Radiology, Radiology Imaging Associates, 
Englewood, CO, United States of America.

Learning Objectives
1. To learn how to select patients with metastatic melanoma for IR 

treatment
2. To learn which technique is more effective, in which patient and 

in which location 
3. To learn what is the role of recently developed liver perfusion 

technique in the management of metastatic melanoma
Hepatic metasteses from melanoma tend to be life-threatening; the 
typical survival time is approximately 4–7 months. It is much more 
common for a primary ocular rather than a cutaneous melanoma to 
spread to the liver (15:1). Recent chromosomal markers help to pre-
dict the natural history of the primary disease. Early detection of liver 
tumors will help provide the widest array of therapeutic liver options.
Because of the diffuse nature of the hepatic disease, regional liver thera- 
py tends to be the most commonly employed treatment. Surgical options 
are rare, occurring in less than 9% patients. Chemo-embolization, DEB-
TACE, radioembolization, immunoembolization, radioembolization, and 
chemosaturation are competing regional treatments in this liver-domi-
nant disease process. Potential treatment algorithms will be discussed.
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204.3
Neuroendocrine tumours
F. Orsi, L. Monfardini;
Unit of Interventional Radiology, IEO Istituto Europeo di Oncologia, 
Milan, Italy.

Learning Objectives
1. To learn how to select the best treatment strategy among the 

different techniques currently available
2. To learn how to use the current techniques and which results and 

which complications to expect
3. To learn how to evaluate the current results reported in the liter-

ature
INTRODUCTION
Neuroendocrine tumors (NETs) are a fairly rare and heterogeneous 
group of neoplasms originating from endocrine (enterochromaf-
fin) cells of the gastrointestinal, pancreatic, and respiratory tracts. 
Prognostic factors include histological grading and tumor differ-
entiation and staging. According to the proliferative index, three 
classes of tumors may be identified: G1, well-differentiated tumors 
with a Ki67 index ≤2%; G2, those with a Ki67 index of 3%–20%; 
and G3, those defined as neuroendocrine carcinomas (NECs) with 
a Ki67 index >20%. Overall survival of patients with NET is mainly 
related to tumor staging at diagnosis, particularly to the pres-
ence of liver metastases, which is considered a negative prog-
nostic factor. Majority of NETs are metastatic at clinical diagnosis. 
Based on morphology, metastatic liver disease can be divided into 
three groups: metastases confined to one lobe or limited to two 
adjacent segments (surgical resection is indicated); tumors with 
bilobar metastatic pattern amenable to resection and/or abla-
tion; and diffuse and multifocal disease (affecting >60% patients). 
There is still considerable controversy regarding optimal manage-
ment of patients with liver metastases from NET, and a wide vari-
ety of treatment options are currently available, including surgery, 
locoregional therapies (TAE, TACE, 90Y-RE), and systemic thera-
pies such as chemotherapy and biological and systemic peptide 

receptor radionuclide therapy. Interventional oncologist can play 
a crucial role in the management of metastatic patients owing 
to the available armamentarium that may cover a wide range of 
clinical situations. Local ablative techniques such as RFA and MW 
are usually performed when resection is not feasible, but there 
is increasing evidence that resection and ablation together may 
increase the clinical outcome compared with one technique 
alone. In patients with diffuse and multiple unresectable metas-
tases, TAE and TACE may improve patient symptoms and/or 
reduce tumor size. Published studies demonstrate no evidence 
that TACE is better than TAE, both of which are usually contrain-
dicated in portal thrombosis and hepatic insufficiency. 90Y-RE 
may be employed in patients with complete portal vein thrombo-
sis because of the decreased ischemic outcome of this intra-arte-
rial therapy. None of the available treatments for liver metastases 
from NET has higher than a grade C recommendation and a high 
level of evidence. Therefore, a multidisciplinary approach using 
a multimodal treatment should always be considered in patients 
with metastatic NET, with the general need of a personalized ther-
apeutic plan based on patient profile, tumor features, and prog-
nostic factors. Primary tumors should always be resected if clini-
cally and technically possible, followed by a therapeutic strategy 
in metastatic patients including symptom control with somatosta-
tin analogues, surgical or locoregional debulking, and radionu-
clide therapy (90Y-DOTATATE) combined with α-INF or chemother-
apy for poorly differentiated lesions.
Patient selection
A multidisciplinary/multimodal approach is the best method of 
managing patients with liver metastasis form NETs, both for diagno-
sis and treatment. Distinct physicians (surgeons, oncologists, pathol-
ogists, nuclear medicine doctors, and interventional radiologists) 
should conduct regular meetings within a dedicated neuroendo-
crine tumor board to define a specific treatment plan for individual 
patients. In patients with liver metastases, the main problem is find-
ing the appropriate sequence of available treatments.
Indications
Although NET is usually associated with better prognosis than other 
epithelial tumors, liver metastases is associated with a 5-year sur-
vival rate <50% and with deterioration of the patient’s quality of life. 
Surgical resection of primary tumors is considered the treatment of 
choice in NETs, occasionally even in patients with synchronous met-
astatic disease. However, treatment of liver metastases is usually 
associated with better outcome, and many local treatments have 
been reported to be effective in hepatic tumor control.
Treatment Schedule
LIVER METASTASES
Debulking with surgery and/or ablation, if feasible, and/or one or 
more courses of bland embolization/chemoembolization
Gallium 67-DOTATOC (DOTATATE) PET-CT is reliable for octreotide 
receptor-positive metastases
Radionuclide therapy (DOTATOC) followed by systemic chemotherapy
During all the above steps, somatostatin analogues and α-INF for 
symptom control are indicated.
Debulking of the main hepatic lesion or controlling the number of 
the largest lesions should be the endpoint of local treatment. Using 
the multimodal approach, we may obtain a better radionuclide dis-
tribution from outside the liver into the pathological tissues located 
elsewhere in the body. Therefore, at our institution, a multisession 
technique for TAE is considered the gold standard treatment for ob-
taining the optimal synergistic effect along with radionuclide ther-
apy and for reducing side effect of both therapies, such as renal fail-
ure (medium-to-high risk after DOTATOC) and post-TAE syndrome.
Although a single hepatic lesion is an extremely uncommon clinical 
pattern, treatment strategy may change and include locoregional 
options such as radiofrequency ablation alone or in combination 
with particle embolization.
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Symptoms can be easily controlled with somatostatin analogues in 
majority of patients with functioning neuroendocrine tumors; how-
ever, role of TAE in hepatic mass control should not be underesti-
mated. Bland embolization must be considered an effective tool in 
controlling carcinoid syndrome in patients not responding to long-
acting medical treatments when the bulk of the secreting neoplastic 
tissue is located in the liver.
RESULTS
Evaluation of results after treatments is another important problem 
of IR. Indeed, there may be a significant time gap between radiolog-
ical and clinical results; a complete and general (not only instrumen-
tal) evaluation after a loco-regional treatment should always be per-
formed. Once patients have been clinically evaluated, imaging should 
be considered; enhanced CT and MRI are the most appropriate tools 
for evaluating morphological outcomes according to the RECIST cri-
teria. However, in patients with octreotide receptor-positive disease, 
PET-CT with gallium 67 before and after treatments should be consid-
ered as the most accurate tool for evaluating treatment efficacy.
COMPLICATIONS
Managing complications is often the greatest challenge for IR. 
Locoregional treatments for NETs may be difficult not only for clas-
sic postprocedural complications but even for the clinical outcome. 
In fact, debulking with massive cytoreduction can strongly enhance 
post-TAE/TACE syndrome, mainly in huge hepatic lesions. Therefore, 
adequate hydration before, during, and after the procedure and pre-
medication with somatostatin analogues before and during the pro-
cedure, particularly for secreting NETs, is mandatory. Carcinoid syn-
drome may be the most difficult complication to be managed dur-
ing and after TAE/TACE and/or RFA.
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204.4
Cholangiocarcinoma
J.B. Karani;
Dept. of Radiology, Kings College Hospital, London, United 
Kingdom.

Learning Objectives
1. To learn how to select the best treatment strategy among the 

different techniques currently available
2. To learn how to use the current techniques and which results and 

which complications to expect
3. To learn how to evaluate the current results reported in the literature
Cholangiocarcinoma (CC) is the second commonest primary liver 
tumour worldwide after hepatocellular carcinoma. Incidence and 
mortality rates for CC have steeply risen over the last two decades. 
There are several established risk factors but these account for less 
than 30% cases Primary sclerosing cholangitis with or without ulcera- 
tive colitis is the principle risk. Series have shown that the develop-
ment of CC may be the cause of death in up to 40% of these patients. 
Surgery is the only curative treatment. However, fewer than 30% pa-
tients are potentially resectable at presentation. Review of published 
series have shown that five year survival rates following resection of 
intrahepatic CC, distal extra hepatic CC and hilar tumours are 22%–
44%, 27%–37%, and 11%–41%, respectively. Historically, liver trans-
plantation for CC was associated with rapid disease recurrence and 

poor survival rates with most centres reporting 5 survival rates of 
less than 20%. Improved survival in carefully selected patients who 
respond to chemoradiation may improve these survival rates but 
has not been proven to be reproducible in all centres, and therefore, 
does not yet qualify for standard of care. Newer palliative chemo-
therapeutic regimes may improve survival with recent phase III trials 
reporting an overall mean survival of 11.7 months.
Therefore, innovative interventional oncology techniques may pro-
vide further options singularly or in combination with established sur-
gical techniques through downstaging. Alternatively, they have the 
potential to improve survival and quality of life when used in combi-
nation with evolving chemotherapy regimes as our understanding of 
the molecular phenotyping of these tumours develops. Fundamental 
to any of these treatment options is the palliation of obstructive jaun-
dice by endoscopic or percutaneous stenting with the objectives of 
effective decompression of majority of the intrahepatic ducts. Failure 
to palliate obstructive jaundice will result in progressive liver cell fail-
ure, the development of sepsis and will inevitably delay or prevent 
commencement of other treatment options. Further, the choice of 
stent and technique should minimise the requirement for repeated 
intervention which unquestionably has an adverse impact on the 
quality of life through multiple hospital admissions.
There are a number of emerging techniques but most of these yet 
lack level grade A evidence as there is no randomised controlled trial 
proving their efficacy. Loco regional arterial therapies either through 
conventional chemoembolisation or radioembolisation provide po- 
tential therapeutic options. There is emerging experience that may 
support their use as part of the treatment paradigm. Published 
series have shown an improved survival of 12.2 months in patients 
treated with TACE versus 3.3 months with supportive care alone. A 
retrospective series of patients undergoing adjuvant TACE post-
resection has shown an improved survival in those patients with 
poor prognostic survival indices. A study of radioembolisation with 
yttrium-90 microspheres has shown the technique to be safe with 
a median survival of 22 months and time to progression of 9.8 
months, suggesting a survival benefit over standard chemother-
apy regimes. Whether the combination of chemotherapy with radio-
embolisation further improves survival has yet to be subjected to a 
controlled series, but intuitively this would provide an effective dual 
modality treatment regime. At present, radioembolisation is often 
offered to patients who have failed to respond to chemotherapy 
with progressive disease on imaging, and therefore, are potentially 
preselected to a poor prognostic group with unfavourable biology. 
The challenge for interventional oncology is to recruit patients with 
better biology to first line treatment with radioembolisation.
The other areas that require evaluation related to parenchymal abla-
tion of peripheral CC and intraductal techniques also include radio 
frequency ablation, photodynamic therapy and intraductal irra-
diation. Intuitively, there are sound biological, surgical and phys-
ical principles for adoption of these techniques into interventional 
oncology. The challenge remains to prove that such innovative tech-
niques should be the standard of care through recruitment to large 
multicentre trials within a heterogeneous patient population. This 
has to be achieved in a competitive ontological and surgical land-
scape, where other specialties are striving for the same objective to 
obtain evidence to justify other treatment regimes. Therefore, the 
answer has to lie within multidisciplinary collaborative decision mak- 
ing, where interventional radiology is recognised as a key partici-
pant and advocate of these techniques.
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205.1
Sclerotherapy of renal and hepatic cysts
O. Akhan;
Department of Radiology, Hacettepe University, Ankara, Turkey.

Learning Objectives
1. To learn about indications for treatment
2. To learn how to manage complicated cases
3. To compare the outcomes with surgery
Simple renal cysts can be found incidentally in most elderly patients. 
Treatment for simple renal cysts is not required as most of them are 
clinically silent. When they are associated with flank pain, hyperten-
sion, and obstruction of the collecting system, a treatment should 
be indicated. Although symptomatic renal cysts were managed by 
surgical techniques in the past, percutaneous treatment of symp-
tomatic simple renal cysts with single or multiple-session sclerother-
apy has already become the first-line treatment option as it is associ-
ated with high success and low complication rates.
Simple liver cysts and benign lesions without connection to the bil-
iary tree consisting of cuboidal biliary epithelial cells are acquired. 
Although they are usually asymptomatic, they should be treated 
whenever they are symptomatic. In patients with symptomatic sim-
ple liver cysts, percutaneous aspiration is not a definitive therapy as 
it is associated with a high recurrence rate. Before Bean and Rodan 
reported their experience with alcohol sclerotherapy of symptom-
atic simple liver cysts, surgery was the only therapeutic option. Since 
then, several papers of percutaneous aspiration and sclerotherapy 
of simple hepatic cysts have been reported with successful results.
Hydatid cyst disease caused by Echinococcus granulosus is a parasitic dis-
ease that can emerge at any region of the body. However, the liver is the 
most involved organ. Treatment options for liver hydatid cysts include 
chemotherapy, surgery, and percutaneous treatment. Complete recov-
ery is observed only in less than half the patients treated with antipara-
sitic chemotherapy in general. Although surgery is considered the tradi-
tional treatment option in hydatid cysts of the liver, literature reports that 
surgical treatment results are associated with high mortality, morbidity, 
and recurrence rates with longer hospital stay. Successful results of per-
cutaneous techniques [the “PAIR technique” (Percutaneous Aspiration-
Injection-Respiration), “catheterization technique with hypertonic saline 
and alcohol,” and “modified catheterization techniques such as MoCaT 
or PEVAC”] published in literature in the last two decades led to the 
acceptance of percutaneous treatment as an alternative to surgery for 
successful treatment of liver hydatid cysts. Sclerotherapy is also an inte-
gral part of these techniques for the larger hydatid cysts.
The rates of major complications of the percutaneous treatment in 
patients with simple hepatic and renal cysts are very low. However 
major complications of percutaneous treatment of liver hydatid cysts 
are approximately 10%, which are treated by percutaneous techniques.
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205.2
Current status of upper GI stenting
H.-Y. Song;
Diagnostic Radiology, Asan Medical Center, Seoul, Korea.

Learning Objectives
1. To learn about the different stent types
2. To learn how to prevent and manage complications
3. To learn the outcomes of oesophageal and duodenal stenting
INTRODUCTION 
In 1991, Song et al (1) described the first metallic gastric stent place-
ment in a patient with gastric outlet obstruction due to recurrent 
gastric cancer after bypass surgery. The first covered metallic gas-
troduodenal stent placement, through a surgical gastrostomy using 
local anesthesia, in a patient without prior bypass surgery was also 
reported by Song et al (2) in 1993. In 1995, Strecker et al (3) published 
the first report of a transoral stent. Since then, transoral metal-
lic stent placement has been increasingly used for safe nonsurgical 
palliation of unresectable malignant gastroduodenal obstructions 
(4-15). The procedure is performed under fluoroscopic guidance 
alone or in combination with endoscopic guidance. Transoral place-
ment has a higher clinical success rate, lower morbidity and mortal-
ity rates, and a shorter length of hospital stay than surgery (16, 17).
INDICATIONS 
1. Documented unresectable malignancy causing gastroduodenal 

obstruction.
a. Intrinsic tumors including stomach and duodenal cancers.
b. Extrinsic gastroduodenal obstruction due to pancreatic malig-

nancy, cholangiocarcinoma, malignant lymphadenopathy, 
localized intraperitoneal metastasis, or lymphoma.

c. Surgical gastroenteric anastomotic site.
2. Patients whose life expectancy is more than 1 month.
RELATIVE CONTRAINDICATIONS 
•   Mildly symptomatic patients
•   Clinical evidence of perforation, peritonitis, or severe  
    coagulopathy
•   Multiple obstructive lesions of the small bowel, e.g., peritoneal  
    seeding
•   Severely ill patients with a very limited life expectancy
PREPROCEDURE PREPARATION 
•   Obtain informed consent after explaining the procedure, its risks  
     and benefits, and alternative therapies.
•   Insert a nasogastric tube at least 24 hours before the procedure 
    to ensure adequate gastric emptying. An empty stomach be- 
    comes cylindrical and permits easier catheter manipulation and  
    advancement of the stent delivery device (18).
•   Check hematocrit, platelet count, and PT and PTT and correct as  
    necessary
•   Barium studies and/or endoscopy to evaluate the site, severity,  
    and length of the stricture.

PROCEDURE
1. A variety of bare or covered expandable metallic stents have 

been used for treating malignant gastroduodenal strictures: 
the Wallstent (Boston Scientific, Natick, MA), Ultraflex stent 
(Microinvasive/Boston Scientific), Gianturco Z-stent (Wilson-Cook, 
Winston-Salem, NC), Niti-S stent (Tae Woong Medical, Ilsan, 
Korea), Hanaro stent (M. I. Tech, Pyungtaik, Korea), and Dual 
gastroduodenal stent (S&G Biotech, Seongnam, Korea). Various 
stent-delivery systems are used and they range in diameter from 
3.8F to 28F.

2. The procedure is performed under conscious sedation and 
analgesia, e.g., intravenous midazolam and fentanyl (19,20). The 
pharynx is anesthetized with 1% lidocaine spray.

3. Patients are placed in the right lateral decubitus position; a 
0.035-inch exchange guide wire (Radifocus M; Terumo, Tokyo, 
Japan) and a catheter (100 cm 5Fr or 6Fr) are inserted through the 
mouth across the stricture into the distal portion of the stomach 
or duodenum under fluoroscopic guidance. Looping of the 
catheter–guidewire system can be reduced by using a 12Fr or 18Fr 
guiding sheath (21).

4. Once the catheter has passed beyond the stricture, water-soluble 
contrast medium is injected to delineate the anatomy.

5. When the catheter has been advanced into the proximal jejunum, 
the guidewire is replaced with a 260-cm exchange length 
Amplatz SuperStiff wire.

6. In very tight stenoses, pre-dilation with a 10-mm balloon can be 
performed to allow easy passage of the stent delivery system 
(12, 15, 22). The stent is deployed under fluoroscopic guidance 
and should be 2–4 cm longer than the stricture to reduce the risk 
of tumor overgrowth (18).

7. In cases of technical failure in negotiation of the guide wire 
though the stricture with fluoroscopic guidance alone, combining 
endoscopic guidance should be considered.

8. In patients with a stricture longer than 10 cm, two or three stents 
can be placed in a stent-within-stent fashion to achieve complete 
coverage of the stricture (15).

9. Once the stent is placed, balloon dilation is usually not required 
because most self-expanding stents gradually expand and reach 
their full diameter. However, if the stent expands less than half of 
its nominal diameter, stent dilation may be performed (12, 15).

POSTPROCEDURE MANAGEMENT
1. Patients are advised to resume oral liquid intake within 24 

hours after stent placement, later advancing to a normal diet as 
tolerated (12).

2. A barium study is advised 1 day after stent placement to verify the 
position and patency of the stent.

3. Patients are not allowed soft or a solid diet until the follow-up 
study proves full stent expansion (12).

4. Patients are advised to chew their food and to avoid high-fiber 
food to reduce the risk of food bolus obstruction (18).

RESULTS
Technical Success
1. Technical success is defined as the passing of a guidewire and 

the suitable placement of the stent. Review of the literature on 
metallic stenting, using fluoroscopic or endoscopic guidance 
(10, 15, 23), reveals that technical success is achieved in 97%–98% 
of patients with malignant gastroduodenal obstruction. 
Complicated anatomy, severe stenosis, or acute angulation of a 
bowel loop may result in technical failure (15, 18).

2. Technical success rate varies with the lesion site (15). For instance, 
stent placement at the site of duodenal obstruction is technically 
more difficult than it is in the peripyloric region, not only because 
of potential looping of the stent delivery system in the distended 
stomach but also because of the curved configuration of the 
duodenal C-loop (11, 15). A stricture at a surgical anastomotic site 
(especially gastrojejunostomy) is the most challenging for stent 
placement (15).
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Clinical success
1. Clinical success is defined as relief of symptoms and/or 

improvement of oral intake obviating the need for palliative 
surgery. Review of publications (10, 15, 23) on metallic stenting, 
using fluoroscopic or endoscopic guidance, shows that clinical 
success is achieved in 84%–94% of patients with malignant 
gastroduodenal obstruction.

2. Some patients do not show an improvement in their symptoms 
after stent placement because of unrecognized distal small bowel 
strictures (4, 12, 14, 15), lack of propulsive peristalsis in a chroni-
cally obstructed stomach (4, 24), or functional gastric outlet 
obstruction from neural involvement by tumor (6).

COMPLICATIONS AND MANAGEMENT 
1. Perforation
    Perforation is a life-threatening complication requiring an urgent 

surgical treatment (18) despite its rarity (less than 1%) (15, 23). 
Perforation is usually caused by erosion of the bare stent ends 
through the wall of the intestine.

2. Bleeding
    Bleeding after stent placement occurs rarely (less than 1%) (15, 23) 

and can be managed with conservative treatment alone. However, 
significant bleeding may require arterial embolization (25).

3. Stent Obstruction
    Obstruction is the most common complication (14%–17%) 

after stent placement and is caused by food impaction, tumor 
ingrowth or overgrowth, or stent collapse (15, 23). The impacted 
food can be successfully removed endoscopically (15). Tumor 
ingrowth or overgrowth and stent collapse can be successfully 
treated by coaxial placement of an additional stent (18, 26).

4. Stent Migration
    Stent migration can be partial or complete and proximal or distal 

(14). Migration rate is higher with covered stents (21%–26%) (13, 14) 
than in uncovered stents (0%–11%) (2, 27, 28) and is associated with 
chemotherapy after stent placement (15). Stent migration can be 
managed by insertion of an additional stent (15, 18, 23). The migrated 
stent may be evacuated through the rectum or may be lodged in the 
intestine and lead to obstruction, requiring surgery (15, 18, 23).

5. Biliary Obstruction
    Biliary obstruction rate after gastroduodenal stent placement 

ranges from 1.3% to 6% (10, 15, 23). There is a continuous debate 
regarding the relationship between stent placement bridging the 
Ampulla of Vater and biliary obstruction (11, 12). Some authors 
have suggested limiting the use of covered stents in duodenal 
obstruction because of this possibility (29). Alternatively, either an 
uncovered bare stent is used or external biliary decompression is 
performed if covering the Ampulla is unavoidable (14).

6. Pain
    Abdominal pain lasts for 24–72 hours after stent placement and 

usually diminishes spontaneously (18). Continuous pain can be 
managed with analgesics (12, 23, 30).
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205.3
Biodegradable, retrievable and drug-eluting stents in the 
biliary tract
M.E. Giménez;
Surgery and Minimally Invasive Therapies, University of Buenos 
Aires, Buenos Aires, Argentina.

Learning Objectives
1. To learn about the different devices
2. To learn the outcomes of biodegradable, retrievable and drug-

eluting stents in benign disease
3. To learn the outcomes of biodegradable, retrievable and drug-

eluting stents in malignant disease

No abstract available.

205.4
Fallopian tube recanalization
M. Szczerbo-Trojanowska;
Department of Interventional Radiology, Medical University of 
Lublin, Lublin, Poland.

Learning Objectives
1. To learn how to perform the procedure
2. To learn about the outcomes from trials
3. To learn about indications
The human oviduct, more frequently known as the fallopian tube, 
connects the endometrial cavity with the peritoneal space and plays 
an important role in normal reproduction.
Fallopian tube obstruction is responsible for 25%–30% of infertility 
cases; 10%–25% of these are due to proximal tubal obstruction. 
Therefore, fallopian tube assessment is a standard practice in diag-
nosing the course of infertility. Obstruction of fallopian tubes can be 
partial or complete. It can affect the proximal or distal segment or the 
entire tube; however, distal tubal obstruction is detected in more than 
70% cases. Most frequently, it is due to pelvic adhesions, fusion of fim-
briae, or hydrosalpinges. Proximal tubal obstruction can occur in the 
intramural segment or the uterotubal junction. It is a consequence of 
infections, endometriosis, myomas, and salpingitis isthmica nodosa. 
In more than 50% cases, acute salpingitis is the cause. It may be diffi-
cult to differentiate between true pathologic occlusion and a spasm or 
transient mucus plugs. The degree of obstruction is usually diagnosed 
by hysterosalpingogram (HSG). In some cases, to establish the exact 
extent of the pathology, laparoscopy is advocated in addition to HSG.
Proximal tube obstruction is the most common indication for recanali-
zation because it usually results from accumulation of mucus or debris, 
forming an impacted plug in the interstitial segment of the tube. For 
many years, treatment of this pathology was a domain of microsurgery 
and now is replaced by noninvasive transcervical tubal recanalization.
Recanalization is contraindicated in florid infections, genital tuber-
culosis, obliterative fibrosis, long tubal obliterations that are difficult 
to bypass with a catheter, severe tubal damage, and in cases of pre-
vious tubal surgery.
Fallopian tube recanalization is a therapeutic procedure to reopen 
the fallopian tube obstruction and restore its normal function. It can 

be performed with a guidewire and catheter passed through a fal-
lopian tube under sonographic, fluoroscopic, or hysteroscopic guid- 
ance.
Selective tubal catheterization was for the first time published in 
The Lancet in 1849, by William Tyler Smith, who proposed a “new 
method of treating sterility by removal of obstructions of the fal-
lopian tubes.” He performed selective catheterization with the use 
of a whalebone bougie. Angiographic techniques were introduced 
by Rouanet and Chalut in 1977. They used a 7F bronchial catheter to 
enter the interstitial portion of the fallopian tube. The first transcer-
vical balloon tuboplasty of proximal tubal occlusions was described 
by Confino et al. Technological advances have resulted in further 
development of transcervical tubal catheterization procedures 
with reduced risks, costs, and morbidity compared with surgical 
procedures.
Nowadays, selective salpingography and fallopian tube recanaliza-
tion is mostly performed according to the technique described by 
Thurmond et al. in 1987. Selective salpingography with fallopian 
tube recanalization can be performed in the same session as the 
hysterosalpingographic examination that fails to opacify the tubes. 
This procedure uses basic angiographic techniques therefore it is 
performed mainly by interventional radiologists.
Recanalization is performed in the late follicular phase of the men-
strual cycle to ensure that the woman is not pregnant. It also pre-
vents false-positive recognition of proximal tubal occlusion, which 
may be due to endometrial thickening. Informed consent obtained 
from the patient should include description of the risks of uterine 
perforation, hemorrhage, infection, reaction to contrast media, and 
radiation exposure.
Short-acting medication is usually recommended for relaxation and 
pain relief because HSG is a painful procedure. Pain is related to cer-
vical manipulation, uterine cavity distention during filling with con-
trast media, and peritoneal reaction when it spills into the pelvis.
Furthermore, the patient’s comfort is extremely important during 
the procedure because it diminishes the probability of tension that 
may result in tubal spasm. The procedure starts with cervical cannu-
lation using an occlusive catheter that is most frequently fixed with 
intrauterine balloon. It also secures a good cervical seal. The uterine 
cavity is opacified with diluted contrast media to allow good visu-
alization of the guidewire and the catheter within the uterine cav-
ity. If during HSG the fallopian tubes do not fill with contrast agent, 
selective salpingography is performed. A 3F tapered curved cathe-
ter is advanced over a guidewire into the cornual region. Fallopian 
tube recanalization can be performed with a 0.015-inch guidewire 
that should be gently advanced through the catheter into the fallo-
pian tube. If this guidewire does not pass easily, a 0.035-inch diam-
eter hydrophilic guidewire can be successfully used. Many women 
have bilateral occlusion, and recanalization of both tubes should be 
attempted during the same procedure.
If the HSG is not performed properly, false-positive diagnosis of 
proximal tubular occlusion can occur in as many as 40% cases. 
Misdiagnosis most frequently is due to a spasm of the intramural 
segment when the contrast agent is injected, which can be over-
come by reducing the injection speed.
Fallopian tube recanalization occasionally may be challenging 
because of the patient’s individual anatomy related to variations in 
uterine orientation. Occasionally, oblique or lateral imaging position 
can clarify the pathology.
Recanalization of the proximal fallopian tube is successful in 62%–90% 
patients and is less successful after surgeries because of postoper-
ative scarring. Failure to recanalize may be also caused by uterine 
leiomyomas or polyps. Distal tubal obstruction, especially ampul-
lar or fimbrial occlusion, have been cited as causes of recanalization 
failure.
An average pregnancy rate after fallopian tube recanalization is 
approximately 30%. The lowest pregnancy rate was reported in 
patients with coexisting distal tubal disease. In these cases, the 
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pregnancy rate does not exceed 10%. Women who cannot conceive 
6–12 months after proximal tubal recanalization may be referred for 
repeated recanalization.
Complications of fallopian tube recanalization are rare and usually 
of little clinical significance. Extravasation of contrast agent into the 
myometrial venous plexus and surrounding pelvic vasculature can 
be seen as a consequence of extremely high pressure of contrast 
injection into the uterine cavity. Filling of the venous and lymphatic 
channels should be an indication to abolish the procedure.
Although the fallopian tube is a thick, muscular structure, it can be 
perforated by a guidewire. More frequently, submucosal perforation 
was reported as an extraluminal collection of contrast agent and is 
seen in 2% cases.
The risk for tubal pregnancies after a successful fallopian tube recan-
alization may be higher than average because of tubal mucosal 
abnormalities or peritubal adhesions. A radiation dose from the pro-
cedure is approximately 1 rad, which is within accepted limits for 
women of reproductive age.
Fallopian tube recanalization has improved the overall management 
of infertility caused by tubal obstruction and has provided an excel-
lent alternative to invasive and expensive surgical procedures. Many 
experts recommends that woman with proximal tubal obstruction 
should undergo tubal recanalization before considering more inva-
sive treatment methods.
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Foundation Course
Vascular malformations: how I do it

301.1
Diagnosis: imaging strategy
M. Köcher;
Department of Radiology, University Hospital Olomouc, Olomouc, 
Czech Republic.

Learning Objectives
1. To learn the classification of vascular malformations
2. To learn appropriate imaging modalities for different types of 

vascular malformations
3. To learn key imaging features that influence treatment strategies
Peripheral vascular malformations are true structural anomalies 
resulting from errors in vascular morphogenesis and are present at 
birth and grow commensurately with the child. Vascular malforma-
tions demonstrate no endothelial cell proliferation and do not have 
an involution phase, unlike hemangiomas.
Vascular malformations are categorized into low-flow (venous, capil-
lary, lymphatic, mixed) and high-flow (AV malformations, congenital 
AV fistulae, acquired AV fistulae, mixed) malformations.
From the treatment point of view, exact differentiation according 
to predominant vascular structures is not essential, but differentia-
tion according to flow characteristics to the low-flow and high-flow 
lesions is necessary.
Imaging methods are expected to distinguish between the low-flow 
and high-flow lesions, localization, volume and range of lesions, and 
relationship to the surrounding tissues and organs.
Color Doppler imaging and particularly magnetic resonance (MR) 
has proven to be an excellent diagnostic tool in the initial evaluation 
of vascular malformations as well as in the evaluation of the efficacy 
of therapy. Color Doppler ultrasonography (DUS) is cheap, easily acces- 
sible, and can offer good differentiation between high-flow and low-
flow lesions. MR offers good differentiation between high-flow and 
low-flow lesions, a good evaluation of volume and extent of lesions, 
and good interpretation of anatomical relationship to the surround-
ing tissues and organs. Angiography (phlebography or arteriogra-
phy) is only part of therapeutic procedure.
On DUS, low-flow malformations are demonstrated as hypoecho-
genic or heterogenous lesions with minimal flow inside, flow dur-
ing augmentation, normal arterial flow volumes, and normal high 
arterial resistance flow. High-flow malformations are heterogeneous 
lesions with tortuous feeding arteries, high velocity and low-resis-
tance flow in feeding arteries, and multiple arteriovenous shunts 
and pulsatile flow in draining veins. No well defined tissue mass is 
seen.
On MR, low-flow malformations typically have low signal intensity in 
T1 weighted images in abnormal vascular structures and high signal 
intensity in T2 weighted images, whereas high-flow lesions usually 
demonstrate signal voids in abnormal vascular structures on most 
sequences.
At follow-up, DUS demonstrates thrombosis and fibrosis of the low-
flow lesion by increased echogenicity and loss of compressibility. In 
high-flow lesions, the waveform as well as the resistive indexes and 
the flow volumes will be normalized. MR demonstrates thrombosis 
and fibrosis of low-flow malformation by the loss of high signal in T2 
weighted images and loss of signal voids in high-flow lesions.
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301.2
Treat peripheral low flow malformations
J.P. Burnes;
Medical Imaging, Monash Medical Centre, Melbourne, VIC, 
Australia.

Learning Objectives
1. To learn the definition and indications for the treatment of low 

flow vascular malformations
2. To learn the technique of sclerotherapy in low flow vascular 

malformations
3. To learn how to avoid and/or treat complications of sclerotherapy 

in low flow vascular malformations
Low flow vascular malformations include both venous and lymphatic 
malformations. Treatment techniques vary depending upon the type 
and location of the lesion.
Indications for treatment include pain, neuropathy, ulceration, dys-
function and cosmesis. Many of these patients present with asymp-
tomatic lesions that do not concern them, and once reassured that 
the lesion is unlikely to grow and is not a tumour, there is no indica-
tion for active treatment.
Percutaneous sclerotherapy is based upon direct puncture venogra-
phy, which involves placing needles percutaneously into the malfor-
mation. Access is based on ultrasound or MRI localisation from pre-
vious imaging. Once the intravascular or intralymphatic location of 
the needles has been confirmed, the chosen sclerosant is injected 
into the malformation. The volume of sclerosant injected is deter-
mined by the volume of contrast required to opacify the malforma-
tion or the lymphatic volume aspirated.
There are multiple sclerosants currently available to treat these lesions. 
The ideal sclerosant would obliterate the malformation, be permanent, 
easily controllable and visible on fluoroscopy and non-toxic in the 
short and long term. At present this agent does not exist. Those cur-
rently in use include but are not limited to true sclerosants such as con-
centrated ethanol, detergent sclerosants, including sodium tetradecyl 
sulphate, lymphatic sclerosants and adhesive sclerosants.
Complications of sclerotherapy include
•   Skin and local tissue necrosis
•   Non-target organ sclerosis
•   Nerve damage
•   Compartment syndrome
•   Pulmonary hypertension
•   Cardiovascular arrest
The impact of complications is dependent on the lesion location 
and choice of sclerosant. A thorough understanding of the anatomi-
cal location of the lesion, particularly its deep and superficial exten-
sion is critical in minimising local complications such as nerve dam-
age and skin necrosis. High quality pre-sclerosis imaging including 
MRI and ultrasound is essential.
The risk of potentially fatal cardiovascular complications can be 
reduced by applying strict dose limits to sclerosants, both for indi-
vidual injections and for the entire procedure. This particularly 
applies to ethanol or ethanol derived sclerosants. Definitive dose 
limits have not been fully established, but currently available data 
indicate a maximum single injection dose of 0.2 ml/kg, maximum 
dose of 1 ml/kg to a maximum of 60 ml per procedure and close car-
dio respiratory monitoring. Particular care should be taken when 
treating large lesions using tourniquet outflow occlusion to ensure 
no acute outflow of large volumes of sclerosants into the pulmonary 
or systemic circulation.
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301.3
Treat peripheral high flow malformations
B. Peynircioglu;
Radiology, Hacettepe University, Ankara, Turkey.

Learning Objectives
1. To learn the definition and classification of high flow AVMs
2. To learn treatment strategies for embolization of high flow AVMs
3. To learn techniques/strategies to avoid complications and 

non-target embolization
High-flow AVMs can be categorized according to the angiographic 
morphology of the nidus: type I (arteriovenous fistulae), type II (arteri-
olovenous fistulae), type IIIa (arteriolovenous fistulae with nondilated 
fistula), and type IIIb (arteriolovenous fistulae with dilated fistula).
Clinical complications including ulceration, pain, hemorrhage, car-
diac failure, unacceptable cosmetic consequences, or malfunction of 
the affected limb are indications for treatment.
Appropriate non-invasive imaging is the key not only for true diag-
nosis but also for the decision-making process of management. MRI 
should be the tool of choice.
Percutaneous treatment of peripheral AVMs (that are located out-
side the central nervous system) is aimed at obliteration of the nidus. 
The first-line treatment methods to achieve this purpose are as fol-
lows: transarterial embolization of the high-flow fistula; alternatively, 
direct percutaneous puncture and the injection of sclerosing agents 
into the nidus; or more rarely, the technique of retrograde emboli-
zation in which the draining veins of AVMs are occluded temporar-
ily but completely while the nidus of the AVM and adjacent feeding 
arteries can be filled by slow continuous retrograde injection of a 
liquid embolic agent during this period of flow arrest.
N-butyl cyanoacrylate and Onyx are the most preferred embolo-
therapy agents to achieve nidus filling while ethanol and polidoca-
nol are used for nidus sclerotherapy effectively. Coils and plugs are 
also used for more proximal feeder embolization.
A multidisciplinary approach is needed for treating high-flow lesions, 
and a dedicated team approach is necessary for appropriate manage- 
ment in most cases.
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301.4
Treat large visceral malformations
J.E. Jackson;
Imaging, Hammersmith Hospital, Imperial College Healthcare NHS 
Trust, London, United Kingdom.

Learning Objectives
1. To learn how to diagnose and classify visceral malformations
2. To learn evaluation strategies and challenges in treatment
3. To learn embolization techniques and strategies for visceral AVMs
Vascular malformations are inborn errors of vasculogenesis of 
unknown aetiology although familial forms are recognised in which 
a genetic defect has been localised. They are frequently incorrectly 
named ‘haemangiomas’, a source of considerable confusion when 
reviewing the literature; for this reason it is important that the term 
haemangioma is used only for the acquired tumours of infancy, 
lesions that differ considerably in their histology and natural history. 
All vascular malformations are rare and those involving the viscera 
particularly so. Many of these visceral lesions are only picked up as 
an incidental finding during investigation of unrelated symptoms 
and remain quiescent throughout life; others, however, may pres-
ent with life-threatening complications, particularly haemorrhage. 
Cardiac failure, an oft-quoted complication of high-flow AVMs is 
remarkably rare but is most commonly seen when there is diffuse 
involvement of the liver, usually associated with the autosomal dom-
inant condition Hereditary Haemorrhagic Telangiectasia (HHT). 
Although pulmonary arteriovenous malformations – associated with 
HHT in more than 90% of individuals – are also classified as visceral 
AVMs they will not be discussed in this presentation as their man-
agement differs from the systemic AVMs that are the subject of this 
session.
Low flow visceral vascular malformations
The most common of these are focal hepatic and splenic malfor-
mations, commonly, and incorrectly, termed haemangiomas. These 
rarely require treatment; massive hepatic low flow lesions may be 
associated with pain and are best managed by surgical resection as 
they respond poorly to embolization. Gastrointestinal tract low flow 
lesions are very common in hereditary haemorrhagic telangiecta-
sia and, if the cause of transfusion dependent anaemia, may require 
management by repeated endoscopic ablation. The radiologist’s 
role in their diagnosis and management is small.
High flow visceral vascular malformations
The most common sites of visceral involvement by AVMs that 
require radiological treatment within the abdomen are the kidney 
and gastrointestinal tract; although hepatic AVMs are common, they 
rarely require treatment and, even when the cause of cardiac failure, 
respond poorly to embolization. As is the case with high-flow mal-
formations involving other body parts, the most important aspect 
of embolization of visceral AVMs is an understanding of the anatomy 
of the vascular communications within them as these have a bear-
ing both upon the method of vascular occlusion and on the final 
result. Whatever the anatomy, however, the general principle is that 
occlusion is performed at the site of the abnormal arteriovenous 
shunts and not in the vessel proximal to this point. The emboliza-
tion of arterial feeding vessels, which was performed for many years 
with metallic coils or particulate matter such as absorbable gelatin 
sponge, is akin to proximal surgical ligation and must be avoided. 
It has little effect upon symptoms in most individuals and renders 
subsequent treatment more difficult because the arterial inflow ves-
sels have been occluded. If, however, the embolization is directed at 
the AV communications themselves, from an arterial approach, via a 
direct percutaneous puncture or retrogradely from the venous side, 
and these are totally obliterated – often with a liquid embolic agent 
– then a long-term improvement in symptoms can be achieved. This 
presentation will concentrate on the radiological management of 
these high-flow lesions.

The cure of a high flow vascular anomaly is uncommon although 
there is no doubt that radiological and clinical obliteration of more 
malformations has come with a better understanding of their radio-
logical anatomy and the use of agents that are directed at the AV 
shunts themselves rather than at the proximal feeding vessels.

Special Session
Hepatic, portal and mesenteric vein thrombosis

303.1
Clinical presentation and management of hepatic vein 
occlusive disease
Y.H. Kim;
Radiology, Keimyung University School of Medicine, Dongsan 
Medical Center, Daegu, Korea.

Learning Objectives
1. To review the aetiology of hepatic vein occlusive disease in Asian 

and European populations
2. To describe techniques for recanalisation of hepatic veins
3. To present results of recanalisation in acute and chronic occlu-

sions
Budd–Chiari syndrome consists of disorders causing hepatic venous 
outflow tract obstruction, independent of the level or mechanism 
of obstruction. Pure IVC or combined IVC/HV obstruction predomi-
nates in Asia, whereas pure HV obstruction predominates in Western 
countries. This leads to increased hepatic sinusoidal pressure and 
portal hypertension. Budd–Chiari syndrome can be classified into 
the acute, subacute, and chronic form according to the duration 
of symptoms, severity of manifestations, and rate of disease pro-
gression. The acute form associated with thrombosis is frequently 
caused by the use of oral contraceptives or underlying thrombotic 
disorders that is more prevalent in Western countries, whereas in the 
chronic form there may be membranous web-like obstruction of HV 
or IVC that is more common in Asia. Malignant tumors that obstruct 
hepatic venous outflow may lead to this syndrome. Compression or 
kinking of the hepatic vein can occur following hepatic resection 
and liver transplantation. Clinical manifestations range from asymp-
tomatic to ascites, hepatomegaly, portal hypertension related com-
plications, and fulminant hepatic failure. Jaundice and encephalopa-
thy are more common in the fulminant and acute form, and spleno-
megaly and varices are predominant in the chronic form.
The primary goal of treatment is the resolution of hepatic conges- 
tion to preserve functioning hepatocytes, improve liver function, 
and allow the resolution of portal hypertension. Several reports have 
proposed treatment strategy consisting of the following graded 
approach: (1) anticoagulation, treatment of underlying condition, 
and symptomatic treatment for complications of portal hyperten-
sion; (2) active search for short-length venous stenosis amenable 
to angioplasty/stenting; (3) if the lesion is not suitable for angio-
plasty/stenting, insertion of TIPS should be considered; and (4) in 
patients unresponsive to TIPS, liver transplantation should be con-
sidered. Medical therapy is associated with steady improvement in 
20% patients without any need for additional therapy. In Western 
countries where pure hepatic vein occlusion is predominant, percu-
taneous recanalization appears to achieve a complete response in 
an additional 20% of patients; TIPS successfully treats an additional 
65%; and liver transplantation is performed in the rest. In contrast, in 
Asia where suprahepatic IVC occlusion is predominant, percutane-
ous recanalization can be expected to achieve a complete response 
in 60% patients, whereas the place of TIPS, surgery, and transplanta-
tion remain unclear.
Recanalization of stenotic or occluded hepatic veins to restore ve- 
nous outflow is the initial interventional procedure of choice. Pa- 
tients with patent hepatic vein segments and focal occlusion of the 
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hepatic venous outflow tract are theoretically eligible for recana-
lization. Restoration of good outflow in one of the three hepatic 
veins is usually adequate to resolve symptoms. Percutaneous angio-
plasty has usually been performed through a transvenous route, 
with or without stenting. It may be attempted via the transjugu-
lar or transfemoral route; however, combined jugular and femoral 
approach is required in a few selected cases. If crossing of the stric-
ture is not easy in patients with short segment occlusion of HV due 
to long standing fibrosis, a percutaneous transhepatic route can be 
attempted. In a few cases where recanalization with use of a guide-
wire has failed, a long puncture needle may be required to cross the 
stricture. The large Asian series included 115 patients treated for IVC 
(102), HV (30), and both (17) by stents. The technical success rate was 
94% for IVC and 87% for HV. A total of 96.7% (87/90) IVC stents and 
90.9% (20/22) HV stents remained patent during follow-up periods 
(mean, 49 months and 45 months, respectively). On the contrary, in 
another large series of predominant HV angioplasty (right HV, 68; 
left HV, 11; accessory HV, 13) including 101 patients, stents were only 
used in two cases. The technical success rate was 91% (92/101), and 
symptoms were significantly improved in all patients who had suc-
cessful angioplasty. The primary patency rates were 78% and 76% 
at 12 and 24 months after angioplasty, respectively. Generally, bal-
loon dilatation of the occluded segment is sufficient for opening of 
the stricture and stenting is rarely required. However, stents should 
be placed if there is significant residual stenosis or recoiling after 
angioplasty.
Although a few reports on efficacy and result are available, local 
pharmacological thrombolysis in combination with mechani-
cal thrombolysis is useful for recanalization of acute thrombotic 
form of hepatic venous occlusive disease. The decision regard-
ing the use of thrombolysis depends on the age of the thrombus. 
Pharmacomechanical thrombolysis is also effective for treatment of 
rethrombosis after interventional procedures.
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303.2
IR management of Budd-Chiari syndrome
A. Krajina, O. Renc, P. Hulek, V. Chovanec, M. Lojik, J. Raupach, T. Fejfar;
Department of Radiology, University Hospital, Hradec Králové, 
Czech Republic.

Learning Objectives
1. To review the indications, pre-procedural imaging and clinical 

evaluation
2. To describe IR techniques for the patients with Budd-Chiari 

syndrome
3. To discuss the results of early TIPS in comparison with other 

treatment in acute, subacute and chronic Budd-Chiari
Budd–Chiari Syndrome (BCS) is an uncommon disorder of the liver 
caused by hepatic venous outflow obstruction and characterized by 
clinical triad of tense ascites, hepatomegaly, and abdominal pain. 
The inability of blood to drain from the liver leads to post-sinusoi-
dal portal hypertension, ischemia, and congestive necrosis of liver 
parenchyma and congestion of the entire gut. The obstruction can 
develop at any level of hepatic venous outflow and is usually asso-
ciated with other uncommon disorders. In a rare veno-occlusive 
disease (VOD) caused by hepatotoxic chemicals, the obstructions 
are at levels of hepatic sinusoids and venules. Hepatic vein throm-
bosis (HVT) that is associated with hypercoagulopathic conditions 
involve mid to large size hepatic veins (1). HVT is most often the 
cause of BCS in European and American countries. BCS also devel-
ops with obstructions of hepatic vein orifices or suprahepatic por-
tion of the inferior vena cava (IVC) by a congenital web-like mem-
brane, which is most often seen in Asian and South African countries 
(2, 3). Tumor compression or direct tumor invasion into the intra and 
suprahepatic portion of IVC or large hepatic veins may also lead to 
BCS. However, in some patients no cause of BCS can be identified.
The clinical course of BCS depends on the extent of involvement and 
rapidity of development and progression of venous occlusion. A rap-
idly progressing VOD or HVT involving most of the hepatic venous 
system may have a fulminant course and lead to acute liver failure 
(4). However, in most patients with HVT or membranous IVC webs, 
BCS has a subacute or chronic course as only some hepatic veins are 
involved, and a membranous web only partially obstructs IVC. These 
patients usually complain of mild abdominal pain from liver swell-
ing and have chronic signs of portal hypertension, mainly refractory 
ascites and gastroesophageal variceal bleeding similar to liver cir-
rhosis (5, 6). Our presentation will concentrate mainly on diagnosis 
and treatment of HVT.
Diagnosis of Hepatic Vein Thrombosis
Imaging techniques, including ultrasonography CT or MR imaging, 
and hepatic and IVC venography help to confirm clinical suspicion 
on HVT.
In HTV, the ultrasonography reveals no flow signal in large hepatic 
veins with hyperechoic thrombus replacing the veins. There can be 
a reversed or turbulent flow in hepatic veins and large intrahepatic 
venous and subcapsular collaterals, particularly in the vicinity of 
hepatic vein ostia corresponding with a spider web venous network.
CT or MRI demonstrates a lack of visualization of hepatic veins and 
hypertrophy of the caudate lobe, which is often the only part of 
the liver parenchyma that is properly perfused because of its sepa-
rate venous drainage as well as compression and narrowing of IVC. 
On contrast-enhanced CT during acute and subacute phases of the 
disease, the enlarged caudate lobe becomes significantly opaci-
fied, while the remaining liver parenchyma appears patchy because 
of lack of perfusion and necrosis. Extrahepatic collateral forma-
tion reflecting portal hypertension is similar to that in chronic liver 
cirrhosis.
Hepatic and IVC venography are conducted by a femoral or jugular 
vein approach. The transhepatic approach should be reserved only 
for patients in whom local thrombolysis or balloon angioplasty of 



CIRSE 2013 SS/FC/HL/HTS/CM S89SS/FC/HL/HTS/CM

the obstructed veins is planned. Hepatic venography may identify 
stenosis or thrombus in hepatic veins but more often demonstrates 
the classic spider web pattern of collateral veins and lymphatics with 
the absence of sinusoidal filling. The IVC venography demonstrates 
intrahepatic IVC narrowing due to the enlarged caudate lobe. IVC 
pressure gradients need to be measured, particularly if a surgical 
shunt is considered.
Liver biopsy, if needed, can help to differentiate chronic cirrhotic type 
HVT from cirrhosis of other origins. HVT is characterized by conges-
tion, liver cell loss, and fibrosis in the centrilobular area.
In differential diagnosis of HVT, congestion due to heart failure and 
constrictive pericarditis should be considered.
Treatment of Hepatic Vein Thrombosis
HVT is a manifestation of one or several underlying hypercoagula-
ble conditions, including myeloproliferative disorders (polycythe-
mia vera and essential thrombocytopenia), use of oral contracep-
tives, paroxysmal nocturnal hemoglobinuria, Behcet’s disease, lupus 
anticoagulant, antithrombin III deficiency, and protein C deficiency. 
HVT treatment usually starts with systemic anticoagulation, which 
may improve the outcome of non-bleeding patients as hepariniza-
tion facilitates spontaneous recanalization of thrombosed hepatic 
veins. Diuretics and paracentesis are used for control of ascites (7, 8).
The surgical treatment modalities (9-11) include portacaval or meso-
atrial shunting and liver transplantation. The side-to-side portaca-
val shunts that transform the portal vein into an outflow tract have 
been mostly recommended. However, the average early mortality 
rates of surgical portacaval shunting is 25% and early shunt throm-
bosis occurs in approximately 25% patients. An increased pressure 
in the IVC exceeding 20 mmHg also precludes the shunting pro-
cedure unless the pressure gradient across the intrahepatic IVC is 
corrected by a stent implantation or cavoatrial shunt placement. 
Survival of surgically shunted patients was not proved to be longer 
than patients treated only by medical therapy (12). The liver trans-
plant for the treatment of HVT should be reserved for patients with 
severe cirrhosis or with fulminant liver failure as its prognosis is not 
as good as for other indications (13).
Thus, restoration of hepatic outflow is attempted mainly by inter-
ventional techniques, including local thrombolysis, recanaliza-
tion of obstructed vein(s) by balloon angioplasty, stent place-
ment, and TIPS. Local thrombolysis and dilatation of the obstructed 
hepatic vein can be performed by the retrograde approach when 
the involved vein(s) can be catheterized. A stent placement was 
reported to improve long-term dilatation results. When a retrograde 
approach is not feasible, the transhepatic approach can be used for 
local thrombolysis and angioplasty. However, the transhepatic tract 
must be embolized in this case to reduce risk of hemorrhage.
TIPS has become an alternative to surgical shunting as it avoids lap-
arotomy and can be performed in more acutely ill patients with 
a lower morbidity and mortality than surgery. Furthermore, TIPS 
drains the portal venous system to the suprahepatic part of the IVC 
and thus bypasses the frequent intrahepatic IVC stenosis by caudal 
lobe compression (14-16).
Technique of TIPS in Hepatic Vein Thrombosis
The TIPS procedure in patients with the HVT is technically more diffi-
cult because of distorted liver anatomy.
Catheterization of the right or middle hepatic vein may be occa-
sionally possible with the acute or subacute HVT form when venous 
thrombus is still soft. With chronic fibrotic venous obstruction when 
only residual venous stumps remain, the catheter is wedged into 
a stump to puncture the portal vein. In cases without any hepatic 
vein stump, the direct puncture from IVC is necessary. In such cases, 
puncture should be made as close as possible to the presumed loca-
tion of the hepatic venous confluence to avoid frequent intrahepatic 
IVC stenosis.
Portal vein localization and its puncture may be difficult because of 
present hepatomegaly, enlargement of the caudate lobe, and small 
size and low flow in the intrahepatic portal branches. We have been 

using the Rösch–Uchida portal access set. The curved metallic can-
nula is buried into the liver parenchyma and the puncture is per-
formed with a flexible trocar covered with a tapered 5F Teflon cath-
eter. The manually bended cannula maintains the direction of the 
puncture.
A PTFE covered stent-graft should be used for TIPS creation be-cause 
it avoids or decreases formation of pseudointimal hyperplasia and 
thrombotic shunt occlusion (18). However, care has to be taken 
not to extend the covered parts of the stent-graft into the portal 
vein and the IVC, which could impair flow. Therefore, precise mea-
surement of the length of the stent-graft is necessary, and some-
times the combination of two overlapped stent-grafts is preferred 
because the intrahepatic channel is often longer in some patients 
than in others. Addition of an expandable stent placement into the 
stenosed IVC will improve general venous circulation.
Complications of TIPS in Hepatic Vein Thrombosis
Associated hypercoagulability and longer shunts created with bare 
stents have contributed to poor long-term patency of TIPS reported 
in this group of treated patients. The TIPS dysfunction requiring revi-
sion was reported in approximately 70% cases in 6 months in spite of 
aggressive anticoagulant therapy (19). Sepsis has been a rare compli-
cation after TIPS and its higher incidence reported by Cejna (the cause 
of death in 16% patients; 20) may have been related to immunologic 
impairment in hematologic diseases. The increased rate of sepsis has 
not been reported by others. Another complication of TIPS reported 
only in patients with HVT is delayed development of the intrahepatic 
hematoma at 7–14 days after shunt creation. This is also our experi-
ence. This is probably because of a combination of anticoagulation 
therapy, venous congestion, and potential injury during TIPS creation.
Results of TIPS in Hepatic Vein Thrombosis
The technical success rate of TIPS in patients with HVT averages 
95%. However, long-term patency of TIPS created with bare stents in 
patients with associated hypercoagulable conditions has been poor, 
and in spite of aggressive anticoagulation therapy, many shunts 
were occluded. However, some patients (38%; 21) remain asymptom-
atic and without portal hypertension despite significant shunt ste-
nosis or even occlusion. It seems that using TIPS helps gain time to 
develop a sufficient venous collateral network. Recent experiences 
indicate that the use of PTFE stent-grafts will change these poor 
results. A randomized study showed that use of PTFE stent-grafts in 
non-BCS patients significantly improves TIPS patency and decreases 
the rate of clinical relapses and need for reinterventions. The up-
to-date experience revealed better patency with use of these ded-
icated stent-grafts in combination with anticoagulation therapy 
in HVT group of patients as well. In our group of 38 patients with 
median follow-up of 52 months, the average 5-year reintervention 
rate per patient was 1.65 procedures in the bare stent group and 
0.67 procedures in the stent-graft group. The primary patency rates 
were 52.9% in 1 year and 20% in 5 years using bare stents and 80% in 
1 year and 33.3% in 5 years using dedicated stent-grafts (22).
Conclusion
TIPS should be the first choice of treatment for HVT uncontrolled by 
medical therapy. In some patients, predominantly with liver failure, 
TIPS may serve as a means for elective liver transplantation (23).
The use of TIPS dedicated covered stents leads to lower dysfunction 
rate with a lower number of reinterventions needed to re-establish 
the shunt patency, but strict simultaneous anticoagulation treatment 
and underlying hematologic disease treatment are necessary (24-27).
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303.3
Clinical presentation and medical management of acute and 
chronic portomesenteric vein thrombosis
J.C. García-Pagán;
Liver Unit, Hepatic Hemodynamic Laboratory, Hospital Clínic i 
Provincial, Barcelona, Spain.

Learning Objectives
1. To learn how to manage a patient with acute portomesenteric 

vein thrombosis
2. To learn how to manage a patient with chronic portomesenteric 

vein thrombosis
3. To compare the results of medical therapy versus other therapy

No abstract available.

303.4
IR management of acute and chronic portomesenteric vein 
thrombosis
I.K. Tesdal;
Department of Radiology, Klinikum Friedrichshafen, 
Friedrichshafen, Germany.

Learning Objectives
1. To describe technical considerations in percutaneous interven-

tions for acute portomesenteric vein thrombosis
2. To describe the special technical methods in chronic portomesen-

teric vein thrombosis recanalisation
3. To review the results and complications of IR management of 

acute and chronic portomesenteric vein thrombosis
Portomesenteric vein thrombosis (PMVT) may lead to acute or 
chronic mesenteric ischemia and is associated with high mortal-
ity of 50%–70% (1-3). Although in total only approximately 1%–5% of 
all patients with symptoms of acute abdomen have acute mesen-
teric ischemia (AMI), acute abdomen in elderly (patients aged over 
70 years) is caused by AMI in approximately 10% (4, 5). Diagnosis and 
treatment have changed with increased differentiation between 
acute and chronic PMVT, but the high mortality rate of AMI has not 
changed over time (1, 6). There are probably two main reasons for this 
(5, 7): insufficient understanding of its clinical symptoms in the differ-
ential diagnosis of abdominal pain and an unacceptable time delay 
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before treatment even when a diagnosis of AMI is considered. If 
treated during its initial stage, the mortality rate is less than 30%. If 
treatment is initiated more than 6–8 hours after symptom onset, the 
mortality rate increases exponentially (8).
Predispositions for thrombosis of the mesenteric–portal axis are para-
neoplasia, pancreatitis, pancreatic carcinoma, congenital thrombo- 
philia (e.g., AT III deficiency, protein C deficiency), portal hypertension, 
hepatocellular carcinoma (HCC), and trauma. In particular, PMVT in 
a liver transplant recipient can have devastating consequences such 
as graft loss and interference with options for retransplantation (9).
Major advances in percutaneous management of hepatoportal 
venous disease and portal hypertension have been achieved in the 
past decade. These include balloon angioplasty [percutaneous trans-
luminal angioplasty (PTA)], stent placement, catheter-directed throm-
bolysis, mechanical thrombectomy, embolization, and transjugular 
intrahepatic portosystemic shunt (TIPS). After the diagnosis of acute 
or chronic PMVT, the clinical symptoms and the underlying disease 
are decisive for the treatment. Symptoms of peritonitis are a contrain-
dication for IR management, and the patient should undergo surgery 
(laparotomy). Further contraindications are 1) severe hepatic insuffi-
ciency and chronic, severe encephalopathy; 2) severe cardiac insuffi-
ciency; 3) diffuse or multinodular liver cancer; 4) advanced cancer; 5) 
systemic infection, and 6) unrelieved biliary obstruction.
In the published literature, small series and case reports have 
described a variety of endovascular treatment strategies for PMVT 
(10). In the absence of contraindications and peritoneal signs, throm-
bolytic agents have been administered by visceral selective cath-
eter directly into the superior mesenteric artery (11) or by infusion 
catheter directly into the thrombosed vein, either from a percuta-
neous transhepatic or from a transjugular transhepatic approach 
(12). Bertram et al recently reported a complex catheter intervention 
for portal vein stenosis and subsequent complete thrombosis after 
split-liver transplantation using a trans-splenic access (13). Both uro-
kinase and r-tPA with concomitant therapeutic and subtherapeu-
tic intravenous heparin, respectively, have been used, and concom-
itant papaverine has been infused through an arterial catheter in 
some cases to decrease the effects of arterial spasm on the already 
tenuous bowel wall (9). Many authors report combined therapies like 
fragmentation of thrombus, local thrombolytic therapy, and manual 
aspiration thrombectomy (11). Extensive, subacute, and chronic cases 
may tend to be unresponsive to thrombolytic therapy and may 
require more aggressive strategies. One retrospective case series 
found a 91.7% survival rate after transhepatic catheter-directed 
thrombectomy with subsequent catheter-directed thrombolysis in 
11 patients with acute superior mesenteric vein (SMV) thrombosis. 
Mean follow-up was 42 months after percutaneous thrombectomy 
with the 6F AngioJet rheolytic thrombectomy device (14). Recently 
Cao et al (15) reported a treatment of postoperative main portal vein 
and superior mesenteric vein thrombosis using angioplasty (PTA 
and/or stent placement) without thrombolysis/thrombectomy. 
During the median follow-up period of 16.3 months, rethrombosis 
occurred in 6 of 13 patients (43%), including one patient with acute 
rethrombosis.
Choice and applicability of endovascular methods are determined 
by the underlying disease and patient condition. If a portal hyper-
tension (e.g., liver cirrhosis) is diagnosed, the transjugular approach 
should be chosen, especially to have the option of creating TIPS. In 
these patients, a recommendation of portal decompression (TIPS), 
if necessary, combined with catheter-directed thrombolysis and/or 
mechanical thrombectomy is valid with a level of evidence IV (5, 16). 
More controversial is the use of TIPS in non-cirrhotic patients (17, 18). 
Bilbao et al (18) in 2004 reported a series of non-cirrhotic patients 
with symptomatic massive portal thrombosis treated with TIPS. 
All patients (n = 6) but one had predispositions for thrombosis 
(e.g., pancreatic malignancy, 2; idiopathic thrombocytosis, 2; ortho-
topic liver transplant, 1). During follow-up, 2 of 6 TIPS occluded 
because of thrombosis (after 1 and 6 months).

Summary: Portomesenteric vein thrombosis is associated with high 
mortality. Therefore, rapid diagnosis and treatment within 4–6 hours 
of symptom onset are necessary to improve the poor outcome of 
this vascular emergency. The clinical symptoms and the underly-
ing disease are decisive for the methods of treatment, which include 
balloon angioplasty, stent placement, catheter-directed thromboly-
sis, mechanical thrombectomy, and TIPS.
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Special Session
Anaesthesia, sedation and analgesia for IR

305.1
Perioperative care: pre-operative patient assessment, 
optimization and post-operative care
B. Preckel;
Department of Anaesthesiology, Academic Medical Center, 
University of Amsterdam, Amsterdam, Netherlands.

Learning Objectives
1. To learn how to evaluate the patient before IR interventions
2. To learn how to improve the patient status before an IR inter-

vention
3. To learn how to manage the patient postoperatively and avoid 

general post-procedural complications
Both sedation and general/regional anesthesia are used for interven-
tional radiologic procedures. Impairment of consciousness extend-
ing from wakefulness to general anesthesia represents a continuum 
of progressive sedation. The American Society of Anesthesiologists 
(ASA) (1) differentiates four levels of sedation: minimal, moderate, 
deep sedation/analgesia, and general anesthesia. Variables defin-
ing the sedation levels include airway function, spontaneous venti-
lation, cardiovascular function, and level of responsiveness.
Currently, there are no discipline-directed guidelines for anesthesia 
consultation or procedural sedation and analgesia for interventional 
radiologic procedures. The choice of sedation or anesthesia gener-
ally depends on patient factors such as age, cardiovascular stabil-
ity, and pain tolerance in addition to procedural factors such as com-
plexity, extent, and degree of induced pain. In longer, more exten-
sive procedures on more fragile patients, it seems advisable to con-
sult an anesthesiologist for adequate patient safety.
Preanesthetic evaluation preceding administration of anesthesia 
care for surgery and for nonsurgical procedures includes review of 
patient records, patient interview, physical examination and find-
ings from medical tests, and evaluations. For surgical procedures, 
preanesthetic evaluation is mainly the responsibility of the anesthe-
siologist. However, for sedation procedures, often no anesthesiolo-
gists are involved, and the pre-assessment is taken over by person-
nel from the radiologic suite.
Following an Advisory of ASA (2), preoperative tests, as a compo-
nent of preanesthesia evaluation, may be indicated for various pur-
poses including (I) discovery or identification of a disease or disor-
der that may affect perioperative anesthetic care; (II) verification or 
assessment of an already known disease, disorder, medical, or alter-
native therapy that may affect perioperative anesthetic care; and (III) 
formulation of specific plans and alternatives for perioperative anes-
thetic care.
Although no evidence-based data are available showing a benefi-
cial impact of preoperative record review and physical examination, 
it was shown that several preoperative patient characteristics are 
related to postoperative morbidity and mortality. (2) It is agreed that 
assessment of anesthetic risk and options for anesthetic techniques 
are essential compounds of basic anesthetic practice contributing to 
safety of perioperative care. Timing of the assessment may depend 
on local circumstances, invasiveness of the planned procedure, and 
severity of the disease.
Which preoperative tests?
One has to distinguish routine tests performed in every patient and 
indicated tests which are ordered for a specific clinical indication.
Electrocardiography (ECG): Although routine ECG may show unex-
pected pathologic findings, only few cases of changed management 
have been reported. In contrast, ECG made after indication led to 
management changes in a significant number of patients. It seems 
reasonable to perform ECG before radiologic procedures in patients 

with pre-existing risk factors for or with manifest cardiac diseases.
Transthoracic echocardiography (TTE): Along with findings in un-
selected ECGs, other data showed that unselected TTE or TTE made 
by indication will show abnormalities in up to 25% of patients. How-
ever, this led to cancellation of surgery in only 0.8% of cases.
Exercise cardiac testing: In patients with indications, exercise test 
shows pathological findings in up to 62 % of patients, leading to a 
significant number of additional cardiac testing with pathological 
findings. This shows that in patients with indications, these cardiac 
tests may be helpful to adequately assess anesthetic risk.
Pulmonary function test: Although some studies show abnormal 
findings after routine testing as well as after test based on indica-
tion, spirometry shows abnormal findings in up to 66%. However, 
there are no data showing that these findings led to changes in clin-
ical management. Chest X-ray led to extension in changes in man-
agement in up to 20% patients. Whether these changes reduced 
perioperative risk of the respective patients remains unknown.
Blood tests: In routine testing, abnormal findings of hemoglobin 
and hematocrit can be found in up to 65% of patients, although it 
remains unclear whether these abnormalities led to changes in peri-
operative management. The same holds true for routine testing of 
coagulation status.
Taking all these data into account, it seems reasonable not to per-
form routine testing but only testing on a selective basis, allow-
ing guiding or optimizing perioperative management. The indica-
tions for different tests depend on the medical history and physical 
examination of the patient as well as on type and invasiveness of the 
planned procedure.
Majority of adverse events associated with sedation are respiratory-
related (3). Because risks associated with sedation include adverse 
respiratory or cardiovascular events, a detailed review of comorbid 
features of these systems, including those that may be indicative of 
obstructive sleep apnea, is important.
The type of monitoring used for sedation is based on the four phys-
iological variables used to define the levels of sedation: hemo-
dynamics, oxygenation, ventilation, and level of responsiveness. 
Standard monitoring with continuous electrocardiogram, noninva-
sive blood pressure measurement, and pulse oximetry is required to 
monitor hemodynamics and oxygenation for patients undergoing a 
procedure under sedation, preferably extended by continuous cap-
nography to monitor ventilation.
After the procedure, adequate pain management along with mon-
itoring of possible complications (pulmonary and cardiac compli-
cations, bleeding, perforation of organs) are the cornerstones of 
patient safety and comfort (4). The time at which a patient may be 
safely discharged home from the hospital depends on substances 
used for sedation/anesthesia, patient conditions, and type and inva-
siveness of the performed intervention. If antagonists of sedation 
agents have been used, the different pharmacologic profiles of the 
agonist and antagonist should be taken into account before dis-
charging the patient.
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305.2
Sedation and analgesia techniques in IR: a practical approach
A. Vari;
Department of Surgery “Pietro Valdoni”, Sapienza University School 
of Medicine, Rome, Italy.

Learning Objectives
1. To learn how to select the best sedation/analgesia strategy 

among the different techniques currently available
2. To learn how to optimally balance the needs of the interventional 

radiologist and the options offered by the anaesthesiologist
3. To learn how to manage the patient intraoperatively and avoid 

post-procedural complications
The number and complexity of interventional radiological proce-
dures (IRP) has widely expanded, increasing the demand for safe 
and effective sedation and analgesia (SA). Trends toward making 
interventional radiology a clinical specialty are not uniform, and 
anesthesiologists are usually not available to attend all IRPs; conse-
quently, interventional radiologists are increasingly involved in pro-
viding pharmacological sedation. The literature reports a large inter-
hospital variability in practice patterns among countries and institu-
tions, with different levels and methods of sedation being used for 
similar procedures. There is an evident, growing need for standard-
ization of protocols for SA administered by non-anesthesiologists 
and introduction of formal training in procedural sedation–analge-
sia including basic and advanced life support, in the interventional 
radiologist core curriculum.
The American Society of Anesthesiology (ASA) identifies four levels 
of sedation as part of a continuum:
Minimal sedation (anxiolysis): a drug-induced state during which 
patients respond normally to verbal commands. Although cognitive 
function and coordination may be impaired, ventilatory and cardio-
vascular functions are unaffected.
Moderate sedation/analgesia (previously termed “conscious 
sedation”): a drug-induced depression of consciousness during 
which patients respond purposefully to verbal commands either 
alone or accompanied by light or tactile stimulation. No interven-
tions are required to maintain a patent airway and spontaneous ven-
tilation is adequate. Cardiovascular function is usually maintained.
Deep sedation/analgesia: a drug-induced depression of conscious-
ness during which patients cannot be easily aroused but respond 
purposefully following repeated or painful stimulation. The ability 
to independently maintain ventilatory function may be impaired. 
Patients may require assistance in maintaining a patent airway, and 
spontaneous ventilation may be inadequate. Cardiovascular func-
tion is usually maintained.
Anesthesia: General anesthesia is a drug-induced loss of conscious-
ness during which patients are not arousable, even by painful stim-
ulation. The ability to independently maintain ventilatory function is 
impaired, requiring assistance in maintaining a patent airway and pos-
itive pressure ventilation. Cardiovascular function may be impaired.
Patients can respond to a predetermined dose of a given medication 
in an unpredictable fashion and enter a deeper level of conscious-
ness than originally planned, necessitating rescue interventions to 
control airway and provide ventilator and cardiovascular support. It 
is very important to be familiar and able to recognize the boundar-
ies between these levels.
Non-anesthesiologists are advised to administer only moderate se-
dation to adult ASA I–III patients (with special considerations), ex-
cluding patients on mechanical ventilation, provided they received 
appropriate training. Moderate sedation provides sufficient anxiol-
ysis and control of undesired patient movements for a good num-
ber of IR procedures, improving patient compliance and satisfaction, 
and procedural outcome.
Specific goals of sedation in interventional radiology include the 
following:

Patient cooperation and/or immobility: responsiveness and abil-
ity to cooperate is essential for the procedure
Analgesia: it could be accomplished with the use of local anesthet-
ics alone, but it may require systemic analgesics in more complex or 
painful procedures
Control of sympathetic reflexes: tachycardia, hypertension, and 
other sympathetic symptoms can be severely deleterious in fragile 
and unstable patients
Reduced level of consciousness and amnesia: being unaware of 
the surroundings is very important for stressed and psychologically 
vulnerable patients.
Intravenous (IV) administration of SA drugs is favored because 
it results in a more reliable and faster onset and more predictable 
absorption rate.
To deliver safe IV sedation for IR interventions, some fundamental 
requirements should be fulfilled:
•   a careful preoperative evaluation (history, physical examination,   
    routine lab tests) and preparation of the patient should be per- 
    formed to identify those at risks for sedation-related complica- 
    tions and refer them to an anesthesiologist (extremes of age, sig- 
    nificant comorbidities and/or major organ dysfunction, history  
    of drug/alcoholic abuse, morbid obesity, known airway pathology,  
    abnormal airway anatomy, history of sleep apnea, uncooperative  
    patient, extremely long procedure).
•   a thorough discussion of the procedure should be included dur- 
    ing acquisition of informed consent (an informed patient is more  
    willing to cooperate and less anxious)
•   a designated team member, other than the interventionalist, with  
    a valid BLS certificate should be in charge of intraprocedural  
    monitoring and patient care
•   a current ACLS certification holder or an anesthesiologist should  
    be available with a response time <5 minutes.
•   an emergency cart, including a defibrillator should be located into  
    the IR suite
•   the blood bank should be approachable for urgent arrangements
•   standard monitoring (pulse oximetry, blood pressure monitoring,  
    continuous electrocardiography),
•   monitoring of level of consciousness (bispectral index, entropy) is  
    highly recommended, if available
•   monitoring of urinary output and temperature is advisable for  
    long procedures
•   the following drugs (including reversal agents) should be  
    available:
-   crystalloids, colloids, and intravenous infusion equipment
-   analgesics, sedatives, and reversal agents
-   anticonvulsants
-   antiemetics
-   antianaphylaxis agents
-   emergency medications (adrenergic agonists, antiarrhythmics, 

vasodilators, vasopressors, anticholinergics)
•   the following airway management and ventilation devices should  
    be available:
-   oxygen humidifier
-   suction and catheters
-   masks: Venti, Hudson, Laerdal, nasal cannulae
-   airways: oral, nasal, pharyngeal
-   ambu bag with mask
-   intubation and ventilation equipment
-   pulse oximeter
-   anesthesia cart
-   blood pressure monitoring device
-   electrocardiograph
-   stethoscope
-   manual handling devices (e.g., patient slide)
-   resuscitation cart (including defibrillator)
-   support for the radiographic table in the event of cardiopul-

monary resuscitation
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Current intravenous techniques of SA for IR procedures involve a 
combination of opioids and hypnotics. The choice of drugs should 
be made on an individual basis, balancing interventional require-
ments (type, length, position of the patient, anticipated pain, and 
level of cooperation needed) with an adequate level of SA and an 
effective control of post-procedural pain.
Patient status should also be addressed in terms of morbidity and anes-
thetic planning. Several patient treated in IR belong to the oncology 
population and present some additional challenges: poor nutritional 
status, paraneoplastic syndromes, higher incidence of nausea and vom-
iting, compromised airway (head, neck, mediastinal tumors), chronic 
use of high doses of narcotics for pain, chemotherapy and radiation-
induced lung disease, and chemotherapy-induced cardiac disease.
Desirable characteristics for procedural sedative drugs include rapid 
onset of action, short duration of clinical effect, rapid recovery time, 
availability of reversal agent, reduced cardiovascular and respiratory 
effects, and efficient pain control. The most frequently used opioids 
are fentanyl and remifentanil. Fentanyl is a potent synthetic opiod with 
a rapid onset (<3 minutes), a relatively short duration (approximately 
40 minutes), and few cardiovascular side effects. It has no anxiolytic 
effect. Remifentanil is a short-acting opioid with a predictable and 
rapid recovery that is relatively independent from the dose. It can be 
administered in high doses until the end of a procedure with little risk 
of delayed recovery from sedation or respiratory depression. Corollary 
drawbacks are represented by the need (and incremental cost) of set-
ting and operating an infusion pump (by an anesthesia provider) and 
the fact that patients experience significant post-procedural pain, 
requiring additional medications for pain control. Benzodiazepines are 
frequently associated with opioids for their anxiolytic effect; this class 
of drugs presents a strong synergy with opioids and combined use 
exposes the patient to a higher risk of respiratory depression. Propofol 
is widely used for its favorable pharmacological profile, but very sel-
dom administered for moderate sedation by non-anesthesiologists.
To allow safe performance of IR procedures, a working knowledge 
of clinical pharmacology of drugs and antagonists as well as close 
observation of some key practice points is required:
-   secure an intravenous access with extension tubings and 

three-way taps before positioning on the table
-   choice of rapid onset, shorter duration analgesics to relieve pain
-   use of preemptive analgesia (paracetamol, nonsteroidal, opioid 

analgesics to be administered first to ensure analgesia occurs 
before painful stimulus)

-   choice of rapid onset, shorter duration sedatives to decrease anxiety
-   titration (medications given in small, incremental doses, with 

sufficient time in-between, to assess clinical effect) or continuous 
infusion if a target-controlled infusion device is available

-   appropriate dose reduction if sedatives and analgesics are used in 
combination

-   use of supplemental oxygen
-   appropriate fluid infusion
-   reversal agents available when oversedation occurs or complica   

tions of SA are experienced
-   careful prevention and management of adverse effects of drugs 

(desaturation, hypoventilation, dysrhythmias, hypotension, 
allergic reactions, nausea and vomiting).

Post-procedural care should be provided in a dedicated recovery 
area and should include vital signs monitoring, nausea and pain 
assessment, and appropriate nursing management. Patients should 
be observed until established discharge criteria are met and for at 
least a minimum of 1 hour after the last administration of a reversal 
agent to ensure that the patient does not get resedated.
A time-based document of intraprocedural and recovery vitals, in-
cluding all drugs administered, inspired O2 concentration, any rescue 
intervention or untoward reaction and reversal medications used, 
should be completed by the professional who administered SA.
All patients and their escorts (if outpatients) should be given written 
post-procedural instructions (diet, medication activities, evaluation 

and treatment of pain, nausea and/or vomiting), including a refer-
ence to contact in case of emergency.
For quality control and improvement, all outcomes listed below 
should be systematically recorded and analyzed:
•   use of reversal agents (naloxone and/or flumazenil)
•   required use of assisted ventilation (positive pressure ventilation)
•   unplanned endo-/nasotracheal intubation
•   hemodynamic instability defined as 30% change from baseline in  
    blood pressure or heart rate and/or occurrence of dysrhythmias
•   unanticipated ICU admission within 48 hrs of procedure.
Formal training in safe sedation and anesthesia and uninterrupted 
attention to updated guidelines should be part of the interven-
tional radiologist curriculum: knowledge of the pharmacology of 
drugs used for sedation and their adverse and side effects, familiar-
ity with sedation regimens, an understanding of patient monitoring, 
detection and treatment of procedure or drug-related adverse/side 
effects and common complications, ventilation techniques, emer-
gency procedures, and periprocedural patient care should be inte-
grated in the mandatory body of knowledge for IR qualification.
A close, cooperative relationship with the anesthetic department is 
strongly encouraged with joint organized teaching and discussion 
sessions.
Institutional standards of care for SA in IR based on the facility, avail-
ability of devices, type and amount of workload and competency of 
personnel working in the IR suite should be established.
During this session, non-anesthesiologists will i) review clinical phar-
macology for moderate sedation; ii) learn how to identify and manage 
adverse effects of SA drugs; iii) understand basic monitoring and its 
clinical significance for titration of drugs; iv) evaluate all available IV 
SA techniques and key factors influencing their choice; and v) expand 
their knowledge on relevant professional guidelines and regulations.
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305.3
Anaesthesia techniques in IR: a practical approach
C. Batistaki;
Second Department of Anaesthesiology, University of Athens, 
Attikon Hospital, Athens, Greece.

Learning Objectives
1. To learn how to select the best anaesthesia strategy among the 

different techniques currently available
2. To learn how to adapt the techniques to different patient comor-

bidity and IR procedural needs
3. To learn how to manage the patient intraoperatively and avoid 

post-procedural complications
Continuous development of interventional radiology (IR) tech-
niques has led to an increased demand of high-quality anaesthetic 
services to support patients undergoing diagnostic or therapeutic 
procedures. In most cases, IR techniques are accompanied by minor 
stimulation and pain, requiring light or deep sedation. However, 
in some instances, general anaesthesia with endotracheal intuba-
tion or laryngeal musk is required. Such cases include procedures 
necessitating complete immobility to obtain improved images, spe-
cial operations (neuroradiological, interventions near vital organs 
or vessels, lengthy or painful procedures, procedures in children), 
or involve uncooperative patients. In addition, general anaesthe-
sia is preferred in patients who require adequate airway control or 
have a risk of aspiration of gastric contents (i.e. severe ascites, risk of 
oesophageal varices rupture, increased intra-abdominal pressure of 
any cause). The choice of the anaesthetic technique and the drugs 
used are selected on the basis of the type, duration and demands of 
the procedure to be performed, age and the medical history of the 
patient, medications administered and the facilities of each IR suite.
One of the biggest problems for anaesthesiologists during IR proce-
dures is the administration of anaesthesia in places outside the oper-
ating theatre, with a large distance with the operating rooms and 
the post-anaesthesia care unit, without the ability to obtain imme-
diate help when required. This makes decision-making in IR anaes-
thesia rather difficult, especially in highly demanding procedures or 
in critically ill patients or patients with airway difficulties. Early com-
munication and planning of the procedure with the radiologists is 
essential to obtain safe and high-quality anaesthesia.
The American Society of Anesthesiologists (ASA) has provided 
guidelines on administration of anaesthesia outside the operating 
theatre, which should be strictly followed. Radiology rooms where 
patients are under sedation or anaesthesia should have all the nec-
essary equipment and drugs for patient’s resuscitation. The same 
applies to adequate monitoring, which should include pulse oxim-
etry, capnography and non-invasive blood pressure, in addition to 
continuous electrocardiogram and a neurostimulator in cases where 
neuromuscular blocking agents are administered. All monitoring 
equipment and intravenous lines should be adequately distanced to 
be easily reached and observed by the anaesthesiologist.
It is of great importance that all patients that are going to receive 
general anaesthesia are adequately assessed pre-operatively and an 
informed consent is obtained. A full medical history (including pos-
sible contrast media allergies, pregnancy, implants, comorbidities) 
is essential, in addition to physical examination and airway evalua-
tion. Patients with difficult airways, whether anticipated or not, can 
be problematic in a setting outside the operating theatre; if a diffi-
culty is suspected, endotracheal intubation should be performed in 
the operating suite because of the greater availability of help and 
equipment. However, equipment for difficult airway control should 
be available also in the radiology department to manage the unan-
ticipated difficult airway. Fasting should follow the guidelines for all 
general anaesthesia procedures.
The anaesthetic technique varies according to the procedure and 
patients’ requirements and co-morbidities. Inhalational (sevoflurane, 

desflurane) and intravenous agents (propofol, midazolam, etomi-
date) may be used, selected according to their pharmacokinetic 
properties on an individualised basis. Drugs of short duration, with 
no active metabolites and no residual post-operative action, are the 
best option for the IR patient. Opioids with this profile include small 
doses of fentanyl, sufentanil or alfentanil, but mainly remifentanil, 
a strong opioid with rapid initiation and termination of action. In 
cases where a neuromuscular blocking agent is required to facilitate 
immobility, intermediate acting drugs may be used (rocuronium, cis-
atracurium, mivacurium). Succinylcholine is the gold standard for 
rapid sequence induction, but its side effects and contraindications 
may not allow its use. Rocuronium is a great alternative in this set-
ting; it can be rapidly reversed because of the presence of a specific 
reversal agent sugammadex.
Post-operative care should be performed in a post-anaesthesia care 
unit, as in all cases of general anaesthesia. Patients should be ob-
served for signs of haemodynamic or respiratory instability, with con- 
trol of blood pressure, heart rate and post-operative pain.
Paediatric patients require special consideration, with early pre-
operative evaluation and involvement of specialised anaesthesia 
personnel familiar with paediatric anaesthesia and peri-operative 
management.
Special considerations
CT-guided procedures:
CT-guided procedures under general anaesthesia require atten-
tion with intravenous lines and breathing circuit to prevent their dis-
lodged by movement of the patient during the scan. Tumour abla-
tion may require advanced analgesia because most of these proce-
dures are painful, especially when they involve bony metastases.
Magnetic Resonance Imaging:
The most important issues in MRI diagnostic studies are the neces-
sity of monitoring and ventilation equipment appropriate for use in 
an MRI suite; the need for keeping the patient immobile in to obtain 
the best quality of MRI scan; the problem of patient distance and 
inaccessibility, especially during prolonged scanning; the extended 
length of most MRI procedures; the heating of monitoring wires 
that can cause thermal injury underneath the ECG electrodes and 
pulse oximetry probe; the effect of the magnet on ferrous materials 
(stents, cardioverters–defibrillators, pacemakers, implanted pumps 
and neurostimulators, all of which should be identified from patient 
history). The anaesthesia provider should be present in the MRI suite 
or watch the patient from the control room, if mirroring of the moni-
tors and direct observation of the anaesthesia machine is adequate.
Transjugular intrahepatic portosystemic shunt (TIPS):
The procedure is usually performed under general anaesthesia to 
achieve immobility and safety because patients have severe liver fail-
ure, requiring total control of airway (with rapid sequence induction in 
cases of ascites) and advanced monitoring (cardiovascular and respira-
tory). Anaesthetic drugs used should be carefully selected in the course 
of pharmacokinetic changes that accompany severe liver disease.
Interventional radiology/neuroradiology procedures:
Angiography/embolisation, ureteral stents, trauma interventional 
procedures, thermography or radiofrequency ablation of tumours 
are more painful than simple imaging, requiring deeper levels of 
analgesia to achieve patient comfort.
Interventional neuroradiologic procedures (such as endovascular em- 
bolisation of AVMs, coil embolisation of cerebral aneurysms, angio-
plasty, thromboplasty) are being performed under various CNS 
pathological states and most of the times general anaesthesia is 
required to achieve the optimal imaging. These procedures are 
highly-demanding and may require deliberate hypotension, hypo-
capnia, control of endocranial pressure or rapid transition between 
deep sedation and awake states. Monitoring in this case may be 
advanced, with intra-arterial and/or central venous pressure mea-
surement, or may include neurophysiological parameters. These 
procedures follow the principles of neurosurgery as for brain protec-
tion and optimisation.
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In conclusion, the minimally-invasive nature of interventional radi-
ology procedures puts the necessity of development of anaesthetic 
techniques, towards optimisation of anaesthesia, analgesia and 
immobility, in addition to minimal or no residual action of anaes-
thetic drugs after surgery and provision of safety throughout the 
procedure.
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305.4
Locoregional techniques: local anaesthetics to nerve block
X. Sala Blanch;
Servicio de Anestesiología y Reanimación, Hospital Clínic de 
Barcelona, Barcelona, Spain.

Learning Objectives
1. To learn how to use locoregional techniques to perform IR proce-

dures
2. To learn which anatomy is relevant in performing locoregional 

techniques
3. To learn which locoregional techniques can be used for pain 

management

No abstract available.

Foundation Course
Stroke management 1: how I do it

901.1
What do you need to know about imaging in acute stroke?
K.A. Hausegger;
Radiology, General Hospital Klagenfurt, Klagenfurt, Austria.

Learning Objectives
1. To learn the basic neuroradiological algorithms 
2. To learn the contemporary use of rapid imaging to approach 

acute stroke patients in a brief and to the point way for beginners
3. To understand decision making processes based on imaging for 

treatment of choice in stroke patients
In patients with acute stroke, knowledge of clinical history, clini-
cal status, and adequate preinterventional non-invasive imaging is 
essential to establish an indication for mechanical thrombectomy 
(MTE).

Typically MTE is indicated after the confirmation of a major intracra-
nial arterial branch occlusion, the exclusion of intracranial hemor-
rhage, and major infarct in the affected vascular territory (i.e., >1/3 of 
the MCA territory) and a favorable penumbral pattern (small infarct 
core and substantial salvageable tissue).
All these questions can be answered by CT or MR; however, in most 
centers, advanced CT imaging is used. Noncontrast enhanced CT 
(NE-CT) can safely rule out intracranial hemorrhage and may depict 
early cerebral infarction. It is generally accepted that an infarct 
observed by NE-CT involving more than 1/3 of the MCA territory is 
a contraindication for MTE. The ASPECT scale is a method to cate-
gorize early CT findings in stroke patients in more detail. It has been 
proven that patients with an ASPECT score >7 have a high probabil-
ity of a poor clinical outcome even with successful recanalization of 
the occluded vessel (1).
CT-angiography (CTA) displays the angio-anatomical situation with 
high reliability. Scan range should reach from the aortic arch to well 
above the circle of Willis. MTE is only indicated if a major artery sup-
plying the brain is occluded (i.e., carotid terminus, M1, and basilar 
artery occlusion). Treatment of M2 occlusions is under discussion.
CTA may also provide information regarding collateral circulation in 
the affected territory.
Souza et al. defined collateral flow patterns in CTA and could show 
that a so-called “malignant” pattern, where no contrast filling of 
peripheral arterial branches in the affected territory was seen, is 
associated with a poor clinical outcome in >90% patients, whereas 
good filling of peripheral branches was associated with good clinical 
outcome in majority of patients (2).
Penumbral imaging is typically performed with diffusion/perfu-
sion MR imaging; however, CT-perfusion studies may provide sim-
ilar information. Although a prospective randomized trial could 
not show that a favorable penumbral pattern is helpful to identify 
patients who would benefit from MTE (3), there is a high demand for 
further studies to determinate the optimal imaging algorithm.
Currently, a straight forward CT/CTA protocol is recommended. The 
essentials are exclusion of bleeding, exclusion of a major infarct, and 
confirmation of a major branch occlusion. The role of penumbral 
imaging and perfusion studies in advanced CT and their influence 
on decision making regarding the indication for MTE still need to be 
defined (4).
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901.2
How to decide when to perform intra-arterial thrombolysis/
thrombectomy (IAT)
A. Berlis;
Klinik für Diagnostische Radiologie und Neuroradiologie, Klinikum 
Augsburg, Augsburg, Germany.

Learning Objectives
1. To learn the indications for treatment
2. To understand how to decide between systemic or endovascular 

treatment
3. To learn how to select the endovascular choice of treatment 

based on the clinical setting
The introduction of local intra-arterial fibrinolysis by Zeumer in 
1981 marked a milestone in the treatment of acute stroke. On com-
paring treatment strategies, the indication for treatment did not 
change over time and depends on clinical and neuroimaging fac-
tors. Important factors are exclusion of hemorrhage in non-con-
trast CT and exclusion of large infarcts. In anterior circulation stroke, 
the ASPECT score is more robust than the one-third rule for detect-
ing ischemic lesions. Patients with ASPECT score less than 7 bene-
fit from systemic and intraarterial recanalization to a lesser degree, 
have a greater risk of hemorrhage, and a poorer 3-month outcome 
than those with ASPECT score of 7 and higher. By using thin-slice 
reconstructions of non-contrast CT scans, it is even possible to make 
a reliable quantitative assessment of the length of MCA occlusion 
based on slice thickness of 2.5 mm. Thrombus length larger than 
7–8 mm failed to recanalize by systemic thrombolysis. Additional 
CT- or MR-angiography is helpful to detect the occlusion side, the 
occlusion length and collateralization. CT perfusion imaging per-
mits the quantitative determination of cerebral blood flow, cerebral 
blood volume, and mean transit time, which allow differentiation in 
irreversible damaged and salvaged brain tissue.
Once a patient with stroke has been imaged and selected, intra-
venous thrombolysis can be initiated within 4.5 hours from stroke 
onset. This can bridge the interval to local intra-arterial thromboly-
sis or mechanical recanalization. The decision to perform intra-arte-
rial thrombolysis or mechanichal thrombectomy depends on the 
local situation after systemic thrombolysis. Proximal vessel occlusion 
can be recanalized very rapidly and is successful in approximately 
80%–90% of the cases using mechanical devices, whereas clot distri-
bution or residual short clot burden can be effectively treated with 
local fibrinolytics. Actually, stent retrievers have higher recanaliza-
tion rates and better clinical outcomes compared with other retriev-
ing or suction devices.
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901.3
Logistics of IAT in acute stroke patients
H. van Overhagen;
Department of Radiology, Haga Teaching Hospital, Leyenburg, The 
Hague, Netherlands.

Learning Objectives
1. To learn what one needs to establish in an angiography lab in 

terms of equipment and tools for an efficient stroke team (as an 
interventionist who wants to start a stroke practice)

2. To learn how to organise interdisciplinary logistics for efficient 
stroke service (as an interventionist who wants to start a stroke 
practice)

3. To learn what the optimal workflow of an IR stroke service should be 
Stroke management is teamwork. Close cooperation with the neurol-
ogist who will examine the patient, make the diagnosis of stroke and 
decide whether or not to refer the patient for intra-arterial treatment 
(IAT) is essential. Thus, protocols and logistics should be decided in 
mutual agreement. In addition, information regarding the stroke ser-
vice should be provided to the public, the local general practitioners 
and ambulance service, the emergency department of the hospital 
and the imaging department. Offering stroke treatment requires a 
group of interventional radiologists and technicians who are able to 
offer 24/7 service and a 100% admittance rate of the hospital. Initially, 
this team has to be trained at other hospitals or should be supported 
by a proctor. A high quality intervention radiology suite and all the 
necessary equipment such as flush systems, balloon guide catheters, 
microcatheters, micro guidewires, stent retrievers and medication 
such as urokinase, rt-PA and nimodipine should be available. During 
the procedure an anaesthesiologist or neurologist should haemody-
namically and neurologically monitor the patient. Time is imperative 
in stroke treatment and efforts should be made to reduce the interval 
to needle time as much as possible. Time window for IAT treatment 
for anterior and posterior circulation is within 6 h and 12 h of the 
event, respectively. However, data from intravenous treatment show 
declining results with progression of time. At most institutes, IAT is 
considered in patients who do not benefit from IVT, who are too late 
for IVT or in whom IVT is contraindicated. To initialize IAT as early as 
possible, it is recommended to administer IVT at the time of CT scan 
as soon as a haemorrhagic stroke has been ruled out. Subsequently, 
CTA should be obtained in all patients in whom IAT may be consid-
ered and to warn the IAT team. For logistical reasons one should 
observe patients that are suitable for IAT at the radiology department 
to enable immediate transfer to the interventional radiologic suite 
for IAT in patients who do not benefit from IVT.
In conclusion, IAT logistics in acute stroke management should focus 
on the reduction of time between the event and treatment. In hos-
pitals, logistics may particularly be improved at the emergency 
department as well as at the administration of IVT, CT scanning and 
initializing IAT.
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901.4
Which devices should I use in which patients?
A. Clifton;
Department of Neuroradiology, St George’s Hospital, London, 
United Kingdom.

Learning Objectives
1. To understand how mechanical revascularization differs from 

pharmacological thrombolysis
2. To learn different mechanical revascularisation techniques 
3. To learn how to select the proper device
Clinical trials assessing intra-arterial thrombolysis and various me-
chanical devices will be reviewed. Current devices will be reviewed 
and cases illustrating techniques will be shown.

Special Session
Abdominal aorta - update 

902.1
Has the percutaneous approach for EVAR reduced access site 
complications?
F. Fanelli;
Interventional Radiology Unit, Department of Radiological Sciences, 
Sapienza - University of Rome, Rome, Italy.

Learning Objectives
1. To learn the techniques for percutaneous access for EVAR
2. To learn the benefits and drawbacks of percutaneous access for 

EVAR
3. To learn if outcomes of EVAR are improved by percutaneous 

access
The introduction of vascular closure devices (VCD) has ushered in a 
new era of access site management in patients undergoing endo-
vascular procedures particularly for the use of large sheaths, throm-
bolytic therapies, and extensive anticoagulation regimens including 
aspirin, heparin, and GP IIb/IIIa inhibitors.
Since their introduction in the early 90s, VCD have gained increas-
ing popularity among endovascular procedures for their effective-
ness in improving patients’ comfort, in reducing time to hemosta-
sis (TTH), time to ambulation (TTA), and potentially reducing costs.
VCD have also been introduced in the management of access sites 
essential for the endovascular treatment of abdominal aorta aneu-
rysms (EVAR). Thus the term PEVAR (total percutaneous endovascu-
lar abdominal aortic aneurysm repair) has been coined, and it now 
stands for a significant reduction of procedural invasiveness and 
patients’ total recovery within a few hours.
Such a technique has developed to avoid complications of surgi-
cal common femoral artery (CFA) repair and its main advantages 
are reduction of procedural time, of blood loss, and of patients’ 
discomfort.
This technique is essentially based on the use of two different clo-
sure devices, Prostar XL device (Abbott Vascular) and Perclose 
ProGlide device (Abbott Vascular), and consists of deploying the clo-
sure devices before insertion of a large sheath, leaving the suture 
ends to be tied at the end of the procedure.
Several studies have reported a technical success varying between 
63% and 96%. It has been demonstrated that technical success 
depends on the operator’s experience, on patients’ correct selec-
tion, and on an accurate preprocedural angio–CT evaluation.
In a nonrandomized study, Howell M. has made a comparison between 
the percutaneous technique and the surgical one. The study, based 
on the employment of a 22Fr. Sheath, has described a reduction of 
the procedural time (105 ± 21 min vs. 171 ± 33 min; p < 0.0001), and 
of the blood loss (91 ± 50 mL vs. 383 ± 410 mL; p < 0.0001). Technical 
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success of 93% has been reported with no case of postprocedural 
groin complications.
Further studies have confirmed these good results and consequently the 
number of PEVAR procedures has progressively increased worldwide.
Lee reported a technical success rate of 94% in 292 patients. Failures 
were related to coagulopathy, high puncture sites, dissection, pseu-
doaneurysm, or sutures pulling through the artery. After a 12-month 
follow-up, 3 complications were observed: 1 femoral dissection and 
2 pseudoaneurysms.
Non-sheath-based endograft devices are undoubtedly less ame-
nable to PEVAR because introduction and removal of these devices 
without sheaths can result in an increased risk of bleeding and of 
groin hematoma.
Jaffan carried on a systematic literature review and meta-analysis in 
2,257 patients and 3,606 arterial accesses with a technical success rate 
of 94%. Failure was unilateral in majority (93%) of the 133 failed PEVAR 
cases. The groin complication rate in PEVAR was 3.6%; a minority 
(1.6%) of these groin complications required open surgery. The groin 
complication rate in failed PEVAR cases converted to groin cutdown 
was 6.1%. A significantly higher technical success rate was achieved 
when arterial access was performed via ultrasound guidance. The 
technical failure rate was higher with larger sheath size (≥20F).
General results confirm that the percutaneous approach signifi-
cantly reduces complications particularly when the artery is punc-
tured under ecographic guidance. A higher incidence of compli-
cations has been observed when devices of great dimensions are 
employed. However, currently, the use of an ever increasing number 
of small devices is considerably lowering the rate of risks.
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902.2
Do the new EVAR devices enable us to treat more patients 
more effectively?
A. Holden;
Radiology, Auckland City Hospital, Auckland, New Zealand.

Learning Objectives
1. To learn about the range of new EVAR devices currently on the market
2. To learn if current EVAR devices are more suited to specific patient 

anatomy
3. To learn the pitfalls of current devices and where they could be 

even further improved 
There are two important questions that the title of this presentation 
raises–the ability of new EVAR devices to treat a higher number of 
patients with infrarenal AAA and the ability of new EVAR devices to 
achieve improved durability. These will be addressed separately.
A limitation of current EVAR devices is an inability to treat majority 
of AAA morphologies. A large percentage of patients with AAA cur-
rently being treated by EVAR have devices used outside their com-
pany’s instructions for use (IFU).1 Infrarenal neck anatomy is the most 
common limitation, especially in women.2 The reason that a higher 
number of patients cannot be treated by EVAR is because almost all 
current devices seal the aneurysm by graft artery wall apposition at 
the proximal and distal sealing zones. Although the IFUs of mod-
ern devices have allowed treatment of more patients (neck length 
10 mm, neck angulation <60°, iliac diameter ~24 mm), approximately 
40% infrarenal AAAs lack these features.1
EVAR devices that achieve endovascular aneurysm sealing (EVAS) by 
compliant polymer have the potential to treat various aneurysm mor-
phologies. Although experience is still limited with the Endologix 
Nellix device, neck morphologies, such as conical shape and ulcer-
ation, appear to be well treated with this device. The device does 
have the potential to treat short necks using techniques such as “test 
fill,” but excessive neck thrombus and angulation still remain limita-
tions. Up to 30% of patients with AAA have concomitant common iliac 
artery aneurysms,3 and many of these can be treated by Nellix avoid-
ing internal iliac artery embolization. The device also has the ability to 
treat short common iliac arteries common in the Asian population.
With regard to durability, both EVAR 1 and DREAM trials showed a long 
term reintervention rate much higher than open repair. Registry data 
from modern EVAR devices have also shown excellent protection from 
aneurysm related mortality but at the expense of reintervention. These 
devices have reduced the incidence of migration and limb occlusion but 
endoleaks have not been excluded, particularly type 2 endoleaks. There 
is debate about the significance of type 2 endoleaks, but what is beyond 
the debate is that patients with a type 2 endoleak have a much higher 
incidence of aneurysm sac enlargement and reintervention.4 Although 
experience is still limited, EVAS with Nellix has been successful in pre-
venting device migration and any endoleak, including type 2 endoleaks. 
It remains to be seen if durability and freedom from reintervention can 
be achieved in a greater number of patients.
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902.3
Trials update for elective and emergency EVAR
A. Chavan, R.P. Thomas, O. Dapunt;
Institut für Diagnostische & Interventionelle Radiologie, Klinikum 
Oldenburg gGmbH, Oldenburg, Germany.

Learning Objectives
1. To learn the current outcomes of elective EVAR
2. To learn the current outcomes of emergency EVAR
3. To learn whether elective and emergency EVAR are cost effective
Elective EVAR
Over the past two decades, endovascular aneurysm repair (EVAR) 
has revolutionized the treatment of abdominal aortic aneurysms 
(AAA) (1). With technical success rates of EVAR well exceeding 90% 
in properly selected cases (2), open surgical repair (OR) has steadily 
given way to EVAR. In the majority of the patients undergoing suc-
cessful EVAR, either arrest of progression or a reduction in the size 
of the aneurysm is observed. Pre-requisites are an adequate proxi-
mal and distal sealing as well as an adequate overlap between mul-
tiple endograft components. In addition to proper patient selection, 
appropriate endograft sizing are obligatory (3).
Procedure related complications include injury to the access vessels, 
improper endograft placement, stenoses or occlusions of endograft 
limbs, cardiopulmonary events, and endoleaks (4). Type I and type III 
endoleaks are associated with significant aneurysm growth and rup-
ture (5); causes for such endoleaks include improper patient selec-
tion, incorrect endograft sizing, endograft migration, disconnection 
of endograft components or endograft tears due to material fatigue 
(2). These endoleaks, as a rule, necessitate repeat interventions. In 
contrast, the type II endoleaks, mostly via the lumbar or the inferior 
mesenteric arteries are of debatable significance. In a minority of 
cases with persistent type II endoleaks and an increase in aneurysm 
size, reintervention is indicated (6).
The EVAR 1 trial, a randomized controlled trial (RCT), was instigated 
to compare outcomes of elective EVAR versus OR in patients judged 
fit for open AAA repair. The 30-day mortality of 1.7% (9/531) in the 
EVAR group was significantly lower than the 4.7% (24/516) mortality 
in the OR group (p = 0.009). The length of hospital stay was also 
shorter in the EVAR group. However, secondary interventions were 
more common in patients allocated to EVAR (9.8 % vs. 5.8 %; p = 0.02) (7).
The RCT EVAR 2 (8) was instigated to identify whether EVAR 
improves survival compared with no intervention in patients unfit 
for open repair. The primary endpoint was all-cause mortality, with 
secondary endpoints of aneurysm-related mortality, health-related 
quality of life (HRQL), postoperative complications, and hospital 
costs. The authors conclude that EVAR has a considerable 30-day 
operative mortality (9%) in patients unfit for open surgery. EVAR did 
not improve survival over no intervention and was associated with 
a need for continued surveillance and reinterventions. These infer-
ences are also supported by the results of the DREAM trial published 
in 2010. This is also an RCT comparing outcomes of EVAR to those 
of OR in 351 patients. Six years after randomization, EVAR and OR 
resulted in similar rates of survival (68.9% vs. 69.9%). The rate of sec-
ondary intervention was significantly higher for EVAR (9).
Against this backdrop, understandably, a comparison of cost effec-
tiveness and quality of life (QoL) between EVAR and OR becomes 
relevant. The EVAR 2 trial reports substantially higher costs in EVAR 
patients as compared with those undergoing open repair (£13632 
vs. £4983) after 4 years (8). This is confirmed by the results of the 
DREAM trial as well; in this trial, endovascular repair was associated 
with additional €4293 direct costs (€18179 for EVAR vs. €13886 for 
OR) after one year (10). In a report comparing QoL in the two groups, 
EVAR showed a small but significant QoL advantage in the early post- 
operative period; however, at 6 months and beyond, patients reported 
better QoL after OR than after EVAR (11).

Emergency EVAR
After elective EVAR became an established therapy for treating AAA, a con- 
cept emerged at the turn of the century that aimed at treating ruptured 
AAA (rAAA) with EVAR. Since a ruptured aneurysm is nearly always fatal, 
primary survival is of utmost importance to the critically ill patient. Thus, 
in addition to excluding the aneurysm permanently from circulation, the 
primary aim of therapy in such patients was also the tiding over of the 
acute unstable situation. Although open surgery was the only method 
to treat rAAA in the 1990s, EVAR progressively became the more pre-
ferred modality since 2001 at the Erasmus University Medical Center (12).
For rAAA, a standard approach is indispensible for efficient treat-
ment. Patients are kept on permissive hypotension to facilitate hemo-
stasis; the rationale behind this approach is that low systolic arterial 
pressure is well tolerated for short periods and limits internal bleed-
ing. Circulatory collapse caused by induction of general anesthesia 
can be prevented by performing EVAR under local anesthesia (12, 13). 
For obtaining optimal results, ready availability of a wide assortment 
of endografts and endograft components, which can be used in vari-
ous permutations and combinations as required in an emergency sit-
uation is obligatory. In addition, round the clock availability of a well 
trained team familiar with both the endovascular as well as the open 
surgical approach cannot be adequately emphasized (12, 13).
Several observational studies report a definite treatment advantage 
in favor of EVAR as opposed to OR for treating rAAA. After collecting 
data from 49 centers, Veith and colleagues published the results in 
1037 patients treated with EVAR and 763 patients treated with OR. The 
30-day mortality in the EVAR group was significantly lower than that of 
the OR group, 21.2% vs. 36.3%, respectively. Centers with larger patient 
numbers showed lower 30-day mortalities compared with centers 
with lower patient numbers. EVAR was used as a treatment modality in 
a mean 49% of cases. In the authors’ opinion, EVAR is superior to OR for 
treating patients with suitable anatomy, particularly high-risk, hemo-
dynamically instable patients and those with hostile abdomens ben-
efit most from EVAR (13). Nedeau et al report on 74 such patients over 
10 years. The perioperative mortality in their cohort was only 15.7% 
for patients undergoing EVAR as opposed to 49% for those undergo-
ing OR. Even other end points such as one year and mid-term survival, 
length of hospital stay as well as ventilator-dependant respiratory fail-
ure were more advantageous in patients treated with EVAR (14).
The recently published Erasmus University Medical Center Experience 
retrospectively compared the outcome of endovascular versus open 
repair of rAAA over a 20 year period in 314 patients, 78 of whom 
underwent EVAR and 236 who underwent OR. The study endpoints 
were 30-day mortality and long-term survival. Their 30-day mor-
tality rates were significantly lower in patients treated with EVAR 
(23.8%) compared with patients treated with OR (52.3%; P = 0.016). 
The authors proved that both open repair and age at repair were 
independent risk factors for 30-day mortality. The introduction of 
EVAR for rAAA at their center was associated with an overall increase 
in the number of treated patients (119 in the first 10 years of the 
study versus 195 in the subsequent decade) and simultaneously, a 
decrease in the overall 30-day mortality (from 52.6% between 1991 
and 2001 to 39.3% between 2002 and 2012). The survival advantage 
for patients undergoing EVAR for rAAA persisted during the first 5 
years after repair (P = 0.026), but no significant difference in survival 
was observed when the entire follow-up period was analyzed (12).
As opposed to the results of these observational, mostly single-center 
studies, the survival benefit of EVAR for rAAA has not been confirmed 
by the RCTs. In the Nottingham pilot trial, no significant differences in 
the 30-day mortality rates were found between OR and EVAR (15). In 
this trial, although 103 patients were admitted to the study, only 32 
were recruited; the trial was stopped because it was underpowered. 
Even the results of the AJAX trial (16) (in which only 22% of all initially 
enrolled patients were randomized) presented at the Charing Cross 
Symposium in London (April 2012) failed to demonstrate the poten-
tial benefits of EVAR in rAAA repair with a 30-day mortality of 21% for 
EVAR versus 25% for open repair. However, the number of patients 
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requiring prolonged mechanical ventilation as well as procedural 
blood loss was significantly lower in the EVAR group. These patients 
also had shorter ICU and hospital stays (9). The ECAR (17) and 
IMPROVE (18) trials are not completed yet.
Take home points
As per statistical data, elective EVAR appears to be on unsure foot-
ing as compared with OR for treating AAA. However, in reality, the 
procedure has attained a stable, if not an invincible, position in the 
treatment algorithm for AAA. Patient preference and the lower inva-
siveness of the procedure support this development. The gracile 
profile of the modern day introducer systems facilitates percutane-
ous implantation, which in turn can be expected to further limit pro-
cedure related complications. Furthermore, the disadvantages of 
continued surveillance and reinterventions may in some measure be 
offset by the availability of sturdier endografts that are less suscepti-
ble to material fatigue as well as by reducing the number of intervals 
between postoperative controls. Undoubtedly, a reduction in endo-
graft costs would also contribute to the palatability of the procedure 
from the point of view of the health insurances.
In contrast, the data available on EVAR for rAAA is very encouraging, 
although the few available RCTs do not confirm the clear cut benefit 
of EVAR reported in observational studies. With increasing expertise 
of the interventionists and vascular surgeons and the ready avail-
ability of bifurcated as well as aortouniiliac endografts, a wide new 
field is expected to open up for EVAR in the treatment of rAAA.
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902.4
Medium and long term outcomes after fenestrated EVAR - do 
devices migrate?
A. England;
Lecturer in Medical Imaging, University of Liverpool, Liverpool, 
United Kingdom.

Learning Objectives
1. To learn medium and long term outcomes of fenestrated devices
2. To learn if there is evidence of fenestrated device migration
3. To learn how device migration can be managed and prevented
The first commercially available stent-grafts were unable to with-
stand the haemodynamic forces within the abdominal aorta. Over 
the past 20 years we have seen a steady improvement in stent-graft 
performance. During this time we have seen both EVAR enthusi-
asts and manufacturers attempt to extend the reach of stent-graft 
technology to short-necked, juxta- and suprarenal abdominal aor-
tic aneurysms (AAA). Fenestrated stent-grafts are now a common 
treatment option for complex AAA and have been implanted in 
over 1,500 patients worldwide1. Fenestrated stent-grafts differ from 
standard infrarenal devices in that they raise the sealing zone of the 
device to either at or above the level of the renal arteries. Holes or 
fenestrations are carefully planned within the graft fabric to ensure 
perfusion of the visceral aortic side branches. With the risk of com-
promise to the visceral blood, supply from minor movements in 
endograft fabric fenestrations are routinely secured with additional 
target vessel stents. Theoretically, fenestrated stent-grafts should be 
more stable within the abdominal aorta when compared with their 
standard infrarenal counterparts2. However, there is concern with the 
vascular community that even small amounts of fenestrated stent-
graft migration can affect target vessel patency and lead to aneu-
rysm reperfusion. Many large vascular centres that offer fenestrated 
stent-graft repair have reported cases of device migration3-8. These 
reports are limited to only short and mid-term follow-up studies 
and studies that define migration as only cases that caused clinical 
sequelae or required reintervention. It is likely that there would be 
benefit from detecting stent-graft migration in a pre-clinical state9; 
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this would allow prompt reintervention or adaption of follow-up, 
which may avert a potentially catastrophic event. Recent quanti-
tative studies (migration = movement ≥4 mm) have demonstrated 
fenestrated stent-graft migration rates of 14% and 22% at 1 and 3 
years, respectively10. Migration, when measured using serial CT, 
is predominantly seen as movement of less than 6 mm in a caudal 
direction. This paper aims to discuss the issue of mid- and long-term 
outcomes following fenestrated stent-graft repair, particularly the 
issue of device migration and whether some cases of migration can 
be attributed to engagement of the anchoring stent barbs.
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Special Session
Haemodialysis

903.1
Is shunt surveillance useful: why and how?
M. Roček;
Clinic of Imaging Methods, University Hospital in Motol, Prague, 
Czech Republic.

Learning Objectives
1. To learn the different surveillance tools
2. To learn the relevance of access surveillance
3. To learn the implications for clinical practice

Vascular access is the Achilles heel of a hemodialysis patient. Monit-
oring and surveillance of vascular access are an integral part of hemo- 
dialysis patient care. The Dialysis Outcome Quality Initiative Guide-
lines (DOQI) and the European Best Practice Guidelines (EBPG) have 
provided a list of techniques that can be applied for monitoring and 
surveillance of vascular accesses. The issue of adequate target set-
ting is analyzed in view of published works on clinical impact of 
access surveillance system introduction (timely detection of access 
stenosis and access patency).
The benefits of vascular access surveillance are as follows: a) erad-
ication of unnoticed deterioration of delivered hemodialysis dose 
caused by the onset of access recirculation caused by compro-
mised access, b) higher success rate in correction procedures if per-
formed earlier in a stenosed rather than thrombosed access, c) gen-
eral prolongation of access patency, d) cost savings or at least cost 
effectiveness.
Monitoring strategies include physical examination (thrill, bruit, 
buzz, and pulsations) of the vascular access to detect physical signs 
suggestive of physical pathology. Access flow measurement, duplex 
Doppler ultrasound, and direct or derived static pressure are the fre-
quently used surveillance tools studied in the literature, with flow 
measurement (QVA) being the most widely used technique.
Early detection of vascular access dysfunction can prevent not only 
complications related to vascular access but also those of insuffi-
cient dialysis.
QVA is a parameter that determines the quality of vascular access, 
whose measurements at regular intervals allows one to perform early 
intervention. Indication for a fistulography with possible interven-
tion is recommended at access flow decrease of 25% or more over 4 
months and/or at QVA below 350–400 ml/min in arteriovenous fis-
tula (AVF) and below 400–600 ml/min in arteriovenous graft (AVG).
For reliable trend evaluation, the flow should be always be mea-
sured at the same time during dialysis, preferably during the first 
hour. Monitoring interval should certainly be individualized on the 
basis of access type (longer in AVFs than in AVGs), actual QVA value 
(longer for higher flows), and QVA history (shorter in new, longer in 
known VA with stable flow).
Regular interval is often chosen according to the current status and 
history of vascular access. For new AVF/AVG and when decreasing 
flow rate once per month, a 1-month interval is also chosen after all 
interventions for a period of 3 months. Constant flow measurement 
interval is 1 month for AVG (DOQI) and 3 months for AVF (EBPG).
All studies on vascular access monitoring and surveillance (VAMS) 
systems published so far have uniformly demonstrated a significant 
decrease in thrombosis rate and thus in thrombectomies, regard-
less of the access type (decrease is apparently more pronounced in 
AVGs than in AVFs) after introduction VAMS. This decrease is as a rule 
accompanied by a parallel increase in the number of performed pro-
phylactic angioplasties. With the introduction of the access surveil-
lance, the number of surgical interventions decreased from a pre-
vious 80% of all interventions to a current 10%–15%, which were 
replaced by balloon angioplasties.
The implementation of a vascular access surveillance is associated 
with increase in the number of interventions.
A larger multicentric randomized study with hard clinical end points 
to evaluate the optimal surveillance strategy for both fistula and 
graft are required with adequate sample size.
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903.2
The role of IR in the management of non-maturing fistulas
L. Turmel-Rodrigues;
Dept. of Radiology, Clinique St-Gatien, Tours, France.

Learning Objectives
1. To learn how to diagnose the non-maturing fistula
2. To learn the relevance of accurate diagnosis
3. To learn how to adequately treat the non-maturing access
As soon as an arteriovenous anastomosis is created, the arterial-
ized vein should progressively expand and its wall should thicken 
and lumen should widen as a result of high-pressure blood flow. 
The afferent artery should equally enlarge because of rapid rise in 
flow encouraged by the AVF low-pressure, high-compliance sys-
tem. A normal radial artery has a flow rate of less than 50 mL/min, 
but this surpasses 500 mL/min 1 month after radial–cephalic AVF 
creation, occasionally reaching 1L/min or even 2L/min in extreme 
circumstances.
An AVF should be systematically evaluated at 4–6 weeks after cre-
ation by the surgeon or nephrologist for suitability for needling, 
given that most AVFs are mature by 6–8 weeks after surgery. Any clin-
ical clues suggestive of nonmaturation should be promptly followed 
up and confirmed by detailed duplex ultrasonogaphy to detect 
inadequate access flow due to inflow stenoses or a deep arterialized 
vein (more than 5 mm from the skin surface) (1). The latter can be 
superficialized by the surgeon. Anastomotic stenoses can be dilated 
or revised surgically. All stenoses located away from the anastomosis 
should be managed endovascularly (2-4).
A nonmature (“nonmaturing” or “immature”) AVF is defined as a 
<3-month old fistula, which is insufficiently developed to be suc-
cessfully needled for dialysis (2). This definition also covers older 
AVFs that were functioning for less than 1 month but having can-
nulation difficulties. These AVFs should of course have been initially 
evaluated for identification and correction of anomalies instead of 
subjecting them to difficult and traumatic needling.
After vein depth is ruled out as cause of nonmaturation, a significant 
stenosis is invariably identified and should therefore be operated or 
dilated. Predilation angiography should be performed preferably 
through the brachial artery so that the upper arm arterial supply, the 
anastomosis, the arterialized vein, and its venous outflow architec-
ture can be properly assessed (2, 5). Diluted iodine is used in predi-
alysis patients (6).
Whenever brachial artery cannulation is contraindicated (oral anti-
coagulants), a retrograde puncture of the arterialized vein, after 
placing a tourniquet above the elbow to create venous distension, 
is the preferred approach for moving the guidewire–catheter sys-
tem across the anastomosis. It is best to avoid cannulating into the 
prospective dialysis needling segment to prevent inducing fibros-
ing hematoma in this region. Initial angiography of the anastomo-
sis, juxta-anastomotic area, and lower third of the proximal radial 
artery is performed by forcefully injecting contrast through the 
diagnostic catheter and manually compressing the venous outflow. 
Angiography should be performed before advancing any guidewire 
and/or catheter into the proximal radial artery to prevent induced 
arterial spasms, which act as pseudostenoses. The catheter is then 
pushed over the guidewire into the afferent artery up to the elbow, 
and further angiograms are obtained to localize the stenosis usually 

found in the perianastomotic area. It is not uncommon to find dif-
fuse infiltration of the afferent artery or vein. The key is to be able to 
ascertain it and observe it as a long stenotic segment that can bene-
fit from dilation instead of erroneously concluding that they are just 
poor-quality vessels not warranting percutaneous dilation.
As a rule of thumb, it is best to perform a retrograde puncture of the 
vein close to the elbow whenever dilation is anticipated. Angio-
graphy performed from the brachial artery may indicate the area of 
vein to puncture under tourniquet. If the vein is deemed too deep, 
the fistula can be accessed by a retrograde puncture of the distal 
radial artery at the wrist (7). Dilation from a brachial artery approach 
is feasible but usually not recommended because of the risk of com-
plications at the cannulation site (8-9).
Based on our long-standing experience in nonmature radial–
cephalic AVF interventions, the best results are obtained when 
the juxta-anastomotic vein and the feeding artery are dilated with 
6-mm and 4-mm dilation balloons, respectively. A 6F introducer 
sheath should be used in this case. Undersizing the dilation balloons 
(i.e., 5 mm for the vein and 3 mm for the artery) does not provide 
the same effective treatment as oversizing the balloon (7 mm for the 
vein and 5 mm for the artery) increases the risk of rupture.
The risk of thrombus formation is markedly elevated in fistulas 
with low access flow. It is therefore essential to inject saline boluses 
at 1-min intervals or 2000 units of heparin once the inflated bal-
loon temporarily interrupts access flow. The introducer sheath may 
occlude the vein lumen by inducing spasm or by mass effect 
such that the vein needs to be cannulated upstream to dilate the 
occluded segment. Nonmaturing AVFs are ideally needled only 7–14 
days after successful dilation to allow hematomas caused by cannu-
lation and local anesthesia to be resorbed.
The venous wall of nonmaturing AVFs is not well thickened because 
of poor access flow. Rupture of the weak venous wall is therefore 
common (15% cases), the majority of which can be managed with 
prolonged balloon tamponade. In the elderly (>80 years old) and 
thin patients venous rupture may be more extensive by a few cen-
timeters and amenable only to a self-expanding stent. These two 
categories of patients should as a precaution have their vein dilated 
with a balloon no bigger than 5 mm.
The use of stents at superficial locations can cause skin ulceration 
and denudation, thus exposing the stent struts. Treatment for this is 
AVF ligation or skin graft over the exposed stent. The risk of rupture 
should nonetheless not render dilation a contraindication in nonma-
turing AVFs because they are otherwise abandoned when no action 
is taken.
Secondary venous rupture does happen and may manifest as pseu-
doaneurysm formation a few days after a seemingly successful and 
uneventful dilation or a well-managed venous rupture. The reopen-
ing of the venous defect behaves as a delayed primary rupture. 
According to anatomic location and size, it can be treated by stent 
placement or surgical revision.
Any significant stenosis along the axis of an arterialized vein causes 
reflux through collaterals upstream to the stenosis. Yet several publi- 
cations from USA recommend coil embolization or ligation of these col-
laterals instead of dilation, which is a more effective measure at address-
ing the underlining stenoses (10-12). Embolizing or ligating collaterals, 
in fact, converts the fistula into a more pulsatile access upstream to the 
stenosis, rendering it more visible and palpable, as seen on application 
of a tourniquet, without necessarily solving the real problem of steno-
sis. Our opinion is that there are very rare or no indications for ligation 
or embolization of collaterals in the treatment of nonmaturing fistulas, 
although it is clearly a controversial issue (13-15).
Underlining stenoses are often missed because orthogonal views 
of AVF are not performed. In fact, once orthogonal angiograms are 
made, a stenosis is invariably detected. A good corollary is subcla-
vian stenoses, which often presents with collaterals upstream to the 
lesion. No surgeon considers embolizing these collaterals and leaves 
the stenosis untreated.
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Collaterals do not always disappear after reopening of stenoses. Long- 
standing segmental venous occlusion induces formation of well-
developed collaterals that take over the venous drainage of the fistula. 
Hence, inspite of partial or complete recanalization of the occlusion, 
these collaterals continue to be the preferred route for venous drain-
age, thus leaving the main AVF lumen with a low blood flow, which 
in turn causes occlusion to re-form early. Under such circumstances, 
ligating or embolizing the collaterals may help redirect venous 
drainage through the AVF lumen, but the best method to prevent 
such cases is early intervention of nonmaturing fistulas.
Two French publications (16-17) suggest that arterial lesions are 
important causes of nonmaturation in forearm AVFs and should 
therefore be dilated. These lesions can be approached by a retro-
grade venous cannulation or retrograde distal radial artery or ante-
grade brachial artery when the venous approach is not possible. The 
major challenge is crossing the anastomosis. A Mustang (Boston 
Scientific) 4-mm balloon is preferred for dilation of radial arterial 
lesions in view of its greater flexibility and ability to withstand infla-
tion pressures up to 30 atm.
The recommended 4-mm dilation balloon commonly causes tran-
sient mild extravasation injury to the arterial wall because frequent 
overdilation is performed to achieve better outcomes. These extrav-
asation injuries can be invariably controlled by 3-min-long bal-
loon tamponade at 2 atm, aided by the tamponading effect of the 
tight bundle of muscle tendons in the foreram, which further pre-
vent hematoma progression. The low pressure status of the arteri-
alized vein behaves like a vacuum that draws high pressure arterial 
blood into the fistula rather than through the damaged arterial wall, 
thereby minimizing hematoma formation. It is therefore very impor-
tant to dilate outflow before inflow stenoses, thus avoiding pressure 
build-up in AVF and subsequent bleeding aggravation in the event 
of any radial artery rupture.
Although the use of stents to control bleeding is exceptionally 
uncommon, dilation should always be performed with the balloon 
mounted over a reliable guidewire to enable more easy deployment 
of a stent. Stenting over an unstable hydrophilic guidewire is more 
challenging and risky. A Mustang balloon that does not fully efface 
at 30 atm (rare issue) should be substituted with a Dorado (Bard) bal-
loon that can be inflated above 30 atm, although the Dorado (Bard) 
balloon is more rigid and difficult to maneuver around the anastomo-
sis. A cutting balloon is another alternative, but it cannot be pushed 
over a 0.035-inch guidewire. Completion of angiography often shows 
the artery appearing bigger with some areas of overdilation; it can 
demonstrate further ectasis over time. Thus far, there has been no 
report showing that arterial enlargements have any clinical sequelae.
Some operators dilate radial artery stenoses with small dilation bal-
loons used in peripheral or coronary dilation mounted over 0.014- 
or 0.018-inch guidewires. These guidewires are more steerable, and 
balloons can be inserted through a 4F introducer sheath placed in 
an antegrade fashion in the brachial artery. The disadvantage of 
these small balloons is that they do not tolerate high inflation pres-
sures. Special stents (Sinuflex from Optimed®) adapted for the 0.014-
inch guidewires need to be used when they are indicated.
To date, there is lack of experience in working on long stenoses in 
the brachial segment of radial arteries with a high origin.
The described techniques in dealing with nonmaturing radial–
cephalic AVFs can also be applied onto ulnar–basilic (18), brachial–
cephalic, and brachial–basilic AVFs, although the risk of venous rup-
ture and pseudoaneurysm is higher given the higher blood flow 
generated by the brachial artery. Anastomotic stenoses should be 
catheterized more prudently. Guidewire-induced dissection of the 
brachial artery can result in distal ischemia, a complication not seen 
when working on the radial artery.
Reported success rates range from 47% to 95%; 1-year primary and 
secondary patency rates ranging from 28% to 61% and from 75% to 
93%, respectively. One team also treated thrombosed immature fis-
tulas with less favourable results (19).

In summary, through an aggressive and multidisciplinary treatment 
strategy, nonmaturing native hemodialysis fistulas in patients can 
be identified, evaluated, and salvaged with angioplasty. With con-
tinued surveillance and repeat percutaneous interventions, func-
tional patency can be sustained in the majority of fistulas (20).
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20. Clark T, Cohen R, Kwak A, Markmann J,Stavropoulos W, Patel 
A, Soulen M, Mondschein J, Kobrin S, Shlansky-Goldberg R, 
Trerotola S. Salvage of nonmaturing native fistulas by using 
angioplasty. Radiology 2007; 242:286-292.

903.3
The role of stents and stent grafts in the management of failing 
AV grafts and fistulas
R.B. Shoenfeld;
Surgicenter, The Access Center at West Orange, West Orange, NJ, 
United States of America.

Learning Objectives
1. To learn about the different stent and stent graft materials
2. To learn the evidence for different treatment strategies
3. To learn the implications for clinical practice
Properly functioning AV access is critical to achieve consistent, good 
quality dialysis. In order to fulfill the K-DOQI guidelines, access flow 
of at least 650 ml/min and absence of significant outflow obstruc-
tion are required to guarantee adequate clearance. The Achilles heel 
of dialysis access has been and continues to be the development of 
outflow obstruction, most often due to neointimal hyperplasia and/
or stenosis, resulting in decreased flow and eventually thrombosis. 
K-DOQI guideline 36 specifies that the cumulative patency rate of all 
dialysis AV grafts should be at least 70% at 1 year, 60% at 2 years, 
and 50% at 3 years. Summed data analysis for the DOQI panel [1] 
reported that the 1- and 2-year primary unassisted patency for AV 
fistuale (AVF) was 85% and 75%, respectively, and disappointingly, 
for AV grafts (AVG) was 50% and 25%, respectively. Other authors 
have confirmed the dismal primary patency of AVGs compared with 
AVFs.
Failing AV access due to stenosis and neointimal hyperplasia has 
been treated for over 2 decades by balloon angioplasty and stent-
ing [2]. Multiple authors have demonstrated effective assisted pri-
mary and secondary patency, but disappointing durability of angio-
plasty to maintain long-term patency without repeated interven-
tion. Schwab et al [1] found that similar cumulative patency rates 
could be obtained for both AVFs and AVGs at a cost of 6 times more 
intervention for AVGs.
Bare stents were shown to be effective in the treatment of coronary 
stenosis and thrombosis. However, short-term restenosis rates were 
high, most often due to neointimal hyperplasia.
Clinical trials employing antiplatelet drugs, anticoagulants, and fish 
oils reported effectiveness in suppressing neointimal hyperplasia, 
restenosis, and thrombosis. Some of them are routinely used for 
effective post-stent medical therapy. Similar trials were subsequent- 
ly conducted in patients with stented AVGs. The results were disap- 
pointing. The Veterans Administration Cooperative Trial of aspirin 
and clopidogrel in patients undergoing dialysis through AVG [3] was 
terminated early due to increased risk of bleeding and no benefit 
compared with placebo in preventing thrombosis. Crowther et al 
[4] reported an increased risk of bleeding without reduction in the 
risk of AVG thrombosis in a clinical trial of low-dose heparin in AVGs. 
Dixon et al [5] reported disappointing results in a large clinical trial 
studying the effect of aspirin and dipyridamole on hemodialysis 
graft patency. After statistical adjustment due to insufficient enroll-
ment and study power, the authors found a significant but small 
decrease in cumulative loss of primary unassisted graft patency 
(absolute reduction, 5%; relative reduction, 18%). The placebo group 
had 23% primary unassisted patency at 1 year, whereas the dipyr-
idamole–aspirin group had 28%. This was substantially worse than 
the 54% primary patency rate originally predicted.
Omega-3 fatty acids have anti-inflammatory, anti-thrombotic, and 
anti-proliferative effects. They have been associated with delayed 
development of neointimal hyperplasia, reduced distal occlusion 
in coronary vein grafts, and lower overall cardiac mortality. In a 

randomized, controlled trial studying graft patency and cardiovas-
cular events in patients with new AVGs, Lok et al [6] reported a rela-
tive risk reduction of loss of primary unassisted patency of 22% at 12 
months. Although this primary endpoint showed a positive trend, it 
did not reach statistical significance due to insufficient study enroll-
ment. While the secondary endpoints, namely rates of thrombosis 
and interventions, significantly decreased, there was no improve-
ment in cumulative AVG patency.
In a prospective multicenter randomized trial comparing stent–graft 
to angioplasty (PTA) in AVGs, Haskal, Treratola et al [7] reported sig-
nificantly better access circuit patency of stent–grafts and freedom 
from repeat interventions compared with angioplasty at 6 months. 
Other authors have subsequently reported encouraging results with 
stent–grafts in central vein occlusions [8], stent–grafts versus bare 
stents [9], and stent–grafts to exclude aneurysms and pseudoaneu-
rysms in AV access circuits.
Auya, Yuji et al [10] used ultrasound to study the morphologic char-
acteristics of AVG venous anastomotic stenoses prior to stent place-
ment. Lesions were classified into 3 groups: vascular constriction, 
neointimal proliferation, and mixed. Patients were stented for elas-
tic recoil or same-site restenosis within 3 months. Results were com-
pared at 6, 12, 18, and 24 months. The post-stent vascular constric-
tion group demonstrated excellent primary patency compared with 
the other groups. The worst results were seen in the neointimal pro-
liferation group.
These findings underscore the fundamental problem of postoper-
ative and/or post-intervention neointimal proliferation as a result 
of inflammatory response and inward migration of fibroblasts and 
other elements from the periadventitial region to the intima. Some 
authors have reported that neointimal proliferation results in part 
from altered fluid dynamics. Saxon et al [11] used phase-contrast 
MRI and computational flow dynamics to study flow alterations in 
end-to-side venous anastomoses in AVGs. They reported that tur-
bulent flow was normalized to laminar flow following stent inser-
tion. Although this may, in part, explain the neointimal hyperplastic 
changes found at these sites, we have witnessed the development 
of hyperplastic stenoses following stent insertion. The recently pub-
lished VIPER study [12] reported significantly improved long-term 
patency of infrainguinal arterial stent–grafts using heparin-bonded 
PTFE and contoured leading edges of the stents. It remains to be 
seen whether similar benefits will be seen on the venous side.
Various forms of suppressive therapy are being studied or are in vari-
ous phases of clinical development. Some therapies, such as locally 
delivered radiation, have not proved to be effective in suppressing 
neointimal proliferation in the venous system. Other methods of 
drug delivery such as surgically implanted periadventitial drug-elut-
ing patches, drug-eluting balloons, and drug-eluting stents are cur-
rently being evaluated. From early and partial results reported in 
abstracts and at scientific meetings, it would appear that there still 
is no blockbuster therapy capable of altering the aggressive neointi-
mal hyperplasia encountered in the AV access circuit. The advent of 
effective neointimal suppressive therapy will drastically change our 
approach to treating these patients and will no doubt improve their 
quality of life. In the interim, we must endeavor to select the most 
effective means of diagnosing and treating these lesions to procure 
optimal long-term results at dialysis with minimal morbidity.
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903.4
Venous access options when the thoracic central veins are lost
M. Guimaraes, R. Yamada, C. Schonholz, M.B. Anderson, C. Hannegan, 
J.B. Selby Jr.;
Interventional Radiology, Medical University of South Carolina, 
Charleston, SC, United States of America.

Learning Objectives
1. To learn about imaging features of central vein obstructions 
2. To learn about old and new methods to recanalise central vein 

occlusions 
3. To learn about outcomes of endovascular and surgical treatment 

options
Purpose: Central venous occlusion is not an infrequent problem, 
particularly in patients who had long-term central venous catheters. 
The recanalization of chronic venous occlusions using conventional 
techniques may fail in up to 24% cases. To improve the recanaliza-
tion success rate, the radiofrequency wire puncture technique was 
utilized in symptomatic patients.
Material & Methods: Between June 2008 and January 2013, 58 pa-
tients (42 female), age ranging from 26 to 78 years, presented with 
swollen arm and/or face secondary to benign central venous occlu-
sions (9 subclavian, 31 brachiocephalic veins, 18 superior vena cava) 
related to tunneled catheters (56 hemodialysis, 1 Crohn’s, and 1 
myasthenia gravis disease patients).
Technique: All patients were initially evaluated at the VIR clinic. Chest 
CTA with coronal reconstruction was performed to plan the pro- 
cedure. Detailed evaluation of the venous stumps and their diameters, 
potential variations of the anatomy, and the correlation between the 
venous occlusion segment and an adjacent organ, such as the aortic 
arch/supra-aortic vessel, lungs, and pericardium, was performed.
Initially, a pericardium window was selected under ultrasound guid-
ance and the overlaying skin was marked in preparation for potential 

cardiac tamponade drainage. Simultaneous upper extremity (brachial 
approach) and central venograms (femoral approach), in multiple views, 
are important to define the central venous occlusion site. Most fre-
quently, the RF wire was advanced within a 5-Fr KMP or a cobra cath-
eter through the cranial venous stump. A 10 mm snare was used in the 
caudal venous stump as a target. Before the RF wire was activated, the 
RF wire tip and the snare alignment were checked in 3 different views 
(PA, RAO, LAO). If the RF wire puncture was inadequate, a new location 
was pursued. To measure the segment of occlusion precisely and to 
avoid crossing the contralateral brachiocephalic vein, a calibrated diag-
nostic catheter was utilized in most cases. Prestenting, 4 mm balloon 
angioplasty was followed by 9–12 mm stent placement. Selfexpandable 
stents were used in the subclavian–brachiocephalic transition and bal-
loon-expandable stents were used in brachiocephalic or superior vena 
cava lesions. Clinical follow-up occurred at 30 days and clinical and 
venogram follow-ups were scheduled at 3, 6, 9, and 12 months.
Results: A total of 56 patients were successfully treated with RF wire 
after previous failed attempts at recanalization using mechanical 
catheter/wire techniques. In one patient, the procedure was aborted 
because of hemothorax and another patient had cardiac tampon-
ade after bare superior vena cava stent placement. Both cases were 
immediately and successfully treated with drain catheter placement 
without clinical repercussions. The cardiac tamponade also required 
covered stent placement. Resolution of symptoms was obtained 
in 51/56 patients treated in mean follow-up of 16 months. Five of 
56 patients had stent occlusion at 3 months that required balloon 
angioplasty for successful recanalization and all had improvement 
of symptoms following the second intervention.
Conclusion: RF wire is a good alternative in benign chronic central 
venous occlusions when conventional techniques have failed. It pro- 
vides a great alternative in the management of symptomatic pa-
tients with central venous occlusions. Thorough technique must be 
used to minimize potential complications.
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Special Session
Prostate artery embolization: real benefit or myth?

904.1
Benign prostatic hypertrophy - the scope of the problem
N. Thiounn;
Service d’Urologie, Hôpital Européen Georges Pompidou, Paris, 
France.

Learning Objectives
1. To learn about epidemiology, pathophysiology, symptoms and 

imaging of benign prostatic hypertrophy
2. To describe the rationale of prostate embolization
3. To review medical and surgical endpoints

No abstract available.

904.2
How can we identify the prostatic arteries during the 
procedure?
O. Pellerin;
Interventional Radiology, Hopital Européen Georges Pompidou, 
Paris, France.

Learning Objectives
1. To learn the usefulness of CTA for PAE planning
2. To learn how CBCT technology can help IR to reach prostate 

arteries
3. To learn how CBCT can help IRs to avoid non-target embolization

No abstract available.

904.3
How to perform PAE: tips and tricks
F.C. Carnevale;
Interventional Radiology, University of Sao Paulo Medical School, 
São Paulo, Brazil.

Learning Objectives
1. To learn how to select patients in clinic
2. To review embolic materials used for benign prostatic emboli-

zation
3. To learn how to overcome catheterism difficulties

No abstract available.

904.4
What do we know about outcomes of embolization in 2013?
J.M. Pisco;
Interventional Radiology, Saint Louis Hospital, Lisbon, Portugal.

Learning Objectives
1. To present the endpoints and the rationale for these endpoints
2. To report outcomes and complication rates
3. To report and discuss dosimetric data
Before starting PAE, the inclusion and exclusion criteria should be 
clear. After patient selection, patients will undergo pelvic CT angi-
ography (CTA) or pelvic magnetic resonance angiography (MRA) 
before PAE. This is important to evaluate the pelvic vessels for tor-
tuosity and atherosclerotic changes in the iliac and prostatic artery 
anatomies. A specific CTA protocol is applied and postprocessing 
using maximum intensity projections (MIP) and volume rendering 
with 3D reconstructions are obtained. The anatomy and atheroscle-
rotic involvement of the iliac and prostatic arteries and degree of cal-
cium and stenosis of prostatic origin may, by this method, be known 
in before the procedure. CTA avoids catheterization of all other pel-
vic arteries and ultimately reduces complications. On the basis of 
CTA, patients with advanced atherosclerosis of the iliac and prostatic 
arteries are excluded. With the help of CTA, DSA, and road-mapping, 
the prostatic arteries are catheterized with a coaxial microcathe-
ter. If there is only one prostatic artery, the microcatheter should be 
placed before bifurcation to embolize both prostatic branches. The 
endpoint is the embolization of prostatic branches, with no reflux to 
other arteries and opacification of the gland. If there are two pros-
tatic arteries in one side, one should start by the anterolateral or 
cranial branch because it supplies the central part of the prostate. 
Therefore, if this branch is well embolized, the embolization of the 
caudal branch should not be a concern. Nevertheless, sometimes it 
is also embolized by collateral circulation through anastomosis.
In spite of excellent results of UFE and its similarity to prostatic artery 
embolization (PAE), the first case of PAE was performed only in 2000 
by DeMeritt in a patient with acute urinary retention and persistent 
hematuria. The patient stopped bleeding immediately after emboli-
zation, the patient´s voiding difficulties improved, the prostate vol-
ume reduced by 40%, and there was no sexual dysfunction. In March 
2009, we performed the first PAE in a 76-year-old man with acute uri-
nary retention and bladder catheter who refused surgery after two 
previous TURP. Five days later, the bladder catheter was successfully 
removed.
Carnevale et al in 2010 reported the preliminary results in two patients 
with acute urinary retention due to BPH who were successfully treated 
by prostate artery embolization. One patient had bilateral PAE and the 
other unilateral PAE. Both patients were able to urinate spontaneously 
after removal of the bladder catheter, 15 and 10 days after the proce- 
dure, respectively. At a 6-month follow-up, ultrasound (US) and mag-
netic resonance (MR) revealed a prostate reduction of 39.7% and 
47.8%, respectively, for the bilateral PAE and 25.5% and 27.8%, respec- 
tively, for the patient scheduled for unilateral PAE. The patient treated 
with bilateral embolization complained of retropubic pain for 24 h, 
which was treated with nonopioid analgesics. In 2011, Carnevale et 
al reported the mid-term follow-up after prostate embolization in 
the same two patients with BPH.
At SIR 2010, we presented the preliminary results in the first 12 
patients. The procedure was successful in 11 of 12 patients (90.9%). 
Except one patient, none of the others experienced any pain during 
or after the procedure. Four patients had urinary retention before 
embolization. The vesical catheter was removed 5 days after the pro-
cedure in two patients and after 10 days in the remaining. The symp-
toms improved in all patients in whom embolization was success-
fully performed (mean decrease in IPSS of 8.2 points at 1 month and 
9.3 points at 3 months). The mean prostate volume decreased from 
96.3 to 74.3 cc (22.9%) at 1 month and a further 9.95% at 3 months. 
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The peak urinary flow rate increased 3.8 mL/sec at 1 month and a 
further 1.5 mL/sec at 3 months. In the third month, patients urinated 
without bladder catheter with a mean IPSS of 6.33 and a peak uri-
nary flow rate of 9 mL/sec.
At SIR 2012, Carnevale et al presented a report of 11 patients treated 
between June 2008 and November 2010. There was a technical fail-
ure (bilateral embolization) in 75% and clinical success in 91% (10/11) 
patients. All patients had acute urinary retention with bladder cath-
eter. Patients urinated spontaneously in 4–25 days (mean 12.1) after 
catheter removal. Clinical overall improvement in LUTS at a 1-year 
follow-up was observed by IPSS (mean 2.2) and QOL (mean 0.25). 
Minimum rectal bleeding (a teaspoon) was observed in 3/12 (25%) 
and focal bladder ischemia is 1/12 (8.3%) procedures.
Recently, we reported the short- and intermediate-term results 
of PAE in 89 patients. There were three technical failures (3%). PAE 
was bilateral in 86 patients (92%) and unilateral in 7 (8%) patients. 
At a 1-month follow-up, IPSS decreased by 10 points. QOL score 
decreased by 2 points, peak urinary flow increased by 38%, pros-
tate volume decreased by 20% after void residual volume decreased 
by 30 mL, and IIEF score increased by 0.5 (all differences were sig-
nificant , P < 0.01). These changes were sustained throughout the 
observation period. Seventy-eight of the 86 patients (91%) were 
discharged from the hospital 6–8 hours after the procedure. The 
remaining eight patients were discharged the following morning, 18 
hours after the procedure. Sixteen of the 86 patients (19%) had uri-
nary tract infections after embolization, which was treated with anti-
biotics; transient hematuria occurred in nine of the 86 patients (10%) 
and transient hemospermia disappeared spontaneously without 
any treatment in six (7%). Balanoprostatitis occurred in two of the 86 
patients (2%) and inguinal hematoma in six (7%). Two patients had 
acute urinary retention after PAE, and a temporary bladder cathe-
ter was placed for a couple of hours. One patient, mentioned above, 
developed bladder wall ischemia.
Carnevale et al very recently published the results of PAE in 11 pa-
tients with BPH and indwelling urinary catheter. Ten of 11 patients 
urinated spontaneously 4–25 days (mean 12.1 days) after vesical 
catheter removal. Postembolization syndrome manifested as mild 
pain in the perineum, retropubic area, and/or urethra. In an asymp-
tomatic patient, there was an area of hypoperfusion in the bladder, 
suggesting a small ischemic bladder that was not present at 90 days 
on MR control. After 1 year, the mean prostatic volume reduction 
was greater than 30%. There was symptom improvement of IPSS 
(2.8 + 2) and Qol (0.4 + 0.5).
The procedure time of the first two patients, reported by Carnevale, 
were 160/59 min and 250/95 min, respectively. Both patients were 
discharged 3 days after PAE. At CIRSE 2012, Carnevale reported an 
average of 2 hours for PAE. In our first reported 15 cases, PAE lasted 
for 25–135 minutes (mean 85 min) and fluoroscopy time ranged 
between 15 and 45 minutes (mean 35 min). All patients were treated 
as outpatients, 12 were discharged from the hospital 6–8 hours after 
the procedure and the remaining three patients were discharged the 
following morning, 18 hours after the procedure. In our recent pub-
lication, PAE lasted 25–185 minutes (mean 86 min) and the fluoros-
copy time was 7–63 minutes (mean 27 min). Seventy-eight of the 86 
patients (91%) were discharged from the hospital 6–8 hours after the 
procedure and the remaining 8 patients were discharged the follow-
ing morning, 18 hours after PAE. The radiation dose of each patient 
ranges from 2.121 to 9.766 dGy cm2 (mean 3.050 dGy cm2).
In conclusion, it is extremely important to know the anatomy of the 
prostatic arteries by previous CTA or MRA in order to plan the pro-
cedure in advance and reduce the procedural and fluoroscopy time.
Today, more than 500 patients with BPH around the world have been 
treated with PAE, with good and satisfactory short- and medium-
term results, respectively. In Europe, United States, and Brazil, there 
are several centers performing PAE. In April 2013, we have treated 
more than 400 patients with BPH; 17 of them with at least a 3-year 
follow-up. Although we work with urologists, several patients visit 

us directly to be evaluated because of the results of the technique.
The data available in the literature are limited, and multicentric and 
more randomized studies are needed. With the results from two 
centers, we consider that PAE is beneficial in selected patients with 
BPH.
References
1.  DeMeritt JS, Elmasri FF, Esposito MP, et al. Relief of benign pros-

tatic hyperplasia-related bladder outlet obstruction after tran-
sarterial polyvinyl alcohol prostate embolization. J Vasc Interv 
Radiol 2000; 11(6): 767-770.

2.  Sun F, Sánchez FM, Crisóstomo V, et al. Benign Prostatic 
Hyperplasia: Transcatheter Arterial Embolization as Potential 
Treatment— Preliminary Study in Pigs. Radiology 2008; 246(3): 
783-789.

3.  Jeon GS, Won JH, Lee BM, et al. The effect of transarterial pros-
tate embolization in hormone-induced benign prostatic hyper-
plasia in dogs: a pilot study. J Vasc Interv Radiol 2009; 20(3): 
384-390.

4.  Mauro MA. Can hyperplastic prostate follow uterine fibroids and 
be managed with transcatheter arterial embolization? Radiology 
2008; 246(3): 657-658.

5.  Carnevale FC, Antunes AA, da Motta Leal Filho JM, et al. Prostatic 
artery embolization as a primary treatment for benign pros-
tatic hyperplasia: preliminary results in two patients. Cardiovasc 
Intervent Radiol 2010; 33(2): 355-361.

6.  Carnevale FC, da Mota-Leal-Filho JM, Antunes AA, Baroni 
RH,Freire GC, Cerri LM, Marcelino AS, Cerri GG, Srougi M. Midterm 
Follow-up After Prostate Embolization in Two Patients with 
Benign Prostatic Hyperplasia. Cardiovasc Intervent Radiol 2011; 
34: 1330-1333.

7.  Carnevale FC, Mota Leal Filho J.M, Antunes A A et al Quality of 
life and symptoms relief support prostatic artery embolization 
for patients with acute urinary retention due to benign prostatic 
artery hyperplasia. J Vasc Intervent Radiol Supplement 2012; 23: 
35, Abstract 3.

8.  Carnevale F, Motta Leal-Filho JM, Arturo AA et al,. Quality of life 
and clinical symptoms improvement support prostatic artery 
embolization for patients with acute urinary retention caused by 
benign prostatic hyperplasia. JVIR 2013, Epub ahead of print.

9.  Carnevale FC, Emboliztion for prostate gland hyperplasia: is 
there any evidence? CIRSE 2012, Abstract 1105.3.

10. Pisco J, Martins JM. Correira M6, Internal Iliac Artery; 
Embolization to control Hemorrage from pelvic meoplasms. 
Radiology 1989; 172: 337-339.

11. Pisco JM, Pinheiro L, Bilhim T et al. Embolization of prostatic 
benign hyperplasia: preliminary results. J Vasc Interventional 
Radiol Supplement 2010; 21: 25, Abstract 161.

12. Pisco JM, Campos Pinheiro L, Bilhim T et al. Prostatic artery 
embolization to treat benign prostatic hyperplasia: short and 
medium term outcomes. J Vasc Intervent Radiol Supplement 
2011, Abstract 5.

13. Pisco JM, Pinheiro LC, Bilhim T, et al. Prostatic arterial emboliza-
tion to treat benign prostatic hyperplasia. J Vasc Interv Radiol 
2011; 22(1): 11-19.

14. Pisco JM, Pinheiro L, Bilhim T et al Further evaluation of prostatic 
artery embolization of symptomatic benign prostatic hyperpla-
sia in a large series of patients. Safety, short and medium term 
outcomes JVIR suplement, 2012; 23: 35, Abstract 78.

15. Pisco J, Campos Pinheiro L, Bilhim T et al. Prostatic Arterial 
Embolization for Benign Prostatic Hyperplasia: Short and 
Intermediate term results: Radiology 2013; 266(5): 266-277.

16. Bilhim T, Pisco JM, Furtado A._et_al, _ Prostatic arterial supply: 
demonstration by multirow detector Angio CT and Catheter 
Angiography. Eur_Radiol. 2011; 21: 1119-1126.

17. Bilhim T, Pisco JM, Tinto HR et al: Prostatic arterial suplly: ana-
tomic and imaging findings relevant for selective arterial emboli-
zation. JVIR 2012; 2012; 23: 1403-1415.



CIRSE 2013 SS/FC/HL/HTS/CM S109SS/FC/HL/HTS/CM

18. Delgal A, Cercuell JP, Kowtildis N. Outcome of Transcatheter arte-
rial embolization for bladder and prostate hemorrhage. The jour-
nal of Urology 2010: 1835: 1947-1950.

19. Nabi G, Sheikh N, Greene D et al. Therapeutic Transcatheter arte-
rial embolization in the management of intractable hemorrhage 
from pelvic urological malignances: preliminary experience and 
longterm follow-up. BJU Int 2003; 92: 245-247.

20. Rastinehad AR, Caplin DM, Gest MC et al. Selective arterial pros-
tatic embolization (SAPE) for refractory hematuria of prostatic 
origin. Urology 2008: 71: 181-184.

21. Mitchell ME, Waltman AC, Athanasoulis A et al. Control of massive 
prostatic bleeding with angiographic techniques. J Urol 1967: 
115: 692-695.

Special Session
Renal tumour ablation

905.1
Patient selection: treatment or active surveillance?
J. Tacke;
Institut für Diagnostische und Interventionelle Radiologie und 
Neuroradiologie, Klinikum Passau, Passau, Germany.

Learning Objectives
1. To learn how to select the patient for ablation or active surveil-

lance
2. To learn how to follow up these patients
3. To learn which imaging technique is best for active surveillance
Modern imaging and treatment techniques of renal cell carcinoma 
yield higher survival rates and lower morbidity rates than techniques 
used decades ago. However, the decision to or not to treat a sus-
pected renal tumor remains difficult if no absolute criteria of malig-
nancy are present. Reliable tumor markers are still not available.
Respecting the TNM (tumor-node-metastasis) staging system, only 
T1N0M0 tumors should be treated with minimally invasive proce-
dures with a curative intention. Although T1 tumors may measure 
up to 7 cm in diameter (after UICC modification), tumor size should 
not exceed 3.7 cm in diameter for radiofrequency ablation, whereas 
lesion up to 4 cm and beyond can be treated by cryoablation. To 
date, this staging system has the best prognostic value on time to 
progression and survival.
To understand the natural course of renal tumors, it is important to be 
aware malignancy may be size dependent. Many studies have shown 
that small tumors (3–5 cm) are considered to be less malignant than 
larger ones. Further, a considerable percentage of small tumors may 
be benign. On the other hand, small tumors may also grow aggres-
sively and demonstrate an invasive character. Moreover, the growth 
rate of small tumors is unknown at the time of detection, but may be 
of importance, particularly in older patients. Thus, the decision mak-
ing process for treatment or active surveillance depends on tumor 
size, appearance, and growth rate as well as patient age.
As renal tumor ablation techniques do not remove the tumor, fol-
low-up is essential to prove the efficacy and durability of the treat-
ment. There are no absolute criteria in favor of one or against 
another imaging technique, but multiphase contrast-enhanced MR 
or CT imaging with multiplanar reconstruction was shown to have 
the highest sensitivity in detecting tumor recurrence after ther-
mal ablation, follow-up, and active surveillance. In certain cases, an 
untreated and presumably benign lesion in an exophytic location, 
which is good to detect, may also be controlled by ultrasound. If CT 
or MR imaging is not available, contrast-enhanced ultrasound may 
be very helpful in post-interventional follow-up.
The most important points in follow-up are regularity, reproducibil-
ity, and availability of the chosen method.

References
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905.2
Biopsy, always before ablation?
A.R. van Erkel;
Radiology, Leiden University Medical Center, Leiden, Netherlands.

Learning Objectives
1. To learn the importance of biopsy before ablation
2. To learn when biopsy should be performed
3. To learn the results and complications of biopsy before percuta-

neous ablation
A small renal mass (SRM) is generally defined as a solid lesion of 
the kidney measuring less than 4 cm. As a direct result of increased 
imaging, the incidence of SRM has increased significantly. Twenty 
percent of the solid renal lesions smaller than 4 cm are benign, 60% 
are indolent, and 20% are potentially aggressive.
In current guidelines, partial nephrectomy is considered the stan-
dard of care for a solid SRM, but active surveillance and local ablation 
(radiofrequency ablation, cryoablation, and microwave ablation) are 
increasingly accepted as alternative therapies in selected cases.
Preoperative diagnosis of renal cell carcinoma is currently mainly 
based on CT and MR imaging. A renal mass with imaging features 
of malignancy is treated accordingly, and in most practices, biopsy 
is considered only in equivocal cases. Histological sampling before 
surgical treatment of a solid renal masses is not the standard of care. 
Because of the possibility of inaccurate diagnosis (a false negative 
result), a biopsy may not change patient management in most clini-
cal practices. The possibility of complications and risk of seeding are 
additional arguments used to waive the need for tissue sampling 
before surgical treatment.
The key advantage of resection over local ablation is that a histolog-
ical sample is present after treatment for classification and grading 
of the lesion. This information is useful for prognosis, follow-up, and 
possible future therapies.
Following the surgical tradition, in the early days of renal tumor abla-
tion, a histological sample was not obtained before ablative therapy. 
Despite this, results of local renal tumor ablation are being published 
in the literature without the routine use of a biopsy, rendering these 
studies useless when comparing them with surgical series.
Improved biopsy techniques have resulted in increased accuracy 
and safety of the percutaneous, image-guided biopsy of a renal 
mass. Diagnostic accuracy of a biopsy is dependent on the size of the 
lesion, but biopsy of SRM will give a diagnostic result in >80% cases, 
with only <5% minor complications and <1% major complications.
A concurrent biopsy during the ablative treatment should always be 
performed. It adds no significant risk to the procedure and provides 
valuable information about the nature, classification, and grading 
of the lesion. This information can be essential for the prognosis, 
follow-up, and future treatment of the patient. In case of a benign 
lesion long-term follow-up of the patient imaging with additional 
costs and radiation exposure may not be indicated when CT or MRI 
has demonstrated complete ablation of the lesion. More aggressive 
higher grade clear cell carcinomas may be followed up more closely.
Performing a biopsy immediately before ablation may cause perire-
nal hemorrhage and thus result in an obstructed view of the lesion 
and difficulties in targeting the lesion with the ablation probe. This 
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and are not life limiting in the older population. However, most cli-
nicians would tend towards treatment of tumours >30–35 mm 
where this is not precluded by extreme age or co-morbidities. Given 
the relative indolence of sub-4 cm renal tumours, it can be difficult 
to significantly demonstrate different cancer outcome or survival 
measures between the different modalities outlined above. This fact 
alone would favour the use of a minimally invasive technique.
Active radiologic surveillance can be appropriate for sub-35 mm 
tumours in older patients or those with significant co-morbidities. 
However, in slightly younger fitter patients, this can be costly, poorly 
sensitive to overall volumetric tumour growth, carry a small risk of 
metastatic progression (variously reported at between 1% and 6% 
(3)) and may simply be unacceptable to the patient in the setting of 
biopsy-proven disease.
It seems likely that a controllable and effective, image-guided abla- 
tion modality will ultimately prove to be the optimal method for 
managing sub-5 cm renal tumours in older but otherwise fit pa- 
tients.
References
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905.4
Complications after thermal ablation and cryotherapy of renal 
tumours: detection and management
X. Buy1, J. Garnon2, H. Lang3, A. Gangi4;
1Department of Radiology, Institut Bergonié, Bordeaux, France, 
2Interventional Radiology, University Hospital of Strasbourg, 
Strasbourg, France, 3Urology, University Hospital of Strasbourg, 
Strasbourg, France, 4Non-Vascular IR, University Hospital of 
Strasbourg, Strasbourg, France.

Learning Objectives
1. To learn about the most common complcations after renal 

theraml ablation
2. To learn how to manage these complications
3. To learn how to prevent these complications
The Clavien-Dindo classification is commonly used to grade the se-
verity of surgical complications. Grade 1 is minor, grade 2 is moderate, 
grade 3 and 4 are major, grade 5 corresponds to death of the patient. 
Major complications after percutaneous renal thermal ablation 
remain uncommon (less than 5%). When comparing the risk of com-
plication with renal radiofrequency ablation and cryoablation, there 
is no statistical difference.
The most common renal complication is perirenal bleeding, which 
occurs in less than 10% cases. However, perirenal bleeding is generally 
self-limiting and blood transfusion or selective embolization alone 
is seldom required. The risk of bleeding is slightly higher when using 
cryoablation than radiofrequency ablation (RFA) because transient 
reperfusion phenomenon occurs several hours after cryoablation 
once the ice has melted. The risk of perirenal bleeding is increased 
when treating large and central tumors. It is also correlated to the 
number of probes that are used. To prevent the risk of hematoma, 
coaxial needles are useful to block the needle track with hemostatic 
agent after removing the ablation device. Moreover, embolization 
before ablation can be considered if needed.
Other renal complications include thermal damage to the pelvic 
structures. The risk of urinary fistula or ureteropelvic junction ste-
nosis is high when treating central tumors with RFA. When using 
expandable RFA electrodes, particular caution should be taken to 
avoid inadvertent perforation of the calices with RF tines. When treat-
ing central tumors with RFA, ureteral cooling through a ureteral stent 
is an efficient technique. However, cryoablation seems safer for treat-
ing central tumors; indeed, extending the ice ball on the calices is 
associated with a very low risk of urinary fistula because the collagen 

can easily be overcome with several different techniques. The biopsy 
needle and the ablation probe may be used through the same coax-
ial needle depending on the brand of ablation probe. Another tech-
nical approach can be to perform the biopsy after positioning (and 
deployment) of the ablation probe.
In an incidentally discovered SRM, a biopsy may be used to tailor the 
choice of therapy in selected patients. Based on the biopsy results 
and the specific characteristics, the decision can be made to per-
form a surgical resection, local ablation, or active surveillance. The 
role of this pretreatment biopsy of SRM to help in therapeutic deci-
sion-making is currently under debate.

905.3
Thermal vs. cryotherapy vs. nephron sparing surgery - do we 
know the answer?
D.J. Breen;
Radiology, Southampton General Hospital, Southampton, United 
Kingdom.

Learning Objectives
1. To learn about patient selection: partial nephrectomy vs. ablation
2. To learn the results of each technique
3. To learn the complication rates of each technique
Renal tumours are increasing in numbers largely because of inci-
dental detection. In recent years, there has also been a substantial 
increase in mortality due to renal carcinoma, likely related to dimin-
ishing mortality from cardiovascular and cerebrovascular diseases. 
Taking a population of smaller incidental tumours with a mean 
diameter of approximately 30 mm, approximately 25% are likely 
to be of benign aetiology such as oncocytoma and fat-poor angio-
myolipoma. Of the remaining 75%, the majority will be conventional 
clear cell carcinoma. Although these tumours can be indolent with a 
mean growth rate of 2.6–3 mm/year, their potential for a change of 
behaviour and even metastatic spread remains indeterminate.
At present, partial nephrectomy remains the standard care for small 
volume renal tumours but risks a not insignificant operative morbid-
ity of 4%–30% (1), including pelvicalyceal leaks and haemorrhages. 
Deep-set or interpolar tumours can be even more problematic. The 
very act of clamping the renal hilum during surgery incurs ipsilat-
eral functional renal injury if the warm ischaemic time exceeds 25–30 
min. Therefore, experienced surgical units are attempting to develop 
‘clampless’ techniques to avoid this form of functional renal injury.
Given these issues, some surgeons have proceeded to laparoscopic 
ablation, but as with all tumour ablation, the issue remains one of 
clear overall visualisation, dosimetry and confirmation of complete 
treatment in the setting of a primary in situ carcinoma requiring defin-
itive treatment. It seems logical that a scalable ablation technique will 
ultimately be delivered under careful imaging control as this is how 
the tumour was diagnosed and best appreciated in the first place.
Thermal ablation techniques have been shown to be effective for 
renal tumours up to 35 mm in diameter, but cases that clearly de-
fined and controlled treatments with radiofrequency or microwave 
ablation are problematic, particularly where tumours are of irregular 
morphology or have extensions deep into the peripelvic kidney. 
Cryoablation is a multiprobe technique that can deliver a control-
lable iceball, which can be fashioned to deliver lethal isotherms to 
the entire tumour along with less potential to injure the renal pel-
vis. Follow-up data appears to confirm the merits of these features 
demonstrating a significantly higher rate of subtotal treatment and 
local recurrence for RFA versus cryoablation (2). However, these data 
were based on meta-analysis of retrospective, non-randomized case 
series.
It is important that the patient is assured of a definitive and minimally 
invasive treatment, certainly for tumours <4 cm with low metastatic 
potential, when a decision is made to treat a primary renal tumour. 
Many of these tumours can demonstrate an indolent clinical course 
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Foundation Course
Stroke management 2: how I do it

1001.1
How I perform thrombolysis and thrombectomy
C. Castaño;
Neuroradiology, Hospital Universitari Germans Trias i Pujol, 
Badalona Barcelona, Spain.

Learning Objectives
1. To learn how to perform IA thrombolysis
2. To learn how to perform IA thrombectomy
3. To learn how to decide between IA thrombolysis and IA throm-

bectomy
Introduction
With our 5 years experience in endovascular treatment of stroke, we 
have modified and significantly improved our technique. Thus, we 
have abandoned the use of intra-arterial drug fibrinolysis to perform 
mechanical thrombectomy alone in most cases, according to the fol-
lowing technique.
Material and Methods
All procedures were performed under general or sedation anesthesia.
Using a transfemoral approach, an 8-Fr balloon guide catheter (BGC) 
was placed in the ICA or subclavian artery, particularly in the VA. A 
saline solution without heparin was continuously perfused through 
the catheter during the procedure. With the BGC deflated, a 0.014-inch 
guide wire was coaxially advanced over an 18 microcatheter through 
the occluded intracranial vessel and navigated distal to the clot. The 
18 microcatheter was then advanced over the wire through the clot, 
and the guide wire was exchanged for the embolectomy device. At 
that time, the stentriever was advanced and deployed with the distal 
portion of the stent placed distal to the clot. This may cause immedi-
ate flow restoration through the thrombus. In cases in which the stent 
was deployed, angiographic flow restoration in lenticulostriate and 
perforating arteries was noted. The stentriever was kept deployed for 
1 or 2 min before its retrieval. With the BGC inflated, the microcatheter 
and the embolectomy device were gently withdrawn outside the body 
under continuous proximal aspiration with a syringe. An angiography 
was performed to explore the vessel status. Once the procedure was 
completed, we closed the puncture site with a percutaneous closure.
For cases with very tortuous arteries, we used a triaxial system inter-
posing a 4-Fr or 5-Fr catheter to provide greater support to the 18 
microcatheter. We also performed continuous suction through the 
intermediate catheter while removing the stentriever.
In cases with a proximal ICA tandem occlusion, a tight angioplasty 
was performed previous to the distal mechanical thrombectomy. 
Once the distal occlusion was recanalized, a wider balloon angio-
plasty in the proximal ICA was performed under occlusion of the 
CCA and continuous suction. We intended to avoid the use of stents 
in the acute phase. However, if deemed necessary, we placed a stent 
with the same technique described for angioplasty.
Conclusion
Because of a long experience in interventional treatment of stroke, 
we have debugged our technique that may contribute to increase 
the rate of recanalization with low morbidity and short time.
References
1.  Castaño C, Serena J, Dávalos A.: Use of the New Solitaire™ AB 

Device for Mechanical Thrombectomy when Merci Clot Retriever 
Has Failed to Remove the Clot. Interventional Neuroradiology 
2009; 15:209-214.

2.  Castaño C, Dorado L, Guerrero C, Millán M, Gomis M, Perez de 
la Ossa N, Castellanos M, Garcia MR, Domenech S, Davalos A.: 
Mechanical Thrombectomy with the Solitaire AB Device in Large 
Artery Occlusions of the Anterior Circulation. A Pilot Study. 
Stroke 2010; 41(8):1836-1840.

layer sustaining the urothelium resists cold temperatures better.
Extrarenal complications concern mainly thermal damages to sur-
rounding organs; anterior tumors are associated with a higher risk 
of bowel perforation. Particular caution regarding the ureter should 
be employed when treating inferomedial tumors. Several sensitive 
nerves such as genitofemoral and ilioinguinal nerves may be dam-
aged when ablating posterior tumors in contact with the psoas mus-
cle. The risk of pleural and cardiovascular complication is increased 
when treating upper pole renal tumors.
Good knowledge of different thermal protection techniques is 
required for the treatment of complex tumors close to vulnerable 
structures. The most commonly used thermal protection technique 
is hydrodissection; it displaces the vulnerable organ and keeps its 
temperature in a safe range by convection. For RFA, 5% dextrose is 
preferred to reduce electrical conductivity. For cryoablation, con-
vention saline is suitable. Carbone dioxide dissection is a safe, easy 
method to displace and insulate vulnerable organs because of its 
extremely low thermal conductivity. However, repeated injections 
are generally required during ablation to keep a safety gaseous layer 
as CO2 diffuses rapidly. Sometimes, the thermal applicator can be 
used as a lever to keep the tumor away from the vulnerable adja-
cent organ. This technique is particularly useful with stable needles 
such as expandable multi-tine RFA electrodes or with cryoprobes 
because they get lodged in the ice. Thermocouples are also useful 
when continuous thermal monitoring of an at-risk organ is required.
The R.E.N.A.L. (radius, exophytic/endophytic, nearness to a collect-
ing system or sinus, anterior/posterior and location relative to polar 
lines) nephrometry scoring system helps to standardize the techni-
cal complexity of the procedure and to better predict treatment effi-
cacy and risk of complications.
Finally, general complications can occur and are related to the tech-
nique of anesthesia and comorbidities of the patient. Proper patient 
selection is mandatory and requires a multidisciplinary approach. 
For patients with severe comorbidities and slow-growing tumors, 
watchful waiting is sometimes the best option.
In conclusion, RFA and cryoablation are both effective for treating small 
renal masses. Major complications with either procedure are infrequent. 
When performing percutaneous renal ablation, many complications can 
be prevented with a proper patient and tumor selection, with a good 
knowledge of ablation and thermal protection techniques. However, 
the risk of complication is increased for large and central tumors.
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1001.3
Clinical outcomes after IAT - trial update
P. Brennan;
Neuroradiology, Beaumont Hospital, Dublin, Ireland.

Learning Objectives
1. To learn briefly where IAT stands in terms of evidence based 

medicine
2. To understand in which clinical settings one should prefer IAT
3. To learn how IA therapy compares with best medical therapy

No abstract available.

1001.4
How to prevent and manage complications of IAT
R. Barranco Pons, M.A. de Miquel Miquel, L. Aja Rodriguez, S. Aixut,
P. Cardona, H. Quesada;
Radiology, L’Hospitalet de Llobregat, Hospital de Bellvitge, 
Barcelona, Spain.

Learning Objectives
1. To learn the complications of IAT
2. To learn how to prevent complications of IAT
3. To learn how to manage complications of IAT
Preintervention: In experienced interventional hands, a good clini-
cal success (different from technical success) is probably due to good 
patient selection. This point probably is the most improved phenom-
ena on a learning curve.
To achieve proper patient selection, good team work with neuro-
logist is mandatory.
Of course, preintervention imaging assessment is another important 
point. Previous CT/MRI (perfusion imaging, mismatch, CTASI) help 
us in proper selection to avoid hemorrhagic stroke transformation. 
Angio-CT of the aortic arch will provide us the knowledge of arte-
rial anatomy and difficulties, thus helping in time-saving and opti-
mal intervention planning: material choice, catheter shape, brachial 
access, DAC use.
Intervention: Proper material and technique selection is the key to 
prevent complications.
Long sheaths can help in cases of tortuous aortoiliac vessels.
A progressive coaxial system can help prevent dissection.
Clot prevention can be achieved with proper catheter saline perfu-
sion with 500 IU of Na heparin/500 ml saline.
A J-shaped microguidewire is used to prevent perforation, espe-
cially during thrombi catheterization. Once the microcatheter is 
advanced beyond the clot, it is important to perform a low pres-
sure hand injection. Use of arteriography in areas beyond the clot is 
important for proper stent placement in clot retrieval.
To prevent clot embolization during clot retrieval, carotid balloon 
occlusion and optimal syringe aspiration can be used.

3.  Castaño C, Garcia-Bermejo P, García MR.: A Single Center 
Experience of Stenting in Symptomatic Intracranial 
Atherosclerosis. The Neuroradiology Journal 2012; 2(19):683-697.

1001.2
What influences the outcomes of IAT?
T. Engelhorn;
Neuroradiologische Abteilung, Universitätsklinikum Erlangen, 
Erlangen, Germany.

Learning Objectives
1. To learn different parameters influencing the outcomes of IA 

treatment in acute stroke
2. To learn and understand what positively affects the outcomes 

after IA treatment
3. To learn and understand what negatively affects the outcomes 

after IA treatment
Ischemic stroke is mostly caused by thrombembolic large vessel oc-
clusion. The immediate target of acute stroke treatment is recana-
lization of occluded arteries and reperfusion of the ischemic brain 
as early reperfusion is the strongest predictor of improved outcome. 
Currently, intravenous thrombolysis administered within 4.5 hours 
after symptom onset is the only proven treatment. However, recan-
alization rates after administration of intravenous t-PA are poor. 
These low rates have prompted the use of endovascular therapies 
to improve recanalization rates. The PROACT II trial provided proof 
of concept that endovascular treatment may improve outcomes in 
acute ischemic stroke.
In recently published studies comparing endovascular with medi-
cal treatment (IMS III, SYNTHESIS Expansion & MR RESCUE), outcomes 
were similar in both treatment groups despite higher recanalization 
rates in the endovascular group. One explanation for this finding is that 
there was no benefit if recanalization was achieved too late, i.e. after 
the ischemic region has already undergone infarction. A 1-hour delay 
in time-to-treatment already negates the benefit of a higher recanali-
zation rate. Subgroup analyses revealed that endovascular treatment 
adds a significant benefit only if initiated early after symptom onset 
(<4 hours). Hence, outcomes are directly linked to pre- and intra-hos-
pital time (time to puncture, time to recanalization). Subsequently, con-
scious sedation for endovascular treatment results in better outcomes 
compared with time-consuming general anesthesia.
Studies have also suggested that patients beyond the 4.5 hours win-
dow showing a large area of ischemia but not infarction, i.e., good 
collaterals, may benefit from endovascular treatment. In the MR 
RESCUE trial, patients with ischemic penumbra had better outcomes 
than those without the penumbral pattern, but endovascular treat-
ment provided no significant advantage (although there was a trend 
toward better outcomes). Nevertheless, this study was limited by the 
use of less effective thrombectomy devices. Use of stent retrievers in 
large intracranial arteries occlusion resulted in significant better out-
comes than intravenous t-PA treatment alone in the STAR study.
Besides, outcome after endovascular treatment depends on the 
patient age, thrombus length (intravenous t-PA has nearly no poten-
tial to recanalize occluded vessels if the thrombus length exceeds 
8 mm), and stroke unit care.
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stent–grafts (Zenith TX2 Pro-Form/Cook, Valiant Captivia/Medtronic, 
Conformable TAG/Gore, Relay Plus/Bolton). The modifications involve 
changes in the delivery system, allowing for more precise delivery 
and better apposition of the uppermost stent–graft element (Zenith, 
Relay), or the addition of a bare stent crown combined with altera-
tions in the exoskeleton geometry, thus increasing its radial force 
and improving its conformability (C-TAG). In an analogous bench test, 
these refinements have resulted in marked improvements compared 
with previous stent–graft designs (10). Short-term clinical observa-
tions with these newer stent–grafts are promising (11-15). Meanwhile, 
good mid-term results have been achieved with the first-genera-
tion commercially available thoracic stent–grafts. Because TAI survi-
vors have a long life expectancy and the aorta becomes tortuous and 
dilated with advancing age, it is unknown whether the new devices 
enable a definitive long-term solution and, if so, for how many years.
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In case of carotid occlusion and stenting, beware of clot retrieval stent 
as well as of long sheaths or guiding catheters distal to carotid stents 
during stent retrieval.
TICA occlusion is best with clot retrievals. Do not leave carotid stents 
if not mandatory: double antiplatelet hemorrhagic risk.
Use of general anaesthesia versus sedation. (especially in elderly 
patients)
Postintervention: Awareness of the post-puncture site hematoma 
(use closure system)
Hemorrhagic stroke transformation risk (preintervention optimal 
risk assessment and the importance of blood pressure control in the 
postintervention phase).

Special Session
Thoracic aorta - update

1002.1
How good is TEVR for aortic trauma - do the new devices 
enable a definitive solution?
T. Pfammatter;
Division of Diagnostic and Interventional Radiology, University 
Hospital Zurich, Zurich, Switzerland.

Learning Objectives
1. To learn about the role of TEVR in aortic trauma
2. To learn about the problems of TEVR in young trauma patients
3. To learn how TEVR devices have been modified to treat trauma 

patients
In 1997, the first cases of blunt traumatic aortic injuries (TAI) treated 
by stent–grafts were published (1). Ten years later, a survey of the 
American Association for the Surgery of Trauma showed that endo-
vascular treatment had been chosen for 65% of the TAI patients (2). 
No randomized trial comparing open and endovascular repair of 
this rare condition has yet been performed. However, a multicenter 
prospective study and meta-analysis of comparative studies dem-
onstrated significant reduction in procedural mortality and isch-
emic spinal cord ischemic events associated with TEVR (2, 3). The 
stent–grafts used in the first decade of endovascular treatment were 
essentially tube stent–grafts derived from abdominal aortic devices 
which were adapted for treating degenerative aneurysms of the 
descending thoracic aorta. The TAI population is generally younger 
and therefore has smaller aortic diameters and shorter radii of the 
aortic arch. Because the aortic isthmus is involved in over 90% TAIs, 
anchoring of the prosthesis in the arch, proximal to the left subcla-
vian artery origin, becomes necessary in up to 60% patients. These 
anatomical constraints are associated with relevant early failures; 
early proximal type I endoleaks have been observed in 4.2%–14% 
patients treated for TAI (2, 4). Collapse of thoracic aortic stent–grafts 
has been reported to occur particularly in patients treated for TAI (5). 
The Gore TAG was most frequently used for initial TEVR in the col-
lected cases (5). The reported incidence of TAG infolding, based on 
data of complaints to the manufacturer, was 0.4%, which is relatively 
low considering its wide use (6). This complication is asymptomatic in 
51%–59% patients and often detected on imaging before discharge. 
More than 20% oversizing of the stent–graft and severe proximal 
angulation leading to “beaking” have been associated with this com-
plication (5-7). A review of admission CTAs of hemodynamically insta-
ble trauma patients showed approximately 5% decrease in the diam-
eter of the aortic arch and proximal descending aorta (8). Therefore, 
blood pressure-dependent size changes need to be considered when 
immediate TVR is performed. Bench experiments with different com-
mercially available thoracic stent–grafts underscore the importance 
of radial force and close stent–graft apposition at the lesser arch cur-
vature for secure anchorage (9). These clinical and laboratory obser-
vations prompted the development of a new generation of thoracic 
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of the aortic arch and its branches, or both, as clinically indicated. 
Morbidity and mortality for direct surgical repair both have sub-
stantially improved in recent years. Unfortunately, the International 
Registry of Acute Aortic Dissection showed that approximately 28% 
of patients with acute type A aortic dissections were considered 
unfit for open surgery and received only medical treatment. Survival 
of these medically managed patients is compromised significantly 
in both acute and chronic circumstances compared with those who 
receive direct surgical repair.
Recent improvements in endograft technology raised the consider-
ation that these new shorter, larger-diameter endografts may be useful 
as a novel endovascular treatment for patients with acute ascending 
aortic dissection who were considered poor candidates for direct sur-
gical repair. Zimpfer et al. conducted an ex vivo study demonstrating 
that stent–graft placement for ascending aortic dissection was feasible 
and could achieve complete exclusion of the false lumen. Isolated case 
reports describing endovascular repair of ascending aortic dissection 
have been published, but patient follow-up was extremely limited. 
Some of these reports identified major complications, including proce-
dural-related cerebral ischemia and progressive aortic valvular insuffi-
ciency, which therefore raised serious questions regarding the valve of 
endovascular repair ascending aortic dissection.
Pseudoaneurysm of the ascending aorta represents a rare but 
potentially lethal condition. The traditional approach to this disease 
includes open resection using cardiopulmonary bypass; however, in 
many patients the operative risk of this approach may be prohibi-
tive. In these instances, endovascular approaches to the ascending 
aortic involving TEVAR for pseudoaneurysm exclusion may be fea-
sible. Hybrid approaches combining open surgical techniques and 
endovascular procedures have gained momentum with various deb-
ranching options described in the literature to manage ascending 
aortic pathologies.
We have experience using TEVAR to treat 24 patients with a variety 
of lesions involving the ascending aorta. Different types of devices, 
routes of access to the ascending aorta, and adjunctive procedural 
techniques were employed in this series. As a general rule, small 
diameter (<32 mm), short segments (<5.5 cm) of disease were man-
aged by placement of abdominal aortic cuff devices placed through 
the carotid artery. Larger-diameter aortas and more extensive lon-
gitudinal segments of disease were generally managed by placing 
standard TEVAR devices through a transfemoral approach. Certainly, 
in many instances, endovascular approaches to pseudoaneurysm 
of the ascending aorta may be precluded by unfavorable anatomy. 
Despite the advantages of endovascular approaches to this clinical 
challenge, one must bear in mind the high level of risk that these 
procedures entail. Long-term data are not available to establish the 
durability of TEVAR repair. In follow-up, persistent infection repre-
sents another limitation. It is possible that in the setting of ongo-
ing infection, TEVAR may represent only a temporary solution to the 
underlying pathology. This presentation will review our experience 
with TEVAR and detail the procedural and longer-term results.

1002.4
What is the current role of branched endografts in 
thoracoabdominal aneurysms and dissections?
A. Katsargyris, E.L. Verhoeven;
Department of Vascular and Endovascular Surgery, Klinikum 
Nürnberg Süd, Nuremberg, Germany.

Learning Objectives
1. To learn about the outcomes of branched and fenestrated 

endografts in the thoracoabdominal aorta
2. To learn about the outcomes of hybrid procedures in the thora-

coabdominal aorta
3. To learn about the outcomes of chimneys, periscopes and 

sandwich procedures in the thoracoabdominal aorta

1002.2
Adverse outcomes after TEVR: a risk scoring system for 
everyday use
I. Loftus, B. Patterson;
Vascular Institute, St George’s Healthcare NHS Trust, London, United 
Kingdom.

Learning Objectives
1. To learn about adverse outcomes after TEVR
2. To learn about a risk scoring system that might help to predict 

adverse outcomes after TEVR
3. To learn the basic facts about how the risk scoring system was 

devised
Introduction: 
Thoracic endovascular aneurysm repair (TEVAR) is associated with 
lower short-term mortality and morbidity than traditional open sur-
gery. Despite this, serious adverse events occur in 10%–15% patients 
and the rate of all cause death at follow-up is high. The objective of 
this study was to develop a patient-specific risk stratification system 
to aid pre-operative planning.
Methods: 
The MOTHER database consists of five prospective clinical trials and a 
single institutional series. Logistic regression and Cox’s proportional 
hazard modelling were used to construct models using pre-opera-
tive variables to predict peri-operative and mid-term adverse events. 
ROC curve analysis and the Hosmer–Lemeshow test were used to 
determine discrimination and goodness of fit of the models.
Results: 
Of 670 patients that underwent TEVAR for thoracic aneurysm, 5% 
died, 5% had a stroke and 3% developed spinal-cord injury (SCI) 
post-operatively. Independent predictors of 30-day death were age, 
non-elective surgery and the need for >2 devices (c-statistic = 0.71). 
Stroke was predicted by gender (female), previous stroke, coverage 
of the left subclavian artery and the need for >2 devices (c-statis-
tic = 0.77). SCI was predicted by gender (female), smoking, previous 
stroke, non-elective surgery and the need for >2 devices (c-statistic 
= 0.72). Aortic re-intervention was predicted by aneurysm length, 
maximum diameter and iliac tortuosity, and a high-risk cohort could 
be identified. Patients could be successfully divided into tertiles of 
risk using the mid-term all-cause death model.
Conclusion:
These models relatively accurately predict important outcomes fol-
lowing TEVAR. External validation of this risk stratification system is 
required before it can be introduced into clinical practice.

1002.3
What recent developments help us to treat disease in the 
ascending aorta and aortic arch?
M.D. Dake;
Falk Cardiovascular Research Center, Stanford University School of 
Medicine, Stanford, CA, United States of America.

Learning Objectives
1. To learn about the outcomes of branched endografts in the 

ascending aorta and aortic arch
2. To learn about the outcomes of hybrid procedures in the 

ascending aorta and aortic arch
3. To learn about the outcomes of chimney procedures in the 

ascending aorta and aortic arch
Stanford type A aortic dissection is the most common form of tho-
racic aortic dissection, accounting for approximately 60% of all 
cases. Untreated, this condition has a high mortality, which empha-
sizes the need for emergency repair. Classic therapy is a direct surgi-
cal replacement of the ascending aorta with a prosthetic graft, which 
may be combined with aortic valve replacement, reconstruction 
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characterized by extensive remodeling of the aorta and increasing 
fibrotic stiffness of the intimal flap, resulting in a secondary aneu-
rysm with diverse features.
Complete endovascular exclusion of post-dissection aneurysms that 
involve the thoracoabdominal aorta requires the use of branched 
endografts. Compared with the treatment of atherosclerotic TAAA, 
additional technical challenges arise. The true lumen is usually nar-
row, limiting the available room for branches. Extra room can be cre-
ated by deploying a proximal tube graft first, to land a few cm above 
the visceral vessels. A second technical challenge relates to visceral 
branches originating from different lumina. In such cases, perfora-
tion of the stiff chronic dissection flap is required to obtain access 
to the vessels originating from the false lumen. Puncture of the dis-
section flap with a needle (e.g. TIPPS needle) or the stiff end of a wire 
have been used to address this issue.
Initial experience with branched and/or fenestrated grafts to treat 
post dissection TAAA has shown encouraging early results.[2] 
Meanwhile, 12 patients have been treated in Nuremberg. Technical 
success was achieved in all cases (100%). There was one death 
(8.3%) in the early postoperative period due to multiorgan fail-
ure. One patient (8.3%) with impaired preoperative renal function 
required permanent dialysis at 6 months. No cases of paraplegia 
occurred. Mean follow-up was 12 months. In three cases, the length 
of the bridging covered stent in a renal artery proved too short after 
remodeling of the aorta, resulting in a type Ib endoleak. This was suc-
cessfully treated with a longer bridging stent–graft. Type II endoleaks 
were observed in five cases, three of which resolved spontaneously. 
No aneurysm-related deaths were observed during follow-up.
Conclusion
Endovascular treatment of primary atherosclerotic TAAA shows 
good mid-term results. With ongoing improvements in branched 
endograft technology and accumulating physicians’ experience, 
endovascular TAAA repair has the potential to become a valid alterna-
tive to open surgery in an increasing proportion of patients. Further- 
more, preliminary experience shows that branched endografts can 
successfully be used for post-dissection TAAA.
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Introduction
Endovascular treatment of thoracoabdominal aortic aneurysms 
(TAAA) with branched endografts was developed on the basis of the 
experience with fenestrated endografts for juxtarenal aneurysms. 
Endovascular TAAA repair was initially reserved to a few pioneer-
ing centers; however, now in its second decade, it has widely spread 
to many large volume endovascular centers throughout the world. 
Mid-term results are encouraging, including mortality rates below 
10% and spinal cord ischemia (SCI) ranging between 2.7% and 20%.[1]
Lately, branched endografts have also been used in selected 
patients with post-dissection TAAA.[2] The latter represent a sepa-
rate pathology with specific characteristics. A true aortic lumen is 
commonly narrow, while target vessels can be perfused by different 
lumens (true & false). These specific characteristics pose additional 
challenges to endovascular repair with branched grafts.
The present abstract provides a brief overview of the role of branched 
endografts in primary atherosclerotic and post-dissection TAAA.
Endovascular repair of primary TAAA
Chuter et al. were the first to treat a case of TAAA with a branched 
endograft.[3] Since then, more series have been published, report-
ing results on total endovascular repair of TAAA.[4-13] In 2007, the 
group from Cleveland Clinic Foundation, Cleveland, Ohio, USA pub-
lished their results in a cohort of 73 patients including 28 type I, II, 
or III and 45 type IV TAAA.[6] Technical success was achieved in 
93% cases. Thirty-day mortality was 5.5%. SCI was noticed in 2.7%, 
new onset of dialysis in 1.4%, and cardiac complications in 5.5%. 
Additional reports have been published from this institution, includ-
ing a retrospective study comparing open surgery and endovascular 
repair for descending thoracic and thoracoabdominal aneurysms in 
a total of 724 patients.[14]
In Europe, the groups of Groningen, the Netherlands, and Nuremberg, 
Germany have published their combined initial experience with 
endovascular TAAA repair in 50 patients. [11, 12] This cohort included 
mainly high-surgical risk patients. The extent of the aneurysm was 
type I in nine, type II in 13, type III in 19 and type IV in nine patients. 
Primary and primary assisted technical success was 88 % and 92 % 
respectively. Thirty-day mortality was 8 %. Estimated survival at 6 
months, 1 year, and 2 years was 91.2 %, 79.8 %, and 69.7 %, respec-
tively. Freedom of reintervention at 1 and 2 years was 81.9 % and 
73.7 %, respectively.
Most recently, the French experience (Lille) was also published 
including a total of 89 patients (4 type I, 15 type II, 25 type III, and 
45 type IV TAAA). Technical success was achieved in 96.6% cases. 
Thirty-day mortality was 8.9%. SCI was noticed in 7.8%. Temporary 
dialysis was required in 6.7%. Cardiac complications occurred in 
7.8%. Estimated survival was 86.8% at 1 year and 74.7% at 2 years.
These results are encouraging, considering the complexity of 
TAAA repair and that a large proportion of patients were high-
risk or refused for open repair. Nevertheless, especially in high-risk 
patients, operative risk cannot be eliminated. Mortality in the liter-
ature ranges from 5% to 20%, with the larger series reporting mor-
tality rates lower than 10%. SCI varies among published reports, but 
seems to have a more benign profile compared with open surgery 
(later onset, transient). Renal failure can occur because of intrapro-
cedural technical errors, late occlusions of renal artery stent–grafts, 
and multiple contrast-enhanced CT scans during follow-up. Lower 
limb compartment syndrome can also occur if the large diameter 
introduction systems remain in place for a long time. Removal of 
introduction systems as early as possible is therefore advisable.
Overall, endovascular TAAA repair remains a complex procedure 
and should be performed only in experienced centers. Team effort 
with strict indication, careful planning, and meticulous execution is 
the key to success.
Endovascular repair of post-dissection TAAA
Approximately 20%–30% patients with an uncomplicated, acute, 
type B dissection will develop a post-dissection thoracic or tho-
racoabdominal aneurysm.[15] This is a long degenerative process 
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1003.2
How do I decide between all of the devices and techniques?
M.R. Sapoval;
Dept. of Cardiovascular Radiology, Hôpital Européen Georges 
Pompidou, Paris, France.

Learning Objectives
1. To learn about the products and techniques available
2. To learn what to look for when choosing a device
3. To learn which treatment technique is best for you
Introduction
Renal denervation is gaining rapid acceptance in the interventional 
world. Because the potential market is huge, many companies are 
entering this field with various technologies and strategies for tech-
nical/clinical development. The aim of this short paper is to review 
endovascular technologies as of June 2013. Citing all technologies 
would go beyond the scope of this review. Common sense com-
mands to select only those which European IRs might have access 
to, i.e. those which already have a CE mark.
One should be aware that this paper will likely be rapidly outdated, 
at least in part, because of the specifically rapid pace of innovation 
in this field. Of course, clinical data available are changing every 
month and on top of technical modifications, clinical evidence will 
also need permanent updates. As of today, most of the technologies 
are based on radiofrequency ablation and only one uses a different 
approach (focused ultra sound ablation, ReCor).
Basic common features of all technologies
All the presented technologies are based on endovascular inser-
tion of the device into the renal artery, ablation and control angiog-
raphy. Ablation of the renal nerves is not an accurate technique in 
the sense that there is no way to trigger and map the nerves during 
intervention. Although it is well known that nerves lie in the periph-
ery of the artery and in the adventitial tissue and fat, there is still 
controversy concerning the depth of the sympathetic fibers around 
the renal artery, therefore the profile of energy delivery is possibly 
not optimal with all catheters.
All technologies have been studied in healthy pig models (no hyper-
tension, no atheromatous lesions) with proven safety and indirect 
evaluation of efficacy (using a surrogate such as the norepinephrine 
level in the target kidney). Unfortunately, most of these data sets are 
kept “in house” and are not published, which is somewhat problem-
atic in terms of the confidence that IRs can have in device safety. For 
example, the Simplicity catheter was tested in human use before 
the animal study was published despite the tests having been per-
formed a long time before human use (1).
In terms of clinical development, all companies are following more 
or less the same approach consisting in first-in-man study in resis-
tant hypertension (following the lines of the Simplicity 1 trial) 
focused on safety, then followed by larger cohort studies to increase 
the knowledge on their technologies. Because they understand that 
the level of evidence needed is high in that field, more and more of 
them are actually considering doing randomized controlled trials.
Medtronic: Symplicity Renal Denervation System
Energy source: Radiofrequency (monopolar), single tip (Symplicity 
Flex)
Power applied: 8 W
Cooling: Not required (non-occlusive design)
Self-centering in the renal artery: Not required (RF energy applied 
directly to vessel wall)
Puncture site: 6 F
Over the wire: No
N of ablation: one at a time (suggested 4-6 per side)
Duration of ablation: 2 min per ablation
Duration of the intervention: 8 min per side to ablate at 4 spots
Anatomical contra-indications: arteries < 4 mm (diameter) Ablation 
in dual renals only if >4mm diameter

13. Haulon, S., et al., Endovascular repair of thoracoabdominal aortic 
aneurysms. Eur J Vasc Endovasc Surg, 2010. 39(2): p. 171-8.

14. Greenberg, R.K., et al., Contemporary analysis of descending tho-
racic and thoracoabdominal aneurysm repair: a comparison of 
endovascular and open techniques. Circulation, 2008. 118(8):        
p. 808-17.

15. Blount, K.J. and K.D. Hagspiel, Aortic diameter, true lumen, and 
false lumen growth rates in chronic type B aortic dissection. AJR 
Am J Roentgenol, 2009. 192(5): p. 222-9.

Special Session
Renal denervation

1003.1
How you can develop this procedure in your hospital
A.-M. Belli;
Dept. of Radiology, St. George’s Hospital, London, United Kingdom.

Learning Objectives
1. To understand how to set up a service for renal denervation
2. To learn how to get the practical knowledge for proper treatment
3. To learn how to deal with turf battles regarding renal denervation
The practical details of setting up a service in RDN varies among 
countries and among different institutes. Interventional radiolo-
gists are well placed to offer this service. Renovascular interven-
tions including denervation are a part of the IR curriculum and train-
ing. IRs are skilled in catheterising renal arteries in severe peripheral 
arterial disease and dealing with complications in the renal arter-
ies as well as puncture site and access problems. In addition, IRs are 
trained and skilled in diagnostic imaging and detecting other sec-
ondary causes of hypertension and have had a long collaborative 
association with specialists in hypertension for whom we perform 
not only arterial interventions but also venous sampling. It is this 
long collaborative history and training in imaging and endovascular 
management of hypertensive patients that puts IR in a particularly 
strong position to offer this service compared with other providers.
The technique is straight forward with slight variations pertinent to 
the various devices; therefore, training and understanding of each 
system is required. Attendance at courses which provide impartial 
training are encouraged e.g., ESIR. Pain management is an impor-
tant part of the procedure. Protocols must be established to cover all 
aspects of care, including how to select patients clincially and radio-
logically, and provision of post-procedural care and follow-up. It is 
crucial that the IR performing the procedure sees the patient in the 
clinic beforehand to explain the procedure in detail and to discuss 
possible consequences and results of the treatment. A collaborative 
approach is necessary in centres where other specialties have set up 
the service, with emphasis on a multidisciplinary team approach to 
avoid self referrals and assessment.
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Total Duration of ablation: between 1 and 2 min total
Anatomical contra-indications: Artery shorter than 15 mm
Published evidence: Reduce-HTN (first in man cohort study) - not 
published yet (presented at EuroPCR 2013) (5)
Ongoing trials (non-exhaustive list): * REDUCE-HTN
Planned trials: US- IDE, European Post Market Study, China, India, 
Israel, Japan, Canada
Longest follow up: 12 months
Ongoing progress of the catheter: Reduced F size and improvement 
of the balloon platform
Remaining technical questions/limitations: Long-term efficacy and 
safety beyond 12 months is not known as well as potential long-
term effect on the kidney
Total number of cases performed: >150 cases
Covidien: OneShot Renal Denervation System
Energy source: Radiofrequency monopolar
Power applied: 25W
Self-centering in the renal artery: yes low pressure balloon
Cooling: yes 
Puncture site: 7 or 8 F guiding or 6 F long sheath
Over the wire: yes
N of ablation: 1 per side
Duration of ablation: 2 min per artery
Total Duration of ablation: 4 min
Anatomical contra-indications: arteries shorter than 2 cm arteries of 
more than 7 mm
Published evidence: first in man cohort study (RHAS study, 9 patients 
followed one year) (6)
Ongoing trials (non-exhaustive list): Rapid 1: Enrollment complete, 
in follow-up (50 patients, single arm, following for 3 years); OneShot 
Registry: Enrolling (up to 1000 patients, single arm, following for 3 
years patients, single arm, following for 3 years);
Planned trials: Rapid 2 (RCT against Best medical treatment
Longest follow up: 1 year
Ongoing progress of the catheter: reduction of size to 7 F for all bal-
loon sizes
Remaining technical questions/limitations: Incidence of stenosis at 12 
months is not known as well as potential long-term effect on the kidney
Total number of cases performed: One shot is in limited commercial 
release
Other considerations that can play a role when selecting the 
best device
Because all the tools presented here are CE marked, they are begin-
ning to be commercialized in several European countries. However, 
CE mark does not translate into reimbursement which is different 
from country to country. This explains the slow adoption of renal 
denervation except in Germany, where there is already a reimbursed 
DRG for denervation under certain conditions.
Another missing point is the nearly complete absence of publication 
of animal pre-clinical results. Companies should disclose their results 
and protocol in order to convince the interventional community that 
their device is safe and (to a lesser extent) effective. All interven-
tionalists are waiting for more clinical evidence and above all for a 
means to assess the pre-interventional evaluation of the actual renal 
nerve ablation.
Last but not least the issue of cost effectiveness is poorly under-
stood and documented despite preliminary data having been pro-
posed. Companies are conducting health economic studies to sup-
port their claim for reimbursement, but because cost calculation 
first requires strong clinical evidence, it is not clear what the future 
will be on this question. In the French RCT (DenerHTN), a cost effec-
tiveness study is in process (results expected Q1 or Q2 2014).
IRs are responsible physicians and there is no doubt that low prices 
will not be accepted at the cost of quality of the device or of the evi-
dence. It is important that Interventionalists favor the devices with 
the highest safety and efficacy profile and for which Level 1 evi-
dence through appropriate RCT has been obtained.

Published evidence: * Symplicity HTN-1 non-randomised trial 153 
patient with 3-Year follow-up (2) * Simplicity HTN 2 - 100 patient 
with 24-Month follow up, (2,3).
Ongoing trials (non-exhaustive list): * 530 patient Symplicity HTN-3 
(RCT, sham, US IDE trial), 5000 patient Global SYMPLICITY Registry, 
* Symplicity HF (Heart Failure) and regional non-randomised regu-
latory requirement trials in Japan and India. (http://clinicaltrials.gov/
ct2/results?term=Symplicity&pg=1 )
**DenerHTN (RCT in France), ** Derenediab (RCT in France protein-
uria in diabetics),
Planned trials: Symplicity HTN-4 (Stage 1 HTN >140mmHg)
Longest published follow-up in peer-reviewed journals: 3 years
Ongoing progress of the renal denervation system: Symplicity Spyral 
(a spiral-shaped multi-electrode) will soon allow simultaneous abla-
tion of up to 4 spots at a time
ReCor: Paradise catheter
Energy source: Non-focused ultrasound
Power applied: Customized (based on artery size, acoustic watts )
Cooling: yes
Self-centering in the renal artery: yes (low pressure balloon)
Puncture site: 6 F
Over the wire: yes
N of ablation: 1 per side
Duration of 1 ablation: 30 sec
Duration of the intervention: 30 sec per side
Anatomical contra-indications: length < 10 mm
Published evidence: Reduce (First in man cohort study) (4)
Ongoing trials (non exhaustive list): *Realise (Cohort) * Achieve 
(Cohort)
Planned trials: TBD
Longest follow up: 12 months
Ongoing progress of the catheter: Over the wire 6 F, new generator
Remaining technical questions/limitations: Incidence of stenosis at 12 
months is not known as well as potential long-term effect on the kidney
Total number of cases performed: 100
St Jude: EnligHTN catheter reviewed MS and Hallums
Energy source: Radiofrequency (monopolar), 4 electrodes on a 
basket
Power applied: 8 W
Self-centering in the renal artery: yes (non-occlusive basket)
Cooling: yes
Puncture site: 8 F
Over the wire: no
N of ablation: 4 per basket
Duration of ablation: 60 sec per basket / 4 simultaneous electrodes 
(Generation 2)
Total Duration of ablation: 2 min per side - two ablation sets
Published evidence: EnligHTN 1 (cohort first in man); EnligHTN 2 
prospective observational study (examining Resistant hyperten-
sion, uncontrolled hypertension and CKD cohorts; EnligHTN 3 with 
Second Generation device Planned trials: EnligHTNment (RCT with 
reduction of cardio vascular endpoint
Longest follow-up: 1 year presented at EuroPCR 2013 (5)
Ongoing progress of the catheter: 6Fr catheter available through 
femoral and radial access in H1 2014
Remaining technical questions/limitations: Incidence of stenosis at 12 
months is not known as well as potential long term effect on the kidney
Total number of cases performed: >750
Boston Scientific: Vessix Renal Denervation System
Energy source: Radiofrequency (bipolar)
Power applied: 1 W
Self-centering in the renal artery: yes (low pressure balloon)
Cooling: no
Puncture site: 8 F
Over the wire: yes
N of ablation: 1 or 2 session each side
Duration of ablation: 30 sec for one level
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arteries are typically catheterised directly with a guiding catheter 
in an ostial position with subsequent introduction of the simplicity 
catheter with a rather soft tip. Pain management is typically involves 
the use of mild sedation and analgesia.
Complications may be categorised into patient management-related, 
angiography access-related and procedure-related.
Potential complications
Patient management-related such as the following:
–  contrast-induced nephropathy (eGFR <60 ml/min; prophylactic 

hydration or sodium bicarbonate, see ESUR Guidelines 8.0 [5])
–  side effects of medication (bradycardia; organize medical 

treatment)
–  pain (organise pain management)
–  control of blood pressure (medical management)
Angiography-access related such as the following:
-   access site complications (typically femoral) including haematoma 

or pseudoaneurysms
-   catheterisation-based complications (iliac vessels, aorta, renal arteries)
Procedure-related such as the following:
- dissection
- local fibrosis?
- secondary stenosis?
- aggravation of pre-existing stenosis?
- spasms at an unknown rate with prophylaxis
The simplicity trial group reported 4 acute procedural complications 
including 3 groin pseudoaneurysms and 1 renal artery dissection, 
which were all managed without further sequelae [3]. A case of aggra-
vation of a pre-existing renal artery stenosis was described within 
the 2 initial trials. Current available systematic trials were summa- 
rised in a small meta-analysis and presented at a recent meeting based 
on these results [6].
Management of complications
The best management of complications is avoiding them by appro-
priate planning and safety measures following interdisciplinary 
patient selection. Patient management-related complications may 
be avoided by pre-procedural and intra-procedural organisation fol-
lowing current guidelines and in-room measures.
Angiography access-related complications may be minimized, but 
may occur at a low rate.
Procedure-related complications may be minimized by good patient 
selection excluding patients with smaller renal arteries and relevant 
atherosclerotic disease.
Long-term follow-up is required to obtain data on local effects fol-
lowing ablation, such as the risk potential local fibrosis, secondary 
stenosis or the aggravation of pre-existing non-relevant stenosis at 
the time of ablation [7, 8].
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Conclusion
We summarize the CE mark devices at the moment of this paper. We 
are already witnessing permanent iteration of the devices along with 
better understanding of the safety and efficacy of this approach. For 
this reason we urge IR to follow their progress with attention, as RDN 
is here to stay and will likely not be limited to resistant hypertension 
in the future.
* Trials sponsored by the company
** Trials sponsored by independent entities (state, scientific 

societies, etc.)
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1003.3
Complications and their management
P. Reimer;
Radiology, Klinikum Karlsruhe, Karlsruhe, Germany.

Learning Objectives
1. To learn how to diagnose a complication
2. To learn when to treat a complication
3. To learn how to treat a complication
Catheter-based ablation of renal sympathetic innervations has 
drawn considerable attention; however, substantial data is remains 
limited. The initial system developed for renal denervation was 
evaluated in clinical trials with follow-up [1, 2]. In the first non-ran-
domised trial (Symplicity HTN-1 trial1) and subsequent randomised 
trials (HTN-2 trial 2), a decrease in blood pressure by more than 25/10 
mmHg was recorded after renal denervation. Follow-up over 24 
month was presented for a subgroup [3].
Experimental studies showed that renal nerve injury by focal abla-
tion involves primarily nerve fibrosis, replacement of nerve fasci-
cles with fibrous connective tissue and thickening of the epineu-
rium and perineurium. Fibrotic reactions involved 10%–25% of the 
total media and underlying adventitia, with mild disruption of the 
external elastic lamina. No significant smooth muscle hyperplasia or 
inflammatory components were observed. There was no renal arte-
rial stenosis or thrombosis observed by angiography or histology in 
the swine model [4].
Complications
The procedure using the ARDIAN system requires the use of a 6Fr 
introducer sheath and a guiding catheter. Renal arteries treated 
should have a diameter ≥4 mm without relevant stenosis to avoid 
vascular complications during access into the artery and during or 
following ablation. To avoid spasms of the renal arteries, it is recom-
mended to perform prophylactic intra-arterial spasmolysis. Renal 
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infarcted and have remains of viable components that may be 
responsible for leiomyoma regrowth and/or mid-term recurrence of 
symptoms. The reasons for embolization failure in certain patients 
are not clearly understood. New functional imaging techniques, such 
as perfusion- or diffusion-weighted MRI, may help better understand 
the physiopathological changes due to embolization in leiomyomas 
and the normal outer myometrium. The ultimate goal would be to 
have knowledge of the pre-embolization or early post-embolization 
characteristics that could predict the effectiveness of UAE.
For perfusion-weighted MRI, a study including 11 patients (13) 
showed complete suppression of leiomyoma perfusion immediately 
following embolization (<30 min), remaining completely suppressed 
on 1-month and 4-month control MRI. A significant correlation was 
found between the reduction in perfusion of dominant leiomyomas 
immediately after embolization and the clinical symptoms recorded 
by each patient before and 12 months after embolization. (Spearman 
ρ = 0.64, P = 0.03). In this small population, no correlation was dem-
onstrated between the reduction in total leiomyoma volume at 4 
months and the clinical response.
In the normal outer myometrium, perfusion decreased by 75% 
immediately following embolization, but with the preservation of 
a small amount of myometrial perfusion, despite having to inject 
embolization material into both uterine arteries until the flow 
stopped. Perfusion returned to normal at 1 and 4 months.
Diffusion-weighted imaging (DWI) is a method providing informa-
tion on the molecular motion of water molecules in tissues. DWI 
also provides a quantitative parameter, termed the apparent diffu-
sion coefficient (ADC). ADC is an indicator of the movement of water 
within the tissue and depends on a lesion’s cellularity (8), allowing 
tissue characterization and possibly reflecting cell death (9). In a 
study in 17 patients (10), we hypothesized that obliteration of blood 
flow in leiomyomas after embolization would lead to hypoxia, infarc-
tion, and cellular destruction, thus resulting in changes in ADC and 
DWI signal. However, neither DWI signal nor ADC showed a statisti-
cal relationship to UAE success, (b value = 500 s/mm²) both before 
or 1 week after the procedure. On an early MRI, performed 1 week 
after embolization, a majority of fibroids showed increase in DW 
signal intensity with a decrease in ADC values (1.61 vs. 1.53 × 10−3 

mm²/s). This increase in DWI signal and decrease in ADC may be due 
to cytotoxic edema, increasing intracellular pressure and therefore 
decreasing water molecule mobility, as observed in cerebral infarc-
tion where an early diffusion signal intensity increase is observed 
temporarily within the region of cerebral ischemia (11, 12).
After 6 months, DWI signal decreased to a lower level, although ADC 
continued to decrease (1.27 × 10−3 mm²/s). One possible explana-
tion for the DWI signal decrease could be a low signal intensity on 
T2-WI due to the low cellularity and water content after emboliza-
tion because of hyalinization and fibrosis.
Concerning changes in the normal outer myometrium, we did not 
observe a significant variation in ADC in the myometrium, suggest-
ing that there were minimal alterations in the myometrial perfusion 
or cellular integrity, as detected by DWI.
In conclusion, contrast-enhanced MRI is the best technique to eval-
uate technical efficacy of embolization, although it may not always 
reflect long-term efficacy. Functional imaging techniques may pro-
vide insights on early and delayed physiological changes in leiomyo-
mas due to acute vascular shutdown.
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What is the evidence for efficacy?
J.A. Reekers;
Department of Radiology, Academic Medical Centre, Amsterdam, 
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Learning Objectives
1. To learn what evidence we are looking for
2. To learn about evidence status in 2013
3. To learn about how to deal with the current and future evidence

No abstract available.

Special Session
Uterine artery embolization

1004.1
Imaging pre and post uterine artery embolization - how good 
are new imaging techniques?
L.S. Fournier1, N. Faye2, F. Chamming’s1;
1Service de Radiologie, Hôpital Européen Georges Pompidou, Paris, 
France, 2Radiology, CHRU Lille, Lille, France.

Learning Objectives
1. To review imaging features of fibroids and the main differential 

diagnosis
2. To review the role of imaging pre UAE including contrast 

enhanced MR and diffusion
3. To review the role of imaging post UAE including contrast 

enhanced MR diffusion
MRI is considered the most accurate imaging technique for assess-
ing symptomatic uterine leiomyomas and to evaluate the efficacy of 
uterine artery embolization. Pre-embolization MRI is recommended 
because it allows differential diagnosis of other disease (1) that can 
mimic leiomyomas, such as adenomyosis or sarcomas, and allows 
accurate assessment of leiomyoma size and location. Leiomyomas 
usually appear isointense relative to the outer myometrium on 
T1-weighted images (WI), hypointense on T2-WI, and enhance after 
gadolinium injection (2). However, morphological changes such as 
calcification, necrosis, or edema can modify their signal and in cer-
tain cases explain the onset of clinical symptoms. A particular type 
of leiomyoma, termed “cellular leiomyoma” because of its rapid 
growth, is characterized by a tissue-like non-cystic hyperintensity on 
T2-WI images (3) and a strong enhancement after contrast injection. 
These leiomyomas exhibiting initially high signal in SI on T2-WI usu-
ally incur a greater volume reduction.
After embolization, early MRI shows disappearance of post-contrast 
enhancement and subsequently a volume reduction of the leiomy-
omas. Pathologic studies have confirmed that embolization causes 
hyalinization, ischemia, and necrosis in leiomyomas (4, 5), which 
leads only secondarily to volume reduction. In contrast-enhanced 
MRI, the area of treated tissue will appear hypointense after contrast 
injection because of occlusion of the main afferent arteries. The dis-
appearance of contrast enhancement in MRI has been used as an 
early criteria of successful procedure (6). Reduction of leiomyoma 
enhancement related to perifibroid vessel embolization has been 
shown to appear as early as 5 hours after embolization (7).
However, in some cases, leiomyomas may not be completely 
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In the pathophysiology of heavy menstrual bleeding (HMB), two 
groups may be distinguished: HMB based on anatomic or organic 
abnormalities (fibroids, adenomyosis, clotting disorders) and essen-
tial HMB (Rybo, 1983). There is relatively little knowledge about the 
exact pathophysiology of HMB in relation to fibroids, polyps, and 
adenomyosis.
ADENOMYOSIS is associated with HMB. Adenomyosis is a benign 
invasion of the endometrium into the myometrium, resulting in 
a diffusely enlarged uterus that microscopically exhibits ecto-
pic non-neoplastic endometrial glands and stroma surrounded by 
the hypertrophic and hyperplastic myometrium (Bird et al., 1972). 
Adenomyosis is often a “forgotten” diagnosis because of its non-
characteristic clinical appearance (Levgur, 2007). Women with 
symptomatic adenomyosis suffer predominantly from heavy men-
strual bleeding and dysmenorrhea. The prevalence of adenomyo-
sis is 5%–8% and can increase up to 40%–70% (Levgur, 2000; Azziz, 
1989; Bird, 1972). This range may be explained by the study design, 
the random testing described in studies, the lack of a gold standard 
to identify adenomyosis, and the use of different transvaginal ultra-
sound (TVUS), magnetic resonance imaging (MRI), and pathologic 
anatomical criteria for adenomyosis. Adenomyosis has a focal or dif-
fuse distribution in the uterine wall. Another problem regarding the 
relation between HMB and adenomyosis is the fact that in 60%–
80% cases, the uterus with adenomyosis is accompanied with other 
pathologies such as fibroids (Levgur, 2000).
Diagnosis of adenomyosis
In women with suspected adenomyosis, the first-line imaging tech-
nique is usually TVUS. TVUS is inexpensive and readily available. 
Fundamental TVUS signs are 1) increased myometrial echogenicity 
or linear hyperechoic bands extending deep into the myometrium, 
indicating the presence of islets of ectopic endometrial tissue, 
2) hypoechoic areas in the myometrium compatible with hyperpla-
sia of the muscle tissue surrounding the ectopic tissue, 3) anechoic 
areas due to glandular dilatation or myometrial cysts, 4) poor defi-
nition of the junction zone, and 5) enlargement of the uterus with 
asymmetrical thickening of one of the walls. The presence of at 
least three of these signs is highly suggestive of adenomyosis. MRI 
is particularly useful both in doubtful TVUS cases and in providing 
a complete evaluation of the disease with its panoramic views. With 
T2-weighted images and contrast enhanced T1-weighted MRI, the 
thickness of the junction zone can reliably be measured; a thickness 
greater than 12 mm is considered diagnostic for adenomyosis. The 
presence of foci of high signal intensity within the myometrium con-
stitutes an additional, but not a mandatory criterion. MRI can cate-
gorize adenomyosis as focal or diffuse and can be repeated in time 
to evaluate the effect of treatment. A meta-analysis (Champaneria 
2010) including 6 diagnostic accuracy studies of high quality com-
pared TVUS and MRI with histological proven adenomyosis. 
Champaneria demonstrated that the correct diagnosis of the pres-
ence of adenomyosis was provided more often with MRI (sensitiv-
ity 0.77/specificity 0.89) than with TVUS (sensitivity 0.72/specificity 
0.81), however not statistically significant different. The meta-anal-
ysis (Meredith 2009) with the analysis on 1898 women comparing 
TVUS results with the histological outcome of a symptomatic popu-
lation of women showed similar sensitivity and specificity results as 
the meta-analysis of Champaneria, i.e., TVUS sensitivity 0.83/speci-
ficity 0.85. The accuracy of TVUS and MRI for diagnosing adeno-
myosis seems similar. Regarding diagnostic imaging prior to UAE, 
TVUS may very well indentify fibroids and adenomyosis. Whether 
additional imaging such as MRI is needed in all cases is debatable. 
However, in daily practice and from personal experience MRI (less 
operator-dependent) is considered very useful and often better 
compared with TVUS (more operator-dependent) in detecting ade-
nomyosis and determining the vascularization/infarction grade. The 
combination of both modalities in daily practice provides the best 
accuracy of ± 90% (Levgur, 2007, Mijatovic, 2010).
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1004.2
What do we know about uterine-ovarian anastomoses and 
uterine artery embolization outcomes?
J.-P. Pelage;
Department of Radiology, University Hospital and Medical Center, 
Caen, France.

Learning Objectives
1. To learn how to visualize uterine-ovarian anastomoses
2. To learn if the presence of functional utero-ovarian anastomoses 

adversely affects the outcomes of UAE
3. To learn what IRs should do if they see uterine-ovarian anasto-

moses during a UAE procedure
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How good is uterine artery embolization for adenomyosis: 
what do we know?
P.N.M. Lohle;
Radiology, St. Elisabeth Hospital, Tilburg, Netherlands.

Learning Objectives
1. To learn how to recognize adenomyosis
2. To learn about endpoints of UAE and how they may differ from 

fibroid embolization procedures
3. To learn about the outcomes of UAE for adenomyosis 
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1004.4
Uterine artery embolization vs. myomectomy: trials update
J.B. Spies;
Department of Radiology, MedStar Georgetown University Hospital, 
Washington, DC, United States of America.

Learning Objectives
1. To learn about the different major trial designs
2. To learn about the outcomes of UAE vs. myomectomy
3. To learn what other evidence is required
Uterine embolization has been well established as an effective alter-
native to hysterectomy. Several randomized trials and systematic 
reviews have confirmed its efficacy (1-3) and the American College of 
Obstetricians has endorsed it as an accepted therapy (4).
Most comparative studies have focused on the UAE outcomes com-
pared with hysterectomy, and one question that requires additional 
study is the effectiveness of UAE compared with myomectomy, both 
in terms of symptom control and the potential impact of each pro-
cedure on fertility. The purpose of this lecture is to briefly review 
the most recent data regarding the relative effectiveness of UAE 
and myomectomy in controlling symptoms associated with uterine 
fibroids and the relative safety and reproductive outcomes of the 
two treatments.
Symptom Control
Many studies have compared the outcomes of UAE and myomec-
tomy in terms of symptom control and quality of life. Unfortunately, 
relatively few studies have compared contemporaneously treated 
cohorts of patients and even fewer have compared outcomes in ran-
domized trials. The lack of randomized comparisons is particularly 
important in this group because patient populations and indications 
for treatment significantly vary. Myomectomy is commonly per-
formed in patients who are asymptomatic or in those with minimal 
symptoms and who are infertile because of fibroids. This population 
is very different from patients who undergo uterine embolization; 
these women have severe symptoms, are typically in their 40’s, and 
do not wish to bear more children. For these reasons, the best com-
parative outcomes can only be obtained from randomized trials.
A recent study, the Fibroids of the Uterus: Myomectomy vs. Embo-
lization (FUME) Trial was published (5) and provides the best evidence 
of the relative effectiveness of these two therapies for symptom con- 
trol. In total, 163 women were randomized to myomectomy or embo- 
lization. Symptom status and quality of life were measured using the 
UFS QOL questionnaire, a validated fibroid-specific questionnaire, 
was compared at 1 and 2 years. Initial symptom control was excellent 
for both groups, although the myomectomy patients had lower mean 
symptom scores (fewer symptoms) at 3 months compared with the 
mean scores for UAE patients. Overall total health-related quality 
of life scores were also poorer for the UAE group (UAE mean HRQL 
score; 72.9 vs. 86.3 for myomectomy, p = 0.001). Reinterventions 
trended toward greater frequency in the UAE group (14.8% vs. 4%, 
p = 0.067).

Uterine artery embolization (UAE) 
Before UAE, patients are prepared with or without intravenous 
antibiotic prophylaxis, sedation with 2.5–5 mg midazolam when re-
quired, and a urinary bladder catheter. An applicable and accepted 
approach of UAE for adenomyosis is the bilateral UAE performed 
after establishing arterial access to the common femoral artery. 
Selective catheterization of both uterine arteries is performed under 
fluoroscopic imaging. A microcatheter is used at the operator’s dis-
cretion. Embolization is performed with a particulate embolic agent. 
The most widely used embolic agent is nonspherical polyvinyl alco-
hol particles measuring 255–900 microns (Popovic et al., 2011). 
Others prefer the use of spherical embolics, calibrated microspheres 
measuring 500–700 microns in order to facilitate deep penetration 
into the small afferent arterioles of adenomyosis. In contrast to the 
perifibroid vascularization pattern of uterine fibroids, adenomyosis 
has a deep and more diffuse distribution of parallel afferent arteri-
oles throughout the myometrium. The difference in vascularization 
may explain the reported higher failure rate after UAE in women 
with adenomyosis compared with UAE for fibroids. The angio-
graphic end-point of embolization is complete stasis of flow of con-
trast in the ascending segment of both uterine arteries. The stabil-
ity of the end-point is regularly checked after 5 min and additional 
particles injected if the end-point is not reached. During and after 
embolization, intravenous narcotics and nonsteroidal anti-inflam-
matory drugs are administered for adequate pain control.
Results of embolization in adenomyosis 
There are no RCTs comparing UAE and other therapies for adeno-
myosis. To date, knowledge about UAE for adenomyosis is based 
on cohort studies. In 2011, Popovic published a complete and 
detailed meta-analysis on UAE for treating adenomyosis. The analy-
sis included 15 studies with a total of 511 patients and was published 
between 1999 and 2010.
-UAE results in pure adenomyosis. Short-term follow-up after UAE 
in pure adenomyosis resulted in symptom improvement in 83% 
women with a median follow-up of 9.4 months. The uterine volumes 
decreased by 25% to reach 32%. Mid- and long-term results, after a 
median follow-up of 40.6 months, showed sustained improvement 
in the vast majority.
-UAE results in adenomyosis with fibroids. Short-term results in 
patients with adenomyosis with fibroids demonstrated clini-
cal improvement in 93% women with a median follow-up of 10.7 
months. Long-term follow-up (34.2 months) showed that 82.4% 
women reported sustained significant symptom improvement after 
UAE.
Conclusion
During the last decade, UAE has undergone several refinements, 
and its application has extended beyond embolization of fibroids. 
Presently, patients with pure adenomyosis or adenomyosis with 
fibroids are also potential candidates for UAE. Although an RCT on UAE 
for adenomyosis is still lacking, definite encouraging clinical improve-
ments have been reported by many cohort studies. UAE has minimal 
side effects, is cost-effective, and preserves fertility. Therefore, it is an 
attractive treatment option and a valuable alternative to hysterectomy. 
It seems no longer justified to withhold women from the option of UAE 
for symptomatic adenomyosis with or without fibroids.
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Special Session
Irreversible electroporation - true revolution?

1005.1
Status of technology
T.K. Helmberger;
Institut für Diagnostische und Interventionelle Radiologie und 
Nuklearmedizin, Klinikum Bogenhausen, Munich, Germany.

Learning Objectives
1. To learn the advantages and limitations of electroporation
2. To learn how to perform a procedure safely
3. To learn the basic principles of irreversible electroporation 

technology

No abstract available.

1005.2
Liver applications
L. Crocetti;
Department of Hepatology, Liver Transplants, and Infectious 
Diseases, Pisa University School of Medicine Cisanello Hospital, 
Division of Diagnostic Imaging and Intervention, Pisa, Italy.

Learning Objectives
1. To learn the current indications for electroporation in the liver
2. To learn the advantages of electroporation versus radiofrequency 

and microwave ablation
3. To learn about the results and complications of liver electro-

poration

No abstract available.

1005.3
Pancreatic applications
G. Narayanan;
Vascular Interventional Radiology, University of Miami-Miller School 
of Medicine, Miami, FL, United States of America.

Learning Objectives
1. To learn the possible clinical application of irreversible electro-

poration in the pancreas
2. To learn how to perform a pancreatic electroporation
3. To learn about the results and complications of pancreatic electro-

poration

No abstract available.

To put these results in context, UFS QOL scores from a recent 
cohort comparison of symptoms and health-related quality of life 
of patients undergoing fibroid therapies provide a frame of refer-
ence (6). The study compared outcomes of 106 hysterectomies, 107 
UAEs, and 61 myomectomies after treatment of 101 normal controls. 
All fibroid groups had very high symptom scores (mean, 64.8) prior 
to therapy. The mean symptom score for the normal controls was 
15.3 and this remained stable over the course of the follow-up year. 
All fibroid groups showed marked improvement in symptoms, but 
the hysterectomy group showed by far the greatest improvement, 
with a mean symptom score of 7.6 after treatment, which was a sig-
nificantly lower symptom severity score than normal controls. This is 
in part artifactual because there was no menstrual bleeding in this 
group, which decreased the symptom score, whereas, of course, 
normal controls continued to have menstrual cycles. There was no 
difference between the myomectomy group and the UAE group 
in the final mean symptom scores (mean score myomectomy, 23.4; 
mean score UAE, 24.9), but both were significantly higher than hys-
terectomy and somewhat higher than normal controls.
Thus, both UAE and myomectomy seem comparable in relation to 
the degree to which symptoms are improved, but neither treatment 
returned the mean symptom scores to normal, and hysterectomy 
provides better symptom control overall.
Reproductive outcomes
A study by Mara and coworkers from Prague is the only one to review 
comparative reproductive outcomes in a randomized trial to date (7); the 
study involved 121 patients with a mean age of 32 years were randomly 
assigned to myomectomy or uterine embolization. The patients were 
followed up for 2 years and the reproductive outcomes were reported. 
Overall, the reproductive outcomes were better for the myomectomy 
group. Pregnancy rates after myomectomy was 78%, delivery rated was 
48%, and abortion rate was 23% (compared with pregnancy rate of 50%, 
delivery rate of 19%, and abortion rate of 64% for UAE). All these differ-
ences were statistically significant. The study has some limitations; one 
of them was that myomectomy was recommended and performed after 
UAE in a substantial number of the patients (19 of 58 patients), which 
delayed the opportunity for a pregnancy trial in these patients and may 
also have imparted additional reproductive risk due to a second inter-
vention. Regardless of this, based on this single trial, it seems that myo-
mectomy may provide better reproductive outcomes than UAE.
In summary, UAE has clearly been demonstrated to be effective, but 
comparative results in limited trials suggest that the short-term out-
comes are equal or better for myomectomy. These outcomes need 
to be weighed against the invasiveness of myomectomy, with its 
associated longer hospital stay and recovery.
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painful aggressive vertebral body hemangioma. It involves the under 
fluoroscopy percutaneous injection of polymethyl-methacrylate 
(PMMA) inside the vertebral body, resulting in pain reduction and mo- 
bility improvement. Indications include osteoporotic fractures, met-
astatic lesions, aggressive hemangiomas, myeloma and lymphoma.
As in all medical procedures proper patient selection is primordial to 
the success of the procedure. Ideally, the patient should present focal-
ized tenderness in the area of the fracture, which can irradiate intercos-
taly and anteriorely. The level of clinical tenderness should correspond 
with the imaging of a lesion of the vertebral body, visualized by Xray, 
scintigraphy and MRI.  Percutaneous vertebral augmentation must be 
performed under strict sterility measures. The use of prophylactic anti-
biotherapy is suggested, although not proven mandatory by any study. 
Under anesthesiologic control (local, epidural or general anesthe-
sia) and imaging guidance, using a postero-lateral or transpedicu-
lar approach, a needle is inserted in the vertebral body. Alternative 
approaches (such as antero-pedicular, extra-pedicular, transdiscal, 
costovertebral and transoral), are infrequently used. Final desired nee-
dle position is in the midline of the vertebral body avoiding the spinal 
canal and/or foramen. Bevel shaped needles reduce technical difficul-
ties during positioning, allowing on one hand applied forces to direct 
them and on the other, influencing cement direction during injection. 
Injection of cement is mandatory to be performed under continuous 
imaging, covering the height of the injected vertebral body. 
Potential complications include pulmonary embolism of cement 
particles, cement leakage, infection and vertebral re-fracture. 
Complications with major clinical significance should account 
around 1% for benign and around 5% for malignant disease. 
Controversy is raised about adjacent level fracture, mostly contra-
dicting, as there have been lapses in the way the patients were fol-
lowed up and in the control of received medication. Most authors 
through the literature will agree though, that the biggest threat is 
the osteoporotic disease itself, which must be medically treated.
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1101.3
Balloon augmentation/stentoplasty
C.A. Binkert;
Interventional Radiology, Kantonsspital Winterthur, Winterthur, 
Switzerland.

Learning Objectives
1. To learn about patient selection and indications
2. To learn how to perform a safe procedure
3. To learn the results and complications of balloon augmentation/

stentoplasty
Indication and patient selection:
A thorough history and clinical examination is important to identify 
patients for vertebroplasty or vertebral augmentation. To predict 
the outcome, MRI has proven to be better than clinical examination 
(Alvares et al.). The typical findings on MRI are high signal on T2 with 
fat suppression and corresponding hypointensity on T1.
Technique:
Correct and safe needle placement is important for all percutane-
ous cement injections. However, for vertebroplasty, the exact nee-
dle position within the vertebral body is not very crucial. For bal-
loon kyphoplasty and particularly for stentoplasty it is important for 
accurate stent placement within the vertebral body to achieve the 
best possible height restoration. This exact positioning can best be 
achieved by a down-the-barrel approach. This is performed by align-
ing the pedicle to the middle of the height and approximately one 
third to the side of the vertebral body. An example of this approach 
will be shown in the presentation.

1005.4
Imaging after irreversible electroporation
M. Abdel Rehim, V. Barrau, A. Sibert, V. Vilgrain;
Radiology Department, Beaujon Hospital, Clichy-Paris, France.

Learning Objectives
1. To learn the typical imaging features during irreversible electro-

poration procedures
2. To learn the best follow-up imaging modalities after electro-

poration
3. To learn the typical imaging features after electroporation
IRE is a new tumor ablation option with negligible thermal side effects. 
It applies a powerful electrical field using high-voltage direct current 
(up to 3KV), which creates multiple holes in the cell membrane and 
irreversible damage.
We prospectively performed IRE for early-stage hepatocellular car-
cinoma in seven patients as a part of a multicenter international trial 
including 27 patients. We assessed the ablation zone on intravenous 
contrast-enhanced C-arm CBCT immediately after percutaneous tu-
mor ablation of the liver.
We also analyzed the tumor ablation area on 1–2 month CT and/or 
MR imaging.
Many examples will be illustrated during the presentation. Similar-
ities and differences of postprocedural imaging with other techniques 
of tumor ablation will be highlighted.
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Foundation Course
Spine interventions: how I do it

1101.1
Spinal approach and bone biopsy
R.-T. Hoffmann;
Inst. u. Pk. f. Radiologische Diagnostik, Medizinische Fakultät Carl-
Gustav-Carus, TU Dresden, Dresden, Germany.

Learning Objectives
1. To learn the optimal approach route and the materials required
2. To learn how to safely guide the procedure
3. To learn about the results and complications

No abstract available.

1101.2
Vertebroplasty
A.D. Kelekis;
2nd Radiology Dpt, University of Athens, Athens, Greece.

Learning Objectives
1. To learn about patient selection and indications
2. To learn how to perform a safe procedure
3. To learn the results and complications of vertebroplasty
Percutaneous vertebroplasty was introduced in everyday clinical 
practice by Galibert and Deramond back in 1984 and the first report 
was published in the literature in 1987, concerning the treatment of a 
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Patients suffering from symptomatic intervertebral disc herniation 
are usually 30–40 years old. The most commonly affected levels are 
C5–C6, L4–L5, and L5–S1 [2, 7]. Initially proposed treatments include 
a 4–6 weeks conservative therapy course usually combined to trans-
foraminal or epidural nerve infiltration [2, 7].
Image-guided percutaneous decompression of the herniated disc 
was performed as an outpatient procedure. Using a percutaneous 
approach, a trocar was inserted inside the disc. Through the trocar, 
a thermal/chemical/mechanical decompression device gained intra-
discal access. Depending on the nature of the selected device, a 
small part of the nucleus pulposus was heated/desiccated/removed. 
These techniques are based on the Hijikata theory (by removing a 
small nuclear volume in the intervertebral disc, a significant intra-
discal pressure decrease id observed) [1-2, 7]. Furthermore, there 
was acceleration of disc degeneration, size reduction, and potential 
inwards imploding of the herniated fragment, thus reducing pain 
and improving mobility and quality of life [8].
“New kids on the block” in the therapeutic armamentarium of her-
niated intervertebral discs include gene therapies, percutaneous 
transplantation of stem cells, hydrodiscectomy systems, and inject-
able microgel, which restore mechanical function of the disc [9-10]. 
More and extensive studies are definitely necessary.
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Results:
Good pain relief can be achieved with vertebroplasty (Klazen et 
al. VERTOS II) or balloon kyphoplasty (Wardlaw et al. FREE trial). 
One advantage of balloon kyphoplasty seems to be a lower rate of 
cement leakage, 11.3%, (Ledile et al.) compared with vertebroplasty, 
26.2%, (Bhatia et al.). Because almost all cement leaks are asymp-
tomatic, this difference does not justify the more complex and more 
expensive treatment option. The main goal is to achieve height res-
toration. The prerequisites are a compressed vertebral body and a 
still mobile fracture. Typically acute fracture (<2 weeks) or fractures 
that progressively collapsing over time can be considered mobile. 
One disadvantage of balloon kyphoplasty is the loss of the gained 
height after balloon deflation. This loss can be minimized by using 
stents (Heini et al.).
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1101.4
Facet joints and discs
D.K. Filippiadis, A.D. Kelekis;
2nd Radiology Department, University General Hospital “ATTIKON”, 
Athens, Greece.

Learning Objectives
1. To learn how to select patients
2. To learn how to perform the procedure safely
3. To learn the results and complications of the procedure
Facet joints are frequently affected by osteoarthritis resulting in joint 
space narrowing, intra-articular vacuum phenomenon/fluid, osteo-
phytes, synovial cyst formation, and flaval ligaments hypertrophy [1].
Facet joint syndrome is diagnosed in patients with local paralum-
bar tenderness occasionally radiating to the thigh and iliac crest and 
rarely to the groin. Pain is usually worse when waking up from bed 
or trying to stand after prolonged sitting and could be exacerbated 
upon pressure, hyperextension, torsion, and lateral bending.
Conservative therapy is initially proposed. Image guided infiltra-
tions can either be combined to this course or solely performed as 
an intermediate step between any of the rest therapeutic options, 
which are either percutaneous (ablation) or surgical [2]. The injec-
tate in the vast majority of cases contains a long acting corticoste-
roid mixed with a local anesthetic. Alternatively, sodium hyaluronate 
solutions or ozone were tested; however, more and extensive stud-
ies are required [3, 4].
There is moderate evidence for facet joints infiltrations; however, the 
high success rates of the technique (immediate, 59%–94% and long-
term, 27%–54%, relief) are directly related to proper patient selec-
tion [2].
Alternative, minimally invasive therapies include median nerve 
block, radiofrequency ablation of the medial branch nerves of the 
dorsal rami innervating each facet, and MR-guided HIFU [2, 5, 6].
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we learn from these data? Using new generation stents for dedicated 
SFA application are able to guarantee promising efficacy and safety 
results, with a low stent fracture rate, in patients with femoropopli-
teal disease, making it a safe and reliable treatment option.
However, parallel an evolving development took place, the evalua-
tion drug-coated balloons (DCB) in SFA as a stand-alone procedure. 
First data comparing DCB with POBA (plain old balloon angioplasty) 
are encouraging (6). The rate of revascularization of target lesions at 
6 months was 20 of 54 (37%) in the POBA group and 2 of 48 (4%) in 
the group treated with paclitaxel-coated balloons (P < 0.001 vs. con-
trol). A large multicenter LEVANT 2 evaluates further DEB technology 
efficacy to obtain data for FDA approval. But what should be done in 
case of PTA failure? Using a SES or a SES combined with a DCB, as it 
is currently evaluated in the FREEWAY study? Or should we continue 
with primary stenting using drug-eluting SES? The latter seems 
rather encouraging, and was evaluated in the SilverPTX study (7).
Thus far, the data obtained with SES in SFA are excellent. However, 
there is still need for improvement. But it worth investing in this 
slight improvement that drug-eluting or drug-coated technology 
offers? Definitely yes; we have to offer our patients the best treat-
ment options available. Unfortunately, it is unclear if our medical 
system is willing and capable of funding this slight improvement.
At present, it does not seem to be wrong to implant SES in SFA or if 
PTA fails in TASC A, B, C, or D lesions.
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Special Session
Evidence forum: SFA - do we know the optimal 
treatment yet?

1102.1
Bare metallic stents
S. Müller-Hülsbeck;
Head of the Department of Diagnostic and Interventional Radiology / 
Neuroradiology, Ev.-Luth. Diakonissenanstalt zu Flensburg, 
Flensburg, Germany.

Learning Objectives
1. To learn the designs and outcomes of the bare stent vs. PTA trials 

in the SFA
2. To learn the current role of bare stents in the SFA vs. other treat-

ments
When discussing the use of implants in the superficial femoral artery 
(SFA), a new current treatment philosophy “do not leave any metal 
behind” is a Damocles sword above the decision-making process. 
Where do we come from, when thinking about using an implant in 
SFA? Before TASC 1 and TASC 2, which recommends the use of an 
implant such as self-expanding stents (SES) in case of PTA failure in- 
cluding recoil and flow-limiting dissection, treatment strategies using 
bare metal stents (BMS) have been evaluated to overcome treatment 
failure. BMS such as the balloon-expandable (BES) Palmaz stent and a 
self-expanding (SE) spring-coil stent have been proven efficacy, 
whereas the SES stent design has shown more encouraging results in 
terms of primary patency. Primary patency rates at 6 and 12 months 
were 97.1% and 86.2%, respectively; primary assisted patency rate 
was more exhausting, with 100% at 12 months (1). However, when 
using a single stiff BMS, after 39 months, the primary patency rate 
for PTA alone was 68.4% and the secondary patency rate was 89.5%; 
the primary patency rate for PTA with stent placement was 62% and 
the secondary patency rate was 90% (2). We concluded that PTA 
with stent placement in the femoropopliteal artery does not pro-
duce better results than PTA alone. Therefore, stent placement in 
SFA was predominantly restricted to PTA failure, even knowing from 
the results of the spring coil stents. This treatment strategy changed 
with Schillinger’s publication comparing PTA using a dedicated SFA 
new generation SES. The mean (+/−SD) length of the treated seg-
ment was 132+/−71 mm in the stent group and 127+/−55 mm in the 
angioplasty group. At 6 months, the rate of restenosis on angiogra-
phy was 24 % in the stent group and 43 % in the angioplasty group 
(P = 0.05); at 12 months the rates on duplex ultra sonography were 
37 % and 63 %, respectively (P = 0.01). These data have clearly proven 
that in the intermediate term, treatment of SFA disease by primary 
implantation of a self-expanding nitinol stent yielded results that 
were superior to those with the currently recommended approach 
of balloon angioplasty with optional secondary stenting (3). Since 
then, several data on dedicated SES for SFA application, i.e., either 
single-centre data with low level of evidence, comparative data, or 
prospective randomized multicenter data, were acquired.
Special attention has to be paid for the MISAGO data. The multicenter 
Misago 1 (4) and Misago 2 (5) trial used exclusively SES as a treatment 
option. In Misago 2, 945 stents were successfully deployed in 750 
lesions. The overall TLR rate was 10.1% among 671 (90.3%) patients 
evaluated at 1 year [3.1% among 709 (95.3%) patients at 6 months]. 
Event-free survival at 12 months was 84.9%. Mean ABIs improved by 
≥0.1 in three quarters of the patients (76.0%) over 12 months. The 
Rutherford grade improved or remained stable in the majority of 
patients (95.5%) after 1 year. Stent fractures (13 grade 1, 2 grade 2) 
in 3.1% of stents examined radiographically (n = 484) at 1 year were 
not related to any clinical events. Primary patency was recorded in 
574 (87.6%) patients evaluated 1 year after the procedure. What could 
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    well drug-eluting stents work in critical ischemia, when run-off  
    will be limited and more patients will be diabetic.
•   It remains unclear why the SCIROCCO study failed to show bene- 
    fit over bare metal stents. Was it the polymer, the elution charac- 
    teristics, or the drug?
•   Both randomized trials had a mean lesion length that was short  
    compared with mainstay practice. Whilst it would seem  
    reasonable that the benefit would continue if longer lesions were  
    treated, there are no randomized data to indicate this.
•   Within the Zilver PTX trial, the primary endpoint considered a  
    residual stenosis of 30% or more as failure. This is nonsense, and  
    flies in the face of all we know regarding remodeling. No study has  
    shown in SFA (or iliac arteries) that residual stenosis or gradient  
    predicts poor outcome. Fortunately, the secondary analyses elimi- 
    nated this hurdle.
•   The Zilver PTX confirmed the benefit of drug-eluting stents over  
    simple angioplasty and Cook’s Zilver bare metal stents. There are  
    no data to compare the Zilver PTX against other proprietary  
    stents.
•   To date, there are no direct comparisons of drug-eluting stents  
    and drug-eluting balloons.
Conclusions
The available randomized data would suggest that the Zilver PTX 
stent confers better patency than simple angioplasty in SFA, with 
lesion length up to 10 cm when patients are receiving dual antiplate-
let agents and suffering from claudication.
We continually have to make judgments based on the data avail-
able to us. It is known that vessel patency provides clinical benefit to 
patients with PAD. Given the limitations described above, interven-
tionists should decide how to apply the current knowledge to more 
widespread practice.
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Learning Objectives
1. To learn the designs and outcomes of the drug-eluting stent trials 

in the SFA
2. To learn the current role of drug-eluting stents in the SFA vs. other 

treatments
Introduction
Endovascular intervention is frequently performed in the superficial 
femoral artery (SFA) to manage symptomatic peripheral artery dis-
ease (PAD)(1-3). Whilst short, simple stenoses are still managed by con-
ventional percutaneous transluminal angioplasty (PTA), recent tri-
als have demonstrated the advantage of metallic stents over PTA(4-7). 
Endovascular disease in SFA has been complicated by a high resteno-
sis rate. Even after using metal stents, the 1-year restenosis rates are 
27%–42%(4, 8, 9). Drug-eluting stents have found widespread accep-
tance for coronary revascularization because of their long term supe-
rior angiographic and clinical outcomes compared to non–drug-elut-
ing technology. It was only natural therefore that drug-eluting stents 
would be investigated in SFA where restenosis remains a problem.
The data
This article will limit itself to published peer reviewed data.
Our knowledge of value of drug eluting stents is based upon three 
developments.
The SIROCCO II trial randomized 57 patients with SFA disease be-
tween the bare nitinol SMART stent (Cordis, Warren, NJ) and the 
sirolimus-eluting SMART stent(10, 11). Mean lesion length was 76 and 
86 mm with 57% and 76% occlusions, respectively, in both groups. 
Aspirin was required before implantation, 24-hr heparin infusion 
was optional, and dual antiplatelet agents were only required for 4 
weeks after stent implantation. There was no difference in the pri-
mary endpoint of angiographic mean lumen diameter at 6 months. 
The 6-month restenosis rates, defines as PSVR of 2 or greater, were 
not different (7.7% vs. 0%). Data from an earlier feasibility study and 
SCIROCCO II were combined and the 24-month restenosis rates in 
both groups were identical (21.1% bare metal vs. 22.9% DES; p>0.05).
The second drug eluting stent to be clinically evaluated was devel- 
oped by Cook Medical, Bloomington, IN. This device used their stan- 
dard Zilver stent platform and attached paclitaxel without the use of 
a polymer. The resulting Zilver PTX was initially evaluated through a 
large FDA mandated registry(12) and then through a randomized trial(9). 
The randomized trial compared primary placement of the Zilver PTX 
against PTA (including bail-out plain Zilver stent for PTA failures). PTA 
failure underwent secondary randomization between Zilver PTX and 
bare metal Zilver, which allowed direct comparison in the small cohort. 
The mean lesion length was just greater than 6 cm. To the credit of the 
investigators, the definition of restenosis was set at a PSVR of 2. The 
12-month outcomes show a better 12-month patency of the Zilver PTX 
versus optimal PTA (83.1% vs. 65.3%; p < 0.001), and against bare metal 
stent following secondary randomization (89.95 vs. 73%; p = 0.01).
The STRIDES study is a nonrandomized prospective study of 104 
patients with SFA disease (83% claudicants) treated with a polymer- 
bound everolimus-eluting nitinol stent(13). The study demonstrated 
a 12-month patency (PSVR > 2.5) of 68.5%.
Limitations
•   STRIDES shows that everolimus-eluting stent is safe to use, but  
    there are no substantial data to show that it is better than PTA or  
    bare metal stents.
•   It is unclear from the SIROCCO trial whether patients suffered from  
    claudication or rest pain because both clinical stages were  
    grouped together. Within the Zilver PTX trial, more than 90%  
    patients were claudicants. This means that we do not know how  
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a femoral-to-above-knee popliteal artery bypass using a synthetic 
conduit in 100 limbs.8 After endovascular treatment of a mean lesion 
length of 25.6 ± 15 cm, the 4-year primary patency rate was 59%, and 
no statistical difference was found between the two groups. One-year 
interim results of the VIBRANT (Viabahn Versus Bare Nitinol Stent) mul-
ticenter study including 148 patients were presented by Ansel in 2009.9 
The treated target lesion length was 19 ± 8 cm in the Viabahn® group 
(n = 72) was and 18 ± 7 cm in the bare Nitinol Stent group. One-year 
primary patency was disappointing low (53% vs. 58%; p = 0.58) in 
both groups. Device occlusion occurred in 9 patients in the Viabahn® 
group vs. 6 in the Nitinol Stent group. Focal-edge stenosis provoked 
87% failures in the stent–graft group, whereas in-stent resteno-
sis was the leading cause in the Nitinol Stent group. The new-gener-
ation Viabahn® device has a heparin-bonded inner surface that may 
reduce platelet deposition and therefore may prevent acute throm-
bosis. Additionally, a new contoured edge design is considered to 
improve flow dynamics and accomodation of oversizing. In a study 
by Lensvelt et al, the 1-year primary patency after treatment of a 
mean lesion length of 18.5 cm (59% TASC II D lesions) with the hepa-
rin-bonded Viabahn® was 76%.10 In the VIPER Trial, a single-arm, pro-
spective, multicenter study, the majority of included patients pre-
sented with TASC II C and D femoropopliteal lesions.11 Mean treated 
lesion length in 119 limbs (113 patients) was 19 cm. The 12-month pri-
mary and secondary patency rate was 73% and 92%, respectively. 
A significant higher patency rate was found in implants with less 
than 20% oversizing at the proximal landing zone compared with 
more than 20% oversizing (88% vs. 70%, p = 0.047). However, in this 
study, primary patency was not affected by treated lesion length 
(≤20 cm vs. >20 cm) or device diameter. In the prospective, multicenter 
VIASTAR Trial, the heparin-bonded Viabahn® endoprosthesis with the 
contoured edge design was compared with bare metal stents.12 In 
total, 141 patients with a mean femoropoliteal lesion length of 19 cm 
in the Viabahn® (n=72) and 17 cm in the bare metal stent group were 
enrolled for this study. Contrary to the VIPER trial, focusing on long 
(≥20 cm) femoropopliteal lesions, clinical and patency benefits were 
significantly better for the heparin-bonded covered stent at 1 year. 
For lesions less than 20 cm in length, a trend towards higher patency 
rate for the Viabahn® endoprosthesis was seen, but without statistical 
significance.
Conclusion
The Viabahn® endoprosthesis has shown promising patency rates 
in the treatment of long femoropoliteal lesions. Therefore, covered 
stents may be a valid alternative treatment to bypass surgery, espe-
cially in patients needing a synthetic conduit.
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Learning Objectives
1. To learn the designs and outcomes of the stent-graft trials in the 

SFA
2. To learn the current role of stent-grafts in the SFA vs. other treat-

ments
Introduction
Over the last decades, endovascular treatment of patients with 
symptomatic peripheral arterial disease (PDA) has improved sub-
stantially. Randomized controlled trials (RCTs) have been conducted 
to evaluate bare nitinol stents versus plain balloon angioplasty 
in the treatment of femoropopliteal lesions with short-to-moder-
ate lesion length (TASC II A and B). One-year primary patency rates 
were reported in 63%–81% after primary stenting.1-4 More recently, 
efficacy of a paclitaxel-coated nitinol drug-eluting stent (DES) was 
reported for treating a mean lesion length of 66 mm.5 In the treat-
ment of longer SFA lesions, the results after stenting are reportedly 
superior to those after PTA alone. However, with increasing lesion 
length and lesion complexity, patency rates clearly decrease. The 
leading failure cause after BMS treatment is diffuse intimal hyper-
plasia resulting in in-stent restenosis. Therefore, alternative tech-
nologies, such as ePTFE-covered stents, have been developed. The 
potential for success of stent–grafts may be based on prevention of 
intimal ingrowth regardless of treated lesion length.
Stent–grafts
First single-center experiences with an ePTFE-covered endopros- 
thesis for treating longer SFA lesions were reported in 2000.6 SFA 
lesions with more than 10 cm in length were included in 62% patients, 
and the 1-year primary and secondary patency rate was 79% and 93%, 
respectively. Further studies with the first generation GORE® Viabahn®, 
formerly known as Hemobahn, included lesions with a mean length 
up to 30 cm.7-8 Panetta et al treated 41 patients with lesion lengths of 
8–45 cm (more than 90% patients with >15 cm lesion length) by sub-
intimal angioplasty followed by Viabahn® implantation, resulting in 
1- and 2-year primary patency rates of 86% and 77%, respectively.7 
McQuade et al reported the 4-year results of a single center, prospec-
tive, randomized controlled trial of Viabahn® endoprosthesis versus 
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principle around DCBs is to leave the vessel with no foreign mate-
rial. If patency rates of stents or drug-eluting stents are equal, DCBs 
will replace them.
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Atherectomy, cutting balloons
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Learning Objectives
1. To learn the evidence for the use of atherectomy devices in the 

SFA
2. To learn the evidence for the use of cutting balloons in the SFA
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Controversies in portal hypertension
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TIPS should be primary therapy for refractory ascites: Pro
J.I. Bilbao;
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Spain.

When ascites, a frequent complication of portal hypertension, be-
comes resistant to medical treatment, TIPS may be a good alternative. 
With large-volume paracentesis, an effective treatment for tense 
ascites, the possibility of recurrence is high because the major cause 
of relapse, which is the presence of portal hypertension, has not 
been ameliorated. The major drawback of TIPS is that the risk of 
encephalopathy is increased, and although there are controversial 
studies, the rates of survival are only slightly improved. Patients with 
advanced liver disease and abnormal renal function in whom TIPS 
has been performed may even have higher rates of death than those 
with large volume paracentesis.
It is important to say that most randomized studies comparing TIPS 
and large volume paracentesis have been performed with non-cov-
ered stents, which have higher rates of dysfunction, thus decreasing 
the performance of the shunt.
In spite of controversial data published concerning TIPS and refrac-
tory ascites, there is a group of patients to whom the procedure 
should be offered. Patients with moderately impared liver function, 
without organic kidney disease, and younger that 65 years old may 
benefit with TIPS.
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Learning Objectives
1. To learn the designs and outcomes of the drug-eluting balloon 

trials in the SFA
2. To learn the current role of drug-eluting balloons in the SFA vs. 

other treatments
A major limitation of endovascular therapy in the femoropopliteal 
segment is the high incidence of restenosis. One approach to obtain 
better long-term patency is local drug administration during the 
intervention to prevent or reduce neointimal proliferation. Local 
drug administration can be obtained through the surface of drug-
eluting stents or that of angioplasty balloons, so-called drug-coated 
balloons (DCB). The general principle of DCBs is an endovascular 
therapy with better long-term patency without leaving behind any 
foreign material such as stents. To date, paclitaxel is the only agent 
that has been successfully used as a coating. Approximately 8%–15% 
of the balloon coating is delivered to and remains in the vessel wall 
for several weeks. DCBs of several companies have been used since 
a few years, and no undesired side effects such as late thrombosis or 
aneurysms due to the local drug therapy have been reported. In a 
recent meta-analysis, the drug-coated balloons used in the Thunder, 
FemPac, Pacifier, and Levant 1 trials have been rated as safe and 
effective compared with plain balloon angioplasty. Nevertheless, 
these trials are limited to relatively more easy lesions. The mean 
lesion length ranges between 6 and 9 cm. In addition, in-stent reste-
nosis and severely calcified lesions were common exclusion criteria 
within these studies. In contrast, the current use of DCBs is mainly 
for difficult lesions that have not been successfully treated with 
modalities, such as in-stent restenosis and long lesions. More recent 
single-center experiences suggest that DCBs are effective in such 
cases. Several trials are ongoing to investigate their efficacy in in-
stent restenosis, use with stents, in AV fistula, and in calcified lesions 
together with atherectomy. In future, we will learn more about the 
use of DCBs, their indication, and their limitation. Currently, we do 
not know the lesion specific indication of devices such as stents, 
drug-eluting stents, or drug-coated balloons. Nevertheless, the 
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Purpose: To evaluate the usefulness of emergency balloon-occlud-
ed retrograde transvenous obliteration (BRTO) for ruptured gastric 
varices.
Materials and Methods: Eighteen patients who arrived at the Hyogo 
College of Medicine emergency center on account of massive bleed-
ing from ruptured gastric varices were treated by BRTO within 48 h 
from arrival since 2000. Six patients underwent EIS but the bleeding 
failed to stop; they were then moved to angio-suite for BRTO. Twelve 
patients were directly moved to the angio-suite for BRTO as the first 
treatment. Nasogastric balloon tubes were inserted to compress the 
gastric varices in all patients. BRTO was performed via the right fem-
oral vein. The sigmoid guiding catheter (8 F) was inserted into the 
left adrenal vein; subsequently, a 6 F balloon catheter was advanced 
to the GR shunt via the guiding catheter as close as to the gastric vari-
ces. Balloon-occluded retrograde transvenous venography (BRTV) 
was performed to judge the hemodynamics of collateral veins of 
gastric varices. During the procedure, the nasogastric balloon tubes 
were inflated fully. Ethanolamine oleate (EO) of the same dose as 
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Available evidence supports the use of TIPS as first line indication in 
secondary prevention of variceal bleeding and in refractory ascites, 
but TIPS is also commonly used in Budd–Chiari syndrome, hepatic 
hydrothorax and in patients with acute variceal bleeding resistant to 
medical and endoscopic treatment [1,2]. Use of early TIPS (<72 h) has 
recently be shown to improve outcome in patients with acute vari-
ceal bleeding and high risk of treatment failure [3,4].
Medical management of portal hypertension has improved over the 
last decade because of introduction of effective treatment with vaso- 
pressin, terlipressin, octreotide, and selective beta-blockers to lower 
portal pressure [5]. Endoscopic variceal band ligation further improves 
control of bleeding. Medical and endoscopic treatment is the first- 
line standard of care and is successful in 80%–90% patients with acute 
variceal bleeding [6-8]. In the remaining 10%–20% patients, rescue 
TIPS using covered stents is the best alternative. In a subgroup of 
patients with high risk of treatment failure, early use of TIPS may 
improve outcome [6]. However, TIPS in emergency situations has also 
limitations and drawbacks. Emergency TIPS in high-risk patients is 
technically challenging, necessitating the use of experienced oper- 
ators; this results in a time delay in reaching a specialized center. 
In an emergency setting, TIPS has a 30%–40% mortality and an evi- 
dence base that this is associated with improved survival is limited 
[7-10]. Complication rate, including hepatic ence-phalopathy, in up to 
24% patients and prognosis relies on general conditions, liver function 
reserve, and associated comorbidities [2,11,12]. Patients with Child–
Pugh score >11 and MELD score >20 have an increased 30-, 60-, and 
360-days mortality after emergency TIPS [13].
Medical and endoscopic treatment is successful in majority of 
cases with acute variceal bleeding and portal hypertension. TIPS is 
highly effective in the remaining patients resistant to this treatment. 
However, patients with severely impaired liver function and comor-
bidities are at high risk of death.
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Conventional radiography is readily available, but radiographic fin-
dings are normal or non-localizing in 17%–81% of patients with hae- 
moptysis.
The importance of fiberoptic bronchoscopy is declining, in favour of 
multidetector computed tomography (MDCT). Its overall diagnostic 
accuracy is low (10%–43%), and it is difficult to localize the bleeding 
site in case of massive haemoptysis. Moreover, endobronchial thera-
pies are ineffective in most cases of massive haemoptysis.
High-quality imaging, in the form of MDCT, is essential for select-
ing patients for BAE and for planning the BAE strategy. It gives cru-
cial information on the aetiology, localization and the mechanism of 
the haemoptysis. The information derived serves as a roadmap for 
transcateter endovascular therapy.
MDCT proved its superiority to fiberoptic bronchoscopy in the aeti-
ological diagnosis of haemoptysis, highlighting its cause in a vast 
majority of cases including bronchiectasis, tuberculosis, fungal 
infections, malignancy, chronic bronchitis, pneumonia, abscess, pul-
monary embolism, congestive heart failure, iatrogenic causes, vas-
culitis, congenital cardiac or pulmonary vascular anomalies and 
Rendu–Osler–Weber syndrome.
Ground glass opacity (GGO) is the most frequent sign of acute haem-
orrhage. When observed, particularly at the site of potential pathol-
ogy, it confirms and localizes the source, being a strong imaging 
indication for arteriographic evaluation with therapeutic intent. 
Besides, important prognostic information can be drawn from the 
distribution of GGO, with better outcomes when there are only 1–2 
lobes involved (vs. 3–6 lobes). Infrequently, endobronchial contrast 
filling and an arterioarterial bronchopulmonary shunt can be seen.
Both the systemic arteries, bronchial and non-bronchial (>90%), and 
the pulmonary arteries (<10%) can be involved, depending on the 
specific aetiology.
MDCT can detect all pathological systemic bronchial arteries (BA) 
responsible for haemoptysis. These are hypertrophied and are seen 
in a bronchial distribution through the hilum and further. A diameter 
≥2 mm is generally considered as an indication to embolotherapy.
BA arise directly from the descending thoracic aorta at T5–6 level in 
80% of the cases (orthotopic). Ectopic BAs (20%) may arise directly 
from the aorta at other levels (particularly at the arch) or from other 
nearby arteries.
MDCT clarifies the number of BA involved (4 main types of BA 
branching pattern), pin-points their origins and angulations, and 
reveals endoluminal pathology, such as calcification and stenosis, 
that can influence treatment strategy.
MDCT alerts the presence of a right intercostobronchial trunk, a 
potential afferent of the thoracic anterior spinal artery through a 
radiculomedullary artery (namely the Adamkiewicz arter), before 
therapy and potentially alters its strategy.
Non-bronchial systemic arteries (SA) are distinguished from BA in 
that they do not follow a bronchial but a transpleural distribution. 
Their recruitment is dependent on the subpleural location of the 
basal pathology: anterior (internal thoracic artery), apical (supra-
aortic trunks), basal (inferior phrenic and gastric arteries), peripheral 
(intercostal arteries) and infra-hilar (triangular ligament artery). They 
are involved in up to 50 % of the cases, either alone or together with 
BA, and their origins and courses are well depicted at MDCT.
Pulmonary artery (PA) involvement is generally seen as aneurism/
pseudoaneurism or arteriovenous malformation/fistula. Pulmonary 
artery embolotherapy is very different from systemic artery embolo-
therapy: access to the pulmonary circulation demands a venotomy, 
rather than an arteriotomy, and the endovascular therapeutic proce-
dure requires specific materials and techniques. MDCT is invaluable 
in localizing the cause to one of these independent vascular territo-
ries (systemic, bronchial and non-bronchial, or pulmonary) before 
the embolotherapy procedure.
Contrast-enhanced MDCT (CE-MDCT) produces high-resolution mul- 
tiplanar reformatted and angiographic images in a single breath-hold. 
The thorax should be imaged from the base of the neck to L2, with 

contrast medium was injected into the gastrorenal shunt. The bal-
loon catheter inserted into the GR shunt had been inflated for more 
than 10 h. BRTV was then performed after deflation of the balloon.
Results: All patients except one were successfully treated by BRTO. 
One patient died two days after BRTO. Rebleeding of gastric varices 
has not been observed during the follow-up term.
Conclusion: Emergency BRTO for ruptured gastric varices that were 
endoscopically untreatable in 6 patients were successfully treated 
in all patients. Emergent BRTO as the first treatment was performed 
successfully in 11 of 12 patients. The success rate was 92%. BRTO is 
very useful for emergent ruptured gastric varices.
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Modern imaging strategy for haemoptysis
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Learning Objectives
1. To learn clinical imaging features that require embolic treatment
2. To learn how imaging modalities influence treatment strategy
3. To learn appropriate techniques for performing imaging
Haemoptysis can be life-threatening, usually because of asphyxia-
tion, and requires timely management.
Conservative management of massive haemoptysis carries a 50%–
100% mortality rate, and emergency surgery data report mortality 
rates up to 40%.
Bronchial artery embolotherapy (BAE) has established itself as a first-
line therapy, both as a primary treatment and as an adjunct before 
elective surgery.
Clinically, BAE is indicated in patients with massive (expectoration 
of 300–600 ml of blood in 24 h or expectoration of any amount of 
blood that is life-threatening) or recurrent haemoptysis. Most of 
these patients are not surgical candidates because of poor pulmo-
nary reserve and other medical comorbidities.
In surgical patients, BAE may permit elective rather than emergency 
surgery, with much lower mortality rates. Elective surgery remains 
the procedure of choice in specific conditions, such as aspergilloma, 
malignancy, hydatid cyst and bronchial adenoma.
Diagnostic work-up aims to find the cause and localize the bleeding 
site.
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1104.3
How to treat pulmonary artery aneurysms and vascular 
malformations
J.A. Vos;
Interventional Radiology, St. Antonius Hospital, Nieuwegein, 
Netherlands.

Learning Objectives
1. To learn the indications for treating pulmonary aneurysms and 

vascular malformations
2. To learn different techniques for treating vascular AVMs
3. To learn follow-up imaging strategies
Pulmonary Artery Aneurysms (PAA)
Pulmonary artery aneurysms (PAA), particularly saccular PAA, are 
a very rare disease entity. Fusiform PAA may occur in the setting of 
chronic pulmonary hypertension. These generally do not require 
endovascular therapy; therefore, they will not be further discussed 
in this paper. Saccular PAA are most commonly related to systemic 
vasculitis, particularly Behçet disease (BD). BD is a rare autoimmune-
mediated disorder that predominantly affects young males in the 
eastern Mediterranean region. Common symptoms include ulcer-
ations of the mucous membranes and ocular problems. Even in the 
setting of BD, PAA occur in only about 10-20% of cases. Treatment 
of BD comprises high-dose steroid therapy, which generally sig-
nificantly reduces the size of PAA and may cure them almost com-
pletely. If however PAA continue to grow despite adequate medical 
therapy, invasive treatment is warranted because PAA rupture has 
an extremely grim prognosis. Endovascular exclusion is the treat-
ment modality of choice because primary open surgical approach 
carries the risk of significant morbidity and mortality. Endovascular 
treatment of PAA should be reserved to centers with significant 
experience in endovascular management of pulmonary vascular 
disease. Preferably, these procedures should be performed with a 
thoracic surgeon on standby, if possible in a hybrid OR setting. Treat-
ment should be aimed at occluding the PAA neck because it gener-
ally very large and hence not amenable to filling of the entire sac. 
Treatment at the neck has the added advantage of allowing PAA 
shrinkage after treatment, increasing the potential volume of the 
lung and aiding in restoring respiratory function. The most logical 
choice of embolization material seems to be a vascular plug. The 
technical execution of the procedure does not differ significantly 
from the treatment of the more common pulmonary arteriovenous 
malformations (PAVMs), which is discussed in more detail below.
Pulmonary Arteriovenous Malformations (PAVM’s)
Pulmonary arteriovenous malformations (PAVMs) are an uncommon 
condition, comprising one or more direct communications between 
the pulmonary artery (PA) and a pulmonary vein. PAVMs may occur 
sporadic, but most are associated with hereditary hemorrhagic 
teleangiectasia (HHT), or Rendu–Osler–Weber disease. This autoso-
mal dominant disease is characterized by vascular malformations 
that may occur in any organ system, the most relevant being PAVMs. 
As the blood flowing through a PAVM bypasses the pulmonary cap-
illaries, leading to a right-to-left extracardiac shunt. The RL shunt 
causes systemic arterial deoxygenation, which may result in exer-
tional dyspnea, depending on the size of the shunt. More impor-
tantly, however, the R-L shunt provides a pathway for venous emboli 
and/or microbes to bypass the filter of the lung capillaries allowing 
them to reach the systemic circulation. This may result in infarction 
or abscess formation anywhere in the body, most significantly, and 
unfortunately, most commonly in the brain. These potential neuro-
logic complications are the reason why any treatable PAVM should 
be treated regardless of the clinical presence of dyspnea.
Treatment of PAVMs comprises endovascular embolization in an ex- 
perienced center. With the continuous evolution of embolization ma- 
terial, the lower threshold of treatability has decreased over the 
years and consequently the number of treatable PAVMs has increased. 

thin collimation (≤1mm). Post-processing permits meticulous evalua-
tion of the lung parenchyma and mediastinum and concomitant angi-
ographic evaluation. It includes 2D multiplanar reformatted (MPR) 
images (thick axial, thin axial, sagittal and coronal), 2D maximum 
intensity projection (MIP) images (axial, sagittal, coronal and oblique) 
and 3D volumetric (VR) and shaded-surface display (SSD) images.
Angiographic suites having fusion capabilities can superimpose the 
images obtained by CE-MDCT, with real-time fluoroscopy images 
during the embolotherapy procedure. This real-time, roadmap 
decreases time, radiation and contrast and sometimes saves the day.
CE-MDCT is the mainstay of imaging for haemoptysis. The informa-
tion derived from its high-quality images has diagnostic, prognostic 
and therapeutic implications, influences the whole embolotherapy 
strategy and may guide the embolotherapy procedure itself.

1104.2
Basic and advanced techniques for bronchial artery 
embolization
F. Wolf;
Department of Cardiovascular and Interventional Radiology, 
Medical University of Vienna, Vienna, Austria.

Learning Objectives
1. To learn bronchial artery anatomy/catheterization techniques
2. To learn how to embolize bronchial and non-bronchial collaterals
3. To learn which embolic to use and how to avoid non-target 

embolization
Hemoptysis with inflammatory, neoplastic, and vascular etiologies is 
a potentially life-threatening medical condition.
The presentation will start with a short overview of the pathophysi-
ology of bronchial artery hemoptysis.
The anatomy of bronchial arteries and nonbronchial systemic arter-
ies will be presented. Exact knowledge of anatomy is crucial for a 
successful potential embolization therapy. Angiographic technique 
should be sophisticated for quick localization of the origin of the 
bleeding; in many cases, microcatheter techniques are necessary for 
successful therapy.
Different embolization materials such as particles, gelatin sponge, 
coils, and glue are available for embolization, and the pros and cons 
of the different materials will be presented.
The last part of the presentation will deal with the outcome and pos-
sible complications of interventional techniques for bronchial artery 
embolization.
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Trauma remains a leading cause of death in the Western civilization. 
Blunt injury to thoracic great vessels is the second most common 
cause of trauma-related death after head injury (1, 2). Injury of small 
and great vessels with consecutive bleeding in the thorax is a severe 
complication, with an incidence of greater than 20% of all trauma-
related deaths (3). Patients with blunt or penetrating trauma mostly 
have concurrent injuries, such as head and neck damage, pulmonary 
contusions, lacerations of visceral organs, and pelvic and extremity 
fractures.
Blunt aortic injuries are strongly correlated with a change in veloc-
ity, shearing, stretching, and direct compressive forces (2, 4). A corre-
lation with the use of seat belts or airbags could not be shown (2, 4). 
Blunt aortic injury is mainly considered to occur at the aortic isthmus 
distal to the origin of the left subclavian artery (5). Common findings 
are vasospasm, mural contusion and hematoma, dissection, transec-
tion, pseudoaneurysm, and extrinsic compression. In contrast, pene-
trating trauma can occur at any sites of the thorax; injury to the ves-
sel may result from direct puncture from a projectile or from an indi-
rect mechanism caused by dissipation of kinetic injury within the 
tissue in close proximity to the vessel. Mainly, the intercostal arter-
ies, internal mammary arteries, arch branch vessels and the azygous 
vein are injured (3, 6). Common findings are laceration, transection, 
AV formation, pseudoaneurysm, dissection, or thrombosis.
Today, multidetector computer tomography (CT) is the diagnostic 
modality of choice for the initial evaluation and accurate diagnosis 
of thoracic trauma in the emergency department. Additionally, com- 
puted tomography angiography provides the possibility of an angio- 
gram of the great and small vessels, detecting the area of injury with 
a sensitivity greater than 98% (6). CT is essential and most of the time 
mandatory for planning strategies of the desired therapy for the 
interventionist. Pitfalls in the diagnosis of aortic injury are anatomic 
variants, such as the ductus diverticulum, which can mimic aortic 
injuries (7). In addition congenital anomalies like aberrant left sub-
clavian artery, coarctation and variant origins of branch vessels may 
lead to aortic injuries in atypical locations (8).
For many years exploratory thoracotomy with single-lung ventila-
tion and aortic cross-clamping has been the treatment of choice in 
patients with blunt or penetrating thorax trauma in whom conser-
vative treatment including chest tube insertion failed (8). Since the 
first described transcatheter arterial embolization of post-traumatic 
intercostal arterial hemorrhage by Barbaric et al. in 1977 and the first 
described concept of endovascular stenting to provide hemostasis 
and vascular repair by Dotter et al. in 1969, interventional radiology 
developed rapidly with a large variety of modern catheter technolo-
gies, embolization materials, covered stents and stent–grafts.
Stents and stent  –grafts offer the ability to repair and preserve, rather 
than sacrifice, injured or bleeding arteries through endovascular 
techniques. Stent–graft placement can be an alternative to embo-
lization in selected patients, preserving blood supply to the distal 
organs with simultaneous control of bleeding. Endovascular stents 
can be divided into two main groups, balloon-expandable and self-
expanding. Stent–grafts are available in both types of stents and are 
usually covered by various materials, such as autologous vein graft 
or synthetic fabrics like polytetrafluoroethylene (PTFE). The main 
advantage of self-expanding stents is their flexibility, allowing their 
introduction and deployment in tortuous vessels. A problem in the 
past with self-expanding stents was that they varied in length when 
deployed because as their final length depended on the diameter to 
which the stent has expanded (9). In balloon-expandable stents, the 
diameter of the balloon used defines the initial stent diameter. These 
stents tend to shorten, even in newer generation devices. Major dis-
advantage of balloon-expandable stents is their rigidity, which can 
make deployment in tortuous vessels difficult. Several studies and 
case reports showed successful deployment of stents and stent–
grafts for therapy of blunt and penetrating vascular injuries being an 
alternative to open surgery (9-12). Long-term patency rates of stents 
and stent–grafts, especially in younger patients, are not known (13). 

Currently, any PAVM with a feeding vessel more than 2 mm in diame-
ter is considered treatable.
During the lecture, several procedural details, tips, and tricks will be 
presented. A short summary of the procedure as we perform it in 
our high volume centre is described below.
PA is reached after venous catheterization, generally through the 
femoral vein. For passage of the right heart we use a 6-Fr pigtail cath-
eter angles at 135°, which is then positioned in PA. Pulmonary angio-
grams are made in several planes, to demonstrate PAVMs and iden-
tify the route to reach them. The diagnostic catheter is exchanged 
for a 90-cm 6-Fr multipurpose guiding catheter filled with a 125-cm 
4-Fr Headhunter diagnostic catheter, which is used to approach the 
PAVMs. It is imperative to scrupulously remove all air from the cath-
eters and embolization material. Any amount of air inadvertently 
injected may travel through one of the PAVMs and reach the systemic 
circulation, possibly causing (cerebral) symptoms. For adequate treat-
ment, the embolization material should be deposited in the feeding 
artery, as close to the nidus as possible. More proximal embolization 
will not only deprive viable lung tissue of its vascularization but also 
significantly increase the risk of recanalization, which may be almost 
impossible to treat at a later embolization session.
The treatment material of choice at our institution is currently the 
detachable Amplatzer Vascular Plug (AVP; St Jude Medical…..), 
which is available in several types and diameters. The 4- and 5- mm 
AVP-4 can be introduced through a 0.038-inch diagnostic catheter; 
larger sizes up to 12 mm require a 6-Fr guiding catheter, whereas 
14–20-mm diameters require an 8-Fr guiding catheter. In our expe-
rience, more than 50% primary PAVMs can be treated using AVP. The 
remainder can be treated with microcoils. The first coil to be placed 
in the feeding vessel of PAVM should always be detachable to pre-
vent life-threatening displacement through PAVM into the systemic 
circulation. Neuro-derived electrolysis detachable coils can be used, 
but these are very expensive and somewhat cumbersome to use. 
A good alternative is the Interlock (Boston Scientific, Natick, MA), 
which is retrievable, until it has fully exited the microcatheter. After 
the first coil has been placed satisfactorily, subsequent coils can be 
of the much cheaper push-type. Also when treating recanalization 
cases, push coils can often be used because a previous nest or plug 
is already in place to prevent dislodgement through PAVM. After the 
exclusion of a feeding vessel to PAVM, a repeat angiogram should 
always be made from a more central position. Often accessory feed-
ers are identified only after exclusion of the main one and all feeders 
to PAVM should be occluded for the most durable result.
In our practice we stop a procedure after approximately 2½ hours 
or after 250 ml of contrast agent have been used, whichever comes 
first. This provides the opportunity to treat up to approximately 6 or 
7 PAVMs in one session. If more PAVMs remain, additional sessions 
are planned after several weeks. When the operator ensures that 
all treatable lesions have been managed, the patient is re-entered 
in the follow-up schedule, with the use of CTA after 6 months and 
twice yearly thereafter.
Current focus of research is the use of MRA for screening and post-
embolization follow-up to reduce the radiation dose in this gener-
ally young patient group.

1104.4
Blunt and penetrating trauma
P. Minko;
Diagnostic and Interventional Radiology, Saarland University 
Hospital, Homburg/Saar, Germany.

Learning Objectives
1. To learn indications for IR treatment
2. To learn how to use different embolic materials and covered 

stents for varying indications
3. To learn how to prevent and deal with complications
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can occasionally cause non-target embolization, but are extremely 
effective and rapid embolization agents. Therefore, secure anchor-
age of the catheter and a slow speed of embolization are absolutely 
mandatory to avoid distal reflux and non-target embolization. For 
proper embolization, the embolic agent should be placed close to 
the injury site, distal and proximal to it to avoid persistent bleeding 
through distal collaterals. Major attention should be drawn during 
the embolization of intercostal arteries (especially at T8 to L1), the 
Artery of Adamkiewicz being the largest anterior segmental medul-
lary artery supplying the spinal cord. Furthermore, intercostal arter-
ies are connected with each other through collaterals, making it nec-
essary to probe the adjacent intercostal arteries cranial and caudal 
of the bleeding branch to adequately stop bleeding.
The role of interventional radiology in acute trauma consisting mainly 
of transcatheter embolization and stent and stent–graft placement has 
increased during the past years and plays an increasing role in today’s 
therapy strategies. Several studies and case series showed successful 
therapies being superior to operative treatment in regards to mortality.
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Stent–grafts often require antithrombotic therapy, especially in arter-
ies with slow blood flow, but any kind of anticoagulation may be con-
traindicated after acute trauma (13).
In 1994, Dake et al. reported the first endovascular stent–graft 
placed for treating descending thoracic aorta aneuryms. Today, the 
most popular stent–grafts for endovascular management of thoracic 
aortic injuries are the Gore C-TAG, Medtronic Valiant, and Cook TX-2 
devices. The Gore device does not have FDA approval for traumatic 
repair, but has been used off-label for this indication. Indications for 
an endovascular therapy of aortic injury are individually based on 
the patient’s vital situation, anatomy, available material, and mea-
surements of the vessel to be treated. Because the majority of aortic 
injuries in blunt thorax trauma occur within 10 mm of the left sub-
clavian artery, the proximal landing zone with sufficient sealing is 
a major concern. To date, there is no commercially available device 
that includes a side branch to maintain patency of the left subclavian 
artery. Over-stenting of the left subclavian artery is being discussed 
controversially because of the possibility of symptomatic steal phe-
nomenon, sometimes requiring bypass surgery. New endovascu-
lar treatment strategies like chimney grafts in high-risk patients, 
preserving the subclavian artery, are being described in the litera-
ture (14-16). To date, patient numbers are low and long-term data is 
missing. A couple of studies revealed that patients requiring repair 
of thoracic aortic disruptions are considerably younger than those 
undergoing repair of degenerative thoracic aortic aneurysm and 
dissections (8). Therefore, the aortic diameter is relatively small, thus 
creating a problem of availability of the correct sizes. The above-
mentioned devices range down to diameters of 21 mm (Gore), 22 
mm (Medtronic), and 28 mm (Cook). In addition, the aortic arch has 
a much smaller radius in young patients, leading to a collapse of the 
thoracic aortic stent  –graft in the initial devices. To date, implanta-
tion of stents is an alternative to thoracotomy in vascular injuries 
of the chest wall. Some studies compared outcomes of endovascu-
lar and open surgery in patients with aortic repair, showing a signif-
icant decrease in mortality, paraplegia, and stroke in the endovas-
cular group (8, 17, 18). Paraplegia remains a severe complication, 
and different therapy concepts such as cerebral spinal fluid drain-
age are being discussed (19). Long-term patency of endovascular 
stent–graft, especially in younger patients, is still lacking. Immediate 
or delayed endovascular treatment of blunt aortic injury is discussed 
in the literature (20-22). It is difficult to define therapeutic priority 
in patients with coexisting life-threatening non-aortic lesions and 
signs of impending rupture. However, immediate treatment showed 
a safe management of patients, with complete healing of the aortic 
wall and regression of the pseudoaneurysm (20, 21).
Successful use of endovascular catheter embolization has been 
described in all areas of the human body. Development of coax-
ial microcatheter systems and steerable fine wires along with 
microcoils makes embolization possible in practically any vascular 
territory. Therefore, embolization has been accepted today as a safe 
and effective treatment option (13). Many different embolic agents 
from different manufacturers are available in the market, such as 
coils ranging from millimeters to several centimeters. Amplatzer 
Plugs, Gelfoam, particles and liquid embolic agents like onyx or 
glue are also available for a wide range of indications for perma-
nent and temporary occlusions. To choose the appropriate embolic 
agent for active bleeding after blunt or penetrating trauma, sev-
eral questions need to be answered: Can a vessel safely be sacrificed 
without putting the downstream organ at a significant risk, is the 
vessel to be embolized large or small, how long is the vessel to be 
occluded, and is the tissue supplied by the vessel to remain viable 
after the embolization (23). The mentioned systemic approach pub-
lished by Lubarsky et al. gives the interventionist a good baseline 
for choosing the right embolic materials. Coils are often the safest 
and best controllable method in unstable patients (5). Detachable 
coils are now available, with the advantage of being repositioned 
or retrieved before final detachment. Particles, gel foam, and glue 
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information (typically Dose Area Product and cumulative skin dose) 
allows interventionalists to follow the increase of the radiation dose 
to the patient during the procedure, to know the impact derived 
from the use of dose reduction techniques such as low fluoroscopy 
pulse rate, collimation, C-arm angulations, reasonable number of 
frames in DSA series, and to recognize the impact in doses derived 
from rotational or cone beam CT acquisition protocols, when avail-
able. Some of the new angiography systems also offer low-dose pro-
tocols with special post-processing software.
Real-time skin dose mapping in catheterization laboratories is now 
being considered as a future option by some vendors. This dose 
mapping should result in a better management of radiation dose 
distribution in the skin and help avoid some of the radiation injuries 
occurring during complex procedures.
In the last years, wireless electronic personal dosimeters for staff have 
been introduced as another relevant improvement in radiation safety. 
They provide real time information on occupational doses on a screen 
and inside the catheterization room during the procedures. These sys-
tems give access to a detailed analysis of the occupational dose profiles 
(typically every second) at the end of the procedure and correlate staff 
exposure with patient doses for the different image acquisition runs.
Finally, one of the latest tool available for dose management and 
already offered by several vendors is a software enabling the col-
lecting and processing of patient dose data to compare them with 
the “diagnostic reference levels” (as required by the European regu-
lations). Such software makes it possible to build individual patient 
dose reports for multiple examinations and to automatically iden-
tify high individual doses requiring clinical follow-up for potential 
skin injuries. This new software is also helpful in the audit of other 
parameters of the procedures (e.g., focus–image detector distance, 
collimation, C-arm angulations, magnification, etc.) and provides 
valuable information to decide on the convenience of optimization 
actions if appropriate (e.g., lack of use of collimation or too large dis-
tances between the focus and the image detector).
Periodic calibration of dosimetry tools (patients and staff) to correct 
the values reported by the X-ray systems must be regularly taken 
care of. A medical physicist should carry out this calibration and 
when his support is not available, there exists a relevant limitation 
on the radiation dose reporting system. Optimization actions also 
could need such support. Fortunately, the coming new European 
Directive is expected to reinforce the support of medical physicists 
in interventional practice.
Different vendors are offering different solutions to radiation dose 
management. The challenge is to find an “understandable lan-
guage” and friendly and personalized systems to be easily used by 
interventionalists but also with enough technical information help-
ing medical physicists in the optimization of the systems and in the 
improvement of patients and staff radiation safety.
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Special Session
Radiation dose management

1106.1
Understanding pros and cons of the new X-ray systems in 
improvement of radiation safety and image quality
E. Vano;
Radiology, Complutense University, Madrid, Spain.

Learning Objectives
1. To learn how to consider the radiation dose when buying a new 

angio system
2. To learn the dose saving features and limitations of angiographic 

equipment
3. To understand the scientific base and the various vendors 

“language” of the tools for patient and staff protection in modern 
imaging environment

New angiography systems include several options to manage radi-
ation doses to patients and staff. These optional features are asso-
ciated, in some cases, with an extra cost; therefore, the purchase of 
new equipment should be made with the complete knowledge of 
the pros and cons of each option.
The basic aspects of radiation protection to be considered when 
buying a new angiography system are as follows: 1) Patient dose 
measurement and display in the catheterization room (during the 
procedure); 2) Patient dose report and transfer capability at the end 
of the examination; 3) Patient dose-saving tools and imaging pro-
tocols available in the X-ray system; 4) Staff dose measurement and 
display in the angiography room during the procedures; 5) Staff 
dose protection tools; and 6) Software to process patient and staff 
doses with automatic alerts for abnormal values.
Any interventional X-ray system should include a tool (usually a 
transmission ionization chamber) designed to inform radiologists 
on the patient dose values during the procedures and to produce a 
patient dose report at the end of the procedure (now in DICOM for-
mat). The new coming European Directive on Basic Safety Standards 
will probably require that interventional systems be able to trans-
fer dose values to the report of the examination. The dosimetric 
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The greatest source of radiation exposure to the operator and staff 
is scatter from the patient. The magnitude and distribution of scat-
tered radiation are affected by many factors, such as patient size, 
gantry angulation, patient position, filtration, fluoroscopic settings, 
and use of shielding. Overall, in an unshielded environment, and for 
a posteroanterior (PA) projection, the exposure is greatest below 
the table, less at the operator’s waist level, and lowest at eye level. 
However, substantial operator eye doses can be reached in unfavor-
able circumstances (large patient, high-dose fluoroscopy/fluorogra-
phy, gantry angulation), underscoring the importance of proper pro-
tection, particularly for the eyes.
Occupational radiation protection requires the availability of appro-
priate protection tools and equipment. The purpose of protective 
tools is to improve safety for the operator and staff without imped-
ing the procedure or jeopardizing the patient’s safety.
There are three types of shielding: architectural shielding, equipment 
mounted shields, and personal protective devices. Architectural 
shielding is built into the walls of the procedure room. In addition, 
rolling and stationary shields which rest on the floor, constructed of 
transparent leaded plastic, are useful for providing additional shield-
ing for both operators and staff. Equipment-mounted shielding 
includes protective drapes suspended from the table and from the 
ceiling. Table-suspended drapes hang from the side of the patient 
table, between the under-table X-ray tube and the operator. Ceiling-
suspended shields, generally constructed of a transparent leaded 
plastic, should also be used during cases of any significant length. 
Properly placed shields have been shown to dramatically reduce 
operator eye dose and therefore all interventionalists should use 
them.
Personal protective devices include eyewear; since the current ICRP 
occupational limit for eye exposure has been set to 20 mSv per year, 
and since radiation cataract formation may be a stochastic effect, 
operators are strongly advised to use eye protection at all times. 
Leaded eyeglasses are an alternative to ceiling-suspended shields 
for this purpose. Eye- glasses with large lenses and protective side 
shields provide more protection than eyeglasses without these fea-
tures. They help to minimize scatter which approaches the opera-
tor from the side and scatter from the operator’s own head. Leaded 
glasses reduce the dose to the operator’s eye from frontal exposure 
by a factor of approximately 8–10; when side exposure is included 
(the typical situation in clinical practice), the protection factor is 
decreased to between 2 and 3. The principal disadvantage of leaded 
eye-glasses is their weight and discomfort.
Techniques that reduce patient dose will generally also reduce occu-
pational dose for the lens of the eye. Additional techniques can be 
used with fluoroscopically guided procedures to reduce occupa-
tional dose.
Minimizing fluoroscopy time is mandatory; fluoroscopy should be 
used only to observe objects or structures in motion. The advice is 
to review the last-image-hold for study, consultation, or education 
instead of additional fluoroscopic exposure. If available, fluoroscopy 
loop recording can be used to review dynamic processes and short 
taps of fluoroscopy can be used instead of continuous operation. 
Fluoroscopy to determine or adjust collimator blade positioning can 
be eliminated by using the virtual collimation feature, when present.
Other advice is to minimize the number of fluorographic images; for 
digital subtraction angiography, variable frame rates tailored to the 
examination (e.g., 1 image/s for 6 s, then 1 image every other sec-
ond for 24 s, for arteriography of the celiac axis) can be used instead 
of a constant frame rate (e.g., 2 images/s for 30 s). For documenta-
tion, stored last-image-hold images can be considered instead of 
acquiring additional images. When available, a stored fluoroscopy 
loop can be used instead of a fluorographic acquisition, if the image 
quality is adequate to document the findings. All available informa-
tion has to be exploited before the IR procedure, using pre-proce-
dure imaging (ultrasound, MRI, CT) to define the relevant anatomy 
and pathology and to plan the interventional procedure.

1106.2
What is the real risk of radiation-induced cataracts for 
interventionists?
M. Bezzi;
Department of Radiological Science, University of Rome La 
Sapienza, Rome, Italy.

Learning Objectives
1. To learn how cataracts develop and what are the currently 

accepted thresholds in absorbed dose for the lens
2. To learn how to protect the operator and your staff from the 

radiation induced lens injuries
3. To learn how to effectively implement a staff radiation protection 

programme in clinical practice keeping your workflow running 
smoothly

The lens of the eye is one of the most radiosensitive tissues in the 
body, and exposure of the lens to ionizing radiation can cause cat-
aract. Changes resulting from exposure tend to appear first in the 
posterior subcapsular region of the lens and consist of small dots 
and vacuoles which, over time, aggregate to form larger opaci-
ties. Klein et al. reported that subjects with diagnostic X-ray expo-
sure have higher incidence of posterior subcapsular cataract; the 
latent period and the severity of the effects are dependent on age 
and gender and, with regard to induction by ionizing radiation, are 
dependent on dose, dose rate and fractionation.
There have been a number of reports in recent years indicating the 
prevalence of opacities in the eyes of staff exposed to radiation levels 
below the thresholds as established by the International Commission 
on Radiological Protection (ICRP Publication 60 of 1990 and ICRP 
Publication 103 of 2007). The values for detectable lens opaci-
ties were: 5 Sv for protracted and 0.5-2.0 Sv for brief exposure. The 
2007 ICRP report stated: “However, new data on the radiosensitivity 
of the eye with regard to visual impairment are expected”, and con-
cluded “Because of the uncertainty concerning this risk, there should 
be particular emphasis on optimization in situations of exposure of 
the eyes”. The Commission has now reviewed recent epidemiological 
evidence and has issued a statement after its meeting on 21st April 
2011 (ICRP Publication 118 of 2012). According to this statement, the 
threshold in absorbed dose for the lens of the eye is now considered 
to be 0.5 Gy, a dose that could readily be exceeded on the basis of the 
current equivalent dose limit for the lens of the eye of 150 mSv per 
year. Therefore, for occupational exposure in planned exposure situa-
tions, the Commission now recommends an equivalent dose limit for 
the lens of the eye of 20 mSv in a year, averaged over defined periods 
of 5 years, with no single year exceeding 50 mSv. Thus there is clearly 
a case for a reduction in the dose limit for the eye lens.
In a recent study by Vano et al, the incidence of lens opacities was 
investigated in catheterization lab personnel. Subjects included 58 
physicians and 69 nurses and technicians attending an interven-
tional cardiology congress. Lens opacities were observed by dilated 
slit lamp examination using indirect illumination and retroillumi-
nation. The frequency and severity of posterior lens changes were 
compared between the exposed and unexposed groups. Posterior 
subcapsular lens changes characteristic of ionizing radiation expo-
sure were found in 50% of interventional cardiologists and 41% of 
nurses and technicians while findings of similar lens changes were 
seen in <10% of controls. Estimated cumulative eye doses ranged 
from 0.1-18.9 Sv. Most lens injuries resulted after several years of 
work without eye protection. This important study serves to contra- 
dict further the outdated notion that radiation-induced lens changes 
result only from very high doses delivered over a short period of time. 
A high prevalence of lens changes likely induced by radiation expo-
sure in the study population, daily endovascular practitioners, sug-
gests an urgent need for improved radiation safety and training, use 
of eye protection during catheterization procedures, and improved 
occupational dosimetry.
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1106.3
Hybrid rooms for IR: how to plan a good radiation safety 
programme
G.N. Paulo;
Chair of the Scientific Committee of Radiography Course, College of 
Health Technology of Coimbra, Coimbra, Portugal.

Learning Objectives
1. To learn the behavioural principles in hybrid atmosphere
2. To learn the dose management algorithms in hybrid environment
3. To learn how to manage the workflow of the multidisciplinary 

team in the hybrid room
A literature search can reveal a variety of definitions related to hybrid 
systems: (a) use of the same room and equipment to perform differ-
ent fluoroscopy-guided procedures in combination with a multidis-
ciplinary team; (b) integration of fluoroscopy-guided procedures and 
surgical procedures in same environment; (c) combination of two or 
more imaging modalities for diagnostic and/or therapeutic purposes.
In this session, special attention will be given to the concept defined 
in (a), once it is the one that presents the most challenging process 
for implementation of patient and staff safety culture.
This type of medical imaging room workflow is planned by allocat-
ing working time slots for several medical specialties (e.g., radiol-
ogy, gastroenterology, urology, vascular surgery, etc.) that perform a 
wide variety of fluoroscopy-guided procedures.
This type of workflow organization represents a challenge because 
of the following reasons:
·   Knowledge, skills, and competences are heterogeneous amongst 

physicians, regarding technical features of medical imaging 
equipment and radiation protection;

·   Several fluoroscopy-guided procedures performed in these rooms 
have different imaging requirements that need to be patient and 
pathology oriented;

Variability in patients’ pathology, sometimes under acute and criti-
cal health conditions, introduces a stressful atmosphere amongst 

Available patient dose reduction technologies have to be consid-
ered: these include low-fluoroscopy-dose-rate settings, low- frame-
rate pulsed fluoroscopy, removal of the antiscatter grid, spectral 
beam filtration, and use of increased X-ray beam energy. Improved 
image processing within the fluoroscopic unit can compensate 
to a considerable degree for the reduced image quality due to 
decreased exposure levels. Children and some small adults can be 
imaged without the antiscatter grid; this technique reduces dose at 
the cost of decreased image quality.
Good imaging-chain geometry has to be used; the patient support 
has to be positioned so that the patient is as far as possible from the 
X-ray tube; the image receptor has to be placed as close as possible 
to the patient. Collimator blades have to be adjusted tightly to the 
area of interest; tight collimation reduces patient dose and improves 
image quality by reducing scatter.
The radiologist should stay in a low-scatter area, as far away from 
the X-ray beam as possible, using tubing extensions or needle hold-
ers and power injectors for contrast material injections. When using 
angulated or lateral projections, the radiologist has to keep in mind 
that the highest intensity of scattered radiation is located on the 
X-ray beam entrance side of the patient. When using these projec-
tions, the X-ray tube should be on the side of the patient.
All members of staff must wear dosimeters and know their own dose 
in order to ensure that they are working safely. Dose data will not be 
accurate unless the dosimeters are always worn, and worn correctly. 
Real-time dosimetry, if available, should be used.
Occupational radiation protection also requires the appropriate 
education and training for the interventional radiologist, therefore 
all centers should be able to run their own staff radiation protection 
program. All staff involved in the procedure should have a general 
knowledge of safe operating practices in a radiation environment.
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gist (IR) performing the procedure is subjected to exposure as well. 
The level of staff exposure depends on parameters related to the 
patient and equipment. The main source of staff radiation exposure 
is the patient, and the level of exposure is directly proportional to 
the patient’s size. Other important factors are the quality of equip-
ment, experience of the operator, and complexity of the procedure.
One of the well-recognized and measurable occupational risk fac-
tors is radiation-induced cataract. The previous annual limit for IR 
was 150 mSv, but it has recently been recommended to decrease 
to 20mSv. during angiographic procedures [2]. Recent studies have 
shown that for unprotected operators, the radiation dose to the lens 
may exceed the current threshold for tissue reactions after several 
years of work at typical reported interventional workloads [3].
IR cautiously plans each intervention and learn the medical history 
of the patient but usually do not consider the previous diagnostic 
or interventional procedures with possibly high radiation exposure. 
Prior to obtaining informed consent IRs explain to the patient the 
procedure and its possible complications in detail but rarely, if ever, 
mention the dangers of the radiation exposure or any alternatives. 
The described approach is part of our daily routine, which usually 
does not include specific case tailored means of dose management 
and patients as well as staff radiation protection.
Skilled and experienced operators will perform the procedure in 
the shortest possible time with minimal complications, if any. In 
case these operators also master the angiography equipment and 
are skilled in dose management, the expected outcome will clearly 
be shorter fluoroscopy time, less DSA runs, and less exposure dose. 
State of the art angiography systems allow virtually unlimited fluo- 
roscopy time, DSA, road mapping, cone-beam CT, and other options 
based on ionizing radiation. Optimization and intelligent use of these 
imaging options will eventually provide better imaging, improve 
performance, and reduce the dose as an added value.
Interventional procedure planning has to incorporate dose manage-
ment measures, as our goal is professional use of radiation, not an 
irrational fear or negligence.
A good example of team work with unmet dose management needs 
is a so called “hybrid room.” Hybrid rooms in the cath labs and oper-
ating theaters are a challenge in radiation protection perspective 
and carry potential radiation hazard to the patient and mainly to 
the staff. There is a large number of mixed personnel including sur-
geons, IR’s, anesthesiologists, nurses, and radiographers. The com-
plex procedures require extensive expertise and awareness to each 
small detail.
Careful mapping of the room interior design and radiation geometry 
depending on various C-arm angulations will allow safe movement 
of the staff members in the room and reduce to minimum unneces-
sary exposures. Unfortunately, only part of the staff involved can use 
protective shields. For example, the protective apparel is thinner on 
the back compared to the front and the personnel should move in 
the room as they “face” the C-arm.
Preplanning of each staff duty member and intelligent management 
of the whole process will result in shorter procedure time and a re-
sultant shorter fluoroscopy time, keeping to minimum only the nec-
essary number of optimized DSA runs. Dose management and staff 
protection at such open space rooms have no real solution today.
It is strongly recommended and in some countries obligatory to main- 
tain the cumulative radiation doses in each and every patient’s records. 
Currently, numerous software solutions are available and allow mon-
itoring, conversion, and recording on the RIS the complete data on 
patient’s radiation exposure. CIRSE in Europe and SIR in US endorse 
such actions [4]. It is also suggested to keep integrated recording of 
different dose metrics for all IR requiring fluoroscopy and to estab-
lish thresholds for review and follow-up. In Europe, the evaluation 
and recording of patient dose are part of the quality assurance pro-
grams. The future European Directive on basic safety standards [5] 
will comprise this requirement as one of the articles in the directive.
Recent introduction and availability of medical simulators improve 

health professionals in IR rooms, which is necessary to control as a 
strategy to increase procedure success.
It is under this complex socio-technical environment that health 
professionals must be able to create a real teamwork concept using 
precise guidelines about each one’s roles and responsibilities as the 
pathway to minimize practice error and maximize patient and staff 
protection.
It is therefore important for medical imaging department leaders 
to acknowledge the importance of maintaining these teams with as 
much stability as possible, thus avoiding staff turnover.
Radiographers act as the interface between patient and technology 
and are the essential pivot to maintain active links between physi-
cians, medical physicists, and equipment vendors to guarantee a 
permanent focus on procedure optimization by maximizing equip-
ment technical features based on a life- long learning program that 
should be defined and implemented by each department.
Prior team planning of daily room workflow and considering each 
patient clinical indication and expected outcomes is a perfect tool 
to develop professional best practice and to improve the quality of 
care.
Deming’s cycle, P (plan)–D (do)–C (check)–A (act) associated with 
the application of clinical audit guidelines is the best starting point 
for establishing a new European Patient Safety Culture.
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1106.4
Efficient dose management as a result of preplanning 
image-guided IR procedures
G. Bartal;
Radiology, Meir MC, Kfar-Saba, Israel.

Learning Objectives
1. To learn how preplanning can improve procedure success and 

dose management
2. To learn which preplanning techniques can be effectively used in 

IR procedures
3. To learn how to effectively implement a dose management 

programme through preplanning in clinical practice
Medical radiation protection is based on 3 pillars: Justification, Optimi- 
zation, and Limitation. Optimization comprises radiation dose man-
agement. The goal is to present a comprehensive strategy for opti-
mizing the use of ionizing radiation during fluoroscopic procedures. 
The hypothesis is that ionizing radiation is a resource used during 
fluoroscopic procedures and optimal use satisfies the medical pur-
pose but avoids excess or unproductive exposure [1]. Proper plan-
ning of an interventional procedure together with skilled perfor-
mance will ultimately lead to dose saving.
In addition to inevitable patient exposure, an interventional radiolo- 
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device migration and limb occlusion, endoleaks remain a problem, 
particularly type 2 endoleaks. Another limitation of EVAR devices 
is an inability to treat the majority of AAA morphologies. Infrarenal 
neck anatomy is the most common limitation because almost all cur-
rent devices seal the aneurysm by graft artery wall apposition at the 
proximal and distal sealing zones. The aneurysm sac is not directly 
treated, leading to the risks of device migration and endoleaks, par-
ticularly type 2 endoleaks from uncontrolled aortic side branches 
arising from the aneurysm.
Since the early days of EVAR, there have been attempts to seal the 
aneurysm sac at the time of the procedure, preventing complica-
tions and the need for reintervention. Unfortunately, these proce-
dures have proved to be time-consuming, expensive, and not partic-
ularly successful. The Endologix Nellix device seals the entire aneu-
rysm. Balloon-expandable stents are surrounded by endobags; 
these achieve aneurysm sealing by being filled by a polymer that 
quickly cures to the consistency of a pencil eraser. The compliant 
polymer-filled endobags form a cast of the aneurysm blood lumen, 
which potentially prevent endoleaks and device migration. Other 
potential advantages of this technique include an ability to treat a 
wider range of adverse proximal neck anatomies and concomitant 
iliac artery aneursyms as well as a simple, time-efficient procedure. 
Clinical experience with this device remains very limited, but no 
aneurysm related mortality, evidence of a persistent endoleaks, or 
device migration was seen in over 100 cases.
It is not surprising that other technologies are being developed to 
achieve aneurysm sealing. The prospect of a successful endovas-
cular aneurysm sealing (EVAS) technology is exciting and poten-
tially disruptive for current AAA management. If durability can be 
achieved without significant secondary intervention, the current 
post-EVAR imaging surveillance protocol can be seriously altered 
with major cost savings. A revolution may have truly arrived!
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operator’s skills in procedure performance. Virtual reality medical 
simulators provide realistic simulation and tactile sensations of dis-
posable angiography equipment as well as simulation and display 
of real time “fluoroscopic” images with Cine, DSA and C-arm opera-
tion. They are efficient and safe tools in training fellows as they allow 
a rehearsal in complete virtual IR environment without radiation 
exposure or complications. Virtual reality simulators are expected 
to significantly reduce complication rates and radiation exposure of 
patients and personnel [6].
References
1.  Miller D, Vano E, Bartal G, et al. (2010) Occupational Radiation 

Protection in Interventional Radiology: A Joint Guideline of the 
Cardiovascular and Interventional Radiology Society of Europe 
and the Society of Interventional Radiology. Cardiovasc Intervent 
Radiol. (CVIR) April 33(2):230-239.

2.  Vano E, et al. (2008) Eye lens exposure to radiation in interven-
tional suites: caution is warranted. Radiology. 248(3):945-53.

3.  Kim KP, Miller DL, Balter S, et al. (2008) Occupational radiation 
doses to operators performing cardiac catheterization proce-
dures. Health Phys 94(3):211-227.

4.  Miller DL, Balter S, Dixon RG, Nikolic B, Bartal G, Cardella JF, 
Dauer LT, Stecker MS (2012) Society of Interventional Radiology 
Standards of Practice Committee. Quality improvement guide-
lines for recording patient radiation dose in the medical record 
for fluoroscopically guided procedures. J Vasc Interv Radiol 
23(1):11-8.

5.  European Commission. (2012) Proposal for a Council Directive 
laying down basic safety standards for protection against the 
dangers arising from exposure to ionizing radiation. Brussels 
30.05.2012. COM(2012) 242 final Available at: http://ec.europa.eu/
energy/nuclear/radiation_protection/doc/2012_com_242.pdf 
(accessed on 1st March 2013).

6.  Weisz G, et al. (2007) The use of interventional cardiovascu-
lar simulation to evaluate operator performance: The carotid 
Assessment of operator performance by the Simbionix carotid 
Stenting Simulator Study (ASSESS) Journal of the Society for 
Simulation in Healthcare 2007, Volume2, Issue 1.

Honorary Lecture
Andreas Gruentzig Lecture

1301.1
EVAR for AAA - evolution or revolution?
A. Holden;
Radiology, Auckland City Hospital, Auckland, New Zealand.

When Dr. Juan Parodi performed the first endovascular aneurysm 
repair (EVAR) in 1989, the interventional world expected a revolu-
tion. However, early registries reported disappointing and disturb-
ing findings and skeptics soon appeared. In 2001, the lead article 
in the October edition of the British Journal of Surgery famously 
declared endovascular treatment of abdominal aortic aneurysm “a 
failed experiment.” The criticism, based on the EUROSTAR data, was 
focused on an unacceptable reintervention rate of 20% after EVAR in 
the first year and 10% per year for at least the first 4 years after. EVAR 
was also 50% more expensive than open repair. Large randomized 
controlled trials (RCTs) comparing EVAR and open repair for AAA 
did not provide reassurance for critics. The British EVAR 1 Trial and 
the Dutch DREAM Trial showed a long-term reintervention rate for 
EVAR much higher than open repair, without a mortality benefit. The 
excessive cost of EVAR compared with open surgery was also con-
firmed in these trials.
The complications requiring reintervention in those large RCTs were 
mainly endoleaks with device migration and graft limb occlusion 
also significant issues. Although more modern devices have reduced 
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1302.2
Intra-arterial thrombectomy should only be performed by 
dedicated neuroradiologists
T. Andersson;
Neuroradiology, Karolinska Sjukhuset, Stockholm, Sweden.

Introduction
Acute stroke is the third leading cause of death in the industrial-
ized world and the single most common cause of permanent dis-
ability in adults. Rapid reperfusion of the ischemic brain is currently 
the therapy of choice and because intravenous thrombolysis is less 
effective in patients with large vessel occlusion due to a long throm-
bus, attention has been paid on mechanical thrombectomy (MT). 
Because many patients may benefit from a procedure that carries 
several inherited risks, a discussion on who should be allowed to 
perform these procedures is presently emerging.
Discussion
Risks during MT include arterial perforations, dissections, rupture, va- 
sospasm, thromboemboli formation and fragmentation, and large re- 
perfusion hematomas. Proper training and experience are necessary 
to avoid such complications. Training to be able to independently per- 
form neurointerventional procedures should be conducted at accre-
dited centers and last for 3–4 years depending on the background. Ex- 
perience regarding recanalization procedures includes patient se-
lection, technique, and post-treatment care. To perform intracranial 
recanalizations independently, the operator should perform the pro- 
cedures in accordance with the guidelines applied in several Euro-
pean countries and should have performed a minimum of 100 such 
procedures during the training. Therefore, the annual number of 
intracranial revascularization procedures performed by the operator 
should be no less than 30, i.e., MT should only be performed at large 
volume neurointerventional centers.
Intracranial endovascular procedures impose several technical spec-
ificities that require almost daily experience. Many thromboembolic 
complications in these vasculopathic patients emanate from access 
problems in the aortic arch, problems that dramatically increase with 
lack of experience. In addition, intracranial arteries differ significantly 
from extracranial arteries; intracranial arteries have no external elastic 
lamina, their adventitia is much thinner than comparably sized vessels 
in other parts of the body, and have a much lower wall–lumen ratio.
Conclusion
MT should only be performed by doctors who are appropriately 
trained to perform neurointerventional treatments. They should 
have neuro-experience and an adequate annual caseload of revas-
cularization procedures. Orthopedic surgeons would not be allowed 
to clip an intracranial aneurysm although they are, just like neuro-
surgeons, trained surgeons. MTs performed by untrained, inexperi-
enced hands may lead to the risk of dramatically increasing the com-
plication rate, which may jeopardize the legitimacy for the proce-
dure causing it to be no longer allowed or reimbursed.
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Hot Topic Symposium
Intra-arterial stroke management - should this be 
an IR procedure?

1302.1
Recent developments regarding the training of 
neuroradiologists and other specialties for neurointerventions
D. Vorwerk;
Dept. of Diagn. and Imaging, Klinikum Ingolstadt, Ingolstadt, 
Germany.

No abstract available.
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1302.4
How much are general IRs involved in stroke therapy across 
Europe?
D. Vorwerk;
Dept. of Diagn. and Imaging, Klinikum Ingolstadt, Ingolstadt, 
Germany.

No abstract available.

1302.5
A plan for the future involvement of IRs in the provision of 
acute stroke therapy
J.A. Reekers;
Department of Radiology, Academic Medical Centre, Amsterdam, 
Netherlands.

No abstract available.

Foundation Course
Biliary interventions: how I do it

1701.1
Biliary stenting and drainage
B.S. Tan;
Department of Diagnostic Radiology, Singapore General Hospital, 
Singapore, Singapore.

Learning Objectives
1. To learn essential patient preparation strategies for biliary inter-

vention
2. To learn how to perform PTC and biliary drainage
3. To learn how to place single or multiple stents in hilar or low CBD 

obstruction
The indications for biliary drainage include relief of biliary obstruc-
tion as a bridge to further treatment, management of biliary tract 
infection and bile leaks and palliation in patients with malignancy. 
Cross-sectional imaging is required to confirm the level and extent 
of obstruction and the underlying aetiology. In malignant biliary 
obstruction, imaging is also critical in staging the disease.
For biliary drainage, 2 non-surgical techniques–percutaneous tran-
shepatic biliary drainage (PTBD) and endoscopic retrograde cholan-
giopancreatography–are currently available. Although the choice 
of these techniques will depend on the level of expertise available, 
there is data to indicate that PTBD should be preferred for patients 
with obstruction involving the biliary hilum.
In preparing a patient for PTBD, baseline full blood count and coag-
ulation profile are assessed and deficiencies are corrected. Further, 
cover of blood products during the procedure may be warranted if 
the coagulation deficiency cannot be fully corrected. If the patient 
presents with infection, antibiotic therapy should have been insti-
tuted, otherwise a prophylactic dose of antibiotics would be appro-
priate. If the patient presents with ascites, this should be drained in 
advance.
The suitability for the initial puncture site will depend on the specific 
lobe or segment of the liver to be drained: whether single or mul-
tiple drainage access is required, the location of the puncture site 
with respect to the rest of the biliary tree, the angle formed by the 
needle and the duct to be punctured and the subsequent therapeu-
tic options required.
A 21/22G needle was utilised to access the peripheral segment of 
the target duct under ultrasound guidance, and a diagnostic chol-
angiogram was performed. It is important that the biliary tree is not 
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1302.3
Intra-arterial thrombectomy can be safely performed by a well 
trained “general interventionalist”
K.A. Hausegger;
Radiology, General Hospital Klagenfurt, Klagenfurt, Austria.

Intra-arterial stroke treatment has been introduced in clinical prac-
tice with increasing frequency during the last few years. Treatment 
must be provided 24/7 throughout the year. Approximately 5%–20% 
patients with acute ischemic stroke can be treated with intra-arte-
rial methods. Ischemic stroke incidence varies between different 
regions in Europe but is roughly 130–170/100,000 people/year (1-3). 
If an intervention rate of 10% is assumed, this would mean that 800 
acute stroke interventions/year are required in a country like Austria 
(8 Mio. inhabitants).
If all patients would be treated in neuroradiological departments in 
Austria (n = 5), the case load/center would be 160/year. Similar num-
bers can be estimated for Germany (82 Mio. inhabitants/49 neurora-
diological departments). Although this case load may be acceptable 
for busy departments, it has to be considered that many patients 
with acute stroke are admitted to stroke units which are not affili-
ated to neuroradiological departments. There are 23 neurological 
stroke units in Austria and 205 in Germany. Although the majority 
of neurological stroke units are not affiliated to a dedicated neurora-
diological department, a “general interventional radiology” service 
is provided in many of these institutions. Therefore, for logistical rea-
sons, it is necessary that “general” interventionalists also perform 
intra-arterial stroke treatment. Recently Fjetland et al. addressed 
the question whether intra-arterial stroke treatment performed by 
a “general IR” is safe and efficacious and they could show that their 
results are comparable with results from dedicated neurointerven-
tional centers (4).
However, the local structures must be well defined, including ade-
quate technical equipment and the infrastructure of a neurologi-
cal stroke unit. All procedures must be recorded in a quality con-
trol program, which should be subject to a regular reviewing pro-
cess. A minimum number of cases/year/center and interventionalist 
should be defined to guarantee valid education and maintenance of 
expertise.
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of icterus. So the first step should be to better position the drainage, 
bypassing the stricture and draining the bile to the gut. Classically, 
the drainage should be placed across the stricture and stay in place 
for at least 3 to 4 weeks in order to maintain patency of the drain-
age channel.
Up to 15% of biliary strictures are benign, and multiple factors can 
contribute to stricture formation in the biliary tree. The most com-
mon cause of benign strictures is surgery (iatrogenic), with post-
operative biliary strictures accounting for approximately 80% of 
cases of benign biliary strictures. Surgeries include injury after gall-
bladder surgery, particularly laparoscopic surgery, but can also occur 
later after open surgical corrections like anastomotic strictures in 
choledoco-/hepatic- jejunostomies or more rarely after arterial injury 
of the biliary tree after liver transplantation, usually 3–6 months later. 
The second most common etiology of benign strictures is pancreati-
tis, accounting for approximately 10% of cases. The remaining eti-
ologies include inflammatory conditions such as primary sclerosing 
cholangitis, inflammation secondary to bile duct stones, side effects 
of radiation or chemotherapy, infectious causes including tuberculo-
sis, parasites, and viruses, and direct or blunt trauma to the abdomen.
This presentation will address some of the more traditional meth-
ods of treatment for benign strictures (use of drainage catheters) as 
well as the evolution of newer therapeutic possibilities (retrievable 
stents).
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overdistended to avoid septicaemia. If the initial puncture site is 
suitable for access, a coaxial system (sheath-dilator-cannula) can be 
used to convert the puncture into a more secure access for subse-
quent biliary drainage. The obstruction should ideally be crossed so 
that a multi-side-hole drainage catheter can be placed with its distal 
loop within the duodenum.
For patients with malignant biliary obstruction not suitable for sur-
gery, percutaneous stenting is a good option for palliation. Metallic 
stents are accepted to have a longer patency compared with plastic 
endoprostheses and can be introduced through a lower profile 7 to 
9F percutaneous track. These stents can be deployed in various con-
figurations to achieve optimal biliary drainage, and the techniques 
of stenting will be discussed.
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1701.2
Manage benign biliary strictures and stones
P.A.M.S. Almeida1, M. Ryan2;
1Serviço de Imagiologia, Hospital de Sao Teotónio, Viseu, Portugal, 
2Interventional Radiology, St James Hospital, Dublin, Ireland.

Learning Objectives
1. To learn imaging strategies to diagnose biliary strictures/stones
2. To learn different treatment strategies for anastomotic or iatro-

genic biliary strictures
3. To learn treatment strategies when dealing with intrahepatic and
 common bile duct stones
Interventions concerning the management of benign biliary strictures 
are perhaps some of the most challenging procedures concerning IR. 
They demand skill, knowledge of devices and materials as well as 
anatomy and anatomical variants of the bile tree and its patho- 
physiology.
The majority of patients needing an intervention for decompres-
sion of the biliary tree for a benign cause are eventually affected by 
hepatic insufficiency and in weak condition. It is mandatory first of 
all to perform drainage to stop the infection and to reduce the effect 
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More common indications are:
*  Acalculous cholecystitis
*  Calculous cholecystitis in critically ill patients with conditions that 

preclude surgical intervention
*  Cholecystitis with malignant cystic duct obstruction
Less common indications are:
*  Providing percutaneous access for other procedures (stone 

removal or lithotripsy)
*  Drainage through the cystic duct
Technique:
Needle placement was achieved under US guidance. A 6–8 French 
pigtail loop catheter was inserted using the Seldinger exchange 
technique.
Theoretically, transhepatic needle trajectory has a lower index of 
bile leak and catheter dislodgment compared with the direct trans-
peritoneal approach. However, transperitoneal access may be pre-
ferred in patients with liver disease and uncorrected coagulopathy.
Postintervention management:
The catheter may be removed once the track has matured (3 weeks) 
after the patency of the cystic duct has been assessed by opacifi- 
cation. The success rate is 95% to 100% and major complications are 
not frequent.
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1701.4
Manage complications of biliary and gall bladder interventions
D.F. Martin;
Dept. of Radiology, Wythenshawe Hospital, Manchester, United 
Kingdom.

Learning Objectives
1. To learn how to manage tube blockage, back bleeding or 

displacement
2. To learn how to manage vascular complications such as pseudoa-

neurysm or bleeding
3. To learn how to manage other complications such as biliary 

peritonitis, sepsis and pleural disease
Although percutaneous transhepatic biliary access for bile duct drai-
nage and stenting is generally a second line technique after failure 
of endoscopic drainage, percutaneous gall bladder drainage for the 
management of acute cholecystitis is increasing in frequency. The 
interventional radiologist undertaking percutaneous biliary drainage 
techniques should be aware of potential complications that can 
arise from these procedures and understand their management.
The first principle of complication management is avoidance and an 
understanding of the various complications and their mechanism of 
occurrence allowing complications. Patient preparation, manage-
ment of coagulation parameters, antibiotic prophylaxis, and hydra-
tion are all important. Anatomical as well as technical considerations 
such image guidance, catheter selection, and fixation will be dis-
cussed to emphasize their importance in avoiding complications. 
Postprocedural care must be carefully planned. The active interven-
tional management of specific complications such as catheter occlu-
sion or displacement, bleeding, bile leakage, and infection will be 
discussed.
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1701.3
Percutaneous cholecystostomy
A. Sibert, M. Abdel Rehim;
Department of Radiology, Hopital Beaujon, APHP, Clichy, France.

Learning Objectives
1. To learn appropriate indications for percutaneous cholecystostomy
2. To learn transhepatic versus transperitoneal approaches
3. To learn appropriate timing and technique for removal of the tube
Percutaneous cholecystostomy is a minimally invasive procedure for 
providing gallbladder decompression.
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angioplasty outcomes. We prefer dedicated BTK self-expandable 
stents with a diameter 1 mm greater than that of the balloon to be 
used.
Medication
Dual antiplatelet therapy (ASA 100 mg/day and clopidogrel 75 mg/
day) is administered 3-4 days before angioplasty. The procedure is per-
formed using 5000 units of heparin intravenously. When attempting 
recanalization of long-term occlusions or after stent placement, the 
patient is maintained on low-molecular weight heparin for 2–3 days.
Complications (specific for BTK angioplasty)
As mentioned above, a suboptimal outcome including occlusive dis-
section or intimal flap is managed by stent placement, with periph-
eral embolization usually treated by thromboaspiration or throm-
bolysis or a combination of both. Below-the-knee artery perforation 
is usually self-limiting or responds well to prolonged low-pressure 
balloon inflation.
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Special Session
Evidence forum: BTK - do we know the optimal 
treatment yet?

1702.1
Percutaneous transluminal angioplasty
J.H. Peregrin;
Dept of Diagnostic and Interventional Radiology, Institute for 
Clinical and Experimental Medicine, Prague, Czech Republic.

Learning Objectives
1. To learn the designs and outcomes of the trials of PTA in the BTK 

circulation
2. To learn the current role of PTA in the BTK circulation vs. other 

treatments
Below-the-knee (BTK) angioplasty is presently considered a thera-
peutic method at least equal to peripheral bypass in patients with 
diabetic ischemic foot. A growing number of studies have demon-
strated a high clinical success rate and decreased periprocedural 
morbidity, mortality, and cost of endovascular treatment in patients 
with critical limb ischemia (CLI) caused by BTK lesions.
Our technique
We use the antegrade approach in all patients wherever possible. 
Superficial femoral artery (SFA)/popliteal lesion(s) are the first to be 
treated (including stenting when indicated). We usually use 4-5F 
sheaths, with the longer one providing better support to the guide-
wire. Except for very peripheral lesions, we prefer 0.018” giudewires 
because we believe they provide better support (while some authors 
use exclusively 0.014” wires and have reported excellent results). If the 
lesion is only a short stenosis, it is usually easy to cross it with a guide-
wire alone (after the wire tip has been manually formed to a small half-
J shape or a hockey stick shape). After the lesion is crossed, we con-
tinue advancing the balloon (its diameter is approximately 0.5 mm 
greater than that of the artery). We prefer over-the-wire (OTW) bal-
loon catheters because they provide better support than monorails.
If the lesion is more complex, we use a combination of 4F (usually 
angled) catheter with a guidewire or a combination of a balloon cath-
eter with a wire. In some cases, it may be helpful to have only 2–3 mm 
of the soft guidewire protruding out of the catheter and try to move 
it as one unit through the occluded artery. As a rule, we start the dila-
tation from the most distal lesion because the balloon has the small-
est profile when folded by the manufacturer. Withdrawing the bal-
loon (using step-by-step dilatation) is easier and safer than pushing it 
forward (once it has been unfolded by the first inflation).
We always attempt to approach as many stenotic/occluded arter-
ies as possible, even those with poor run-off because we consider 
that bringing the blood to the collaterals can help increase periph-
eral oxygen level.
Alternative techniques
In case of a failed attempt at antegrade recanalization (no stump at 
the occlusion of the anterior or posterior tibial arteries, a large collat-
eral forming a “false” route for the wire), retrograde puncture of the 
tibial artery is used with tibial artery recanalization performed from 
“below”. Once the lesion is crossed, the guidewire is trapped from 
the antegrade approach and dilatation is performed in the ante-
grade direction.
Alternatively, the pedal-to-plantar or plantar-to-pedal approach can 
be used. The guidewire is manipulated from a patent tibial artery 
through the connection of the plantar and dorsal arches and, later, 
angioplasty of the occluded tibial artery can be performed using the 
antegrade (after trapping the wire) or retrograde approach.
Stents
Because there is no evidence that primary stenting improves long-
term arterial patency, we only use stents in patients with suboptimal 
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amputation rate over a 9-month observation period. It was shown 
that at completion angiogram, the minimal luminal diameter was 
significantly larger and residual diameter stenosis was significantly 
less after stent placement; both factors may contribute to better tis-
sue perfusion and wound healing. At a 3-month follow-up, the data 
showed better clinical results for the stent group than for the PTA 
group, with clinical improvement of 81.8% in the stent group and 
an improvement rate of 62.5% in the PTA group. Although the dif-
ferences were not significant, ABIs at 3 months were also higher in 
the stent group than PTA group, showing a trend toward better dis-
tal perfusion after stent placement. At 9 months, however, the clin-
ical effect was not sustained because no clinical improvement was 
found for the stent group. The clinical trend was even reversed 
when compared with the 3-month data, although these results 
were not statistically significant. At 9 months, 58.3% patients in the 
PTA group demonstrated a clinical improvement; whereas 47.4% 
in the stent group showed improvement and ABIs were equiva-
lent. Nevertheless, the angiographic data showed inferior rates for 
minimal lumen diameter and residual diameter stenosis in patients 
treated with PTA. It was concluded that with the general clinical aim 
of endovascular CLI treatment being early ulcer healing, stents may 
have an important role in terms of clinical improvement of the isch-
emic status of the patients in the first 3 months, underlining the 
value of short-term revascularization to overcome the initial isch-
emic condition and help maintain vitality even without the need 
for permanent patency. General concerns about the infrapopliteal 
use of stents, such as fracture, restenosis, and thrombosis, were not 
supported by the InPeria II trial because no cases of stent fracture 
or compression were documented and stent thrombosis was not 
observed in any of the patients (6).
In conclusion, bare metal stents are an invaluable tool for treatment 
of initial failure of balloon angioplasty in BTK lesions. They also have 
the ability to improve short-term angiographic and clinical outcome 
of infrapopliteal interventions; however, their role for maintaining 
long-term success seems limited because long-term patency and clin-
ical results are not better than those obtained with angioplasty alone.
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1702.2
Bare stents
T. Jahnke;
Department of Diagnostic and Interventional Radiology / Nuclear 
Medicine, FEK Friedrich-Ebert-Krankenhaus GmbH, Neumünster, 
Germany.

Learning Objectives
1. To learn the designs and outcomes of the trials of bare stents in 

the BTK circulation
2. To learn the current role of bare stents in the BTK circulation vs. 

other treatments
With the availability of dedicated endovascular techniques, percu-
taneous transluminal angioplasty of below-the-knee (BTK) arter-
ies has become the firs- line treatment for patients with critical limb 
ischemia. Interventional treatment has proven to be safe and feasi-
ble in most CLI patients, with satisfactory clinical results. In addition, 
comparative studies like the Bypass versus Angioplasty in Severe 
Ischaemia of the Leg (BASIL) trial have demonstrated that results 
of percutaneous treatment are equivalent to those of bypass sur-
gery, with significant benefits in terms of reduced complications and 
lower periprocedural morbidity and mortality (1). Because data on 
the use of stents are still limited, plain balloon angioplasty remains 
the mainstay of endoluminal treatment for this vascular territory. 
However, PTA may be associated with a considerable risk of angio-
graphic failure and clinically suboptimal results due to the poten-
tial of dissection, elastic recoil and/or late restenosis and occlusion. 
For these situations, stents have been widely used as a bailout pro-
cedure. Bare metal stents (BMS) were first employed for BTK arter-
ies. These devices are very effective in treating intimal dissections 
and abolishing elastic recoil with maximum early luminal gain (2). 
The first report on a larger series of stent-supported angioplasty in 
patients with infrapopliteal arterial disease was published by Feiring 
et al., and reported 1-year outcomes for 92 treated limbs. Technical 
success was 94% for de novo atherosclerotic lesions; clinical ame-
lioration of CLI was achieved in 96% of cases, with sustained clinical 
improvement at 1 year (3).
The InPeria pilot trial was a European multicenter randomized study 
that investigated carbon-coated metallic stents versus balloon angio- 
plasty in infrapopliteal arteries (4). The study included 95 lesions in 
51 CLI patients who were treated using conventional balloon angio-
plasty or bare (carbon coated) stent placement. Follow-up evalu-
ation was performed with intra-arterial and/or computed tomog-
raphy angiography at 6 months. The primary endpoint was angio-
graphic patency of the treated lesions. Initial results were encourag-
ing, with nearly 100% (93/95) technical success and a 30-day mortal-
ity rate of 2% (1/51) (4).
In 2009 Biondi-Zoccai et al. published a meta-analysis from 18 stud-
ies and analyzed a total of 640 patients who underwent BTK stenting. 
These data confirmed that balloon-expandable and selfexpanding 
stents are associated with excellent angiographic results and favor-
able clinical outcome in patients with CLI if used for failed or unsuc-
cessful balloon angioplasty. Additional subanalyses of the data 
focused on device type, comparing balloon-expandable versus 
self-expanding bare-metal stents and bare-metal versus drug-elut-
ing stents. The results indicated that the performance of balloon-
expandable and self-expanding stents was similar at early and mid-
term evaluations, but that sirolimus-eluting stents were superior 
compared with bare metal or paclitaxel-eluting stents (5).
What was left unsolved from the aforementioned studies was the 
question whether bare stents in the infrapopliteal region lead to a 
sustained effect on the clinical outcome and whether these devices 
may reduce amputation rates in CLI patients. To focus more on 
this particular question, the InPeria II trial was designed as a multi-
center prospective randomized study with the primary study objec-
tive being the effect of stents versus PTA on clinical outcome and 
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1702.5
Stem cell therapy
S. Sharma;
Dept of Cardiac Radiology, All India Institute of Medical Sciences, 
Delhi, India.

Learning Objectives
1. To learn the outcomes of stem cell therapy in the BTK circulation
2. To learn the current role of stem cell therapy in the BTK circulation 

vs. other treatments
Management of obstructive peripheral vascular disease with criti-
cal limb ischemia (CLI) poses tremendous challenges. Surgical and 
endovascular options frequently have limited value in view of unfa-
vorable image morphology characterized by diffuse, multifocal, 
and multi-segment occlusive lesions with absent distal run-off ves-
sels. In this cohort, up to 40% patients may have exhausted their 
therapeutic options and were not candidates for revascularization. 
Approaches involving cell-based therapies have the potential to ful-
fill a crucial clinical need in these patients. Stem cell therapy is rap-
idly emerging as a new frontier in this treatment. Preclinical studies 
showed promising results for treatment using populations of stem 
cells. This research has paved the way for development of cell-based 
therapies as an alternative approach to induce vascular regeneration 
and improve function of the damaged tissue.
Therapies with allogenous cells from another donor or pooled from 
several donors as in a placental cell concentrate have been used 
solely in animal or phase 1 trials. Stem cells from embryonic tissue 
have pluripotent potential and may provide potent clinical out-
comes, but they are associated with serious ethical issues and poten-
tial danger of differentiation into unfavorable cell types. These con-
cerns preclude their use in clinical trials. Cell-based therapies using 
autologous bone marrow (BM) monocytic cells (BMMNC) or stimu-
lated peripheral blood mononuclear cells (PBMNCs) have been used 
in clinical trials and are more successful than methods that use sub-
fractionated cell preparations, e.g., CD133+ or highly purified CD34+ 
cells from peripheral blood after granulocyte colony-stimulating 
factor (G-CSF) mobilization. Some reports suggest that the vascular 
regenerative potential of G-CSF–stimulated cells may be lower than 
that of BMMNC. A variety of other tissues have been suggested as 
alternative cell sources, including dental pulp, adipose tissue, endo-
metrial cells, placental cells, and umbilical cord cells. The cell type 
that is most effective for therapeutic angiogenesis in ischemic limbs 
has not been identified.
It is necessary to isolate and concentrate monocytic precursor cells 
as the application of raw, untreated bone marrow does not have any 
effect on perfusion. Between 100 and 800 ml of bone marrow blood 
has been extracted in majority of the studies. The mononuclear 
cell fraction is enriched by different separation techniques, such as 
Ficoll™ density gradient system centrifugation, blood centrifugation 
and plasmapheresis systems, and a point-of-care, bedside centrifu-
gation system. These techniques are technology-dependent and 
tightly regulated, eventually restricting wider usage of this treat-
ment method. With simpler techniques for cell isolation, cell ther-
apy may gain impetus in a wide variety of hospital settings and with 
potential for clinical applications in large patient populations.
Intramuscular (IM) and intra-arterial (IA) injection or a combina-
tion of both has yielded promising results. The rationale behind 
IM injection into the gastrocnemius muscle is to create a depot of 
cells to deliver paracrine activity in the ischemic area. Injections can 
also be placed along the occluded native arteries because the den-
sity of preformed collaterals is highest in parallel to the axial arter-
ies, and collateral growth occurs preferably at this location. In case 
of IA application, blood flow guides the injected cells to the bor-
der zone of maximum ischemia. Nutrient and oxygen supply is con-
sidered to be optimal in this region, but the degree of cell uptake 
from the circulation by IA injection is unknown and may eventually 

1702.3
Drug-eluting balloons
M. Di Primio;
Interventional Radiology, Hôpital Européen Georges Pompidou, 
Paris, France.

Learning Objectives
1. To learn the designs and outcomes of the trials of drug-eluting 

balloons in the BTK circulation
2. To learn the current role of drug-eluting balloons in the BTK circu-

lation vs. other treatments

No abstract available.

1702.4
Drug-eluting stents
T.W.I. Clark;
Dept. Radiology, Penn Presbyterian Medical Center, Philadelphia, 
PA, United States of America.

Learning Objectives
1. To learn the designs and outcomes of the trials of drug-eluting 

stents in the BTK circulation
2. To learn the current role of drug-eluting stents in the BTK circu-

lation vs. other treatments
Drug-eluting stents in the tibial vasculature was initially facilitated by 
the similar size of these vessels to coronary vessels, making them ame-
nable to stenting using an existing device platform. However, apart 
from similar diameters there are few similarities between these two vas-
cular beds. In particular, tibial arteries are prone to more external forces 
from calf muscles, myofascial interfaces, and external compression. The 
longer segments undergoing revascularization also pose unique chal-
lenges for drug-eluting stents. Tibial vessels are often extensively calci-
fied, which further alters the vascular mileu for the drug-eluting stents.
This presentation will review the evidence till date concerning the 
use of drug-eluting stents in below the knee vasculature as well as 
our current understanding of stent platforms, polymers, drug deliv-
ery kinetics, and future directions.
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Another meta-analysis published in 2009 performed an electronic 
search in MEDLINE and EMBASE databases (1980–2008) and includ- 
ed 543 patients from six randomized, controlled trials that were com- 
parable with regard to patient selection, study design, and end-
points (8). Therapeutic angiogenesis showed a significantly clinical 
improvement compared with placebo in patients with PAD [odds 
ratio (OR) = 1.437; 95% confidence interval (CI) = 1.03–2.00; P = 0.033].
English literature in Medline, excerpta medica, and the Cochrane 
database for trials of autologous cell therapy in patients with PAD 
published before 31 January 2009 was searched in a meta-analy-
sis published in 2010 (9). The authors included controlled and non-
controlled, randomized and nonrandomized trials using autolo-
gous bone marrow or granulocyte colony stimulating factor (G-CSF) 
mobilized peripheral blood cells to treat PAD, and collected data 
from trials of G-CSF monotherapy, as a control treatment. In this 
meta-analysis of 37 trials, autologous cell therapy was effective in 
improving surrogate indexes of ischemia, subjective symptoms, 
and hard endpoints (ulcer healing and amputation). In comparison, 
G-CSF monotherapy was not associated with significant improve-
ment in the same endpoints. Patients with TAO showed larger ben-
efits than those with PAD. IM route of administration and use of BM 
cells seemed more effective than IA administration and use of mobi-
lized peripheral blood cells. The procedures were well tolerated and 
generally safe.
In addition to the above, a large number of single-center controlled 
and uncontrolled studies and anecdotal reports have shown con-
sistent varying degrees of clinical benefit in terms of relief of symp-
toms, improvement in indices such as ABI, TcO2, and collateral num-
ber and density in different symptom classes of limb ischemia (1-10). 
No negative trial in terms clinical outcomes has yet been reported. 
All published studies have reported the safety of stem cell use in this 
clinical indication.
This is despite the fact that the type of stem cells used (peripheral 
blood or bone marrow-derived) may not be the best in terms of effi-
cacy or CD34+ count, the doses used may well be suboptimal, the 
supportive therapeutic options for stimulation of cells with reduced 
functioning due to advanced age and PAD have yet not been iden-
tified, the best route of administration (IA, IM, both or other) has yet 
not been defined, the optimal outcome measures have yet not been 
identified, and the optimal duration when the outcome is most vis-
ible has also not been defined. The outcomes of this therapy may be 
improved by the application of imaging technologies that allow the 
investigators to track the location, engraftment, and survival of the 
administered cell population. Despite these limitations, most stud-
ies have shown substantial improvement in clinical outcomes. Some 
reports suggest that the patients with TAO may respond better to 
this therapy than those with atherosclerosis (11).
Overall, although proof with large randomized trials for stem cell 
therapy is still lacking, the current evidence shows its ability to 
improve tissue perfusion and result in limb salvage. Preliminary 
reports have established its safety, feasibility, and efficacy on sev-
eral important endpoints. Further, preclinical studies with combina-
tion of cell and gene therapy have also shown encouraging results. 
This may be an option to address the limited number and func-
tion of progenitor cells in elderly patients and those with co-mor-
bidities. Further research will define the role of this strategy in suit-
able patients. At this time, the evidence for cell-based therapies is 
encouraging. There is a need for optimized trials to address various 
issues as mentioned above and define the treatment algorithms in 
patients with different clinical classes.
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be a limitation of this route of administration. Combined IM and IA 
delivery of stem cells has also been used with safe and effective out-
comes, and can potentially incorporate the benefits of both routes. 
Head-to-head comparisons of different administration routes of cell 
therapy in patients with CLI have not been well studied. There are 
isolated reports of superior reported efficacy of each of these routes 
of administration in small patient populations in selected studies.
The number of injected concentrated mononuclear cells (MNCs) has 
been as low as 0.1 × 109 MNCs and as high as 50 × 109, with posi-
tive effects on perfusion reported even when low cell numbers were 
used. Direct comparisons of the degree of positive effects between 
different cell doses have been rarely studied. We performed a ran-
domized comparison of fractionated doses in a small group of 
patients and showed that increasing doses did not seem to improve 
the clinical outcomes. However, this study was limited by a small 
sample size. MYSTAR is the only published clinical trial with a pos-
itive correlation between the number of injected stem cells and 
the rate of improvement of cardiac perfusion. It demonstrated that 
the only predictor for a reduction in infarct size was the number of 
intramyocardial injected cells. However, these results have not been 
duplicated in the setting of CLI. In this regard, it may be pertinent to 
mention that young patients with thromboangiitis obliterans (TAO) 
treated with stem cell therapy showed a much better response rate 
in terms of wound healing, abrogation of rest pain, and increase in 
walking distance than patients with peripheral atherosclerotic dis-
ease (PAD) who are older, have several co-morbidities, and also a 
substantially lower BMMNC count. No definite proof for the impor-
tance of cell numbers exists to date, and large well-designed tri-
als will be required to address the dosage issue. Furthermore, there 
is no proven correlation between CD34+ count and therapeutic 
response to date.
There is emerging scientific evidence showing safety and efficacy of 
stem cell therapy (1-4). TACT trial assessed long-term safety and clin-
ical outcomes with mortality and leg amputation-free interval as pri-
mary endpoint (4, 5). At 3 years, overall survival was 80% in patients 
with PAD (74 patients) and 100% in those with TAO (41 patients), and 
amputation-free rate was 60% in PAD and 91% in TAO. BONMOT-1 
trial included 51 patients with impending major amputation and 
had a 3.2-year follow-up. Limb salvage was 59% at 6 months and 
53% at the last follow-up.
The clinical condition of the patient may play a role in the final result. 
It has been observed that majority of patients with Rutherford class 
6 who underwent stem cell therapy eventually underwent ampu-
tation within 3 months (6). In other clinical settings, stem cell ther-
apy has a beneficial effect on physiologic and anatomic parameters, 
including ulcer healing, ankle–brachial pressure index (ABI), pain-
free walking distance, transcutaneous oxygen pressure measure-
ments (TcO2), and the scale of resting pain.
Three large recent meta-analyses have reconfirmed the beneficial 
effects with similar results (7- 9). The most recent one was published 
in late 2012 in which the authors searched Pubmed, EBSCO, and the 
Cochrane Central Register of Controlled Trials (to approximately July 
25, 2012) for data from randomized controlled trials (RCTs) for com-
paring autologous BMMNC therapy with controls and with inci-
dence of amputation as a primary end-point (6 RCTs, 333 patients) 
(7). Stem cell therapy significantly decreased the incidence of ampu-
tation [odds ratio (OR), 0.37; 95% confidence interval (CI), 0.22–0.62; 
P = 0.0002], and the efficacy had not significantly decreased within 6 
months after stem cells were transplanted [OR, 0.33; 95% CI, 0.16–0.7; 
P = 0.004 within 6 months and OR, 0.30; 95% CI, 0.11–0.79; P = 0.01 
within 3 months]. The rate of amputation free survival after stem 
cell therapy was significantly increased in patients with Rutherford 
class 5 CLI [OR 3.28; 95% CI, 1.12–9.65; P = 0.03], whereas there was 
no significant improvement in patients with Rutherford class 4 [OR 
0.35; 95% CI, 0.05–2.33; P = 0.28] compared with controls. Stem cell 
therapy also improved ulcer healing [OR, 5.83; 95% CI, 2.37–14.29; 
P = 0.0001].
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1703.2
Stenting vs. endarterectomy vs. medical therapy trials update
P.R. Taylor;
Department of Vascular Surgery, Guy’s & St. Thomas’s Hospital, 
London, United Kingdom.

Learning Objectives
1. To learn the current status of trial evidence of medical treatment 

vs. endarterectomy 
2. To learn the current status of trial evidence of stenting vs. endar-

terectomy
3. To learn where we stand in terms of evidence in selecting 

treatment options
Best Medical Therapy (BMT)
BMT has evolved over the years, which muddies the waters of the 
interpretation of historical randomised controlled trials. The earliest 
regimen was smoking cessation, aspirin and blood pressure control 
in the Asymptomatic Carotid Atherosclerosis trial (ACAS) in 1995.(1) 
In 2004, the Asymptomatic Carotid Surgery Trial (ACST)(2) reported 
that 95% patients who were recruited early in the trial received aspi-
rin but only 20% received statins. The number of patients receiv-
ing statins steadily increased during the course of the trial to reach 
70% at the end of the trial.(3) The current recommendations for 
BMT include a much tighter control of blood pressure (using multi-
ple agents), cholesterol, LDL, HDL, diabetes and instituting life style 
changes such as weight loss and exercise. One trial on stenting for 
symptomatic patients, which used aggressive best medical ther-
apy (SAMMPRIS), had to be terminated because the peri-procedural 
stroke rate was much higher than expected and the long-term risk 
with BMT was much lower than expected.(4) Collaborative evidence 
on the efficacy of BMT is a lower incidence of spontaneous cerebral 
embolisation detected on transcranial Doppler and a lower incidence 
of stroke death and myocardial infarction on aggressive BMT. The risk 
of any stroke with BMT in ACAS was 17.5%, which decreased to 12% 
in ACST and further declined to 7% during the course of the trial.(1-3) 
This decline in annual stroke rate over time with BMT is mirrored by 
other non-randomised trials.
The counter argument regarding the improvement in BMT is that 
both endarterectomy and stenting are less dangerous with improve-
ment in overall stroke and death rates from both procedures. How-
ever, even a reduction in peri-procedural stroke and death rate to 
zero has little effect on the fact that 93% of procedures undertaken 
for asymptomatic carotid stenosis are unnecessary.(5)

In future, it may be possible to identify a high-risk cohort of patients 
who would benefit from intervention, but using the degree of 
carotid stenosis as the main risk-stratification is not good enough.
Asymptomatic Patients:
This is the most controversial area. Despite using the same body of 
evidence, six international guidelines published in 2011 have not 
reached a consensus. The American Heart Association (AHA) guide-
lines advise that stenting is an alternative to endarterectomy in aver-
age risk patients, with stenoses being 70%–99%.(6) The Australian 
and New Zealand (ANZ) guidelines conclude that the available evi-
dence does not support stenting for average risk patients.(7) NICE 
in the UK (UK NICE) recommends that endarterectomy is the treat-
ment of choice, but stenting should be supported in clinical trials.
(8) The European Society of Cardiology (ESC) suggests that endar-
terectomy remains the first choice intervention; however, stenting 
can be performed in high-volume centres.(9) The Society of Vascular 
Surgeons (SVS) suggest that there is no role for stenting in average-
risk patients.(10)

In patients considered as high risk for endarterectomy, AHA sug-
gested that stenting can be considered, but the recommendation 
was on low-quality evidence (IIIb, c). ESC made no recommendation 
for these patients; however, SVS suggests stenting and both ANZ 
and UK NICE recommend best medical therapy only.
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Special Session
Carotid and vertebral artery intervention

1703.1
Current optimal imaging strategy for the assessment and 
follow-up before and after carotid intervention
P. Brennan;
Neuroradiology, Beaumont Hospital, Dublin, Ireland.

Learning Objectives
1. To understand the optimal non-invasive imaging strategy for the 

assessment of supra-aortic stenosis
2. To understand the pros and cons of these techniques
3. To understand the optimal non-invasive imaging strategy for 

follow-up after stenting of supra-aortic stenosis

No abstract available.
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The Cochrane review and four recently published meta-analyses of 
the recent randomised trials show that for symptomatic patients, 
endarterectomy is safer than stenting.(16-20)

Prediction:
I am certain that the current situation regarding the inferiority of ca- 
rotid stenting compared with endarterectomy for symptomatic pa- 
tients is unlikely to last. Technical and medical innovations will stead- 
ily improve the results of endovascular treatment. Carotid endar-
terectomy will follow almost all other areas of vascular intervention 
where endovascular have largely replaced open surgical techniques.
It is also likely that BMT may dominate the treatment of asymptom-
atic patients, and better patient selection is required to identify 
those few patients who will derive benefit from intervention.
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It therefore seems that there is no consensus regarding the manage-
ment of asymptomatic patients; therefore, the interventionalist is at 
liberty to choose the best suited set of guidelines.
Symptomatic Patients
Withholding medical therapy in symptomatic patients is unethical; 
therefore, all the trials detailed below included best medical therapy 
in a comparison of stenting and endarterectomy.
EVA3S was a multicentre French randomised non-inferiority trial of 
symptomatic patients with >60% stenosis treated within 120 days of 
the index event.(11) The primary endpoint was all stroke and death 
which affected 9.6% of stented and 3.9% of endarterectomy patients 
(unadjusted RR 2.5; 95% CI, 1.2–5.1). Myocardial infarction affected 1 
stented patient (0.4%) and 2 endarterectomy patients (0.8%, p = 0.62). 
Embolic protection was used in 78.4% patients, increasing to 97.7% 
when their use was made mandatory. The trial was stopped early on 
the grounds of safety and futility.
SPACE was a multicentre German/Swiss/Austrian randomised non-infe-
riority trial on symptomatic patients with a >70% stenosis within 180 
days of the index event.(12) The primary endpoint was 30 day ipsilateral 
ischaemic stroke and death. This affected 6.8% of stented and 6.3% 
of endarterectomy patients. Because there were no significant differ-
ences in any of the primary or secondary endpoints the trial was termi-
nated because it failed to demonstrate non-inferiority of stenting.
ICSS was a randomized trial of symptomatic patients with a >50% 
carotid stenosis treated within 12 months of the index event.(13) Em- 
bolic protection devices were used in 72% cases. Stroke, death and 
myocardial infarction affected 8.5% of stented and 5.2% of end-
arterectomy patients (HR, 1.69; 95% CI, 1.16–2.45; p = 0.006). Any 
stroke was found in 7.7% stented and 4.1% endarterectomy patients 
(HR, 1.92; 95% CI, 1.27–2.89; p = 0.002). On per protocol analysis, the 
stroke and death rates were 7.4% after stenting and 4% for endarter-
ectomy (HR, 1.83; 95% CI, 1.21–2.77; p = 0.003). In a substudy from five 
ICSS centres, serial MRI scans showed that stenting had a five-fold 
increased incidence in new ischaemic lesions on diffusion weighted 
imaging performed during the first 3 days (OR, 5.21; 95% CI, 2.78–
9.79; p < 0.0001).(14) Interestingly unprotected stenting had a lower 
incidence of new diffusion-weighted imaging ischaemic lesions than 
protected stenting. These were detected in 73% protected patients 
compared with 17% after endarterectomy (OR, 12.20; 95% CI, 4.53–
32.84), whereas unprotected stenting was 34% compared with 
16% after endarterectomy (OR, 2.70; 95% CI, 1.16–6.24; p = 0.019). 
Repeat scans at 3–6 weeks using fluid-attenuated inversion recovery 
(FLAIR) studies demonstrating persisting ischaemic lesions showed 
that stenting had an incidence of 33% compared with 8% after end-
arterectomy (OR: 5.93, 95% CI; 12.20, 95% CI; respectively, 4.53–32.84; 
p = 0.0003).
CREST was a multicentre USA randomised study which included 
both symptomatic and asymptomatic patients.(15) Symptomatic 
patients were treated within 180 days of the index event and the 
degree of stenosis was required to be >50% on angiography, >70% 
on duplex or >80% on CTA or MRA. Stenting was associated with 
an almost two-fold increase in peri-procedural stroke and death 
rate compared with endarterectomy (6.0 + −0.9% versus 3.2% + 
−0.7% [HR, 1.89; 95% CI, 1.12–3.21; p = 0.02]. Stenting caused more 
strokes than endarterectomy (5.5 + −0.9 versus 3.2 + −0.7 [HR, 1.74; 
95% CI, 1.02–2.98; p = 0.043]. Major strokes were also higher in the 
stented group, but not significantly different (1.2 + −0.4% versus 0.9 
+ −0.4% [HR, 1.32; 95% CI, 0.46−3.80; p = 0.61]. Minor strokes were 
significantly higher in the stented group affecting 4.3 + −0.8% com-
pared with 2.3 + −0.6% of endarterectomy patients (HR, 1.91 [95% 
CI, 1.03–3.57; p = 0.042]. Only after the addition of myocardial infarc-
tion, the two techniques showed no significance. Quality of life indi-
ces showed that both major and minor strokes produced long-term 
physical limitations at 1 year (SF-36, mean effect −15.8 points and 
−4.5 points, respectively), whereas the effect of peri-procedural 
myocardial infarction was less (−3.0 points). Minor stroke also signifi-
cantly affected mental health at 1 year (−3.4 points)
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most common symptom is vertigo, regularly accompanied by head-
ache. Other associated symptoms include dizziness, ataxia, peri-
oral numbness, alternating paresthesia, dysphagia, dysarthria, drop 
attacks, visual disturbances, and disturbances of consciousness.
Not much is known about the natural course of vertebrobasilar ste-
nosis compared with carotid artery stenosis. Figures on the prog-
nosis of vertebrobasilar transient ischemic attack and minor stroke 
show that, once the acute phase (7 days) is over, patients with ver-
tebrobasilar events have a lower risk of successive stroke or death 
compared with patients presenting with carotid territory symptoms. 
On the contrary, patients presenting with vertebrobasilar events in 
the acute phase had a higher relative risk of subsequent infarction 
compared with patients with symptomatic carotid disease.
Surgical treatment is technically challenging because of poor access to 
the vessel origin; therefore, surgery is rarely offered in many hospitals. 
Surgery may entail vertebral endarterectomy or more often vessel re-
construction, which involves transposition of the vertebral artery, typ-
ically to the common or internal carotid artery. A retrospective review 
of 369 extracranial vertebral artery operations found low complication 
rates of the procedure and good long term patency rates (92% patent 
at 10 years follow-up). Medical treatment alone so far has been the tradi- 
tional treatment for posterior circulation crises. However, to date, there 
have been no randomized trials of the use of different antiplatelet or 
anticoagulant drugs in cases of vertebral artery stenosis. In one study, 
medical therapy was reported to improve prognosis with a 13% rela-
tive risk reduction with no clinical advantage of warfarin over aspirin.
Increasing literature reports advocate that percutaneous interven-
tion at this site is safe and effective. There is less information available 
regarding PTA and stenting for intracranial vertebral artery stenosis, 
but reports also imply that it may be a realistic option to best medi-
cal treatment because a surgical approach is no alternative for these 
lesions in symptomatic patients with a significant VA stenosis.
A series of stent placements in 61 vertebral or intracranial arteries 
was recently reported. The series included 17 basilar and 23 vertebral 
arteries and a technical success rate of 95% was achieved for stent-
ing. The 30-day postprocedural stroke rate was reported to be 6.6%.
Merely one randomized study comparing percutaneous treatment 
of vertebral artery stenosis with medical treatment is available. The 
results from this subgroup of CAVATAS advocate that endovascular 
treatment of vertebral artery stenosis attains good technical results 
and may be quite safe, even though 2/8 patients suffered from ver-
tebrobasilar TIA at time of treatment.
In practice, a complete history of the patient should be obtained, 
and the patient should receive a neurological exam before and after 
the intervention. Pretreatment with clopidogrel (loading dose 300 
mg in emergencies) and ASS is recommended. All cervicocranial ves-
sels to evaluate the lesion, collateral, and direction of flow should 
be depicted. The vertebral artery (diameter 3–5 mm) typically arises 
from the supraposterior aspect of the first part of the subclavian 
artery. In 6%, the left vertebral artery arises directly from the aor-
tic arch. The vertebral artery branches at almost 90 degree angles to 
its feeding vessel. The intervention is usually performed via a femo-
ral approach by balloon angioplasty (with the use of balloon expand-
able stents). Stenosis is crossed by using a catheter plus floppy tipped 
guidewire (0.035 or 0.018 inch) to circumvent spasm. In tricky anatomy, 
an extra stiff guidewire may be introduced. After stent placement, the 
balloon should not be placed beyond the distal edge of the stent to 
avoid dissection. Optimal blood pressure control during and postpro-
cedure is mandatory to avoid hypoperfusion syndrome. According to 
current opinion, distal protection is not customarily required.
At present, there is still inadequate evidence to decide whether the 
risk benefit ratio favors endovascular intervention over conservative 
management regarding the reduction of the long term risk of stroke 
or death. It may be a good option in medically refractory patients.
In this lecture, the focus will be on endovascular techniques in the 
treatment of vertebral artery stenosis and presentation of data on 
intervention outcomes and complications.
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1703.3
Which patients benefit from vertebral artery intervention?
A. Clifton;
Department of Neuroradiology, St George’s Hospital, London, 
United Kingdom.

Learning Objectives
1. To learn how to image the vertebral arteries
2. To learn the indications for vertebral artery stenting 
3. To learn the differences in indications for vertebral artery stenting 

vs. carotid stenting
•   Symptomatic vertebral stenosis is associated with a high risk of 

recurrent stroke
•   Most of this risk is in the first few weeks
•   Intracranial stenosis is associated with a higher risk
•   Vertebral stenting looks promising but its use is unproven
•   In any trial or in clinical practice, patients need to be randomised 

and stented, urgently after first symptoms appear
•   The higher stroke risk in intracranial stenosis reveals that this 

group could benefit more, even if they have a higher intraoper-
ative risk

1703.4
Techniques and outcomes of vertebral artery angioplasty/
stenting
M. Das1, P. Haage2;
1Department of Radiology, Maastricht University Medical Center, 
Maastricht, Netherlands, 2Dept of Diagnostic and Interventional 
Radiology, Helios Klinikum Wuppertal, University Hospital Witten/
Herdecke, Wuppertal, Germany.

Learning Objectives
1. To learn how to perform vertebral angioplasty/stenting
2. To learn tips and tricks for difficult procedures of vertebral artery 

stenting
3. To learn the outcomes and complications of vertebral artery 

stenting
The major cause of posterior or vertebrobasilar circulation infarction 
is atherosclerotic disease. Approximately 25% ischemic strokes occur 
in the vertebrobasilar territory. Symptoms of vertebrobasilar ischemia 
are nonspecific and inconsistent, rendering diagnosis difficult. The 



CIRSE Abstract Book
S150 CIRSE

C  RSE

1705.3
Intra-arterial and systemic treatments in colorectal metastases
R.C.G. Martin;
Surgery, Division of Surgical Oncology, University of Louisville, 
Louisville, KY, United States of America.

Learning Objectives
1. To learn when and how to combine intra-arterial and systemic 

treatment
2. To learn about results of combination of intra-arterial approaches
3. To learn about future prospects of intra-arterial treatments in CRC 

metastases
Systemic therapy for colorectal cancer liver metastases (CRLM) has 
undergone significant development in the past 15 years. Initial ther-
apeutic regimens consisting of combinations of cytotoxic chemo-
therapeutic agents as well as combination intra-arterial therapies 
have demonstrated greater efficacy and contributed to a significant 
survival improvement. Continued demands to better define patients 
AT THE INITIAL diagnosis of 1) Liver Only Disease, 2) Liver Dominant 
Disease, and 3) Diffuse Disease remain paramount in appropriate 
patient selection. Similarly, defining patient progression following 
failure of standard first line systemic chemotherapy and the role of 
hepatic transarterial therapy for colorectal hepatic metastasis con-
tinues to evolve as the experience with these techniques matures.
The aim of this presentation is to gain a better understanding of the 
value of concurrent hepatic arterial therapy in combination with sys-
temic chemotherapy when managing patients with unresectable 
colorectal hepatic metastasis.
Recent clinical trial publications have confirmed the safety and efficacy 
of concurrent systemic chemotherapy with hepatic arterial therapy. 
Given the minimal systemic side effects from appropriate hepatic 
arterial therapy use, this combination strategy has been found to be 
safe and effective with both downsizing first line unresectable meta-
static colorectal cancer patients as well as enhancing disease control 
in patients who have failed second line therapy.
Hepatic arterial therapy with eluting bead technology is safe and effec- 
tive in the treatment of unresectable liver dominant metastatic colo-
rectal cancer as demonstrated by a minimal complication rate and 
acceptable tumor response.
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Special Session
Treatment synergies in liver tumours

1705.1
TACE and systemic treatment in HCC
J.-F.H. Geschwind;
Vascular and Interventional Radiology, Johns Hopkins University 
School of Medicine, Baltimore, MD, United States of America.

Learning Objectives
1. To learn about the rationale of the synergy between TACE and 

systemic treatment
2. To learn about the results of clinical trials
3. To learn how to select patients for TACE and systemic treatment

No abstract available.

1705.2
Thermal ablation and TACE in the treatment of HCC
R. Lencioni;
Division of Diagnostic Imaging and Intervention, University of Pisa, 
Pisa, Italy.

Learning Objectives
1. To learn when and how to combine thermal ablation and TACE
2. To learn about results of thermal ablation and TACE
3. To learn how to customise combined treatment for the patient

No abstract available.
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A small percentage of patients’ progress on receiving chemother-
apy; therefore, a patient who is suitable for ablation de novo should 
undergo ablation without neoadjuvant chemotherapy but subse-
quently receive adjuvant chemotherapy. Although adjuvant che-
motherapy is preferred by the ablation and resection communities, 
oncologists are keen to use neoadjuvant chemotherapy because 
this allows them to assess chemotherapy response with ‘measur-
able disease’, which is a common requirement for entry into trials. 
Response to chemotherapy in the neoadjuvant setting can be used 
to inform the choice of adjuvant chemotherapy.
Hepatic arterial infusion (HAI) chemotherapy allows delivery of 
higher dose of chemotherapy to the liver and can be more effective 
than systemic chemotherapy. However, HAI also carries an increased 
complication rate, increased invasiveness and a higher chance of 
failure to complete the chemotherapy regime. As a result, HAI 
largely fell out of favour in the 90s and early 2000s. More recently 
there has been some renewed interest in HAI either in isolation or in 
addition to systemic chemotherapy.
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Foundation Course
Biopsy and abscess drainage: how I do it

1801.1
Lung and mediastinal biopsy
T. Sabharwal;
Department of Radiology, Guy’s and St. Thomas’ Hospital, London, 
United Kingdom.

Learning Objectives
1. To learn indications and contra-indications for lung and medias-

tinal biopsy
2. To learn techniques including new tools for imaging guidance for 

lung and mediastinal biopsy
3. To learn about results and complications of lung and mediastinal 

biopsy including how to treat them

No abstract available.

7.  Van Hazel G, Blackwell A, Anderson J, et al.: Randomised phase 
2 trial of SIR-Spheres plus fluorouracil/leucovorin chemotherapy 
versus fluorouracil/leucovorin chemotherapy alone in advanced 
colorectal cancer. J Surg.Oncol 88: 78-85, 2004.

8.  van Hazel GA, Pavlakis N, Goldstein D, et al.: Treatment of fluoro-
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1705.4
Optimal sequence of ablation and chemotherapy in colorectal 
metastases
A. Gillams;
Special Xray, UCH, University College London Medical School and 
Hospitals, London, United Kingdom.

Learning Objectives
1. To learn when and how to combine ablation and chemotherapy
2. To learn about different drugs and ablative modalities
3. To learn about results of clinical trials on the association of 

ablation and chemotherapy
Chemotherapy regimes in the 80s and early 90s using 5 fluorouracil 
(5FU) did not improve survival. It resulted in a morphologic response 
on imaging in just 30% patients. Median survival was approximately 
9 months. It was not until the late 90s with the introduction of irino-
tecan and oxaliplatin that a change in survival was seen. Response 
rates increased to 50% and the use of sequential oxaliplatin and iri-
notecan produced a further small increase in survival. The intro-
duction of cetuximab and bevacizumab saw a further increase in 
response rates to approximately 75% and a further increase in sur-
vival. This improvement was further honed with the realisation that 
only KRAS wild-type patients responded, and KRAS testing is now 
routine prior to cetuximab administration. KRAS status may differ 
between the primary lesion and the metastatic disease but the dif-
ference is small. Median survival for patients who receive all the pos-
sible chemotherapeutic options is now approximately 21 months; 
5-year survival remains exceptional.
Complications of chemotherapy include hepatotoxicity: a sinusoi-
dal congestion syndrome following oxaliplatin and hepatitis follow-
ing irinotecan. The sinusoidal obstruction syndrome associated with 
oxaliplatin can be ameliorated to a degree by concurrent adminis-
tration of bevacizumab.
Ablation is generally used in small volume liver disease in inopera-
ble patients. The median survival is 36 months with 5-year survival 
of 30%. This is better than can be achieved with any chemotherapy 
regime and hence ablation should be offered to all suitable patients. 
Adjuvant chemotherapy has been shown to be useful in post-resec-
tion patients and there is some anecdotal evidence that it is useful 
post-ablation.
Neoadjuvant chemotherapy is used to downsize metastases in 
patients in whom tumours are not initially resectable or ablatable in 
the hope that they will become suitable for definitive treatment. A 
few (10%) patients who receive chemotherapy for inoperable metas-
tases will be downsized such that surgery becomes feasible. Five-
year survival in this cohort is similar to resection in patients who do 
not require downsizing, i.e. 30%. Although some tumours will disap-
pear on imaging, the chances of recurrence are very high (96%), and 
therefore, treatment should be aimed to encompass all the original 
sites of disease. Neoadjuvant chemotherapy carries some toxicity, 
particularly hepatotoxicity which results in increased complication 
rates following resection. There is no evidence of increased compli-
cations following ablation in patients who have received neoadju-
vant chemotherapy.
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1801.3
Empyema, lung abscess and mediastinal drainage
O. Akhan;
Department of Radiology, Hacettepe University, Ankara, Turkey.

Learning Objectives
1. To learn about clinical management and indications for IR of 

empyema, lung abscess and mediastinal abscess
2. To learn techniques for puncture and drainage of empyema, lung 

abscess and mediastinal abscess
3. To learn about results and complications of IR treatment for 

empyema, lung abscess and mediastinal abscess including how to 
treat them

Pleural effusions, empyema, and lung abscesses may develop partic-
ularly in children as complications of pneumonias. These complica-
tions are associated with important rates of morbidity and mortality. 
Medical treatment is the traditional treatment of choice. Unresponsive 
cases to the medical treatment are generally treated by large-bore 
chest tube and/or thoracotomy, if indicated. Video-assisted thora-
coscopic surgery is the alternative treatment option associated with 
lower complication rates and better results than traditional surgery. 
Percutaneous treatment of empyema and lung abcesses have been 
developed as a part of interventional radiological approach.
First, puncture is performed under US guidance and then catheteriza-
tion is completed by the modified Seldinger technique under fluoro-
scopic guidance in patients with empyema. Fibrinolytics are used in 
cases of multiple loculations on US, insufficient drainage, or significant 
residual fluid. In patients with lung abscesses, US guidance is preferred, 
if possible. Otherwise, catheterization is completed under CT guidance.
Complications of the procedures include bleeding, vascular injury, 
bronchopleural fistula, and anesthetic complications. BPF is more com-
monly seen during treatment of lung abscesses than empyema. In the 
treatment of empyema, percutaneous drainage with fibrinolytic ther-
apy is associated with high success rates of 74%–99% in the literature.
These treatment options have already become a first treatment 
alternative because they are associated with low complication rates 
and successful results.
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1801.2
Abdominal and pelvic biopsy
M. Düx;
Zentralinstitut f.Radiologie und Neuroradiologie, Krankenhaus 
Nordwest, Frankfurt am Main, Germany.

Learning Objectives
1. To learn indications and contra-indications for abdominal and 

pelvic biopsy
2. To learn techniques including new tools for imaging guidance for 

abdominal and pelvic biopsy
3. To learn about results and complications of abdominal and pelvic 

biopsy including how to treat them
Image-guided percutaneous biopsy is a commonly performed inter-
ventional radiological procedure that plays an important role in 
patient care. The most common indications for image-guided percu-
taneous biopsy are to obtain tissue to establish the presence of pri-
mary or metastatic malignant disease, to assess for rejection in the 
setting of organ transplant and to obtain tissue for culture for sus-
pected infections. Image guidance is usually performed with ultra-
sound, computed tomography and CT fluoroscopy. Ultrasound guid-
ance may be used when the needle can be easily followed from the 
skin to the target organ. CT guidance is superior for biopsy of deep 
structures and in large patients. CT fluoroscopy exposes the opera-
tor to ionizing and therefore should not be used in a standard pro-
cedure. Core biopsy is the preferred technique to obtain small cylin-
ders of tissue. Coaxial introducers help to repeat the puncture sev-
eral times which results in percutaneous biopsy of abdominal and 
retroperitoneal masses to be a safe and accurate method of obtain-
ing a histological diagnosis. The reported range of success depends 
on many factors like the technique used, the experience of the radi-
ologist, the organ to be punctured etc. and reaches 70-90%. The 
results obtained by percutaneous biopsy have a considerable effect 
on clinical management of patients. The majority (60%) of complica-
tions occur within the first 2 hours, and 96% of complications occur 
during the first 24 hours after the procedure. Potentially fatal com-
plications generally occur within the first 6 hours, which is the rea-
son for the standard 6-hour postbiopsy monitoring period.
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stent-graft and facilitates the extension of the distal sealing zone 
in thoracoabdominal aneurysms. “Sandwich grafts” are covered 
stents positioned in between two aortic main body components 
to maintain side branch patency in the mid-graft position and have 
been described as alternatives to internal iliac or thoracoabdominal 
branched grafts [9-13].
Technical considerations
Accurate preprocedural planning is essential to determine the pro-
posed proximal sealing zone, identify the aortic branches that need 
to be covered by the main stent-graft, and determine the length 
and diameter of the CGs. In addition, imaging and assessment of 
the upper arm arterial access and aortic arch is essential. However, 
as there is no need for customized fenestration or branch planning 
and specific preoperative planning considerations are simpler and 
quicker. Ch-EVAR requires access for the main aortic stent-graft and 
the CG. For a juxtarenal AAA, this would consist of bilateral femoral 
access for the aortic stent-graft and unilateral (one CG) or bilateral 
(two CG) brachial or axillary exposure to facilitate antegrade cath-
eterization of visceral and/or renal target vessels and placement of 
long sheaths. Covered stent-grafts, either balloon or self expand-
ing, are then deployed as the CGs. The number of aortic branches to 
be covered to achieve a sufficient proximal landing zone defines the 
number of CGs required and is usually similar to FBE. Ch-EVAR then 
involves the use of standard endografts that are deployed over the 
CGs and both are balloon molded to ensure optimum conformabil-
ity. Standard low profile or flexible endografts can be used in small 
access or angulated Ch-EVAR cases, which will be technically difficult 
with FBE that requires precise graft rotation and orientation of the 
branches or fenestrations. Catheterization of the target vessels and 
tracking of sheaths is usually less technically demanding as there is 
no constraint of access through the fenestration.
Advantages of chimney EVAR
Availability: Ch-EVAR uses off the shelf equipment with no custom-
ized graft planning and long manufacturing times and is an immedi-
ate treatment option.
Simplicity: Preoperative planning and procedures are less technically 
demanding and quicker.
Difficult anatomy: Ch-EVAR has advantages in certain difficult anat-
omies. For example, down facing renal arteries and those with an 
angulated anatomy and small iliac access cases as appropriate stan-
dard endografts can then be deployed.
Reduced Costs: With Ch-EVAR, the number of covered stents required 
will be similar to FBE; however, main endograft cost will decrease 
(approximately half the cost in the UK)
Chimney EVAR experience
There are many small case series describing promising early results 
with Ch-EVAR. Direct comparison with similar cases treated with FBE 
is difficult because many described Ch-EVAR series are in high risk 
patient groups with difficult anatomy. In addition, the sealing zone 
lengths in some early Ch-EVAR series were shorter than current pro-
posed lengths of 20 mm, which is similar to F-EVAR.
Bruen et al. compared the outcome of 21 patients who underwent 
Ch-EVAR for juxtarenal and suprarenal AAA with a retrospectively 
anatomically matched cohort who underwent open repair [14]. A 
maximum of two CGs were deployed in a single patient. There was 
no difference in 30-day mortality (4.8%), but operative blood loss 
and total length of stay were significantly less for Ch-EVAR. There 
was a single type 1a endoleak noted at 30 days, which had resolved 
by 6 months. There was one asymptomatic occlusion and one par-
tial compression of two SMA CGs at 6-months accounting for a CG 
primary patency of 94% and 84% at 6 and 12 months, respectively.
Donas et al. initially reported their experience of 15 patients who 
underwent Ch-EVAR with 15 renal CGs [15]. The initial technical suc-
cess rate was 100% with no type 1 endoleaks at mean follow-up of 
almost 7 months and one CG occlusion at 45 days postoperatively. 
Recently, their follow-up data from 40 patients that had completed 
CT angiography at 24 months postoperatively with a total of 73 CGs 

1801.4
Abdominal and pelvic abscess drainage
P.R. Mueller;
Radiology, Massachusetts General Hospital, Boston, MA, United 
States of America.

Learning Objectives
1. To learn about clinical management and indications for IR of 

abdominal and pelvic abscess
2. To learn techniques for puncture and drainage of abdominal and 

pelvic abscess
3. To learn about results and complications of IR treatment for 

abdominal and pelvic abscess including how to treat them
This lecture will be interactive and consists of a number of compli-
cated cases with many clinical management issues. The audience 
will be expected to participate.

Special Session
Controversies in aortic intervention

1802.1
Chimneys and periscopes can replace fenestrated and 
branched endografts: Pro
J. Hardman;
Consultant Radiologist, Royal United Hospital Bath, Bath, United 
Kingdom.

Endovascular aneurysm repair (EVAR) has transformed the man-
agement of abdominal aortic aneurysm (AAA) and descending tho-
racic aortic pathologies [1, 2]. Nevertheless, up to 30% patients with 
AAA are unsuitable for standard infrarenal stent-grafting because 
of unsuitable proximal neck morphology [3-6]. Fenestrated and 
branched endografts (FBE) have enabled endovascular treatment 
of a significant proportion of otherwise unsuitable AAA, but these 
devices are expensive, may not be anatomically suitable, and need 
to be individually customized, which results in an inherent delay in 
planning and graft manufacture. The chimney technique (Ch-EVAR) 
is an evolving alternative technique to FBE, in which single or mul-
tiple stent-grafts or chimney grafts (CGs) are placed parallel to the 
main endograft to extend the proximal or distal sealing zone while 
maintaining side branch patency. The technique uses readily avail-
able off the shelf equipment making it ideally suitable for acute or 
urgent cases. Ch-EVAR was first employed to salvage unintention-
ally overstented branch vessels during thoracic or abdominal EVAR 
[7]. The indications of Ch-EVAR have evolved to include preservation 
of branch vessel patency where intentional coverage is required to 
extend a landing and sealing zone. Ch-EVAR mechanically appears 
to work well with good conformability between the main stent-
graft, the CG, and the aortic wall. There has been increasing inter-
est in the chimney techniques as FBE requires custom graft manu-
facture with exactly positioned fenestrations or branches with graft 
planning time of 1–3 weeks and manufacturing time of 4–8 weeks 
being common. Ch-EVAR has been used to maintain flow in all the 
supra-aortic vessels, the visceral and renal arteries, and the inter-
nal iliac arteries [8] and can potentially replace fenestrated and 
branched endografts.
Definitions
The term “Snorkel” is used to describe the placement of a cov-
ered stent into a side branch with the proximal part of the stent 
extending above the proximal edge of the main aortic stent-graft. 
This allows the endograft to be extended proximally as an alter-
native to fenestrated grafts in short necked thoracic and abdomi-
nal aortic aneurysms. A “periscope” or “reverse chimney” describes 
a stent-graft that extends below the distal edge of the main aortic 
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Thoracoabdominal aneurysm repair, even with recent improvement 
in surgical techniques and perioperative care, carries the risk of high 
morbidity and mortality rates: mortality risk rate ranges from 4% to 
16%, with an in-hospital mortality rate of approximately 20% (1).
Cardiopulmonary, renal, and neurological complications continue to 
remain frequent, with an incidence of spinal cord ischemia between 
4% and 11% (2-6) and a considerable risk of worsening renal function 
(17%–25%)(7,8).
Endovascular aneurysm repair (EVAR) was first introduced to treat 
patients unsuitable for conventional surgical open repair, thus gain-
ing widespread acceptance. Grafted stent mechanically block the 
aneurysm by avoiding perfusion of the aneurysmal sac, leading to a 
reduction in wall pressure and shear stress of the aneurysm.
During the past years, new technical development in endovascular 
field have led to creation of custom-made endografts to treat even 
more challenging cases, allowing endovascular treatment of thora-
coabdominal aneurysm involving the visceral segment.

was reported [16]. Three (7.5%) patients had a perioperative type 
1a endoleak that persisted. Of these, two patients were treated by 
transbrachial perigraft embolization and cuff implantation. CG 
occlusions were low (2.7%) in the 73 CGs.
The use of a combination of snorkel and periscope chimneys has 
been described in complex ruptured thoracic aneurysms [17, 18, 19] . 
The “sandwich technique” has been described for urgent treatment 
of thoracoabdominal aneurysms [20] as well as iliac aneurysms [13, 
21, 22]. In the latter, the sandwich technique involves placing a cov-
ered stent in the internal iliac artery parallel to the iliac limb exten-
sion with the proximal ends of both within the lumen of the ipsilat-
eral iliac limb of the bifurcated aortic stent-graft.
Conclusions
Ch-EVAR is an off the shelf alternative to fenestrated and branched 
endografts.
Advantages of Ch-EVAR over FBE include reduced complexity and 
cost, wider availability, and an immediate treatment option in the 
acute setting.
Ch-EVAR can replace FBE in ruptures and urgent cases as these com-
plex endografts are not readily available. Ch-EVAR can also be used 
in high-risk cases anatomically difficult or unsuitable for FBE.
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Although endovascular stent–grafts have evolved dramatically for 
the treatment of infrarenal and thoracic aneurysms, the endovas-
cular options of more complex lesions such as juxtarenal and tho-
racoabdominal aneurysms, which particularly includes vital side 
branches, is still limited.
The introduction of fenestrated stent–grafts and the so-called 
“chimney techniques” has shown successful results. The deployment 
of multilayer stents has been proposed as another option to over-
come the anatomic limitations.
Multilayer stents are already being used for the treatment of periph-
eral aneurysms and currently are under evaluation in the treatment 
of thoracoabdominal aneurysms.
The structure of multilayer stents is constructed in a way that is expected 
to provide several hemodynamic and biologic effects that lead to exclu-
sion of the aneurysm sac by maintaining its side branches patent.
The hypothesis of aneurysm thrombosis using a low-porosity bare 
metal stent is not new and is based on the observation that a metallic 
stent when bridging an aneurysmal sac alters the flow pattern within 

These new devices can have fenestrations, branches, or combination 
of two in order to maintain patency of the visceral arteries. A recent 
Medline (9) search of aortic repair using fenestrated endograft 
revealed a technical success rate of 90.4%, a 30-day mortality rate 
of 2.1%, and an all-cause mortality rate of 16%. During a follow-up 
of 15–25 months, 93.2% of branch vessel patency, 22.2% of renal 
impairment, and 17.8% of secondary interventions was reported.
Another alternative endovascular approach is represented by the 
so-called “chimney” or “snorkel” technique. It was introduced to pre-
serve visceral arteries during endovascular repair when the proximal 
edge of the stent fabric protruded into their ostium in order to extend 
the sealing zone of a complex aortic neck, distally or proximally, thus 
achieving aneurysm exclusion and preserving blood flow to the side 
branches. The role of the “chimney” technique in the management of 
TAAA is still unclear because it requires multidisciplinary skilled staff.
This technique can be useful for managing urgent cases for which 
fenestrated endograft are not available. Recent data in literature (10) 
report a technical success of 100%, with an incidence of 14% for type 
I endoleak, 11.8% for renal impairment, 2.1% for myocardial infarc-
tion, and 3.2% for ischemic stroke. The 30-day mortality was 4.3%.
Multilayer flow modulator is a bare, self-expandable, three-dimen-
sional interlocked, multilayer chromium–cobalt alloy stent. It is porous 
and when deployed for aneurism treatment, acts not like a mechanical 
barrier (as conventional stent–graft) but as a “dynamic” barrier. It does 
not prevent blood from entering the aneurysmal lesion, but because 
of an hemodynamic flow-modulating effect, laminates the flow by a 
pressure drop. It also reduces flow velocity within the aneurysmal sac. 
Both these effects lead to formation of an organized thrombus.
Contrary to conventional stent–grafts, it preserves side branch patency.
It is very flexible and has a low-profile delivery system.
Multilayer flow modulators, originally developed for treating intracra-
nial aneurysms, are presently implanted for treating peripheral and 
visceral aneurysms (11). Braided multilayer stents have been applied 
in several TAAs, with the purpose of avoiding certain major compli-
cations. Henry et al. reported a series of 10 aortic aneurysms treated 
with multilayer stents, all of which thrombosed during follow-up. In 
some cases, shrinkage of aneurysmal sac was observed (12).
According to this study and many other cases reported in litera-
ture, the application of this device in aneurysms with side branches 
is indicated, especially in high-risk patients with multiple comor-
bidities who are unsuitable to undergo open repair or conventional 
endovascular treatments.
Ruptured aneurysms represent a contraindication because the 
device does immediately not exclude the aneurysm from blood 
flow. In most reported cases, just imaging at 6 months is most likely 
to demonstrate complete thrombosis of the aneurysm sac. The time 
needed for thrombosis to occur may be associated with the mor-
phological feature of the aneurysm with/without side branches aris-
ing from the neck or the sac.
In France, Cardiatis multilayer flow modulators are under evaluation 
for the treatment of TAAs (AFSSAPS, protocol 2008-A01396-49/A). 
Preliminary results at 1 year reported a technical success of 100%, 
with no aneurysm related mortality and no spinal cord ischemia, 
with an aneurysm exclusion rate of 75%. Primary braches patency 
was 97% and secondary branch patency was 100%.
To achieve these results, antiplatelet therapy, treatment of concom-
itant stenosis of side branches should be administered and good 
overlapping between the devices and proper distal and proximal 
landing zone should be achieved.
Even if many cases have been successfully treated by multilayer flow 
modulator, further follow-up is needed to evaluate device durability 
and persistence of results.
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malperfusion syndrome due to dynamic compression of the true 
lumen by the false, appear. Although no randomized studies show-
ing the efficacy of the endovascular treatment on complications are 
available, DTEVR is now recognized as the first line of treatment.
When type B aortic dissection in uncomplicated, there is still a de- 
bate for the systematic TEVR approach and the period of implan- 
tation.
Among uncomplicated type B aortic dissections, 90% survive hospital 
admission after adequate anti-hypertensive therapy. Conservative 
treatment in combination with close surveillance is justified to 
detect aneurysmatic dilatation or progression of the dissection, 
which is the most feared complication in the long term, involving 
30%–40% patients. Based on these findings, it has been proposed 
that uncomplicated type B aortic dissection may be treated with 
stent-graft placement.
INSTEAD trial was the first trial comparing medical treatment and 
TEVR between 15 days and one year. The objective was to evaluate 
TEVR for uncomplicated type B aortic dissection in the prevention of 
long-term complications, such as aortic aneurysm or survival bene-
fit. Results at 2 years (mid-term) did not show benefit for the invasive 
approach because of the early complication in that group, despite 
benefit on aortic remodeling. However, 5-year results (long-term) 
seem to show the opposite. Furthermore, complications during tho-
racic stent-graft implantation seem to decrease with the experience 
of teams, new devices, and patient selection.
One-year results of the ADSORB (a European study on medical mana- 
gement versus TAG device + medical management for acute uncom- 
plicated type B dissection) trial showed more frequent false lumen 
thrombosis and aortic remodeling in patients with type B aortic dis-
section treated with TEVR compared with those managed medically.
Medtronic Thoracic Endovascular Registry (MOTHER; database built 
from 5 prospective studies and a single-institutional UK center: 
VALOR, VALOR II, Captivia, VIRTUE, INSTEAD, SGVI) contained 1010 
patients (670 with aneurysm, 114 with acute type B dissection, and 
195 with chronic type B dissection). Lower elective mortality was 
observed in patients with chronic dissections (3%) compared with 
patients with aneurysms (5%). The conclusion was that mid-term 
outcomes of TEVR are defined by presenting pathology, associated 
comorbidities, and mode of admission. Endovascular repair of the 
thoracic aorta results in excellent midterm protection from aortic-
related mortality, regardless of presenting pathology.
Finally, an interdisciplinary expert consensus on management of 
type B aortic dissection reviewed literature (largely heterogeneous 
and nonrobust evidence) and provided proposals for strategies for 
management of type B aortic dissection. On the basis of their pro-
posals, TEVR is indicated in the first 15 days if acute complicated 
type B dissection is present. If uncomplicated, close follow-up is 
mandatory to evaluate aortic dissection from 2 to 6 weeks (subacute 
phase). During that period, TEVR is indicated if total aortic diame-
ter is ≥55 mm, total aortic diameter increases >4 mm, if symptoms 
recur, or if signs favor eminent rupture. If uncomplicated, follow-
up was recommended after the 6 weeks (chronic phase) to detect 
recurrent symptoms, total aortic diameter increase (>4 mm/year), 
and total aortic diameter ≥55 mm. These situations are indications 
for TEVR in the chronic phase.

the aneurysm, thereby promoting thrombus formation and aneurysmal 
occlusion. New devices follow these observations and resulted in con-
cepts such as a bare stent system made of biocompatible alloy wires, 
structured in several superimposed layers, thus achieving low porosity. 
In an aneurysm with branches, the stent redirects the flow toward the 
ostium of the collaterals by creating a suction effect. Consequently, the 
aneurysm gradually shrinks while maintaining the collaterals patent.
Mulitlayer stents have been shown to be effective in occluding peri-
pheral and visceral aneurysms, and some recent reports are propos-
ing the device as a therapeutic option for the treatment of complex 
aortic aneurysms.
Until now, multilayer stents have been deployed in only limited 
numbers in the aorta to treat thoracoabdominal aneurysms, AAAs, 
and penetrating ulcers with rupture. However, there are only few 
printed reports, and the results are inhomogeneous and difficult 
to reproduce. In the largest clinical series, presented by Vailic et al., 
29 patients were treated using the Cardiatis Multilayer Stent. Other 
authors report the use of multilayer stents only in single or limited 
number of patients for the treatment of aortic aneurysms, including 
one patient with HIV and another with tuberculosis.
Although reported data suggest that a 12-month clinical success is 
achieved in a significant proportion of patients, the total technical 
success of the method, defined as aneurysm thrombosis and shrink-
age, did not cross 40% at 6 months.
Results are only defined in terms of aneurysm thrombosis, reduc-
tion of the aneurysm volume, and collateral branch patency, and the 
question of endoleaks is not satisfactorily answered.
With the use of mulitlayer stents the definition of endoleak and 
aneurysmal thormbosis is not sufficient to describe its clinical results 
after deployment. The differentiation between the amount of a 
potential endoleak and the amount of residual blood flow in the 
aneurysmal sac cannot be performed exactly. The image of a thom-
bosed aneurysm in a postoperative CT does not preclude sac pres-
surization, and the risk of rupture may not have been eliminated.
In conclusion, there are several limitations and facts that were not 
answered or solved to date:
There are no definite answers on the results of multilayer stents in 
aortoabdominal and suprarenal and pararenal aneurysms, except 
that they seem to need time to achieve optimal results in aneurysm 
thrombosis and shrinkage.
Although all splanchnic vessels remained patent, blood flows into the 
aneurysmal sac and may lead to further enlargement and rupture.
Endoleaks are difficult to interpret and can only be differentiated in 
the course of follow-up investigations.
Therefore, even with good technical success, the patients have to be 
kept under close surveillance.
Therefore, the use of multilayer stents in the aorta should be 
extremely restricted.
References
1.  Lazaris AM, Maheras AN,Spyros NV etal. A multilayer stent in the 

aorta may not seal the aneurysm, thereby leading to rupture. 
J Vasc Surg, 2012:56:829-31.

2.  Sfyroeras GS, Dalainas I, Giannakopoulos TG et al. Flow –divert-
ing stents fort he treatment of arterail aneurysmy. J Vasc Surg, 
2012;56:839-46.

1802.5
Evidence supports TEVR in patients with uncomplicated acute 
type B dissection: Pro
J.-P. Beregi;
Service de radiologie et imagerie médicale, CHU Carémeau, Nîmes, 
France.

Thoracic endovascular stent-graft repair (DTEVR) for aortic dissec-
tion is now the gold standard treatment for acute (<15 days) type 
B aortic dissection when complications, such as aortic rupture or 
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and aortic-free intervention. These encouraging results have to be 
balanced against the well-recognised complications associated 
with endovascular repair, which include death, stroke, paraplegia, 
new entry tears related to the device, device collapse, conversion to 
a retrograde type A dissection and a high re-intervention rate.(19-24) 
Conclusive evidence that early TEVR is justified in uncomplicated 
patients with acute aortic dissection is therefore lacking.
Conclusions: The ADSORB trial has shown that endovascular repair 
may help to beneficially remodel the aorta in uncomplicated acute 
type B aortic dissection. However, the only evidence that this may 
improve survival is from the long-term results of the INSTEAD trial 
that was performed on uncomplicated chronic dissection. A recent 
Cochrane review suggests that this single trial is insufficient to make 
any practice recommendations.(25) The current state of evidence 
does not support the routine use of TEVR for acute uncomplicated 
type B aortic dissection. However, future larger randomised trials 
and/or registry data may well change this position in future.
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Introduction: Endovascular repair for acute complicated type B dis-
section was established in 1999, with a report on a small series of 
patients in the New England Journal of Medicine by Mike Dake.(1) 
Over time, endovascular repair has been established as the first-
line treatment for complicated acute type B dissections because of 
the reduced morbidity and mortality compared with open surgical 
repair.(2,3) The current recommendations for patients with uncom-
plicated type B dissection is that they should be treated medically; 
however, the long-term outcome for these patients varies widely 
with mortalities ranging from 50% to 85% over 5 years.(4-7) This poor 
long-term survival in uncomplicated patients has increased inter-
est in whether their outlook can be improved with early endovascu-
lar repair. This debate is based on whether sufficient evidence is cur-
rently available to justify early endovascular intervention with TEVR 
in patients with uncomplicated type B aortic dissection.
Evidence: The currently accepted medical practice is to use medi-
cal therapy alone to treat patients with uncomplicated acute type 
B aortic dissection. There is some evidence from the International 
Registry of Acute Aortic Dissection (IRAD) that patients classified as 
“uncomplicated” have an overall 4% in-hospital mortality.(8) Those 
patients who were treated with medical therapy alone had a mor-
tality of 1.5%. If these patients developed complications requiring 
intervention, the mortality for endovascular intervention was 9% 
and 28% for surgery.
There has therefore been much interest on whether a cohort at high 
risk of death can be identified and whether early endovascular treat-
ment can improve their survival. Factors that have been put forward 
include the following predictors of poor outcome: an initial aortic 
diameter of more than 4 cm, an initial false lumen diameter more than 
22 mm, partial thrombosis of the false lumen (as opposed to com-
plete thrombosis or complete patency), large proximal entry tears and 
an entry tear on the concave inner curvature of the aortic arch com-
pared with entry tears on the outer convex curvature.(3,9-14) However, 
a recent publication from the IRAD registry has shown that an initial 
aortic diameter less than 4 cm was associated with an increased risk 
of aortic expansion.(15) This controversial finding on whether an ini-
tial aortic diameter of more or less than 4 cm is a risk factor suggests 
that the problem may be the type of aortic imaging that we rely on. 
Static CT using the maximum aortic diameter is a very limited data 
set. Maximum aortic diameter should be replaced by aortic volume 
measurement. In fact, functional imaging using state of the art four 
dimensional phase contrast magnetic resonance can provide both 
anatomical and functional information in a single scan measuring 
flow and patterns of flow in the false lumen.(16) These imaging tech-
niques have the potential to radically alter the current risk-stratifica-
tion for patients with uncomplicated type B aortic dissection.
The ADSORB trial is a randomised trial to assess whether the addition 
of endovascular repair improves aortic remodeling compared with 
best medical treatment alone.(17) The 1-year results from the ADSORB 
trial showed zero in-hospital mortality in both groups, which is an 
improvement on INSTEAD having an 11% in-hospital mortality with 
medical therapy alone.(18) ADSORB showed beneficial remodeling in 
terms of an increase in the true lumen diameter at the expense of the 
false lumen and an increase in false lumen thrombosis. This trial is 
too small to show a benefit in terms of long-term survival. The (cur-
rently) unpublished long-term results of INSTEAD show that stent−
grafts in chronic dissection have a beneficial effect on both survival 
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clinic or specialist. The CEAP classification is useful for describing 
these patients (see below)
Small varicose veins and telangiectasias are managed with sclero-
therapy. Larger veins can be either sclerosed or removed with mini-
stab phlebectomy. The saphenous veins are usually ablated with 
endovenous techniques, although traditional stripping is still per-
formed in some patients. Perforating veins can be ligated, ablated, 
or injected under US guidance.
CEAP Classification of Chronic Venous Disease (2004 Revision)
Clinical classification
C0: no visible or palpable signs of venous disease
C1: telangiectasies or reticular veins
C2: varicose veins
C3: edema
C4a: pigmentation or eczema
C4b: lipodermatosclerosis or atrophie blanche
C5: healed venous ulcer
C6: active venous ulcer
S: symptomatic, including ache, pain, tightness, skin irritation, heavi-
ness, muscle cramps, and other complaints attributable to venous 
dysfunction
A: asymptomatic
Etiological classification
Ec: congenital
Ep: primary
Es: secondary (post-thrombotic)
En: no venous cause identified
Anatomic classification
As: superficial veins
Ap: perforator veins
Ad: deep veins
An: no venous location identified
Pathophysiological classification*
Pr: reflux
Po: obstruction
Pr,o: reflux and obstruction
Pn: no venous pathophysiology identifiable
*   Advanced CEAP: Same as basic CEAP, with an addition that any of 

18 named venous segments can be used as locators for venous 
pathology

*  Superficial veins
*  Telangiectasies or reticular veins
*  Great saphenous vein above the knee
*  Great saphenous vein below the knee
*  Small saphenous vein
*  Nonsaphenous veins
*  Deep veins
*  Inferior vena cava
*  Common iliac vein
*  Internal iliac vein
*  External iliac vein
*  Pelvic: gonadal, broad ligament veins, other
*  Common femoral vein
*  Deep femoral vein
*  Femoral vein
*  Popliteal vein
*  Crural: anterior tibial, posterior tibial, peroneal veins (all paired)
*  Muscular: gastrocnemial, soleal veins, other
*  Perforating veins:
*  Thigh
*  Calf
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Special Session
Varicose veins

1803.1
Which patients should we treat?
J.A. Kaufman;
Dotter Interventional Institute, Oregon Health & Science University 
Hospital, Portland, OR, United States of America.

Learning Objectives
1. To learn about varicose vein classification
2. To learn how to assess a patient with varicose veins
3. To learn about the limitations of endovenous ablation
Patients seek treatment for varicose veins for a various reasons. Small 
veins and telangiectasias are usually a cosmetic problem, although 
some patients will report pain localized to these veins. Large vari-
cose veins cause pain, can thrombose, and may bleed when trauma-
tized. Most patients should undergo a trial of conservative manage-
ment with graded compression stockings, frequent leg elevation, 
exercise of the calf muscles (the “muscular pump”), and non-steroi-
dal analgesics before considering intervention. When edema, skin 
pigmentation, or ulceration is present, intervention is medically indi-
cated. Patients with ulcerations may be co-managed with a wound 
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Follow-up:
Endothermal ablation is performed on an outpatient basis. Typically, 
the patient can leave the office right after the procedure. In rare cir-
cumstances when tranquilizers were given, the patient should be 
observed for approximately 1 h. To minimize the inflammatory reac-
tion, ibuprofen (3 × 600 mg/day) for 3–5 days is recommended.
We performed two follow-up clinical visits, including ultrasound at 
each time, one after 2–3 weeks to look for early recanalization and 
one after 1 year to assess the clinical and technical success. If neces-
sary, additional treatments were performed.

1803.3
What other endovenous techniques can we use?
K.D. McBride;
Dept of Radiology, Queen Margaret Hospital NHS Fife, Dunfermline, 
United Kingdom.

Learning Objectives
1. To learn about alternative techniques for minimally invasive vein 

therapy
2. To learn how to apply other techniques
3. To learn about the advantages of alternative techniques
Introduction
Over the past 10 years, management of primary and recurrent super-
ficial venous incompetence has dramatically changed from surgery 
to a minimally invasive approach (1). In parallel with technological 
innovations using devices producing endothermal ablation, namely 
endovenous laser ablation (EVLA) and radiofrequency ablation 
(RFA), there has been rapid expansion in alternative ablation meth-
ods such as chemical ablation delivered by ultrasound-guided foam 
sclerotherapy (UGFS) and mechanochemical ablation (MOCA). This 
uses a combination of mechanical abrasion of the vein wall endo-
thelium with catheter-directed simultaneous chemical sclerosant 
delivery. Another recent alternative to achieve occlusion of the main 
vein in truncal incompetence is the use of a cyanoacrylate adhesive.
All these alternative methods have been developed for an office-
based environment, where there is no need to administer dilute local 
anesthetic and perivenous injection of saline as a coolant, to over-
come the pain due to thermal ablation and minimize side effects. 
This technique of “tumescent anesthesia” is ultrasound-guided and 
may be the most time-consuming and most uncomfortable part of 
the procedure for the patient. It has a steep learning curve and is 
more readily learned by IRs than vascular surgeons. UGFS, MOCA, 
and cyanoacrylate adhesion do not require tumescence. Each of 
these techniques will be discussed.
Ultrasound-guided foam sclerotherapy
Two agents are licensed in Europe as venous sclerosants, sodium 
tetradecyl sulphate (STS) and polidocanol (PD). They can be deliv-
ered as 0.5%–3% of aqueous solutions. Their off-label use reconsti-
tuted with air or carbon dioxide to produce a semi-stable foam was 
promoted originally by Tessari et al (2). Small volumes (2–10 ml) are 
injected using ultrasound guidance directly into superficial varicose 
veins usually with the patient in a supine position and the affected 
leg elevated to 45°. The entire length of the great saphenous vein 
may be treated for both primary and recurrent venous incompe-
tence. Recurrence rates up to 5 years are approximately 20% (3), and 
occlusion rates for bilateral truncal sclerosis are as high as 88% (4). 
The largest meta-analysis comparing surgery with EVLA, RFA, and 
UGFS examined 64 eligible studies, which included over 1200 limbs, 
using Doppler ultrasound findings as outcomes (5). Average follow-
up was 32 months and estimated pooled success rates at 3 years 
were highest for EVLA, with 94% closure, followed by RFA (84%), sur-
gery (78%), and UGFS (77%).
Local complications of treatment include thrombophlebitis and 
skin-staining, which is expected in 15% cases even with good post-
treatment compression bandaging (6). Transient visual symptoms 

1803.2
Endothermal vein ablation: step by step
C.A. Binkert;
Interventional Radiology, Kantonsspital Winterthur, Winterthur, 
Switzerland.

Learning Objectives
1. To learn how to perform each step for a successful endothermal 

ablation
2. To learn about the importance role of tumescent anaesthesia
3. To learn about tips and tricks for each step
Preparation for the procedure:
Each patient should visit the clinic to assess symptoms, to evaluate 
venous reflux with ultrasound and to set the right expectations.
Step 1:
Duplex ultrasound of the vein that needs treatement to assess the 
entire length of reflux and to mark the vein on the skin to avoid 
treatment of a wrong vein and to help with appropriate disinfection.
Step 2:
Disinfection of the entire leg to be treated preferably with a spray. A 
sterile drape is placed under the leg and over the abdomen and pel-
vis of the patient. The drape can be used as a sterile surface during 
the procedure.
Step 3:
The lowest reflux point is accessed with a micropuncture needle. 
A micropuncture set is preferred because it is less traumatic and causes 
fewer spasms. The vein puncture is performed under ultrasound guid- 
ance; a transverse view seems more helpful. Typically, little blood is 
coming back when the needle is inside the vein. After insertion of a 
0.018-inch guidewire, the access site is upsized to a 4–7F sheath.
Step 4:
Before opening the RF probe or the laser fiber, the appropriate length 
should be measured outside the vein for additional safety. The RF 
probe/laser fiber is advanced through the sheath. If there are difficul-
ties advancing the RF probe, external manual guidance can be used. 
If that does not work, a second access can be performed. The final 
position (approximately 2 cm below the saphenofemoral junction is 
assessed with ultrasound or with ultrasound and light for laser).
Step 5:
Ultrasound-guided injections of tumescent anesthesia are adminis-
tered around the entire vein segment that needs to be treated. The 
purpose of tumescent anesthesia are pain control, protection of the 
surrounding tissue by isolating the vein by a fluid area around the 
vein, and pressing the vein wall against the RF probe or laser fiber 
for best contact.
The typical dosage of tumescent anesthesia is 0.05%–0.1% lido-
caine in 1 l normal saline. To avoid stinging, 10–12.5 mEq of sodium 
bicarbonate is added. Some interventionalists add epinephrine 
(1:1,000,000), which does not seem necessary. We use a mixture of 
950 ml Ringer solution + 50 ml 1% lidocaine + 5 ml 8.4% sodium 
bicarbonate.
Step 6:
The actual heat application is done either by a continuous pullback 
of the activated laser fiber or stepwise for RF. To optimize the closure 
rate at the top, the pullback rate should be slower for laser and for 
RF the top 2–3 segments should be treated twice.
During the heating phase, the patient should not feel any pain. If 
he does, additional tumescent anesthesia should be added to avoid 
any nerve damage.
Step 7:
After endothermal ablation of the entire segment with reflux, the 
entry site is covered with a Steri-strip and the leg is then placed in a 
thigh-high stocking (class 1 or 2). The stocking should be worn dur-
ing the first night and then for 7 days when the patient is awake.
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length of 33 cm of the great saphenous vein was treated with a mean 
volume of 1.3 ml of SCA. Post-ablation thrombus extension through 
SFJ was seen in eight of 38 (21%) patients. These resolved completely. 
No DVT or PE was noted. At 30 days follow-up, 6 patients (16%) had 
thrombophlebitis. Only 1 limb had a 1-cm segment of incomplete 
ablation (97% closure) and the 1-year occlusion rate was 92%.
A prospective multicentre European study sponsored by Sapheon™ 
reported 6-month results on 69 patients with a mean follow-up 
of 3 months, showing a total occlusion rate of 94% (20). Thrombo-
phlebitis was the main side-effect in 6 cases (9%). These short-term 
closure rates are comparable with thermal ablation methods, but 
longer-term results are awaited.
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occur with an estimated incidence of 0.5–1 per 100 foam sessions 
and are more common in patients with a history of migraine (7). 
Guidelines on the method and amount of foam sclerosant to be 
used have been agreed upon at the European level (8), but are rela-
tively conservative for UK practitioners (6, 9).
Venous malformations
The increasing use of sclerosants in the foam form has resulted in 
new, more promising, methods to treat symptomatic low-flow con-
genital venous malformations. Foam sclerotherapy is effective for 
extratruncular and truncular lesions and is significantly more effec-
tive than liquid sclerotherapy (10). It has less side-effects than etha-
nol and produces a significant reduction of pain and volume of mal-
formations treated (11).
Mechanochemical ablation (MOCA)
Clarivein™ (Vascular Insights LLC, CT, USA) is a new mechanochemi-
cal device developed to overcome the disadvantages of endothermal 
ablation which requires tumescent anesthesia, and UGFS which has 
the lowest efficacy rates for truncal vein occlusion (12). Its advantages 
include local anesthesia, standard percutaneous access, and shorter 
procedure time with minimal risk of cutaneous nerve damage.
The device consists of a handle unit with a motor that drives a cen-
tral wire rotating at 3500 rpm inside an infusion catheter system, 
which protrudes from the catheter lumen. This simultaneously 
causes abrasion of the vein wall lumen while a continuous appli-
cation of liquid sclerosant is delivered directly to the endothelium 
along the length of the treated vein. The motor is activated 1 cm 
below the saphenofemoral junction (SFJ) and the infusion is begun 
at 2 cm below SFJ, with a pull-back rate of 1 cm every 7 seconds (13). 
The best occlusion is achieved with STS at 1.5%, using up to 12 ml. 
The device is a single-use through a 4 or preferably 5-F micropunc-
ture sheath. The treatment can only be performed on one leg per 
session to avoid exceeding the sclerosant dose.
The first published results quoted the 6-month closure rate at 96% 
(29/30 limbs) (12). This rate was maintained at a subsequent 2-year 
follow-up (13). The safety and efficacy of Clarivein™ has been shown 
in another study of 30 limbs in 25 patients (14). A comparison of 
MOCA/Clarivein with RFA in 68 patients reported significantly less 
pain in the first 14 days after the procedure, with earlier return to 
normal activities and work (15). Larger veins (>15 mm) are less suit-
able for MOCA and the device can get caught in recanalized recur-
rent truncal veins.
Cyanoacrylate vein occlusion (VenaSeal™ Sapheon™ closure)
Sapheon™ (Sapheon Inc, NC, USA) has developed a proprietary cyano-
acrylate adhesive (SCA) with a hydrophobic delivery catheter for per-
manent closure of incompetent superficial truncal varicose veins in 
an attempt to eliminate the need for tumescent anesthesia and post-
operative compression used with thermal ablation techniques (16).
Cyanoacrylates are widely used as tissue adhesives. They are of low 
viscosity and polymerize readily on contact with water or blood. The 
cyanoacrylate used in the Sapheon™ delivery system (SCA) is a pro-
prietary mixture of n-butyl cyanoacrylate with small amounts of bio-
compatible additives to retard polymerization, increase viscosity, 
and produce a flexible adhesive when fully cured that is non-toxic 
( Ref 17 ).
The procedure involves standard percutaneous access and the 
Sapheon™ 5-F sheath is advanced to SFJ. SCA is loaded into a spe-
cial syringe and delivered to within 3 cm of the end of the hydropho-
bic catheter tip. The tip is placed 5 cm below SFJ and two injections 
of glue are given 1 cm apart while SFJ is compressed with ultrasound 
guidance for 3 minutes. The adhesive is delivered at 3 cm intervals 
along the target vein using 30 seconds of compression for each 
delivery. No compression bandaging or stocking is used.
The effects of the adhesive have been shown in animal stud-
ies to cause vein occlusion with no migration of SCA. The changes 
observed in treated veins are consistent with chronic foreign-body 
type inflammatory response with fibrotic segments (18). The first-
in-man study has reported the outcomes in 38 patients (19). A mean 
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•   Arteriosclerosis
•   Fibromuscular dysplasia
•   Aneurysms associated with congenital diseases: Ehlers–Danlos,  
    Allagile, and Marfan syndrome as well as Von Recklinghausen  
    disease
•   Aneurysms associated with inflammatory diseases: Polyarteritis  
    nodosa
•   Aneurysms associated with noninflammatory diseases: Wegener  
    granulomatosis, α-1 antitrypsin deficiency
•   High-flow pancreaticoduodenal aneurysms in relation to coeliac  
    artery stenosis or occlusion. These aneurysms are often large at  
    presentation, although they develop in small arteries.
•   Segmental arterial mediolysis, a noninflammatory disease due  
    to segmental wall degeneration and responsible for acute diges- 
    tive or intra-abdominal bleeding. The aspect of multiple saccular  
    or fusiform aneurysms of small splanchnic arteries (i.e., gastroepi- 
    ploic, colic, left gastric arteries) in this clinical setting is highly sug- 
    gestive of this diagnosis. They are frequently associated with arte- 
    rial stenoses or dissections. SAM is associated with a 50% mor- 
    tality rate during the acute phase. This disease is close to or may  
    overlap with fibromuscular dysplasia. There is a high risk that  
    these aneurysms rupture, and preventive embolization seems  
    effective in preventing recurrence of bleeding.
The etiologies of VAPAS are as follows:
•   Pancreatitis
•   Infections (endocarditis and local septic diseases)
•   Malignancies
•   Traumas, especially splenic blunt traumas
•   Iatrogenic: liver transplantation, biliary interventions, other surgi- 
    cal gastroduodenal interventions
Indications for treatment
VAAs and VAPAs may be treated by open surgery (OS) or endovas-
cular treatment (EVT). In a meta-analysis of the literature, Cochennec 
reported 956 cases of treated VAAs and VPAs, with a mean mortality 
rate of 1.2% in elective treatment and 15.5% in ruptured aneurysms. 
Comparing EVT and OS, the mortality rate was equal for elective 
treatment; however, EVT had a lower mortality rate in ruptured aneu-
rysms (2.7% versus 23.7%) but a higher rate of recanalization (7.6%).
EVT of VAAs and VAPAs should be the first-line treatment, particu-
larly in ruptured aneurysms. Surgery may be envisaged when VAAs 
rupture in the peritoneum, in patients with critical hemodynamic 
instability, and when is there is a risk of failure or complication with 
EVT. Surgery is more often indicated than EVT for treating aneu-
rysms of renal artery bifurcations.
A cut-off value of a 2-cm diameter is currently advocated to indicate 
treatment. However, there is no scientific data correlating risk of rup-
ture to aneurysm size.
The rate of rupture at clinical presentation varies from 3% to 10 
% in the literature, with a mean mortality of 15 % in this setting. 
Conversely, Abbas reported a series of 168 patients with splenic 
aneurysms, 70% of them measuring ≤2 cms with a mean follow-up 
of 75 months and without any rupture.
Therefore, other parameters should be considered with regard to 
the indication for treatment: patient age, diameter of the weakened 
artery (the smaller the artery, the higher the risk), massive calcifica-
tion of the sac wall, risks of embolization, and predictable difficulties 
to access the targeted artery.
Other indications:
-   Smaller aneurysms in women of childbearing age because of the 

risk of maternal and fetal death as high as 70% and 90%, respectively
-   Symptomatic aneurysms
-   Pseudoaneurysms regardless of their etiology and size
-   All SAM-related aneurysms
Treatment planning
Because VAAs are often complex vascular formations, CT (or MRI) 
investigation with 3D reconstruction is mandatory before planning 
treatment.
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1803.4
How can IRs set up a varicose vein ablation service?
D.J. West;
Unit 6, Veincentre Ltd, Stoke-on-Trent, United Kingdom.

Learning Objectives
1. To learn about the requirements for a successful vein centre
2. To learn how to build up a service for treating varicose veins
3. To learn how to collaborate or compete with other specialties

No abstract available.

Special Session
Visceral artery aneurysms

1804.1
Epidemiology and indications for treatment
F. Thony, M. Rodière;
Clinique Universitaire de Radiologie et Imagerie Médicale, CHU 
Grenoble - Hôpital A. Michallon, Grenoble, France.

Learning Objectives
1. To learn about epidemiology, indications and different treatment 

strategies
2. To learn about different types of visceral artery aneurysms
3. To learn about imaging strategies used to decide on treatment
Visceral artery aneurysms can be classified as true visceral artery aneu-
rysms (VAAs) and visceral artery pseudoaneurysms (VAPAs), the former 
defined as a focal enlargement of the artery diameter with integrity of the 
vascular layers and the latter as a neo-cavity due to arterial disruption.
VAAs may be located in the splanchnic system (coeliac trunk, SMA, 
and IMA) or in the renal arteries.
Epidemiology
Visceral artery aneurysms are not infrequent; their reported preva-
lence is 0.01%–0.2% in autopsies and up to 0.78% for splenic artery 
aneurysms in arteriographic series. With the widespread use of CT 
and US examinations, they are more frequently and incidentally dis-
covered, raising questions regarding their management.
In the splanchnic system, the splenic artery is the most frequently 
involved (60%), followed by hepatic (15%), pancreaticoduodenal and 
gastroduodenal (10%), SMA (5%), coeliac trunk (5%), and others (5%) 
including left gastric, inferior mesenteric, and gastroepiploic arteries.
Etiologies
The etiologies of VAAs are as follows:
•   Degenerative aneurysms, mainly of the splenic and renal arteries, 
    are the most frequent; they occur 3–4 times more frequently in  
    women aged 50  –70 years, but may also occur in women of child- 
    bearing age. The risk of aneurysm may increase because of the  
    hormonal status, which is responsible for extracellular matrix  
    degeneration. There is a risk of rupture during pregnancy.
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Presentation may be symptomatic bleeding or a mass effect but 
primarily and increasingly as asymptomatic on incidental-imaging 
finding.
We shall discuss the following points
•   Management of celiac/SMA aneurysms centers based on six  
    criteria
•   Diagnostic Evaluation
•   Treatment Indications
•   Treatment Options
Management of celiac/SMA aneurysms centers based on the 
following six criteria
1. True/pseudo-aneurysms composition
2. Shape/configuration (saccular/fusiform/single/multiple)
3. Size (small, large, giant)
4. Vessel/organ of origin (systemic/ pulmonary artery)
5. Pathophysiology (congenital, acquired (iatrogenic/trauma, 

mycotic)
6. Temporal change
Diagnostic Evaluation
All modalities have a role in imaging assessment (Doppler/CTA/
MRA/DSA/fluoro CT). Imaging is central to detection, character-
ization, therapy planning, and follow-up. The optimal modality is 
based on location, body habitus, the need for frequent imaging, and 
local resources/availability. We find 3D MIP/VRTCTA, the single-most 
effective comprehensive test, which is sensitive, specific, and repro-
ducible that obviates the need for exhaustive DSA and permits more 
selective goal-directed catheter intervention with pre-considered 
fluoroscopic angles.
Full imaging assessment should produce a clear description of: 
We shall discuss optimal image acquisition and processing for treat-
ment planning including;
•   Site (vessel of origin, feeding/draining vessels, access)
•   Size and temporal change
•   Multiplicity
•   Configuration (size, shape, neck, thrombus, mass-effect) and flow
Treatment indications
The indication for treatment is guided by the risk of rupture, which 
is based on the nature of the aneurysm and the patient’s medical 
condition. In particular, we consider symptoms, size, and temporal 
change. Patient anxiety and comorbid conditions are real consid-
erations. Aneurysms have low incidence and variable presentation 
to multiple specialists. We obtained a pathophysiological data and 
natural history that is largely a data-free zone leaving empiric prec-
edents to guide much of modern practice for small- and medium-
sized lesions. The 2 cm cut-off for therapy is rather an arbitrary num-
ber embedded in history, lacking an evidence base and potentially 
irrelevant for polymorphic aneurysm shapes but not the custom and 
practice number.
Treatment Options
Options for therapy include
•   Conservative observation
•   Endovascular/percutaneous therapy
•   Surgical approaches
•   Hybrid combined IR/surgery
Modern decision-making process considers IR as the first line ther-
apy with surgery for back up. The practice of converting straight-
forward surgical approaches to complex endovascular approaches 
should be avoided. The minimally invasive approach can be a rather 
innocuous solution but maybe time consuming, and one rarely has 
the same control when lesions are unstable, bleeding, or the proce-
dure turn adverse. Specific therapies are largely guided by the initial 
imaging assessment, causation, and characterization.
Patient selection for IR involves aneurysm accessibility, the ability 
to deliver therapy, and the risk to end organ. All IR therapies seek to 
thrombose the aneurysm by direct endovascular or percutaneous 
thrombosis (thrombin/glue/onyx or coils) or thrombosis by exclud-
ing the flow (stent). The latest technology that is discussed in this 

The first step is to know the different techniques of aneurysmal sac 
exclusion that can be proposed. Ideally, exclusion with preservation 
of vessel patency is chosen, especially if there is a risk of downstream 
parenchymal ischemia. This may be done with stent–grafts or flow-
diverting stents or by remodeling the artery using bare stents and 
coils or balloon protection and foam (OnyxTM). When occlusion of 
the artery is possible, embolization using the sandwich technique 
(using coils or plugs) is preferred over occlusion of the sac alone 
(with coils, glue, or foam). Finally, when EVT has failed of is impossi-
ble, a percutaneous occlusion of the aneurysmal sac can be consid-
ered using thrombin, foam, glue, or coils; this technique is particu-
larly effective in very large VAPAs.
The second step is to plan vascular access and catheterization. It 
is important to check not only the coeliac or mesenteric curve but 
also the length and tortuosity of the feeding artery on a CT scan. 
This allows the interventional radiologist to choose the vascu-
lar access location, the catheter shape and length, and the com-
bination of catheters to be used (simple, double, or triple coaxial 
catheterization).
The last step is to evaluate the surgical risks. First, the risk of end-
organ ischemia should be considered and if necessary, should be 
prevented. In high-flow aneurysms of pancreaticoduodenal arcades, 
for example, the decrease in blood flow to the coeliac territory after 
occlusion of the pathologic artery should be evaluated, and an angio- 
plasty or recanalization of the coeliac trunk considered, if appropri-
ate. Patients should be informed of not only this risk but also the risk 
of device migration, arterial rupture, and other nonspecific risks.
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How should we treat aneurysms of the main SMA or the celiac 
trunk?
L.P. Lawler;
Department of Radiology, Mater Misericordiae University Hospital, 
Dublin, Ireland.

Learning Objectives
1. To learn about high flow versus low flow aneurysms
2. To learn about different treatment strategies including covered 

stents, coil embolization and flow divertors
3. To learn how to prevent and/or manage complications
Introduction
Celiac/SMA artery aneurysms may be treated by different organ spe-
cialists. On presentation, their ultimate therapy is very much within 
the realm of IR; this has greatest exposure and is best to assess the 
need for treatment using optimal methodology. IR specialists have 
the most experience in visceral artery imaging and typically have 
command of a complete range of techniques to manage the broad 
range of various lesion types. Celiac/SMA aneurysms may be con-
genital (e.g., Loeys Dietz) or acquired. The latter may be vascu-
litic (PAN, Wegener, mycotic, and Rasmussen), atherosclerotic (pen-
etrating ulcer), or traumatic (blunt, penetrating, and iatrogenic). 



CIRSE 2013 SS/FC/HL/HTS/CM S163SS/FC/HL/HTS/CM

12. Lee WK, Mossop PJ, Little AF, Fitt GJ, Vrazas JI, Hoang JK, 
Hennessy OF. Infected (mycotic) aneurysms: spectrum of imag-
ing appearances and management.Radiographics. 2008 Nov-
Dec;28(7):1853-68. Review. PubMed PMID: 19001644.

13. Lupattelli T, Garaci FG, Basile A, Minnella DP, Casini A, Clerissi J. 
Emergency stent grafting after unsuccessful surgical repair of 
a mycotic common femoral artery pseudoaneurysm in a drug 
abuser. Cardiovasc Intervent Radiol. 2009 Mar;32(2):347-51. Epub 
2008 Oct 18. PubMed PMID: 18931876.

14. Razavi MK, Razavi MD. Stent-graft treatment of mycotic aneu-
rysms: a review of the current literature. J Vasc Interv Radiol. 
2008 Jun;19(6 Suppl):S51-6. Review. PubMed PMID: 18502387.

15. Hur S, Yoon CJ, Kang SG, Dixon R, Han HS, Yoon YS, Cho JY. 
Transcatheter arterial embolization of gastroduodenal artery 
stump pseudoaneurysms after pancreaticoduodenectomy: 
safety and efficacy of two embolization techniques. J Vasc Interv 
Radiol. 2011 Mar;22(3):294-301. PubMed PMID: 21353982.

16. Balderi A, Antonietti A, Pedrazzini F, Ferro L, Leotta L, Peano E, 
Grosso M. Treatment of a hepatic artery aneurysm by endovas-
cular exclusion using the multilayer cardiatis stent. Cardiovasc 
Intervent Radiol. 2010 Dec;33(6):1282-6. PubMed PMID: 20552194.

17. Carrafiello G, Rivolta N, Fontana F, Piffaretti G, Mariscalco G, 
Bracchi E, Ferrario M. Combined endovascular repair of a 
celiac trunk aneurysm using celiac- splenic stent graft and 
hepatic artery embolization. Cardiovasc Intervent Radiol. 2010 
Apr;33(2):352-4.  Epub 2009 Sep 29. PubMed PMID: 19787397.

1804.3
How should we treat aneurysms involving the 
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Radiologie Interventionnelle et Vasculaire Neuroangiographie 
Thérapeutique, Cliniques Universitaires Saint-Luc-UCL, Brussels, 
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Learning Objectives
1. To learn about pseudoaneurysms and true aneurysms
2. To learn different treatment strategies including coil emboli-

zation, front and back door embolization, covered stents and 
others

3. To learn how to prevent and/or manage complications
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1804.4
Is there a role for flow diverting stents?
F. Fanelli;
Interventional Radiology Unit, Department of Radiological Sciences, 
Sapienza - University of Rome, Rome, Italy.

Learning Objectives
1. To learn about flow diverting stents and their uses
2. To learn when to use flow diverting stents
3. To learn how to deploy and use flow diverting stents
Visceral artery aneurysms comprise a rare presentation of vascular 
disease (incidence 0.1%–2%), of which 22% are clinical emergencies, 
with 8.5% cases resulting in death.
Aneurysm size plays a small role in the decision to treat peripheral 
artery aneurysms compared with aneurysms in other locations such 
as the aorta or the brain. This is because the major morbidity from 
peripheral aneurysms is due to thromboembolism rather than rup-
ture and these aneurysms require repair, regardless of the size.
The conventional surgical treatment being highly invasive, it has 
been gradually flanked by endovascular mini-invasive techniques 
increasingly developing and quickly spreading over time.

field is flow stent/diverter technology. This is a translational technol-
ogy evolving from cerebral artery exclusion. Its high cost and spring-
like radial strength imply that it is neither suitable nor accessible to 
most of those who practice in Europe, but as the costs and technol-
ogy evolve, this trend may change.
All our therapies are limited to patients with a coagulopathic condition.
The IR skill set for all aneurysms is within the remit of most practitio-
ners comfortable with microcatheter/wire and percutaneous tech-
niques. IR pitfalls include difficult configuration, inability to decom-
press giant aneurysms, mass effect, and some inflammatory pseu-
doaneurysms. We shall illustrate these principles through case 
illustration.
Conclusion
Visceral aneurysms are frequent and increasingly preserve IR. 
Knowing when not to treat is as important as therapy itself. A range 
of diagnostic and IR skill sets may come to bear with variable config-
uration and the range of organ systems involved.
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This novel technology, suitable for specific aneurysms only, obvi-
ously requires adequate training and an appropriate learning curve.
Preliminary results have shown that Cardiatis Multilayer Flow 
Modulator is a reliable tool for endovascular aneurysms and exclu-
sion of visceral artery aneurysms even in lesions with collateral ves-
sels arising from the sac or the neck with complete aneurysm throm-
bosis and shrinkage of the lesion at 6-month follow-up.
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Special Session
Evidence forum: Which treatment should we use? 
- 3cm HCC

1805.1
Surgery
J. Fuster Obregón;
Hepatic Surgery and Transplant Unit, Hospital Clínic de Barcelona, 
Barcelona, Spain.

Learning Objectives
1. To learn how to select a patient for surgical treatment
2. To learn what is the position of surgery in the treatment algorithm 

for 3cm HCC
The aim of treatment is to improve survival. Selection of treatment 
has to balance this goal between the potential treatment risks and 
the benefits offered by other options.
Optimal candidates for surgical resection are patients with soli-
tary hepatocellular carcinoma (HCC) without clinically relevant por-
tal hypertension. Presence of portal hypertension implies a poorer 
outcome. This can be assessed by hepatic vein catheterization or 
using noninvasive criteria as an elastography or a combination of 
low platelet count with splenomegaly. Detection of varices or asci-
tes also reflects portal hypertension. In optimal candidates, the sur-
vival at 5 years exceeds 70%, but when portal hypertension is pres-
ent, survival decreases to approximately 50% as shown in European 
and Asian cohort investigations. Accordingly, patients without an 
optimal profile could be better served by liver transplantation (OLT) 
or equally served by ablation with radiofrequency (RFA) or by che-
moembolization as shown in recent prospective investigations.
In patients who are candidates for resection and transplanta-
tion at the same time, the pathology data offered by the analysis 

To date, most visceral aneurysms have been treated either by means 
of coils or by stent-grafts.
Embolization with coils puts the patient at a possible risk of com-
plete exclusion of the blood flow below the aneurysm; stent-graft 
positioning can result in difficulties as it always depends on the anat-
omy, and good sealing can only be achieved when at least the min-
imum parameters required for the proximal and distal necks are 
ensured.
As the final target is aneurysm exclusion and maintaining the flow 
below the vessel, embolization with coils is performed in cases in 
which anatomy does not allow a correct stent-graft deployment as it 
occurs in the presence of short necks.
The recent development of flow diverting stents has modified and 
broadened endovascular therapeutic opportunities because such 
stents can be used even in case of adverse anatomy.
Flow-diverting stents (FDSs) are specially designed to reduce flow 
velocity in the aneurysm sac and to promote thrombosis while main- 
taining flow in the main artery and branch vessels.
These stents are mainly and largely employed at the intracranial 
level, whereas experience in the extravascular field is still limited at 
being present only in one specific device commercially available, i.e., 
Cardiatis Multilayer Stent (Cardiatis, Isnes, Belgium). The multilayer 
stent design, by virtue of its 3D geometry, produces a slower laminal 
blood flow inside the aneurysm, minimizing the chances of aneu-
rismal rupture and allowing an organized thrombus to form while 
improving laminar flow in the main artery and in the surrounding 
vital branches. This leads to pressure reduction within the aneuris-
mal sac, stasis, and the formation of an organized thrombus.
In brief, this stent shows a positive effect on slowing the blood flow 
within the vortex of the aneurysm while improving laminar flow in 
the main artery and preserving circulation within the collaterals.
Some studies have been published and although most of them 
report single cases and a limited experience, they have all confirmed 
the efficacy of FDS in the treatment of visceral aneurysms.
One of the most interesting studies was published by Ruffino et al. 
who described the results of a multicenter trial conducted in 22 cen-
ters where 54 patients underwent CMFM deployment for periph-
eral or visceral aneurysms. Technical success was achieved in all 
patients, with a mortality rate of 5.5% at 1 year. No aneurysm rup-
ture occurred. Six (11.1%) stents occluded over the 1-year period; 3 
asymptomatic patients were not treated; 2 symptomatic patients 
had successful stent dilation to restore patency; and 1 symptom-
atic patient required bypass (the only side branch lost). Cumulative 
primary and secondary patency estimates at 1 year were 86.9% and 
90.7%, respectively. The cumulative side branch patency was 96.1% 
and freedom from all complications was 83.0% at 1 year. Complete 
aneurysm thrombosis was recorded as 93.3% at 1 year. Presence of 
mural thrombus did not influence the time course of shrinkage (p 
> 0.05), while complex lesion anatomy (presence of side branches) 
delayed shrinkage (p < 0.05).
Ferrero reported his experience treating 32 patients with visceral 
artery aneurysms. Final results were satisfactory and promising. 
Complication rate was very low. Failures included 1 case of immedi-
ate stent occlusion, 1 stent migration, and 1 failed attempt of emboli- 
zation.
It is clear that this stent shows limits that are mainly correlated with its 
technical characteristics. For instance, the positioning device re-quires 
a support that is still currently large in size (7F or greater). In addition, 
the device is stiff and supported by only a guidewire (0.18 ) that makes 
navigation difficult within tortuous vessels like the splenic artery.
Another limit is that it cannot be used in the emergency of ruptured 
VAAs because it is not a covered stent.
No doubt that this technology has great future prospects. At pres-
ent, the new device is being experimented on various conditions 
including abdominal aorta aneurysms and thoracoabdominal 
aneurysms.
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According to BCLC Staging and Treatment Strategy, image-guided 
tumor ablation is considered the best treatment option for patients 
with early-stage hepatocellular carcinoma (HCC) (BCLC stage A: sin-
gle or 3 nodules <3cm) who are not suitable for surgical treatment 
(resection or transplantation) or as a bridge treatment before trans-
plantation if the waiting list exceeds 6 months. (3)
Long-term RFA results in early stage HCC in BCLC-resectable patients 
are similar to those obtained from surgical resection.
Results suggest that RF ablation can also be considered a first-line 
treatment for patients who are potential candidates for resection in 
the special group of very early HCC, single nodule <2 cm Child–Pugh 
A, PS 0, and with contraindication for liver transplant. (LT) (1,4,5).
Resection gives very important information on microvascular or vas-
cular invasion for patients potentially candidates for LT. Therefore, 
in this group of patients, resection remains the preferred treatment. 
However, in patients contraindicated for LT, RFA is presently consid-
ered the first option and resection may be a second-line treatment if 
ablation fails.
Ablative therapies are effective and minimally invasive techniques 
performed on an outpatient basis or with short hospitalization time 
and low complication rates.
Percutaneous ablation involves inducing cellular death within the 
focal target tumor, including an ablative margin of normal surround- 
ing tissue of 0.5–1 cm (to prevent future local recurrences). The ad-
vantage of a limited area of nontumorous tissue destruction, avoiding 
hepatic function impairment, is essential because functional hepatic 
reserve is a primary predictive factor for long-term patient survival.
Tumor destruction can be achieved by injection of chemical sub-
stances such as ethanol (PEI) or acetic acid (PAI) or by modifying 
the tumor temperature by heating over 50°C [radiofrequency (RFA), 
laser, microwaves (MW)], or freezing (cryoablation).
New methods like high focused ultrasound (HIFU) that produces 
tumor necrosis by hyperthermia and mechanical effect or irrevers-
ible electroporation (IRE) that induces cells death by modification of 
cell membranes are currently under clinical evaluation.
Even if HCC smaller than 5 cm are considered for surgical resec-
tion or liver transplant, they cannot be considered small tumors. 
Although tumors <5 cm are potentially treatable, the maximum size 
of lesion cannot be considered the best scenario for ablation.
At present, there is a general consensus to consider small HCC as 
those not exceeding 3 cm and responding to ablative therapies; the 
term “small” is mainly applied to tumors <2 cm.
In fact, best results in ablative local therapies are achieved in the 
group of patients with single tumors <2 cm, with normal liver func-
tion, obtaining complete response (CR) with 5-year survival rates 
of 70 % comparable to those of surgical resection in optimal candi-
dates (6). Risk of microvascular invasion and tumor recurrence is low 
in tumors smaller than 2 cm. (7)
However, even with complete response, the risk of tumor recurrence 
due to dissemination or de novo nodules is very high and exceeds 
70% at 5 years, as seen after resection (8, 9), because HCC usually 
appears in the setting of underlying viral liver disease.
Among ablative therapies, PEI and RFA are the most used methods 
in the world, with a long time experience and several studies show-
ing the rates of efficacy and complications.
PEI was the first ablative technique with good results in Japan and 
Europe. Repeated injections of a small amounts of ethanol into 
HCC is cheap and easy to perform and achieves complete necrosis 
of tumor cells by direct cell lesion and vascular thrombosis in 90% 
of HCC smaller than 2 cm. According to the literature, necrosis rate 
is reduced to 70 % in tumors measuring 2–3 cm and to 50% in HCC 
measuring 3–5 cm when PEI is employed. (10,11). Efficacy is limited 
by size and by the presence of internal septa that make homoge-
neous ethanol diffusion difficult. Furthermore, ethanol diffusion is 
limited to the tumor area and microscopic satellites in the vicinity 
of the nodule will not be treated. PEI rarely accomplishes complete 
necrosis in tumors larger than 3 cm.

of resected tumors could be used to recommend transplantation 
because of the risk of recurrence (predicted by microscopic vascular 
invasion and/or satellites) or avoid the need of transplant because of 
a low risk of recurrence.
HCC disseminates mainly through the portal vein. The rate of micro-
vascular invasion increases proportionally to the size of the tumor. It 
is present in 20% tumors less than 2 cm, between 30%–60% tumors 
of 2 to 5 cm, and up to 60%–90% tumors greater than 5 cm. The best 
results of liver resection are obtained in solitary HCC. In multinodu-
lar HCC meeting Milan criteria, OLT is a preferable option. Recently, 
excellent results for early tumors treated with percutaneous abla-
tion or chemoembolization has been reported. Patients with multi-
nodular HCC not suitable for OLT may be equally well treated by per-
cutaneous ablation or chemoembolization.
In tumors up to 2 cm, whose probability of dissemination is very low 
and in which the complete response with a safe margin with RFA 
is high (90%–100%), it is likely that resection and RFA are similar in 
terms of outcome, leaving surgery for patients with treatment fail-
ure. The only advantage of surgical resection in this setting would 
be the opportunity to assess the risk of early recurrence by pathol-
ogy (as mentioned before). If a high risk of recurrence is detected in 
the specimen, liver transplantation should be indicated as suggested 
by our group and others. If a patient is not a candidate for liver 
transplant, the availability of the pathology characteristics will not 
change the treatment strategy.
In conclusion, surgical treatment is the first therapeutic option to 
be considered in cases of hepatocellular carcinoma. The improve-
ments in the evaluation of patients in the surgical techniques and in 
postoperative management have reduced the rate of complications. 
Postoperative mortality rate should be less than 1% in conventional 
indications. In patients with single HCC up to 3 cm, surgical resection 
or RFA offered similar survival rate.
In patients without contraindications for liver transplantation, liver
resection is recommended because it allows identification of 
patients with increased pathological risk of recurrence.

1805.2
Alcohol
K. Malagari;
2nd Dept. of Radiology, University of Athens Medical School, Athens, 
Greece.

Learning Objectives
1. To learn if alcohol still has a role in the treatment of a 3cm HCC
2. To learn how the technique can be improved
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1805.3
Radiofrequency ablation
L. Bianchi Cardona;
Department of Radiology, Hospital Clínic, University of Barcelona, 
Barcelona, Spain.

Learning Objectives
1. To learn how to select patients for RFA
2. To learn what the position of RFA with respect to surgery is in the 

treatment of a 3cm HCC
Nowadays, as a consequence of surveillance programs with ultra-
sonography performed every 6 months, many cirrhotic patients are 
diagnosed with HCC at an early stage with preserved liver function, 
without extra hepatic dissemination, and without cancer related 
symptoms. In those cases, potentially curative treatments (resection, 
liver transplant, and ablation), when effective, have a demonstrated 
positive impact on survival. (1, 2)
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Given the limitations of chemical injection methods, thermal abla-
tion has been replacing PEI in recent years in many cases, RFA being 
the most employed method.
The efficacy of RFA in tumors <2cm is similar to that of ethanol injec-
tion, whereas in tumors >2 cm is clearly better. (12, 13) Randomized 
controlled trials (RCT) have shown that RFA provides better local dis-
ease control that may result in an improved survival (14-16).
The insertion of single or multiple cooled tip electrodes or single elec-
trodes with J-hooked needles increasing the tumor temperature >50°C 
induces a wide area of coagulation necrosis larger than with PEI and in 
few sessions. RFA is mainly performed percutaneously under US guid-
ance, but it can also be performed under laparoscopy or laparotomy. For 
small tumors, one electrode insertion is adequate to achieve total necro-
sis, but larger tumors measuring 3 cm or more usually require multiple 
overlapping ablations. Complete response is obtained in >90%, with pro-
cedure-related mortality from 0% to 0.3% and morbidity rates up to 10%.
Specific anatomic location of the tumor may have potential influence 
on the efficacy and complications of RFA. Thermal ablation is risky in 
lesions close to the main biliary tree, heart, gall bladder, or gastroin-
testinal tract. In some cases, to reduce this risk, it is possible to intro-
duce artificial ascites to separate the tumor from near organs. (17)
Subcapsular HCC have been associated with increased risk of peri-
toneal seeding and thus, if possible, these lesions should be punc-
tured through the nontumorous part of the liver (18, 19).When this 
approach is not possible, laparoscopic RFA or PEI is preferred.
Efficacy of RF ablation of tumors contiguous to large vessels is lim-
ited by the heat-sink effect, which is caused by blood flow that pro-
duces heat loss and induces incomplete necrosis of the tumorous 
portion adjacent to the vessel. Selective PEI in the area close to the 
vessel will facilitate complete ablation. Combination of PEI and RFA 
is proposed to increase effectiveness in tumors between 3 and 5 cm. (20)
Local recurrence after RFA is lower than with PEI and is related to 
size >2 cm, to the location near a vessel bigger than 3.5 mm or to 
absence of a good ablative margin.
RFA or PEI can be repeated whenever a local recurrence or a new 
(maximum two) nodule appears. If the patient is candidate to trans-
plantation, the presence of new lesions will increase the score for 
liver transplant. If the size or number of lesions is not adequate for 
ablation, chemoembolization is a good option.
Microwave ablation (MW) was used in Japan and China in the late 
1990s and was then abandoned since the spread of RFA. Therefore, 
new technical developments, like refrigerated antennas, that improve 
efficacy and decrease adverse effects have led to MW replacing RFA 
in some centers in recent years. (21, 22)
The theoretical advantages of MW over RF are that energy can cre-
ate larger ablation volumes with a unique antenna insertion and 
that it is not affected by the heat-sink effect.
With the new equipments being used in the last 3 years only, limited 
clinical experience and more clinical studies are needed to compare 
MW and RFA.
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2501.2
Chemosaturation
B.J. Wood;
Department of Radiology, NIH Clinical Center / NCI, Bethesda, MD, 
United States of America.

Learning Objectives
1. To learn how to start up with chemosaturation
2. To learn how to select patients
3. To learn about results of chemosaturation

No abstract available.

2501.3
HIFU-assisted drug delivery
A. Melzer;
Institute for Medical Science and Technology, University of Dundee, 
Dundee, United Kingdom.

Learning Objectives
1. To learn about results of preclinical studies 
2. To learn how to select tumours and patients 
3. To learn how to start up with HIFU-assisted drug delivery

No abstract available.

2501.4
Percutaneous intratumoural viral therapy
S.C. Rose;
Radiology, UCSD Health Sciences, San Diego, CA, United States of 
America.

Learning Objectives
1. To learn about results of preclinical studies 
2. To learn how to select viruses and targets 
3. To learn about the current status of intratumoural viral therapy
The basis of oncolytic viral therapy is that many viruses can selec-
tively infect, replicate, and cause cell lysis within tumors hav-
ing genetic pathways that are upregulated and downregulated 
in a different manner compared with nontumorous host tissues. 
Characteristically, these viruses have an innocuous clinical course 
in humans and limited ability to undergo intracellular replication in 
normal tissues. Because patients have effective humoral and cellular 
immune mechanisms to eliminate circulating viruses, interventional 
radiologists offer the option of delivering the viruses directly into 
tumors through transarterial or intratumoral injections.
Since 1904, it has been recognized that viral infections or vaccinations 
occasionally can induce clinical remissions in patients with malignan-
cies, especially those of hematopoietic origin; however, the technol-
ogy of selective gene deletion and insertion has allowed production 
of safe, immunologically armed viruses only since 1997 (1,2).
The results of two representative oncolytic virotherapy trials will be 
presented, involving two different viruses; one delivered transarteri-
ally and the other through direct intratumoral injection.
Onyx-015 is a live, replication competent adenovirus attenuated with 
E1b-55kD gene deletion (3). The virus was injected thorough the 
transcatheter route into the hepatic artery in 35 patients with che-
morefractory liver metastases from a GI primary. Almost all patients 
developed flu-like fever and chills, but no serious complications 
occurred. In total, 43% patients demonstrated a diameter reduction 
of at least 10% (responders). Median survival was 143 days in 57% 
nonresponders and 475 days in 43% responders (p < 0.0001).
JX-594 is a live, replication competent vaccinia virus in which the 
deletion of thymidine-kinase and insertion of hGM-CSF genes were 
induced. This virus is injected directly into the tumors. The HEP-007 

1805.4
Microwave
M. Kuang;
Department of Hepartobiliary Surgery, Division of Interventional 
Ultrasound, The First Affiliated Hospital of Sun Yat-sen University, 
Guangzhou, China.

Learning Objectives
1. To learn advantages and disadvantages of microwave 
2. To learn if microwave has become the ablation standard

No abstract available.

1805.5
TACE and drug-eluting beads
Y. Arai;
Department of Diagnostic Radiology, National Cancer Center 
Hospital, Tokyo, Japan.

Learning Objectives
1. To learn when to select a patient with a 3cm HCC for TACE
2. To learn what is needed to perform a successful TACE

No abstract available.

1805.6
Irreversible electroporation
G. Narayanan;
Vascular Interventional Radiology, University of Miami-Miller School 
of Medicine, Miami, FL, United States of America.

Learning Objectives
1. To learn when to select a patient with a 3cm HCC for IRE
2. To learn about results of IRE in HCC

No abstract available.

Special Session
New platforms/agents for drug delivery

2501.1
Thermally sensitive doxorubicin carriers
R. Lencioni;
Division of Diagnostic Imaging and Intervention, University of Pisa, 
Pisa, Italy.

Learning Objectives
1. To learn about the rationale for the usage of thermally sensitive 

doxorubicin carriers
2. To learn how to perform a procedure with thermally sensitive 

doxorubicin carriers 
3. To learn about clinical trials regarding thermally sensitive doxoru-

bicin carriers

No abstract available.
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many patients treated with EVAR require reintervention during mid- 
and long-term follow-up because of complications related to the pro-
cedure. Success of endovascular treatment, defined as aneurysmal 
sac exclusion from blood flow and absence of early periprocedural 
or late complications, is strictly related to an accurate selection of 
patients and a strict follow-up for early detection and eventual treat-
ment of any possible complications. Endoleak, defined as persistent 
blood flow within aneurysmal sac, represents one of the most com-
mon post-EVAR complications, with an estimated incidence rate of 
2%–45 % in various series. The preferred follow-up method is repre-
sented by CT angiography because of its high sensitivity and speci-
ficity in the detection of endoleaks as well as other procedure-related 
complications. However, CTA has limitations. The investigation is 
repeated several times, making radiation exposure a necessary con-
cern. Therefore, it would be useful to have another reliable diagnos-
tic examination during follow-up. Color duplex ultrasound is nonin-
vasive, does not use radiation or contrast medium, is less expensive, 
easy to perform, and widely available. However, this technique 
obtained poor results in terms of sensitivity for detection of endole-
aks. The introduction of ultrasound contrast agents and contrast-spe-
cific imaging has rekindled interest in this modality and its potential 
for replacing CTA in routine surveillance. CEUS is a fast, noninvasive, 
reliable, and valid alternative to CTA for endoleak detection in endo-
vascular aortic stent-graft patients. However, CEUS also has some 
limitations: patient habitus and bowel gas can interfere with imag-
ing and the patient must cooperate. Moreover, sonographic exami-
nation results are operator-dependent and obtaining quality images 
requires training and specific skills. Finally, CEUS cannot replace CTA in 
providing information related to graft anchoring and integrity, aneu-
rysm morphologic changes, or visceral vessel patency, such as renal 
arteries.
In the last few years, magnetic resonance angiography (MRA) has 
been increasingly used in vascular imaging and has proved as a safe 
and effective noninvasive imaging modality with several advantages 
over CTA, such as lack of radiation exposure and non-requirement 
of iodinated contrast medium. However, MRA has only been rarely 
used in post-EVAR follow-up as an alternative to CT-angiography. 
Furthermore, only a few experiences have emerged comparing MRA 
and CTA in endoleak detection, reporting sensibility and specificity 
values of MRA greater than CTA. In particular, MRA seems more sen-
sible in visualization of late and low-flow endoleaks.
Only a few prospective studies have been published compar-
ing MRA and CRA in post-EVAR follow-up to clearly confirm MRA’s 
potential capability of replacing CTA during post-EVAR follow-up.
The purpose of this presentation will be to explain the optimal imag-
ing strategy post-EVAR, focalizing on the results of published trials 
performed comparing CTA with MRA and/or US/CEUS. Advantages 
as well disadvantages/pitfalls of each imaging modality in the post-
EVAR follow-up will be also highlighted.
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trial involved 34 patients with liver predominant HCC, in whom an 
accepted first line therapy failed. It was a multi-institutional, multi-
national phase II randomized, prospective dose-finding trial com-
paring 1 × 108 pfu vs. 1 × 109 pfu as a monotherapy. Interim results 
from the first 26 patients were presented at ASGCT, 2011 (3). All 
patients experienced flu-like symptoms. No grade 4 or 5 toxicities 
were reported. The 1 × 108 cohort had a median survival of approx-
imately 6 months, which closely followed the Kaplan–Meier sur-
vival curves for the large randomized, prospective SHARP and Asia–
Pacific sorafenib trials. Alternatively, the 1 × 109 cohort had a median 
survival of at least 30 months.
When selecting candidates for oncolytic virotherapy, several unique 
factors need to be considered to optimize safe and effective out- 
comes. Examples include prior exposure to the virus (e.g., HSV I), 
immunocompromized status (e.g., HIV, potential organ transplanta-
tion, and steroids), conditions that may predispose to dissemination 
(e.g., eczema vaccinatum), and concurrent antiviral therapy (e.g., 
HBV, HCV, and HIV).
If oncolytic virotherapy is proven safe and effective in large random-
ized prospective trials, which are underway, this therapy will poten-
tially be a disruptive technology for local regional therapies. For 
example, the biological selectivity of transarterially delivered viruses 
for uptake in tumors with no replication capability in nontumor-
ous tissues would eliminate the necessity for embolization of hep-
atosplanchnic (aka hepatoenteric) arteries, as is frequently neces-
sary for Y90 radioembolization. Additionally, the feature of secondary 
infection of additional tumors after cell lysis of the initial targeted 
tumor for interstitial delivery allows treatment of far larger and more 
numerous tumors than is practical for thermal ablative techniques.
Given the novelty of the technology and the challenge of safe and 
predictable production, transportation, and on-site dose prepara-
tion of viruses, the issues of universality of availability and treatment 
costs are unknown.
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Special Session
Surveillance after aortic endografting

2502.1
Optimal imaging strategy post EVAR
R. Iezzi;
Department of Bioimaging and Radiological Sciences - Institute of 
Radiology, “A. Gemelli” Hospital - Catholic University, Rome, Italy.

Learning Objectives
1. To learn the optimal imaging strategy post EVAR 
2. To learn the outcomes of trials of CTA vs. MRA vs. duplex ultra-

sound
3. To learn the pitfalls of each imaging modality in follow-up post 

EVAR
At present, endovascular aortic aneurysm repair (EVAR) is an accep-
ted alternative to open surgery for selected patients with aortic patho- 
logy, offering reduced rates of perioperative mortality and procedure- 
associated complications and overall reduction in the length of patient 
hospitalization. However, despite these known excellent early results, 
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2502.2
Predicting reintervention rates after EVAR for AAA: do all 
patients need the same surveillance?
M. Thompson;
St George’s Vascular Institute, St George’s Hospital, London, 
London, United Kingdom.

Learning Objectives
1. To learn the reinterventions that are required post EVAR
2. To learn if it is possible to predict higher reintervention rates in 

different patients
3. To learn about a system for predicting late complications post 

EVAR
Lifelong surveillance is mandatory after endovascular repair of abdo- 
minal aortic aneurysms (EVR), but it remains costly, heterogeneous, 
and poorly calibrated. The ability to predict aortic complications may 
allow cost-effective, risk-stratified surveillance. This study aimed to 
develop and validate a scoring system for aortic complications after 
EVR.
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radiographs can detect movement at the modular overlap of graft 
components and this allows for early intervention to prevent type 
3 endoleak and possible rupture. We have seen modular separation 
at many sites involving standard infrarenal modular stent-grafts, 
thoracic grafts, fenestrated grafts and thoracoabdominal branched 
grafts. The decision regarding when to intervene as components 
begin to separate is difficult. We have seen examples where minor 
or even greater distraction occurs at a modular overlap which is fol-
lowed by years of stability. If distraction is seen then the residual 
overlap is an important determinant of the decision to place a bridg-
ing stent. The length of the overlap is a factor in the frictional forces 
which resistant distraction so if there is movement of components 
then it suggests that the haemodynamic forces exceed these. As the 
overlap reduces then the frictional forces are likely to reduce and 
therefore careful monitoring or intervention is needed.
We have seen fatigue fractures in stent grafts with stainless steel, 
elgiloy and nitinol skeletons. The most common sites are the bare 
metal stent, anchoring pins or barbs, and the bifurcation stent 
where there is increased stress. We have also seen fractures of tar-
get vessel stents used with fenestrated grafts. The discovery of 
fatigue fractures has advantages for clinical decision making, medi-
cal device regulation and device improvement.
It is undoubtedly true that the accelerated fatigue testing used for 
first generation stent grafts was a poor mimic of the in vivo environ-
ment. Fractures were commonplace with grafts used in the 1990s 
despite prior in vitro testing. The frequency and extent of such 
fatigue failure was almost certainly a significant factor in the with-
drawal or modification of earlier stent grafts. Such fractures have 
become increasingly rare but continued vigilance is justified.
The discovery of fractures in a stent graft suggests that at the point 
of fracture the skeleton cannot withstand the stresses of the in vivo 
environment. The first example of fatigue failure in a patient may be 
the prelude to further problems. Future surveillance therefore must 
be carefully conducted and possibly intensified depending on the 
extent of fatigue failure. The decision to intervene beyond this will 
depend on additional findings in surveillance.
Plain radiography after EVAR has played and continues to play an 
important role in our surveillance programme. The presentation at 
CIRSE will include multiple examples of important radiographs to 
illustrate the points above. I strongly expect that this will convince 
delegates that the answer to the title is that we do.
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2502.4
Post TEVR - does everybody need CTA forever?
G. Rosen;
Sackler School of Medicine, Tel-Aviv Sourasky Medical Center, Tel 
Aviv, Israel.

Learning Objectives
1. To learn about standard imaging follow-up protocols after TEVR
2. To learn if there is a subset or subsets of patients who may not 

require life-long imaging follow-up
3. To learn if there are alternative imaging methods to CTA for 

follow-up after TEVR

Patients undergoing EVR at 2 centres were studied from 2004–2010. 
Pre-operative morphology was quantified using three-dimensional 
computed tomography according to a validated protocol by inves-
tigators blinded to outcomes. The proportional hazards model was 
used to identify factors predicting aortic complications at the first 
centre and thereby derive the SGVI score. Sidak tests between risk 
quartiles dichotomised patients to low- or high-risk groups. Aortic 
complications were reported by Kaplan–Meier analysis and risk 
groups were compared by the log-rank test. External validation was 
by comparison of aortic complications between risk groups at the 
second centre.
In total, 761 patients aged 75 ± 7 years underwent EVR (AAA 66 ± 
12 mm). Mean follow-up was 36 ± 20 months. Physiological variables 
were not associated with aortic complications. A morphological risk 
score incorporating maximum aneurysm diameter (p < 0.0001) and 
largest common iliac diameter (measured 10 mm from internal iliac 
origin, p = 0.0037) allocated 75% of patients to a low-risk group, with 
excellent discrimination between 5-year rates of aortic complication 
in low- and high-risk groups at both centres (centre 1, 12% vs. 39%, 
p < 0.001 log-rank test; centre 2, 12% vs. 45%, p = 0.002 log-rank test).
The SGVI score uses commonly available morphology to stratify the 
risk of complications after EVR. This may inform rationalised surveil-
lance and improve cost-effectiveness.

2502.3
Do we need plain abdominal radiographs post EVAR?
R.G. McWilliams;
Dept. of Radiology, Royal Liverpool University Hospital, Liverpool, 
United Kingdom.

Learning Objectives
1. To learn the role of plain abdominal radiographs after EVAR
2. To learn how to critically review plain abdominal radiographs for 

complications after EVAR
3. To learn the appearance of complications on plain abdominal 

radiographs after EVAR
The major emphasis of surveillance since the early days of EVAR has 
been to search for endoleak and monitor aneurysm diameter. The 
first imaging modality chosen to answer these questions was CT. 
MR-compatible endografts have allowed these aims to be achieved 
using MR/MRA. In many centres nowadays ultrasound is increasingly 
used after abdominal EVAR to look for endoleaks and reliably moni-
tor the aneurysm size.
Plain abdominal radiographs (AXR) do not diagnose or exclude 
endoleak and are not primarily used to determine the aneurysm 
size. Plain radiographs are used to answer additional questions in 
EVAR surveillance. These relate to graft migration, component sepa-
ration and fatigue fractures.
Migration at the attachment sites is a key observation in surveil-
lance. This may be perceived directly with reference to vertebral or 
occasionally aortic reference points or indirectly due to changes in 
the appearance of the endograft. True migration of stent grafts may 
be confused by pseudomigration due to varying centring points for 
radiographs and it is important that a standardized protocol such as 
the Liverpool/Perth protocol is followed. If the stent graft migrates 
then the appearance or configuration of the graft will most prob-
ably change and therefore any distortion or buckling of the stent 
graft must generate a careful review to diagnose or exclude move-
ment at the attachment sites or modular overlaps. Another indica-
tor of migration is unexpected dilatation of individual stents to their 
unconstrained diameter as they migrate caudally from the neck to 
the aneurysm.
Component separation leading to type 3 endoleak is an important 
cause of late failure and aneurysm rupture after EVAR. A surveil-
lance programme which relies solely on ultrasound will not detect 
component separation until endoleak has occurred. Abdominal 
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artifacts from metal struts make CTA the best method for follow-up 
after stent  –graft placement.
There are few alternatives to reduce radiation exposure associated 
with CT follow-up: reduction of the effective dose associated with 
each CTA by various options, reduction in the number of CTAs per-
formed, and replacement of few CTAs with MRA.
Recently introduced reconstruction algorithms can reduce radia-
tion dose by up to 40%. The CTA protocols may be revised to include 
only some of the phases and to complete the study only if a change 
in size or morphology is depicted.
Other alternatives were introduced by the newer generation, dual 
energy CT scanners, which enable elimination of the unenhanced 
scan, and by radiation dose reduction techniques that can reduce 
the radiation associated with the arterial and delayed scans.
MRA is an important option, especially in combination with CTA; 
alternating between the two modalities, thus reduces the radiation 
and iodinated contrast media exposure. Although there are limita-
tions to the usage of MRI in patients with cardiac pacemakers, claus-
trophobia, and impaired renal function in the era of nephrogenic sys-
temic fibrosis, and the usage of MRA will increase the follow-up cost.
MRA protocols should include un enhanced MRI sequences, usu-
ally black blood sequences, white blood sequences, and contrast-
enhanced MRA with a gadolinium-based contrast agent.
In summary, does everybody need CTA forever? Probably everybody 
needs some kind of long-term imaging follow-up. The follow-up of a 
chronic disease in the elderly population should be different from that 
in an acute disease at an early age, and the frequency of the follow-
up should be adjusted individually. Because CT availability will prob-
ably remain greater than that of MRI in the foreseeable future, adapt-
ing the CTA protocols to minimize radiation and contrast along with 
increasing the time interval between follow-up studies may be the 
most practical way to minimize the burden of imaging follow-up.
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The standard imaging follow-up protocol after TEVAR 
Since its introduction almost two decades ago, thoracic endovascu- 
lar aortic repair (TEVAR) has rapidly evolved into a principal treat-
ment option for many patients with various descending thoracic 
aortic pathologies. It is agreed that some sort of long-term imaging 
follow-up is indicated. However, guidelines for the specific methods, 
duration, and frequency of the follow-up studies are still evolving. 
The standard follow-up regime is adapted from the abdominal aor-
tic repair protocol. The recommended surveillance routine is a mul-
tiphasic CT scan, comprising an unenhanced phase, arterial phase, 
and late phase at 1, 3, 6, and 12 months and annually thereafter.
The main objective of the follow-up is the detection and treatment 
of graft-related problems. Endoleak, graft migration, infolding and 
collapse are assessed to allow early treatment of these problems and 
thus reduce morbidity and mortality.
Aortic size and configuration are also evaluated.
Endoleaks are reported in various studies in up to 40% of patients 
after TEVAR; they often involve type I and type 3 endoleaks, thus 
emphasizing the need for prompt diagnosis.
Although endoleaks are most prevalent in the acute post-proce-
dural period, some patients experience late endoleaks, which often 
requires a secondary intervention.
Graft migration and collapse can lead to morbidity and mortality. 
Late life-threatening complications were reported up to 10 years 
after stent–graft placement.
The subset of patients who may not require lifelong imaging 
follow-up
Part of the mandatory surveillance is related not only to TEVAR but 
also to the natural history of the underling pathology.
Patients with aneurysmal disease may benefit from imaging fol-
low-up because of the natural course of degenerative aneurysms. 
Additional aortic segments may become involved, both after open 
repair or TEVAR. This can be assumed for patients with penetrating 
aortic ulcer or intramural hematoma.
In patients with aortic dissection, assessment of true and false lumen 
size, patency, inflow, and outflow is indicated regardless of the pres-
ence of the aortic stent–graft.
Other patients may have a limited disease process, which once 
treated, is expected to be stable. This subset of patients can poten-
tially do well with limited follow-up. This group includes mainly 
patients with traumatic aortic injury and those with aortic coarcta-
tion or other very focal pathologies.
Indeed, the prospect of decades of ongoing yearly follow-up studies 
seems too heavy and unjustified for young, healthy, trauma patients.
But even in this case, some caution is advised because there is a rela-
tively higher percentage of traumatic aortic injuries among patients 
with collapse and migration of stent–grafts. This could be influenced 
by the acute setting at which these procedures are performed, with 
minimal time available for accurate measurements and with device 
choice that is guided not only by anatomy but also by availability.
Currently available aortic stent–grafts are used to treat a complex 
group of diseases. Sizes and structure were designed to treat aneu-
rysmal disease; however, the optimal device for a patient with ath-
erosclerotic aneurysm may be different from that for a young 
patient with traumatic aortic tear. Future development of thoracic 
stent–graft technology may bring more disease-specific devices that 
may lessen the need for long-term follow-up.
Another reason to continue follow-up despite an estimated limited 
disease process is that anatomical considerations such as angula-
tion and curvature of the aortic arch were shown to be substantial 
risk factors for device failure. This was true regardless of the indica-
tion for the stent–graft placement. Again, with future technology, 
more flexible stent–grafts may become available and alleviate this 
problem.
Surveillance options: alternatives to CTA
The main tool for surveillance is CTA. Reasons involving cost and 
availability combined with superior spatial resolution and fewer 
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embolization techniques, superselective transarterial emboliza-
tion is performed not only to control bleeding but also to minimize 
tissue loss. (6) One report advocated mandatory angiography for 
high-grade injuries (AAST IV and V) whenever the clinical condition 
allowed it, even in the setting of hypotension. (7)
Embolic materials used in transarterial embolization (TAE) include 
the following:
•   Gelfoam
•   PVA (polyvinyl alcohol) particles
•   Coils (detachable)
•   N-butyl cyanoacrylate (NBCA)
•   Onyx
Embolization aims to achieve hemostasis and salvage organs with-
out the need for surgery by reducing the resuscitation period and 
transfusion requirement. Therefore, transarterial embolization (TAE) 
using microcatheters should be performed as superselectively as 
possible.
A recent 10-year review on the use of TAE for renal vascular injuries 
in patients undergoing angiography and embolization as primary 
management reported a success rate of 94%. (8) Technical failure 
rates requiring repeat angiography and embolization were up to 
9.5%. (9)
Embolization-related complications are rare and include contrast 
nephropathy, renal infarction, renal abscess, and hemorrhagic shock- 
induced acute renal injury.
Conclusion: Except for serious cases requiring immediate surgical 
exploration, superselective transarterial embolization (TAE) should 
be considered first in actively bleeding renal injuries because TAE is 
a rapid, effective, and minimally invasive method not only to reduce 
tissue loss but also to salvage the affected kidney while achieving 
hemostasis without an open surgical procedure.
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Special Session
Trauma

2503.1
Renal trauma
S.J. Park;
Radiology, Sun General Hospital, Daejeon, Korea.

Learning Objectives
1. To learn about clinical management and imaging of renal trauma
2. To learn about indications for embolization in renal trauma
3. To learn about technique, results and complications of emboli-

zation for renal trauma
Introduction: Renal trauma accounts for approximately 24% of inju-
ries resulting from blunt abdominal trauma, which is third only to 
splenic and hepatic injuries. (1) The consequences of renal trauma 
range from simple contusion or renal hematoma to complete shat-
tering of the organ or avulsion of the vascular pedicle. (2,3)
The mechanism underlying renal trauma and the causes of each 
mechanism are classified into the following:
Blunt: vehicle accidents, falls, vehicle-associated pedestrian accidents, 
contact sports, and assaults.
Penetrating: gunshot and stab wounds (most common causes)
Iatrogenic: percutaneous renal biopsies, nephrostomies, and nephro- 
lithotomies.
Classification of renal injuries: Renal injuries are commonly clas-
sified according to The Committee on Organ Injury Scaling of the 
American Association for the Surgery of Trauma (AAST) as grades 
1–5. (Table 1)
Table 1. AAST renal injury grading scale
Management: Renal trauma can be acute and life-threatening in 
patients with hemodynamic instability; emergency exploratory sur-
gery is the standard treatment. However, over the past 20 years, 
there has been a shift toward nonsurgical management (NOM) for 
hemodynamically stable patients without evidence of hollow viscus 
injury and recently for selected unstable patients (4) because a vast 
majority of renal injuries are minor and self-limiting. (5)
Bleeding can be controlled by open surgical procedures or min-
imally invasive superselective transarterial embolization using 
microcatheters. The first renal embolization was reported in 1964. 
With advances in cross-sectional imaging and more superselective 
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Axillosubclavian arterial injuries are often difficult to repair surgically 
in view of the wide exposure required. Literature to date describes 
over 30 reports of endovascular treatment of these injuries, com-
prising a total of 160 patients. Most injuries were penetrating (gun-
shot wound, stab wound and iatrogenic catheter-related injury). 
Injuries included pseudoaneurysm, AV fistula, occlusion, transection 
and perforation. In most cases covered or uncovered stents were 
utilised. Coils or gelfoam can be used for bleeding branch vessels. 
Again, mid-term results in this area have been promising, with low 
morbidity and mortality.
CONCLUSION:
Endovascular techniques show great promise in traumatic injury to 
the supra-aortic vessels. The presentation will describe some of the 
techniques and review some of the literature to date.
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2503.4
Lower extremity arterial trauma
C. De Vries;
Dept. of Radiology, Universitas Hospital, Bloemfontein, South Africa.

Learning Objectives
1. To learn about clinical management and imaging of lower 

extremity arterial trauma
2. To learn about indications for embolization and stent-grafting in 

lower extremity arterial trauma
3. To learn about technique, results and complications of emboli-

zation and stent-grafting for lower extremity arterial trauma
According to Doody, traumatic vascular injuries involving the extremi- 
ties are rare, with penetrating trauma accounting for majority of vas- 
cular injuries. While this holds true for Australia1, data from the Na- 
tional Trauma Databank in the United States indicate that 1.6% pa-
tients (on the National Trauma Databank) sustained vascular inju-
ries, with the lower extremity vessels involved in 26% of penetrat-
ing vascular trauma and 22% of blunt vascular trauma2. A National 
Trauma Databank review by Barmparas et.al.2 revealed that paedi-
atric patients, in comparison with adults, accounted for the minor-
ity of penetrating injuries. In their review of vascular trauma at 
a British Major Trauma Centre, Perkins et.al.3 found that 4.4% of 
trauma admissions presented with vascular injuries, with penetrat-
ing trauma responsible for 53% vascular injuries.
Vascular injury to the lower extremity may result in either exsangui-
nation of the patient or limb loss. In the National Trauma Databank 
analysis, 8% patients died from isolated lower extremity vascular 
injury; the analysis also found an overall amputation rate of 6.5%. 
The authors also proposed an initial blood pressure of less than 60 
mmHg as a possible indicator of poor prognosis and death4.
The immediate aim of clinical management is to control any active 
bleeding. This can be achieved through the proper application of a 
tourniquet or the necessary pressure bandages. After having pre-
vented exsanguination of the patient, the next step is saving the 
limb. This requires proper repair of any injured large vessels. De- 
pending on the type of injury, this may involve the initial debride-
ment of the wounds. In the event of a penetrating or blast injury, 
temporary bypass grafts may be used to revascularise the vessels.
The first step towards imaging is a proper clinical evaluation of 
the affected limb, determining the extent of tissue loss and nerve 

2503.2
Mesenteric and hepatic vascular trauma
J. Golzarian;
Department of Interventional Radiology & Vascular Imaging, 
University of Minnesota, Minneapolis, MN, United States of America.

Learning Objectives
1. To learn about imaging of mesenteric and hepatic vascular trauma
2. To learn about indications, technique, results and complications 

of embolization for mesenteric vascular trauma
3. To learn about indications, technique, results and complications 

of embolization for hepatic vascular trauma

No abstract available.

2503.3
Supra-aortic arterial trauma
P.K. Ellis;
Department of Radiology, Royal Victoria Hospital, Belfast, United 
Kingdom.

Learning Objectives
1. To learn about clinical management and imaging of supra-aortic 

vascular trauma
2. To learn about indications for embolization and stent-grafting in 

supra-aortic arterial trauma
3. To learn about technique, results and complications of emboli-

zation and stent-grafting for supra-aortic arterial trauma
Supra-aortic trauma includes injuries to the carotid, subclavian, ver-
tebral or innominate arteries and may be blunt or penetrating. The 
endovascular approach offers an alternative that avoids significant 
morbidity associated with open surgery. Experience in this area is 
growing; however, publications remain limited to case reports and 
small series with short-term follow-ups.
Carotid and vertebral pseudoaneurysms may occur following trauma, 
catheterisation or mycotic infection and should be treated because 
they are associated with poor outcomes such as haemorrhage, en-
largement and distal embolisation. There have been several case 
series detailing treatment of these lesions using covered stents or 
bare stents with coil occlusion. Outcomes have been generally good 
with mid-term follow-up. The endovascular technique is particu-
larly attractive near the skull base, where surgery is technically chal-
lenging, and has been associated with high morbidity and mortal-
ity rates.
There is no consensus for to the ideal regimen of anti-coagulation 
during or following an endovascular procedure. Some series have 
reported the use of clopidogrel administered as a loading dose dur-
ing the procedure. Alternatives include the use of heparin during the 
procedure or ,on occasions, the use of no anti-coagulation during the 
acute traumatic phase. Following the treatment, various strategies 
have been employed, including warfarin and dual and single anti-
platelet therapy, often for variable lengths of time. There is lack of suf-
ficient evidence for recommending a particular strategy in all patients.
Arteriovenous fistulae of the vertebral arteries can occur because of 
penetrating injuries and are often iatrogenic. Many are asymptom-
atic; others present with bruit, vertigo, diplopia or tinnitus. The goal 
of treatment should be the closure of the arteriovenous fistula with 
preservation of the parent artery. If a penetrating injury of the verte-
bral artery results in extensive damage to the vessel, possibly a tran-
section, the endovascular approach may not always result in preser-
vation of the parent artery and vascular sacrifice may be necessary. 
In this case, a balloon occlusion test will be necessary to exclude vas-
cular ischemic symptoms. The fistula may be excluded using detach-
able balloons, coils or liquid agents such as N-butyl cyanoacrylate. 
Supporting stents may be helpful.
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Special Session
Evidence forum: Which treatment should we use? – 
Colorectal liver metastases

2601.1
Surgery
S. López-Ben1, J. Figueras2;
1Department of Surgery, “Dr Josep Trueta” Hospital, Girona, Spain, 
2Division of Hepato-Biliary-Pancreatic Surgery, Department of 
Surgery, “Dr Josep Trueta” Hospital, Girona, Spain.

Learning Objectives
1. To learn how to select patients for surgical treatment
2. To learn how surgical techniques and results have improved
Since 1940, when Cattell performed the first resection for colorec-
tal liver metastases, surgery has become the gold standard for the 
treatment of stage IV colorectal cancer.
In the last decade, a myriad of surgical refinements have developed 
to increase the proportion of patients deemed to surgery with the 
aim of maximum tumor resection while leaving as much healthy 
liver tissue as possible.
However, in parallel, some alternative methods have been gaining 
importance for the treatment of coloretal liver metastases, which 
was initially in the palliative setting, but in some situations, may 
become a real competition to surgical resection.
We attempt to discuss the true role for these therapies on the basis 
of current evidence.

damage as well as the blood supply to the limb. The ankle brachial 
index (ABI) is a valuable tool for evaluating the latter; an ABI of less 
than 0.9 strongly indicates vascular injury. Duplex Doppler exami-
nation may be challenging in cases of extensive soft tissue trauma. 
MDCT and CT angiography remains the backbone of vascular 
trauma imaging with the added advantage of being able to dem-
onstrate the three dimensional relationship between vascular struc-
tures and rest of the injured soft tissue and bone5,6.
In lower limb vascular injury, secondary to blunt trauma, the aim is 
non-operative management and limb salvage. Compartment syn-
drome resulting from the initial blunt trauma as well as reperfusion 
injury following re-establishment of blood flow to the previously 
devascularised region may necessitate prompt fasciotomies to pre-
vent further muscle damage7.
Embolisation merely represents a more elegant method of vessel 
ligation to control bleeding. Therefore, any vessel that is eligible for 
surgical ligation–vessels in areas with good collateral supply–can also 
undergo endovascular ligation or embolisation. However, embolisa-
tion is rarely utilised for a vascular injury of the lower extremity.
Indications for stent-grafting could be to repair the continuity of a 
vessel and the restoration of blood flow. More often, the indication 
is for the repair of false aneurysms and AV fistulae. The only contra-
indications are wound contamination and technical difficulty.
It is best to use a 4F catheter with a 0.038 inner lumen to accommo-
date a microcatheter, where necessary. It is important to consider 
the possibility that the patient may be suffering from a coagulopa-
thy secondary to blood loss and blood replacement when selecting 
the embolisation material. Proper embolisation is always necessary 
with coils, gel foam or glue.
When considering placing a stent-graft, it is advised to work from 
an uninjured vessel or limb to the injured limb, without compromis-
ing the blood flow towards the injured vessel. Furthermore, as far as 
possible, any contaminated tissue should be avoided and a flexible 
stent-graft should be used.
Results of embolisation in peripheral vascular injury are variable 
with reported primary and secondary success rates of 97% and 84%, 
respectively8. Unfortunately, no large series are available. Possible 
complications include recanalisation or ischaemia of the vessel or the 
limb.
There are no good long-term data available on the utilisation of 
stent-grafts in trauma patients with data limited to a few case 
reports. Data published on the vascular treatment of peripheral 
arteries in pigs reflects favorably on the use of stent grafts9.
As there are no good long-term data available on the utilisation of 
stent-grafts in trauma patients (and assuming that the stents-grafts 
used consists of PTFE), one option is to look at data from the use of 
saphenous vein grafts versus PTFE for fem-pop bypass surgery A 
review of 111 studies comparing patency rates for venous bypass 
grafts versus PTFE grafts demonstrate a superior primary patency 
rate for the venous graft–81% at 2 years–compared with 62% PTFE 
and a 69% 5-year venous graft patency compared with 49% PTFE 
bypass10. These results become even more meaningful when taking 
into account that most patients from the NTBA who sustained vas-
cular injuries were less than 30 years old1.
Exsanguination of a patient and limb loss due to vascular injury 
could be prevented with the initial control of bleeding followed by 
proper diagnostic imaging and subsequent vessel repair. Endovascular 
techniques, such as embolisation and stent-grafting of vessels, can 
augment and even replace open surgical reconstruction and liga-
tion of vessels, provided the necessary imaging equipment, emboli-
sation material, catheters and stent grafts are readily available11.
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2601.3
Microwave
L. Solbiati;
Division of Interventional Oncologic Radiology, General Hospital of 
Busto Arsizio, Busto Arsizio, Italy.

Learning Objectives
1. To learn how to select patients for microwave ablation
2. To learn if and when microwave should be preferred over RFA

No abstract available.

2601.4
TACE and drug-eluting beads
F. Orsi;
Unit of Interventional Radiology, IEO Istituto Europeo di Oncologia, 
Milan, Italy.

Learning Objectives
1. To learn how to select patients for TACE
2. To learn what the results of TACE in colorectal metastases are
Development of liver metastases clearly represents worsening of 
prognosis in patients with colorectal cancer and it is the main cause 
of death in this condition. Unfortunately, less than 20% patients with 
liver only metastases are candidates for resection, which is, to date, 
the best treatment option for improving overall survival. In patients 
with mCRC, the main goal, whenever possible, should be to achieve 
adequate downsizing for radical resection and/or ablation of liver 
metastases.
However, majority of patients with liver only metastasis are not and 
will never be candidates for resection/ablation. Such patients may 
benefit from several nonsurgical locoregional therapies, most of 
which employ the arterial route for delivering antiblastic drugs or 
interstitial radiation directly to the tumor. The most common intra-
arterial procedure for treating liver disease is TACE, which is mainly 
for advanced HCC stage and liver metastases from NET. Different 
drugs and embolic materials such as PVA, gelatin sponge, and micro-
spheres have been used for treating liver metastases, but the first 
promising experiences in TACE for mCRC began when irinotecan-
eluting beads were introduced. The main aim of this therapy is to 
reduce tumor size by ischemic necrosis using small calibrated parti-
cles and direct drug effects, owing to the sustained intra-arterial elu-
tion directly into the tumor.
Different available materials, techniques, and results and most com-
mon complications of drug-eluting beads TACE for mCRC reported 
by the literature will be presented.

2601.5
Radioembolization
R. Salem;
Radiology, Northwestern University, Chicago, IL, United States of 
America.

Learning Objectives
1. To learn how to select patients for radioembolization
2. To learn what the results of radioembolization in colorectal 

metastases are

No abstract available.

2601.2
Radiofrequency ablation
A. Gillams;
Special Xray, Podium 2, UCH, University College London Medical 
School and Hospitals, London, United Kingdom.

Learning Objectives
1. To learn about results of RF ablation
2. To learn what the position of RFA with respect to other ablative 

therapies and surgery is
Radiofrequency ablation is the most widely established ablation ther-
apy with the longest follow-up in several large clinical studies. Survival 
data following RFA shows a median survival of 3 years and the 5-year 
survival approaches 30%. This is better than any published chemo-
therapy data and approaches survival achieved after liver resection.
The preferred approach is percutaneous; open and laparoscopic 
approaches are unnecessarily invasive, difficult to repeat in a pop-
ulation who are likely to have more than one metastatic episode, 
and rely entirely on US guidance and monitoring. CT and MR guid-
ance improve the results of ablation allowing intraprocedural assess-
ment of the treatment effect and repeat ablation at the same ses-
sion if required. Ablation is the best parenchymal sparing treatment 
option. More residual liver means there are more treatment options 
if/when further disease develops but equally there is more remain-
ing liver parenchyma in which metastases may declare.
There are several studies comparing the results of resection and abla-
tion that show comparable results and others with widely differing 
results. The debate is likely to continue. Ablation is offered to patients 
with unresectable liver only disease. Combinations of ablation and 
chemotherapy are preferable to ablation alone but ablation should still 
be offered to patients who cannot have chemotherapy. RFA has been 
shown to significantly improve progression free survival in an EORTC 
sponsored randomised controlled trial that compared chemother-
apy with or without ablation in patients with inoperable metastases 
(CLOCC). Progression free survival was 10 months for the chemother-
apy alone group versus 16.8 months for those treated with ablation 
and chemotherapy (p = 0.0267). However, this study struggled with 
recruitment and has been criticised as statistically underpowered. The 
primary endpoint of overall survival at two years did not show a sig-
nificant difference. Neoadjuvant chemotherapy should be reserved for 
patients in whom tumours could not be ablated initially, in the hope of 
downsizing to a stage where ablation can be performed.
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or chemotherapy-associated steatohepatitis. The overall patholog-
ical response rates in the resected specimens range from 30% to 
90%. ESMO 2010 reports 74 patients who failed at least two lines of 
chemotherapy randomized to DEBIRI 2 courses at 1-month intervals 
(n = 36) compared with 8 courses of IV FOLFIRI at 2-week intervals (n 
= 38) [11]. For DEBIRI and FOLFIRI, response rates were 70% and 20%, 
2-year overall survival rates were 38% and 18%, median overall sur-
vival were 690 days and 482 days, and progression-free survival was 
225 and 94 days, respectively. Early toxicity (≥grade 3) was higher for 
DEBIRI (70%) than for FOLFIRI (25%), whereas late toxicity (≥grade 2) 
was higher for FOLFIRI (80%) than for DEBIRI (20%). Improvement in 
quality of life was 60% for DEBIRI and 22% for FOLFIRI. Overall cost 
of treatment was lower for DEBIRI. Approximately 30% of TACE ses-
sions are associated with adverse events during or after the treat-
ment. The factors predictive of adverse events and significantly 
greater hospital length of stay are lack of pretreatment with hepatic 
arterial lidocaine (p = 0.005), three or more treatments (p = 0.05), 
achievement of complete stasis (p = 0.04), treatment with >100 
mg DEBIRI in 1 treatment (p = 0.03), and bilirubin >2.0 μg/dl with 
>50% liver involvement (p = 0.05) [12,13]. Hong et al recently com-
pared TACE with DEBIRI and radioembolization for salvage therapy 
for liver-dominant CRLM in a series of 36 patients and reported sim-
ilar survival for both treatment as a salvage therapy with median 
survival times of 7.7 months for the TACE group and 6.9 months for 
the radioembolization group (p = 0.27). The 1-, 2-, and 5-year sur-
vival rates were 43%, 10%, and 0%, respectively, in the TACE group 
and 34%, 18%, and 0%, respectively, in the radioembolization group 
[14]. Recent experiments have demonstrated good tolerance and 
efficacy of HAIC using targeted therapy, such as bevacuzimab; this 
offers new hope to further increase the tumor response to HAIC. 
Further randomized trials are needed to evaluate the real benefit 
of intra-arterial therapies in patient survival and to define the best 
technique of HAIC or TACE. 
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2601.7
Irreversible electroporation
M.E. Hicks;
Interventional Radiology, MD Anderson Cancer Center, Houston, TX, 
United States of America.

Learning Objectives
1. To learn how to select patients for IRE
2. To learn what the position of IRE with respect to other ablative 

techniques is
Irreversible electroporation (IRE) is a novel non-thermal ablation tech- 
nique that causes tissue damage by inducing permanent disrup-
tion of the cell membrane. IRE electrical pulses change the trans-
membrane potential creating irreversible nano-sized pores, ulti-
mately leading to cell death. Studies have demonstrated feasibility 
of this technique in preclinical and clinical setting with important 
implications for future treatment of liver tumors. However, some 

2601.6
Intra-arterial chemotherapy
T. de Baère;
Dept. of Interventional Radiology, Institut Gustave Roussy, Villejuif, 
France.

Learning Objectives
1. To learn what the actual role of intra-arterial chemotherapy is
2. To learn what the results of the technique with respect to TACE are
The most common cause of death in colorectal cancer is colorec-
tal liver metastasis (CRLM). The high concentration of active com-
pounds delivered to CRLM through hepatic arterial infusion che-
motherapy (HAIC) can increase response rates when compared with 
the same therapy used intravenously. HAIC is used predominantly 
in liver cancer as a rescue after failure of IV therapies or, as more 
recently reported, as an induction therapy in chemo-naïve patients 
with unresectable liver metastases. In such a setting, the goal is to 
obtain the highest morphological response as early as possible in 
the disease to downstage a nonsurgical candidate to a surgical can-
didate. Indeed, the increase in the response rate of CRLM to treat-
ment has been reported to be linearly correlated with an increase in 
resection rate [1]. HAIC requires an indwelling catheter, and IRs are 
key players in patient care because they can place these catheters/
ports percutaneously. The technical success rate of catheter place-
ment is nearly 100%. Percutaneously implanted catheters had equiv-
alent primary patency (n = 4.80 courses) when compared with surgi-
cally implanted catheters (n = 4.82 courses), but secondary patency 
after revision is significantly higher for percutaneous than surgical 
placement (9.18 vs. 5.95 courses) [2]. During catheter placement, coil 
occlusion of the right gastric artery is mandatory because it dramat-
ically reduces (from 36% to 3%) the risk of gastric ulceration due to 
perfusion of chemotherapy in the gastric feeding arteries [3]. HAIC 
Oxaliplatin + systemic 5FU resulted in an objective response rate of 
45% in patients resistant to intravenous Oxaliplatin or irinotecan [4, 
5]. In another study, 49 patients with unresectable CRLM (>5 CRLM 
in 73% of patients, bilobar disease in 98%, ≥6 segments involved in 
86%) received IAHC FUDR and dexamethasone as well as systemic 
chemotherapy with Oxaliplatin and irinotecan [6]. Among the 92% 
objective responses, 8% were complete, with 47% patients able to 
undergo resection with a median survival of 50.8 and 35 months 
for naïve and previously treated patients, respectively. We reported 
IAHC with Oxaliplatin combined with targeted therapies (cetuximab) 
in first-line nonresectable CRLM (≥ 4 LM in 86%; bilobar LM in 91%) 
[7]. The overall response rate was 90% (95%CI, 70%–99) and dis-
ease control rate was 100% (95%CI, 84%–100). In total, 48% patients 
were downstaged sufficiently to undergo R0 resection and/or radio-
frequency ablation. After a median follow-up of 11 months, median 
progression-free survival was 20 months (median OS, not reached; 
12- and 18-month OS, 100%). TACE has been seldom reported in the 
treatment of colorectal cancer, and recent advances in delivery plat-
forms, such drug eluting beads (DEB), have renewed the interest of 
the medical community in TACE for CRLM. Indeed, DEB have been 
demonstrated in an experimental model to increase the concentra-
tion of irinotecan and SN38 (the active metabolite of irinotecan) in 
tumors treated with DEB loaded with irinotecan (DEBIRI) [8]. A phase 
II study in 82 patients with non-resectable CRLM in progression after 
two lines of chemotherapy received 185 DEBIRI TACE with 100–200 
mg of irinotecan with 75%–100% reduction of metastatic contrast 
enhancement in all lesions treated. RECIST response rate was 78%, 
with 90% patients stating a long-lasting improvement in quality of 
life [9]. DEBIRI have been used to convert nonsurgical patients to sur-
gical candidates by Brower et al [10], with 90 TACE procedures in 55 
patients [10]. At 6 months, CR was 7%, PR was 35%, SD was 54%, and 
PD was 4%, with 20% patients downstaged to surgery or ablation. 
Pathological assessment of the resected specimens showed minimal 
nonspecific portal chronic inflammation without evidence of fibrosis 
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Special Session
Controversies in endoleak management

2602.1
There is sufficient evidence to treat type 2 endoleaks post 
EVAR: Pro
M. Černá;
Department of Radiology, University Hospital, Olomouc, Czech 
Republic.

Endovascular repair of abdominal aortic aneurysm is associated with spe- 
cific early and late complications. Therefore patients after stent-graft im- 
plantation are followed-up by imaging methods (gold standard is CT 
angiography) to detect and treat these complications in time.
Endoleak (persistence of blood flow outside the stent-graft and within 
the aneurysm sac) is the most common specific complication of endo-
vascular treatment of abdominal aortic aneurysm (1). Type 2 endoleak 
is a retrograde endoleak, at which the perfusion of the aneurysm sac is 
through the free side aortic branches (lumbar arteries, inferior mesen-
teric artery, and accessory renal arteries) by turning of the blood flow 
follow pressure gradient through the collateral circulation. Retrograde 
endoleak occurs in 6%–30 % patients after endovascular treatment.
Type 2 endoleak is a benign endoleak. However, if retrograde endo-
leak is associated with the growth of the aneurysm sac, the risk of 
rupture occurs (2). The risk of rupture associated with endoleak type 
2 is very low (3, 4).
Management of endoleak type 2 is controversial, from conservative 
management to treatment for all endoleaks (5). At present, we can 
observe a trend towards reduction of reinterventions for retrograde 
endoleak.
Treatment of endoleak type 2 is difficult and requires multiple re- 
interventions very often (6, 7, 8). Nevertheless, endoleak type 2 
should be treated when the aneurysm sac grows to at least 5 mm 
or more in diameter. The reasons for this are: 1. Enlargement of 
aneurysm sac is considered as a failure of endovascular treatment 
(1). Etiology of growth of the aneurysm sac should be investigated 
and treated. 2. Risk of rupture associated with endoleak type 2 and 
sac growth is low and rupture would probably not be dramatic and 
fatal, but the risk of rupture exists (2). 3. In patients with growth of 
the aneurysm sac, there is potential risk of dilatation of proximal and 
distal aneurysm neck, anchoring stent-graft zones, with the devel-
opment of endoleak type 1, which is associated with high risk of rup-
ture (9).
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fundamental questions about this revolutionary technology are still 
being answered.
Ablation of liver tissue using IRE relies on damage confined to the 
hepatocyte membrane. IRE does not affect connective structures 
or doe not denature macromolecules such as collagen. Liver cancer 
patients often present with concomitant underlying liver disease, 
chiefly, liver fibrosis and cirrhosis. Cirrhotic livers contain approxi-
mately six times more collagen than normal livers. The effectiveness 
of IRE ablation in the cirrhotic liver parenchyma represents a critical 
knowledge gap. Understanding the behavior of IRE electrical pulses 
in a highly heterogeneous liver tissue is necessary to optimize abla-
tion of hepatic tumors and ensure creation of adequate safety mar-
gins. To address this important issue, we conducted a study compar-
ing the efficacy of tissue ablation using IRE in cirrhotic and normal 
liver parenchyma in a porcine model. Our study concluded that IRE 
tissue destruction appeared to be equally effective in both cirrhotic 
and normal liver parenchyma. Although, a trend toward greater 
electrical resistance was observed in the cirrhotic liver, it did not 
impact the overall volume of ablation.
IRE is now regarded as a minimally invasive alternative for treating 
focal liver tumors. The technique has several potential advantages 
over the radiofrequency ablation, among which are: 1) It can be used 
to ablate lesions adjacent to vascular structures greater than 3 mm 
in diameter with no heat sink effect; 2) it preserves the extracellu-
lar matrix scaffolding, thus reducing some of the harmful effects 
of thermal ablation on nearby vital structures such as bile ducts, 
blood vessels, nerves, the renal collecting system, or the urethra; 3) 
it creates a sharper demarcation between ablated and non-ablated 
zones; iv) it requires a significantly shorter time to complete; and 4) it 
requires no grounding pads, eliminating the risk of skin burns.
In a recent study by Cannon, 20 patients with colorectal hepatic 
metastasis underwent IRE procedures to treat central lesions located 
in proximity to major vascular/biliary structures or adjacent organs. 
Majority of these patients had failed first-line systemic therapy. 
Technical success was achieved in all IRE procedures. Adverse event 
rate within 90 days for these patients was 10%. Overall local recur-
rence free survival rate at 3, 6, and 12 months for lesions smaller than 
3 cm was 100%, 100%, and 98%, respectively. There was a sharp 
increase in the recurrence rate at sizes greater than 3 cm.
Precise image guidance is central to a successful IRE treatment. 
Our group studied computed tomography (CT) findings after IRE. 
Multiple CT imaging features were studied, including the dimen-
sions, coagulation zone attenuation and its presence, characteristics 
of post-ablation enhancement. Zones of ablation were evaluated 
by gross and histopathological examination and correlated with CT 
findings. The results of our study demonstrated that soon after IRE, 
CT images depicts a central hypo-attenuating lesion with an incom-
plete rim of enhancement surrounding the zone of ablation in both 
the arterial and portal phases, with a median thickness of 2.5 mm. 
Histologic correlation revealed a clear demarcation between the 
ablated liver and adjacent unaffected parenchyma. Coagulation 
zone was characterized by hepatocellular dissociation often associ-
ated with hemorrhage and sinusoidal dilatation. However, CT imag-
ing appears to overestimate the dimensions of the ablative injury.
At this time, IRE appears most suitable for lesions with diameters less 
than 4 cm, in locations not amenable to conventional thermal abla-
tive techniques.
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isolated type II ELs, 18 (72%) demonstrated no increase in sac size, six 
(24%) showed an enlargement of the sac, and one was lost to follow-
up. After a mean follow-up of 4 years, approximately half the number 
of patients (48%) remain under observation (with an enlarging or sta-
ble sac), while the others (48%) have spontaneously sealed. Only five 
patients under surveillance (20%) have an enlarging sac. There were 
no ruptured aneurysms or aneurysm-related deaths and no patients 
required conversion to open repair (7). On the basis of these findings, 
they concluded to advocate the conservative approach for type II EL. 
This statement is supported by the EUROSTAR registry data: 8 of the 
9 patients with type II ELs and rupture had concomitant type I EL (8). 
Further, Jones et al found in 164 patients with type II EL that AAA-
related death was not significantly different between patients with 
and without a type II EL (P = .78) (9).
Finally, patients with systolic hypertension and an untreated type II 
EL are more likely to demonstrate aneurysm enlargement after EVAR. 
Aggressive blood pressure control may be an important adjunct in 
the management of patients with type II EL after EVAR (10).
Prospective data are still needed to investigate whether an optimum 
management algorithm can be devised. Thus far, careful clinical sur-
veillance “as wait and watch” can be justified, knowing that embo-
lization procedures for persistent type II EL can be extremely chal-
lenging and time-consuming (11).
The above-mentioned articles support a less aggressive approach in 
both treatment and follow-up imaging protocols.
References
1.  Nakai M, Sato H, Sato M, Tanba Y, Noda Y, Ikoma A, Sanda 

H, Nakata K, Minamiguchi H, Kawai N, Sonomura T, Kishi K, 
Nishimura Y, Okamura Y. Clinical significance of endoleaks char-
acterized by computed tomography during aortography per-
formed immediately after endovascular abdominal aortic aneu-
rysm repair: prediction of persistent endoleak. Jpn J Radiol. 2013 
Jan;31(1):16-23.

2.  Patatas K, Ling L, Dunning J, Shrivastava V. Static sac size with a 
type II endoleak post-endovascular abdominal aortic aneurysm 
repair: surveillance or embolization? Interact Cardiovasc Thorac 
Surg. 2012 Sep;15(3):462-6.

3.  Karthikesalingam A, Thrumurthy SG, Jackson D, Phd EC, Sayers 
RD, Loftus IM, Thompson MM, Holt PJ. Current evidence is insuf-
ficient to define an optimal threshold for intervention in isolated 
type II endoleak after endovascular aneurysm repair. J Endovasc 
Ther. 2012 Apr;19(2):200-8.

4.  Marchiori A, von Ristow A, Guimaraes M, Schönholz C, Uflacker 
R. Predictive factors for the development of type II endoleaks. 
J Endovasc Ther. 2011 Jun;18(3):299-305.

5.  Aoki A, Suezawa T, Sangawa K, Tago M. Effect of type II endole-
aks and antiplatelet therapy on abdominal aortic aneu-
rysm shrinkage after endovascular repair. J Vasc Surg. 2011 
Oct;54(4):947-51.

6 .  Wyss TR, Brown LC, Powell JT, Greenhalgh RM. Rate and predict-
ability of graft rupture after endovascular and open abdominal 
aortic aneurysm repair: data from the EVAR Trials. Ann Surg. 2010 
Nov;252(5):805-12.

7.  Rayt HS, Sandford RM, Salem M, Bown MJ, London NJ, Sayers RD. 
Conservative management of type 2 endoleaks is not associated 
with increased risk of aneurysm rupture. Eur J Vasc Endovasc 
Surg. 2009 Dec;38(6):718-23.

8.  Harris PL, Vallabhaneni SR, Desgranges P, et al. Incidence and risk 
factors of late rupture, conversion, and death after endovascular 
repair of infrarenal aortic aneurysms: the EUROSTAR experience. 
J Vasc Surg. 2000; 32:739-49.

9.  Jones JE, Atkins MD, Brewster DC, Chung TK, Kwolek CJ, 
LaMuraglia GM, Hodgman TM, Cambria RP. Persistent type 2 
endoleak after endovascular repair of abdominal aortic aneu-
rysm is associated with adverse late outcomes. J Vasc Surg. 2007 
Jul;46(1):1-8.

7.  Nevala T, Biancari F, Manninen H et al (2012) Type II endoleak 
after endovascular repair af abdominal aortic aneurysm: effec-
tiveness of embolization. Cardiovasc Intervent Radiol 33: 
278-284.

8.  Serac TP, Gibbons C, Vargas L et al (2012) Long-term follow-up of 
type endoleak embolization reveals the need for close surveil-
lance. J Vasc Surg 55: 33-40.

9.  van Marrewijk C, Buth J, Harris PL et al (2002) Significance of 
endoleaks after endovascular repair of abdominal aortic aneu-
rysms: the EUROSTAR experience. J Vasc Surg 35: 461-473.

2602.2
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Head of the Department of Diagnostic and Interventional Radiology / 
Neuroradiology, Ev.-Luth. Diakonissenanstalt zu Flensburg, 
Flensburg, Germany.

Persistence type II endoleaks (ELs) with localized-type pattern gen-
erally disappear over time after EVAR, with a concomitant reduction 
in aneurysm volume, whereas those with circumferential-type pattern 
persist; this indicates that patients with EL with a CT-angiography 
should be followed up carefully (1). Furthermore, the opinion is 
widespread that in addition to a carful surveillance protocol by ultra-
sound and/or CT, management of most isolated type II ELs should 
be conservative, with close radiological follow-up even when per-
sistent, with intervention restricted to these associated with sac 
enlargement >5 mm over a 6-month period or >10 mm when com-
pared with pre-EVAR diameter (2). However, there is inadequate 
information to support any one threshold for intervention. The rar-
ity of rupture and sac expansion confirms the predominantly benign 
nature of isolated type II EL. In the absence of statistical support for 
a uniform approach to this problem, patient and physician prefer-
ence remain the key (3). Karthikesalingam et al. in a careful review 
of Medline, trial registries, conference proceedings, and article ref-
erence lists, searched to identify case series reporting sac outcomes 
following a specific treatment threshold for isolated type II EL. They 
classified articles by the threshold for intervention as conserva-
tive, selective (intervention for >5-mm sac expansion or persistent 
type II EL >6 months), or aggressive (any type II EL or persistent for 
>3 months) and sac outcomes for review. Their analysis identified 
10 series that reported the outcomes of isolated type II EL in 231 
patients; of these, 56 patients were treated at an aggressive thresh-
old, 104 at a selective threshold, and 71 at a conservative threshold. 
The majority (194/231, 84.0%) demonstrated either stable or shrink-
ing sacs during follow-up. No ruptures occurred. Meta-regression 
demonstrated no evidence that any strategy, compared with using a 
conservative approach, reduced sac expansion (aggressive estimated 
OR, 0.70; 95% CI, 0.15–3.31; p = 0.60; selective estimated OR, 1.72; 95% 
CI, 0.49–6.00; p = 0.34) or improved sac regression (aggressive esti-
mated OR, 0.55; 95% CI, 0.02–16.94; p = 0.69; selective estimated OR, 
5.54; 95% CI, 0.39–79.21; p = 0.17) showed an advantage (3).
Patent hypogastric and lumbar arteries are significantly associated 
with a higher risk of developing type II ELs and larger diameter lum-
bar arteries tend to be associated with persistent type II ELs, while 
lumbar arteries <2 mm would more likely be seen with a transient 
type II ELs (4). Furthermore, persistent-type II EL with ongoing multi-
agent antiplatelet therapy are at an increased risk of a lack of aneu-
rysm shrinkage 6 months after EVAR (5). It is probably possible to wait 
and watch because Wyss et al. described that few ruptures after EVAR 
seem to occur spontaneously without complications identified dur-
ing optimal surveillance (CT-A) (6). The latter is underlined by the data 
from Rayt et al., who found 41 type II ELs were seen in 369 EVARs per-
formed for infrarenal AAA. Twenty-five were isolated type II ELs and 
16 occurred in conjunction with other ELs. Of the 25 patients with 
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the images produced by overlay of fluoroscopy and CBCT images. 
The use of the XperGuide system made the translumbar procedures 
faster, easier, and safer. It enlarged therapeutic possibilities to patient 
who would otherwise probably have undergone surgery.
CONCLUSION
Current treatment for type II endoleaks includes transarterial embo-
lization and translumbar puncture, but each method has its draw-
backs. With real-time 3D fluoroscopy guidance using CBCT and 
XperGuide software, the needle pathway is determined. The trajec-
tory is superimposed on the fluoroscopy image, allowing real-time 
needle placement for precise embolization. This method can be 
used to treat complex type II endoleaks.
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EVAR: Type 2 endoleaks should be treated by transarterial 
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Dortmund, Dortmund, Germany.

The term “endoleak” and the classification of endoleaks used today 
was introduced by a group of Australian vascular surgeons in 1997 
(1,2). Type 2 endoleaks, which are caused by retrograde perfusion of 
the aneurysm sac through aortic side branches, are a frequent find-
ing after endovascular abdominal aortic aneurysm repair. They are 
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puncture embolization
H. Kobeiter;
Department of Radiology, Henri Mondor Hospital, Créteil, France.

INTRODUCTION
Endovascular aortic repair (EVAR) for abdominal aortic aneurysm 
(AAA) is a widely accepted alternative to surgery in case of suitable 
vascular anatomy because it is associated with lower 30-day mortal-
ity. However, in 15%–50% cases, endoleaks can occur, among which 
collateral or type II endoleaks are the most frequent. Type II endole-
aks consist of residual retrograde sac perfusion through unoccluded 
collateral branches. Natural history is often benign and they may 
spontaneously resolve. In case of expansion, the aneurysmal sac is 
suspected to be due to a type II endoleak. Digital substraction angi-
ography (DSA) usually confirms the diagnosis and identifies the in- 
volved collateral artery to plan the treatment. Type II endoleaks only 
detected in the delayed phase of CT angiography (CTA) seems to 
have a more benign course. However, when they cause a sac expan-
sion, their management may be challenging. Their diagnosis is more 
difficult even with delayed DSA runs because of dilution of the con-
trast media and slow arterial flow.
New interventional imaging modalities provide 3D rotational angi-
ography (3DRA) and CT-like reconstruction images. The capacity of 
dual phase (arterial and delayed) 3DRA and CT-like image visualiza-
tion for detection of type II endoleaks that are not visible on 2D DSA 
and the capacity on image fusion between CT and CT-like images 
plus the fluoroscopy overlay allows treatment using fluoroscopy-
based needle guidance (XperGuide) and 3D roadmapping.
TECHNIQUE
Translumbar embolization can be performed using a 20 G needle with 
a direct injection of embolic material such as Onyx (ev3 Neurovascular, 
Irvine, California) or by using a 4 French introducer and catheters asso-
ciated to a microcatheter; in this case coils and/or Onyx can be used.
Based on CBCT or CT image fusion, we used the XperGuide soft-
ware (Philips Healthcare, Best, The Netherlands) to plan an opti-
mal path from the skin to the sac taking into account bone interpo-
sition (essentially the iliac wing) and avoiding kidney, ureter, colon, 
or small bowel transfixion. After puncture of the sac, confirmed by 
blood reflux and by opacification with 5–10 cc contrast media, the 
endoleak was confirmed. The objective is to resolve the endoleak, 
and if possible, occlude the connection with the collateral arteries 
by inducing Onyx reflux in the latter. A CBCT postembolization can 
be performed to check the quality of the sac filling.
DISCUSSION
A recent development in this technique, allowing to overlay unen-
hanced low-dose CBCT with a previously performed CTA or even 
MRA owing to anatomic and stent-graft landmarks should offer a 
lesser invasive means of treating type II endoleaks. XperGuide then 
provides 3D guiding capabilities with the contrast resolution of CTA 
or MRA without need of arterial puncture and contrast media injec-
tion during embolization. The trajectory of the needle is superim-
posed on the fluoroscopy image overlaid on the CTA or MRA, allow-
ing real-time needle placement before embolization.
Binkert and al. reported the interest of rotational angiography for the 
guidance of translumbar embolization of type II endoleaks. In their 
patients, DynaCT was used to check the correct position of the nee-
dle after puncture. Van Bindsbergen et al. showed that XperGuide 
allows a real-time 3D coregistration of the planned needle path with 



CIRSE Abstract Book
S180 CIRSE

C  RSE

success, follow-up periods, and treatment techniques used. Success 
may be defined as absence of endoleak, stable or decreasing aneu-
rysm sac diameter, freedom from explant, freedom from second 
embolization, or their combinations.
Complications of the transarterial treatment of type 2 endoleaks 
may result from misembolization, e.g., to the periphery of the infe-
rior mesenteric artery causing colonic ischemia in worst cases, to a 
spinal artery feeder causing paraparesis, or to the lower leg arter-
ies causing ischemia. However, “usual” complications at the arterial 
puncture site, such as hematoma or false aneurysm formation, or 
complications caused by comorbidities, such as renal failure or myo-
cardial infarction, are significantly more likely to occur. In the litera-
ture, reports on complications are rare (15).
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observed in approximately 30%–40% patients at some time during 
follow-up CTA and/or MRA after endovascular aneurysm repair (3). 
The vast majority (up to 80%) of type 2 endoleaks resolve without 
therapy. However, one of the earliest reports on type 2 endoleaks in 
1998 indicated that although mostly benign in course, some type 2 
endoleaks if persisting and not treated in time may cause aneurysm 
rupture and death (4). These type 2 endoleaks may be denoted as 
clinically significant.
The differentiation between primary endoleaks detected within 
30 days after initial treatment and secondary endoleaks occurring 
only 30 days after initial treatment dates back to the above men-
tioned basic publication on endoleaks by White and coworkers (1). 
However, this classification has not gained major clinical importance.
There is an almost general agreement that type 2 endoleaks should 
be treated in case of increasing aortic aneurysm sac diameter after 
otherwise successful EVAR, although aneurysm rupture due to a 
type 2 endoleak is rare (5,6). Increase in aneurysm diameter >5 mm 
was positively associated with type 2 endoleaks; the risk of diame-
ter increase was significantly further enhanced with endoleak persis-
tence >6 months and recurrence of endoleaks (6,7). Therefore, some 
groups also advise to treat type 2 endoleaks if they persist longer 
than 6 months.
Various techniques are available for treating type 2 endoleaks (8,9). 
The first and most established treatment method is through the 
transarterial route, mostly from the groin. The intervention is usu-
ally performed in an angiosuite. Another treatment method is thor-
ough direct puncture of the aneurysm sac mainly through the trans-
lumbar route. The intervention is performed using CT, with a C-arm 
or CT fluoroscopy if available. A more recently introduced technique 
is the transcaval approach (10). Finally, a laparoscopic approach for 
exclusion of type 2 endoleaks was presented recently (11).
Sixteen years after introduction of the current endoleak classification 
and numerous publications on ways to manage endoleaks, the num-
ber of reports questioning value and clinical use of interventional type 
2 endoleak treatment is growing. In a recently published retrospective 
study on endovascular intervention for type II endoleak with aneu-
rysm expansion, Aziz and coworkers found no benefit with regard to 
control of aneurysm sac growth (12). However, they recommended 
diagnostic angiography because in their experience, it may reveal 
unexpected type 1 and type 3 endoleaks. In a meta-analysis of sev-
eral retrospective studies, Karthikesalingam and coworkers (13) found 
that “current evidence is insufficient to define an optimal threshold 
for intervention in isolated type II endoleaks after endovascular aneu-
rysm repair.” In addition, vast amount of data available on treatment 
of type 2 endoleaks is based on retrospective single-centre studies.
Under these circumstances it is difficult to give any evidence-based 
advice. Nevertheless, the transarterial route remains the first and 
most established way to treat a clinically significant type II endoleak. 
Type 2 endoleaks are mostly fed by the inferior mesenteric and/or 
lumbar arteries. In the majority of cases, there is not only one feed-
ing artery but a system of at least two or more arteries forming a 
network with inflow and outflow vessels.
Access to the inferior mesenteric artery is obtained through the 
Riolan anastomosis from the vascular tree of the superior mesen-
teric artery. Access to the lumbar arteries is through proximal branch- 
es of the hypogastric arteries. Thin-slice CTA may help decide wheth- 
er the right or left hypogastric artery should be approached first. A 
microcatheter is needed to traverse the small branches to the endo-
leak. It may be cumbersome to find the way to the endoleak. In ap-
proximately 30%–40% cases it may even be impossible to reach the 
endoleak through the arterial route. The endoleak is embolized with 
microcoils and/or permanent glue (cyanoacrylate, onyx). In my expe-
rience, degradable sealants, such as fibrin, thrombin, or gelatine, are 
not sufficient to seal an endoleak permanently. A high percentage 
(15%–55%) of patients require more than one intervention (7,14-16). 
Success rates reported in the literature are highly variable and range 
from 40%–80% (14-18). Variability is due to different definitions of 
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TEVR: Type 2 endoleaks require treatment: Con
M. Thompson;
St George’s Vascular Institute, St George’s Hospital, London, 
London, United Kingdom.

To report a systematic review and meta-regression of the associa-
tion between the threshold for intervention in patients with isolated 
type II endoleak after endovascular aneurysm repair (EVAR) and the 
fate of the aneurysm sac.
Medline, trial registries, conference proceedings, and article reference 
lists were searched to identify case series reporting sac outcomes fol-
lowing a specific treatment threshold for isolated type II endoleak. 
Articles were classified by the threshold for intervention as conser-
vative, selective (intervention for >5-mm sac expansion or persis-
tent type II endoleak >6 months), or aggressive (any type II endoleak 
or persistent for >3 months), and sac outcomes were extracted for 
review. Standard meta-regression to estimate the pooled odds ratios 
(OR), presented with the 95% confidence interval (CI), was performed 
to identify whether an aggressive, selective, or conservative threshold 
for intervention was associated with sac expansion or sac regression.
We analyzed 10 series reporting the outcomes of isolated type II 
endoleak in 231 patients; of these, 56 patients were treated at an 
aggressive threshold, 104 at a selective threshold, and 71 at a con-
servative threshold. The majority (194/231, 84.0%) demonstrated 
stable or shrinking sacs during follow-up. No ruptures occurred. 
Meta-regression demonstrated no evidence that any strategy com-
pared with a conservative approach reduced sac expansion (aggres-
sive estimated OR 0.70, 95% CI 0.15–3.31, p = 0.60; selective esti-
mated OR 1.72, 95% CI 0.49–6.00, p = 0.34) or improved sac regres-
sion (aggressive estimated OR 0.55, 95% CI 0.02–16.94, p = 0.69; 
selective estimated OR 5.54, 95% CI 0.39–79.21, p = 0.17).
There is inadequate information to support any one threshold for 
intervention. The rarity of rupture and sac expansion confirms the 
predominantly benign nature of isolated type II endoleaks. In the 
absence of statistical support for a uniform approach to this prob-
lem, patient and physician preference remain key. Prospective data 
are needed to investigate whether an optimum management algo-
rithm can be devised.

Special Session
Acute deep venous thrombosis

2603.1
Lower limb DVT - which patients should we treat and how?
H.-J. Wagner;
Department of Radiology, Vivantes Klinikum im Friedrichshain, 
Berlin, Germany.

Learning Objectives
1. To learn about the diagnostic pathway which is necessary for 

decision making 
2. To learn about the different treatment possibilities and the 

specific indications for transvenous treatment
3. To learn about the technique, results and complications of trans-

venous treatment
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TEVR: Type 2 endoleaks require treatment: Pro
J.C. van den Berg;
Interventional Radiology, Ospedale Regionale di Lugano, sede 
Civico, Lugano, Switzerland.

Endoleak is a complication that is seen after endovascular repair of 
thoracic aortic aneurysms (TEVAR). The presence of endoleaks of 
any type is between 5% and 20%; which is similar to the incidence 
of endoleaks after endovascular abdominal aneurysm repair. Of 
these, the incidence of type II endoleaks is reported to be as high 
as 35%. Patients with endoleaks are generally older than those with-
out endoleaks, without a difference in the prevalence of medical 
comorbidities. Age appears to be a risk factor for endoleaks after 
TEVAR, and this may be explained by the morphological aspects of 
descending thoracic aortic aneurysms in older patients. Persistence 
of type II endoleaks with subsequent growth of the aneurysm diam-
eter is seen in more than two-thirds of these patients. Close moni-
toring is generally advised, but reports on rupture of thoracic aortic 
aneurysms due to type II endoleaks have been described. The rea-
son not to intervene in the presence of a persistent type II endoleak 
with sac growth is probably related to the higher complexity of an 
endovascular or minimally invasive treatment compared with the 
type II endoleaks occurring after endovascular abdominal aortic 
aneurysm repair. The collateral circulation in the chest is not as well 
developed as that in the abdomen. Furthermore, a direct transtho-
racic approach may require transgression of the pleura and lung, 
leading to a higher procedural risk. Several treatment options for the 
treatment of type II endoleaks after TEVAR exist: direct percutane-
ous puncture of the endoleak can be performed with subsequent 
glue or coil embolization. Guidance of these procedures is prefer-
ably performed with cone beam CT. Moreover, in case of clear fill-
ing through collaterals (intercostal arteries or left subclavian artery) 
transcatheter embolization with glue, particles, or coils can be per-
formed. Given that the presence of a type II endoleak with a growing 
aneurysm sac after TEVAR is not innocuous, it is considered manda-
tory to treat these cases proactively. This is in line with the generally 
accepted guidelines for treating type II endoleaks after EVAR.
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risk associated with intravenous iodinated contrast medium.
Magnetic resonance venography (MRV): There are very few studies on 
MR diagnosis of UEDVT; most of our current experience is from lower 
extremity publications. Pooled sensitivity and specificity of CE-MRV 
was 91% and 95%, respectively, against CV as a reference standard in 
the lower limb veins. TOF MRV is also promising. Magnetic resonance 
direct thrombus imaging (MRDTI) can distinguish recent from chronic 
thrombus in case of recurrent DVT in the lower extremity.
TREATMENT POSSIBILITIES
Anticoagulation
The mainstay therapy is therapeutically-dosed parenteral anticoagu-
lant bridged to an oral anticoagulant. INR should reach 2.0 or higher 
on two measurements with a difference in time of at least 24 h. 
Acute phase therapy is for three months. Complication rate of anti-
coagulation therapy includes 2%–4% major bleeding.
No randomised-controlled trials exist for the anticoagulation treat- 
ment of UEDVT. However, a retrospective analysis reported increased 
symptomatic resolution (48% vs. 70%). Indications of anticoagula-
tion therapy beyond three months are uncertain; provoked situa-
tions (e.g. cancer, central venous catheter) or UEDVT with tight tho-
racic outlet (surgically not corrected) may justify long-term antico-
agulation treatment.
Endovascular therapies
Thrombolysis
Systemic thrombolysis has been largely replaced by catheter-di-
rected thrombolysis in lower limb DVT because of smaller number of 
bleeding complications and better rates of valvular competence. 
Catheter-directed thrombolysis uses a multiport catheter placed 
directly into the thrombus using image guidance. For lower limb treat-
ment, typical regimen consists of continuous high-volume drip regi-
men with dilute thrombolytics and concomitant unfractionated hepa-
rin. Clearance rates are 70%–90%. Clots older than two weeks are gen-
erally less susceptible for thrombolysis. No published guidelines are 
available for UEDVT. Most common complications are typically access 
site bleeding (major bleeding rate is approximately 10%). Appropriate 
case selection is challenging. High level evidence showed benefit 
for low-dose thrombolytic treatment of catheter-dysfunction due to 
thrombotic luminal occlusion with negligible bleeding risk.
Percutaneous mechanical thrombectomy
The next, separate lecture of this session will address this question 
in details.
Angioplasty and stenting
Limited data are available in literature. Stent placement for central 
and peripheral limb obstruction in 65 patients showed a clinical suc-
cess rate of 75% and 42% at 12 and 24 months, respectively, with a 
high rate of reintervention. A smaller study (22 patients) reported 
occlusion of the stents in patients with Paget–Schrötter syndrome. 
Indications for these interventions are uncertain and long-term data 
are lacking. Unless contraindicated, anticoagulation should follow 
all interventional treatments.
Superior vena cava filter
A recent systematic review analysis on 209 SVC filter placements 
showed a complication rate of 3.8% (mainly filter strut perforation 
causing cardiac tamponade, pneumothorax and aortic perforation). 
The benefit is yet uncertain. SCV filter has currently a small role in 
the management of UEDVT.
CONCLUSIONS
Clinical prediction score and D-dimer assays are of limited use in UEDVT; 
therefore, diagnosis is based on imaging methods, primarily ultrasono- 
graphy. The cornerstone of UEDVT treatment is anticoagulation. Be- 
cause severe post-thrombotic syndrome is rarely observed after conser-
vative treatment of UEDVT, the long-term benefit of thrombolysis is cur-
rently unclear. Selective patients with acute thrombosis having severe 
syndromes and low bleeding risk may be considered. Placement of the 
superior vena cava filter may only be considered in patients with contra-
indications for anticoagulation therapy and pulmonary embolism. Clear 
indications for endovascular therapies warrants more randomised trials.
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Upper limb DVT - which patients should we treat and how?
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Department of Radiology and Oncotherapy, Semmelweis University, 
Budapest, Hungary.

Learning Objectives
1. To learn about the diagnostic pathway which is necessary for 

decision making
2. To learn about the different treatment possibilities and the 

specific indications for transvenous treatment
3. To learn about the technique, results and complications of trans-

venous treatment
INTRODUCTION, BACKGROUND
Primary upper extremity deep-vein thrombosis (UEDVT) is defined 
as spontaneously developed thrombosis without any clinically 
apparent risk factors or after strenuous exercise (effort thrombo-
sis). Screening for occult cancer should be performed in idiopathic 
thrombosis, while effort thrombosis (Paget–Schrötter syndrome) 
typically occurs in young and physically active patients because of 
repetitive injury to the vein due to a tight thoracic outlet. Repetitive 
use of the arms above the shoulder level is frequent. Primary UEDVT 
is responsible for approximately 20%–30% UEDVTs. Secondary 
UEDVT develops in the setting of central venous catheter, preg-
nancy, malignancy, recent surgery or recent trauma.
The main complication of effort UEDVT is post-thrombotic syndrome 
(venous distension, swelling of the arm, blue discoloration, pain with 
exercise). UEDVT, particularly secondary UEDVT, carries a substan-
tial risk of pulmonary embolism (3%–12%). Symptomatic PE with 
lower limb DVT was three times more frequent than that for UEDVT 
in the RIETE registry (29% vs. 9%); however, three-month mortality 
rate was higher in the UEDVT group (11% vs. 7%). Recurrence rate is 
smaller in UEDVT than in lower limb DVT.
DIAGNOSIS
Clinical presentation: The most common signs and syndromes 
include unilateral arm swelling, erythema, discomfort, dilated super-
ficial veins, superior vena cava syndrome, low-grade fever, dyspnea. 
Clinical evaluation has low specificity (30%–60%). The D-dimer test 
has only limited usefulness in suspected UEDVT, probably being 
more efficient in outpatients compared with in-hospital patients. 
Therefore, imaging studies are required.
Ultrasound: On B-mode imaging, echogenicity may vary in acute 
thrombosis. As usual, non-compressibility defines the presence of 
DVT. This evaluation technique cannot be used for the centrally-
situated veins (i.e. brachiocephalic veins and superior vena cava) 
or for the medial segment of the subclavian veins near the clavicle. 
Absence of flow and of the normal biphasic pattern on pulsed-wave 
Doppler can also suggest DVT (75% sensitivity, 100% specificity). A 
recent guideline suggested the use of compressions and Doppler US 
(‘combined modality US’) as an initial diagnostic test.
Contrast venography (CV): Earlier, CV has been the reference stan-
dard for suspected lower limb DVT. Contrast medium is injected 
into a distal vein of the upper extremity. A thrombus is identified 
as a filling defect present in more than one view. However, inter-
observer agreement on venogram interpretation in suspected DVT 
is only 70%–80%. This technique is reserved when initial non-inva-
sive imaging is insufficient for a conclusive diagnosis or is negative in 
case of high clinical suspicion of DVT. CV visualises veins at the tho-
racic outlet. However, it requires radiation exposure and intravenous 
contrast and is technically demanding. CO2 venography has been 
used in small studies with acceptable results (97% sensitivity and 
85% specificity against standard contrast venography).
Computed tomography venography (CTV): Pooled sensitivity of 
96% and specificity of 95% was found in a recent study against US or 
CV in lower limb studies; upper extremity investigations are scarce. 
Obvious disadvantages of CTV include ionising radiation and the 
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impotence, pain, and in rare cases, ischemic complications. In the 
chronic phase, a post-thrombotic syndrome develops in 55% [1] 
patients, which is related to persistent obstruction or venous in- 
sufficiency. The recanalisation rate depends on the location and 
the residual thrombus burden; it is lower for iliofemoral thrombo-
sis than for popliteal or distal thrombosis [2]. Endovascular treat-
ments are based on the concept of “open vein,” the aim of which is 
to quickly remove the occlusive thrombus to restore venous patency 
and avoid destruction of venous valves. Two types of techniques can 
be used: catheter-directed thrombolysis (CDT) and pharmacome-
chanical thrombolysis (PMT). With CDT, the insertion of a multihole 
catheter into the thrombosed vein permits infusion of a fibrinolytic 
agent inside the thrombus over several hours. It requires high doses 
of fibrinolytic agent and thus, a long treatment duration with a cor-
ollary increase of the risk for significant bleeding. PMT has a com-
bined mechanical and pharmacological action. Clot lysis is provided 
by a fibrinolytic agent, but its effect is favored by mechanical frag-
mentation of the thrombus, which increases the surface contact 
between the fibrinolytic agent and clot. This is ensured by several 
systems that can be classified in two groups according to their phys-
ical mechanism: rheolytic systems and rotating motorised systems. 
The former use a venturi effect to create a vacuum that sucks and 
destroys the clot. The latter is based on a vortex effect (high speed 
rotational catheters) or on direct fragmentation (low speed rota-
tional catheters) that destroys or fragments the clot. Thereafter, the 
fragmented and dissolved thrombotic material is aspirated. PMT has 
the advantage of reducing the total dose of the fibrinolytic agent. 
It also allows single session treatments. The 2008 ACCP [3] (and the 
2001 AHA [4]) guidelines recommend (Grade 2B) these techniques 
in selected patients (iliofemoral DVT, symptoms for <14 days, good 
functional status, life expectancy of >1 year and a low risk of bleed-
ing). They also suggest correction of underlying venous lesions 
using balloon angioplasty and stents (Grade 2C).
The results of these techniques in acute proximal deep venous throm- 
bosis are encouraging, but there is only one randomized trial pub-
lished. In the literature, the reported anatomical and clinical success 
rates of CDT are 88%–95% and 85%, respectively. Acute rethrom-
bosis occurs is 20% patients. Major complications are reported 
in 9% patients (3% in the Cavent study). The patency rate at 12 
months is currently 60%, with a rate of post-thrombotic syndrome 
of 41%. The results of PMT has been reported in a meta-analysis by 
Karthikesalingam [5], pooling 16 retrospective PMT studies and a 
cumulative cohort of 481 patients. The technical success rate is 82%–
100% and 80%, respectively, in one session. The clinical success rate 
varies from 56% to 100%. Among the 16 series, only 6 series have 
reported major complications (i.e. haemorrhages requiring trans-
fusion) varying from 4% to 14%. There were no reported deaths 
or intracranial haemorrhage. Short-term iliofemoral patency was 
68%–90%.
These new techniques are promising with significant clinical success 
rate and low major complication rate. The immediate clinical results 
are impressive. Recovery in relation to walking is quicker. But the 
Cavent study is the only randomized trial that is published, showing 
the reduction of post-thrombotic syndrome.
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2603.3
What is the true benefit of thrombectomy devices in acute 
upper and lower limb DVT?
M. Rodière;
Department of Radiology, CHU Grenoble, Grenoble, France.

Learning Objectives
1. To learn about the devices which can be used for venous throm-

bectomy
2. To learn about differences in clinical results after thrombectomy 

and conservative treatment
3. To learn about the possible drawbacks of mechanical throm-

bectomy
Obstructive proximal deep venous thrombosis (DVT) is usually a dis-
abling pathology. In the acute phase, patients develop leg swelling, 
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*   Thrombolytics doses should also be adapted, t-PA being the 
agent of choice in children. [1, 7] Frequently simultaneous admin-
istration of heparin and fresh frozen plasma for plasminogen 
deficiency is also necessary. [2, 4]

The most commonly used regimen for CDT infusion is 0.01–0.03 mg/
kg/h with concurrently heparin administration (15 or 25 U/kg/h). [4]
A multidisciplinary team including professionals from pediatric 
hematology, interventional radiology, and intensive care is neces-
sary for proper management of venous thrombosis in children. [4]
Further randomized clinical studies evaluating the role of interventio- 
nal therapies in children for PTS prevention should be completed; how- 
ever, in selected severe cases, CDT techniques should be considered 
as a valuable therapeutic option to avoid future severe sequelae.
IVC filters in Pediatrics
The use of IVC filters for prophylaxis against pulmonary embolism 
(PE) is well reported in adults, but long-term studies in children are 
lacking. The currently available retrievable filters and the increasing 
recognition of pediatric DVT and venous thromboembolic disease 
warrant evaluation of the role of IVC filters in children.
Few studies have evaluated the role of IVC filters in children, but 
multiple case reports have demonstrated that IVC filters can be suc-
cessfully placed in children as young as 2 years and with IVC diam-
eters of less than 10 mm. [3, 10] Their use should be evaluated and 
considered in selected patients, particularly in very young patients, 
because of alterations in optimal IVC flow and subsequent increase 
in the risk of aggregated DVT. [3, 7, 10, 11]
IVC filters can be safely and successfully placed and retrieved in chil-
dren. [3, 10-12]
Indications for filter placement in children are similar to those in 
adults: contraindication to anticoagulation with known DVT, high 
risk for venous thromboembolism, recurrent DVT despite anticoagu-
lation, and prophylaxis before endovascular thrombolysis, thus rec-
ommending a case-based evaluation in pediatric cases. Moreover, 
technical issues regarding placement and retrieval in children are 
very similar to those in adults. [3, 10-12]
It has been suggested that in patients who have IVC filters inserted 
because of a contraindication to anticoagulation, a conventional 
course of anticoagulant therapy should be indicated in case the 
bleeding risks resolve, and if possible, the filter should be removed. 
Furthermore, a nonretrievable IVC filter is a controversial indica-
tion for extended anticoagulation that should be evaluated and dis-
cussed. [13]
IVC filter placement in children is technically feasible with low IVC 
thrombosis and low overall complication rates. Retrievable fil-
ters should be used in the pediatric population to avoid long-term 
complications.
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2603.4
Is there a role for lysis and IVC filters in paediatric DVT?
S. Sierre;
Department of Interventional Radiology, Hospital de Pediatria “Prof. 
Dr. J.P. Garrahan”, Buenos Aires, Argentina.

Learning Objectives
1. To learn about the indications for invasive treatment of DVT in 

children
2. To learn about the devices which can be used
3. To learn about a possible conceptual difference compared to the 

adult population and to learn about the results
Pediatric deep vein thrombosis (DVT) is an increasingly recognized 
condition, related to the increasing number of children surviving 
complex medical and surgical procedures, often associated with 
invasive vascular procedures and devices. [1, 2] Peaks occur in the 
first year of life and adolescence, often related to sepsis, malignancy, 
or surgery. [3] Central venous catheters are associated with more 
than 50% of DVT cases in children and more than 80% in newborns. 
[2, 4, 5]
Approximately 50% venous thrombotic events treated with anti-
coagulation therapy resolve within 3–6 months of treatment; how-
ever, the risk of post-thrombotic syndrome (PTS) persists. A PTS risk 
of nearly 80% was reported in a small study evaluating a cohort of 
young patients with DVT that can later cause severe morbidities. [6]
Although thrombolytic agents have been more frequently used in 
the last few years in neonates and children, there are no well-estab-
lished indications in pediatrics. The last guidelines of the American 
College of Chest Physicians (ACCP) suggest, coincidently with other 
published guidelines and recommendations, that thrombolytic 
therapy is not indicated for a majority of children with DVT; how-
ever, it should be considered for life or limb-threatening thrombo-
sis, including presence of extensive thrombosis, particularly those 
involving the pelvic veins, SVC, IVC, or intracardiac sites as well as for 
selected children with PE. [1, 7]
Percutaneous venous interventions using catheter-directed thera-
pies (CDT), such as mechanical thrombectomy and infusion throm-
bolysis, have been used much less frequently in children despite 
showing good results in adults. [8] CDT techniques include mechan-
ical thrombectomy and infusion thrombolysis as some of the more 
commonly performed treatments. [4]
Indications and contraindications for CDT in children have been 
extrapolated from adults. As a consequence of these endovascu-
lar techniques, a significant lower prevalence of PTS among adults 
who underwent thrombolytic therapy compared with patients who 
received standard anticoagulation alone has been reported. [2, 8, 9] 
Very few data supporting the role of thrombolytic agents to prevent 
PTS development were reported in children. (9) The results of cur-
rently ongoing clinical trials are still pending.
Modifications to standard CDT techniques should be considered in 
this pediatric population:
*   Techniques should be adapted to patient size and available 

equipment. Some devices limitations for CDT in children exist, 
mainly related to devices size.

*   Ultrasound guidance for venous access is frequently used and it is 
extremely helpful.
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(n = 2), cryptogenic cirrhosis (n = 4), and others (n = 21). The mean tumor 
size was 13.6 cm (range 10–19.2 cm), and patients were treated using 
conventional transarterial chemoembolization (n = 32), drug-eluting 
beads (n = 8), and yttrium-90 microspheres (n = 11). In total, >80% 
patients had partial or complete response, according to the mRECIST 
criteria, on the first imaging follow-up after completion of treatment. 
Overall cumulative survival at 6, 12, 18 months, and 3 years were 72.5%, 
40.8%, 26.5%, and12.8%, respectively. The treatments were generally 
well tolerated, with 77% minor toxicity and 23% major toxicity.
Conclusion: Treatment of ultra-large HCCs is feasible with various 
LIT techniques and appears to be well tolerated with acceptable 
survival outcome. Further large-scale comparative studies are war-
ranted to elucidate the best treatment strategy in these patients.

2605.2
Haemodialysis access interventions – randomised trials from 
Singapore
F.G. Irani1, M.W.C. H’ng2, T.K.B. Teo1, A. Gogna1, K.-H. Tay1;
1Department of Radiology, Singapore General Hospital, Singapore, 
Singapore, 2Department of Diagnostic Radiology, Tan Tock Seng 
Hospital, Singapore, Singapore.

End-stage renal disease (ESRD) in Singapore has a high prevalence 
because of an aging and diabetic population. Because of scarcity of 
organs (cadaveric transplant), most patients require renal replace-
ment therapy, with the majority being on hemodialysis (81.2%). 
Creation and maintenance of dialysis access are high-volume proce-
dures with significant financial cost to the health budget. With the 
advent of newer and more expensive technologies, it has become 
imperative to decide which technologies really improve patency. 
In Singapore, we have undertaken prospective randomized tri-
als comparing various technologies for improved access outcomes 
at 6 months, which were funded by the National Medical Research 
Council and National Kidney Foundation and approved by the 
Institution Review Board.
Initially, we will look at the characteristics of hemodialysis access 
[arteriovenous fistulas (AVF)] in a large cohort of Asian patients and 
how they differ from a Western cohort.
In the first trial, on usefulness of cutting balloon angioplasty (CBA) 
compared with high pressure balloon angioplasty (HPBA) in patients 
who failed conventional angioplasty to determine the best second-
line treatment strategy, we found CBA to be superior to HPBA in 
improving both primary and secondary patency rates at 6 months 
in resistant lesions.
Recurrent severe stenosis at the graft–venous anastomosis and subadja- 
cent native vein undermine patency of arteriovenous grafts (AVG). The 
usefulness of drug-eluting stents compared with balloon angioplasty 
(normal or high pressure) was addressed in this trial, which found no 
significant difference in the outcome of both these technologies.
Drug-eluting balloons (DEB), an expensive new technology is con-
sidered to reduce restenosis and improve primary patency. To assess 
its usefulness in fistula veins, a randomized study between conven-
tional balloon and DEB angioplasty was performed. Interim analysis 
found significantly lower 6-month restenosis rates in the DEBA arm. 
Although differences in mean late luminal loss, circuit, and lesion 
primary patency rates were not statistically significant, the trend 
favored the DEBA arm.
Fistuloplasty is a painful procedure. Accupuncture, from traditional 
Chinese medicine, is known to provide pain relief. However, in fistu-
loplasty, we found that acupuncture compared with a sham proce-
dure was not useful in relieving acute pain of angioplasty (pain score 
7–8 on the visual analogue scale).
The cephalic arch is a common site of recurrent and resistant stenosis 
in brachiocephalic AVFs and AVGs. At present, we are undertaking a 
trial to determine whether balloon angioplasty, drug-eluting stents, or 
covered stents would be the best treatment option in these patients.
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IR management of ultra-large hepatocellular carcinomas
U. Pua1, S.X. Chan2;
1Interventional Radiology, Tan Tock Seng Hospital, Singapore, 
Singapore, 2Department of Diagnostic Radiology, Singapore 
General Hospital, Singapore, Singapore.

Purpose: Locoregional intra-arterial therapy (LIT) is a recognized 
treatment modality for intermediate-stage and select cases of 
advanced-stage hepatocellular carcinoma (HCC). Ultra-large HCCs, 
greater than 10 cm in size, are not uncommon in the Asian popula-
tion; however, the literature surrounding LIT in this group of patients 
remains sparse. The purpose of this study is to describe our experi-
ence with the use of var ious LIT in these patients.
Methods and Materials: Patients were retrospectively recruited 
from our multi-institutional database. Electronic medical records 
and images from picture archiving and communication system were 
reviewed. Patients with solitary HCC greater or equal to 10 cm or multi- 
focal HCC with a single dominant lesion greater or equal to 10 cm 
with sufficient follow-up documentations were included in the study. 
Patient demographics including underlying etiology and Child–Pugh 
score were recorded. Complications were documented using the 
Society of Interventional Radiology classification system for compli-
cations by outcome grading system. Cumulative survival outcome 
up to 3 years were calculated and tumor response on completion of 
treatment was assessed using the mRECIST criteria.
Results: Between April 2005 and March 2013, a total of 110 patients 
with ultra-large HCCs underwent embolotherapy at our institutions. 
Fifty-one patients with sufficient data were included in the study, 
comprising 42 men and 9 women with a mean age of 66.8 years (range 
45–86 years) and mean follow-up of 480.9 days (range 24–2427 days). 
Child–Pugh status was A (n = 31), B (n = 19), and C (n = 1); the underlying 
etiology included viral hepatitis B (n = 23), C (n = 2), alcoholic cirrhosis 
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2801.1
High-intensity focused ultrasound: an IR tool for the future?
M. Bezzi;
University of Rome La Sapienza/Department of Radiological 
Science, Rome, Italy.

As interventional radiologists we are ready to accept any innovation. 
In the last thirty years we have witnessed consistent technical prog-
ress associated with the continuous introduction of new therapies 
that have brought clinical benefits to our patients and evident value 
to our health systems.
The use of image-guided therapies in cancer treatment has experi-
enced unparalleled growth. Innovative techniques and devices for 
tumour ablation and trans-arterial tumour control have been intro-
duced. Sophisticated imaging methods improving tumour targeting 
and treatment monitoring have been devised, so that now interven-
tional oncology procedures are increasingly used to obtain effective 
local tumour control without the morbidity of open surgery or the 
toxicity of chemotherapy and radiation. Now a new player has taken 
the field, a player which needs no needle applicators or endovascu-
lar devices to demonstrate its effectiveness: the energy of focused 
ultrasound (FUS).
The idea of using FUS energy for ablating biological tissue dates 
back to the 1940s and 50s (introduced by Lynn et al. and then by the 
Fry brothers), but the technology was not introduced in clinical prac-
tice because of the complexity of the treatments and the difficulty 
of targeting the beam non-invasively. The advent of more sophisti-
cated imaging methods for guidance, as well as technical improve-
ments in transducer manufacturing, has led to a resurgence of inter- 
est in FUS and in its application in the management of several di- 
seases.
Tumour ablation is one of the major fields of interest where clinical 
applications are already common practice. The FUS waves interact 
with the tissue at the targeted area and destroy cells through three 

2605.3
“Angioplasty first” approach to critical limb ischaemia
A. Gogna1, L. Quek2, K. Zhuang1, F.G. Irani1, S. Punamiya2, D. Wong2, 
U. Pua3, K.-H. Tay2;
1Department of Radiology, Singapore General Hospital, Singapore, 
Singapore, 2Diagnostic Radiology, Tan Tock Seng Hospital, 
Singapore, Singapore, 3Interventional Radiology, Tan Tock Seng 
Hospital, Singapore, Singapore.

Objectives: Review of angioplasty-first approach for challenging 
infrainguinal occlusions using the SAFARI technique
Background: The angioplasty-first approach has been adopted 
for critical limb ischemia (CLI) since 2007. Infrainguinal intervention 
forms a large part of our CLI practice because the vast majority (over 
80%) of our patients are diabetic and a significant proportion (over 
40%) suffer from renal impairment. Chronic total occlusions (CTOs) 
with long calcified segments of the superficial femoral artery (SFA) 
and below-the-knee vessels are frequently encountered and are 
among the most challenging lesions to manage. In 2009, we began 
performing the SAFARI approach regularly in lesions where ante-
grade recanalization had failed. Our experience with this technique 
for CLI interventions is reviewed.
Materials and Methods: Data was collected from the Interventional 
Radiology sections of 2 tertiary centers in Singapore which regularly 
perform SAFARI procedures. Between January 2009 to December 
2012, 120 SAFARI procedures were performed in 106 patients (mean 
age: 68.6 years, range: 36–98 years; M:F 1:1) because of failure to 
cross lower extremity CTOs using the antegrade approach. All cases 
presented with CLI (Fontaine III: 10, IV: 110). Proximal access was ipsi-
lateral and contralateral common femoral artery in 99 and 21 proce-
dures, respectively. Distal retrograde access was obtained from the 
following arteries: popliteal (n = 35), dorsalis pedis (n = 27), anterior 
tibial (n = 30), posterior tibial (n = 19), peroneal (n = 7), and SFA (n = 
2). Balloon-assisted hemostasis was performed for distal retrograde 
punctures sites in 72 procedures. Mean follow-up period was 5.4 
months (range, 0.5–24.0 months).
Results: Very long segment (over 20 cm) occlusions were seen in 51.7% 
of cases. Technical success was achieved in 96/120 (80.0%) of procedures. 
Causes of failure were inability to cross hard calcified plaques (9.1% of 
total procedures), inability to re-enter the true lumen after crossing the 
lesion subintimally (4.2%), and on-table reocclusion due to elastic recoil 
(2.5%). Among successful cases, an average of 1.5 vessel segments were 
treated, with a total of 145 limb segments successfully recanalized. Major 
and minor complications were seen in 4 (3.3%) and 11 (9.2%) of proce-
dures respectively. There was no procedure related mortality. Among 
patients with sufficient follow-up, limb salvage at 6 months was 69.0%. 
The procedure did not affect future surgical intervention in any patient.
Conclusion: Our experience shows that for difficult infrainguinal 
CTOs , the SAFARI technique is safe and effective.
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Hot Topic Symposium
Treatment of lung cancer - the choices, and how to 
make them

2802.1
The role of imaging in guiding the treatment of lung cancer
J. Vilar;
Diagnostic Radiology, Hospital Universitario Dr Peset, Valencia, 
Spain.

The main issue related to treatment of lung cancer is staging, which 
defines the therapeutic approach.
Staging of lung cancer has been modified recently and the radiolo-
gist should be aware of the changes in staging, especially in T stag-
ing. There are numerous changes to the T descriptor in the seventh 
edition of the TNM classification of lung cancer based on differences 
in survival.
Size, location, and extension of the tumor are the fundamental T 
staging parameters. Tumor size is essential to define surgical, radio-
therapy, and radiofrequency strategies and evaluation of response 
to treatment CT and MRI play a fundamental role in T staging. PET/
CT is an additional tool in some specific situations. Size is usually 
measured on CT or MRI. On CT, lung window settings must be used 
because mediastinal windowing may underestimate the size.
Tumor location is important and provides information that can 
affect the treatment. Defining the tumor margins is important 
and can affect the delivery of radiotherapy or radiofrequency. The 
degree of pleural, chest wall, and mediastinal invasion as well as 
involvement of the central airways, pulmonary veins, and arteries, 
is important not only to radiation oncologists but also to surgeons 
and others evaluating the patients for resectability. Invasion of the 
thoracic wall does not preclude surgery, but it should be reported to 
ensure appropriate surgical resection. CT and MRI have limitations in 
the evaluation of chest wall and mediastinal invasion. However, MRI 
is particularly useful in the evaluation of cardiac invasion and assess-
ment of superior sulcus tumors.
PET/CT can be useful in T staging in situations such as superior sulcus 
tumors, distinguishing cancer from atelectasis of pleural metastases.
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2802.2
Thermal ablation: research or mainstream therapy?
T. de Baère;
Dept. of Interventional Radiology, Institut Gustave Roussy, Villejuif, 
France.

Since the first report on RFA in lung cancer in 2000, RFA has been 
demonstrated to provide 80%–90% complete ablation for tumors 
less than 2 cm, with decrease in efficacy for larger tumors. Today, RFA 
is a valid option for primary NSCLCC in nonsurgical candidates, with 
overall survival reported of 36%–58% at 3 years. For lung metasta-
ses, there is growing evidence of survival after RFA similar to that re- 
ported in large surgical series even if no comparative data exists. 

major phenomena: heating, ischaemia due to coagulation of micro-
vessels, and cavitation (if very high energy is delivered). Unlike radio-
frequency, microwaves or cryoablation, FUS is completely non-inva-
sive and can be used to treat tumour tissues if there is an acoustic 
window allowing for the transmission of energy to the target. As 
IRs, we should be ready to take the challenge and embrace this new 
technique that combines imaging and treatment, without the need 
of needles or other minimally invasive devices.
This new and exciting tool may be adapted to treat patients with dis-
eases not presently addressed by IR. FUS may enable targeted drug 
delivery. When using nanocarriers sensitive to oscillating ultrasound 
pressure waves and/or sensitive to temperature, the content of the 
nanocarriers can be released locally. This feature could be used in 
interventional oncology if chemotherapy could be delivered to a 
tumour alone and not systemically, with the associated toxic side 
effects. The unique capability of non-invasively opening the blood-
brain barrier with FUS may be used for CNS tumours in the future, 
avoiding the expense and time needed to develop new drugs or to 
develop carriers for old drugs.
The close collaboration with other disciplines will develop new fields 
of application in the near future. FUS therapy may also find its role in 
non-invasive neurological treatments. Neurological disorders such 
as essential tremor, neuropathic pain and Parkinson’s disease affect 
millions of people worldwide and may cause significant loss of func-
tionality along with medication dependency, thus negatively affect-
ing the quality of life of patients and their caretakers. For patients 
who do not respond to drug treatments, procedures include deep 
brain stimulation, radiofrequency ablation, or radio-surgery, all of 
which are either invasive or involve ionizing radiation. TC-MRgFUS 
can potentially offer a non-invasive alternative to these treatments 
with minimal side effects.
FUS may also change the way we approach endovascular treat-
ments. The delivery of focused ultrasound energy from an exter-
nal source provides the opportunity to non-invasively treat thrombi 
in various anatomic areas. FUS exposure used in combination with 
thrombolytic drugs has potential benefits for patients with vascu-
lar thrombosis, including quicker resolution of the thrombus and 
a lower dose of thrombolytic agents, with a resultant reduction in 
associated bleeding risks.
Focused ultrasound holds tremendous promise. When developed 
to its full potential, this new, non-invasive therapy is expected to 
contribute to the management of several diseases. Its introduction 
into clinical practice will have an impact on the status quo, not just 
with respect to the field of clinical application but also with regard 
to who performs the new procedures, how the delivery of services 
will be organized, and how much each specialty will benefit from 
the new applications. It has the potential to significantly affect the 
practices of surgery, medicine and oncology. What started with sim-
ple management of uterine fibroids has now advanced to the point 
at which its potential applications are much wider, although not yet 
exploited. It may change the way we, as interventional radiologists, 
look at diseases and think how to manage our patients and it may 
ultimately represent a completely new tool in our armamentarium.
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2802.4
Radiation therapy: the oncologist’s view of how to choose 
whether and how to treat
L.M. Kenny;
Division of Oncology, Royal Brisbane and Women’s Hospital, 
Brisbane, QLD, Australia.

The choice of treatment for people with lung cancer is greatly influ-
enced by the location and stage of the lung cancer and by the 
patients’ general condition. Imaging is critical in both the diagnosis 
and staging of lung cancer.
In patients with localised peripheral lung cancer, the treatment rec-
ommended and ultimately the treatment chosen depends on a mul-
titude of factors. Wherever possible, the preferred treatment should 
be guideline based in an attempt to provide standard care. The 
options for managing people with localised peripheral lung cancer 
is expanding and becoming less invasive; however, they are heav-
ily dependent on the bias of the treating physicians, the expertise 
available within the facility and the oncologists or physicians abil-
ity to network with comprehensive facilities where a broader range 
of options are available. It is not possible to consider all possible 
options even without collaboration in the form of a well function-
ing multidisciplinary team and without access to available technolo-
gies and broad expertise. We assume that there is clinical equipoise 
in choices; however, that is not knowledge that we possess. Options 
will include no treatment, surgical excision, cryo or thermal abla-
tion, standard fractionated radiation treatment or stereotactic abla-
tive body radiotherapy. Stereotactic ablative body radiotherapy can 
produce local control rates of up to 90% at five years. The general 
condition of the patient, the skills and biases of the treatment team 
and the wishes of the patient will all influence the choice ultimately 
made. The overall burden of treatment from a patient’s perspective 
and the financial costs must also be considered, particularly if the 
local cure rates are comparable.
For patients with more central tumours, particularly those that are 
unresectable but still regionally localised, chemoradiation may be 
the treatment of choice.

Special Session
Clinical practice - lower limb

3002.1
How can IRs provide total management of the patient with 
PAD?
J.A. Reekers;
Department of Radiology, Academic Medical Centre, Amsterdam, 
Netherlands.

Learning Objectives
1. To learn how to spot essential information from the patient’s 

history
2. To learn to understand the patient’s general health situation
3. To learn about the essentials of the correction/treatment of the 

risk factors for PVD 

No abstract available.

Age, disease free interval, tumor size, and tumor numbers, which 
have been reported as predictors of survival after surgical metas-
tasectomy are independent predictors of survival after RFA of lung 
metastases. The ideal candidate should have less than 3 tumors that 
are less than 3 cm.
One advantage of RFA is that it can be easily repeated in case of 
occurrence of new metastases, which is difficult with surgery because 
of the aggressive nature of the procedure. The same applies to ste-
reotaxic radiation therapy where multiple irradiation results in toxic-
ity to lung parenchyma, skin, or mediastinum. Consequently, today, 
RFA is part of routine practice armamentarium against lung cancers.
However, many fields need to be investigated to improve efficacy 
and to better determine the role of RFA relative to other therapies. 
Investigation will be needed for the following:
-   To determine the role of various ablation technologies such as 

microwaves, cryotherapy, and irreversible electroporation in 
comparison with RFA, which is the most reported technique.

-   To evaluate the need and benefit of combining local ablation and 
systemic therapy.

-   To compare RFA with other local therapy, namely stereotactic 
body radiation therapy that has indications very close to percuta-
neous thermal ablation. These comparisons will help to determine 
the best treatment option in a given situation.

Future trends in cancer treatment will favor minimally aggressive 
treatments and percutaneous ablation as well as any percutaneous 
thermal ablation. Such studies are required to use evidence-based 
medicine supporting the use of RFA in lungs in primary and meta-
static diseases and to define the best target population for each 
therapy.

2802.3
Percutaneous cryotherapy in the lungs and the thoracic wall
A. Gangi, J. Garnon, G. Tsoumakidou, I. Enescu, F. Bing;
Imagerie Interventionnelle, NHC, Strasbourg, France.

Percutaneous cryoablation can be applied to different organs with 
low pain, good ice visualisation, and preservation of collagenous 
tissue architecture. Cryoablation is performed in the liver, prostate, 
kidney, bone and breast with good outcomes. More recently, cryo-
ablation proved to be safe and feasible in the thorax and chest wall. 
For the lung, the triple-freeze protocol (3-3-7-7-5) seems very prom-
ising. For intraparenchymatous tumours, the disadvantages of cryo-
therapy are the need for insertion of multiple 17 gauge probes and 
the expense of this technique compared with RF ablation. The abla-
tion of the chest wall, particularly in palliative cases is one of the 
best indications of thoracic cryoablation. The ice ball visualisation 
increases safety and precision, and the procedure is less painful 
compared with RF or microwave ablation.
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Classification of disease severity
The Fontaine and the more recent Rutherford classification are clin-
ical staging systems to grade disease severity. The severity of exer-
cise-induced claudication and presence or absence of ulcers or gan-
grene are used to grade the disease in stage I–IV (Fontaine) or cate-
gories 0–6 (Rutherford), respectively. In acute limb ischemia, there 
is an interdisciplinary classification system based on clinical signs 
(muscle weakness and sensory loss) and Doppler measurements 
(arterial and venous signal). Acute ischemic limbs are accordingly 
classified from viable to not salvageable. These classifications have 
an important impact on the type and aggressiveness of therapeutic 
regimes and are therefore an important and integral part of patient 
care in PAD and will be discussed in detail.

3002.3
Peri- and postprocedural coagulation management
A.A. Nicholson1, C.J. Hammond2;
1Department of Radiology, Leeds General Infirmary, Leeds, United 
Kingdom, 2Vascular Radiology, Leeds Teaching Hospitals NHS Trust, 
Leeds, United Kingdom.

Learning Objectives
1. To learn about the role of platelet inhibitors before and after 

treatment (including new alternative substances)
2. To learn about the role of heparin
3. To learn about the role of Coumadin in patients with PVD and 

about new alternative substances
The goals of pharmacotherapy during peripheral angioplasty are 
2-fold: (1) to mitigate the sequelae of iatrogenic plaque rupture from 
balloon angioplasty or stenting and (2) to reduce the risk of throm-
bus formation on intravascular catheters, wires and stents. Central to 
these thrombotic events is thrombin (factor IIa). Iatrogenic damage 
to the endothelium during PTA leads to increased expression of tis-
sue factor, activation of the coagulation cascade, and formation of 
activated factor Xa. This ultimately leads to generation of thrombin, 
conversion of fibrinogen to fibrin, and thrombus formation. In addi-
tion to its effects on fibrin, thrombin also directly activates platelets, 
enhances platelet aggregation, and is a proinflammatory leading to 
early occlusion at the angioplasty site.
Aspirin with or without dipyridamole? Aspirin or Warfarin?
Compared with placebo, aspirin had a positive effect in reducing the 
incidence of occlusion up to 6 months after PTA. A 60% decrease in 
obstruction was found with aspirin 330 mg combined with dipyrida-
mole compared with placebo at a 12-month follow-up. Six months after 
endovascular treatment, a positive effect on patency was found with 
50–100 mg aspirin combined with dipyridamole. These results were 
not, however, statistically significant. Aspirin/ dipyridamole tended to- 
ward showing a superior effect on patency after femoropopliteal angio- 
plasty compared with vitamin K antagonists (Warfarin) at 3, 6, and 12 
months. Aspirin 50–330 mg, with or without dipyridamole, started be- 
fore femoropopliteal endovascular treatment appeared to be the most 
effective and safest strategy and reduced the incidence of reocclu-
sion at 6 and 12 months when compared with no therapy or vitamin 
K antagonists. Three trials showed that higher doses of aspirin had no 
advantage on early reocclusion (within 1 month) and were more likely 
to cause gastrointestinal side effects including peptic ulcer [1-4]
Low molecular weight heparins
Although unfractionated heparin is commonly used during angio-
plasty procedures to avoid operative clotting complications, more 
predictable effects and peri-interventional treatment with low mole- 
cular weight heparin (LMWH) in femoropopliteal obstruction has been 
shown to be more effective than unfractionated heparin 6 months 
after PTA, without causing increased bleeding [5]. Restenosis after 
angioplasty is essentially because of intimal hyperplasia. LMWHs 
have experimentally been shown to have antiproliferative effects in 
addition to their antithrombotic properties [6].

3002.2
Non-imaging assessment of the patient with PAD: essentials
H. Alfke;
Dpt. of Diagnostic and Interventional Radiology, Klinikum 
Lüdenscheid, Lüdenscheid, Germany.

Learning Objectives
1. To learn how to perform a physical examination of a patient with 

PVD
2. To learn how to measure and interpret the ankle/brachial index
3. To learn how to classify the degree of PVD properly
Non-imaging assessment of patients with PAD: essentials
PAD may present in different ways, from an asymptomatic disease to 
ischemic rest pain and gangrene. Most cases can be evaluated by careful 
clinical examination and accurate history. Non-invasive functional pro-
cedures may help secure the diagnosis in difficult cases and to exclude 
differential diagnosis, for example, orthopedic diseases. Imaging is per-
formed to plan PAD treatment and not to make the diagnosis.
History
Location and duration of symptoms such as pain and their associa-
tion with circumstances that aggravate or alleviate them is impor-
tant for diagnosing PAD. The typical symptoms of patients with 
intermittent claudication are a cramping pain in the buttock, thigh, 
or calf muscle with or without fatigue or weakness, which is clearly 
associated with exercise and relieves quickly after rest. Rest pain due 
to critical limb ischemia is characterized by severe, deep pain in the 
foot at rest, which may be alleviated by lowering the leg. Possible 
differential diagnosis, for example, nerve root compression, osteoar-
thritis, venous claudication, or compression syndromes can be dif-
ferentiated because of different clinical symptoms.
Physical examination
Skin color, temperature, and integrity are important measures of 
vascular perfusion. A careful examination of the skin is important 
to detect trophic changes and ulcers. Blood flow assessment should 
be performed for all extremities. This includes pulse palpation and 
measurement of blood pressure. Auscultation to detect bruits asso-
ciated with turbulent blood flow in stenosis should be routinely per-
formed at the neck, abdomen, and groin. In cases of acute limb isch-
emia, muscle weakness and the degree of sensory loss should be 
evaluated. In addition, a neurologic and basic orthopedic examina-
tion is necessary.
Non-invasive procedures 
The ankle–brachial systolic pressure index (ABI) is a very reliable an 
accurate test to confirm the presence of arterial disease. The test is 
performed by placing an appropriately sized pneumatic cuff around 
the limb and inflating it to a level above the systolic pressure. While 
the cuff is slowly deflated, a Doppler probe is used to detect the sys-
tolic pressure at which arterial inflow returns. The pressure in the 
brachial artery, dorsalis pedis artery, and posteriotibial artery are 
compared by calculating ABI: This is a division of the highest pres-
sure of each ankle with the highest of the two arm systolic pres-
sures. A value of 1–1.2 excludes lower limb ischemia, whereas values 
below 0.9 indicate abnormal vascular perfusion. The degree of the 
perfusion deficit can be grades as mild (ABI 0.7–0.9), moderate (0.5–
0.7), and severe (<0.5). The sensitivity of ABI is 95% and the specific-
ity nearly 100%. Pitfalls are low arm pressure due to brachial athero-
sclerosis and artificially high ankle pressures due to incompressible, 
heavily calcified vessels, especially in patients with diabetes. In these 
patients, measurements of toe pressures with special cuffs and cal-
culation of a toe–brachial index may help. Pulse volume recording 
and measurement of transcutanous oxygen pressure may complete 
the diagnosis of PAD. In cases of acute limb ischemia with very low 
arterial Doppler pressures or even absent signals, measurement of 
the venous Doppler signal should complete the examination.
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A Cochrane review demonstrated that, compared with aspirin alone, the 
use of clopidogrel plus aspirin is associated with a reduction in the risk of 
cardiovascular events in patients with acute non-ST coronary syndrome. 
In patients at high risk of cardiovascular disease, but not in the acute 
phase, there is only weak evidence of a benefit and in fact the hazards of 
treatment almost match any benefit obtained [14]. The CHARISMA trial 
that enrolled more than 15,000 patients with either evident clinical car-
diovascular disease or multiple risk factors suggests a potential benefit 
of clopidogrel and aspirin versus aspirin alone in patients with symptom-
atic vascular disease [15]. Dual antiplatelet therapy (aspirin and ticlopi-
dine) was also demonstrated to have a statistically significant impact on 
reducing adverse neurological outcomes without an additional increase 
in bleeding complications in patients undergoing carotid stenting [16].
Many interventionalists and angiologists have begun using com-
bined platelet inhibition with aspirin and clopidogrel before and 
after PTA and stenting in peripheral arteries. Although this strategy 
has not been studied in a randomized fashion, it seems to be a rea-
sonable approach to reduce acute and subacute thrombotic compli-
cations after endovascular procedures.
Treatment 6–24 hours before the procedure with a loading dose of 
clopidogrel has been shown to improve the clinical outcome [17], 
and a 600-mg loading dose versus 300 mg at least 12 hours before 
the percutaneous intervention provided greater benefit in coronary 
syndromes [18]. In addition, patients were given an intra-arterial 
bolus of heparin (3000–5000 U) at the time of the procedure.
Cardiological experience, though limited peripheral vascular expe-
rience, suggests that dual therapy with aspirin (100 mg/day) indef-
initely and clopidogrel (75 mg/day) for 4 weeks after the interven-
tion helps to reduce the occlusion rate following PTA. The optimal 
loading dose of clopidogrel in patients undergoing peripheral endo-
vascular revascularization is 150mg though loading is not necessary 
if patients are pre-treated for 3 days prior to intervention (7 days in 
patients over 80 years old); the optimal duration for dual therapy is 
not known, but patients have different requirements with age.
Conclusions
There is evidence suggesting that patients undergoing PTA bene-
fit from aspirin at a dose of 75–100 mg/day started before the inter-
vention and continued life-long. Clopidogrel may represent a use-
ful alternative in patients who cannot tolerate aspirin or as a combi-
nation therapy with aspirin, particularly when increased risk factors 
for reocclusion are detected, although specific data on this strat-
egy are lacking. The use of LMWH in selected cases (e.g., critical limb 
ischemia) may be superior to unfractionated heparin for prevent-
ing early and mid-term reocclusion/restenosis after femoropopliteal 
angioplasty. Abciximab may be a useful drug for extended femoro-
popliteal interventions in patients at high risk of reocclusion.
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Three questions:
•   Can LMWH reduce restenosis?
•   Is LMWH plus aspirin more effective than aspirin alone in reducing  
    the incidence of restenosis/reocclusion in patients undergoing  
    PTA of femoropopliteal arteries?
•   Does LMWH have different effects in patients treated for intermit- 
    tent claudication or critical limb ischemia?
Koppensteiner et al. randomized patients to either 2500 IU of dalte-
parin subcutaneously administered for 3 months plus aspirin 100 
mg/day or aspirin alone after femoropopliteal PTA. He failed to show 
any advantage at 12 months. However, dalteparin appeared to be 
beneficial at the 12-month follow-up in patients with critical limb 
ischemia [7]
Thienopyridines and abciximab
Thienopyridines are a class of ADP receptor/P2Y12 inhibitors used 
for their antiplatelet activity. These drugs include prasugrel (Effient), 
ticlopidine (Ticlid), and clopidogrel (Plavix).
These antithrombotic drugs, ticlopidine and clopidogrel, may be 
alternative agents for reducing platelet aggregation and blood clot-
ting and maintaining patency after endovascular procedures. A dou-
ble-blind, randomized, placebo-controlled trial evaluated the anti-
platelet effects of clodipogrel and aspirin versus placebo and aspi-
rin after lower limb angioplasty. Platelet function was significantly 
suppressed in the clopidogrel group up to 30 days after endovascu-
lar intervention [8]. The same authors also evaluated whether mark-
ers of coagulation activation, D-dimer and thrombin–antithrombin 
(TAT), were affected by clopidogrel in patients with intermittent clau-
dication undergoing angioplasty. Endovascular intervention resulted 
in significant increases in TAT and D-dimer levels, but addition of 
clopidogrel to the standard antithrombotic therapy with aspirin had 
no effect on the levels of these markers before or after endovascu-
lar intervention [9]. The thienopyridines, ticlopidine and clopidogrel, 
are a useful alternative in patients who cannot tolerate aspirin or as 
a combination therapy with aspirin when increased risk factors for 
reocclusion are detected, although specific data is lacking.
In one study of abciximib in high-risk patients with long segmen-
tal femoropopliteal interventions, abciximab administered intrave-
nously improved early patency [10].
Current Guidelines:
Recommendations of the guidelines of the American College of 
Chest Physicians [11]
Recommendation Grade 1C: Aspirin should be used before and after 
PTA of the peripheral arteries to reduce the incidence of peri-proce-
dural thromboembolic events.
Recommendation Grade 1A: Heparin during PTA is probably not nec- 
essary for interventions to large, high-flow arteries.
Recommendation Grade 2B: Given the evidence that aspirin alone or 
in combination with dipyramidole may modify the natural history of 
intermittent claudication from atherosclerosis and that patients with 
PAD are at high risk of future cardiovascular events, in the absence of 
contraindications, life-long aspirin therapy (75–100 mg/day) should 
always be considered.
Recommendation Grade 1C: Recommendation above applies to 
all patients with PAD undergoing lower limb PTA, with or without 
stenting.
Dual antiplatelet therapy
Platelet activation and aggregation after PTA of atherosclerotic 
arteries are important risk factors for reocclusion/restenosis after 
endovascular procedures. Trials using clopidogrel, combined with 
aspirin have demonstrated benefit in acute coronary syndromes 
(CURE) [12]. Dual antithrombotic therapy with aspirin plus ticlopi-
dine improved the outcome after stent implantation in patients with 
PAD compared with the outcome in patients taking aspirin alone or 
aspirin plus full anticoagulation with heparin and warfarin. Because 
clopidogrel has the same mechanism of action as ticlopidine, but is 
associated with fewer side effects, it has replaced ticlopidine in clini-
cal practice [13].
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any new and possibly expensive therapy until it has not been proven 
to be effective and cost-effective.
In peripheral arterial disease, we have an increasing number of treat-
ment modalities. Initially, percutaneous balloon angioplasty was the 
only option. Nowadays, we can choose between different stents, 
drug-eluting stents, stent–grafts, drug-eluting balloons, cutting bal-
loons, and atherectomy devices. However, most new therapies do 
not have a sufficiently high level of evidence.
The limitation of most studies are as follows:
•   They do not compare with standard treatment
•   They are difficult to compare with other studies
•   They have technical endpoints
•   They do not focus on cost-effectiveness and improvement in qual- 
    ity of life.
Physicians may be interested in patency rates, color duplex
ultrasound (CDUS), peak systolic velocity rates (PSVR), and ankle–
brachial index (ABI) values. However, patients are interested in sur-
viving a procedure without complications, limb salvage and wound 
healing, and the distance that they can walk.
Patients are interested in the cost-effectiveness of the therapy 
and that they can go back to work within a short period of time. 
Therefore, we need many different outcome measures before we 
can judge a new therapy as useful:
•   Does it provide a high technical success?
•   What is the short-term and long-term morbidity after
    the therapy?
•   Does the patient experience improvement in quality of
    life (longer walking distance, rapid wound healing, limb salvage)?
•   How long does the improvement in quality of life last?
•   Does it have an impact on survival?
•   Is the gain in quality of life achieved at acceptable
    costs? In other words: can it be done at costs that payers are will-  
    ing to pay?
Usually studies have primary and secondary endpoints.
Primary endpoints should include a 30-day outcome, which includes 
the technical success and complication rate differentiating minor 
and major complications, and efficacy endpoint, which includes 
medical surrogates such as patency and clinical measures such as 
walking distance, limb salvage, and survival. Secondary endpoints 
should have accepted quality of life measures and health economic 
measures.
Scientific studies in medicine have different levels of evidence.
Level 1: The highest level if many randomized controlled studies 
(RCT) are available and a meta-analysis of these studies shows effi-
cacy of a therapy.
Level 2: One or more RCTs with a sufficient number of patients are 
demonstrating efficacy.
Level 3: The third level is a prospectively planned single-arm study 
with a well-defined protocol such as a registry without any compari-
son with the standard of care. However, these registries are only use-
ful if they have a sufficient number of patients observed for a suffi-
cient time. These registries can be useful to demonstrate the effec-
tiveness of a therapy under routine clinical conditions in a large 
number of “all-comer” patients.
Level 4: These are observational case series.
Level 5: This is expert opinion.
In evidence-based medicine, we have classes of evidence:
Class Ia: Evidence from a meta-analysis of RCTs
Class Ib: Evidence from of at least one RCT
Class II: Evidence from a large prospective study such a registry
Class III: Evidence from a descriptive study with a control group (i.e., 
case–control study).
Class IV: Evidence from descriptive studies or expert consensus
Class V: Evidence from small retrospective case series
Unfortunately, majority of physician-initiated studies are single-cen-
tre, retrospective case series (level 4, class V). Majority of industry 
sponsored studies are small, prospective registries (level 3, class II). 
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3002.4
Can you explain outcome measures in peripheral 
interventions?
J. Lammer;
Department of Cardiovascular and Interventional Radiology, 
University Hospital Vienna, Vienna, Austria.

Learning Objectives
1. To learn about the definition of patency 
2. To learn how the clinical outcomes and quality of life can be measured
3. To learn how to construct and evaluate Kaplan-Meier tables
Treatment of peripheral arterial disease is directed toward improve-
ment in the quality of life. In a small number of patients, it may be a 
lifesaving therapy. However, economic restrictions do not allow using 
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Special Session
New horizons in musculoskeletal interventions

3003.1
MR-guided interventions
A. Gangi, J. Garnon, G. Tsoumakidou, E. Breton;
Imagerie Interventionnelle, NHC, Strasbourg, France.

Learning Objectives
1. To learn the advantages and limitations of MR-guided procedures
2. To learn the best indications for MR-guided interventions
3. To learn about the specific tools, materials, and sequences 

adapted to MR-guided interventions
Magnetic resonance imaging (MRI) is increasingly being used for guid-
ing and monitoring interventional procedures. The new MR magnet 
with an open or large bore allows better access to the patient. In con- 
trast to the other modalities like CT or fluoroscopy, MRI does not ex-
pose the patient or the operator to ionizing radiation and therefore 
avoids the principle safety concern in x-ray based imaging systems. 
However, the MR environment is complex and poses substantial safety 
hazards avoidable by educating the personnel. The indications of MR 
guided procedures grow constantly, including therapeutic injections, 
biopsies of challenging lesions or lesions visualized only with MR, ther- 
mal ablations with thermal real time monitoring, treatment of vascu-
lar malformations, and finally HIFU. The real time multiplanar imaging 
of MR allows an easy and precise procedure.
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3003.2
Percutaneous screw fixation of fractures and imminent 
fractures
N. Amoretti, E. Cervantes, Y. Nouri, L. Huwart;
Service d’Imagerie Médicale, Centre Hospitalier Universitaire de 
Nice, Nice, France.

Learning Objectives
1. To learn about the technique of percutaneous screw fixation
2. To learn the best indications for percutaneous screw fixation 
3. To learn about the results and complications of the technique
Besides the classical surgical interventions, several new therapeu-
tic options have been proposed secondary to the progress in inter- 
ventional imaging:

However, the combination of RCT, which demonstrates efficacy
under extremely defined conditions, and a registry, which shows 
effectiveness under routine condition in a large number of patients, 
is required to evaluate a new therapeutic strategy.
The outcome measures that should be analyzed are as follows:
•   Technical success: In endovascular therapy recanalization rate, 
    lack of residual stenosis >30%, and improvement in ABI by >0.1 are 
    reported outcome measures for technical success.
•   Complication rates within 30 days: Major complication rates are 
    death, need for a second invasive procedure, prolonged hospital 
    stay, or an increased level of care during hospitalization (ICU).
•   Criteria of efficacy: The first 12 months indicates short-term, 12–24 
    months indicates mid-term, and beyond 24 months indicates 
    long-term efficacy.
•   Primary patency rate: Patency is defined by <50 stenosis, as seen 
    on angiography, a CDUS defined PSVR of <2.5, ABI loss of <0.15 
    without a secondary intervention such as a target lesion revascu-
    larization (TLR).
•   Secondary patency rate: Patency is defined as <50 stenosis, as 
    seen on angiography, a CDUS defined PSVR of <2.5, ABI loss of 
    <0.15 after a secondary intervention such as a TLR.
•   Clinical improvement: For studies, the categorization of 
    Rutherford [from +3 (marked improvement) to –3 (severe worsen-
    ing)] is used.
•   In patients with intermittent claudication, the walking distance 
    and the results of a walking impairment questionnaire (WIQ) 
    should be reported.
•   In patients with CLI, the loss of pain, wound healing, and limb sal-
    vage should be reported.
•   For defining the gain in quality of life generic health status ques-
    tionnaires such as SF 36 and the calculations of years in full health 
    (QALYs) are accepted measures.
•   Cost-effectiveness analysis, cost-benefit analysis, and strategies 
    based on a given amount of money the payers/society is willing to 
    pay for a disease should be done.
For example in Zilver PTX studies, the combination of RCT compar-
ing the drug-eluting stent with the standard of care (PTA and
stenting) and a large registry was the right way to go. However, 
sufficient
quality of life data and health economic data are still missing. On the 
other hand, in drug-eluting balloons, we have only data from small 
RCTs with extremely artificial surrogate endpoints such a late lumen 
loss (LLL). This makes therapeutic decisions for promising new thera-
peutic strategies difficult.
With the increasing number of therapeutic options and the increas-
ing health care costs it is important that the quality of studies needs 
to increase. Not only health care providers but also physicians 
should ask for a high level of evidence before they accept a new 
therapeutic strategy.
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vertebral metastasis is 1 year [16], surgery is undesirable because 
the postoperative recovery consumes much of the remainder of life. 
Therefore, nonoperative and minimally invasive techniques are the 
most appropriate treatment options for vertebral metastases. Spine 
augmentation is not the only effective procedure in cancer patients; 
clinical experiences on painful bone metastases treated with per-
cutaneous osteoplasty (PO) (also called cementoplasty) have dem-
onstrated immediate pain relief and improved mobility [17].
Percutaneous minimally invasive tumoral bone ablation obtained 
by radiofrequency (RF), microwaves, and cryoablation can achieve 
delayed pain relief [18]; however, for immediate bone consolidation, 
bone cement injection is needed.
Several studies have reported dramatic improvements in pain sever-
ity associated with osteolytic vertebral metastases following percu-
taneous vertebral augmentation as well in bone metastases after 
PO [19-21]. However, percutaneous vertebral augmentation and PO 
are associated with higher risk of complications from PMMA extrav-
asation in cancer patients compared with osteoporotic patients due 
to loss of cortical integrity [22]. Leakage can be reduced but may 
always occur even with new high viscosity PMMA [23]. Malignancy is 
widely considered a relative contraindication for these procedures. 
Chew et al. [20] conducted a systematic review on the safety and 
efficacy of percutaneous vertebral augmentation for spinal metas-
tases and myeloma. Although vertebral augmentation reduced 
pain severity by 47%–87%, serious complications were reported in 
up to 12% patients. The risk of cement extravasation is also notably 
higher in malignancies because of high vascularization and osseous 
destruction [22].
To allow a safer vertebral augmentation in spine metastases and to 
reduce leakage in PO, several new devices are continuously proposed 
by medical companies.
A majority of them aim to reduce the risk of complications related 
to cement leakages and to restore initial vertebral height. To reduce 
cement leakage, high viscosity cement Confidence System (DePuy) 
and Vertecem-plus (Synthes) were recently proposed [24, 25]. These 
products allow the injection of dough-like cement, thus reducing 
the risk of leakage and can be successfully employed in metastases 
with vertebral wall involvement as well in bone metastases with cor-
tical bone destruction.
Combining percutaneous plasma-mediated RF ablation (Coblation) 
with vertebral body augmentation was recently proposed as an 
alternative treatment to surgical interventional options for advanced 
metastatic spinal lesions in cases with cortical destruction and/or 
epidural extension. A void was created in the anterior portion of the 
tumor-infiltrated vertebral body using a bipolar plasma-mediated 
RF-based wand followed by deposition of bone cement [26].
Another recent method to increase PMMA viscosity during injection 
is RF assisted kyphoplasty (D-Fine) [27]. A RF vertebroplasty needle 
is connected to an RF generator that constantly heats the needle tip 
during injection; heating causes PMMA to polymerize, increasing vis-
cosity and decreasing cement leakage risk. This device has recently 
been modified by the same company (STAR Tumor Ablation System) 
to add a targeted RF ablation of the tumor within the vertebral body 
just before cement injection in the same session. RF-assisted bone 
augmentation is also suitable for bone augmentation beyond the 
spine.
For a more controlled bone cement injection related to spine lesions, 
Soteira proposed a covered self-expandable nitinol stent with small 
holes in the anterior part, and the stent is then filled with cement. 
For a safer KP on high thoracic vertebrae, a reduced size introduc-
tion cannula (Kyphon-Express, Medtronic) plus a high viscosity 
cement (Kyphon Xpede) were proposed. Balloon insertion can be 
performed through a 10 Gauges cannula, the same size of the verte-
broplasty needle.
Some endovertebral prosthesis, achieving height restoration and more 
controlled cement injections, were recently introduced. The KIVA 
System (Benvenue Medical), consisting of a nitinol coil that is manually 

-   Percutaneous screw fixation for treating low-grade isthmic 
spondylolisthesis in adults

-   Percutaneous screw fixation of acetabular roof fractures by radiol-
ogists under CT and fluoroscopy guidance

-   Percutaneous screw fixation of vertebral pedicle fractures under 
CT guidance

-   Computed axial tomography-guided fixation of sacroiliac joint 
disruption

-   Percutaneous facet screw fixation of lumbar spine with CT and 
fluoroscopic guidance

CT provides direct visualization of the neuroforamina, exact length 
measurement, diminished morbidity, and minimal scarring. It allows 
patients to stand after 24 hours.
Percutaneous osteosynthesis is easy, rapid, and safe.
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3003.3
What’s new in tumour management?
G.C. Anselmetti;
Interventional Radiology, Clinica Pinna Pintor, Turin, Italy.

Learning Objectives
1. To learn about new treatment options in MSK tumour 

management
2. To learn about the outcomes of new techniques of MSK tumour 

management
3. To learn when and how combined techniques are used
Vertebral augmentation by means of percutaneous vertebroplasty 
(PV) first introduced in 1987 [1] for symptomatic vertebral angioma 
and then developed on osteoporotic fracture and metastases and later 
on kyphoplasty (KP) has gained world-wide application as effective 
minimally invasive treatments for back pain due to osteoporotic and 
malignant vertebral collapses refractory to conservative treatment 
[2-4]. PV and KP can achieve a rapid, significant, and durable pain 
relief with improvement in daily life performance [3-8], and recently 
published studies show better results of percutaneous vertebral 
augmentation in the short term compared with optimal pain med-
ication [9, 10]. PV and KP have not always been offered to patients 
with vertebral collapses for many of reasons, including the possibil-
ity of major complications [11-13] and the increased risk of a new ver-
tebral fracture [14, 15].
Vertebral metastases are associated with significant pain, disability, 
and morbidity. If left untreated, progression of these lesions results in 
painful microfractures with potential for vertebral level collapse and 
spinal cord compromise. Open surgery for fracture stabilization is 
often inappropriate in this patient population because of a poor risk-
benefit profile. Because the average life expectancy in patients with 
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expanded to reach both the vertebral endplates with a monolat-
eral approach; the coil is then covered by a peek implant with holes 
in the internal part. The nitinol coil is removed and the cement is 
injected into the central part of the implant avoiding external leakage 
[28]. Vertelift (SpineAlign) is a nitinol endovertebral cage placed with 
bilateral approach and manually expanded into the vertebral body. 
After height restoration is achieved (and maintained by the cage), 
cement is coaxially injected. Other metallic vertebral implants include 
StaXx (SpineWave), SpineJack (Vexim), VBS (Synthes), and OsseoFix 
(AlphatecSpine). These aim to mechanically restore collapsed verte-
bral height and to create a scaffold before cement injection. These 
new devices are waiting to be validated by ongoing studies over a 
large series of patients with prospective follow-up.
After vertebral augmentation in spine metastases, to prevent early 
regrowth, patients typically receive postoperative fractionated radio- 
therapy, which is associated with long treatment duration. A new 
approach to deliver intraoperative radiotherapy (IORT) during kypho- 
plasty to shorten the treatment time and reach structural stability 
and sterilization of the metastases (Kypho-IORT) was recently pro-
posed, and early results showed stable disease within the irradiated 
vertebral body in 14 of 15 patients [29]. This procedure can also be 
adapted to PO.
A majority of these new devices are specifically designed for the 
spine but some published case report about the treatment of metas-
tases in long bones, where the devices have been home-made by 
the interventional radiologist, can also lead to new ideas for PO [30].
Currently, options for spine augmentation in metastases are multi-
ple and the procedure can be tailored for each individual case, but 
do we really need such a several new devices? VP, KP, and PO are sim-
ple, quick, minimally invasive, and relatively safe procedures when 
performed by skilled interventional radiologist, and new devices can 
be useful in very selected cases only with specific indications and 
can probably allow a safer bone cement injection when radiologi-
cal image-guided and monitoring systems are not of high-end qual-
ity. To improve our bone augmentation and ablation technique, we 
need to know new devices and to identify the right indications in 
every patient. In the future the injected bone cement will be really 
important. Radioactive drugs delivering bone cement are under 
investigation and will improve percutaneous treatment of tumoral 
spines and bones together with new devices.
References
1.  Galibert P, Deramond H, Rosat P, Le Gars D (1987) Preliminary 

note on the treatment of vertebral angioma by percutaneous 
acrylic vertebroplasty. Neuro-Chirurgie, 33(2):166-168.

2.  Ploeg WT, Veldhuizen AG, The B, Sietsma MS (2006) 
Percutaneous vertebroplasty as a treatment for osteoporotic 
vertebral compression fractures: a systematic review. European 
spine journal, 15(12):1749-1758.

3.  Anselmetti GC, Corrao G, Monica PD, et al. (2007) Pain relief 
following percutaneous vertebroplasty: results of a series 
of 283 consecutive patients treated in a single institution. 
Cardiovascular and interventional radiology, 30(3):441-447.

4.  Hierholzer J, Fuchs H, Westphalen K, Baumann C, Slotosch C, 
Schulz R (2008) Incidence of symptomatic vertebral fractures in 
patients after percutaneous vertebroplasty. Cardiovasc Intervent 
Radiol, 31(6):1178-1183.

5.  Yu SW, Yang SC, Kao YH, Yen CY, Tu YK, Chen LH (2008) Clinical 
evaluation of vertebroplasty for multiple-level osteoporotic spi-
nal compression fracture in the elderly. Arch Orthop Trauma 
Surg, 128(1):97-101.

6.  Tanigawa N, Kariya S, Kojima H, et al. (2008) Improvement in 
respiratory function by percutaneous vertebroplasty. Acta 
Radiol, 49(6):638-643.
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MR guided focused ultrasound of bone secondaries
Focused ultrasound is very avidly absorbed by the anterior cal-
cific margin of the cortex of bones, and the cortex and surround-
ing tissues heat very rapidly when FUS energy is applied. This pro-
cess can be used to destroy the neural fibres found in the subperi-
osteal layers, where destruction will begin when the temperature 
is raised to approximately 55°C. This process has been found to be 
capable of causing very substantial pain relief in patients with met-
astatic bony deposits deep in these areas of ablation. Phase 1 trials 
showed that approximately 80% patients treated will respond with 
significant pain relief to this procedure, which may be prolonged 
up to 6 months. Therefore, this process has allowed the develop-
ment of a noninvasive outpatient once only therapy for painful bone 
secondaries. The procedure currently is purely palliative because 
with current technology it is hard to get the ablative energy deep 
into the bone secondary beyond the calcific periosteal margin, but 
as transducer frequencies are reduced with successive technology 
upgrades, deeper penetration will be possible.
This process is currently being utilised in patients who fail to respond 
to radiotherapy as the first line treatment for their painful bone sec-
ondaries. I will present some early results from an FDA sponsored 
trial where patients were assigned to either a sham treatment or an 
active treatment in this area, describe the outcomes of this success-
ful trial, where and how is this therapy best utilised and what are the 
future possibilities for its applications.

3004.3
Prostate cancer: focal tumour ablation or total gland ablation?
A. Napoli1, G. Cartocci2, G. Brachetti2, F. Boni2, C. Catalano2;
1Department of Radiological Sciences, University of Rome, Rome, 
Italy, 2Department of Radiology, Oncology and Anatomic Pathology, 
Policlinico Umberto I, Sapienza University of Rome, Rome, Italy.

Learning Objectives
1. To learn how to select patients with prostate cancer and include 

them into a HIFU treatment programme
2. To learn which HIFU ablation strategy will optimise treatment 

efficacy vs. risk of complication
3. To learn how to compare the results of HIFU with other local 

treatment techniques
Prostate cancer (PC) is one of the most common cancers affecting the 
male population worldwide. Men with newly diagnosed cancer have 
to decide between many available treatments. In particular, patients 
with low-risk PC (stage T1–T2, Nx–N0, M0) can now approach a focal 
therapy to avoid side effects of “whole-gland treatment,” such as uri-
nary incontinence, erectile dysfunction, or damage to surrounding 
structures. The key points for focal therapy depend on valid identifica-
tion of target lesions within the prostate gland, long-term efficacy of 
treatment, and appropriate patient follow-up. High-intensity focused 
ultrasound (HIFU) is now available as a focal therapeutic option for 
the management of low-risk PC; in the last 10 years, its feasibility and 
safety has been tested in a growing number of clinical studies. At 
present, magnetic resonance imaging (MRI) is one of the most accu-
rate techniques used to investigate the male pelvis; recently, MR guid-
ance was combined with the HIFU principle and was presented as a 
novel technique for focal ablation of PC. MR-guided focused ultra-
sound (MRgFUS) represents a potential treatment of choice owing to 
its high anatomical resolution and the possibility of real-time moni-
toring of temperature during ablation. MRgFUS can also be used as a 
salvation therapy for locally proven recurrence of PC after radiation or 
brachytherapy failures. The conservative approach sparing the neuro-
vascular bundle leads to a low rate of genitourinary side effects. The 
technology has been well studied and developed and appears highly 
promising to be utilized in future as a valid focal therapy.

27. Trumm CG, Jakobs TF, Stahl R, et al. (2013) CT fluoroscopy-guided 
vertebral augmentation with a radiofrequency-induced, high-vis-
cosity bone cement (StabiliT®): technical results and polymethyl-
methacrylate leakages in 25 patients. Skeletal Radiol, 42(1):113-120.

28. Korovessis P, Vardakastanis K, Repantis T, Vitsas V (2013) Balloon 
Kyphoplasty Versus KIVA Vertebral Augmentation-Comparison 
of 2 Techniques for Osteoporotic Vertebral Body Fractures: 
A Prospective Randomized Study. Spine (Phila Pa 1976), 
38(4):292-299.

29. Reis T, Schneider F, Welzel G, et al. (2012) Intraoperative radio-
therapy during kyphoplasty for vertebral metastases (Kypho-
IORT): first clinical results. Tumori, 98(4):434-440.

30. Anselmetti GC, Manca A, Chiara G, et al. (2011) Painful pathologic 
fracture of the humerus: percutaneous osteoplasty with bone 
marrow nails under hybrid computed tomography and fluoro-
scopic guidance. J Vasc Interv Radiol, 22(7):1031-1034.

3003.4
Hybrid interventions: surgery and IR
S.M. Tutton;
Department of Radiology, Medical College of Wisconsin, Milwaukee, 
WI, United States of America.

Learning Objectives
1. To learn the best indications for hybrid interventions
2. To learn about the techniques
3. To learn how to organise the procedures and the environment 

mandatory for hybrid procedures 

No abstract available.

Special Session
High-intensity focused ultrasound 

3004.1
How much ablation do you need in uterine fibroids?
M. Matzko;
Abt. Radiologie, Klinikum Dachau, Dachau, Germany.

Learning Objectives
1. To learn how to select patients with uterine fibroids for HIFU 

treatment
2. To learn what are the best techniques to optimise treatment 

efficacy vs. time vs. patient’s comfort and risks
3. To learn how to monitor patients with clinical follow-up and 

imaging test and decide if to reintervene

No abstract available.

3004.2
Morphological and anatomical inclusion criteria for the 
treatment of painful bone metastases
W.M. Gedroyc;
Radiology Department, St Mary’s Hospital, London, United 
Kingdom.

Learning Objectives
1. To learn how to select patients with bone metastases for HIFU 

treatment
2. To learn what are the best techniques to optimise treatment 

efficacy vs. time vs. risk of complications
3. To learn how to evaluate the current results reported in the liter-

ature



CIRSE Abstract Book
S196 CIRSE

C  RSE

even the most challenging cases. The retrograde transmetatarsal or 
transplantar arch access or even retrograde digital artery puncture 
techniques are safe and feasible to be performed as a rescue strat-
egy in cases with a failed antegrade approach. The techniques and 
success rates of such innovative approaches will be discussed and 
compared with alternative maximally invasive means of femorodis-
tal bypass surgery. Overall clinical outcomes of infrapopliteal angio-
plasty compared with bypass surgery will be debated.
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3301.2
BTK occlusion - after a failed antegrade attempt, transpedal 
access should be attempted before fem-distal bypass: Con
R.J. Hinchliffe;
St George’s Vascular Institute, St. George’s Hospital, London, United 
Kingdom.

No abstract available.

3301.3
Patients with lifestyle limiting claudication should be treated 
by exercise therapy before angioplasty: Pro
M.J.W. Koelemay;
Vascular Surgery, Academic Medical Center, Amsterdam, 
Netherlands.

Supervised exercise therapy 
The aim of treating patients with lifestyle limiting intermittent clau-
dication (IC) is to improve the pain free maximum walking dis-
tance (MWD), quality of life, and prognosis by management of ath-
erosclerotic risk factors. In clinical practice, this implies advising or 
helping to quit smoking, prescription of antiplatelet therapy and a 
statin, and to get the patient to regularly exercise, particularly walk. 
Although management seems relatively simple, it is hard to influ-
ence the lifestyle of patients with IC. It has been recognized that it is 
insufficient to advise the patient to simply walk, which has led to the 
development of supervised exercise therapy (SET) programs.
The efficacy of SET may be explained by improved distal limb flow, 
skeletal muscle metabolic adaptation to intermittent ischemia, 
improved endothelial function, improved walking economy, and a 
generalized cardiorespiratory training effect in most sedentary pa-
tients with low fitness levels. The optimal content of a SET program is 
unknown. Typically, SET consists of 2–3 half hour sessions per week, 
with 40%–80% training intensity of the maximum intensity by walking 
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3004.4
Technical advances for breast tumours
M. van den Bosch;
Department of Radiology, University Medical Centre Utrecht, 
Utrecht, Netherlands.

Learning Objectives
1. To learn how to include patients with breast cancer into a HIFU 

treatment programme
2. To learn what are the current techniques to optimise treatment 

efficacy
3. To learn how to evaluate the current results reported in the liter-

ature and compare them with surgery

No abstract available.

Special Session
Controversies in vascular intervention

3301.1
BTK occlusion - after a failed antegrade attempt, transpedal 
access should be attempted before fem-distal bypass: Pro
K.N. Katsanos;
Interventional Radiology, Guy’s and St. Thomas’ Hospitals, London, 
United Kingdom.

Percutaneous infrapopliteal angioplasty offers a valid alternative to 
femorotibial bypass surgery with high limb salvage rates that well 
exceed 90% in the long-term. Hence, infrapopliteal angioplasty is 
now considered as first-line therapy for the treatment of critical limb 
ischemia (CLI) in patients with multilevel arterial obstructive disease 
involving the infrapopliteal arteries. Traditionally, the primary aim of 
infrapopliteal angioplasty has been recanalization of one straight 
line of pulsatile flow to the foot to adequately reperfuse the dis-
tal ischemic tissue. Recanalization of multiple stenoses and chronic 
occlusions using drug-coated balloons and drug-eluting stents may 
now be accomplished in the interest of preventing limb loss by min-
imally invasive means. Compared with bypass surgery, percutane-
ous angioplasty is a minimally invasive procedure with the primary 
advantage of reduced perioperative complications, particularly in 
the frail groups of elderly and diabetic patients. In addition, angio-
plasty may be easily repeated in case of reobstruction, and contrary 
to single-vessel vein bypass surgery, 2 or even all 3 infrapopliteal 
vessels may be recanalized down to the foot. However, in certain 
cases, antegrade recanalization of the anterior and/or posterior tib-
ial artery may fail because of the considerable length and the medial 
calcinosis of the vessel that may prohibit successful distal re-entry 
to the true lumen. Furthermore, arterial obstructions may affect the 
distal tibial arteries at the malleolar level or even extend below the 
ankle (BTA) and involve the dorsalis pedis and plantar arteries at the 
inframalleolar level. In those conditions, advanced retrograde arte-
rial access techniques have been proposed to allow recanalization of 
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largest study to date in this particular group of patients. The cur-
rently recruiting SUPER study in the Netherlands has to be awaited 
to confirm the results of the CLEVER study.9
Multimodal treatment?
Because it takes some time for SET to be effective, the concept of 
giving the patient a head start with a PTA and continuing with SET 
seems interesting. In the MIMIC trials, patients with iliac artery or SFA 
lesions were randomly allocated to SET with or without PTA. Patients 
with iliac artery lesions had an adjusted 78% better improvement in 
MWD (p = 0.05) and those with an SFA lesion had an adjusted 38% 
better improvement (p = 0.04) after two years. There were no differ-
ences in quality of life. Unfortunately, the MIMIC trials do not pro-
vide a definitive answer because both were prematurely stopped.10

The final results of the RCT by Mazari et al. were published after sys-
tematic reviews.11 In this trial, patients with IC due to an SFA lesions 
were randomized to SET (n = 60), PTA (n = 60), or PTA plus SET (n = 58). 
After a follow-up of 12 months there were no significant differences in 
walking distances on a treadmill and generic and disease specific qual-
ity of life between the 3 groups, although the treatment effect sus-
tained longer in patients treated with SET and PTA. The only observed 
significant difference was a higher ABI after exercise in patients who 
had had a PTA. An economic analysis of this study is still awaited.
In another RCT, patients with predominant iliac artery lesions were 
allocated to PTA (n = 35) or PTA and SET (n = 35).12 Patients who 
were treated with PTA and SET had a higher MWD on a treadmill at 
6-months follow-up (956 vs. 685 m). There were no relevant differ-
ences in the functional status assessed with the WIQ. Patients allo-
cated to PTA and SET had better scores on the mental component 
domains of the SF-36 but not on other domains.
In the ERASE RCT (NL30125.078.09) in the Netherlands, patients with 
IC were allocated to PTA and SET versus SET alone. Inclusion has 
been completed, but the results of this study are not yet available.
In summary, there is no compelling evidence that multimodal ther-
apy is more effective than SET or PTA alone.
Cost-effectiveness
There is little data on the cost-effectiveness of SET or PTA for patients 
with IC. The only study with a cost-effectiveness analysis was per-
formed by Spronk et al. This study randomized 151 patients (106 
iliac artery lesions) to SET or PTA and found no differences in MWD 
and quality of life assessed with the VascuQol after one year.13 
Consequently, PTA was significantly more expensive than SET (mean 
difference €2318), with an incremental cost per quality adjusted 
life year (QALY) of €231,800/QALY, which is beyond the gener-
ally accepted willingness to pay. Cost-effectiveness analyses of the 
ERASE trial and SUPER study have to be awaited.
Because clinically relevant differences in outcomes between SET 
and PTA are expected to be small, it has been postulated that the 
optimal study on cost-effectiveness requires a sample size of 525 
patients per treatment arm. In sensitivity analyses, the optimal sam-
ple size remained between 400 and 600 patients for a willingness-
to-pay threshold between €30,000–100,000/QALY.14

Conclusion
Because there is no compelling evidence for the superiority of PTA 
over SET as first line treatment for patients with IC to date, neither 
from a clinical point of view nor with regard to cost-effectiveness, 
initial treatment with SET and deferred PTA in case of SET failure is 
the most obvious treatment strategy. Given the present knowledge, 
it is difficult to understand that the implementation of SET programs 
is obstructed by reimbursement issues.
References
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on a treadmill combined with exercises to improve muscle strength 
and walking economy. There is no consensus on the minimum du-
ration of a SET program, reflected by ranges be-tween 12 and 24 
weeks, as reported in literature. It seems reasonable to continue SET 
for at least 12 weeks before a decision can be made regarding suc-
cess or failure for the individual patient. Meta-regression analysis has 
not identified specific content, duration, and intensity of SET pro-
grams to be associated with improved outcome.1 Ran-domized con-
trolled trials (RCT) comparing unsupervised exercise therapy and SET 
in patients with IC have shown the superiority of SET with regard to 
improving pain free walking distance (PFWD) and MWD. The pooled 
effect size in a meta-analysis of 6 RCTs comparing unsupervised exer-
cise and SET was 0.58 (95% CI, 0.31–0.85) for improvement of maxi-
mum walking distance after three months, corresponding with a dif-
ference of 150 meters on a treadmill.2 In another systematic review 
and meta-analysis of studies comparing SET to standard care, the 
weighted mean difference after 12–24 weeks of PFWD and MWD was 
81.3 meters (95% CI; 35.5–127.1) and 155.8 meters (95% CI; 80.8–230.7), 
respectively, in favor of patients receiving SET. In studies compar-
ing SET to unsupervised exercise therapy, the weighted mean differ-
ence between PFWD and MWD was 143.8 meters (95% CI; 5.8–281.8) 
and 250.4 meters (95% CI; 192.4-308.5), in favor of SET.3 Although the 
proven effectiveness of SET implementation in clinical practice has 
been cumbersome, SET is not always reimbursed by insurance com-
panies or by other financial incentives because of comorbidity or 
poorly motivated patients. In an RCT comparing walking advice, SET, 
and SET plus feedback, the attrition rate was 10% in patients allocated 
to SET.4 In an observational study, the dropout rate was even higher, 
with 37 of 93 (40%) patients discontinuing the program because of 
intercurrent disease and motivational or reimbursement issues.5
PTA
PTA is an attractive option to relieve symptoms in patients with IC, 
with immediate success at a low complication rate, particularly for 
iliac artery lesions. Long-term success depends on the localization of 
the arterial obstruction, with less favorable results for lesions in the 
superficial femoral artery (SFA). Many patients and doctors will pre-
fer a quick fix over a program that will take approximately 3 months 
before the patient experiences relief from symptoms. The question 
is whether PTA is actually more effective than SET.
Evidence from RCT’s
A recent systematic review included nine RCTs comparing PTA with 
medical therapy (n = 2), PTA with SET (n = 4) and PTA and SET with 
SET alone (n = 3).6 It was concluded that the ankle brachial index 
(ABI) and walking distance on a treadmill improve when PTA is added 
to medical therapy or SET and there are no differences in outcomes 
between PTA alone and SET alone. The authors conclude that there 
is low confidence in their findings because of small study size, lim-
ited number of trials, heterogeneity in study design, and limited 
use of quality of life questionnaires in the respective studies. These 
conclusions are completely in agreement with another system-
atic review that was conducted independent of the previous study. 
Heterogeneity in study populations, interventions (both PTA and 
SET), and assessments (treadmill tests and quality of life instru-
ments) obstructed meaningful pooling of data. In addition, nearly 
all studies were underpowered and 5 were prematurely stopped. In 
general, it seemed that the effectiveness of PTA and SET was equiva-
lent. A combination of SET and PTA could be more effective, but this 
is highly speculative and needs confirmation with RCTs.7
The CLEVER study was published after systematic reviews. The 6-month  
results of this trial that compared PTA and stent placement with 
SET to a background of cilostazol in patients with an iliac artery 
obstruction, showed that the functional capacity on a treadmill was 
improved more in patients allocated to SET, whereas patients who 
had a PTA had more improvement in the walking impairment ques-
tionnaire (WIQ) and peripheral artery questionnaire (PAQ) scores.8 
Unfortunately, the CLEVER study was also stopped before the target- 
ed inclusion was reached, although with 111 participants it is the 
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enhances efficiency of the working muscles by lowering in-between-
step intramuscular pressure and increasing the number/diameter of 
collateral vessels, both factors leading to better collateral efficiency (1).
Randomized controlled trials have established that both supervised 
exercise therapy (SET) and endovascular revascularization (ER) may 
be effective for improving walking performance and QoL in patients 
with IC. Consequently, both strategies are included in the recom-
mendations as initial treatment option in the management of IC by 
both the Inter-Society Consensus (TASC) II and the ACC/AHA practice 
guidelines for the management of patients with peripheral arterial 
disease. Although exercise training offers the advantage of being 
a safe noninvasive treatment option, recanalization is an attractive 
alternative because of its immediate effect. The direct comparison 
of these two treatment options is of crucial importance to determine 
which treatment provides the best durable results in the long-term 
and should be offered as initial therapy for IC.
Unfortunately, RCTs comparing SET and ER, particularly during long-
term follow-up are rare. In a recently published review, results of ran-
domized clinical trials comparing percutaneous transluminal angio-
plasty (PTA) with (supervised) exercise therapy [(S)ET] in patients 
with IC were summarized. Despite the presence of comparable end-
points in the trials reviewed, the data were inhomogeneous, and 
pooling of the results was not possible. Generally, the effectiveness 
of PTA and (S)ET seemed equivalent, albeit PTA plus (S)ET improved 
walking distance and QoL scales when compared with (S)ET or PTA 
alone. It was concluded from this review that the combination of 
PTA with exercise may be superior to exercise or PTA alone (2).
Recent results of the CLaudication: Exercise Versus Endoluminal 
Revascularization (CLEVER) study became available. This multicen-
tre controlled observer-blinded trial randomized 111 patients with 
aortoiliac artery disease and claudication to i) optimal medical care 
(OMC) alone, ii) OMC plus primary stenting, or iii) OMC plus super-
vised exercise. Six month follow-up results showed that supervised 
exercise led to a greater improvement in peak treadmill walking 
time than OMC alone, whereas primary stenting was associated with 
a smaller improvement. Direct comparison analysis showed greater 
benefit with supervised exercise than stenting. However, in terms 
of patient-reported QoL, stenting was associated with a greater 
improvement than supervised exercise for most QoL scales (walk-
ing impairment questionnaire, peripheral artery questionnaire and 
medical outcomes study 12-item short form) (3).
Mazari and colleagues recently found that PTA, exercise training, 
and PTA combined with exercise training were equally effective in 
improving walking distance and QoL after 12 months in patients 
with IC due to femoropopliteal disease (4).
A limitation of the afore mentioned studies is the lack of data beyond 
12-months follow-up, leaving it unclear whether the improvements 
gained in the first 12 months are sustained and comparable between 
groups in the long-term. An ongoing study, the SUPERvised Exercise 
or Angioplasty for Intermittent Claudication Due to an Iliac Artery 
Obstruction (SUPER) study, may give more insight; however, results 
are not yet available (5).
From a clinical point of view and real-life experience made in daily 
practice, there are several factors that do not support exercise treat-
ment as single first line therapy for patients with life style limiting 
claudication. These factors include geographical or socioeconomic 
reasons as well as lesion specific and/or patient related issues. For 
example, a dedicated walking rehabilitation program may not be 
available in rural areas or patients may simply be unwilling to par-
ticipate in supervised sessions if they have long distances to travel. 
Furthermore, younger patients risk unemployment if they are forced 
to enter an exercise program instead of being offered revascular-
ization therapy with immediate symptom relief. There are also PVD 
patients who are incompliant or simply not willing to persist with an 
exercise program to maintain the benefit. However, there are ana-
tomical lesions types like proximal inflow stenoses of iliac arteries for 
instance that do not respond equally well to exercise treatment as 
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3301.4
Patients with lifestyle limiting claudication should be treated 
by exercise therapy before angioplasty: Con
T. Jahnke;
Department of Diagnostic and Interventional Radiology / Nuclear 
Medicine, FEK Friedrich-Ebert-Krankenhaus GmbH, Neumünster, 
Germany.

Intermittent claudication (IC) is the classical symptom of peripheral 
arterial disease. Patients with IC suffer from significant functional dis-
ability due to their impaired walking performance, resulting in a sed-
entary lifestyle and reduced quality of life (QoL). There is some con-
siderable body of evidence revealing that regular leg exercise can be 
an effective form of conservative treatment for IC. Physical exercise 
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CDT or thrombectomy is an adjunct to systemic anticoagulant ther-
apy using an infusion catheter or wire embedded within the throm-
bosed vein and continuous injection of thrombolytics over the infu-
sion catheter.
In contrast to femoropopliteal veins, systemic anticoagulant therapy 
in combination with stockings often fails to prevent PTS in iliofem-
oral veins, leading to chronic symptoms, significant disability, and 
impairment of quality of life (2).
Overall 23%–60% of patients could develop PTS in the 2 years fol-
lowing DVT (3). In 2004, a Cochrane meta-analysis of randomized 12 
studies could show a reduced occurrence of PTS and an improved 
venous patency in patients receiving thrombolysis (4). The incidence 
of bleeding and strokes was increased in the treatment group, but 
no increase in mortality.
In a smaller study by Elsharawy et al., patency rate of iliofemoral 
veins at a 6-month follow-up was much better when CDT was added 
to systemic anticoagulation (72% vs. 12%) (5). These results have 
been confirmed by other authors (6).
In the recent CaVenT study, Enden et al. compared conventional anti-
coagulation with anticoagulation plus additional CDT in a random-
ized, multicenter trial (7). In 209 treated patients at a 24-month fol-
low-up, PTS was reduced to 41.1% in the CDT group compared with 
55.6% in the control group (p = 0.047). The absolute risk of PTS after 
iliofemoral DVT was reduced by 14.4%. Iliofemoral vein patency was 
increased to 65.9% compared with 47.4% (p = 0.012). Twenty bleed-
ing complications occurred in the CDT group, including 3 major 
bleedings (abdominal wall hematoma, compartment syndrome, 
puncture site hematoma). However, no deaths, pulmonary embo-
lisms, or cerebral hemorrhages occurred in the CDT group.
In another randomized trial (TORPEDO), anticoagulation was com-
pared with anticoagulation and percutaneous endovenous inter-
vention (PEVI) (8). At a 6-month follow-up recurrent DVT was 2.3% 
in the PEVI groups vs. 14.8% in the anticoagulation group (p = 0.003). 
PTS at 6 months was 3.4% in the PEVI and 27.2% in the anticoagula-
tion group (p < 0.001).
An ongoing NIH-sponsored multicentre randomized trial in acute 
venous thrombosis will compare thrombus removal with adjunc-
tive catheter-directed thrombolysis (ATTRACT trial) (9). The ATTRACT 
investigators plan to enroll 692 patients (10).
After the CaVenT study, interventional radiologists should be 
encouraged to offer their patients an early thrombus removal and 
restoration of venous patency (“open vein hypothesis”) to prevent 
PTS after iliofemoral DVT (11, 12).
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an already collateralized femoral lesion. Other examples are patients 
with recurrent IC after previous treatment because of an anasto-
motic stenosis of a bypass graft or a severe femoral instent resteno-
sis. Individuals with such lesions will probably not respond to exer-
cise training alone. In addition, these patients may even risk acute 
limb ischemia if their lesions are left untreated. Furthermore, there 
are various medical conditions that can be contraindications to exer-
cise training, e.g., severe CAD, musculoskeletal limitations, or neu-
rological impairments. An exercise program in a patient with diabe-
tes who has severe distal neuropathy, for example, may cause foot 
lesions in the absence of proper footwear; thus, the exercise may 
pose a significant risk to his limbs. In daily practice, the prevalence of 
medical contraindications to exercise programs reaches up to 30%. 
When anatomical, geographical, or other factors come into play, this 
figure may even be as high as 70%–80%.
In conclusion, despite the fact that there is a proven benefit of exer-
cise training in the treatment of patients with IC, there is no evidence 
proving its superiority over early recanalization treatment. When look-
ing at mid-term follow-up, both modalities seem to be equally effec-
tive, and data beyond 12 months are not yet available. The evidence 
accrued so far suggests that the most benefit of exercise therapy is 
likely to be in a combination with recanalization procedures, particu-
larly when not merely focusing on walking distance but also looking 
at QoL. In daily practice, we are very often encountered with patients 
for whom IC exercise treatment alone is not the appropriate answer 
to their individual problem, and for many of these patients the initial 
treatment strategy must include early revascularization procedures.
References
1.  Alpert J, Larsen A, Lassen N. Blood Flow in the Calf Muscle 

During Walking Studied by the Xenon-133 Clearance Method 
Circulation, Volume XXXIX, March 1969.

2.  Frans FA, Bipat S, Reekers JA, Legemate DA, Koelemay MJW. 
Systematic review of exercise training or percutaneous translu-
minal angioplasty for intermittent claudication. British Journal of 
Surgery 2012; 99: 16–28.

3.  Murphy TP, Cutlip DE, Regensteiner JG, Mohler ER, Cohen DJ, 
Reynolds MR et al. CLEVER Study Investigators. Supervised exer-
cise versus primary stenting for claudication resulting from aor-
toiliac peripheral artery disease: six-month outcomes from the 
claudication: exercise versus endoluminal revascularization 
(CLEVER) study. Circulation 2012; 125: 130–139.

4.  Mazari FA, Khan JA, Carradice D, Samuel N, Abdul Rahman MN, 
Gulati S et al. Randomized clinical trial of percutaneous translu-
minal angioplasty, supervised exercise and combined treatment 
for intermittent claudication due to femoropopliteal arterial dis-
ease. British Journal of Surgery 2012; 99: 39–48.

5.  Frans FA, Bipat S, Reekers JA, Legemate DA, Koelemay MJ. On 
behalf of the SUPER Study Collaborators. SUPERvised exercise 
therapy or immediate PTA for intermittent claudication in patients 
with an iliac artery obstruction – a multicentre randomised con-
trolled trial; SUPER study design and rationale. European Journal of 
Vascular and Endovascular Surgery 43; 2012: 466–471.

3301.5
There is enough evidence to justify lysis/thrombectomy for 
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The aim of local catheter-directed thrombolysis (CDT) and throm-
bectomy in acute (<14 days) iliofemoral deep venous thrombosis 
(DVT) is to reduce or prevent the incidence of pulmonary embolism 
(PE) and DVT propagation, provision of early symptom relief, and 
prevention or reduction of severity of post-thrombotic syndrome 
(PTS) (1, 2).
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However, there are several methodological concerns in this study: 
only 17% of all screened patients with DVT were enrolled and more 
than 2/3 of enrolled patients were women. Moreover, randomiza-
tion concealment was unclear, and surrogate markers rather than 
clinically relevant outcomes, such as the postthrombotic syndrome 
(PTS), had been used as endpoints.
Sharifi et al compared the safety and efficacy of AC + percutane-
ous endovenous intervention (PEVI) in 88 patients vs. AC + compres-
sion stockings alone in 81 patients in an open randomized trial con-
ducted at a single university hospital in Arizona. All patients had 
acute symptomatic iliofemoral or femoropopliteal DVT and both 
groups were advised to wear thigh-high-graded compression stock-
ings for a minimum of 6 months. PEVI included thrombectomy, bal-
loon venoplasty, stenting, venous caval filter, and/or local low-dose 
CDT (tPA for up to 24h). After AC + PEVI vs. AC alone at 30 months 
mild or moderate PTS was 7% vs. 30% (p<0.001) and recurrent VTE 
was 5% vs. 16% (p=0.02) respectively. Bleeding occurred in 2% vs. 
1 % (p=0.57).
However, this study was also hampered by potential limitations: the 
number of screened patients enrolled in this study is unknown, thus 
the patient selection process is unclear. The randomization proce-
dure was not described. Furthermore, baseline differences in PTS are 
not shown and PEVI was not standardized.
The CaVenT study by Enden et al investigated patients aged 18-75 
years with acute symptomatic (≤21 days) iliofemoral DVT in an 
open randomized trial conducted at 20 Norwegian centers. In the 
intervention group, 90 patients received AC+CDT (rt-PA for up to 
96 hours) + compression therapy; 99 patients in the control group 
received AC+ compression stockings. Iliofemoral patency at 6 
months and PTC at 24 months was evaluated. Following AC + CDT vs. 
AC alone, Iliofemoral patency at 6 months was 66% vs. 47% (p=0.012) 
and PTS at 24 months was 41% vs. 56% (p=0.047), respectively. Major 
or clinically relevant minor bleeding occurred in 9% vs. 0%, respec-
tively. After AC + CDT in 4%, either a neurologic limb deficit or an 
infection was observed, whereas 0% occurred after AC alone. They 
also found a 26% relative reduction (41% vs. 56%, p=0.047) in PTS at 
2 years in proximal DVT patients who received CDT.
However, the study had also several potential limitations. First, given 
the limited sample size of 209 patients, the estimates of the effect 
sizes were imprecise (wide 95% confidence intervals). Second, the 
clinical outcomes could be evaluated in 90% of enrolled patients 
only. Also, the study evaluated CDT rather than PCDT, which may be 
more effective (from the added mechanical component of throm-
bus removal) and associated with less bleeding (because of reduced 
rt-PA dose and exposure duration) than CDT.
Current guideline recommendations
Clinical practice guidelines of the Society of Interventional Radiolo- 
gy (2006) and the American Heart Association (2011) currently sug-
gest consideration of adjunctive CDT or PCDT for selected patients 
with extensive proximal DVT. The latest (2012) American College of 
Chest Physicians (ACCP) guidelines (Kearon et al, 2012) recommend 
anticoagulant therapy alone over CDT, systemic thrombolysis, or sur-
gical thrombectomy in patients with acute proximal DVT of the leg 
(Grade 2C). According to ACCP, patients who are most likely to ben-
efit from CDT or systemic thrombolysis have iliofemoral DVT, symp-
toms for 14 days, good functional status, life expectancy of 1 year, 
and a low risk of bleeding. 
In all three trials, it is uncertain whether differences in the duration 
and quality of AC as well as regarding the use of compression stock-
ings between the intervention and control groups may have led to a 
performance bias.
Future studies
Vedantham et al examine the effect of CDT on PTS in an ongoing large 
multicenter randomized trial (ATTRACT study). Approximately 692 
patients with acute symptomatic proximal DVT (involving the fem-
oral, common femoral, and/or iliac veins) will be randomized to 
receive PCDT + anticoagulation therapy versus anticoagulation 
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Iliofemoral deep venous thrombosis (DVT) represents a subset of 
proximal DVT and carries an unfavorable prognosis because of its 
high thrombus burden and highest risk of postthrombotic morbid-
ity, such as chronic painful edema in up to 75% and venous claudica-
tion in up to 40% of cases. Despite improvement in venous outflow, 
AC alone cannot resolve iliofemoral venous thrombosis and may 
result in severely compromised muscle pump function and valvular 
competency in approximately 95% of patients at 5 years of follow-up.
Current treatment options include anticoagulation (AC) therapy alone, 
systemic thrombolytic therapy to lyse the thrombus and surgical 
thrombectomy. More recently, less invasive catheter-based tech-
niques have become available: (1) percutaneous mechanical thrombec-
tomy (PMT) using devices that are designed to mechanically macerate 
and remove a flow-obstructing thrombus, (2) catheter-directed throm-
bolysis (CDT) that makes the local administration of a low-dose throm-
bolytic agent possible, and (3) a combination of these two methods, 
pharmacomechanical catheter-directed thrombolysis (PCDT).
Although PMT and PCDT are compelling pathophysiological con-
cepts that have the potential to reduce the risk of bleeding and the 
frequency of post-thrombotic syndrome (PTS) (Nayak et al 2012), this 
hypothesis has not been confirmed in a large multicenter random-
ized trial.
Critical review of current evidence from randomized-controlled trials 
Early results of thrombolysis vs. anticoagulation in iliofemoral 
venous thrombosis were shown by Elsharawy et al. in an open ran-
domized trial conducted in a single Egyptian university hospital. 
They randomized patients <70 years with acute symptomatic (<10 
days) iliofemoral DVT and 18 patients received AC + CDT (pulsed 
spray, streptokinase until complete lysis), 17 patients received AC 
alone. Complete lysis and no obstruction or reflux evaluated at 
6 months for AC + CDT vs. AC alone was 72% vs. 12% (p<0.001) for 
both outcome parameter respectively. Following AC + CDT vs. AC, 
fever occurred in 17% vs. 0% respectively. No major bleeding was 
observed.
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Special Session
IR after surgical disasters

3302.1
Complications of bariatric surgery (weight-loss surgery)
M. Corona, C. Zini;
Vascular and Interventional Radiology Unit, Sapienza University of 
Rome, Rome, Italy.

Learning Objectives
1. To learn about different types of bariatric surgery and their 

potential complications
2. To learn about indications for IR in complications after bariatric 

surgery
3. To learn about technique, complications and outcome of IR for 

complications after bariatric surgery
Overweight {body mass index ≥25; [BMI = weight (kilograms)/ the 
square of the height in meters]} and obesity (BMI ≥30) now esti-
mated to involve 1.7 billion people worldwide with a prevalence that 
increases every year [1-2]. In particular, two thirds of individuals liv-
ing in the United States are overweight, and of these, almost half are 
obese. Moreover, according to the Centers for Disease Control and 
Prevention, in 2010, no state had a prevalence of obesity lower than 
20% [3].
Obesity and overweight are associated with increases in long-term 
health problems, including type 2 diabetes, hyperlipidemia, hyper-
tension, cardiovascular events, obstructive sleep apnea, asthma, back 
and lower extremity weightbearing degenerative problems, several 

therapy alone. The primary outcome will be the proportion of 
patients who develop a PTS over 2 years. To minimize the poten-
tial for bias from differential application of co-interventions, there 
will be a standardized anticoagulant therapy and compression ther-
apy in both groups. This study, if successful, is likely to give impor-
tant insight into the usefulness of these catheter-based techniques 
in treating iliofemoral DVT.
In summary, PMT, CDT or PCDT are still not standardized, involve 
complex and expensive tools, and the risk-benefit ratio of these 
techniques is still unclear. These techniques have been studied only 
in small, low- to moderate-quality RCTs enrolling highly selected 
patients. So far, no reduction of severe PTS has been demonstrated 
and bleeding rates can be higher than expected. Thus, PMT, CDT, or 
PCDT should currently not be considered the standard treatment of 
iliofemoral DVT and must be further validated in large, multicenter 
randomized trials and cost-effectiveness studies.
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conservatively by placing drainage and/or with parenteral or enteral 
nutrition, high-dose proton pump inhibitors, and antibiotics. The 
defect could be closed using biological glue (Seamguard®, Tissucol®, 
and fibrin sealant) or covered stent can be used as a temporary fistula 
bypass. In our series of 16 patients with GL after SG, 12 patients (75%) 
were treated with percutaneous drainage; in 7 patients (58%), drain-
age was a valid stand-alone procedure and 5 patients (42%) required 
covered stent placement because of incomplete resolution of collec-
tion. After 1009.8 ± 456.7 days of follow-up, 1 patient died from a car-
diovascular event and 2 patients needed a biliopancreatic-digestive 
bypass (BPD-BP) because of no reduction of their BMI. Twelve patients 
(75%) were in a good to optimum state of health with significant 
reduction of their BMI. -Stenosis -Bleeding III. GBP complications are: 
- GL especially gastrojejunal anastomosis or the enteroenteric anas-
tomosis, both of which may be life threatening. GL management can 
by assimilated to the one used for GL after SL. - Anastomotic narrow-
ing caused by gastrojejunal anastomotic strictures, normally treated 
endoscopically with balloon dilation. - Degradation of pouch restric-
tion represented by a rapid passage of contrast material through a 
patulous anastomosis degrades the restrictive properties of the lap-
aroscopic Roux-en-Y gastric bypass and may cause the patient to feel 
insatiable and cause weight gain. Another potential cause of weight 
gain is a gastrogastric fistula. - Ulcer - Small bowel obstruction, more 
frequent after laparoscopic gastric bypass than after open procedures 
and secondary to internal hernias, with fewer obstructions from post-
operative adhesions or other causes. - Internal hernia occurs through 
defects in the small bowel mesentery or transverse mesocolon or 
through a potential space posterior to the Roux limb termed the 
Peterson space. - Hemorrhage and hematoma due to staple line can 
be treated by embolization. - Abscess is usually the result of intestinal 
perforation and it can be drained percutaneously. 
References
1.  Deitel M. Overweight and obesity worldwide now estimated to 

involve 1.7 billion people. Obes Surg. 2003;13:329-330. 
2.  Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence 

and trends in obesity among US adults, 1999-2008. JAMA 
2010;303:235-241.

3.  Barnard SA, Rahman H, Foliaki A. The postoperative radiologi-
cal features of laparoscopic sleeve gastrectomy. J Med Imaging 
Radiat Oncol. 2012 Aug;56(4):425-431. doi: 10.1111/j.1754-
9485.2012.02401.x. Epub 2012 Jul 2.

4.  Buchwald H, Avidor Y, Braunwald E, Jensen MD. Bariatric Surgery 
A systematic review. JAMA 2004;292:1724-1738.

5.  Fielding GA, Ren CJ. Laparoscopic adjustable gastric band. Surg 
Clin North Am 2005;85:129-140.

6.  Csendes A, Burgos AM, Braghetto I. Classification and man-
agement of leaks after gastric bypass for patients with mor-
bid obesity: a prospective study of 60 patients. Obes Surg. 2012 
Jun;22(6):855-862. doi: 10.1007/s11695-011-0519-6.

7.  Quigley S, Colledge J, Mukherjee S, Patel K. Bariatric surgery: a 
review of normal postoperative anatomy and complications. Clin 
Radiol. 2011 Oct;66(10):903-914. doi: 10.1016/j.crad.2011.04.017. 
Epub 2011 Jul 23. Review.

8.  Karpitschka M, Lang R, Jauch KW, Reiser MF, Weckbach S. 
[Bariatric surgery and associated complications: radiological 
imaging]. Radiologe. 2011 May;51(5):352-365.  doi: 10.1007/
s00117-010-2086-6. 

forms of cancer (e.g., Barrett’s esophagus and gastric cancer), and psy-
chosocial stress [4]. These comorbidities are responsible for more than 
2.5 million deaths/year worldwide. Options for the management of 
obesity include medical, behavioral, and surgical methods. Surgery 
has demonstrated to be the most effective in term of weight loss 
and comorbidities treatment [5]. Surgical procedure can be grouped 
into restrictive, malabsorptive, and combined. Restrictive procedures 
create a small gastric pouch to induce weight loss through satiety 
effects and represented by vertical banded gastroplasty and adjust-
able gastric banding. Malabsorptive procedures limit food diges-
tion and absorption because of a short segment of ileum surgically 
bypassed. These include jejunoileal bypass, biliopancreatic diver-
sion, and the duodenal switch. There is potential for metabolic com-
plications including intermittent diarrhea and steatorrhea due to 
malabsorption. In particular, the jejunoileal bypass is no longer per-
formed because of excessive protein and caloric malnutrition as well 
as hepatic fibrosis [6-7-8]. Restrictive procedures I. Gastric bending 
(GB), including adjustable and nonadjustable bands. II. Gastroplasty, 
principally vertical gastroplasty. Malabsorbitive procedures I. Gastric 
bypass (GBP), principally bended gastroplasty but also gastroplasty 
with gastric bypass, biliopancreatic diversion with gastric bypass 
and bending with gastric bypass II. Biliopancreatic diversion/duode-
nal switch III. Mixed procedures. The Roux-en-Y gastric bypass com-
bines restrictive and malabsorptive properties by creating a small gas-
tric pouch and a Roux limb. Each single procedure presents different 
complications based on the characteristics of the operation, and the 
interventional radiologist can play an important role in this scenario. 
I. GB, including adjustable and nonadjustable bands. Early complica-
tions were represented by: - band malposition in the perigastric fat or 
in the distal stomach. - infection and gastric perforation (0.1%–0.8% 
patients), usually manifests in the early postoperative period with vari-
able symptoms of infection, ranging from fever to severe abdomi-
nal pain and hypotension. In case of gastric perforation, a percuta-
neous drainage can be placed. Delayed complications are normally 
treated by surgeon or physician and include: - pouch dilatation asso-
ciated with gastroesophageal reflux - gastric band slippage, defined 
as herniation of the distal stomach upward from below the band that 
may occur in an anterior or posterior direction. Slippage results in 
an abnormal band position and eccentric pouch dilatation and may 
lead to chronic stomal stenosis, which has been observed in 4%–13% 
patients. Slippage is clinically represented by reduction of weight loss, 
severe gastroesophageal reflux, and nocturnal vomiting. - intragastric 
erosion (0.3%–14% patients in various series) may be partial or com-
plete. Its causes include small gastric wall injuries during band place-
ment, overdistention of the band with resultant gastric wall ischemia, 
band site infection, and inflammatory reaction. The use of nonsteroi-
dal anti-inflammatory drugs also may contribute to erosion. - esoph-
ageal dysmotility and dilatation; dysmotility occurs before esopha-
geal dilatation, and pre-existing insufficiency of the gastroesopha-
geal sphincter, an insufficient change in dietary habits after LAGB, 
proximal pouch dilatation, and stomal narrowing can lead to esoph-
ageal dilatation. Other possible delayed complications are disconnec-
tion of components, port-site infection, and small bowel obstruction. 
II. Gastroplasty - Gastric leak presents an incidence of 1.4%–20% that 
could rise to 16%–20% during re-operative surgery [4-6]. GL has been 
defined by the UK Surgical Infection Study Group as “the leak of lumi-
nal contents from a surgical joint between two hollow viscera” and 
classified based on the period of appearance: early (≤3 days after sur-
gery), intermediate ( ≥4 and ≤ 7 days after surgery), and late (≤8 days 
after surgery). Classic fistulas tend to appear between 5 and 6 days 
after surgery because of no wall continence. The typical location of 
GL is the proximal third of the stomach, close to the gastroesophageal 
junction (85.7%) and rarely in the distal third (14.3%). GL management 
is still empiric and experience based because no guidelines for gastric 
leak management are provided. Basing on the literature – Early fistu-
las (<3 days after surgery) are eligible for a primary repair but a high 
percentage of recurrence is present. – Late fistulas can be managed 
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IR after urologic procedures or nephron-sparing surgery
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Learning Objectives
1. To learn about basic technique of nephron-sparing surgery and its 

potential complications
2. To learn about indications for IR in complications after nephron-

sparing surgery
3. To learn about technique, complications and outcome of IR for 

complications after nephron-sparing surgery
The last 20 years have seen a 32% decrease in the size of renal 
tumours at the time of detection (1). This has been followed by an 
increase in the numbers of nephron-sparing procedures being per- 
formed such as open partial nephrectomy, laparoscopic partial 
nephrectomy and, more recently, robotic partial nephrectomy. We 
know that the oncological outcome of nephron-sparing techniques 
is just as good as radical nephrectomy in selected patients. However, 
nephron-sparing techniques are different in that they not only 
require excision of the tumour but also reconstruction of the remain-
der of the kidney. This provides many more challenges for the sur-
geon. During surgery, the main renal artery and any accessory renal 
arteries need to be clamped. The tumour is excised and the collect-
ing system repaired if necessary. The resection margins are often 
closed over surgical bolsters to aid haemostasis. Complications 
requiring intervention may occur in as many as 10% of patients (2).
One of the most common complications is haemorrhage which may 
be delayed for some days. The haemorrhage can arise from incom-
pletely ligated vessels, pseudoaneurysms (3) and AV fistulas. CT 
using pre-contrast, arterial and nephrographic phases is very use-
ful to identify the bleeding point prior to intervention. Occasionally, 
bleeding may not be renal in nature and an example will be shown. 
Pseudoaneurysms are sometimes difficult to demonstrate espe-
cially during the nephrographic phase where they may be isodense 
with renal parenchyma. Angiography will confirm the diagnosis and 
allow embolization, which is best performed as selectively as pos-
sible with a microcatheter and coils. Several cases will be shown to 

3302.2
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Learning Objectives
1. To learn about basic technique of laparoscopic cholecystectomy 

and its potential complications
2. To learn about indications for IR in complications after laparo-

scopic cholecystectomy
3. To learn about technique, complications and outcome of IR for 

complications after laparoscopic cholecystectomy
Laparoscopic cholecystectomy (LC) has become one of the most 
common abdominal surgical procedures since its introduction in 
late 1980s1. LC replaced open cholecystectomy for its multiple ben-
eficial effects, particularly related with short hospital stay and recov-
ery times. Despite the awareness, iatrogenic bile duct injury during 
cholecystectomy [especially common bile duct (CBD)] is associated 
with a significant higher risk of morbidity and mortality2,3.
The risk factors for bile duct injury are classified as patient related, sur-
geon related, and local factors. The outcome of the patient is closely 
related with early and exact diagnosis of the bile duct injury and accom-
panying vascular injuries3. The biliary obstructions and biliary leakage 
(with or without vascular injury) are among the major complications. 
Other complications may vary from minor bile leaks that do not require 
intervention to complex intrahepatic bile duct injuries with concomi-
tant vascular injuries requiring major surgical corrections. Biliary com-
plications occurring during LC are more complex than those occurring 
during open cholecystectomy4. This is generally because of the proxi-
mal injury site, its association with vascular injury, and thermal injury 
mechanisms. Strasberg classification remains the most commonly used 
classification of bile duct injuries occurring during LC. Both Bismuth 
and Strasberg classifications are limited because they do not include 
any prognostic implications related with the bile duct injury and they 
do not include any vascular injury. Recently, the European Association 
for Endoscopic Surgery (EAES) suggested the use their classification to 
overcome the difficulties encountered with other classifications5.
Vascular injuries following LC are among the second most com-
mon cause of mortality after anesthesia related complications6. 
Vasculobiliary injury is defined in a paper as an injury to the bile duct 
and the hepatic artery and/or portal vein7. The right hepatic artery 
(RHA) is by far the most common injured vessel. The concomitant 
injury to RHA with bile duct injury following LC has been reported in 
12%–40% patients8. It is suggested that isolated RHA occlusion with-
out a biliary injury follows a more benign course when compared 
with combined occlusion of RHA and biliary duct injury because bili-
ary injury aggravates the clinical significance of RHA occlusion. Also 
RHA injury at the level of mid-CBD will probably not only damage 
the same level bile ducts but also the more intrahepatic segments 
due to ischemic effects. Injuries involving proper hepatic arteries are 
much less common but have more serious effects.
Many types of bile duct injuries can be diagnosed and managed by 
ERCP, PTC, PBD, and percutaneous fluid drainages. Furthermore, some 
vascular injuries can be treated by endovascular methods. Manage-
ment of biliary leaks and stenosis by PTC/PBD and biliary dilatation is 
a minimally invasive and effective method of treatment but generally 
requires several sessions of treatment with moderate to good patency 
rates. The success of treatment is directly related to the extent of 
underlying pathology, the time of diagnosis, and intervention.
Management of biliary and vascular complications following LC is 
difficult and requires a multidisciplinary approach and expertise. 
Percutaneous and endoscopic procedures are performed for defin-
itive treatment or adjunctive to surgery. Interventional radiology 
not only plays a critical role for diagnosis and depicting the type of 
injury but also is the cornerstone of therapy for definitive treatment 
or facilitating secondary surgical corrections.



CIRSE Abstract Book
S204 CIRSE

C  RSE

A single-phase study with IV and oral contrast suffices in most cases; 
however, in case of hemorrhagic complications, a multiphase study 
including arterial and portal or delayed phase imaging has definite 
added value.
Most complications can be treated by interventional radiology 
and a few complications require relaparotomy. In centers that per-
form PPPD, the presence of a 24/7 IR-service is absolutely required 
because a few complications require immediate treatment.
Intra-abdominal abscess, liver abscess, and biloma are treated with 
percutaneous drainage. The approach for drainage can be difficult 
as collections may be situated in between bowel loops, deep within 
the pelvis or in a subphrenic location.
Biliary leakage has a relatively low incidence and can be well treated 
with percutaneous transhepatic biliary drainage (PTBD). PTBD treats 
the leakage and prevents stricture formation at HJ. PTBD may also 
be useful for treating leakage of the blind-ending jejunal loop, 
which is usually situated close to HJ. PTBD can be very challenging 
because bile duct dilatations are usually absent in the presence of 
bile leakage.
Leakage of PJ and pancreatic fistula is a relatively frequent compli-
cation and is treated with percutaneous drainage of peri-pancreatic 
fluid collections. It is essential to position the drainage catheter(s) as 
close to PJ as possible. If PJ leakage cannot be controlled by percu-
taneous drainage relaparotomy is required, which usually involves 
resection of the pancreatic remnant, leading to exocrine insuffi-
ciency of the pancreas and brittle diabetes.
Delayed hemorrhage is a rare but particularly feared complication 
with a high mortality (30%) and can be treated by transcatheter 
embolization. A typical location for delayed hemorrhage is the stump 
of the ligated gastroduodenal artery, which is transected during 
removal of the pancreatic head. Treatment usually consists of embo-
lization of the proper hepatic artery with coils, but the presence of 
favorable anatomy may allow for placement of a stent–graft. Other 
vessels, such as side branches of the superior mesenteric artery, may 
also be involved. Massive life-threatening hemorrhage is often pre-
ceded by a minor warning bleed. This so-called “sentinel bleed” 
should trigger prompt intervention. Delayed intra-abdominal hem-
orrhage is usually the result of ongoing infection, e.g., in the pres-
ence of pancreatic fistulae. Therefore, optimal and aggressive drain-
age of pancreatic fistula helps in preventing the development of 
delayed intra-abdominal hemorrhage.
In case of a pre-operatively unrecognized stenosis or occlusion 
of the celiac axis, preoperative transection and ligation of the gas-
troduodenal artery can lead to ischemia of the liver and bile ducts, 
which can in some cases be treated with percutaneous dilatation or 
recanalization of the celiac axis. With a proper preoperative work-
up, this complication should be very rare.
For optimal IR-treatment of complications of PPPD, proper knowl-
edge of the postoperative anatomy and good communication with 
the referring surgeon (preferably the surgeon who performed the 
surgery) as well as extensive experience with percutaneous drain-
age techniques and embolization techniques are essential.

illustrate technique. A further unusual case post renal transplant will 
also be shown.
Urine leakage may occur from the damaged urothelium. This is char-
acterised by urine leakage from the surgical drain or general malaise 
with a perinephric collection on cross sectional imaging. Delayed 
CT scanning could confirm communication with the PC system if 
needed. These cases may be managed initially with a ureteric stent 
placed cystoscopically but may need nephrostomy to provide com-
plete urine diversion. These can be technically challenging due to 
the often non-dilated PC system. I will demonstrate a technique to 
perform PCN in the non-dilated system.
Perinephric collections can be infected. The appearances of the sur-
gical bolster on CT should be appreciated so as not to confuse this 
with an infected collection. Infected collections can effectively be 
managed with percutaneous drainage under US or CT guidance.
In summary, complications requiring intervention are infrequent but 
need to be recognised and managed appropriately, often by inter-
ventional radiology. The interventionist will require a good mixed 
skill set involving percutaneous embolization, nephrostomy and 
drainage to manage these cases.
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IR after Whipple’s duodenopancreatectomy
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Learning Objectives
1. To learn about basic technique of duodenopancreatectomy and 

its potential complications
2. To learn about indications for IR in complications after duodeno-

pancreatectomy
3. To learn about technique, complications and outcome of IR for 

complications after duodenopancreatectomy
Pancreaticoduodenectomy or Whipple’s procedure is a major abdo-
minal surgery that is most often performed to resect periampullary 
tumors (carcinoma of the pancreatic head, distal cholangiocarci-
noma, or carcinoma of the Vater’s ampulla).
The original Whipple’s procedure involves resection of the pancre-
atic head, gallbladder, and distal part of the bile duct, stomach, and 
duodenum and creation of a hepaticojejunostomy (HJ), a pancreat-
icojejunostomy (PJ), a gastrojejunostomy (GJ), and a Roux-Y recon-
struction with a jejunojejunostomy (JJ). The procedure most com-
monly performed nowadays is called pylorus-preserving pancreati-
coduodenectomy (PPPD); in this surgery, the stomach is left in situ.
The surgery is associated with a low mortality (<5%) in experienced 
high-volume centers, but a high incidence of complications (50%) 
occur even in experienced centers.
Complications include the common postoperative sequelae such 
as wound infection and pneumonia. Specific complications of PPPD 
include leakage from any of the anastomoses, leading to bile leak-
age, biloma, intra-abdominal abscess, liver abscess, pancreatic fis-
tula, and delayed intra-abdominal hemorrhage.
Some of these complications may be imaged with ultrasound, but 
CT is usually required to better assess the postoperative abdomen. 
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PEI is a technique used in our department for the percutaneous 
ablation of functioning adrenal adenomas since 1998.
MATERIALS AND METHODS
a. TECHNIQUE
1. Percutaneous ethanol injection (PEI)
We used a 22 G needle for the injection of ethanol and a 18 G Tru-Cut 
needle for the biopsy, in selected cases with an unusual presen- 
tation.
Before the injection of ethanol we locally inject 5 ml lidocaine to 
reduce the pain induced by the alcohol to a minimum.
To be seen on the CT-image, ethanol must be mixed with a con-
trast media (lipiodol; 5:1). The mixture obtained is a clear liquid. All 
patients were followed clinically and by lab tests at 3 weeks and 3, 
6, and 12 months. The volume of ethanol injected is calculated to be 
higher (at least 5 ml) than the volume of the adenoma.
The mean volume injected per patient was 19.3 ml.
Blood pressure (BP) was measured before and immediately after the 
procedure.
2. Radiofrequency ablation (RFA)
RFA determines a controlled raise of the local temperature around 
the nonisolated shaft of the electrode. The increased tempera-
ture induces protein coagulation and consequently necrosis. More 
recently, we could prove the feasibility and the effectiveness of RFA 
in the percutaneous treatment of functioning adrenal adenomas 
in patients with secondary HBP due to primary hyperaldosteron-
ism and in patients with Cushing’s syndrome. Whenever possible, 
one should choose the shortest distance from the skin to the lesion 
using a perpendicular pathway, avoiding noble structures (nerve 
roots, vessels, etc.).
For the location of the lesion, before the insertion of the electrode 
we obtained 2 mm thick slices windowed for soft tissue density. The 
needle shaped RFA device was used for ablation in 23 patients, sub-
jecting them to RF for approximately 15 min, in manual mode.
The nonisolated tip of the electrodes varied from 1 cm to 3 cm with a 
total length of 15 cm in all of them. In patients with larger adenomas 
(>2 cm) we used an umbrella-shaped electrode. We adjusted the size 
of the active tip of the electrode to the volume of the adenoma.
CLINICAL PROFILE
All patients were subjected to RFA or to PEI under conscious seda-
tion. Every patient received a (phenoxybenzamine) and b blockers 
(metoprolol) previously to the procedures to avoid an unwanted rise 
in blood pressure (BP) during the interventions. With the approval of 
the ethics committee of our hospital and after previous written con-
sent of the patients, we performed the following ablations of func-
tioning adrenal adenomas in the last years:
- PEI in 65 patients (since 1998)
- RFA in 39 patients (since 2001)
We evaluated clinical improvement and screening of hyperaldoste-
ronism lab tests before and after the interventions using:
- Blood pressure (BP)
- Plasma renin activation (PRA)
- Plasma aldosterone concentration (PAC)
- Reduction of the diary intake of antihypertensive drugs
- Complications
- Mean hospital stay
We correlated these results with the age of the patients and the date 
of HBP diagnosis.
The follow-up includes the evolution of:
- PAC
- PRA
- PAC/PRA ratio
- Lab values of glycemia, cortisol, urinary free cortisol (UFC), ACTH,    
  urinary proteins, and body mass index (BMI).
In the clinical profile of this study we also included and compared 
the age of the two groups, gender distribution, mean BP, time of 
diagnosis of HBP (known on average for 11 years), PRA, and PAC as 
well as PAC/PRA ratio.
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New clinical applications for interventional 
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Adrenal tumours
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1Serviço de Imagiologia, Hospital de Sao Teotónio, Viseu, Portugal, 
2Serviço de Cardiologia, Hospital de Sao Teotónio, Viseu, Portugal, 
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Portugues de Oncologia - FG, Porto, Portugal.

Learning Objectives
1. To learn how to select patients with adrenal tumours for IR 

treatment
2. To learn how to select the best treatment strategy among the 

different techniques currently available
3. To learn how to use the ablation techniques and which results and 

which complications to expect
INTRODUCTION
Radiofrequency ablation (RFA) is an established method using con-
trolled heat delivery to the tissues to downsize or treat tumoral nod-
ules, masses, or other focal diseases.
We have been successfully applying this technique for several years 
in the treatment of adrenal lesions in a very few cases of primary 
adrenal neoplasms, in other cases of secondary adrenal tumors, and 
mainly in the treatment of functioning adrenal benign tumors.
Adrenal Metastases
They are usually evident as invasive unilateral or bilateral enhanc-
ing masses with central necrosis and hemorrhage following known 
malignancy elsewhere.
Biopsy is needed if MRI or CT is not conclusive.
The use of RFA in those cases should be indicated after staging of 
the primary tumor, depending on the degree of local invasion corre-
lated with the body extension of the primary disease.
Adrenal Carcinoma
A rare neoplasm are observed in approximately 2 cases per million 
new cancers per year representing 0.5%–0.2% of all tumors and 1 
of 1500 adrenal tumors. It usually presents as a mass of more than 5 
cm at time of diagnosis, more frequently unilateral (bilateral is <10%) 
with invasive margins and locally spread to the inferior vena cava 
(IVC) or renal vein (RV) and with metastases (20% at time of diagno-
sis). Patients are 65% females in the 4–5th decade of life associated 
with Cushing syndrome.
CT is still the best method for differential diagnosis with an adrenal 
adenoma.
Adrenal Adenomas
Hyperaldosteronism is due to functioning adrenal adenomas in 80% 
cases, representing a frequent and curable cause of secondary high 
blood pressure (HBP).
Until now, these functioning adrenal adenomas were usually treated 
by open surgery or by video laparoscopy.
Compared with a percutaneous intervention, surgical invasive ther-
apies are frequently associated with complications, demanding 
skilful hands, and are much more aggressive, expensive and time 
consuming.
CT this is the best method for guiding the percutaneous treatment 
of adrenal adenomas.
STUDY PURPOSE
In a prospective study, we aimed to compare the results obtained by CT- 
guided treatment of functioning adrenal adenomas for the control of sec-
ondary hypertension using percutaneous ethanol injection (PEI) or RFA.
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Nuclearmedicine, SLK-Clinics GmbH, Ruprecht-Karls-University 
Heidelberg, Heilbronn, Germany, 2Dept. of Interventional Radiology, 
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Learning Objectives
1. To learn how to select patients with GIST for IR treatment
2. To learn how to select the best treatment strategy among the 

different techniques currently available
3. To learn how to use the IR techniques and which results and 

which complications to expect
Gastrointestinal stromal tumors are very rare and generally occur 
between 60 and 65 years of age, although pediatric GISTs have also 
been described (1). GIST may be associated with paragangliomas 
and pulmonary chondromas in the so-called Carney triad syndrome 
(2) or may appear as multicentric lesions in patients with neurofibro-
matosis type 1 (3).
When esophagogastric or duodenal nodules smaller than 2 cm are 
detected, the standard approach is assessment with endoscopic ultra-
sound and annual follow-up, whereas approach for symptomatic 
tumors, tumors increasing in size, rectal or rectovaginal tumors is exci-
sion regardless of tumor size (4). However, an evidence-based optimal 
surveillance program for these patients is lacking. GISTs larger than 2 
cm are associated with higher perioperative risk and should be his-
tologically assessed to exclude lymphomas, mesenteric fibrosis, and 
other entities, thus avoiding unnecessary surgery.
Prognostic factors are tumor size (larger or smaller than 2 cm), tumor 
location (upper versus lower GI), and mitotic rate (more or less than 
5% per high-power field); gastric GISTs have a better prognosis than 
rectal or small intestinal GISTs. Tumor rupture and tumor cell seeding 
during surgery (and biopsy) are additional factors negatively affecting 
prognosis (4). A widely used classification is that of the Armed Forces 
Institute of Pathology, which incorporates these 3 prognosis factors.
Multidisciplinary approach in referral centers with pathologists, sur- 
geons, and interventional and medical oncologists is needed. The 
standard treatment in case of limited disease is complete surgical 
excision. When complete resection implies major functional se-
quelae, preoperative systemic therapies are recommended or 
R1-resection with adjuvant treatment may be also considered (5), 
especially in low-risk lesions. In this situation, combining resec-
tion with ablation may be an option. Complete excision of residual 
metastatic disease following response after systemic therapy has 
been shown to be related to good prognosis, provided the patient 
responds to imatinib mesylate.
In primary or locally inoperable and metastatic patients, GISTs have 
become a leading paradigm for targeted therapies in oncology. Up 
to 85% of GISTs harbor mutations in the KIT tyrosine kinase (KIT)/
platelet-derived growth factor receptor alpha (PDGFRA) genes that 
drive tumor development (6-8). Imatinib mesylate (Gleevec/Glivec, 
Novartis Pharma, Basel, Switzerland) is a selective tyrosine kinase 
inhibitor (TKI) that has shown marked effect in the treatment of 
GISTs, with improvement in metastatic patient survival rates (9). In 
case of progression or intolerance with imatinib mesylate, standard 
second-line therapies are sunitinib or regorafenib (10, 11).
Given their mechanism of action, and despite high clinical efficacy, sys-
temic treatments usually do not achieve a complete morphologic or 

RESULTS
BP declined identically in both groups at least 6 to 12 months after 
the therapeutic measures. Before treatment, all patients were tak-
ing 3 or more drugs daily. Both methods achieved a cure in approx-
imately 63% patients (PEI = 63.1%, RFA = 64.1%). A total of 30% 
patients improved (PEI = 27.7%, RFA = 28.2%) but still have to be 
medicated with less antihypertensive drugs.
Using PEI we did not achieve any results in 6 patients (9.2%).
Using RFA there were no improvements in 3 patients (7.7%).
PAC had a statistically significant and similar decrease in both 
methods.
It was also possible to identify some markers of the inadequate re-
sponse to these treatments.
Patients subjected to PEI stayed at the hospital for approximately 
the same time as those subjected to RFA, and they did not need to 
stay longer than one and a half day.
COMPLICATIONS
Patients experienced pain in both methods after the therapeutic 
procedures but was easily controlled by adequate medication. There 
were no further complications.
CONCLUSIONS
The use of RFA was restricted to very well selected cases of primary 
or secondary malignant adrenal tumors treatment, aimed mostly at 
debulking or treatment of recurrence of a previously resected disease.
Concerning benign functioning adenomas, both presented meth-
ods are easy to perform, accomplished in a short time, not very 
expensive, and well accepted by patients.
These procedures can be repeated any time and do not obviate, if 
necessary, from undergoing surgery.
Adrenal adenomas in patients with a long interval time of untreated 
HBP (in our series >11 years), increased BMI, and the presence of uri-
nary proteins represent markers of a probable inadequate response 
to the invasive treatment for primary hyperaldosteronism and to 
treat HBP.
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3304.3
Prostate cancer
J.J. Fütterer;
Radiology, Radboud University Nijmegen Medical Centre, 
Nijmegen, Netherlands.

Learning Objectives
1. To learn how to select patients with prostate cancer for IR 

treatment
2. To learn how to select the best treatment strategy among the 

different techniques currently available
3. To learn how to use the IR techniques and which results and 

which complications to expect
Prostate cancer is a major health issue in aging men. No treatment 
is required in less aggressive prostate cancer, but there is a consen-
sus that radical treatment is needed in aggressive prostate cancer. 
Radical treatment should start when the tumor is confined to the 
gland. Potential side effects of radical treatment, such as impotence 
and incontinence, have a substantial impact on the quality of life. 
This is particularly importance because more than 25% patients eli-
gible for radical treatment are in the age range of 40–65 years.
Consequently, promising techniques such as cryosurgery, high inten- 
sity focused ultrasound (HIFU), and laser-induced thermal therapy 
(LITT) have emerged as feasible minimally invasive focal treatment 
options. Although most of these techniques are still considered 
experimental for focal treatment of prostate cancer and have not 
been approved by AUA/EAU or national guidelines, most have been 
approved by the FDA and/or EMEA. Over the last decade, these tech-
niques have been increasingly applied in the treatment of prostate 
cancer. Image guidance is imperative in all these types of treatment 
and is provided by transrectal ultrasound (TRUS), computed tomog-
raphy (CT), or magnetic resonance (MR) imaging. From these image 
modalities, MR imaging, particularly multiparametric MR imaging, 
is the most sensitive and specific imaging technique for prostate 
cancer.
Conventional anatomical T2-weighted MR imaging is the mainstay 
in prostate cancer imaging. On T2-weighted MR images, normal 
prostate tissue displays an intermediate-to-high signal intensity, 
whereas the central gland shows lower signal intensity than the 
peripheral zone. Currently several functional MR imaging tech-
niques are being explored. These include 1H-MR spectroscopic 
imaging (MRSI), dynamic contrast-enhanced MR imaging (DCE-MRI), 
and diffusion-weighted imaging (DWI).
MRSI is a unique method that can provide information on tumor 
metabolism. The chemical environment of protons within a certain 
molecule defines their so-called chemical shift: a unique resonance 

pathologic response (12). The clinical significance is that interruption of 
systemic therapy almost inevitably leads to reoccurrence of disease, as 
demonstrated in a large phase III study by the French Sarcoma Group 
(13). Given the inability of systemic treatments to induce a complete 
and durable response, surgery may play an auxiliary role, although 
this is not yet proven. The role of interventional oncology with thermal 
ablation has been rarely discussed. RFA could be an appropriate and 
acceptable, minimally invasive treatment in the multimodality man-
agement of GISTs. Dileo et al. from the Dana-Farber Cancer Institute, 
Boston, reported their experience with percutaneous RFA in patients 
with single or oligoclonal progressing GIST lesions who have good per-
formance status (14). This group has evaluated the role of percutane-
ous RFA in this subset of patients with progressing GIST lesions who 
have good performance status. Nine patients treated with imatinib for 
a median of 25 months underwent RFA for single or limited site(s) of 
progressing GIST disease: 8/9 patients presented with liver metasta-
ses and one presented with soft tissue disease. No patient developed 
early or late complications from the percutaneous procedure. With a 
median follow-up of 4.2 months (range 1–11 months), all patients had 
their lesions completely ablated. Five of nine patients showed systemic 
progression and had an increase in their imatinib dosing (from 400 or 
600 mg/day to 800 mg/day), resulting in disease control for an addi-
tional 1–6 months (median 3.5 months). Four patients remained stable 
on continued treatment with imatinib (median follow-up 5.8 months). 
In this small cohort, percutaneous RFA appears to be safe and effective 
for treating localized progression sites. This procedure helps to man-
age limited IM-resistant GIST.
The optimal follow-up schedule is not known (4). Clinical follow-
up is necessary to manage the side effects of systemic treatments. 
Routine follow-up with CT or MRI is performed in some institutions 
every 3–6 months for 3–5 years, MRI being a better option with 
respect to radiation exposure.
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subjective symptoms or cosmetic problems related to thyroid nod-
ules; (2) hyperfunctioning thyroid nodules related to thyrotoxicosis; 
(3) fine needle aspiration cytology (FNAC) and ultrasound (US) find-
ings that were compatible with a benign nodule at least on two dif-
ferent instances; (4) a poor surgical candidate or refusal to undergo 
surgery. The exclusion criteria were as follows: (1) follicular neoplasm 
or malignancy on fine needle aspiration or core needle biopsy; (2) 
a nodule with the US criteria for a malignancy, although FNAC was 
a benign result. In addition, caution should be taken with regard 
to the use of thyroid RFA in pregnant women, patients with serious 
heart problems, and those with contralateral vocal cord palsy.
Our thyroid team has been administering RFA to thyroid tumors 
since 2002; we have suggested two treatment techniques: “trans-
isthmic approach method” and “moving shot technique.” In these 
techniques, an electrode is inserted under US guidance along the 
short axis of the nodule. In the transisthmic approach method, the 
electrode is inserted from the medial to the lateral aspect of a tar-
get nodule. This method has several advantages over the long-axis 
approach (craniocaudal direction). The electrode passes through 
sufficient normal thyroid parenchyma, which prevents a change in 
the electrode position and leakage of hot fluid in cases of fluid-con-
taining thyroid nodules. Another advantage is clear visualization of 
the spatial relationships between the electrode tip, thyroid nodule, 
trachea, and esophagus. Continuous US monitoring of these struc-
tures can minimize the risk of injury to the trachea, esophagus, and 
recurrent laryngeal nerve. In the moving shot technique, the elec-
trode is fixed at the center of the tumor during ablation. However, 
the thyroid gland is a relatively small organ and a thyroid nod-
ule is ellipsoidal (not round) in shape; therefore, fixation of an elec-
trode for a long time is harmful to important perithyroidal struc-
tures. Therefore, we divided targeting thyroid nodule into multiple 
conceptual ablation units, and RFA was performed unit-by-unit by 
moving the electrode tip. We made these conceptual ablating units 
smaller at the periphery of the tumor and in the part of the tumor 
adjacent to the important perithyroidal structures. The conceptual 
ablating units were much larger in the central safe area of the tumor.
Regarding benign nonfunctioning thyroid nodules, Jeong et al. 
treated 302 benign thyroid nodule using RFA. The results of this 
study showed that most of the patients (86%) were treated for sol-
itary nodules. Approximately 70% of the nodules were treated in a 
single RFA session. The volume reduction at 1, 3, and 6 months after 
ablation were approximately 58%, 74%, and 85%, respectively. A 
volume reduction greater than 50% (therapeutic success rate) was 
observed in 91% cases, and 28% of index nodules had disappeared 
on the follow-up US. Prospective randomized study revealed that 
compared with the treatment administered in the control group, 
RFA was effective in predominantly solid thyroid nodules. Six 
months after RFA, patients in RFA group achieved significant vol-
ume reduction (mean volume reduction: 49.1% at 1 month; 79.7% at 
6 months) compared with the control group.
In cystic thyroid nodules (defined as a proportion of cystic compo-
nent greater than 90% of the nodule by the recommendations of 
Korean Society of Thyroid Radiology), EA has been suggested as a 
first-line treatment modality. In predominantly cystic thyroid nod-
ules, the most appropriate treatment modality has not been deter-
mined yet. Lee et al. suggested a step-by-step management strat-
egy (EA followed by RFA). Jang et al. prospectively verified this con-
cept. In future, a comparative study of EA and RFA for predominantly 
cystic thyroid nodules is necessary. For solid thyroid nodules, com-
pared with EA, RFA has shown better efficacy in terms of greater vol-
ume reduction and fewer treatment session.
Various complications can occur during RFA; knowledge of the pos-
sible complications and suggested technical tips are important for 
safe ablation. In a recent multicenter study of 1459 patients orga-
nized by the Korean Society of Thyroid Radiology, the complica-
tion rate after RF ablation was 3.3%, with a major complication rate 
of 1.4%. The most common patient complaint was pain. During the 

frequency when positioned in a magnetic field, which can be 
observed in an MR spectrum. Specific spectral profiles reflect the 
identity of (bio-) chemicals present at that location and the inten-
sity of the spectral signals is related to the tissue levels of these com-
pounds. Analytical and clinical studies have shown significant differ-
ences in the metabolic state of the different tissue types by MRSI.
Dynamic contrast-enhanced MR imaging with a low molecular 
weight contrast media (<1 kDa) enables noninvasive imaging of 
tumor angiogenesis. DCE-MRI is the most common imaging method 
for evaluating human tumor vascular function in situ. Insights into 
these physiologic processes are obtained qualitatively by charac-
terizing kinetic enhancement curves or quantitatively by applying 
complex compartmental modeling techniques. Data reflecting tis-
sue perfusion (blood flow, blood volume, and mean transit time), 
microvessel permeability, and extracellular leakage space can be 
obtained.
Diffusion-weighted MR imaging can quantify water motion in an 
indirect manner. The DWI pulse sequence labels hydrogen nuclei in 
space, of which most will be part of water molecules at any moment, 
and determines the length of the path that water molecules travel 
over a short period of time. DWI is able to estimate the mean dis-
tance traveled by all hydrogen nuclei in every voxel of imaged tissue. 
The greater this mean distance the more self-diffusion of water mol-
ecules has taken place in a certain time interval. From this estimate 
an apparent diffusion coefficient (ADC) as a reflection of the self-dif-
fusion of water in tissue in a certain direction can be calculated.
Multiple studies have explored optimal parameter settings for the 
diagnostic MR-protocol, which allows accurate tumor localization. 
Although reported accuracies of the different separate and com-
bined multiparametric MR imaging techniques vary for diverse clini-
cal prostate cancer indications, multiparametric prostate MR imag-
ing has shown promising results and may be of additional value in 
prostate cancer localization and local staging. To increase MR imag-
ing accuracy for the different clinical prostate cancer indications, 
one or more functional MR imaging techniques should be combined 
with T2-weighted MR imaging in a multiparametric MR imaging 
exam of the prostate.

3304.4
Thyroid tumours
J.H. Baek;
Department of Radiology and Research Institute of Radiology, 
University of Ulsan College of Medicine, Asan Medical Center, Seoul, 
Korea.

Learning Objectives
1. To learn how to select patients with thyroid tumours for IR 

treatment
2. To learn how to select the best treatment strategy among the 

different techniques currently available
3. To learn how to use the ablation techniques and which results and 

which complications to expect
Because majority of thyroid nodules are benign, treatment is usu-
ally unnecessary; however, treatment is required for cosmetic rea-
sons or subjective symptoms. Surgery, radioiodine therapy, and thy-
roid hormone administration have been used; however, these treat-
ments have several drawbacks. Therefore, nonsurgical treatment 
modalities such as ethanol ablation (EA) and radiofrequency abla-
tion (RFA) have been developed. In this chapter, we will discuss three 
topics: (1) inclusion criteria for nonsurgical treatment of benign thy-
roid tumors, (2) ways to select the best treatment strategy among 
the different techniques currently available on the basis of clinical 
evidences, (3) and complications.
According to the 2012 consensus statement and recommendations 
of the Korean Society of Thyroid Radiology, the inclusion criteria for 
treating benign thyroid nodules are as follows: (1) the presence of 
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ablation, most patients complained of various degrees of pain at the 
ablated site and/or pain radiating to the head, ear, shoulder, chest, 
or teeth. The pain decreased when the RF power was reduced or 
turned-off during ablation and was easily controlled by oral anal-
gesics during admission. Voice change is a serious complication of 
RFA and probably occurs because of injuries to the recurrent laryn-
geal nerve and/or vagus nerve. Thermal injury to nerves may be pre-
vented by using the moving shot technique and by undertreating 
the conceptual ablation units adjacent to the nerve. Knowledge of 
vagus nerve variations, adjacent to the thyroid gland, helps to pre-
vent nerve injury. Hematomas are caused by vessel injury and can 
usually be controlled by compressing the neck for several minutes. 
Serious perithyroidal hemorrhage may be prevented by examining 
the perithyroidal vessels before inserting the electrode and with the 
use of small-bore electrodes. Most hematomas completely disap-
pear within 1or 2 weeks. Skin burns, mostly first-degree, at the elec-
trode puncture site may occur, especially when a thyroid nodule is 
large and the skin bulges. Skin color changes usually resolve within 
1 week after the procedure and are without sequelae. Nodule rup-
ture presents with sudden neck bulging and pain during the follow-
up period. It is secondary to the acute volume expansion of a nod-
ule due to hemorrhage. The cause of nodule rupture is unclear, but 
massage of the treated thyroid nodule is suggested as a cause. This 
complication can usually be managed conservatively with antibiot-
ics and/or analgesics, but sometimes surgery can be necessary.
In conclusion, EA and RFA are safe and effective alternatives to sur-
gery for treating benign thyroid nodules. The best treatment modal-
ity can be established according to the proportion of the solid com-
ponent. Understanding of proper management strategies of benign 
thyroid nodules can be helpful to operators. To minimize the com-
plications, it is important to consider the broad spectrum of possible 
complications as well as the available preventative techniques.
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1401.1
Technical complications of advanced EVAR: 
a single-centre experience
J.-Y. Chun, K. Tan;
Medical Imaging, University Health Network, Toronto, ON, Canada.

Purpose: To assess the technical complications associated with ad-
vanced endovascular aneurysm repair (EVAR).
Material and Methods: Between 2008 and 2012, advanced EVAR 
was performed in 84 patients (mean age 74 years, 22 females) with 
aortic and/or iliac artery aneurysms. Forty-two patients underwent 
fenestrated EVAR, 19 underwent branched EVAR and 23 underwent 
iliac branch grafts. The outcomes were retrospectively assessed by 
review of imaging and clinical notes.
Results: Technical success with endograft patency, preservation 
of target vessels and no type 1 or 3 endoleak was achieved in 72 pa-
tients (86%). Technical complications occurred in 10 patients (12%), 
which were major according to the SIR classification. Seven (8%) 
required minor hospitalization; the target renal artery was inadver-
tently covered in two (2%) requiring an open chimney stent in one 
and open in-situ fenestration in another; type 3 endoleak occurred 
in four (5%) and distal type 1 endoleak in one (1%) requiring read-
mission for endovascular intervention. Two patients (2%) required 
prolonged hospitalization; renal artery perforation in one required 
embolisation; an external iliac artery rupture in another required a 
surgical iliac conduit. One patient (1%) suffered permanent adverse 
sequelae secondary to inadvertent SMA coverage, resulting in 
bowel infarction requiring subtotal colectomy and ileostomy. Intra-
procedural and 30-day mortality were zero.
Conclusion: The overall outcomes from a single tertiary referral cen-
tre are encouraging, allowing for a relatively short follow-up period. 
However, the associated complications are more complex than stan-
dard EVAR. Meticulous pre-procedural planning and experience in 
managing unexpected complications are of particular importance.

1401.2
The prediction of death after intervention in patients with a 
ruptured abdominal aortic aneurysm
S.C. van Beek1, J. Reimerink1, A.C. Vahl2, W. Wisselink3, R.J.G. Peters4, 
D.A. Legemate1, R. Balm1;
1Vascular surgery, Academic Medical Centre, Amsterdam, 
Netherlands, 2Vascular Surgery, OLVG, Amsterdam, Netherlands, 
3Vascular Surgery, VUmc, Amsterdam, Netherlands, 4Cardiology, 
Academic Medical Centre, Amsterdam, Netherlands.

Purpose: The prediction of death after intervention in patients with 
a ruptured abdominal aortic aneurysm (RAAA) can support deci-
sion making and informing patients and relatives about the prog-
nosis. The objective was to assess the performance of three mod-
els predicting death after intervention in patients with a RAAA; the 
updated Glasgow Aneurysm Score (GAS), the Vancouver Scoring 
System and the Edinburgh Ruptured Aneurysm Score (ERAS).
Material and Methods: We conducted a retrospective study in 
424 patients with RAAA who were surgically treated with open 
(354) or endovascular repair (70) in 10 hospitals in Amsterdam (the 
Netherlands) between 2004 and 2011. The primary endpoint was the 
combination of 30-day and in-hospital death. The accuracy of the 
prediction models was assessed for discrimination [area under the 
receiver operating characteristics curve (AUC)] and calibration (plot-
ting the predicted and observed outcome). An AUC >0.70 was con-
sidered sufficiently accurate.

Results: The AUC of the updated GAS was 0.71 [95% confidence 
interval (CI) 0.65–0.76], the AUC of the Vancouver score was 0.70 
(CI 0.65–0.76) and the AUC of the ERAS was 0.57 (CI 0.51–0.64). The 
calibration plots showed that the predictions >50% of the updated 
GAS and the ERAS overestimated the death rate and that all predic-
tions of the Vancouver score overestimated the death rate.
Conclusion: The updated GAS predicts death after the intervention 
is sufficiently accurate for discrimination and for calibration if the 
prediction is ≤50%. The Vancouver score and the ERAS are insuffi-
ciently accurate.

1401.3
The new re-deployable C3 Gore Excluder stent-graft: 
“real world” results from the GREAT Registry
E.L. Verhoeven, A. Katsargyris;
Vascular and Endovascular Surgery, Klinikum Nuremberg, 
Nuremberg, Germany.

Purpose: To present the outcomes of the GREAT Registry (Global 
Registry for Endovascular Aortic Treatment) for the C3 Gore Excluder 
stent-graft.
Material and Methods: “Real world” prospective registry from 13 
European sites include patient demographics, treatment indication, 
case planning, operative details, including repositioning and techni-
cal results, and clinical outcome.
Results: A total of 400 patients (86.8% male, mean age 73.9 ± 7.8 
years) were enrolled between October 2010 and December 2012. 
“Challenging” anatomy including short proximal neck (<1.5 cm) and/
or neck angulation >60° was present in 18.5% patients. Operative 
mortality was 0%. Two patients (0.5%) required open conversion. 
Proximal trunk repositioning was performed in 48.1% cases, most 
frequently for level readjustment (79.2%) and less commonly (19.8%) 
for contralateral gate reorientation. Mean number of repositioning 
performed per case was 1.5 ± 0.7. One repositioning was required 
in 64%, two in 28.1%, three in 6.3%, and four in 1.6% cases. Final 
intended device position was achieved in 96.2% cases. Unintentional 
proximal extender cuff was used in 4.8% patients. Survival at 30 days 
was 99.5%. Type I endoleak at 30 days was detected in one (0.25%) 
patient. No migration occurred during follow-up.
Conclusion: Early “real world” experience shows that the new C3 
delivery system offers important advantages in terms of device 
repositioning resulting in high deployment accuracy.

1401.4
One-year results of the multilayer flow modulator stent for 
managing thoracoabdominal aortic aneurysms
S. Sultan, N. Hynes;
Vascular & Endovascular Surgery, Western Vascular Institute, Galway, 
Ireland.

Purpose: Of the 243 cases implanted worldwide, we present the first 
55 cases implanted under indication for use. All were performed on 
compassionate basis in 11 countries.
Primary endpoints were freedom from rupture and aneurysm-
related death.
Material and Methods: They were 31 Crawford thoracoabdominal 
(8 Type I, 3 Type II, 9 Type III, and 11 Type IV), 7 arch, 3 abdominal, 
8 suprarenal aortic aneurysms, and 6 type B dissections. Mean 
patient age was 64.5 ± 18 years; mean aneurysm diameter was 6.04 
± 1.66 cm (median, 5.76 cm). Mean number of side branches covered 
was 3.7/case (median, 4; range, 0–6). In total, 108 stents were used 
[mean, 1.96 MFM/case; median, 2; range, 1–5)
Results: One-year aneurysm-related survival was 93.7% (SE ± 4.44%). 
No rupture occurred. Technical success was 98.2%. One-year all-cause 
survival was 84.8% (SE ± 6.25%). No paraplegia or peri-operative 
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visceral insult was observed. All 202 side branches were pat-
ent at 12 months; no stent fractures occurred. One-year interven-
tion-free survival was 92.4% (SE ± 5.09%). At 6 months, mean rate of 
sac volume increase was 0.36%/month. At 12 months, rate of increase 
was 0.28%/month. Ratio of thrombus to total volume remained almost 
constant over 12 months at 0.48, whereas the flow to total volume 
ratio decreased from 0.21 to 0.12 at 12 months.
Conclusion: Increasing sac size did not herald rupture. MFM im-
plantation triggered aortic remodeling involving initial thrombus 
deposition, which slowed between 6 and 12 months. MFM was not 
associated with loss of native side branches.

1401.5
A review of limb occlusions following endovascular aneurysm 
repair: a single-centre experience
T. Siddiqui1, K.K. Hussey1, W.P. Stuart1, S. Chandramohan2;
1Vascular Surgery, Western Infirmary Glasgow, Glasgow, United 
Kingdom, 2Radiology, Western Infirmary, Glasgow, United Kingdom.

Purpose: Aortic endograft limb occlusion is a recognised complica-
tion following endovascular aneurysm repair (EVAR). We reviewed 
our experience to identify any common aetiological factors or 
patterns.
Material and Methods: Retrospective data of the type of device, 
aortic and iliac neck diameter and morphology, angulation and iliac 
tortuosity were collated. The relevant imaging was scrutinised by an 
experienced consultant interventional radiologist to retrospectively 
identify technical issues potentially predisposing to limb occlusion.
Results: Between 1999 and December 2012, 402 patients underwent 
EVAR, with 795 risk limbs. Twenty-one endograft limb occlusions 
were identified: Vascutek Anaconda, n = 9; Medtronic Endurant, n = 6; 
Cook Zenith, n = 2; Medtronic Talent, n = 2 and Gore Excluder, n = 2. In 
another 4 cases, the entire endograft was thrombosed. The risk of 
limb occlusion was not related to iliac tortuosity, proximal or distal 
landing zone diameter or aortic neck length or calcification. Eight 
occlusions involved off-label use of the device: 11 had (retrospec-
tively and potentially) avoidable or correctable technical problems, 
and 2 cases had non-correctable patient factors. A combination of 
technical issues and off-label use was noted in 7 cases. There were 
various technical issues; vessel caliber distal to landing site was the 
most common.
Conclusion: EVAR limb occlusion of 2.6% compares favourably with 
the published literature. No single anatomical factor was found to 
repeatedly contribute to development of iliac limb occlusion. On 
critical retrospective analysis, in a significant number of cases, vari-
ous technical issues and off-label endograft usage may have led to 
development of this complication.

1401.6
Novel ascending aortic stent–graft design: experimental, 
cadaveric, and clinical
M. Popovic1, G. Erman1, D. Berzaczy1, G. Edelhauser1, J. Lammer1, 
M. Czerny2, M.A. Funovics1;
1Department of Cardiovascular and Interventional Radiology, 
Medical University of Vienna, Vienna, Austria, 2Cardiothoracic 
Surgery, Insel Hospital Berne, Berne, Switzerland.

Purpose: Endovascular stent–graft treatment of the ascending 
aorta is feasible in special indications. The purpose of this investiga-
tion was to evaluate a novel stent–graft design in phantoms, cadav-
ers, and one clinical patient.
Material and Methods: A stent–graft was specifically designed for 
application in the ascending aorta. This includes fixation of the api-
ces facing the inner curvature with metal levers distally, thereby 
eliminating the forward movement seen in previous designs due to 

apex fixation near the nose cone. The device was deployed in three 
aortic phantoms and four cadavers. The distance between the actual 
and the intended landing position along the inner and outer curva-
tures was recorded. Ultimately, the device was implanted in a patient 
with a large pseudoaneurysm originating from the distal anastomo-
sis after ascending aortic replacement.
Results: The stent–grafts were successfully deployed in all phan-
toms and cadavers. In one cadaver, the nose cone could not be ad-
vanced proximally enough to place the stent–graft in the intended 
landing zone. The stent–graft was intentionally placed 15 mm distal 
to the intended landing zone. The total error range in placing the 
proximal stent–graft end was within 1 mm proximal and 14 mm 
distal to the intended landing zone on the inner curvature and be-
tween 2 and 8 mm distal to the intended landing zone on the outer 
curvature. In the clinical application, the stent–graft was deployed 
without complications, and patient was discharge from the hospital 
within 7 days.
Conclusion: The novel stent–graft design allows its safe and precise 
stent–graft placement into the ascending aorta.

Free Paper Session
Clinical practice development and radiation safety

1402.1
Value of a standardized angiographic reporting-system in 
correlation with clinical risk factors to predict the outcome in 
patients with non-occlusive mesenteric ischemia (NOMI)
P. Minko1, J. Stroeder1, H.-V. Groesdonk2, H.-J. Schäfers2, S. Gräber3, 
A. Buecker1, M. Katoh4;
1Diagnostic and Interventional Radiology, Saarland University 
Hospital, Homburg/Saar, Germany, 2Clinic for Cardio-Thoracic 
Surgery, Saarland University Hospital, Homburg/Saar, Germany, 
3Institute for Biometrics, Epidemiology and Medical Computer 
Sciences, Saarland University Hospital, Homburg/Saar, Germany, 
4Diagnostische und Interventionelle Radiologie, HELIOS Klinikum 
Krefeld, Krefeld, Germany.

Purpose: To correlate angiographic findings with clinical risk factors 
and to investigate the predictive value of angiography with respect 
to the outcome in patients with NOMI.
Material and Methods: In this prospective study, 63 consecutive 
patients (mean age, 73 ± 8 years) suspected with NOMI after cardiac 
or major thoracic vessel surgery underwent catheter angiography of 
the superior mesenteric artery. Images were assessed by two experi-
enced radiologists on consensus basis using a standardized report-
ing system comprising five categories: vessel morphology, reflux of 
contrast medium into the aorta, contrast enhancement, distension 
of the intestine, and the time to portal vein filling. These were cor-
related to previously published NOMI risk factors and outcome data 
using the Fisher’s exact test and ROC analysis.
Results: The most significant correlation was found among death, 
the subcategories vessel morphology (p < 0.001), and reflux of con-
trast medium into the aorta (p = 0.005). A weaker but significant cor-
relation was seen between portal vein filling and intake of statine 
(p = 0.01), vessel morphology and stroke (p = 0.03), portal vein filling 
and renal insufficiency (p = 0.04), and reflux of contrast medium and 
increased serum lactate >10 mmol/l (p = 0.05). In contrast, the overall 
angiographic score correlated well with renal insufficiency (p = 0.02), 
increased serum lactate >10 mmol/l (p = 0.05), and death (p=0.02).
ROC analysis revealed that 71% patients with an overall score ≥4.5 
died.
Conclusion: The applied scoring system allows predicting fatal out-
come in NOMI patients. Three categories of this system correlate well 
with patients’ risk factors, which may allow further simplifications.
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1402.2
EEG-guided conscious sedation: can the nurse be in charge?
J. Suntharanathan, J.H. Chuah, S. Vasileuskaya, P. Puro, N. Kibriya, 
D. Mullan, J. Lawrance, H.-U. Laasch;
Radiology, The Christie NHS Foundation Trust, Manchester, United 
Kingdom.

Purpose: For safe sedation, the role of monitoring sedated patients 
should be separate from that of radiologists performing the radio-
logical intervention. We reviewed the safety and efficacy of EEG 
(Bispectral Index monitor, BIS Vista, Aspect Medical Systems, Leiden, 
Netherlands)-guided administration of sedatives and analgesics by 
interventional nurses.
Material and Methods: Ninety-three patients requiring sedoanal-
gesia during various radiological interventions underwent BIS and 
full cardiorespiratory monitoring with oxygen therapy through nasal 
cannulae. Midazolam and fentanyl were administered in incremen-
tal doses to maintain a target BIS score of 80–85. Data pertaining to 
Ramsay Sedation Score (RSS), tolerance, duration of procedure, and 
oxygen saturation were prospectively collected.
Results: In total, 117 procedures were performed. Median scores 
were BIS 84 (range, 73–97), RSS 2 (drowsy and anxiety free; range, 
1–3), and tolerance level 1 (no discomfort/pain; range, 1–2). The me- 
dian oxygen saturation was 100% (range, 90%–100%); no patient re- 
quired airway management or sedation reversal. Median doses admi- 
nistered; 3 mg midazolam (1–15 mg) and 50 μg fentanyl (25–300 μg). 
Doses increased with procedure duration.
Conclusion: Separating the roles of sedationists and radiological 
interventionalists ensures safe sedation practice. This review dem-
onstrates that in majority of cases, standard monitoring by interven-
tional nurses is uniquely enhanced by BIS. Nurses may confidently, 
independently, and effectively achieve safe sedoanalgesia without 
the risk of inadequate or excessively deep sedation levels. Therefore, 
in utilizing BIS, separate roles for seditionists and interventionalists 
raises the standard of patient care, prevents “never events,” and in 
our view, should become the standard practice.

1402.3
Informed consent in interventional radiology: is consent by 
clinical teams adequate?
M.W. McCusker, L. Al Mullah, M.J. Lee;
Radiology Department, Beaumont Hospital, Dublin, Ireland.

Purpose: Ideally, informed consent for interventional radiology (IR) 
procedures should be obtained by the operator. On occasions, the 
task can be delegated to a suitably trained person who understands 
the risks, benefits, and alternatives. However, in many IR depart-
ments, limited resources require delegation to the referring clinical 
team to obtain informed consent. The aim of this study was to deter-
mine if patients who gave consent to non IR personnel understand 
the procedure, risks, and alternatives.
Material and Methods: A questionnaire was verbally administered 
to patients attending the IR department before entering the IR suite. 
The questionnaire was designed to determine if the patient under-
stands the benefits, risks, and alternatives of the procedure being 
performed.
Results: In total, 132 consecutive patients were enrolled over a period 
of 4 weeks. Of these, consent was obtained by the referring teams 
for 71 patients. Consent was obtained for the others by IR staff. Of 
the 71 patients who gave consent to the referring teams, only 42% 
could name the procedure, 49% could not name any potential com-
plications, and 80% did not know the form of anesthetic to be used. 
Interns obtained consent from 67% patients.
Conclusion: Patients who provided consent to referring clinical teams 
have a poor grasp of important details of IR procedures, including 

risks and anesthesia. The majority of consent is obtained by interns. 
Informed consent should be obtained by IR specialists with resulting 
resource implications for IR services.

1402.4
Effective dose measurements for abdominal cone beam 
computed tomography in interventional radiology
Y.M. Kwok, F.G. Irani, K.-H. Tay, B.S. Tan;
Department of Diagnostic Radiology, Singapore General Hospital, 
Singapore, Singapore.

Purpose: We performed effective dose measurements using ther-
moluminescent dosimeters (TLDs) to compare radiation doses in 
cone beam computed tomography (CBCT) and conventional multi-
detector computed tomography (MDCT).
Material and Methods: CBCT has recently been introduced as an 
additional cross-sectional imaging modality during interventional 
radiology procedures to allow the interventional radiologist more 
accurate image guidance.
A male Rando phantom was used for dose measurements. TLDs 
were placed at selected locations of the phantom. Selected abdomi-
nal CBCT protocols from Artis Zeego (Siemens, Erlangen, Germany), 
Infinix VC-i (Toshiba, Tokyo, Japan), and comparable protocols from 
Aquilion 16 (Toshiba, Tokyo, Japan) were used for phantom imag-
ing. These protocols were provided by the manufacturers for routine 
clinical imaging.
Exposed TLDs were analyzed on Harshaw 3500 Reader (Thermo 
Scientific, Oak Ridge, USA). Effective doses for these 2 types of imag-
ing were derived by applying the International Commission on 
Radiological Protection (ICRP) 2007 tissue-weighting factors. This 
experimental process was repeated to verify the first set of measure-
ments, and the 2 sets of results were averaged to reduce statistical 
variation.
Results: Two abdominal protocols were evaluated for each sys-
tem: the effective doses measured were 15.0 and 18.6 mSv for Artis 
Zeego CBCT, 25.4 and 37.0 mSv for Infinix VC-i CBCT, and 9.8 mSv and 
13.5 mSv for Aquilion 16 MDCT.
Conclusion: Effective dose measurements with TLDs demonstrated 
that the patient dose levels using two CBCT systems were signif-
icantly higher than those using multi-detector CT for abdominal 
studies. These findings may have implications in clinical practice for 
deciding the modality to be adopted.

1402.5
An evaluation of eye doses received in the interventional 
radiology department
L.N. Kavanagh, M.J. Lee, T. Heary;
Department of Radiology, Beaumont Hospital, Dublin, Ireland.

Purpose: In April 2011, the ICRP recommended a revised eye dose limit 
of 20 mSv/year averaged over 5 years with no more than 50 mSv in 
any 1 year, as opposed to the current legal limit of 150 mSv/year. The 
aim of this study was to assess if staff are currently working within 
the recommended guidelines in lieu of changing legislation.
Material and Methods: Eye doses were measured over a 3-month 
period in 7 interventional radiologists and 4 interventional fellows 
working between 2 busy interventional suites. Each participant wore 
an eye dosimeter on the tube side of the head and a TLD badge on 
the outside of the thyroid collar and underneath the lead apron. 
Dosimeters were renewed and evaluated each month.
Results: An average of 90 exams were performed over an average of 
116 hours per operator. The average eye and thyroid dose equivalents 
were 4.16 mSv and 5.1 mSv, respectively, with an average annual esti-
mated dose of 12.47 mSv and 15.88 mSv, respectively. Doses ranged 
from 0–12.46 mSv for eye and 0–25.11 mSv for thyroid (0–37.37  mSv 
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and 0–75.33 mSv annual estimated dose, respectively). One IR ex-
ceeded the current dose limit of 15 mSv over a 16 week period 
and 4 exceeded the recommended estimated annual dose limit of 
20 mSv.
Conclusion: Our results highlight the need for revision of daily radi-
ation protection practices, compulsory wearing of lead glasses and 
new approaches to dose reduction by manufacturers.

1402.6
Radiation exposure of abdominal cone-beam computed 
tomography
A.M.H. Sailer1, R. de Graaf1, G.W.H. Schurink2, M.W. de Haan1, 
J.E. Wildberger1, M. Das1, C. Jeukens1;
1Radiology and Interventional Radiology, Maastricht University 
Medical Centre, Maastricht, Netherlands, 2Surgery, Maastricht 
University Medical Centre, Maastricht, Netherlands.

Purpose: To estimate the radiation exposure of abdominal C-arm 
cone-beam computed tomography (CBCT).
Material and Methods: Twenty patients with thoracoabdominal 
aneurysm or iliac artery stenosis underwent abdominal CBCT for 
image fusion in endovascular intervention (13 patients on Allura 
Xper, seven patients on AlluraClarity, Philips Healthcare, Best, the 
Netherlands). Standard parameters for CBCT were 123 kV and 
0.9 mm copper + 1 mm aluminum filter. Radiation exposure of CBCT 
in patients in terms of dose area product (DAP) and skin dose (SkD) 
were compared with total procedure dose and fluoroscopy time. 
Effective dose (ED) of CBCT was estimated using dedicated Monte 
Carlo simulation software (PCXMC 2.0, STUK, Finland). Dose reduc-
tion because of Clarity IQ technology was analysed.
Results: ED of the CBCT run was estimated to be in the range of 
2.7–7.3 mSv per patient. Mean ED ± SD was 4.3 ± 1.1 mSv; mean SkD 
was 40.6 ± 8.5 mGy. No significant differences between upper and 
lower abdominal CBCT nor gender specific differences (p > 0.05) 
were observed. Mean dose reduction because of Clarity IQ technol-
ogy was 0.5 mSv or 11% of CBCT exposure. Average contribution of 
CBCT to total procedural DAP was 10.2 ± 8.6 %. Radiation exposure 
of CBCT corresponds to an average 8.8 ± 3.0 fluoroscopy minutes in 
the same region of interest.
Conclusion: Effective dose of abdominal CBCT in all patients was 
below 7.5 mSv. A reduction of procedure fluoroscopy time because 
of the use of CBCT for approximately 9 min may result in a reduction 
of total procedural radiation exposure in patients.

Free Paper Session
Embolotherapy (excluding oncology)

1403.1
Comparison of particulate and Onyx embolization in 
preoperative devascularization of carotid body tumors
J. Griauzde1, J.J. Gemmete2, A. Pandey3, N. Chaudhary3;
1Radiology, University of Michigan Hospitals, Ann Arbor, MI, United 
States of America, 2Neurosurgery, Radiology, Otolaryngology, 
University of Michigan Hospitals, Ann Arbor, MI, United States 
of America, 3Radiology, Neurosurgery, University of Michigan 
Hospitals, Ann Arbor, MI, United States of America.

Purpose: Carotid body tumors (CBTs) are highly vascular lesions 
generally treated with surgical resection. Preoperative emboliza-
tion is a helpful adjunct because it decreases surgical blood loss and 
improves surgical outcomes. Traditionally, embolization has been 
achieved with particulate material through a transarterial approach. 
More recently, direct tumor puncture with Onyx is recognized as a 

promising technique for preoperative embolization. We compared 
these two techniques in patients treated for CBTs at our institution.
Material and Methods: We retrospectively reviewed cases of preop-
erative CBT devascularization from January 1, 1995 through January 9, 
2012. Patients were divided into two groups: preoperative devascu-
larization using transarterial particulate material (TAE) alone (n = 17) 
and preoperative devascularization using direct puncture Onyx 
(DPO) alone (n = 10). Perioperative data including surgical blood 
loss, surgical duration, embolization procedure complications, oper-
ative transfusion requirements, postoperative hospital stay, inten-
sive care unit (ICU) stay, and procedure-related mortalities were 
compared.
Results: Average surgical blood loss was significantly higher in the 
TAE group (Mann–Whitney 2-tailed U-test for medians p = 0.04). 
Surgical time was also higher, although no significantly different. 
There was no significant difference in total postoperative hospital 
stay or ICU stay. Two patients required intraoperative blood trans-
fusions in the TAE group, whereas none required transfusions in 
the DPO group. One serious embolization procedure complication 
occurred in the TAE group, whereas none occurred in the TAE group.
Conclusion: Direct puncture Onyx embolization is safe for CBT 
devascularization and may be associated with lower surgical blood 
loss than transarterial particulate embolization.

1403.2
Prostatic artery embolization for benign prostatic hyperplasia: 
preliminary results of a prospective randomized study 
comparing 200-μm and 200 + 300-μm PVA particles
H. Rio Tinto1, T. Bilhim1, L. Fernandes1, J.A. Pereira1, M. Duarte1, 
L.C. Pinheiro2, A.G. Oliveira3, J.M. Pisco1;
1Interventional Radiology, Saint Louis Hospital, Lisbon, Portugal, 
2Urology, Hospital de São José, Lisbon, Portugal, 3Biostatistics, 
Faculty of Medical Sciences, Lisbon, Portugal.

Purpose: To evaluate and compare the preliminary results and clini-
cal outcomes of prostatic artery embolization (PAE) for benign pros-
tatic hyperplasia (BPH) using 200-μm alone and 200 + 300-μm poly-
vinyl alcohol (PVA) particles.
Material and Methods: This randomized prospective study involved 
80 BPH patients who underwent PAE that was performed with 200-
μm PVA particles alone in 40 patients (Group I) and 200 + 300 μm 
particles in 40 patients (Group II). We evaluated pain during and 
after embolization. Follow-up was assessed by measuring IPSS, QOL, 
IIEF, prostate volume, PSA, Qmax, and PVR at 1 and 3 months.
Results: Preliminary study results show the mean pain scores during 
embolization were 1.6 (Group I, n = 40); 1.0 (Group II, n = 40); after 
embolization, the mean pain scores were 0.1 (Group I, n = 40) and 
0 (Group II, n = 40). Mean IPSS/QOL reduction at 3 month follow-
up was 5.2/1.4 (Group I, n = 16) and 8.9/2.0 (Group II, n = 19); mean 
prostate volume reduction was 33.3% (Group I, n = 13) and 5.5% 
(Group II, n = 16). Poor clinical outcome was noted in 15.8% (Group 
I, n = 19) and 31.25% (Group II, n = 16) patients. No significant differ-
ences in minor complication rates and no major complications were 
registered.
Conclusion: No significant differences were observed in pain sever-
ity or complication rates after PAE for BPH using 200-μm alone or 
200 + 300-μm PVA particles. Although these are preliminary results, 
the clinical outcome at 3 months seems to be better with 200-μm 
PVA particles.
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1403.3
Clinical outcome of prostatic arterial embolization for patients 
with symptomatic benign prostatic hyperplasia refractory to 
medical therapy: 365 cases
J.M. Pisco, L.C. Pinheiro, T. Bilhim, H. Rio Tinto, L. Fernandes, 
M. Duarte, J.A. Pereira, A.G. Oliveira;
Interventional Radiology, Saint Louis Hospital, Lisbon, Portugal.

Purpose: To evaluate the clinical outcome of prostatic artery embo-
lization (PAE) in 365 patients with benign prostatic hyperplasia (BPH) 
and moderate to severe lower urinary tract symptoms (LUTS).
Material and Methods: We conducted a single center cohort study 
in 365 consecutive patients with BPH and moderate to severe LUTS 
after failure of medical therapy for at least 6 months. Seventy-two 
patients had prostates larger than 100 cc, and 42 patients were in 
acute urinary retention with bladder catheter. Nonspherical PVA, 
100 μm and 200 μm, particles were used. Clinical success was con-
sidered as improvement of symptoms (IPSS reduction at least 25% of 
total score and lower than 15 points) and quality of life (reduction of 
Qol at least 1 point and or equal or lower to 3 points) and no require-
ment of medical therapy or any other treatment after PAE.
Results: All patients were treated as outpatients. There were 24.4% 
clinical failures, 15.3% at short term and 9.1% at mid term. The best 
results were shown in patients with prostate larger than 100 cc and 
very severe symptoms (IPSS >25). PAE was repeated in 12 patients 
with clinical failure and clinical success was achieved in 8.Cumulative 
rates of clinical success at short term were 84.9% at 3 months, 80.5% 
at 6 months, 77.2% at 12 months, 76.9% at mid-term at 18 months, 
and 74.3% at 24 months, 30 months, 36 months, and at 42 months.
Conclusion: PAE is a safe, outpatient procedure for patients with 
BPH and moderate to severe LUTS, refractory to medical therapy 
with good short and mid-term results.

1403.4
Embolisation of head and neck paragangliomas: a review of 
20 years of experience
M. Baptista1, J. Barata Tavares2, S. Reimão2;
1Radiology Department, Hospital José Joaquim Fernandes, Beja, 
Portugal, 2Neuroimaging, Hospital Universitario de Santa Maria, 
Lisbon, Portugal.

Purpose: Paragangliomas are rare extra-adrenal neurendocrine tu-
mours frequently located along neurovascular axis. In the head and 
neck they are usually associated with the parasympathetic nervous 
pathways. These highly vascular tumours benefit from pre-oper-
atory endovascular embolisation as this makes surgery easier and 
improves surgical outcomes. The authors discuss results of 20 years 
of experience with head and neck paraganglioma embolisation.
Material and Methods: The authors retrospectively reviewed the 
data of 19 patients who underwent embolisation of head and neck 
paragangliomas between 1991 and 2011.
Results: Between 1991 and 2011, 32 patients were diagnosed with 
head and neck paragangliomas at our institution; 19 (59%) of these 
patients underwent embolisation. The average age of the patients 
was 56 years (22–71 years). All patients were embolised with PVA 
particles.
In total, 59% of patients treated had jugulotympanic glomus. The 
remaining patients had vagal or tympanic paragangliomas. In this 
series, none of the patients with carotid glomus underwent endo-
vascular treatment. The treatment resulted in complete exclusion of 
tumoural blush in 18 patients. In total, 95% patients underwent sub-
sequent treatment one week after embolisation, 59% glomera were 
surgically removed, one patient was treated with radiosurgery and 
another underwent conventional radiotherapy.

The patients were followed up for 1 year; during this period there were 
no immediate or delayed complications secondary to embolisation.
Conclusion: Embolisation of head and neck paragangliomas is a 
safe and effective adjuvant to surgical or radiation treatment. In our 
series there were no significant complications of embolisation after 
1-year follow-up.

1403.5
Percutaneous sclerotherapy of venous malformations: efficacy 
and safety of ethanol and Sotradecol
A. Braun, S.B. White, E.J. Hohenwalter, W.S. Rilling;
Radiology, MCW, Milwaukee, WI, United States of America.

Purpose: Venous malformations are the most common type of vas-
cular malformation in adults. Percutaneous sclerotherapy is consi-
dered a first line treatment for symptomatic lesions. The purpose 
of this study was to review the safety and efficacy of ethanol and 
Sotradecol in the treatment of venous malformations.
Material and Methods: A retrospective analysis was performed of 
all patients with venous malformations from 1/1/2000 to 9/1/2012. 
Percutaneous sclerotherapy was performed on these patients via 
accessing the malformation, performing venography, excluding non- 
target venous drainage, and then injecting a sclerosant. Ethanol 
or Sotradecol were chosen at the operators’ discretion. Lesions 
in high risk locations (face, hands) were treated preferentially with 
Sotradecol. All patients were followed to assess response to treat-
ment and complications.
Results: A total of 186 treatments (136 ethanol and 50 Sotradecol) 
were performed on 95 patients with ages ranging from 9 to 75. 
Technical success was 95%. Number of treatment sessions ranged 
from 1 to 17 (mean = 1.96). Clinical follow-up was obtained in 88% 
patients. Complete, partial, and no relief of symptoms was seen in 
35%, 57%, and 8% of total treatments, respectively; 43%, 48%, and 
9% of ethanol treatment sessions, respectively; and 16%, 80%, and 
4 % of Sotradecol treatment sessions, respectively. Complications 
were seen in 3.7% ethanol treatments sessions and 2.0% Sotradecol 
treatments. Only complete symptom relief (44% vs. 18%) was signifi-
cantly different between the two groups (p = 0.0017).
Conclusion: Percutaneous sclerotherapy of venous malformations 
is safe. Ethanol and Sotradecol are effective agents. In this series, 
complete symptom relief was higher with ethanol than Sotradecol 
treatment.

1403.6
Ultrasound appearances following varicocele embolization
M. Burns1, C. Hegarty1, M. Nayeemuddin1, D. Klass2, D. Liu2, P. Munk1, 
G. Legiehn1, S. Ho1, L. Machan1;
1Department of Radiology, University of British Columbia, 
Vancouver, BC, Canada, 2Interventional Radiology Section, 
Department of Radiology, University of British Columbia, 
Vancouver, BC, Canada.

Purpose: To define the ultrasonographic findings of successful vari-
cocele embolization
Material and Methods: All testicular varicocele embolization proce-
dures at a single centre between 2009 and 2012 were reviewed. Only 
symptomatic varicoceles were included because symptom improve-
ment was considered to have a more reliable correlation with suc-
cessful treatment than sperm analysis. Data recorded included age, 
clinical history, interval to follow-up ultrasound, pampiniform plexus 
diameter, and response to Valsalva maneuver.
Results: A total of 356 varicocele embolization procedures were per-
formed. Sixty embolization procedures were performed on 59 symp- 
tomatic patients. Symptoms improved or completely resolved in 
44 patients (73.3%) and were unchanged in 9 (15.0%). Mean venous 
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diameter was 0.318 cm (range 0.10 – 0.62) pre-embolization and 0.203 
(range 0.07 – 0.50) post-embolization (p<0.001). Veins remained greater 
than 0.20 cm in diameter in 31 cases (41.3%). Postembolization, 
accentuation of flow on Valsalva was absent on 13 sides (17.3%), nor-
mal in 44 (58.7%) and abnormally brisk in 8 (10.7%). Accentu-ation of 
flow decreased in 51 treated varicoceles (68%), was unchanged in 12 
(16%) and was not recorded in 12 (16%). Of the 8 patients who dis-
played abnormally brisk accentuation on Valsalva, 5 had no symp-
tomatic improvement. This subgroup showed a mean post-emboli-
zation venous diameter of 0.20 cm (range 0.11 – 0.34 cm).
Conclusion: Varicocele embolization results in significant reduction 
in pampiniform plexus diameters. Diameters remain greater than 
0.20 cm in many cases despite technically and clinically successful 
embolization. Abnormally brisk flow accentuation on Valsalva is a 
better predictor of treatment failure than pampiniform plexus diam-
eter change.

Free Paper Session
Experimental work in IR

1404.1
Presence of atheroma plaque increases paclitaxel deposition 
in the iliac arterial wall after drug-eluting balloon angioplasty: 
atherosclerotic animal model study
R. Fernández-Parra, J. Aramayona, P. Alcubierre, C. Lahuerta, 
A. Laborda, C. Serrano, M.A. de Gregorio;
University of Zaragoza, GITMI, Zaragoza, Spain.

Purpose: To test whether the presence of an atheroma plaque may 
alter the disposition kinetics of paclitaxel (PTX) after drug-eluting 
balloon angioplasty on the surface of the lesion.
Material and Methods: Forty-five New Zealand white rabbits were 
randomly divided into three groups (n = 15/group): atherosclerosis 
group (atheromatous iliac artery, induced by an artery lesion and 
cholesterol diet); diet group (fatty iliac artery), fed with cholesterol 
diet, without artery lesion; a control group (normal iliac artery). All 
animals underwent angioplasty with a paclitaxel-eluting balloon 
(3 × 20 mm, 3 mg/mm2 PTX), in the left iliac artery. All arteries sam-
pled were analysed by liquid chromatography-mass spectrometry 
tandem at 1, 24, 48, 72 and 96 h. Data was statistically analysed.
Results: Significant differences were found in the PTX amount 
observed at 1 h (p = 0.043, median test) and 24 h (p = 0.043, median 
test) after angioplasty in the atherosclerosis group compared with 
the others groups. These rabbits had from 50 (1 h) to 5 (24 h) times 
higher PTX amount compared with the other groups in the first 
24 h. However, at 48 h (p = 0.039, KW test) it rises more than 2 times 
higher. At 72 and 96 h, PTX amounts are similar in the atherosclero-
sis and diet group. Control group PTX at 96 h was below the detec-
tion limit of the assay.
Conclusion: Atheromatous lesion in the iliac artery wall appears to 
play an important role in the degree of PTX uptake by the artery after 
drug-eluting balloon angioplasty. These findings could have clinical 
implications.

1404.2
Percutaneous intraportal application of mesenchymal stem 
cells using a balloon-occlusion catheter in a large animal 
model of cirrhosis
R. Avritscher1, M.E. Abdelsalam1, S. Javadi1, J. Ensor2, E. Alt3, 
J. Vykoukal3;
1Dept. of Radiology, University of Texas MD Anderson Cancer 
Center, Houston, TX, United States of America, 2Biostatistics, 
University of Texas MD Anderson Cancer Center, Houston, TX, 
United States of America, 3Molecular Pathology, University of Texas 
MD Anderson Cancer Center, Houston, TX, United States of America.

Purpose: The purpose of this study was to investigate the safety 
and effectiveness of percutaneous intraportal cellular delivery using 
a balloon-occlusion catheter on the distribution of mesenchymal 
stem cells in a large animal model of liver fibrosis.
Material and Methods: The Institutional Animal Care and Use Com-
mittee (IACUC) approved this study. Transcatheter arterial emboli-za- 
tion was used to induce diffuse hepatocellular damage in 11 pigs. Me- 
senchymal stem cells (MSCs) were harvested from adipose tissue and 
engineered to express green fluorescent protein (GFP). Two weeks 
after embolization, a 6-French balloon-occlusion catheter was posi-
tioned in the portal vein for cell delivery. Six experimental animals re- 
ceived portal application of MSCs. Cells were allowed to dwell for 10 
min using prolonged balloon inflation. Five control animals received 
a sham injection of normal saline. Hepatic venous pressure gradient 
(HVPG) was measured. Percutaneous liver biopsies were ob-tained 2 h 
after cell application. All animals were euthanized within 4 weeks. Pre- 
sence and distribution of cells was assessed with fluorescence microscopy.
Results: Liver injury and fibrosis was successfully induced in all sub-
jects. Cell doses ranging from 60–100 million MSCs were success-
fully delivered into the portal vein in all 6 experimental animals. Cell 
application was not associated with complications; specifically, no 
instances of portal thrombosis or hypertension were observed. GFP- 
expressing MSCs were visualized in biopsy specimens and were dis-
tributed primarily within the sinusoidal spaces. Four weeks after im- 
plantation, MSCs could not be identified in the histological specimens.
Conclusion: Percutaneous approach using a balloon-occlusion 
catheter proved safe and effective for intraportal mesenchymal 
stem cell application.

1404.3
MR-guided periarterial ethanol injection for renal sympathetic 
denervation: a feasibility study in pigs
F. Streitparth1, A. Walter1, N. Stolzenburg1, L. Heckmann1, J. Breinl1, 
J. Rinnenthal2, A. Beck1, M. de Bucourt1, J. Schnorr1, B. Gebauer1, 
B. Hamm1, R.W. Günther1;
1Diagnostic and interventional radiology, Charité, Berlin, Germany, 
2Neuropathology, Charite, Berlin, Germany.

Purpose: The aim of this study was to evaluate the feasibility and 
efficacy of image-guided periarterial ethanol injections as an alter-
native to transluminal RF ablation.
Material and Methods: Unilateral renal periarterial ethanol injection 
was performed under general anesthesia in 6 pigs with the contralat-
eral kidney serving as control. All interventions were performed in an 
open 1.0-T MRI system using real-time multiplanar guidance. The in- 
jected volume was 5 ml (95% ethanol-labeled marked-MR contrast 
medium) in 2 pigs and 10 ml in 4 pigs. At 4 weeks post-treatment, 
the pigs underwent MRI including MRA and were sacrificed. Nore-
pinephrine (NE) concentration in the renal parenchyma served as a 
surrogate parameter to analyze the efficacy of sympathetic dener-
vation. In addition, the renal artery and sympathetic nerves were 
histologically examined to identify evidence of vascular and neural 
injury.
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Results: In pigs treated with 10 ml ethanol, treatment resulted in 
neural degeneration. We found a significant reduction of 53% in NE 
concentration in the kidney parenchyma (p < 0.02) compared with 
the untreated contralateral kidney. In pigs treated with 5 ml ethanol, 
no significant changes in histology or NE were observed. There was 
no evidence of renal arterial stenosis in MRI, macroscopy, or histol-
ogy in any pig.
Conclusion: MR-guided periarterial ethanol injection was feasible 
and efficient for renal sympathetic denervation in pigs. This tech- 
nique may be a promising alternative to the catheter-based approach 
in the treatment of resistant arterial hypertension.

1404.4
Irreversible electroporation (IRE) in an acute porcine liver 
model: effect of previous transarterial embolization with 
iodized oil on technical parameters and extent of coagulation
C.M. Sommer1, D. Vollherbst1, S. Zelzer2, S. Fritz3, M.F. Wachter1, 
U. Stampfl1, N. Bellemann1, N. Kortes1, T.L. Gockner1, T. Mokry1, 
J. Knapp4, T. Longerich5, H.U. Kauczor1, P.L. Pereira6, J. Werner3, 
B. Radeleff1;
1Diagnostic and Interventional Radiology, University Hospital 
Heidelberg, Heidelberg, Germany, 2Medical and Biological 
Informatics, German Cancer Research Center, Heidelberg, Germany, 
3Surgery, University Hospital Heidelberg, Heidelberg, Germany, 
4Anesthesiology, University Hospital Heidelberg, Heidelberg, 
Germany, 5Pathology, University Hospital Heidelberg, Heidelberg, 
Germany, 6Dept of Radiology, Minimally Invasive Therapies and 
Nuclearmedicine, SLK-Clinics GmbH, Ruprecht-Karls-University 
Heidelberg, Heilbronn, Germany.

Purpose: To evaluate the effect of transarterial embolization with 
iodized oil on technical parameters and extent of coagulation after 
irreversible electroporation (IRE) in an acute porcine liver model.
Material and Methods: In each of five landrace pigs, two IREs of 
the liver on the right (RL) and two IREs of the liver on the left (LL) 
were performed with identical system parameters (90 pulses, pulse 
length of 90 ns, electric field of 1750 V/cm) and applicator configu-
ration (two applicators, applicator distance of 1.5 cm, tip exposure 
of 2.0 cm). A selective transarterial catheter embolization was per-
formed before IRE of only the LL with iodized oil until stasis. Native 
and contrast-enhances CT examinations were performed to assess 
the extent of coagulation. Subsequently, animals were killed and 
livers were harvested. Mean resulting voltage and amperage were 
assessed during the electroporation cycle. The extent of coagulation 
(long, intermediate and short axes, volume, and sphericity index 
were analyzed using a 3D-segmentation software) was compared.
Results: Mean resulting voltage and amperage were 2545.3 ± 66.0 V 
and 26.1±1.8 A, respectively, for RL and 2537.3 ± 69.0V and 27.7 ± 
1.8A, respectively, for LL without significant differences. Mean long, 
intermediate, and short axes were 37.4 ± 7.6 mm, 27.1 ± 3.5 mm, and 
16.5 ± 4.4 mm for RL, respectively, and 37.5 ± 5.7 mm, 27.3 ± 5.3 mm, 
and 18.2 ± 3.4mm, respectively, for LL without significant differ-
ences. Volume and sphericity index were 8.6 ± 3.2 cm3 and 1.7 ± 0.3, 
respectively, for RL and 9.8 ± 3.8 cm3 and 1.7 ± 0.3, respectively, for 
LL without significant differences.
Conclusion: In this acute porcine liver model, previous transarte-
rial embolization with iodized oil shows no effect on both technical 
parameters and extent of coagulation after IRE.

1404.5
Vascular organ isolation chemotherapy with extraction (voice)
J. Magnussen1, S. Clark2, N. Khin3, D. Lane3, M. Huckson3, R. Lane3;
1Radiology, Macquarie University, Sydney, NSW, Australia, 2Kolling 
Institute, University of Sydney, Sydney, NSW, Australia, 3Vascular 
Research, Macquarie University Hospital, Macquarie University, 
Sydney, NSW, Australia.

Purpose: A novel method of hepatic isolation using an implantable 
arterial access system that allows simultaneous control of hepatic 
arterial and portal inflows, superselectivity and repeatability is de-
scribed. Safety and efficacy of the system was assessed, and the con-
cepts of vascular volume displacement (VVD) and chemoextraction 
via reverse hepatic flow are introduced.
Material and Methods: An arterial access system was anastomosed 
to axillary or femoral vessels. Treatment was performed every 3–4 
days, with three sheaths and balloons occluding the CA, SMA and 
HA with microcatheter superselection. Pressure measurements were 
obtained, and oxaliplatin infused to approximate segmental liver 
vascular volume and platinum levels were measured.
Results: Eight infusions (two patients with inoperable and treat-
ment refractory secondary intestinal cancer) are described.
Infusions required day-only admissions under GA with minimal 
side effects/discomfort. Pressure measurements indicated minimal 
hepatic-systemic drug leakage. Wedge pressures were 0, and the 
platinum gradients were 20x systemic with contrast and 2–8x with-
out. The CMAXs were 250 mg/ml (625 ml) and 375 mg/ml (94 ml) of 
platinum at 50 mg/m2.
Haematological and biochemical findings indicated minimal sys-
temic toxicity with marked improvement on PET.
Conclusion: A high CMAX continued for 2–25 min of ischaemic time 
to multiply the platinum exposure (AUC). VVD with glucose, oxalipla-
tin and contrast removes non-reversible binding effects, which typ-
ically nullifies 99% cytotoxicity. Initial uptake half-life of oxaliplatin 
is very rapid (Talpha ½ = 9–16min); hence, the minimal side effects. 
Delivered oxaliplatin concentration exceeded LD99.9% of in-vivo 
tested cell lines.
Hepatic isolation was possible using a multicatheter implantable 
access system. The delivery of cytotoxic agents is efficacious and 
repeatable.

1404.6
Are VX2 tumor cells sensitive to antineoplastic drugs used in 
chemoembolization?
F. Pascale1, L. Bedouet2, J. Namur3, M.-T. Baylatry4, A. Laurent1;
1Center for Research in Interventional Imaging, CR2i APHP INRA, 
Jouy en Josas, France, 2R&D, Occlugel, Jouy en Josas, France, 3R&D, 
Archimmed, Jouy en Josas, France, 4Pharmacy Department, AP-HP 
Saint-Antoine Hospital, Paris, France.

Purpose: Rabbit VX2 carcinoma is the most commonly used tumor 
model to evaluate the efficacy of chemoembolization procedures. 
However, sensitivity of VX2 cells and human liver cancer to anti-
neoplasic drugs has not been compared. We assessed the cytotoxic 
effects of 10 anticancerous agents in VX2 cell cultures.
Material and Methods: A VX2-cell monolayer culture was estab-
lished in 96 wells for 24 h (80% confluence). Cytotoxic effect, 
expressed as the half maximal inhibitory concentration (IC50), was 
evaluated after a 72-h incubation with various drug concentrations 
by colorimetric test and compared to human cancer cell data in the 
literature. Ten drugs of various classes were tested: anthracyclines 
(doxorubicin, idarubicin), platins (cisplatin, carboplatine, oxaliplatin), 
irinotecan, mytomicin-C, 5-fluorouracil, sunitinib, and bevacizumab.
Results: Anthracyclines (idarubicin and doxorubicin) were the most 
cytotoxic drugs (IC50 = 1.52 and 1.59 μM), followed by sunitinib (12.5 μM), 



CIRSE 2013 SS/FC/HL/HTS/CM S219Free Papers

mytomycin-C (13.9 μM), then platins (cisplatin 10.1 μM, oxaliplatin 
62.5 μM, carboplatin 84.54 μM), and irinotecan (69.5 μM). 5-fluorouracil 
and bevacizumab showed no toxicity in the concentration range 
studied. Ranking for different drugs classes was similar in HCC cell 
lines (Nakatsu, 2005; Boulin, 2011; Armeanu, 2012).
Some differences were observed within anthracycline and platin 
groups: doxorubicin and idarubicin had similar toxicity in VX2, whereas 
idarubicin was 27 times more toxic than doxorubicin in HepG2 
(Boulin, 2011). Carboplatin was less cytotoxic than other platins in 
both VX2 and HepG2, whereas cisplatin and oxaliplatin were the 
most efficient in VX2 and HepG2, respectively (Nakatsu, 2005).
Conclusion: VX2 cells and HCC have very similar sensitivity to vari-
ous classes of chemotherapeutic drugs, justifying the use of the VX2 
model in preclinical trials of chemoembolization.

Free Paper Session
Imaging

1405.1
MR-guided focused ultrasound ablation on bone metastases: 
role of dynamic contrast-enhanced MRI in the evaluation of 
treatment response
F. Boni, V. Noce, A. Napoli, L. Di Mare, M. Anzidei, G. Brachetti, 
C. Catalano;
Department of Radiological Sciences, University of Rome 
“Sapienza”, Rome, Italy.

Purpose: To quantitatively evaluate perfusion MRI findings in ske- 
letal metastases treated with MR-guided focused ultrasound 
(MRgFUS) ablation and compare imaging parameters with clinical 
pain status as-sessment by visual analogue scale (VAS).
Material and Methods: Eleven patients treated with MRgFUS ab- 
lation of bone metastases were examined with a dynamic contrast- 
enhanced3T MR-scan before and 3 months after sonication. Quan-
titative perfusional parameters were obtained by DCE-MR transfer 
rate constant (Ktrans) and extravascular volume fraction (ve) with a 
dedicated analysis software. Every subject was monitored over the 
following three months assessing clinical outcome by means of pain 
relief with VAS.
Results: Eight of 11 subjects clinically demonstrated complete treat-
ment response (CR) with a VAS score mean reduction of 4.3 (47.8%, 
p < 0.001), whereas three showed partial clinical response (PR) with 
fractional relief according to VAS. Comparison of perfusional analy-
sis of metastatic lesions in CR patients showed a significant reduc-
tion of gadolinium extraction with a 2.14/min Ktrans mean reduction 
(-ΔKt = 52.65%, p < 0.01) with corresponding ve increase (5.6%, p > 0.01), 
while PR patients showed no substantial modification in Ktrans 
value (ΔKt = +0.042/min, +11.39%, p < 0.01) or increase in extravas-
cular volume. Spearman test revealed a significant relationship 
between Ktrans quantitative parameters and clinical evaluation by 
VAS (p < 0.001) in both CR and PR patients.
Conclusion: Perfusional quantitative MRI is a sensitive predictor of 
MRgFUS bone metastases treatment response if compared with clin- 
ical outcome data. Ktrans negative modifications (-ΔKt) may reflect 
effectiveness of ultrasound ablation as a direct expression of de-
creased tumoral cells’ metabolism and positively correlate to clinical 
response.

1405.2
Palliative treatment of bone metastases: analysis of biological 
effects of MR-guided focused ultrasound (MRgFUS) versus 
external beam radiation therapy (EBRT) in a randomized 
comparative trial using functional diffusion maps as an 
indicator of molecular activity
V. Noce, A. Napoli, G. Brachetti, L. Di Mare, F. Boni, V. Tombolini, 
C. Catalano;
Department of Radiological Sciences, University of Rome 
“Sapienza”, Rome, Italy.

Purpose: To investigate and compare the response to MRgFUS and 
EBRT for painful bone metastases using diffusion-weighted (DW) 
magnetic resonance (MR) imaging with apparent diffusion coeffi-
cient (ADC).
Material and Methods: This prospective, double-arm randomized 
study, with EBRT as the control arm, received IRB approval; 36 consec-
utive patients (female:male, 15:21; mean age, 60.3 years) with pain-
ful bone metastases were enrolled. Eighteen patients underwent 
MRgFUS [ExAblate 2100 system (InSightec)] and 18 patients under-
went EBRT. Pain palliation was evaluated by visual analog scale 
(VAS), pain questionnaires, and changes in patients’ medication. 
All patients underwent 3T CE-MRI (Discovery 750, GE; gd-BOPTA, 
Bracco) before treatment and 1, 2, and 3 months later. MRI proto-
col included DWI sequences with five b factors (0–800 sec/mm2), 
and ADC maps were obtained. Average ADC values for each lesion 
before and after treatment were analyzed compared.
Results: No treatment-related adverse events were recorded. 
Statistically significant difference between baseline and follow-up 
VAS and medication intake for both treatments (p < 0.05) was noted. 
DWI showed substantial increase in mean ADC values after treat-
ment for MRgFUS (before, 1080.6 ± 269 and after, 1577.5 ± 311.6 
mm²/sec) and EBRT (before, 1313.3 ± 424.3 and after, 1777.9 ± 386.3 
mm²/sec); no significant statistical differences in ADC shift follow-
ing between MRgFUS and ERBT (p > 0.5) were observed. Progressive 
decrease in VAS values positively correlated to increase in mean ADC 
values (p > 0.01) for both treatments.
Conclusion: Compared with ERBT, MRgFUS is a promising noninva-
sive treatment for successful palliation of bone metastasis and has 
the potential for tumor control.

1405.3
Diagnostic performance of computed tomography 
angiography and contrast-enhanced magnetic resonance 
angiography in patients with intermittent claudication and 
critical limb ischemia: systematic review and meta-analysis
S. Jens1, M.J.W. Koelemay2, J.A. Reekers1, S. Bipat1;
1Department of Radiology, Academic Medical Centre, Amsterdam, 
Netherlands, 2Surgery, Academic Medical Center, Amsterdam, 
Netherlands.

Purpose: To evaluate the diagnostic performance of computed 
tomography angiography (CTA) and contrast-enhanced magnetic re- 
sonance angiography (CE-MRA) in detecting hemodynamically sig-
nificant arterial stenosis or occlusion in patients with either critical 
limb ischemia or intermittent claudication.
Material and Methods: Medline and Embase were searched from 
January 1995 until August 2012. Studies comparing CTA or CE-MRA 
to digital subtraction angiography including 10 or more adults with 
critical limb ischemia or intermittent claudication were selected. 
Outcome measures were more than 50% aortotibial arterial steno-
sis or occlusion reported in two-by-two tables. The methodological 
quality of studies was assessed using the QUADAS tool.
Results: Twelve CTA and 30 CE-MRA studies were included for this 
review evaluating 673 and 1404 participants, respectively. Summary 
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estimates of sensitivity and specificity were 96% (95% CI, 93%–98%) 
and 95% (95% CI, 92%–97%) for CTA and 93% (95% CI, 91%–95%) and 
94% (95% CI, 93%–96%) for CE-MRA, respectively. Median ĸ-value 
for interobserver agreement was 0.80 for CTA and 0.82 for CE-MRA. 
Regression analysis showed that prevalence of critical limb ischemia 
in individual studies was not an independent predictor for sensi-
tivity and specificity for both modalities. Methodological quality of 
studies was moderate to good, and publication bias was not demon-
strated for both modalities.
Conclusion: CTA and CE-MRA are accurate modalities for evaluating 
disease severity of aortotibial arteries in patients with critical limb 
ischemia or intermittent claudication. Significant differences in the 
diagnostic performance of both modalities between patients with 
critical limb ischemia and patients with intermittent claudication 
were not found.

1405.4
mRECIST and EASL responses at early time point by contrast-
enhanced MR predict survival in patients with unresectable 
infiltrative hepatocellular carcinoma (HCC) with portal 
vein thrombosis (PVT) following intra-arterial glass-based 
yttrium-90 (90Y) radioembolization
J.C. Camacho1, N. Kokabi1, B.F. El-Rayes2, J.S. Kauh2, H.S. Kim1;
1Department of Interventional Radiology and Image Guided 
Medicine, Emory University School of Medicine, Atlanta, GA, United 
States of America, 2Department of Hematology and Medical 
Oncology, Winship Cancer Institute, Emory University School of 
Medicine, Atlanta, GA, United States of America.

Purpose: RECIST, mRECIST, and EASL follow-up criteria were assessed 
and correlated with survival analysis after glass-based radioembo-
lization therapy for patients with unresectable infiltrative HCC and 
PVT.
Material and Methods: This was an IRB approved, correlative re-
search study of a prospective cohort of patients with unresectable 
infiltrative HCC and PVT who underwent glass-based 90Y therapy 
followed by MR imaging. We assessed target locoregional and over-
all response in 20 consecutive patients using RECIST, mRECIST, and 
EASL criteria. Objective response to treatment included both CR and 
PR. Survival analyses were performed with Kaplan–Meier and log-
rank proportional models using SPSS software v20.0 (IBM, Armonk, 
NY) with significance set at <0.05
Results: Of 27 screened patients, 24 were enrolled to date and 20 
have been treated (median age, 55.3 years; 84% male, mean tumor 
volume, 1249 cc). Median period between 90Y and first follow-up 
MR assessment was 33 days. Median overall survival was 9.6 months 
from 90Y therapy (95% CI 2.8–16.3 months). MR imaging at 30 days 
demonstrated that targeted and overall RECIST response showed 
poor correlation with survival. However, 30-day MR showed that 
mRECIST (P = 0.027) and EASL (P = 0.030) had significant correlation 
with survival, with target lesion response rates of 60% and 30%, re-
spectively, and overall response rate for mRECIST of 25%.
Conclusion: mRECIST and EASL criteria responses assessed by MR 
imaging at an early time point (30 days) after 90Y therapy predicts 
survival in patients with infiltrative HCC and PVT.

1405.5
PERCIST criteria predict survival 3 months after intra-arterial 
resin-based yttrium-90 (90Y) radioembolization therapy for 
unresectable intrahepatic cholangiocarcinoma refractory to 
standard chemotherapy: a proof of concept study
J.C. Camacho1, N. Kokabi1, D.M. Schuster2, H.S. Kim1;
1Department of Interventional Radiology and Image Guided 
Medicine, Emory University School of Medicine, Atlanta, GA, United 
States of America, 2Division of Nuclear Medicine & Molecular 
Imaging, Emory University School of Medicine, Atlanta, GA, United 
States of America.

Purpose: PET Response Criteria for Solid Tumors (PERCIST) were 
assessed and correlated with survival analysis after resin-based radio- 
embolization therapy intrahepatic cholangiocarcinoma (ICC).
Material and Methods: IRB approved prospective correlative study 
in which patients with ICC refractory to chemotherapy underwent 
FDG-PET after resin-based Y-90 radioembolization. Significant mea-
surable tumor was defined as ≥1 cm in diameter and maxSUV ≥ 2.5 
in targeted and non-targeted lesions after local therapy. PERCIST cri-
teria defined CR as resolution of 18F-FDG uptake within measurable 
lesion, and PR as reduction of 30% in 18F-FDG (max)SUV peak in mea-
surable lesions. Objective response included PR and CR. PET imaging 
was acquired in q3-months intervals following Y90 therapy. Survival 
analyses by Kaplan–Meier and Log-Rank proportional models were 
performed using SPSS software v20.0 (IBM, Armonk, NY) and signifi-
cance was set at <0.05.
Results: 9 consecutive patients were enrolled (56% men, mean age 
58). Median overall survival (OS) from Y90 therapy was 21.7 months. 
Average maxSUV at 3 months was 10.02 and on second follow-up 
scan 6.03. Target PERCIST criteria showed response rate of 22.2% 
and 55.5% following 3 and 6-month after Y90 therapy, respectively. 
Statistically significant prolonged OS was observed for patients with 
targeted objective response based on PERCIST criteria on 3-month 
scan (P=0.022). Overall objective PERCIST response at 3-months 
showed significant correlation with OS (p= 0.011). Hazard ratio for 
being a non-responder on the 3-month scan is 12.3.
Conclusion: In patients with unresectable ICC refractory to standard 
chemotherapy, PERCIST criteria at 3-months for early assessment of 
response following Y-90 radioembolization therapy predicted OS.

1405.6
Correlation between pretreatment imaging findings and 
survival after doxorubicin drug-eluting bead transcatheter 
chemoembolization (DEB-TACE) in patients with hepatocellular 
carcinoma (HCC)
H.J. Prajapati1, F. Edalat1, J. Spivey2, A.A. Pillai2, H.S. Kim1;
1Interventional Radiology and Image-Guided Medicine, Emory 
University School of Medicine, Atlanta, GA, United States of 
America, 2Medicine, Division of Hepatology, Emory University 
School of Medicine, Atlanta, GA, United States of America.

Purpose: To correlate pretreatment imaging findings with survival 
and factors associated with overall survival (OS) after DEB-TACE in 
unresectable HCC.
Material and Methods: Morphological pretreatment CT (18%) or 
MRI (82%) findings of consecutive patients with unresectable HCC 
who received DEB-TACE over the last 86 months were studied. OS 
was analyzed on the basis of different imaging parameters from the 
time of 1st DEB-TACE. Kaplan–Meier estimator by log-rank test and 
Cox proportional hazard model were used for survival analyses.
Results: We included 411 patients (mean, 61.3 years; SD, 10.5). 
Median OS (mOS) from diagnosis and DEB-TACE was 29.8 months (m) 
and 23.7 m, respectively. Patients with single HCC (48.9%) and mul-
tiple HCCs had mOS of 31.9 m and 13.5 m, respectively (p < 0.0001). 
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Patients with <4 cm (51.3%), 4–8 cm (32.4%), and >8 cm (16.3%) size 
index HCC had mOS of 37 m, 23.4 m, and 8.8 m, respectively 
(p < 0.0001). Patients with and without portal vein thrombosis (PVT) 
(23.4%) had mOS of 8.8 and 31.1 m, respectively (p < 0.0001). Patients 
with (14.1%) and without extrahepatic metastases had mOS of 8.6 m 
and 28.4 m, respectively (p < 0.0001). Typical imaging features were 
present in 79.3% patients, with mOS of 28 m and 3.5 m in infiltra-
tive HCC (9.2%) and 33 m in fat-containing HCC (5.1%), respectively 
(p < 0.0001). Number of HCC lesions, metastasis, and vascular inva-
sion were significant prognostic indicators of survival on multivari-
ate analysis (MVA).
Conclusion: Number of HCC lesions, metastasis, and PVT are signifi-
cant independent predictors of survival after DEB-TACE.

Free Paper Session
Oncologic intervention 1

1406.1
Defining a safe distance from the nearest non-target vessel for 
delivery of radioembolization in treatment of hepatic tumors 
alleviating the need for pre-treatment coil embolization
T. Caridi1, M.C. Soulen2, M. Dagli2, J.I. Mondschein2;
1Radiology, The Hospital of the University of Pennsylvania, 
Philadelphia, PA, United States of America, 2Interventional 
Radiology, The Hospital of the University of Pennsylvania, 
Philadelphia, PA, United States of America.

Learning objectives: To evaluate the safety of yitrium-90 radioem-
bolization at a defined distance away from a non-target vessel.
Purpose: To evaluate the safety of yitrium-90 radioembolization at a 
defined distance from non-target vessels.
Material and Methods: Retrospective analysis of 78 patients (113 pro-
cedures) treated with radioembolization was performed, including 51 
without coil embolization prior to radioembolization. Non-target 
branches were defined as supplying the stomach, bowel, or gallblad- 
der. The distance to the nearest non-target vessel from the point of 
yitrium-90 delivery was measured. Follow-up was based on clinical 
signs of non-target embolization and further imaging.
Results: Of 51 patients and 74 procedures without coils, the GDA 
was most frequent (n = 38) near the non-target vessel followed by 
RGA 10, cystic 7, and LGA 5. Two non-coiled patients experienced 
non-target embolization to the stomach. In the first patient, treat-
ment was through the left hepatic artery, 16.11 mm from the right 
gastric artery. The second patient had unexplained gastric ulcer-
ation following treatment via a replaced right hepatic artery. For 
the 49 patients without adverse effects, the mean and median dis-
tance from the radioembolic delivery point to the nearest non-tar-
get vessel was 44.2 mm and 42.5 mm, respectively, with a range of 
0–98.3 mm. Of the 27 patients and 39 procedures where coil emboli-
zation was employed prior to radioembolization, there was one non-
target event. For the coiled group, the distance to the Y-90 delivery 
point was 0–90.2 mm (mean 31.2 mm/median 22.8 mm). There were 
11 instances (28%) where the distance to the nearest non-target ves-
sel was greater than 42.5 mm.
Conclusion: Delivery of yitrium-90 microspheres >4.3 cm beyond 
the non-target vessel is safe and should not require pre-treatment 
coil embolization.

1406.2
Radioembolization without prophylactic coil embolization of 
patent proximal extrahepatic vasculature: use of an antireflux 
infusion system
A. Fischman1, A. Arepally2, D. Sze3, E. Kim1, S.C. Rose4, J.D. Louie5, 
R. Gandhi6, R.J. Lewandowski7, J.F. Benenati8;
1Interventional Radiology, Mount Sinai Medical Center, New York, 
NY, United States of America, 2Interventional Radiology, Piedmont 
Healthcare, Atlanta, GA, United States of America, 3Interventional 
Radiology, Stanford University, Palo Alto, CA, United States of 
America, 4Interventional Radiology, UCSD, San Diego, CA, United 
States of America, 5Interventional radiology, Stanford University, 
Stanford, CA, United States of America, 6Interventional Radiology, 
Baptist Cardiac and Vascular Institute, Miami, FL, United States 
of America, 7Interventional Radiology, Northwestern University, 
Chicago, IL, United States of America, 8Peripheral Vascular 
Laboratory, Baptist Cardiac and Vascular Institute, Miami, FL, United 
States of America.

Purpose: Reflux of yttrium-90 (Y-90) microparticles during radioem-
bolization (RE) procedures is a major source of severe intraoperative 
complications. We hypothesize that an antireflux infusion system is 
safe and prevents gastrointestinal complications in patients at high 
anatomic risk for nontarget microsphere deposition.
Material and Methods: In this retrospective multicenter review, 
36 patients with hepatic malignancy were treated with radioembo-
lization using resin microspheres and an antireflux infusion system 
(Surefire Infusion System, Surefire Medical). All patients were consid-
ered to be at high risk for nontarget embolization of microspheres 
secondary to variant vascular anatomy, no coiling of proximal extra-
hepatic vasculature, recanalization of vessels after coil embolization, 
or their combination. All patients were followed-up clinically for ad-
versegastrointestinal toxicity.
Results: Technical success of deployment of the microcatheter was 
achieved in 100% patients with a 11% rate of reversible vasospasm. 
The median dose delivered was of 35.6 mCi (range, 8.2–70.2) with 
a median of 94% of the planned dose delivered. Stasis or substasis 
was achieved in 28% procedures; reflux was observed in 0% proce-
dures. The most common patent arteries protected during infusions 
were the supraduodenal artery (39.4%), followed by the gastroduo-
denal artery (19.4%) and right gastric artery (8.3%). No gastrointesti-
nal complications were recorded during follow-up.
Conclusion: Use of the antireflux microcatheter is feasible and safe 
without coiling of the patent proximal extrahepatic vasculature. This 
device appears to deliver the desired radioembolic agent with elim-
ination of reflux. Further investigations are underway to eliminate 
embolic coiling for radioembolization procedures.

1406.3
Selective internal radiation therapy (SIRT) for hepatic tumors: 
is gastroduodenal artery coiling always beneficial?
J. Schelhorn1, J.M. Theysohn1, J. Schlaak2, J. Ertle2, A. Bockisch3, 
S. Müller3, T. Lauenstein1;
1Radiology, University Hospital Essen, Essen, Germany, 
2Gastroenterology and Hepatology, University Hospital Essen, 
Essen, Germany, 3Nuclear Medicine, University Hospital Essen, 
Essen, Germany.

Purpose: The gastroduodenal artery (GDA) is often coil-embolized 
before SIRT with yttrium-90 (Y-90) to minimize the risk of extrahe-
patic Y-90 deposition. This study aimed to assess the effect of GDA 
occlusion with regard to arterial hepatointestinal collateralization.
Material and Methods: Between 2006 and 2012, 606 patients were 
scheduled for SIRT at our institute. A digital subtraction angiography 
(DSA) following 99m-Tc-HSA administration and subsequent SPECT/
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CT was initially performed. Depending on vascular anatomy and 
hepatic tumor load, coil embolization of GDA was considered. Pa- 
tients underwent a second DSA for Y-90 administration on an average 
of 19 days later. Hence, hepatointestinal collateralization and conse-
quences of Y-90 administration were analyzed.
Results: In 87 of 606 patients (14.4%), GDA occlusion was initially 
performed; 22 of these 87 patients did not undergo SIRT because of 
worsening in clinical condition. In 28 of the remaining 65 patients, 
new collaterals were seen at the side of the proximal GDA (n = 21) 
or in the periphery of the hepatic arteries (n = 7). In 25 of these 28 
patients, new collaterals were occluded or the catheter position could 
be changed to safely administer Y-90. However, in 3 of 28 patients 
Y-90 administration was impossible.
Conclusion: Coil embolization of GDA may induce arterial hepa-
tointestinal collaterals. Although most of these collaterals do not 
impede Y-90 administration, SIRT may become unfeasible in specific 
occasions. Hence, we tend to avoid GDA occlusion and prefer seg-
mental SIRT when possible.

1406.4
Image-guided cryoablation (CRYO) of renal cell carcinoma 
(RCC): mid-term results
T.M. Wah1, W. Gregory2, J. Smith1, J. Cartledge3, A. Joyce3, P. Selby4;
1Diagnostic and Interventional Radiology, Institute on Oncology, 
St. James’s University Hospital, Leeds, United Kingdom, 2University 
of Leeds, CTRU, Leeds, United Kingdom, 3Department of Urology, 
Leeds Teaching Hospitals Trust, Leeds, United Kingdom, 4Leeds 
Cancer Research UK Centre, Leeds Institute of Molecular Medicine, 
St. James’s University Hospital, Leeds, United Kingdom.

Purpose: To present our mid-term experience of CT-guided CRYO of 
RCC at a single university institution.
Material and Methods: CT-guided CRYO under general anaesthe-
sia was performed on 87 renal tumours in 79 patients from 2008 to 
2013. Warm pyeloperfusion, pneumodissection or hydrodissection 
was used accordingly. Prospective documentation of the patients’ 
demographic, renal function, treatment details and outcomes were 
reviewed.
Results: Eighty-seven RCCs with a mean size of 2.9 cm in 79 patients 
were treated. The mean patient’s age was 67.7 years (age range 21.6–86.5). 
The primary and overall technical success rates were 94.2% and 98.8%, 
respectively. All residual disease requiring repeated treatment (n = 5) 
occurred when performed by operators with <12 months experience. 
One patient declined re-treatment. The pre- and post-treatment eGFR 
were 66.5 ± 27.3 (SD) ml/min/1.73 m2 vs. 64.7 ± 30.2 (SD) ml/min/1.73 
m2 with no significant eGFR change (p = 0.09). Our minor and major 
complication rates were 5.4% and 1.1%, respectively. There were 5 
minor complications, including a small pneumothorax (n = 1), small 
subcapsular haematoma (n = 2) and transient lumbar plexus injury 
(n = 2). One predicted ureteric injury occurred while treating a cen-
trally RCC adjacent to the renal pelvis without warm pyeloperfusion 
during initial experience. At mid-term follow up, no local disease 
progression or distant metastasis progression was observed.
Conclusion: CT-guided CRYO of RCC is a safe technique that offers 
preservation of renal function with good mid-term treatment out-
comes. However, the residual disease rate improves with operator’s 
experience. Warm pyeloperfusion should be considered when treat-
ing tumours close to the collecting system/ureter.

1406.5
The role of 3D image segmentation in planning radiofrequency 
ablation (RFA) of renal cell carcinoma
T.M. Wah1, D. Magee2, D. Buckley3, P. Selby4;
1Diagnostic and Interventional Radiology, Institute on Oncology, 
St. James’s University Hospital, Leeds, United Kingdom, 2School of 
Computing, Leeds University, Leeds, United Kingdom, 3Department 
of Medical Physics, University of Leeds, Leeds, United Kingdom, 
4Leeds Cancer Research UK Centre, Leeds Institute of Molecular 
Medicine, St. James’s University Hospital, Leeds, United Kingdom.

Purpose: To evaluate the feasibility of manual segmentation of CE-MRI 
of RCC and adjacent vital organs before RFA to create a 3D volume 
dataset using the offline in-house built interactive computer and to 
compare the shortest distance (SD) between RCC and vital organs 
measured by the automatic analysis of segmented 3D volume with 
the routine 2D clinical measurement measured by the experienced 
interventional radiologist (IR).
Material and Methods: Twenty patients with 21 RCCs had CE-MRI 
before RFA. The tumour and vital organs were manually segmented 
offline by the IR to create the 3D volume. The SD between renal tu-
mour and vital organs is calculated by measuring the 3D distance 
transform of the segmentation of one structure and determining 
the minimum value of this transform over all voxels in the other 
structure. For the 2D manual clinical measurement, the SD was per-
formed on the reporting workstation by the IR.
Results: The vital organ in close proximity to the treatment mar-
gin was segmented: colon (n = 9), muscle (n = 8), pancreas (n = 1), 
adrenal gland (n = 1) and spleen (n = 1). One renal tumour had no 
vital organ at risk in close proximity. The mean SD measured using 
the 3D volume dataset vs. 2D axial dataset by the experienced IR 
was not statistically different 7.6 ± 6.1 mm (3D) vs. 8.7 ± 6.3 mm (2D) 
(p < 0.59).
Conclusion: It is feasible to segment the pre-treatment CE-MRI to 
create a 3D volume dataset using the computer software that pro-
vides automatic analysis of the SD between RCC and the vital organ, 
which is highly correlated with IR 2D clinical measurement.

1406.6
Radioembolization with yttrium-90 for advanced hepatocellular 
carcinoma: a Canadian experience
R. Thomas1, R.J. Owen1, A. Montano-Loza2;
1Interventional Radiology, University of Alberta, Edmonton, AB, 
Canada, 2Ziedler Ledcor Centre, Edmonton University Hospital, 
Edmonton, AB, Canada.

Purpose: Yttrium-90 (Y-90) labeled microspheres allows specific and 
targeted therapy for HCC. This study aims to establish the efficacy and 
safety of this procedure.
Material and Methods: We retrospectively analyzed patients with 
unresectable HCC who underwent radioembolization with 90Y 
between December 2006 and September 2012.
Results: Seventy-one patients (mean age, 62 ± 2 years) were iden-
tified. Thirty patients had multiple tumors (mean maximum tumor 
diameter, 9.8 ± 4.5 cm); 22 (31%) patients had portal vein thrombo-
sis (PVT). Overall mean survival was 20 ± 3 months. After a mean 
follow-up of 12 ± 2 months, 42 patients (59%) died, 4 (6%) under-
went liver transplant, and 25 (35%) were alive. Postprocedure com-
plications included 2 gastric ulcers, 3 puncture site bleeding, 2 tran-
sient liver dysfunction, 1 pleural effusion, and 1 severe abdominal 
pain. Using univariate Cox analysis, ascites (HR 2.18, P = 0.01), hepatic 
encephalopathy (HR 8.59, P < 0.001), INR (HR 1.53, P = 0.031), albu-
min (HR 0.92, P = 0.006), bilirubin (HR 1.01, P = 0.001), MELD score (HR 
1.16, P < 0.001), and Child–Pugh (HR 3.26, P < 0.001) were associated 
with mortality. Maximum tumor diameter (HR 0.96; P = 0.3), multiple 
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tumors (HR 1.71, P = 0.09), alpha-fetoprotein (HR 1.0, P = 0.5), and 
PVT (HR 1.27, P = 0.5) were not associated with mortality. MELD (HR 
1.01, P = 0.02) and Child–Pugh (HR 2.54, P = 0.002) were indepen-
dently associated with mortality. Mean survival for MELD <12 was 
24 ± 3 months and for MELD ≥12 was 8 ± 2 months (log-rank = 0.001). 
Mean survival for Child–Pugh <8 was 23 ± 3 months) and for Child–
Pugh ≥8 was 9 ± 3 months).
Conclusion: Radioembolization with 90Y is effective for unresectable 
HCC, safe, and not associated with major adverse events; however, 
it should be used in patients with preserved liver function.

Free Paper Session
Peripheral vascular disease intervention 1

1407.1
EXPAND study: primary stenting vs. PTA in below-the-knee 
arteries
M. Brodmann1, K.-L. Schulte2, S. Schellong3, K. Tan4, R. Langhoff2, 
G. Torsello5, T. Zeller6, K. Amendt7, G. Soulez8, E. Pilger1;
1Internal Medicine/Division of Angiology, Medical University 
Graz, Graz, Austria, 2Vascular Center Berlin, Ev. Hospital Königin 
Elisabeth Herzberge, Berlin, Germany, 3Medizinische Klinik II, 
Dresden-Friedrichstadt Hospital, Dresden, Germany, 4Division of 
Vascular and Interventional Radiology, University Health Network, 
University of Toronto, Toronto, ON, Canada, 5Center for Vascular 
and Endovascular Surgery, Münster University Hospital, Münster, 
Germany, 6Angiology, Universitäts-Herzzentrum Freiburg, Bad 
Krozingen, Germany, 7Medizinische Klinik I, Diakonie-Krankenhaus 
Mannheim, Mannheim, Germany, 8Radiology, CHUM-University of 
Montreal, Montreal, QC, Canada.

Purpose: Current clinical guidelines from NICE and ESC recommend 
PTA with bailout stenting as the first choice therapy for CLI patients. 
EXPAND investigates the clinical impact of self-expanding nitinol 
stents (SE) compared with PTA in treating infrapopliteal lesions in pa- 
tients with symptomatic CLI or severe intermittent claudication.
Material and Methods: EXPAND is an international, prospective, ran- 
domized, multicenter study comparing stenting with SE Astron Pulsar 
and Pulsar-18 vs. PTA alone (1:1). The primary endpoint is upward shift 
of ≥+1 (for Rutherford 3) or ≥+2 (for Rutherford 4 and 5) on the Ruther- 
ford scale at 12 months. Secondary endpoints include freedom from 
TLR and amputation.
Results: Ninety-two subjects, 71% men, mean age 73 ± 9 years (51–89), 
were randomized between June 2009 and December 2011 (47 SE vs. 45 PTA) 
at 11 sites. At baseline, almost all subjects presented the typical risk 
factors such as hypertension (96%) followed by diabetes (71%) and 
hyperlipidemia (68%). The majority of subjects (64%) were Rutherford 
4 and 5, and 36% were Rutherford 3. At 12 months, there was greater 
improvement in Rutherford (74.3% vs. 68.6%), greater freedom from 
TLR (75.6% vs. 78.6%), and reduced index limb amputation rates 
(9.8% vs. 14.3%) observed for SE vs. PTA.
Conclusion: Although enrolment stopped before all planned study 
patients could be included, till date, EXPAND is the first RCT to show 
direct comparison of SE vs. PTA in treating infrapopliteal disease. 
Improvement in Rutherford is more predictable in SE vs. PTA and 
freedom from TLR in SE is in line with other BTK studies.

1407.2
Combined laser atherectomy and drug-eluting balloon 
angioplasty for treating superficial femoral artery stent 
occlusion: a single-center prospective randomized study
R. Gandini, C. Del Giudice, S. Merolla, D. Morosetti, E. Pampana, 
G. Simonetti;
Department of Diagnostic Imaging, Molecular Imaging, 
Interventional Radiology, Radiotherapy, and Nuclear Medicine, 
IRCCS Policlinico Tor Vergata, Rome, Italy.

Purpose: The purpose of this prospective randomized study was to 
compare the efficacy and safety of laser debulking (LD) and drug-
eluting balloon (DEB) with those of DEB angioplasty alone for treat-
ing critical limb ischemia (CLI) and superficial femoral artery (SFA) 
stent occlusion.
Material and Methods: From December 2009 to March 2011, 48 pa- 
tients (of 448 CLI patients) underwent endovascular treatment of a 
SFA stent occlusion. The patients were randomly subdivided in two 
groups: LD combined with DEB angioplasty (Group 1, 24 patients) 
and DEB angioplasty alone (Group 2, 24 patients). The primary end-
point was patency rate at a 12-month follow-up. Secondary end-
points were target lesion revascularization (TLR) at a 12-month fol-
low-up and clinical success, defined as absence of major amputation 
and death associated with ulcer healing.
Results: The patency rate at 6- and 12-month follow-ups in Group 1 
was significantly higher than that in Group 2 (91.7% and 66.7% and 
58.3% and 37.5%, respectively; p = 0.01). At the 12-month follow-
up, two patients (8.3%) in Group 1 and 12 (50%) in Group 2 required 
major amputations (p < 0.0001).
Conclusion: Combined LD and DEB angioplasty is associated with 
better outcomes in CLI patients with SFA stent occlusions than DEB 
angioplasty alone.

1407.3
Systematic review of nitinol, covered, and drug-eluting stents 
and drug-coated balloons in the femoropopliteal artery: a 
hierarchical Bayesian mixed treatment network meta-analysis 
of randomized controlled trials
K.N. Katsanos1, S. Spiliopoulos2, N. Karunanithy1, M. Krokidis3, 
A. Diamantopoulos2, T. Sabharwal1, P.R. Taylor4;
1Interventional Radiology, Guy’s and St. Thomas’ Hospitals, London, 
United Kingdom, 2Department of Diagnostic and Interventional 
Radiology, Patras University Hospital, Patras, Greece, 3Academic 
Department of Interventional Radiology, Addenbrooke’s Hospital, 
Cambridge University Hospitals, Cambridge, United Kingdom, 
4Vascular Surgery, Guy’s and St Thomas’ NHS Foundation Trust, 
London, United Kingdom.

Purpose: To report a mixed treatment comparison network meta-
analysis of randomized controlled trials (RCT) comparing bare nitinol 
stents (BNS), covered nitinol stents (CNS), paclitaxel-eluting stents 
(PES), sirolimus-eluting stents (SES) and paclitaxel-coated balloons 
(PCB) with each other and with plain balloon angioplasty (BA) in the 
femoropopliteal artery.
Material and Methods: PubMed, EMBASE, AMED, Scopus, CENTRAL, 
and online material were searched in January 2013 for eligible RCTs. 
We fitted a Bayesian generalized random effects binomial model 
for comparison of different treatment options (WinBUGS). Outcome 
measures included immediate technical success, vascular resteno-
sis (evaluable with Duplex on the 50%–70% threshold) and target 
lesion revascularization (TLR) analyzed on an intention-to-treat (ITT) 
principle. Pair-wise risk ratios (RR) of absolute treatment effects were 
calculated as the median and accompanying 95% credibility inter-
vals (CrI) of the posterior distribution and probabilities of each treat-
ment being the best are reported.
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Results: Sixteen RCTs involving 2,547 patients with 4,138 person-years 
of follow-up were analyzed. Compared with BA (reference treatment), 
technical success was highest with CNS (RR: 2.3, 95% CrI: 1.5–4.1, 
probability being best 40%). Vascular restenosis was lowest with PES 
(RR: 0.41, 95% CrI: 0.12–1.07, probability being best 50%) followed by 
PCB (RR: 0.43, 95% CrI: 0.19–0.86, probability being best 41%). TLR 
was lowest with PCB (RR: 0.38, 95% CrI: 0.20–0.63, probability being 
best 60%) followed by PES (RR: 0.46, 95% CrI: 0.20–1.03, probability 
being best 31%).
Conclusion: Immediate technical success was highest with covered 
stents, whereas paclitaxel-eluting stents and paclitaxel-coated bal-
loons offered the best long-term results in the femoropopliteal artery.

1407.4
The clinical utility of below-the-ankle angioplasty using digital 
artery access in complex cases of CLI
L.M. Palena, B. Cesare, B. Domenico, S. Enrico, A. Candeo, M. Manzi;
Interventional Radiology Unit, Policlinico Abano Terme, Abano 
Terme, Italy.

Purpose: Arterial revascularization by means of percutaneous trans- 
luminal angioplasty (PTA) is a mainstay in the management of patients 
with critical limb ischemia (CLI). Nonetheless, when employing stan-
dard approaches, the success rates remain suboptimal. The purpose 
is to appraise clinical results of recanalization of foot arteries using 
percutaneous retrograde transmetatarsal arteries access followed 
by retrograde recanalization of foot and tibial vessels. We report the 
clinical results of recanalization of foot arteries through transmeta-
tarsal artery access.
Material and Methods: From September 2011 to November 2012, 38 
patients (28 men; mean age 73.2 ± 11.4 years) underwent transmeta- 
tarsal artery access followed by retrograde recanalization of the foot 
and tibial vessels after antegrade recanalization failure. The primary 
end point was TcPO2 improvement. The secondary end point was limb 
salvage rate, amputation-free survival rate, and radiation exposure.
Results: Technical success (ability to deliver the balloon across the 
lesion and inflate it at nominal pressure) was achieved in 33 (86.84%) 
cases, with <50% residual stenosis and no complications. Failures 
were because of spasm or no true lumen re-entry. During follow-
up (mean 6.7 ± 2.3 months, range 1–14), clinical improvement was 
observed in patients with technical success, with TcPO2 increasing, 
from 10.3 ± 7.6 to 50.7 ± 8.2 mmHg, avoiding major amputations. 
Amputation-free survival rate calculated by Kaplan–Meier analy-
sis was 81.5% at 12 months. Radiation exposition was major com-
pared with patients treated in the antegrade manner (45.5 ± 56.1 vs. 
52.5 ± 11.5 fluoroscopy minutes and 69.1 ± 83.2 vs. 94 ± 26.5 Gym2 of 
X-rays) (p < 0.001)
Conclusion: Transmetatarsal artery access appears feasible and bene- 
ficial in cases with failed antegrade recanalization and unsuitable for 
retrograde pedal/plantar access.

1407.5
Endovascular treatment for limb ischemia: final report of a 
prospective multicenter registry
I.P. Vulev1, A. Klepanec1, T. Balazs1, R. Bazik1, M.J. Garcia2;
1Department of Diagnostic and Interventional Radiology, National 
Institute of Cardiovascular Diseases, Bratislava, Slovak Republic, 
2Interventional Radiology, Christiana Care Health Services, Newark, 
DE, United States of America.

Purpose: To report registry data on the treatment of limb ischemia (LI) 
with rheolytic thrombectomy along with other adjunctive therapies.
Material and Methods: A prospective 2 phase registry of 408 (acute 
and chronic) patients with limb ischemia treated between 2006 and 
2012 with the AngioJet catheter (Bayer Healthcare, Minneapolis MN) 

were examined. Patient history, procedural information, outcomes, 
and adverse events were collected. Phase 1 patients were followed up 
to 3 months. Phase 2 patients were followed at 3, 6, and 12 months.
Results: In total, 408 patients (36 centers) were treated, includ-
ing 246 males and 142 females (mean age 65; range 21–96). Both 
acute (69%) and chronic (31%) patients showed a statistically signif-
icant improvement (p < 0.0001) at final angiography with an over-
all 93% reduction in occlusion. Mental (p = 0.0007) and physical 
(p < 0.0001) QOL scores significantly increased through the 12-month 
follow-up. ABIs maintained significant improvement at each fol-
low-up from baseline. Patients treated with lytic delivered by the 
AngioJet achieved a higher % reduction of occlusions than patients 
treated with lytic by CDT. Adjunctive therapies included lytic by 
AngioJet (66%), CDT (44%), stenting (54%), balloons (75%), and ather-
ectomy (3%). A total of 80% cases were treated in less than 24 h. 
Bleeding requiring transfusions occurred in 4% patients.
Conclusion: Endovascular treatment with Angiojet rheolytic throm-
bectomy with or without adjunctive therapies is a safe and effective 
treatment strategy in the treatment of patients with acute or chronic 
limb ischemia.

1407.6
Drug-coated balloons versus drug-eluting stents in long 
infrapopliteal lesions: results from the IDEAS randomized 
controlled trial (NCT01517997)
P.M. Kitrou, S. Spiliopoulos, K.N. Katsanos, A. Diamantopoulos, 
G. Pastromas, D. Karnabatidis, D. Siablis;
Department of Interventional Radiology, University Hospital of 
Patras, Rion, Greece.

Purpose: To report the interim results of a randomized controlled 
trial comparing drug-coated balloons (DCB) and drug-eluting stents 
(DES) in long infrapopliteal lesions.
Material and Methods: The study is ongoing. In total, 50 patients 
have been randomized to undergo infrapopliteal angioplasty using 
paclitaxel-coated balloons (DCB arm) or primary everolimus or 
zotarolimus-eluting stenting (DES arm). Inclusion criteria are patients 
with Rutherford 3–6 with angiographically documented infrapopli-
teal disease and a minimum lesion length of 70 mm. Primary end-
points were 6-month angiographic binary restenosis rate assessed 
by quantitative vessel analysis (QVA). Secondary endpoints included 
immediate device success and 6-month primary patency, target 
lesion revascularization (TLR), and limb salvage rates.
Results: Until today, 23 critical limb ischemia (CLI) patients with 29 
lesions (11 patients/12 lesions in the DCB arm and 12 patients/17 
lesions in the DES arm) have completed the 6-month follow-up. No 
significant differences in baseline patient demographics and mean 
treated lesion length (159 mm DCB vs. 129 DES, p = 0.11) were noted. 
QVA analysis demonstrated no significant difference in the cumula-
tive 6-month angiographic binary restenosis rate between the two 
study arms (DCB: 33% vs. DES: 28.6%, p = 0.40). Technical success, 
primary patency, TLR and limb salvage rates were similar between 
the two study arms.
Conclusion: Interim results from the IDEAS randomized controlled 
trial demonstrated that DCB and DES were equally effective in long 
infrapopliteal lesions. Final results will be presented.
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Free Paper Session
Renal and visceral artery intervention

1408.1
Renal artery aneurysms: first treatment using the Multilayer 
Flow Modulator Stent in humans
M.C. Henry1, I.P. Henry2, A. Benjelloun3;
1Cabinet de Cardiologie, Nancy, France, 2Clinique Bois Bernard, Bois 
Bernard, France, 3Clinique Coeur et Vaisseaux, Sale, Morocco.

Purpose: Renal artery aneurysms (RAAs) can be surgically treated but 
because of high risks, endovascular procedures such as catheter di- 
rected embolization and stent-grafts have been proposed. We pro- 
pose a new technique, the Multilayer Flow Modulator Stent (M.F.M).
Material and Methods: This self expandable M.S is a 3D braided 
tube composed of several interconnected layers without any covering.
We will explain and demonstrate the mechanism of the stent and its 
working in different types of aneurysms leading to their thrombosis, 
shrinkage, and eliminating the risk of rupture.
Moreover, this M.F.M preserves the collateral branches and increases 
the flow in them, making it possible to cover any artery without 
compromising the flow.
Results: A total of 8 RAAs (right: 6, left: 2) in 8 patients (male: 4, 
mean age 58 years) were treated with M.F.M. Ten M.F.M (diameter: 
5–6 mm, length 30–60 mm) loaded in a 6 F sheath were implanted 
via the femoral approach through an 8 F guiding catheter. These 
stents covered major renal branches without compromising the flow.
Technical success, 100%; no complications; 6–30 month follow-up will 
be presented. All aneurysms thrombosed with diameter reduction in 
some patients.
All the side branches remain patent.
Conclusion: The M.F.M is a new technique, which seems to be prom- 
ising to treat renal aneurysms. Collateral branches can be covered 
without compromising the flow and risk of renal infarction. Further 
studies are ongoing.

1408.2
Renal denervation of accessory renal arteries: first experience 
in 10 subjects with uncontrolled hypertension using a novel RF 
balloon catheter
M. Mazor1, H. Sievert2, I.T. Meredith3;
1Clinical Sciences, Boston Scientific, Laguna Hills, CA, United States 
of America, 2Internal Medicine, Cardiology, and Vascular Medicine, 
CardioVascular Center Frankfurt, Frankfurt, Germany, 3Cardiology/
Cardiovascular Research, Monash Medical Centre and Monash 
University, Melbourne, VIC, Australia.

Purpose: Renal sympathetic denervation (RSDN) using radiofre-
quency (RF) has emerged as a safe intervention, effectively reducing 
blood pressure in patients with uncontrolled hypertension. Acces-
sory renal arteries (ARA) are prevalent in 25%–30% patients; however 
these patients have been excluded from previous studies. A patient 
subset (N = 10) in the REDUCE-HTN Clinical Study (NCT01541865) 
underwent successful RSDN of the primary, and at least one acces-
sory, renal artery.
Material and Methods: Subjects with ARA (62 ± 8 years, 90% men, 
5.2 antihypertensive medications) were treated using the V2 Renal 
Denervation System (Boston Scientific, MA) that includes up to 8 gold 
electrodes mounted on a balloon surface, which deliver a tempera-
ture-controlled (approximately 68°C) bipolar RF energy for 30 s. The 
ARA average diameter was 4.1 ± 1 mm, and 90% patients underwent 
RSDN in one ARA. ARAs were treated with an average of 8.5 ± 3 elec-
trodes and used mainly 4 and 5 mm balloon diameters. The main 
renal arteries were treated with an average of 20 electrodes.

Results: No peri-procedural complications were reported and imme- 
diate post-procedure angiography results indicated an absence of 
renal artery spasm and other deleterious effects. Preliminary results 
indicate significant improvement in the ARA subset at one month 
post-procedure with a mean reduction in office blood pressure (OBP) 
of -22/-9 mmHg (177/92 to 155/83, p < 0.05). Six-month results will be 
presented.
Conclusion: The results described herein demonstrate that the Vessix 
RSDN procedure of both the primary and accessory renal arteries is a 
safe therapeutic option, with initial trends of significant OBP reduc-
tion for patients with uncontrolled hypertension.

1408.3
RADAR: data of a prematurely terminated randomized, 
multicentre, prospective study comparing best medical 
treatment versus best medical treatment plus renal artery 
stenting in patients with hemodynamically relevant 
atherosclerotic renal artery stenosis
T. Zeller;
Angiology, Herz-Zentrum Bad Krozingen, Bad Krozingen, Germany.

Purpose: Renal artery stenosis may cause or worsen arterial hyper-
tension and/or renal insufficiency. This study aims to evaluate the 
clinical impact of renal artery stenting plus best medical treatment 
(BMT) versus BMT in patients with hemodynamically significant ath-
erosclerotic renal artery stenosis.
Material and Methods: Between April 2008 and December 2010, 
89 patients (of initially intended 300) were enrolled at 13 sites in 4 
countries. Clinical follow-up was performed at 2, 6, 12, and 36 months. 
The primary endpoint was the difference in change of estimated glo-
merular filtration rate (eGFR) between treatments over 12 months.
Results: Sixty-seven patients (34 stents vs. 33 BMT) enrolled in 
Germany were considered for this presentation. Twenty-three men 
(68%) and 22 men (67%) with a mean age of 67.8 ± 8.5 years and 
65.8 ± 12.3 years, respectively, were enrolled for the two arms. Their 
24-hour systolic and diastolic blood pressures (BP) were not sta-
tistically significant different (141.3 ± 17.0 vs. 140.3 ± 18.5 mmHg, 
p = 0.506; 79.3 ± 13.2 vs. 75.2 ± 16.4 mmHg, p = 0.603, respectively). 
Difference in eGFR between baseline and 12 months was 4.0 ± 16.8 
ml/min/1.73m2 in the stent arm versus -2.0 ± 14.4 in the BMT arm 
(p = 0.228). Freedom from renal adverse events at 12 months was 
comparable between the two treatment options.
Conclusion: We noted encouraging results with respect to renal 
improvement in patients with stent plus BMT compared with those 
with BMT alone, without statistically significant differences because 
of premature study termination.

1408.4
Long-term outcome after radiological treatment of transplant 
renal artery stenosis: a single-centre experience
R. Chung1, M. Hossain2, J. Popoola2, M. Gonsalves1, M.A. Morsy2, 
U. Patel1;
1Department of Radiology, St. George’s Hospital, London, United 
Kingdom, 2Renal Transplantation, St. George’s Hospital, London, 
United Kingdom.

Purpose: To evaluate the long-term graft survival following percuta- 
neous transluminal angioplasty (PTA) with or without stent treatment 
for transplant renal artery stenosis (TRAS). The secondary aim was to 
compare the immediate and long-term effect of PTA +/- stents on 
blood pressure and allograft function.
Material and Methods: We performed a retrospective study of 1160 
renal transplants performed between January 1996 and October 2012. 
Further analysis of patients diagnosed with TRAS following trans-
plantation was performed.
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Following direct catheter angiography, flow-limiting critical stenosis 
underwent PTA +/- stent. Intra-arterial pressure measurements were 
used to direct and confirm successful treatment in borderline angio-
graphic cases.
Primary outcome measurements included subsequent graft func-
tion (serum creatinine) following intervention and response in blood 
pressure.
Results: Forty-six patients (3.9%; 29 males; mean age, 55.1 years; 
range, 21–83.3 years) were diagnosed and treated at angiogra-
phy following referral. Median pre-interventional blood pressure 
was 149/86.5 mmHg (+/- 18.95/12.54 mmHg; range, 90/55–181/116 
mmHg) and was significantly improved at 1-, 3-, and 5-year follow-
ups (t-test, p < 0.001). Graft function measured by serum creatinine, 
pre-procedure median was 197 mmol/L +/- 136.2 mmol/L (range, 
70–838 mmol/L) and 155 mmol/L +/- 109.4 mmol/L (range, 74–553 
mmol/L) at 5 years. Assisted graft survival (postintervention) at 1, 3, 
and 5 years was 100%, 97%, and 95.35%, respectively.
Conclusion: Successful angioplasty and stenting demonstrated a 
significant improvement in blood pressure and is associated with a 
considerable improvement in long-term survival.

1408.5
Safety and efficacy of percutaneous transluminal angioplasty 
(PTA) for renovascular hypertension in children: a single-
institution experience
H.J. Prajapati, L.G. Martin, T.H. Patel;
Interventional Radiology and Image-Guided Medicine, Emory 
University School of Medicine, Atlanta, GA, United States of 
America.

Purpose: To evaluate the safety and efficacy of PTA for treating child- 
hood renovascular hypertension.
Material and Methods: We performed a retrospective study of 
8 patients with clinically diagnosed renovascular hypertension who 
received PTA over the last 36 months at our institute’s children hos-
pital. All angiographies were performed under general anesthesia, 
using the right femoral artery approach. Follow-up duplex ultrasound 
was performed at discharge and 3 months, 6 months, and yearly after 
PTA.
Results: Mean patient (5 boys, 3 girls) age was 5 years (range, 2–7 years). 
The etiology of renovascular hypertension were neurofibromatosis (n = 1), 
idiopathic arterial calcification (n = 1), PRES syndrome (n = 1), and un- 
known in the remaining patients. Stenosis was isolated to the mid-por-
tion of the main renal artery in 5, proximal portion in 1, and a segmental 
artery in 2 cases. All stenotic lesions were short (1–2 mm), except in two 
cases (one neurofibromatosis). Nine angioplasties were performed 
in 8 patients. Follow-up ultrasound/duplex results that were avail-
able in 5 patients showed no radiological evidence of residualste-
nosis. Angioplasty resulted in clinical benefit in all patients. In 5 and 
3 patients, complete cessation of antihypertensive medication and 
blood pressure control with reduced antihypertensive medication 
was observed. No postprocedural mortality or morbidity occurred.
Conclusion: PTA is safe and effective for treating childhood reno-
vascular hypertension.

1408.6
Usefulness of Amplatzer vascular plug 4 in percutaneous 
emergency care of vascular lesions
R. Candelari1, M. Fichetti1, C. Mincarelli1, P. Boscarato1, A. Felicioli2, 
M. Rosati2, E. Paci1;
1Interventional Radiology, Ospedali Riuniti Ancona, Ancona, Italy, 
2Radiology, Università Politecnica Marche, Ancona, Italy.

Purpose: To evaluate the feasibility and effectiveness of Amplatzer® 
vascular plug 4 (AVP4, St. Jude Medical, St. Paul, Minnesota, USA) in 
the percutaneous emergency treatment of arterial lesions from 2008 
to 2012.
Material and Methods: Under the Right of Emergency Treatment, 
19 patients were treated by AVP4: 9 had traumatic lesions of arteries 
(2 axillary arteries, 6 internal iliac arteries, 1 mammary artery), 1 had 
rupture of a vascular malformation of a renal artery branch, 1 had a 
neoplastic lesion with infiltration of the hepatic artery. Furthermore, 
4 visceral aneurysms (1 hepatic artery, 3 splenic arteries) underwent 
elective deployment of AVP4 because of the technical impossibil-
ity of placing a stent–graft for 2 portal branch occlusions, 1 renal 
artery, and 1 internal iliac artery with adjuvant presurgical removal 
of highly vascular neoplastic lesion.
Results: Technical success was achieved in all cases with complete 
arrest in bleeding and stabilization of the patient’s hemodynamics. 
The average time to complete vessel closure was stonking (<3 min), 
with a considerable reduction in fluoroscopy time.
Conclusion: Percutaneous occlusion of the vessels is the correct alter-
native to surgery, especially in emergency, in relation to promptness 
of execution and risk reduction. AVP4 is easy to handle, is small, and in 
some cases, can maintain safe organ perfusion for selective occlusion.

Free Paper Session
Venous interventions and IVC filters

1409.1
“TRAP modification” technique of endovenous laser therapy 
(EVLT)
S. Bhargava;
Interventional Radiology, Sevenhills Hospital, Mumbai, India.

Purpose: Endovenous laser therapy (EVLT) has evolved as one of the 
best treatment for varicose veins. Few steps to decrease cost, time 
and side effects and increase accuracy are needed. “TRAP modifica-
tion” technique is one such step.
Material and Methods: A total of 122 varicose veins cases were treated 
by TRAP modification technique under a nerve block using Philips 
color Doppler with linear transducer L9-3. The equipment used for the 
laser was Biolitec 1470 nm laser with 600 micron fibre. The standard 
procedure was modified with TRAP modification technique: 
1. T-Tourniquet; 2. R-Radial set for vein puncture; 3. A-Aiming laser beam 
for marking the vein and 4. P-Pressure infusion with a short needle
Results: A total of 122 cases were treated using the TRAP modification 
technique. The average time to complete the procedure was 28 min. 
There was greater confidence in getting a puncture the first time 
in 104 cases with single site puncture, in 15 cases with 2 sites and 3 
cases with 3 sites. Tumescent anesthesia around the vein improved 
to a large extent with use of less volume of the fluid (100–250 ml) 
with a mean of 134 ml. Erythematic patches were seen in 51 cases, 
which regressed over 1–2 weeks. Post-operative anaesthesia in the 
region of the saphenous nerve in the thigh occurred only in 8 cases; 
this regressed in 2–4 weeks in 5 cases and persisted in 3 cases.
Conclusion: TRAP modification of EVLT improves overall confidence 
during the procedure. There is decreased time of completion, in-
creased accuracy, decreased cost and fewer side effects.
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1409.2
Lower extremity vascular access in neonates and infants: a 
single-institution experience
M. Gaballah, G. Krishnamurthy, M.S. Keller, A. McIntosh, A.M. Cahill;
Radiology, Children’s Hospital of Philadelphia, Philadelphia, PA, 
United States of America.

Purpose: To describe the technical success and outcomes of direct 
saphenous and single-incision tunneled femoral noncuffed vascular 
access devices in neonates and infants.
Material and Methods: We performed a 5-year retrospective review 
of 222 children (118 males, 104 females; mean age 2.6 months; range 
1 day–11 months; mean weight 3.5 kg; range 0.6–9.2 kg) who under-
went placement of saphenous or tunneled femoral vascular access 
catheters.
Medical records were reviewed for technical success and outcomes. 
The indications for central access according to SIR criteria included 
TPN/medications (221) and antibiotic therapy (26).
Results: In total, 247 primary insertions were performed in 222 
patients (219 femoral; 28 saphenous insertions). Technical success 
was 100%; 202 patients received a single primary insertion. Catheter 
sizes were 1.9F (11), 2.6F (51), 3F (75), 3.5F (99), 4F (10), and 5F (1); they 
were placed in IR/OR (196) or bedside (51) with IV sedation (179) or 
general anesthesia (68). Intraprocedural complications included leg 
duskiness (2/247) and active bleeding/oozing (3/247). Mean fluoros-
copy time was 0.8 min (range 0.0–7.0 min). Total primary catheter 
days was 4710 days (mean 19.1; range 0–123). Overall total catheter 
days was 7158 (mean 29.0; range 0–220).
Total mechanical complications requiring intervention and total 
infectious complications occurred at 1.8 and 0.7 per 100 catheter 
days. Medical salvages (56.0%) and IR salvages (44.0%) prolonged 
catheter life by an average of 20.8 days (range 1–101.0).
Conclusion: The lower extremity is a feasible choice for vascu-
lar access in neonates and infants, particularly for urgent bedside 
access.

1409.3
Endovascular treatment of deep vein thrombosis: final report 
of the prospective multi-center PEARL registry
M.J. Garcia;
Interventional Radiology, Christiana Care Health, Newark, DE, 
United States of America.

Purpose: To report procedural and outcome data on patients who 
underwent endovascular treatment for DVT with rheolytic throm-
bectomy (with/without adjunctive therapies) and to assess post-pro-
cedure patency and rethrombosis of the treated vessels.
Material and Methods: A 2 phase prospective registry evaluated 
DVT history and procedural information (including a thrombus score 
based on venography) in patient. A 3-month follow-up post-pro-
cedure was conducted in Phase 1 patients (N = 170) to document 
symptomatic improvement by SF12 questionnaire, while a 12-month 
follow-up was conducted in Phase 2 patients (N = 201).
Results: A total of 371 patients (35 enrolling centers), including 214 male 
and 157 female (mean age 52; range 17 to 87), were treated for DVT; 11% 
upper (UE) and 89% lower extremity (LE) DVT. In total, 69% reported 
symptoms of <14 days (acute). Adjunctive therapies included lytic deliv-
ered by AngioJet (86%), CDT (60%), and stenting (32%). Of all cases, 76% 
were completed in <24 h. There was an 87% overall mean reduction in 
thrombus with substantial lysis (≥50%) achieved in 95% patients. In the 
LE cases, the substantial lysis rates for both acute (96%) and chronic (94%) 
were statistically significant (p < 0.0001). Bleeding requiring transfusions 
were minimal (2.2%). QOL analysis showed significant improvement 
(p < 0.0001) from baseline through 12 months. Freedom of rethrombo-
sis rates at 90, 180, and 365 days were 94%, 86%, and 81%, respectively.

Conclusion: Aggressive endovascular treatment of DVT using rhe-
olytic thrombectomy combined with adjunctive therapies forms an 
effective and safe strategy for the comprehensive treatment with ex-
cellent clinical improvement and freedom from rethrombosis rates.

1409.4
The CIRSE IVC Filter Retrieval Registry
M.J. Lee;
Radiology, Beaumont Hospital, Dublin, Ireland.

Purpose: Increasing numbers of filters are being inserted for prophy- 
lactic or relative indications without evidence of efficacy. The primary 
endpoint of the CIRSE Caval Filter Retrieval Registry was to assess 
the success of filter retrieval, with secondary endpoints of assessing 
complications and dwell-time for different filter types.
Material and Methods: An electronic registry, hosted on the CIRSE 
website between December 1, 2010 and June 2012 was constructed. 
Collected data points included indication for filter insertion, filter 
type, access route, dwell-time, retrieval success, ancillary measures 
used, reasons for failure, anti-coagulation status and complications. 
Data collection ceased in June 2012.
Results: A total of 671 patient data points was entered (M:F; 342:306, 
mean age 55). A total of 648 cases were complete and used for analysis. 
Filters were placed for absolute indications in 41%, relative in 31% and 
prophylactic in 27%. Filter types included Celect (N = 184), Optease 
(N = 165), ALN (N = 126), Gunther Tulip (N = 101), others (N = 66), 
unspecified (N = 6). A total of 92% filters were successfully retrieved. 
Major complications occurred in 2 patients and minor in 14. Mean fil-
ter dwell-time was 14 days (range 0–499 days, median 5 days)
Conclusion: Filter retrieval success is high with a low complication 
rate if optional filters are scheduled for retrieval. A substantial num-
ber of filters are being placed for relative or prophylactic indications.

1409.5
SENTRY: a novel bioabsorbable inferior vena cava filter
P.A. Gaines1, A. Kramer2, J. Sadowski3, R. Lusby4, S. Dubenec5, 
J. Crozier6, S.M. Lyon7;
1Sheffield Vascular Institute, Northern General Hospital, Sheffield, 
United Kingdom, 2Vascular Surgery, Hospital Clínico de la 
Universidad Católica, Santiago, Chile, 3Vascular Surgery, John Paul 
II Hospital, Krakow, Poland, 4Vascular Surgery, Concord Repatriation 
General Hospital, Sydney, NSW, Australia, 5Radiology, Royal Prince 
Alfred Hospital, Sydney, NSW, Australia, 6Radiology, Liverpool 
Hospital, Liverpool, NSW, Australia, 7Interventional Radiology, Alfred 
Hospital, Melbourne, VIC, Australia.

Purpose: Studies have frequently reported that retrievable IVC filters 
experience several complications including tilting, migration, 
fracture, and perforation. It is also reported that temporary or 
retrievable IVC filters are not removed in up to 70% patients.
Novate’s Sentry IVC Filter is a novel bioabsorbable vena cava filter 
that automatically converts from a filtering to a nonfiltering configu-
ration after a minimum of 60 days from implantation, and therefore 
does not require retrieval.
Material and Methods: In this novel first-in-man study, 14 subjects 
were enrolled; twelve remained in the study through a 12-month fol-
low-up. All subjects achieved technical success (deployment at in- 
tended site without tilting, migration, fracture, thrombosis, stenosis, 
damage, or significant complications at the access vein site). Fil-
tering configuration at 60 days was confirmed in 12/12 subjects. Non- 
filtering configuration was confirmed by 180 days in 10/12 subjects.
Results: All subjects achieved clinical success (absence of PE & IVC 
occlusion) during the indicated protection period of 60 days. There 
were no reports of PE or IVC occlusion at any time point throughout 
the 12-month follow-up.
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Conclusion: This first-in-man study provides evidence supporting 
a bioconvertible filter and confirms that the Sentry IVC Filter can be 
successfully deployed as intended without complications, can pro-
vide protection from PE for a minimum of 60 days, and can reduce 
known early- and late-stage complications associated with IVC filters.

1409.6
Penetration of Cook Celect inferior vena cava (IVC) filter: a 
retrospective review of CT scans in 265 patients with implants
W. Wang1, D. Zhou2, E. Moon1, J. Bullen3, A. Levitin1, M.J. Sands1;
1Interventional Radiology, Cleveland Clinic/Imaging Institute, 
Cleveland, OH, United States of America, 2Interventional Radiology, 
Suzhou Municipal Hospital, Suzhou, China, 3Department of 
Quantitative Health Sciences, Cleveland Clinic, Cleveland, OH, 
United States of America.

Purpose: To retrospectively evaluate the prevalence and severity of 
penetration of the Celect IVC filter.
Material and Methods: All patients undergoing CT scan through 
the Celect filter between 2007 and 2012 were assessed for penetra-
tion and related complications.
Results: Of the 690 patients who received Celect filter at a single 
institution, 265 underwent CT scan for various reasons. The average 
interval between filter placement and last CT scan was 167.8 ± 264.8 
days (median: 56; range: 0–1592 days). Penetration of the primary 
leg (long limb) was observed in 39% (28/71) patients within 30 days 
after placement, and 80% (66/83) patients within 90 days of place-
ment. The average number of penetrated legs per patient was 1.0 at 
30 days and 1.8 at 90 days post placement. In patients showing pen-
etration, the average (maximum) penetration distance increased 
from 7.0 to 8.1 mm between 30 and 90 days after placement. Pene-
tration into adjacent organs occurred in 35 (35/265, 13.2%) filters 
consisting of 45 primary leg penetration. The sites involved include 
the duodenum (n = 22), aorta (n = 9), psoas muscle (n = 4), vertebral 
body (n = 3), pancreas (n = 2), adrenal gland (n = 1), liver (n = 1), right 
kidney (n = 1), lymph node (n = 1), and diaphragm (n = 1). Ten filters 
penetrated into two organs. One patient presented with abdominal 
pain related to penetration.
Conclusion: This study confirmed a high penetration rate for Celect 
IVC filters. Penetration can involve adjacent structures, with or with-
out symptoms. The prevalence and progression of penetration in-
crease over indwelling time.

Free Paper Session
Dialysis intervention and venous access

2201.1
Paclitaxel-coated balloons in patients with fistulae: 1-year 
results of a prospective randomized controlled trial
P.M. Kitrou, S. Spiliopoulos, K.N. Katsanos, G. Fragos, B. Koukounas, 
D. Karnabatidis, D. Siablis;
Department of Interventional Radiology, University Hospital of 
Patras, Rion, Greece.

Purpose: Τo report the final results of a prospective randomized 
controlled trial investigating angioplasty with paclitaxel-coated bal-
loons (PCB) versus plain balloon angioplasty (PBA) for the treatment 
of failing arteriovenous fistulae (AVF).
Material and Methods: From May 2011 to September 2012, 40 patients 
were randomly selected to undergo either PCB dilation (group PCB, 
n = 20) or PBA (group PBA, n = 20). Enrollment criteria included 
an angiographic and clinical diagnosis of dysfunctional AVF cir-
cuit because of at least one stenotic lesion. Regular angiographic 

follow-up was scheduled bimonthly. Study primary end points 
included technical success (defined as residual stenosis of the 
treated lesion <30% without any significant dissection) and primary 
patency of the treated site (defined as angiographic visualization of 
a patent lesion with <50% restenosis and no need for any additional 
repeat procedure within the previously treated lesion as a result of 
failing access).
Results: Baseline variables were equally distributed between the 
two groups. Technical success was 100% for both groups. To date, 
6-month angiographic follow-up is available in 39 cases (19 in group 
PCB and 20 in group PBA). Interim calculation of the primary end-
point outcome by Kaplan–Meier survival analysis demonstrated 
a strong trend towards significantly superior primary patency in 
group PCB compared with group PBA at 6-months (65.0% vs. 31.6%, 
respectively; p = 0.05 by log rank test).
Conclusion: Interim study outcomes show that PCB angioplasty 
may constitute a valid solution in the treatment of failing arteriove-
nous fistulae. Long-term final data will be announced.

2201.2
Safety and effectiveness of a novel percutaneous autogenous 
arteriovenous fistula (AVF) creation device in humans: a pilot 
study of the FLEX system
D.K. Rajan1, A. Ebner2, J.M. Rios3, G.A. Beathard4, W.E. Cohn3;
1Medical Imaging, University Health Network, Toronto, ON, Canada, 
2Cardiovascular Department, Italian Hospital Asuncion Paraguay, 
Asuncion, Paraguay, 3Cardiac Surgery, Texas Heart Institute at St. 
Luke’s Episcopal Hospital, Houston, TX, United States of America, 
4Department of Internal Medicine, University of Texas Medical 
Branch, Houston, TX, United States of America.

Purpose: To evaluate the preliminary safety and effectiveness of the 
FLEX system for creation of autogenous AVFs in patients requiring 
chronic hemodialysis.
Material and Methods: Hemodialysis dependent patients receiv-
ing dialysis via catheter or within six months of receiving hemodi-
alysis were enrolled. Patients were prescreened with ultrasound to 
ensure patency of the upper arm basilic and cephalic veins. A total of 
16 patients were enrolled and underwent the percutaneous AVF pro- 
cedure with the FLEX system. Postprocedure angiograms and ultra-
sounds were performed 30–60 days following fistula creation. Coil 
embolization was performed for flow enhancement as needed. 
Patients were assessed clinically and with ultrasound/angiography 
within 60 days for suitability to initiate dialysis via the fistula created. 
Technical success, fistula patency, and successful initiation of dialy-
sis were recorded.
Results: Technical success for autogenous AVF creation was 94% 
(15/16). At 90 days, all 15 fistulas were patent with a clinically palpa-
ble thrill. Flow enhancement was provided by coil embolization (n = 
12) and surgical revision (n = 1). Fourteen patients initiated dialysis 
or were ready for dialysis (14/16, 88%) at an average of 77 days (one 
patient lost to follow-up, one withdrew from study). Minor complica-
tions (n = 3) included edema and pseudoaneurysms. No major com-
plications occurred.
Conclusion: Our initial experience creating AVFs with the FLEX sys-
tem resulted in very high technical success and fistula patency, with 
most fistulas supporting hemodialysis and no major adverse events. 
Given our initial results, a phase 2 study will be conducted.
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2201.3
Outcomes of AV fistulas and grafts after interventional 
stent–graft deployment in haemodialysis patients
C. Schmelter1, V. Ruppert2, D. Vorwerk1;
1Department of Diagnostic and Interventional Radiology, Klinikum 
Ingolstadt, Ingolstadt, Germany, 2Department of Vascular Surgery, 
Klinikum Ingolstadt, Ingolstadt, Germany.

Purpose: The study was designed to assess patency rates of haemo-
dialysis shunts and frequency of re-interventions after interventional 
stent–graft deployment in haemodialysis patients.
Material and Methods: 63 haemodialysis patients (male:female, 3:4; 
median age, 69.6 ± 12.7 years) with 66 AV fistulas and AV grafts were 
treated by interventional stent–graft deployment from 2006 to 2012 
at our hospital.
Data of these patients were retrospectively analyzed for location of 
deployed stent–grafts, occurrence and location of (re)stenosis and 
(re)thrombosis as well as frequency of subsequent interventional 
procedures.
Results: A stent–graft was interventionally deployed in 25 patients 
with AV fistulae and in 41 patients with AV graft. The most frequent 
shunt location was the left forearm (47.0 %); the most frequent loca-
tion of the first deployed stent–graft was the draining vein (64.2 %) 
followed by the graft–vein anastomosis (22.4 %).
Complex stenosis was the most frequent indication for stent–graft 
deployment (62.1 %), followed by complications of angioplasty with 
vascular rupture or dissection (27.3 %).
(Re)stenosis requiring re-intervention following stent–graft deploy-
ment occurred in 34 cases (51.1 %), most frequent location of steno-
sis was at the draining vein (36.3 %), followed by stenosis at the hae-
modialysis shunt (31.0 %), the deployed stent–graft (23.3 %) and the 
supplying artery (9.6 %).
Thrombosis frequently occurred after stent–graft deployment (59.1 %), 
with re-stenosis being the leading cause for re-thrombosis (73.3 %).
Additional stent–graft deployment was necessary in 15 cases (22.7 %).
Conclusion: Re-stenosis and re-thrombosis remain frequent in AV fis-
tulas and grafts in haemodialysis patients despite stent–graft deploy- 
ment.

2201.4
Interim analysis of the DEBAPTA trial: a randomized trial 
comparing drug-eluting balloon angioplasty versus 
conventional percutaneous transluminal angioplasty 
for treatment of hemodialysis arteriovenous fistula or 
arteriovenous graft stenoses
T.K.B. Teo1, B.S. Tan1, W.H. Yin1, F.G. Irani1, A. Gogna1, 
S. Ramamurthy1, C.W. Too1, S.X.J.M. Chan1, A. Patel1, S. Pasupathy2, 
S.P. Chng2, B.S.Y. Chua2, L.H.L. Choong3, R. Lo1, K.-H. Tay1;
1Department of Diagnostic Radiology, Singapore General Hospital, 
Singapore, Singapore, 2Department of General Surgery, Singapore 
General Hospital, Singapore, Singapore, 3Department of Renal 
Medicine, Singapore General Hospital, Singapore, Singapore.

Purpose: To evaluate drug eluting balloon angioplasty (DEBA) in re-
ducing late luminal loss (LLL), improving restenosis rates, and prolong- 
ing patency rates of dialysis access circuits compared with conven-
tional percutaneous balloon angioplasty (PTA) at 6 months.
Material and Methods: Sixty patients (38 males), mean age 58.4 
years (range 33–76), were randomized to DEBA after initial PTA 
(n = 30) or PTA alone (n = 30). Outcomes were immediate anatomic 
success (<30% residual stenosis) and at 6 months, circuit and lesion 
primary patency rates, restenosis rates (>50% stenosis), and mean 
LLL.

Results: Baseline and procedural variables were comparable between 
groups without major or minor complication. There was 1 unrelated 
death after 30 days, and 2 losses to follow-up in the DEBA arm. Five 
patients in the DEBA arm and 10 patients in the PTA arm required 
re-intervention before the 6-month angiogram. Anatomic success 
was 83.3% (25/30) in the DEBA arm and 80.0% (24/30) in the PTA arm 
(p = 0.739). At 6 months, the circuit primary patency was 64% in the 
DEBA arm and 57% in the PTA arm (p = 0.837), while the lesion pri-
mary patency was 72% and 63%, respectively (p = 0.614). Restenosis 
rates were 45.5% (10/22) in the DEBA arm and 75.0% (15/20) in the 
PTA arm (p = 0.051), while mean LLL was 29% (SD 19.9, range 0–68) 
and 39% (SD 22.2, range 0–70), respectively (p = 0.131).
Conclusion: Our interim analysis showed a significantly lower 
6-month restenosis rate in the DEBA arm compared with PTA. 
Although differences in mean LLL and circuit and lesion primary 
patency rates were not statistically significant, the trends favor the 
DEBA arm.

2201.5
End-stage haemodialysis access: which is the best of the rest?
K. Bashaeb1, E. Aitken2, A. Tan1, R. Kasthuri3;
1Radiology, Greater Glasgow & Clyde, Glasgow, United Kingdom, 
2Surgery, Gartnavel General Hospital, Glasgow, United Kingdom, 
3Radiology, Western Infirmary, Glasgow, United Kingdom.

Purpose: Upper body arteriovenous fistulae are the ideal route for 
haemodialysis with good long-term complication-free patency. 
Upper body tunnelled central venous catheters (TCVC) are an alter-
native. Prolonged and multiple upper body venous access for dial-
ysis, especially with multiple co-morbidities can eventually cause 
exhaustion of upper body access options.
In this situation, lower body haemodialysis access procedures can 
be considered, which include tunnelled femoral venous catheters 
(TFVC), tunnelled translumbar venous catheters (TTVC) and femoral 
arteriovenous fistulae (FAVF).
The purpose of this study was to compare these three access routes.
Material and Methods: All patients who underwent lower body 
haemodialysis access procedures at our unit (tertiary referral centre) 
over a 5-year period (January 2008–December 2012) were identified.
TFVC, TTVC and FAVF were retrospectively compared for overall com- 
plication-free patency, infection rates and thrombosis/occlusions.
Results: A total of 49 tunnelled femoral venous catheters, 16 tun-
nelled translumbar venous catheters and 32 femoral arteriovenous 
fistulae were studied. The groups were similar in demographics and 
co-morbidities.
The overall complication-free patency was significantly higher for 
FAVFs (185 days vs. 102 days for TTVCs and 70 days for TFVC)
Sepsis and related complications were seen in 4/32 FAVFs (12.5%) 
compared with 4/16 TTVCs (25%) and 16/49 TFVCs (32.6%)
Thrombotic complications in these three access devices were com- 
parable.
Conclusion: Of the three access devices, femoral arteriovenous fis-
tulae showed a significantly longer duration of patency with lower 
infection complications.
Patency and infection rates are more favourable for tunnelled trans-
lumbar venous catheters compared with tunnelled femoral venous 
catheters.
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2201.6
Combined TIAP- and PRG-implantation in patients with 
malignant disease
A.-C. Stamm, E.I. Piechowiak, M. Burbelko, A.H. Mahnken;
Department of Diagnostic and Interventional Radiology, University 
Hospital Giessen and Marburg, Philipps University of Marburg, 
Marburg, Germany.

Purpose: To evaluate the feasibility and safety of combined central 
venous totally implantable access port (TIAP) and percutaneous 
radiological gastrostomy (PRG) implantation in patients with advanced- 
stage malignant disease.
Material and Methods: From 01/2010 until 12/2012, 41 consecu-
tive patients (mean age, 63 ± 10.3 years; 29 males, 12 females) under-
went fluoroscopy-guided TIAP through the internal jugular vein 
and a fluoroscopy-guided PRG during a single session. Indications 
for port and gastrostomy implantation were advanced malignancy 
(87% neck cancer) requiring curative or palliative chemo- and/or 
local radiation therapy. Minor and major complications during the 
acute (0–24 h), early (1–30 days after intervention), and late phase 
(>30 days after intervention) were recorded according to SIR (Society 
of Interventional Radiology) classification. All complications were 
documented in the HI-IQ database of our institution and analyzed 
retrospectively.
Results: No acute minor or major complications occurred. Early minor 
complications of gastrostomy were noted in two patients (n = 2; 4.8%; 
local infection). Late major complications of TIAP and gastrostomy 
were documented in two cases (n = 2; 4.8%; thrombosis and migra-
tion of port reservoir) and in one case (n = 1; 2.4%; abscess requir-
ing surgery), respectively. Consequently, the incidence of minor and 
major complications for single-session TIAP- and PRG- implantation 
are comparable to those reported in the literature for TIAP and PRG 
alone (1.4%–25% for TIAP, 0.5%–14% for PRG).
Conclusion: Combined jugular vein TIAP- and PRG-implantation is 
feasible and safe. This combination may help shorten the patient‘s 
hospital stay and help reduce costs for cancer patients.

Free Paper Session
EVAR and TEVAR

2202.1
Contrast-induced nephropathy following endovascular aortic 
aneurysm repair: still a neglected entity?
M. Than, A. Badawy, A. Chaudhuri;
Vascular Surgery, Bedford Hospital NHS Trust, Bedford, United 
Kingdom.

Purpose: Iodine-based contrast usage is standard during EVAR, with 
contrast-induced nephropathy (CIN) affecting up to 15% cases. We 
evaluated the correlation between contrast doses used with any 
possible post-procedure nephropathy.
Material and Methods: In total, 87 EVARs were undertaken at 
our hospital between 22/02/2010–31/12/2012. Contrast data was 
extracted from operation notes, consultant databases and RIS (radi-
ology information system). Creatinine at pre-operative assessment 
(Cr1), post-operative peak creatinine values at 24–72 hours (Cr2) and 
contrast dosage were statistically analysed against CIN incidence 
using Microsoft Excel 2010/SISA software.
Results: Contrast volumes were recorded in 73/87 (83.9%) cases, 
while contrast media type was recorded only in 54/87 (62.1%) cases. 
Mean contrast volume was 110 ml (range 30–440, SD 74).
Applying definition criteria [absolute creatinine rise ≥44 micromol/l 
(5 mg/dl); percentage creatinine rise ≥25%], CIN was identified in 
11/87 (12.6%) cases, of which 6/11 cases had normal baseline eGFR, 

4/11 had stage 2 CKD and 1/11 had stage 3 CKD. There was a statisti-
cally significant post-procedure rise from Cr1 (mean 96 micromol/l, 
SD 25) to Cr2 (mean 105 micromol/l, SD 34; p = 0.0043, paired one-
tailed T test). Contrast doses were not significantly different between 
patients who did/did not have CIN (p = 0.27, independent t-test).
CIN incidence was significantly higher in those with no CKD (p = 0.005, 
Fisher exact test).
Conclusion: CIN affects a significant number of patients undergo-
ing EVAR. Vascular surgeons/interventional radiologists should mini-
mise contrast usage and record this for audit purposes.
Higher CIN rates noted in those with normal renal function indicate 
that such nephroprotective precautions should be applied to all 
patients, not just those with pre-existent CKD.

2202.2
Accuracy of rigid registration between CT angiography and 
fluoroscopy during endovascular repair of abdominal aortic 
aneurysm (AAA)
F. Douane1, C. Kauffmann1, E. Therasse2, S. Lessard1, N. Beaudouin3, 
J.F. Blair3, P. Gilbert1, V.L. Oliva1, M. Pfister1, G. Soulez1;
1Radiology, CHUM-University of Montreal, Montreal, QC, Canada, 
2Radiology, Hôtel-Dieu du CHUM, Montreal, QC, Canada, 3Vasular 
surgery, CHUM-University of Montreal, Montreal, QC, Canada.

Purpose: To evaluate the accuracy of rigid registration between CT 
angiography and fluoroscopy during endovascular repair (EVAR) of 
abdominal aortic aneurysms.
Material and Methods: A new workflow enabling rigid registration 
between preoperative CT scans and fluoroscopic images was imple-
mented on a prototype workstation (Siemens Healthcare) to provide 
advanced visualization during EVAR procedures. From preoperative 
CT scans, AAA lumen and thrombus meshes and 4 vascular markers 
(the right and left renal and internal iliac arteries) were registered on 
an intraoperative C-arm CT acquired at the onset of the procedure. 
During the on-line procedure, an interactive correction of registra-
tion was possible after each DSA acquisition based on the vascular 
markers and on the lumen mesh outlines. Using a video recording 
of the registration overlay, the mean absolute error (MAE) was esti-
mated for head–feet (Z) and right–left (X) displacements before and 
after correction, once the delivery device was in place, on the 4 vas-
cular markers in 12 patients. A score of clinical added value (SCAV) 
was defined as very high if the Z error < 3 mm, good if Z > 3 mm and 
Z < 5 mm, and low if Z > 5 mm.
Results: For the lowest renal artery, MAEs were at X = 5.8 ± 5.9 
mm/Z = 9.2 ± 3.7 mm before and X = 0.8 ± 0.8 mm/Z = 0.8 ± 1.1 mm 
after correction. The largest iliac artery MAEs were at X = 5.5 ± 2.9 
mm/Z = 5.3 ± 3.5 mm before and X = 1.0 ± 0.7 mm/Z = 0.6 ± 0.7 mm 
after correction (P << 0.01). SCAV was low for 9, good for 2, and very 
high for 1 patient(s).
Conclusion: Rigid registration is feasible and fairly accurate. The 
correction process significantly reduced error magnitude. An elastic 
registration is necessary to minimize error due to vessels deforma-
tion by endovascular devices.
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2202.3
A systematic review and meta-analysis of abdominal 
compartment syndrome after endovascular repair of ruptured 
abdominal aortic aneurysms
C.D. Karkos1, N. Patelis2, T.E. Kalogirou1, I. Giagtzidis1, D.W. Harkin3;
15th Department of Surgery, Aristotle University of Thessaloniki, 
Ippokratio Hospital, Thessaloniki, Greece, 2Laiko Hospital, Laiko 
Hospital of Athens, Athens, Greece, 3Royal Victoria Hospital Ireland, 
Royal Victoria Hospital, Belfast, Ireland.

Purpose: Limited data exists regarding the development of abdom-
inal compartment syndrome (ACS) after endovascular repair of rup-
tured abdominal aortic aneurysms (RAAAs). We aimed to record the 
incidence, management, and outcome of this complication.
Material and Methods: A systematic review and meta-analysis of 
the English language literature was undertaken through June 2012. 
Articles reporting data on outcome after endovascular repair of 
RAAAs were identified and information regarding the ACS was sought.
Results: A total of 39 eligible studies (1134 patients) were included. 
The pooled perioperative mortality was 21% (95% CI 18–24%). One 
hundred and nine cases of ACS had been recorded. There was sig-
nificant within-study heterogeneity (Cochran Q = 94.1, p < 0.0001) 
and the pooled ACS rate was 8% (95% CI 5.6–10.8%). Only 6 stud-
ies accurately defined ACS and 4 specifically focused on ACS. When 
meta-analysis was repeated after including only studies with a def-
inition and those focusing on ACS, the pooled rate increased to 
17.3% (95% CI 9.8–26.5%), and 20.7% (95% CI 12.8-30.0%), respec-
tively. Treatment included open decompression in 86 patients, per-
cutaneous drainage in 18 (catheter only in 5, combined with tissue 
plasminogen activator infusion in 13), and conservative measures in 
5. Data on outcome of ACS was only available in 76 patients; 35 of 
these died at a mortality rate of 47.3%.
Conclusion: The pooled ACS rate was calculated at 8%, but this fig-
ure may exceed 20% with improved awareness and vigilant monitor-
ing. Approximately half the patients developing ACS after 22 endo-
vascular repair of RAAAs are likely to die.

2202.4
Prediction of inferior mesenteric artery (IMA)-related type II 
endoleaks after EVAR
R. Müller-Wille1, O. Güntner1, F. Zeman2, P. Heiss1, M. Dollinger1, 
K. Pfister3, P. Wiggermann1, C. Stroszczynski1, W.A. Wohlgemuth1;
1Radiology, University Medical Center Regensburg, Regensburg, 
Germany, 2Center for Clinical Studies, University Medical Center 
Regensburg, Regensburg, Germany, 3Surgery, University Medical 
Center Regensburg, Regensburg, Germany.

Purpose: To predict inferior mesenteric artery (IMA)-related type II 
endoleaks (EL-II) in patients undergoing endovascular aortic aneu-
rysm repair (EVAR).
Material and Methods: We conducted a retrospective review of 
231 preoperatively performed CT angiograms in patients undergo-
ing elective EVAR for infrarenal abdominal aortic aneurysm. We eva- 
luated IMA patency, origin of IMA in relation to the aneurysm sac, 
diameter of IMA, cross-sectional area of the contrast-enhanced aortic 
lumen at the level of IMA ostium (CSA-IMA), and number of addi-
tional patent aortic side branches (ASB) arising from the aneurysm  
sac. The association of IMA-related EL-II with each variable was examined.
Results: The variables with the strongest significance for devel-
oping IMA-related EL-II were CSA-IMA and the number of ASB. The 
incidence of IMA-related EL-II increased significantly with increased 
CSA-IMA (p < 0.001). Patients with IMA-related EL-II had significantly 
more additional patent ASB before EVAR than those without IMA-
related EL-II (3.34 ± 1.63 vs. 2.27 ± 1.36; p < 0.001). According to the 
logistic regression equation, different combinations of CSA-IMA and 

number of additional patent ASB indicate low risk and high risk pa-
tients for the development of IMA-related EL-II.
Conclusion: CSA-IMA and the number of ASB significantly influence 
the development of IMA-related EL-II. This knowledge may be help-
ful for selecting patients for protective IMA embolization.

2202.5
Can early computed tomography after endoluminal stent–
graft repair predict the need for reintervention in patients 
with type II endoleak?
D. Loewenthal1, L. Herzog1, K. Bulla1, B. Rogits1, Z. Halloul2, M. Pech1, 
J. Ricke1, O. Dudeck1;
1Radiology and Nuclear Medicine, Otto-von-Guericke University, 
Magdeburg, Germany, 2Vascular Surgery, Otto-von-Guericke 
University, Magdeburg, Germany.

Purpose: Various parameters of early triphasic computed tomography 
(CT) were retrospectively evaluated in an attempt to identify predic-
tors indicating the need for later reintervention in patients with type 
II endoleak (EL) after endovascular stent–graft repair (EVAR).
Material and Methods: Fifty-four of 129 patients with abdomi-
nal aortic aneurysms (AAA) exhibited a type II EL on early CT per-
formed in a mean of 4.1 ± 1.9 days after EVAR. Patients were strati-
fied in a group that did (ELT; n = 15) or did not (ELN; n = 39) receive 
treatment for secondary type II EL. The following variables of early 
CT were evaluated: total number of vessels feeding EL, involvement 
of the inferior mesenteric artery (IMA), and area and volume of ELs. 
In addition, different patterns of ELs were frequently identified, and 
ELs were subdivided into nidus, channel, weak contrast-enhanced, 
and complex type.
Results: The number of feeding vessels was significantly associated 
with secondary reinterventions (3.0 ± 1.2 for ELN; 4.4 ± 1.4 for ELT; 
p = 0.02) compared with involvement of IMA (ELN 62%, ELT 80%; 
p = 0.3). Furthermore, total EL volume was a significant predictor of 
secondary reinterventions (ELN 1.4 ± 1.4 cm3; ELT 3.3 ± 2.8 cm3; p = 
0.005). Among different EL patterns the complex type was signifi-
cantly more frequently found in the ELT group (58%) compared with 
ELN group (15%; p = 0.03). In addition, EL type changed to complex 
during follow-up in another 2 patients with ELT.
Conclusion: Early CT after EVAR can predict the need for secondary 
reinterventions.

2202.6
Type II endoleaks after endovascular abdominal aortic 
aneurysm repair: stent–graft motion during long-term 
follow-up
R. Nolz1, E. Schwartz2, G. Langs2, C.M. Loewe1, D. Beitzke1, 
A.G. Wibmer1, U. Asenbaum1, J. Lammer1, M. Schoder1;
1Department of Radiology, Division of Cardiovascular and 
Interventional Radiology, Medical University of Vienna, Vienna, 
Austria, 2Department of Radiology, CIR Laboratory, Medical 
University of Vienna, Vienna, Austria.

Purpose: To compare stent–graft motion in patients with and with-
out type II endoleak with at least 3-year imaging follow-up.
Material and Methods: Among 314 consecutive elective EVAR pa-
tients, 53 (1 female, mean age 76.7 years, range 59–94) had at least 
3-year computed tomography (CT) data. In the baseline and the last 
follow-up CT, stent–graft segmentation, delimited by landmarks 
using purpose-built software, was derived. Segmentations were 
matched using nonrigid registration, yielding a displacement vec-
tor for each point of the surface model. The stent–graft surface was 
divided in 6 zones (Z). The maximum vector and areas of the surface 
with motion more than 9 and 12 mm were compared in each zone in 
patients with (T2EL) and without (nEL) type II EL.
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Results: The mean follow-up was 59.3 ± 23.6 months. In 3 cases, 
segmentation could not be performed. Compared with the T2EL 
group (n = 14), maximum vector motion was significantly higher in 
nEL (n = 36) in Z2 (9.7 ± 6.3 vs. 7.0 ± 2.8 mm, p = 0.037) and Z4left 
(12.3 ± 6.6 vs. 9.1 ± 3.2 mm, p = 0.029). Area of surface motion >9 mm 
in Z2 was significantly higher in the nEL group (4.3 ± 7.6 cm2 vs. 0.3 
± 0.6 cm2, p = 0.004). By means of surface motion >12 mm, signifi-
cant higher areas were observed in Z3right (p = 0.009) and Z3left 
(p = 0.048) in the nEL group.
Conclusion: Presence of type II endoleak limits stent–graft motion 
in long-term follow-up.

Free Paper Session
Gynaecological intervention (including UFE)

2203.1
Staged transarterial embolization and hysterectomy in a 
hybrid IR suite for prenatally diagnosed placenta accreta 
spectrum
S.S. Sabri1, D.N. Saller2, S.H. Mehta3, J. Stone1, M. Tiouririne3, 
S.C. Modesitt2, J.E. Ferguson2;
1Radiology, University of Virginia, Charlottesville, VA, United States 
of America, 2Obstetrics and Gynecology, University of Virginia, 
Charlottesville, VA, United States of America, 3Anesthesiology, 
University of Virginia, Charlottesville, VA, United States of America.

Purpose: Placenta accreta (PA) is associated with significant morbid-
ity, even when anticipated and prepared for. We reviewed the out-
comes of staged transarterial embolization and hysterectomy (STEH) 
and the impact of performing the entire procedure in a hybrid inter-
ventional radiology (IR) suite.
Material and Methods: A review of consecutive patients with elec-
tive cesarean hysterectomy for placenta accreta was performed. 
Prior to January 2011, the patients underwent STEH in 2 locations 
(the traditional approach), where internal iliac artery balloon cathe-
ters were placed in the IR suite followed by C/S and hysterectomy in 
the main operating room. Transarterial embolization (TAE) was per-
formed later in the IR suite. After that date, all patients underwent 
STEH where the entire procedure was performed in a hybrid IR suite 
(modified approach). TAE was performed after the C/S and before 
the hysterectomy. Estimated blood loss (EBL), blood product utiliza-
tion, and length of stay (LOS) after surgery were assessed.
Results: Nine patients were identified; 3 patients were treated with 
the traditional approach and 6 patients were treated with the mod-
ified approach. The mean EBL and units of blood products trans-
fused were 9000 cc and 67.3 units, respectively, for the traditional 
approach vs. 4167 cc and 16 units, respectively, for the modified 
approach. LOS was 10.7 days for the traditional approach vs. 5.3 days 
for the modified approach.
Conclusion: Performing a planned STEH for prenatally diagnosed 
placenta accreta in a hybrid IR suite is a promising strategy. Despite 
small numbers, it appears to reduce maternal morbidity and LOS 
after surgery.

2203.2
Enhancing effects of a microbubble-enhancing contrast agent 
(SonoVue) for treating uterine fibroids with high-intensity 
focused ultrasound: a randomized controlled trial
L. Zhang1, J. He2, B. Xie3, J. Bai4, Z.B. Wang1;
1Clinical Center for Tumor Therapy, 2nd Hospital of Chongqing 
Medical University, Chongqing, China, 2Department of Obstetrics, 
Suining Central Hospital, Suining, China, 3Department of 
Ultrasound, Huanggang Central Hospital, Huanggang, China, 
4Institute of Ultrasound Engineering, Medicine of Chongqing 
Medical University, Chongqing, China.

Purpose: To investigate the enhancing effects of the contrast agent 
SonoVue for treating uterine fibroids with ultrasound-guided high-
intensity focused ultrasound (HIFU) therapeutic ablation.
Material and Methods: Eighty patients with solitary uterine fibroids 
at a single center were randomly assigned to a control or SonoVue 
group. Of these, 40 were treated using HIFU alone; 40 were pre-
treated with SonoVue before HIFU procedure.
Results: The non-perfused volume (indicative of successful abla-
tion) was observed in all treated uterine fibroids immediately after 
HIFU ablation; mean fractional ablation, defined as nonperfused vol-
ume divided by the fibroid volume immediately after HIFU treat-
ment, was 90.4 ± 8.3% (range, 66.4%–100%) in the SonoVue group 
and 82.8 ± 13.3% (53.4%–100%) in the control group. The rate of 
massive gray-scale changes was significantly higher with than with-
out. The sonication time to achieve massive gray-scale changes was 
shorter with SonoVue than without. The acoustic energy for ablat-
ing 1 mm3 of fibroid volume was significantly less with SonoVue than 
without. No major complications were observed in any patient.
Conclusion: Based on our results, SonoVue could safely enhance 
the HIFU ablation effects in the treatment of uterine fibroids.

2203.3
Systematic review and meta-analysis of embolic agents in 
uterine artery embolisation
R. Das1, R. Champaneria2, J. Daniels2, A.-M. Belli1;
1Department of Radiology, St George‘s Hospital, London, United 
Kingdom, 2School of Cancer Sciences, Birmingham Clinical Trials 
Unit, Birmingham, United Kingdom.

Purpose: To perform a systematic review and meta-analysis of pub-
lished comparative trials comparing embolic agents used in uterine 
artery embolisation for uterine leiomyomata.
Material and Methods: We performed systematic literature searches 
of all relevant articles in MEDLINE, Embase and Pubmed Central from 
database inception to July 2012.
Randomised and non-randomised trials comparing two or more em-
bolic agents in uterine artery embolisation were included.
Assessment included 5 widely used embolic agents: non-spherical 
polyvinyl alcohol (PVA) (Contour PVA, Boston Scientific or PVA Cook 
Medical); spherical PVA (Contour SE, Boston Scientific); acrylamido 
PVA (Beadblock, Biocompatibles, Terumo); tris-acryl gelatin micro-
spheres (Embospheres, Biosphere Medical) and polyzene-F hydro-
gel microspheres (Embozenes, CeloNova Biosciences).
Outcomes assessed were quality of life (QOL) assessment, magnetic 
resonance imaging (MRI) uterine and fibroid volumes and MRI fibroid 
enhancement and devascularisation degrees. Animal and pathologi-
cal studies were excluded.
In total, 262 citations were reviewed; 5 RCTs and non-RCTs involving 
295 women and 617 women, respectively, were included.
Results: No evidence of superiority of any embolic agent was demon- 
strated.
Meta-analysis was performed between tris-acryl gelatin microspheres
(Embospheres) and spherical polyvinyl alcohol microspheres. Two 
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RCTs found a trend toward greater uterine and dominant fibroid 
volume reductions with Embospheres, but the combined differences 
were not statistically significant (p = 0.78 and p = 0.94, respectively).
Further detailed comparative analysis of all trials is described, includ-
ing current unpublished data.
Conclusion: The optimal choice of embolic agent has not yet been 
clarified in IR or gynaecological literature.
This study confirms that the current trial evidence does not demon-
strate superiority of any specific embolic agent; further research is 
warranted.

2203.4
Uterine artery embolization during cesarean section for 
preventing postpartum hemorrhage in high-risk patients
Z.-Q. Yang1, H.-B. Shi1, G.-Y. Zhang2, C.-G. Zhou1, X. Zhou2, X. Geng1, 
Q. Li1;
1Dept. Interventional Radiology, The First Affiliate Hospital of 
Nanjing Medical University, Nanjing, China, 2Dept. Gynecology and 
Obstetrics, First Affiliated Hospital of Nanjing Medical University, 
Nanjing, China.

Purpose: To investigate the safety and efficacy of uterine artery embo- 
lization (UAE) during cesarean section (C-section) for preventing 
postpartum hemorrhage (PPH) in patients with uterine scarring and/
or placenta accreta.
Material and Methods: Twelve consecutive pregnant females (mean 
age, 31 years; range, 25–38 years) with uterine scarring and/or pla-
centa accreta underwent UAE during C-section to prevent PPH. The 
left uterine artery was catheterized under fluoroscopic guidance prior 
to surgery. After delivery and clamping of the umbilical cord, bilateral 
UAE was performed with the placenta in situ; then, the placenta was 
removed from the uterine wall. The primary endpoints of this study 
were fluoroscopy time, radiological exposure dose throughout proce-
dure, intraoperative blood loss, and fetal APGAR score.
Results: UAE-assisted C-section was successfully performed in all 
females. No cases of maternal or neonatal death were recorded. 
Refractory PPH occurred in 1 female, which required hysterectomy; 
postoperative histological examination revealed the placenta cov-
ering the cervix. No other fetal surgical complications occurred. 
The mean surgical blood loss was 1411 ml (range, 600–3600). The 
Apgar score was 10 in 11 infants; 1 infant had a score of 5 at birth, 
which improved to 10 after cardiopulmonary resuscitation. The total 
mean fluoroscopy time and radiation dose was 8.66 minutes (range, 
4.35–15.2) and 86.1 mGy (30.2–105), respectively.
Conclusion: UAE-assisted C-section is safe and appears to prevent 
PPH in patients with uterine scarring and/or placenta accreta.

2203.5
Magnetic resonance imaging (MRI) findings in patients with 
pelvic congestion syndrome (PCS)
K.M. Sterling, S. Bagla, A. van Breda;
Cardiovascular & Interventional Radiology, Inova Alexandria 
Hospital, Alexandria, VA, United States of America.

Purpose: To evaluate magnetic resonance imaging/venography 
(MRI/MRV) findings in patients with clinical diagnosis of pelvic con-
gestion syndrome (PCS).
Material and Methods: We performed a retrospective review of 
patients treated for PCS at our institution between September 2005 
and June 2012. Of the 148 patients (mean age, 46.3 years; range, 
28–78) who underwent catheter venography, 77 (52%) underwent 
MRI of the pelvis before the procedure. MRI scans were reviewed 
by two experienced radiologists for pelvic varices, labial or perineal 
varices, gonadal vein and pelvic varix size, retrograde gonadal flow 
on time of flight MR venography (TOFMRV), early/dense contrast 

enhancement of the gonadal veins, and incidental findings. Catheter 
venograms were reviewed to assess gonadal or pelvic vein reflux 
(positive venogram) and the embolized vein site.
Results: MRI in 76/77 patients (99%) revealed pelvic varices, with 
a 100% correlation with a positive venogram. One patient (1/77) 
without varices identified on MRI did not have reflux on venogra-
phy. Mean gonadal vein diameter in patients with positive venogra-
phy was 9.1 mm (range, 5–14 mm). Labial varicosities were present in 
65% (46/71) MRI scans, with a 4-mm mean diameter (range, 2–7 mm). 
Early and/or dense contrast enhancement of the gonadal veins was 
seen in 83% (48/58 patients) patients. Retrograde flow on TOFMRV 
imaging was identified in 56% patients (28/50 patients).
Conclusion: Preoperative MRI/MRV findings in patients with clinical 
diagnosis of PCS demonstrate exceptional correlation with catheter 
venography.

2203.6
Can emergency hysterectomy due to infection following UAE 
be prevented?
V. Bérczi1, E.M. Botos1, I. Kalina1, A. Tóth1, É. Valcsera1, 
Y. Quinn-Holtzberg1, P. Sziller2, S. Várbíró2;
1Department of Radiology and Oncotherapy, Semmelweis 
University, Budapest, Hungary, 22nd Department of Obstetrics and 
Gynecology, Semmelweis Universtiy, Budapest, Hungary, Budapest, 
Hungary.

Purpose: Uterine artery embolization (UAE) is an alternative treat-
ment for symptomatic uterine fibroids. One undesirable complica-
tion of this procedure is emergent hysterectomy due to severe infec-
tion few weeks after UAE. Possible causes or risk factors for emer-
gent hysterectomy following UAE were evaluated from our cases 
and from the literature.
Material and Methods: From 28.04.2008 to 30.10.2012, 294 patients 
were diagnosed with uterine artery embolization; 265 (90.1 %) were 
followed up (telephone interview and MR or ultrasound, average 
6.8 ± 0.18 months, SEM) until 31.01.2013. Uterine artery embolization 
was performed through unilateral femoral access using 500–710 μm 
PVA particles.
Results: Three patients underwent emergent hysterectomy follow-
ing UAE (3/265, 1%). There was no significant demographic data or 
chronic disease in these patients’ medical history. Pelvic MR demon-
strated that the dominant fibroid was intramural in 2 patients and 
subserosal in 1 patient; the fibroids measured 98 × 104 × 130 mm, 
89 × 88 × 0 mm, and 76 × 64 × 65 mm, respectively. Emergent hys-
terectomy was required in 2 patients because of infection at 6 and 
9 weeks. The third hysterectomy was indicated because of a pro-
lapsed, necrotized subserosal fibroid 5 weeks after UAE.
Conclusion: At present, no definite risk factor can be identified from 
our three cases or from the literature; the number of cases, however, 
are extremely low. Pooled data from the literature presented every 
complication in detail may lead to conclusions that may help pre-
vent this undesirable complication in later studies.
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Free Paper Session
Neuro and carotid intervention

2204.1
Reduced rates of restenosis after stent angioplasty of 
intracranial atherosclerotic stenosis with drug-eluting stents: 
preliminary experience with Taxus Element
W. Kurre1, M. Aguilar-Pérez1, S. Fischer1, G. Arnold2, E. Schmid3, 
H. Bäzner3, H. Henkes1;
1Klinik für Diagnostische und Interventionelle Neuroradiologie, 
Klinikum Stuttgart, Stuttgart, Germany, 2Neurology, Klinikum 
Sindelfingen, Sindelfingen, Germany, 3Neurology, Klinikum 
Stuttgart, Stuttgart, Germany.

Purpose: Angioplasty of intracranial atherosclerotic lesions is asso-
ciated with high restenosis rates. Small case series with drug elut-
ing stents (DES) showed promising results in terms of long-term sta-
bility, but the high rigidity of DES was a major drawback. We report 
our experience with the highly flexible thin-strut paclitaxel-eluting 
Taxus Element stent for treating intracranial atherosclerotic lesions.
Material and Methods: We included patients with intracranial ath-
erosclerotic lesions treated with Taxus Element. Technical success 
was defined as the ability of stent placement at the desired location 
and to reduce the luminal narrowing below 50%. To assess safety, we 
reported procedure-related neurological complications. Follow-up 
angiography was performed after 6 and 12 weeks, 3 and 12 months, 
and yearly thereafter.
Results: Angioplasty with Taxus Element was attempted in 64 pa-
tients with 73 stenoses. The average degree of luminal narrow-
ing was 73%. Seven lesions (9.6%) could not be accessed with the 
device. Two patients (2.7%) showed significant residual stenosis after 
treatment. Neurological complications occurred in 6 (9.4%) patients, 
of whom one (1.6%) had a permanent deficit. Control angiography 
was available for 52 of 64 (81.3%) successfully treated lesions after a 
median of 131 days. We detected one asymptomatic stent occlusion 
and one restenosis (3.8%). Early cessation of clopidogrel was respon-
sible for one ipsilateral minor stroke without concomitant restenosis.
Conclusion: Taxus Element reduced the restenosis rate after stent-
ing of intracranial atherosclerotic lesions below 4%. Technical suc-
cess and major complication rates were comparable to those of bare 
metal balloon-mounted stents.

2204.2
Outcome prediction in acute stroke patients considered for 
endovascular treatment: a novel tool
R. Grech, P.L. Galvin, S. Power, A. O‘Hare, S. Looby, P. Brennan, 
J. Thornton;
Neuroradiology, Beaumont Hospital, Dublin, Ireland.

Purpose: Functional outcome following emergent intra-arterial 
thrombectomy is variable and likely reflects the heterogenous char-
acteristics of acute stroke patients.
The aims of our study were (1) to establish which pre-treatment 
variables correlate with functional outcome and (2) to devise a tool 
which would reliably predict outcome.
Material and Methods: Prospective data of patients treated with 
intra-arterial mechanical thrombectomy in our institution between 
2010 and 2012 was collected.
A preliminary univariate analysis was performed and data outliers 
were identified by constructing scatter and box plots.
Systematic bivariate analysis using SPSSTM was then performed to 
evaluate the correlation of baseline variables with outcome.
The significant variables were analysed using a linear regression 
model and the individual contributing weights to outcome calculated. 

The B and constant values from the regression were used to construct 
a predictive formula.
Results: Fifty-seven patients, 34 males (59.6%) and 23 females (40.4%) 
with a mean age of 62.1 (range 26–87) were included in the cohort.
Three baseline variables, namely age, NIHSS at presentation and CT lep-
tomeningeal collaterals, proved to be strongly correlated (p < 0.001) 
with functional outcome and were included in the linear regression 
model.
A tool was devised from the regression formula combining weighted 
inputs of the three variables.
Regression statistics and residual analysis were then performed to 
assess accuracy and validity of the tool.
Conclusion: The proposed tool is easy to use and reliably predicts 
functional outcome prior to endovascular therapy.
It may help clinical decision making in the acute setting and offer 
‘tailor-made’ outcome expectations.

2204.3
Effect of pitavastatin on preventing ischemic complications 
with carotid artery stenting (EPOCH-CAS): a multicenter 
prospective study
K. Takayama1, N. Ikeda2, K. Imai3, M. Sakamoto4, I. Nakagawa5, 
T. Wada6, I. Nakahara7, O. Masuo8, H. Tanemura9, N. Toma9, 
M. Maeda10, H. Suzuki9, W. Taki9;
1Radiology and Interventional Neuroradiology, Ishinkai Yao 
General Hospital, Yao city, Japan, 2Neurosurgery, Osaka Medical 
College, Takatsuki, Japan, 3Neurology, Japanese Red Cross Kyoto 
Daiichi Hospital, Kyoto, Japan, 4Radiology, Nara Medical University, 
Kashihara, Japan, 5Neurosurgery, Nara Medical University, 
Kashihara, Japan, 6Raidology, Nara Medical University, Kashihara, 
Japan, 7Neurosurgery, Kokura Memorial Hospital, Kokura, Japan, 
8Neurosurgery, Wakayama Medical University, Wakayama, Japan, 
9Neurosurgery, Mie University School of Medicine, Tsu, Japan, 
10Radiology, Mie University School of Medicine, Tsu, Japan.

Purpose: Carotid artery stenting (CAS) is becoming an alternative 
to carotid endarterectomy (CEA). However, periprocedural ischemic 
stroke is one problem associated with CAS. Statin therapy can 
reportedly reduce periprocedural complication rates in coronary 
intervention. We aimed to assess whether preoperative statin ther-
apy reduces the risk of periprocedural ischemic complications with 
CAS.
Material and Methods: In this prospective study at 11 centers, 
patients with carotid stenosis (symptomatic ≥50%, asymptomatic 
≥80%) and at high risk of requiring CEA, but without previous statin 
treatment, were divided into two groups by low-density lipoprotein 
cholesterol level (LDL-Chol). With LDL-Chol ≥120 mg/dl, the PS group 
received 4 mg/day pitavastatin for 4 weeks. With LDL-Chol <120 mg/
dl, the non-PS group received no statin therapy for 4 weeks. After 
4 weeks, both groups underwent CAS. Frequencies of new ipsilat-
eral ischemic lesions on diffusion-weighted imaging (DWI) within 
72 h after CAS and major adverse events (MAEs) (defined as tran-
sient ischemic attack, stroke, myocardial infarction or death) within 
30 days were assessed.
Results: Among the 80 patients enrolled, 61 (PS group, n = 31; 
non-PS group, n = 30) fulfilled the inclusion criteria. New ipsilateral 
ischemic lesions were identified in 8 of 31 patients (25.8%) in the PS 
group and 16 of 30 patients (55.3%) in the non-PS group (P = 0.027). 
MAE occurred in 0 patients in the PS group and in 3 of 30 patients 
(10.0%) in non-PS group (P = 0.07).
Conclusion: Pretreatment with pitavastatin significantly reduced 
the frequency of periprocedural ischemic complications associated 
with CAS.
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2204.4
Long-term results of drug-eluting balloon percutaneous 
transluminal angioplasty for treating carotid in-stent 
restenosis
R. Gandini, C. Del Giudice, S. Altobelli, A. D‘Onofrio, S. Fabiano, 
G. Simonetti;
Department of Diagnostic Imaging, Molecular Imaging, 
Interventional Radiology and Radiation Therapy, IRCCS Policlinico 
Tor Vergata, Rome, Italy.

Purpose: Carotid artery stenting (CAS) is becoming a good alter-
native to endarterectomy, particularly in high-risk patients. ISR may 
reportedly occur with a variable incidence of 5%–20%. In this study, 
we evaluated the potential role, safety, and efficacy of drug-eluting 
balloon for treating carotid in-stent restenosis (ISR).
Material and Methods: In total, 856 consecutive patients under-
went carotid artery stenting from May 2002 to January 2008. In 
41 patients, a significant ISR (>80% stenosis) occurred. Angioplasty 
predilatation followed by DEB angioplasty was performed for 11 
internal carotid artery ISR. A follow-up ultrasound was performed 
3 months, 6 months, and yearly after the procedure. CT angiography 
(control) was performed 24 months after the procedure.
Results: A technical success was obtained in 100% cases. A distal fil-
ter device was used in all cases. No periprocedural neurological or 
myocardial events were recorded. Angiographic stenosis decreased 
from 87% ± 4% to 6 ± 4%. Peak systolic velocity (PSV) decreased sig-
nificantly after the procedure from 4.7 ± 1.5 to 0.6 ± 0.3 m/s. PSV was 
stable during the follow-up in all but one patient who developed 
significant ISR 7 years after the procedure. No neurological or myo-
cardial events were recorded during the follow-up.
Conclusion: DEB is potentially useful in improving outcomes of pa-
tients treated for carotid ISR.

2204.5
Echo-color Doppler analysis of carotid endarterectomy versus 
stenting: does the flow really change?
P. Lucatelli, F. Fanelli, L. Saba, M. Corona, C. Cirelli, F.M. Salvatori;
Radiological Sciences, University of Rome Sapienza, Rome, Italy.

Purpose: To assess eventual differences in hemodynamic changes 
after carotid endarterectomy (CEA) and carotid artery stenting (CAS).
Material and Methods: Between July 2010 and October 2011, two groups 
of 30 patients each were prospectively enrolled in two tertiary hospi- 
tals, referring centers for CAS and CEA. Preprocedural imaging was per- 
formed with echo-color Doppler (ECD) and computed tomography 
angiography (CTA). ECD was repeated within 24 hours, at 1, 6, and 
12 months from the surgical/endovascular procedure. Peak systolic 
velocity (PSV) and end-diastolic velocity (EDV) were evaluated at 5 
sites: common carotid artery (CCA), proximal, me-dium, and distal third 
of the treated vascular segment, and distal internal carotid artery (ICA).
Results: Twenty-four-hour findings highly differed between both 
groups. CCA PSV, CCA EDV, ICA PSV, and ICA EDV in the CEA and CAS 
groups were 44.88 ± 9.16 cm/sec and 69.20 ± 20.04 cm/sec (p = 0.002); 
16.11 ± 2.29 cm/sec and 19.13 ± 6.42 cm/sec (p = 0.065); 
46.11 ± 7.9 cm/sec and 94.02 ± 57.7 cm/sec (p = 0.0012);  
20.22 ± 4.33 cm/sec and 30.47 ± 18.33 cm/sec (p = 0,025).
Six-month and 1-year follow-ups confirmed a different trend in the 
cohort findings. At 1 year, CCA PSV, CCA EDV, ICA PSV, and ICA EDV 
in the CEA and CAS groups were 50. 94 ± 12.44 cm/sec and 
60.59 ± 26.84 cm/sec (p = 0.181); 17.11 ± 3.46 cm/sec and 
19 ± 16.35 cm/sec (p = 0.34); 51.66 ± 10.1 cm/sec vs. 70.86 ± 20.64 cm/sec 
(p = 0.014); 25.05 ± 8.65 cm/sec and 32.66 ± 13 cm/sec (p = 0.0609).
Conclusion: Twenty-four hour findings suggest a significant rapid drop 
in PSV in the CEA cohort. Interestingly, the increment of 1 year CEA CCA-
PSV could be used as a surrogate marker of neointima formation.

2204.6
STAR study: final results and subgroup analysis of the largest 
prospective study using stent retrievers for acute stroke 
treatment
V. Mendes Pereira1, A. Bonafé2, R. Chapot2, G. Schroth3, 
M. Besselman4, A. Moreno5, C. Castaño6, A. Davalos7, M. Goyal8, 
D. Liebeskind9, R. Nogueira10, J. Gralla3;
1Neuroradiology, University Hospitals of Geneva, Geneva, 
Switzerland, 2Neuroradiology, CHU Montpellier, Montpellier, 
France, 3Dept. of Interventional Neuroradiology, University 
of Bern, Bern, Switzerland, 4Neuroradiology, Inselspital, Bern, 
Switzerland, 5Neuroradiology, Hosp Virgen de la Arrixaca, Murcia, 
Spain, 6Neuroradiology, Hospital Universitari Germans Trias i 
Pujol, Badalona Barcelona, Spain, 7Neurology, Hospital Universitari 
Germans Trias i Pujol, Badalona Barcelona, Spain, 8Neurology, 
Calgary University, Calgary, AB, Canada, 9Neurology, UCLA, Los 
Angeles, CA, United States of America, 10Neuroradiology, Emory 
University, Atlanta, GA, United States of America.

Purpose: Solitaire FR is a next-generation mechanical thrombec-
tomy device with a stent-based technology for treating acute isch-
emic stroke (AIS). We present the results of the STAR study, the larg-
est prospective study on the use of a stent retriever as monotherapy 
for large vessel occlusion stroke (LVOS) to date.
Material and Methods: STAR was an international, prospective, 
multicentre, single-arm study on mechanical thrombectomy in AIS. 
Patients with angiographically confirmed persistent anterior circula-
tion LVOS aged 18–85 with NIHSS of 8–30 and symptom onset within 
8 hours were included. The trial utilized independent imaging core 
labs, Clinical Events Committee (CEC), Data Safety Monitoring Board 
(DSMB), and the Executive Committee. The primary efficacy endpoint 
of the study was reperfusion to ≥TICI 2B flow with the Solitaire FR 
device alone. The secondary efficacy endpoint was the rate of good 
clinical outcome at 90 days (defined as a mRS ≤2). Safety was evalu-
ated through serious adverse events (SAEs) related to the device or 
the procedure, adjudicated by CEC.
Results: Fourteen comprehensive stroke centers in Europe, Canada, 
and Australia enrolled 202 subjects between October 2010 and May 
2012. The median age was 72 years (60.4% female patients). Median 
NIHSS was 17. Univariate and multivariate analyses were performed 
to identify the predictors of successful revascularization, favorable 
clinical outcome, and mortality. The results of these analyses will be 
present at the meeting.
Conclusion: In patients with AIS, treatment with the Solitaire device 
resulted in high rates of reperfusion and good clinical outcomes 
with low rates of procedural complications.
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2205.1
Prospective phase II trial of sorafenib combined with 
doxorubicin eluting bead-transarterial chemoembolization for 
patients with unresectable hepatocellular carcinoma: efficacy 
analysis
A. Feng1, D.K. Reyes2, I. Kamel2, V. Gowdra Halappa1, 
C. Corona-Villalobos1, D. Cosgrove3, T. Pawlik4, J.-F.H. Geschwind5;
1Radiology, The Johns Hopkins University School of Medicine, 
Baltimore, MD, United States of America, 2Radiology/Interventional 
Radiology, The Johns Hopkins University, Baltimore, MD, United 
States of America, 3Medical Oncology, Johns Hopkins University 
School of Medicine, Baltimore, MD, United States of America, 
4Surgery, The Johns Hopkins University, Baltimore, MD, United 
States of America, 5Vascular and Interventional Radiology, Johns 
Hopkins University School of Medicine, Baltimore, MD, United 
States of America.

Purpose: We evaluated the efficacy of the combination of sorafenib 
and doxorubicin-eluting bead transarterial chemoembolization (DEB- 
TACE + sorafenib) in patients with unresectable hepatocellular carci-
noma (HCC).
Material and Methods: Protocol consisted of 6-week cycles with 
sorafenib beginning 1 week prior to DEB-TACE. Response was assess- 
ed by RECIST and EASL criteria using MRI at baseline and at 1-month 
follow-up. Time to untreatable progression (TTUP) was defined 
as the interval from initiation of sorafenib until the inability of the 
patient to further receive intra-arterial therapy. Overall survival (OS) 
and TTUP was calculated with the KM method; outcomes were strat-
ified by BCLC A/B and C and compared with the log-rank test.
Results: DEB-TACE + sorafenib was successfully performed in 50 
patients: mean 62 years, Child-Pugh A/B (92%/8%), BCLC A/B/C 
(10%/28%/62%), ECOG 0/1 (52%/48%), HCV/HBV (44%/8%), mean 
tumor burden 20%, mean tumor size 7.2 cm, and mean tumor en-
hancement 78%. Patients were enrolled for a median of 3 (range, 
1–22) cycles, including a median of 1 (range, 0–6) DEB-TACE. Median 
dose taken during the study was 318 mg/day and 1-month follow-
up showed a mean reduction in tumor enhancement of 48.2% 
(n = 46, p < 0.001) and an average reduction in lesion diameter of 8.5% 
(n = 48, p = 0.02). Disease control rate was 98% using both EASL and 
RECIST. Median TTUP was 11.9 months (95% CI, 1.8–22 months) with 
a significant difference between BCLC A/B (22.9 months) and BCLC C 
(6.2 months) patients (p = 0.01). Median OS was 24.5 months 
(95% CI, 14.3–35 months) with a significant difference between BCLC C 
(17.1 months) and BCLC A/B (33.7 months) (p = 0.001).
Conclusion: Results suggest a potential benefit of the combination 
of sorafenib and DEB-TACE.

2205.2
Can we see CT predictors for high hepatopulmonary shunt 
fractions before MAA scan? What role can sorafenib play?
J.M. Theysohn1, J. Altenbernd1, J. Schlaak2, J. Ertle2, S. Müller3, 
T. Lauenstein1;
1Department of Diagnostic and Interventional Radiology and 
Neuroradiology, University Hospital Essen, Essen, Germany, 
2Gastroenterology and Hepatology, University Hospital Essen, 
Essen, Germany, 3Nuclear Medicine, University Hospital Essen, 
Essen, Germany.

Purpose: A high hepatopulmonary shunt (HPS) fraction may repre-
sent a contraindication for yttrium 90 (90Y) radioembolization (RE) in 
patients with unresectable hepatocellular carcinoma (HCC). The pro-

tein kinase inhibitor sorafenib may reportedly reduce HPS in selected 
cases. Our aim was to assess if CT predictors of high HPS exist and if 
sorafenib plays a potential role in selected cases.
Material and Methods: CT images of 40 HCC patients (mean age, 
65.4 years; 32 males, 8 females) scheduled for MAA scan were ret-
rospectively evaluated by two radiologists in consensus. Two age- 
and gender-matched patient groups were evaluated: (a) increased 
HPS (>20%, n = 20), (b) low HPS (<5%, n = 20). Triphasic CTs before 
DSA were analyzed for signs of early venous enhancement, venous 
tumor infiltration, portal vein thrombosis, and portosystemic shunts. 
Conspicuities were correlated with HPS values and effectiveness of 
sorafenib for possible shunt reduction during follow-up.
Results: Ten of 20 patients showed high HPS intrahepatic venous 
enhancement and/or tumor infiltration of liver veins; further 5 pa-
tients showed compressed/shifted liver veins. Patients with low HPS 
did not show these signs. All other findings were observed in both 
groups independent of HPS. Six patients with high HPS received 
sorafenib in the aftermath, sufficiently reducing HPS in 5 of 6 cases, 
thus allowing for 90Y therapy.
Conclusion: High hepatopulmonary shunts are associated with CT 
predictors, and sorafenib may reduce these shunts in selected cases. 
Patients with increased risk of high HPS may be identified using CT 
and can be pretreated with sorafenib before 90Y evaluation.

2205.3
Cone beam CT and CT thermometry
N. Abi-Jaoudeh1, M. Li1, S. Xu1, S. Kadoury2, A. Radaelli3, B. Carelsen3, 
B.J. Wood1;
1Interventional Radiology, National Institutes of Health, Bethesda, 
MD, United States of America, 2Dept. of computer and software 
engineering, École Polytechnique de Montreal, Montreal, QC, 
Canada, 3Interventional X-ray, Philips Healthcare, Best, Netherlands.

Purpose: Examination of thermometry feasibility using cone beam 
CT (CBCT) or CT during CBCT- or CT-guided ablations
Material and Methods: Monitoring during ablations is critical. Most 
ablations are performed using CT or, recently, with CBCT guidance. 
The relation between temperature and radiation attenuation is re-
portedly 0.56 HU/°C. We developed a novel method to monitor tissue 
temperature using a baseline and intermittent CBCT or CT scan, rou-
tinely acquired to confirm needle position, and ablation progress. A 
Wronskian change detector algorithm is applied at a region of inter-
est (ROI) to obtain a “difference” between intermittent and baseline 
images. A thermal map “thermomap” is then obtained by applying 
a predetermined calibration to each 1 mm3 voxel of the “difference” 
image. The thermomap is overlaid on CBCT or CT. We performed 
several phantom and ex vivo experiments using normal veal liver or 
pork shoulder. We also examined temperature per “thermomap” vs. 
temperature measured by thermocouples and ablation probes in 4 
patients undergoing liver ablation.
Results: For the phantom studies, the average difference of the 
“thermomap” results and ground truth (temperature at tip of abla-
tion probe or thermocouple) was 2.3°C ± 1.4°C. The maximum differ-
ence was 5°C. For ex vivo data, the average temperature difference 
between “thermomap” and the ground truth was 0.7°C ± 1.5°C. In 
the 4 patients, the “thermomap” was within 1°C of the temperature 
at the ablation probe tip or thermocouple tip.
Conclusion: Preliminary results indicate that it is possible to per-
form CBCT and CT thermometry with promising outcomes. Further 
studies are required and underway.
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2205.4
Safety and efficacy of bispectral index monitoring 
for conscious analgosedation during percutaneous 
radiofrequency ablation of liver tumours
A. Vari1, L. Poggini1, C. Cirelli2, F. Fanelli2, M. Corona3, M. Rosignuolo2, 
M. Bezzi2;
1Department of Surgery „Pietro Valdoni“, Sapienza University 
School of Medicine, Rome, Italy, 2Interventional Radiology Unit, 
Department of Radiological Sciences, Sapienza - University of 
Rome, Rome, Italy, 3Vascular and Interventional Radiology Unit, 
Sapienza University of Rome, Rome, Italy.

Purpose: RFA of liver tumours requires moderate to high analgesia 
and sedation to alleviate patient distress, maintain capability to re-
spond to commands and avoid sudden movements. Current meth- 
ods to evaluate this level rely on subjective clinical assessment and are 
generally unreliable. This study investigates the impact of BIS®spectral 
index monitoring anesthetic consumption during percutaneous RFA.
Material and Methods: Patients were assigned to receive conven-
tional monitoring (A) or BISpectral index (B). Patients with deteriorated 
brain function were excluded from the study. All patients received a 
baseline dose of fentanyl 50 mcg and additional doses of 30 mcg after 
verbal assessments (A) or BIS® value >85 (B). The administration of 
drugs, painful stimuli, procedural time and vitals were recorded. VAS-
based pain assessment was performed at 1 and 6 h in both groups.
Results: Seventy-three ASA II–IV patients (mean age: 62, range 47–83) 
were enrolled. There were no significant differences in demograph-
ics and procedural time. Patients monitored with BIS showed signif-
icantly less haemodynamic fluctuations, a reduced consumption of 
fentanyl (mean 100 ± 20 mcg vs. 140 ± 20 mcg) and lower postopera-
tive pain scores compared with group B.
Conclusion: Previous studies demonstrated that a BIS value of 80–85 
is appropriate for procedural sedation. Predictably, BIS value in-
creases after noxious stimuli due to enhanced electrocortical activity; 
therefore, BIS monitoring provides real-time information that can be 
safely and effectively integrated with vital signs without the need to 
verbally assess the patient. The use of BIS® monitoring during percu-
taneous liver RFA provides optimal sedation, haemodynamic stabil-
ity and reduced consumption of opioids.

2205.5
A prospective randomized trial comparing HDR-brachytherapy 
and transarterial chemoembolization in hepatocellular 
carcinoma: interim analysis
K. Mohnike1, M. Pech1, M. Seidensticker1, R. Seidensticker1, 
O. Dudeck1, K. Schütte2, J. Bornschein2, P. Malferthainer2, J. Ricke1;
1Radiology and Nuclear Medicine, University of Magdeburg, 
Magdeburg, Germany, 2Gastroenterology and Hepatology, 
University of Magdeburg, Magdeburg, Germany.

Purpose: To evaluate the efficacy of image-guided HDR-brachy-ther- 
apy compared with transarterial chemoembolization in hepatocellu-
lar carcinoma
Material and Methods: In a prospective randomized trial, we ana-
lyzed 75 patients included from October 2006 until July 2010. Pa- 
tients randomly received HDR-brachytherapy (BT) or transarterial 
chemoembolization (TACE) as a single intervention or repeatedly until 
the primary endpoint was reached. Initial cross-over after rando-
mization due to technical and/or clinical reasons was allowed 
(BT-group, n = 38; TACE-group, n = 37).
Primary endpoint was the time to untreatable (by the allocated 
method) progression (TTUP).
Subsequently, treatment choice was not restricted in both groups.
Key inclusion criteria concluded a Child–Pugh stage <9 points, no 
portal vein thrombosis in the affected liver lobe, and <5 lesions.

Results: On an average, patient aged 69.9 and 67.1 years (BT and 
TACE group, respectively); 26 patients were classified as BCLC A 
(BT/TACE: 12/14), 40 as BCLC B (BT/TACE: 20/20), and as BCLC C 
(BT/TACE: 6/3). Median TTUP was 25.1 and 12.6 months and median 
time to progression (TTP) was 13.0 and 5.7 months in the BT and 
TACE groups, respectively. These differences were significant 
(p < 0.05). Median overall survival (OS) after inclusion was 25.6 and 
23.4 months (BT and TACE groups, respectively); the difference was 
not statistically significant (p > 0.05).
Conclusion: Results revealed a significantly prolonged TTUP and 
TTP in the BT-group compared with the TACE-group, without signifi-
cant difference in OS. To some extent, the cross-over design and lim-
ited number of patients explains the absence of an impact on OS.

2205.6
Final analysis of GIDEON [Global investigation of therapeutic 
decisions in hepatocellular carcinoma (HCC) and of its 
treatment with sorafenib]: safety and outcomes of using prior 
transarterial chemoembolization (TACE)
R. Lencioni1, M. Kudo2, J. Marrero3, A. Venook4, S.-L. Ye5, 
J.-P. Bronowicki6, X.-P. Chen7, L. Dagher8, J. Furuse9, L. Ladrón de 
Guevara10, C. Papandreou11, A.J. Sanyal12, T. Takayama13, S.K. Yoon14, 
K. Nakajima15, J.-F.H. Geschwind16;
1Diagnostic Imaging and Intervention, Pisa University School of 
Medicine, Viareggio, Italy, 2Department of Gastroenterology and 
Hepatology, Kinki University School of Medicine, Osaka, Japan, 
3Clinical Hepatology and Liver Transplantation, University of 
Texas Southwestern Medical Center, Dallas, TX, United States of 
America, 4Division of Medical Oncology, University of California, 
San Francisco, CA, United States of America, 5Liver Cancer 
Institute, Zhongshan Hospital, Fudan University, Shanghai, China, 
6Gastroenterology and Hepatology, INSERM U954, University 
Hospital of Nancy, University Henri Poincaré, Vandœuvre-lès-Nancy, 
France, 7Hepatic Surgery Center, Tongji Hospital, Tongji Medical 
College, Huazhong University of Science and Technology, Wuhan, 
China, 8Hepatology, Policlínica Metropolitana, Caracas, Venezuela, 
9Internal Medicine, Kyorin University School of Medicine, Tokyo, 
Japan, 10Hepatology, Hospital Angeles Clínica Londres, Mexico 
City, Mexico, 11Oncology, University Hospital of Larissa, Larissa, 
Greece, 12Gastroenterology, Hepatology & Nutrition, Virginia 
Commonwealth University Medical Center, Richmond, VA, United 
States of America, 13Department of Digestive Surgery, Nihon 
University School of Medicine, Tokyo, Japan, 14Internal Medicine, 
The Catholic University of Korea, Seoul, Korea, 15Global Medical 
Affairs Oncology, Bayer HealthCare Pharmaceuticals, Montville, NJ, 
United States of America, 16Vascular and Interventional Radiology, 
Johns Hopkins University School of Medicine, Baltimore, MD, United 
States of America.

Purpose: Locoregional treatments (LRTs) such as TACE are commonly 
used for treating unresectable HCC (uHCC); however, there is no single, 
globally accepted therapeutic algorithm involving the use of TACE. 
GIDEON is a large, non-interventional study conducted in uHCC 
patients treated with sorafenib and allows analysis of global treat-
ment patterns in real-life practice.
Material and Methods: Data were collected from >3000 patients who 
were planned to receive sorafenib in clinical practice. Treatment his-
tory and disease characteristics were recorded at study entry; safety 
and outcomes data were collected during follow-up.
Results: Of the 3202 patients analyzed, 57.5% had previously re-
ceived LRT. Prior LRT use was higher in Japan (84.4%) and the Asia-
Pacific region (67.2%) compared with the EU (43.5%) and US (49.4%). 
Overall, 47.2% patients received prior TACE, 73.9% of whom received 
conventional TACE (lipiodol). Prior TACE use was more common in 
patients with earlier-stage disease at initial diagnosis: Barcelona Clinic 
Liver Cancer (BCLC) stage A, 29.8%; BCLC stage C, 18.3%. Patients 
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who received prior TACE and those who did not (84.6%) had a sim-
ilar incidence of adverse events (86.2%). In the intention-to-treat 
population (n = 3213), median overall survival [months (95% CI)] was 
longer in patients who received prior TACE [12.7 (11.5–13.8)] than in 
those who had not [9.2 (8.4–9.9)].
Conclusion: GIDEON provides real-life data pertinent to improving 
the management of uHCC patients. Data suggest that sorafenib is a 
viable treatment option for both patients who received prior TACE 
and those who may be ineligible for TACE.
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2206.1
Predisposing factors of liver necrosis after transcatheter 
arterial chemoembolization in patients with liver metastases 
from gastroenteropancreatic endocrine tumors
J. Joskin, L. Tselikas, F. Deschamps, G. Farouil, T. de Baère;
Interventional Radiology, Institut Gustave Roussy, Villejuif, France.

Purpose: To investigate predictive factors for the occurrence of liver 
necrosis after transcatheter arterial chemoembolization (TACE) for 
gastroenteropancreatic endocrine tumor liver metastases.
Material and Methods: In total, 374 TACE performed in 164 patients 
were retrospectively reviewed to analyze predictive factors of liver 
necrosis. We analyzed patients’ characteristics (age, gender), tumor 
characteristics (number of metastases, location, percentage of liver 
involvement), baseline liver function test, and pretreatment imag-
ing abnormalities such as bile duct dilatation (BDD), portal vein nar-
rowing (PVN), or portal vein thrombosis (PVT). We reviewed tech-
nical characteristics such as lipiodol or drug eluting beads (DEB) as 
drug’s vector, dose of chemotherapy, DEB’s diameter, number and 
frequency of TACE, and selectivity of treatment.
Results: Liver necrosis developed after 23 of 374 TACE (6.1%) proce-
dures. In multivariate analysis, DEB >300 μm as drug’s vector [com-
parison with lipiodol (OR = 35.20; p < 0.0001) or with DEB ≤300 μm 
(OR = 19.95; p < 0.010)], pretreatment segmental or subsegmen-
tal BDD (OR: 65.63; p < 0.0001), and PVT (OR: 14.22; p = 0.0002) were 
strongly associated with liver necrosis. When liver necrosis occurred, 
such BDD or PVT were present before the first TACE in 59% cases and 
induced by a previous TACE in 41% cases.
Conclusion: Beads over 300 μm, segmental or subsegmental BDD, 
and PVT are responsible for the increased rate of liver necrosis after 
TACE. Careful analysis of minor BDD or PVT on pretreatment and in 
between two imaging courses is mandatory because it can predict 
further complications of TACE.

2206.2
Local ablative therapies for breast cancer liver metastases: 
factors influencing overall survival
M. Seidensticker1, B. Garlipp2, S. Scholz1, I. Steffen1, K. Mohnike1, 
R. Seidensticker1, M. Pech1, H. Amthauer1, J. Ricke1;
1Radiology and Nuclear Medicine, University Hospital of 
Magdeburg, Magdeburg, Germany, 2Surgery, University of 
Magdeburg, Magdeburg, Germany.

Purpose: Despite promising results, local ablation for breast cancer 
liver metastases (BCLM) remains controversial mainly because of the 
disease character in liver metastases. Presence of liver metastases is 
considered the most important prognostic determinant. Patient selec- 
tion seems crucial. We sought to investigate the factors influencing 
overall survival (OS) in BCLM patients treated locally.

Material and Methods: Fifty-nine patients (58 females; mean age, 
57 years) with BCLM were treated by interstital brachytherapy (IB), 
radiofrequency ablation (RFA, n = 32) or radioembolisation (RE, n = 22), 
or a combination (RE + IB/RFA, n = 5); the treatment type depended 
on tumor size and number. In progressive cases, further local thera-
pies (n = 22) and/or chemotherapy was employed (n = 40). Median 
OS and influence of pre- and post-therapeutic factors were esti-
mated by Kaplan–Meier method with categorizing of continuous 
variables by ROC analysis. After univariate cox model and exclu-
sion of interactions, a final multivariate cox model analysis was used 
(first five factors: values at first local BCLM): extrahepatic metastases, 
tumor load (<vs.≥2%), liver volume (<vs.≥1376 ml), lines of chemo-
therapy (<vs.≥3), CEA (<vs.≥6.2 U/mL), local control in follow-up (FU), 
best response in the liver at FU. Another model was run with “extra-
hepatic metastases” substituted by “concomitant bone metastases 
only.”
Results: OS was 21.9 and 56.3 months from first therapy and first 
BCLM diagnosis, respectively. Multivariate cox model revealed a sig-
nificant influence on OS for extrahepatic metastases [hazard ratio 
(HR): 2.98], tumor load (HR: 8.26), liver volume (HR: 6.07), local con-
trol at FU (HR: 0.25). Concomitant bone metastases only revealed no 
significant influence.
Conclusion: Identified factors facilitate the individualised treatment 
plan for local therapies for BCLM patients.

2206.3
Noninvasive treatment of breast cancer: clinical experience 
of a single center using magnetic resonance-guided high-
intensity focused ultrasound (MRgFUS) in patients with focal 
disease
L. Di Mare, A. Napoli, F. Pediconi, F. Boni, V. Noce, C. Catalano;
Department of Radiological Sciences, University of Rome 
„Sapienza“, Rome, Italy.

Purpose: To test the efficacy of noninvasive high-intensity MR-guided 
focused ultrasound (MRgFUS) ablation of biopsy-proven invasive 
ductal breast cancer (IDC) (stage T1 M0 N0) in patients scheduled for 
surgical resection and sentinel lymph node biopsy.
Material and Methods: We enrolled 11 patients with unifocal biop-
sy-proven IDC, scheduled and consented to surgical (lumpectomy) 
resection and sentinel lymph node biopsy. Breast cancer was con-
firmed as enhancing lesion, less than 2 cm, in a treatable location at 
breast 3T MRI exam (Discovery 750, GE; Gd-BOPTA, Bracco). Patient 
underwent day-surgery single session MRgFUS treatment using 
ExAblate 2100 system (InSightec), under IRB approval. Pathology 
evaluated the efficacy of the treatment after surgery. 
Results: No enhancement was seen on breast multiparametric MRI 
after treatment in 9 treated patients. Histological evaluation after sur- 
gical excision demonstrated the absence of residual neoplastic foci 
in the necrotic tissue area with at least a 5-mm margin of normal 
breast tissue in all 9 patients. In 2 cases, treatment failed because of 
transducer malfunction; pathologists observed 15% of residual tumor. 
Findings of post-treatment MRI were significantly consistent with 
those of pathology.
Conclusion: We outlined the role and benefits of MRgFUS as a prom- 
ising noninvasive treatment for unifocal breast cancer.
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2206.4
Identifying extrahepatic shunts during radioembolization with 
yttrium-90 glass microspheres: do we really need SPECT-CT?
J.M. Theysohn1, J. Schlaak2, J. Ertle2, S. Müller3, A. Bockisch3, 
T. Lauenstein1;
1Department of Diagnostic and Interventional Radiology and 
Neuroradiology, University Hospital Essen, Essen, Germany, 
2Gastroenterology and Hepatology, University Hospital Essen, 
Essen, Germany, 3Nuclear Medicine, University Hospital Essen, 
Essen, Germany.

Purpose: Radioembolization (RE) using the beta-emitter yttrium-90 
(Y-90) is an emerging therapy option for unresectable liver malig-
nancies. A complication of RE may represent the nontarget embo-
lization of extrahepatic tissue, particularly the GI tract. We aimed to 
assess whether extrahepatic shunts can be reliably diagnosed on 
the basis of hepatic digital subtraction angiography (DSA) or if sub-
sequent SPECT/CT data provides additional information.
Material and Methods: In total, 205 patients with hepatocellular 
carcinoma (n = 124), hepatic metastases (n = 73), or cholangiocellular 
carcinoma (n = 8) were studied. During hepatic digital subtraction 
angiography, 122 arteries representing shunts to extrahepatic tis-
sue were coil-embolized (right gastric artery, n = 86; falciform artery, 
n = 13; branches to duodenum/pancreas, n = 23). Subsequently, tech- 
nectium-99m-labeled macroaggregated albumin (99mTc-MAA) was 
injected, and patients underwent SPECT/CT. SPECT/CT data was 
used to identify any additional shunt to extrahepatic tissue.
Results: Sixteen of 205 patients (7.8%) exhibited an unexpected 
increased MAA uptake in extrahepatic tissue (small bowel, n = 7; 
abdominal wall, n = 5; stomach, n = 4). These patients underwent 
repeated DSA and corresponding arteries could be identified and 
coil-embolized in 13 of 16 patients.
Conclusion: Most extrahepatic shunts can be identified on DSA 
before Y-90 therapy. However, SPECT-CT data helps to identify 
additional shunts that were initially not seen on DSA. Because side 
effects of extrahepatic Y-90 accumulation can be severe, identifica-
tion of extrahepatic shunts should also be based on SPECT-CT imag-
ing following MAA administration.

2206.5
MRI chest parameters used in the assessment of tumor 
response post-microwave ablation of pulmonary metastases
N.-E.A. Nour-Eldin, N.N. Naguib, T.J. Vogl;
Interventional and Diagnostic Radiology Department, Johann 
Wolfgang Goethe University, Frankfurt a. Main, Germany.

Purpose: To determine the value of contrast-enhanced MRI (CE-MRI) 
follow-up in the assessment of tumor response of microwave (MW) 
ablated pulmonary metastases by correlating the results with CE-CT.
Material and Methods: This prospective study included 130 abla-
tion sessions for pulmonary metastases in 80 patients. CE-MRI chest 
scanning was performed 1week before ablation and at 24 h, 3, 6, 9, 
and12 months post-ablation. Thin section CT volumetric measure-
ment of the lesions was performed at the same time periods as a 
second parameter for comparison. The lesion MRI enhancement 
intensity in each study was estimated, and the ratio to the paraspi-
nal muscle enhancement intensity at the same level was measured 
[Lesion Muscle Signal ratio (LMS)].The correlations between post-
ablation follow-up CT volume of tumors and CE-MRI LMS ratio at the 
follow-up periods were assessed.
Results: The pre-ablation tumor volumes range was 0.30–6.1 cm3 
(mean 1.5 cm³, SD 1.3). LMS ratio <1 was associated with post-abla-
tion reduction of tumor volume (denoting scaring),while LMS ratio 
>1 were noted in pre-ablation because of high contrast enhance-
ment of the tumor, 24 h post-ablation due to the inflammatory 

response associated with thermal ablation and tumor residue or 
progress. Weak correlation was detected between the LMS ratios 
and CT volumetric changes at 24 h post-ablation. Strong correla-
tion between LMS ratios was estimated between the follow-up peri-
ods of 3 months (Spearman R 0.62, p = 0.0021), 6 months (Spearman 
R 0.66, p = 0.001), 9 months (Spearman R 0.61, p < 0.001), and 12 
months (Spearman R 0.7, p < 0.00001).
Conclusion: CE-MRI follow-up of the MW ablated lung tumors can 
be effectively used to assess the tumor response to ablation using 
LMS ratio as a parameter of assessment.

2206.6
Efficacy and safety of radiofrequency ablation for treating 
locoregional metastasis from papillary thyroid cancer
H.K. Lim1, J.H. Baek2, J.H. Lee2, S.J. Hong3, Y.K. Shong4, W.B. Kim4, 
T.Y. Kim4;
1Department of Radiology, Soonchunhyang University Seoul 
Hospital, Seoul, Korea, 2Department of Radiology and Research 
Institute of Radiology, University of Ulsan College of Medicine, Asan 
Medical Center, Seoul, Korea, 3Department of Surgery, University 
of Ulsan College of Medicine, Asan Medical Center, Seoul, Korea, 
4Department of Internal Medicine, University of Ulsan College of 
Medicine, Asan Medical Center, Seoul, Korea.

Purpose: The purpose of this study was to assess the efficacy and 
safety of US-guided RF ablation in the control of locoregional recur-
rent papillary thyroid cancer (PTC) in a large population study.
Material and Methods: We initially included patients who under-
went RF ablation for locoregional recurrent PTC between September 
2008 and April 2012, as they fulfilled the following criteria: no metas-
tasis beyond the neck before RF ablation; number of metastasis was 
not more than four; cytologically confirmed recurrent tumor by 
US-guided find needle aspiration biopsy and wash-out thyroglobu-
lin; more than 6-months follow-up period; and surgery was infeasi-
ble or refused. The Cool-Tip RF system and an internally cooled elec-
trode (18 or 19 gauge) with a 0.5-cm, 0.7-cm, or 1-cm active tip were 
used.
Results: Finally, 61 recurrent tumors of 39 patients were included. 
The mean follow-up duration was 26.4 ± 13.7 months. The mean RF 
session number was 1.1 ± 0.3. Tumor volume decreased significantly 
from 0.20 ± 0.35 ml before ablation to 0.02 ± 0.11 ml (P < .001) at final 
evaluation with a mean volume reduction ratio of 95.1 ± 12.3%. The 
mean serum thyroglobulin level decreased from 1.21 ± 1.91 to 0.50 ± 
0.80 ng/ml (P = .001). Fifty tumors (82.0%) completely disappeared 
at last follow-up. The overall complication rate was 7.7% (3/39). All 
complications were voice change, and developed during the abla-
tion of central neck lesions.
Conclusion: This large population study demonstrated that RF abla-
tion is a possible alternative for treating recurrent thyroid cancers by 
reduction of tumor volume and serum thyroglobulin levels.
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2207.1
Single-session treatment of benign cystic thyroid nodules 
with ethanol versus radiofrequency ablation: a prospective 
randomized study
E.J. Ha1, J.H. Baek1, J.Y. Sung2;
1Department of Radiology and Research Institute of Radiology, 
Asan Medical Center, Seoul, Korea, 2Department of Radiology, 
Thyroid Center, Daerim St. Mary‘s Hospital, Seoul, Korea.

Purpose: To compare the volume reduction of single-session ethanol 
ablation (EA) and radiofrequency ablation (RFA) for the treatment of 
cystic thyroid nodules.
Material and Methods: This single institutional, noninferiority trial 
randomly assigned 50 patients, each with a single cystic thyroid no-
dule, who were treated by either EA (25 patients; female 45.7 ± 11.4, 
male 37.5 ± 7.8) or RFA (25 patients; female 45.1 ± 11.4, male 43.7 ± 
6.5). Internal fluid was aspirated prior to EA or RFA and then treated. 
The primary endpoint was to determine the volume reduction ratio 
(%) at the 6-month follow-up and the noninferiority margin was 
chosen as -8% (EA minus RFA). The secondary endpoints included 
the therapeutic success rate, improvement of symptoms and cos-
metic problems, and the number of major complications.
Results: The volume reduction was 96.9 ± 4.1% with EA (n = 21) and 
93.3 ± 5.4% with RFA (n = 21) (difference, 3.6%; lower bound of the 
one-sided 95% CI of the difference of 1.2%), thus demonstrating the 
noninferiority of EA to RFA. The two-sided 95% CI of the outcome 
difference was 0.7%–6.5%, demonstrating significant superiority of 
EA to RFA. Regarding secondary endpoints, all patients demonstrated 
therapeutic success (P > 0.99). The mean symptom and cosmetic 
scores showed no significant difference in either group (P = 0.806  and 
P = 0.682, respectively). There were no major complications (P > 0.99).
Conclusion: EA may be the first-line treatment modality for cystic 
thyroid nodules, which has comparable therapeutic efficacy to but is 
less expensive than RFA.

2207.2
Use of a new percutaneous vascular closure system after 6F 
transfemoral approaches: results from 1000 patients
P. Kamusella1, C. Wissgott1, T. Jahnke2, J. Brossmann3, R. Andresen1;
1Institute for Diagnostic und Interventional Radiology/
Neuroradiology, Westkuestenklinikum Heide, Academic Teaching 
Hospital of the University of Kiel, Luebeck and Hamburg, Heide, 
Germany, 2Department of Diagnostic and Interventional Radiology / 
Nuclear Medicine, FEK Friedrich-Ebert-Krankenhaus GmbH, 
Neumünster, Germany, 3Radiology, Imland Clinic Rendsburg - 
Academic Teaching Hospital of the University of Schleswig-Holstein, 
Rendsburg, Germany.

Purpose: The objective of this prospective study was to evaluate the 
effectiveness and safety of a percutaneous closure system based on 
a polyglycolic acid plug for achieving haemostasis.
Material and Methods: In 1000 patients (mean age 70.6 ± 10.2 years), 
a percutaneous vascular closure system was used in an antegrade 
and retrograde technique (ExoSeal, Cordis Europe, Waterloo, Belgium) 
within the context of an angiographic intervention. The system was 
used in conjunction with transfemoral approaches with a sheath 
size of 6 F. All patients received ASA 100 mg/d as long-term medi-
cation and 5000 IU heparin peri-interventionally. After closure of 
the arterial access site, a light compression bandage was applied to all 
patients after checking for successful haemostasis, and bed rest for 
6 h was recommended. Postinterventionally (on the following day and 

after 6 weeks), follow-up was conducted clinically and using colour 
coded ultrasound.
Results: Immediate haemostasis was achieved in 939/1000 patients 
(93.9%). In the remaining 61 cases, a correct positioning of the poly-
glycolic acid plug was not possible because of massive vascular 
wall calcifications, postoperative scar tissue or too acute a puncture 
angle. In these cases, manual compression was successful. There was 
one retroperitoneal bleeding requiring transfusion. Minor complica- 
tions observed (7.4% in total) were 10 pseudoaneurysm (1%), 63 in-
guinal haematomas (up to 3 cm; 6.3%) and one stenosis (0.1%). No 
granulomas were observed over the course.
Conclusion: Safe and effective haemostasis is possible with the per-
cutaneous ExoSeal closure system at puncture sizes of 6F.

2207.3
Interventional radiology emergency service provision for a 
large urban population: Glasgow‘s initial 3.5-year experience
A.I. Christie, I. Robertson, J.G. Moss;
University Department of Interventional Radiology, Gartnavel 
General Hospital, Glasgow, United Kingdom.

Purpose: To review the activity and impact of an out-of-hours (OOH) 
interventional radiology service introduced in Glasgow in 2007.
Material and Methods: A retrospective review of the first 42 months 
formal OOH activity across 11 hospital sites covering a population of 
1.2 million was undertaken. Thirty-day mortality and cause of death 
was logged for each procedural subtype (nephrostomy, biliary and 
abscess drainage, enteric stenting, TIPS, TEVAR, endovascular and 
embolisation). Procedural technical success was also reviewed.
Results: From October 2007 to March 2011, 502 cases were identi-
fied. The mean number of procedures performed/month was 12 
(range 5–21). This represents an event rate of 12/100,000 population/
year. A minority (11%) of cases were undertaken after midnight. The 
activity levels were stable over the 42-month study period. The most 
frequent procedures were percutaneous nephrostomy (32%) and 
embolisation for haemorrhage (30%). Thirty-day mortality was 17% 
for the entire group, but varied from 53% (biliary intervention) to 0% 
(TEVAR). There were no deaths following embolisation for obstetric 
haemorrhage. Approximately 50% deaths were due to failure of the 
procedure to control the underlying clinical problem.
Conclusion: The demand for OOH services is important but not un-
duly onerous. There is no evidence of expansion of demand after 
launching such a service. Mortality rates probably reflect the under-
lying clinical status of this emergency patient group. Certain proce-
dures carry a high mortality rate, raising issues of clinical judgement, 
appropriateness of intervention and/or timing.
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2207.4
Radiofrequency ablation for autonomously functioning 
thyroid nodules: multicenter study of the Korean Society of 
Thyroid Radiology
Y.J. Choi1, J.Y. Sung2, J.H. Baek1, K.S. Kim2, D. Lee3, Y.K. Shong4, 
S.L. Jung5, J.-H. Kim6, D.K. Na7;
1Department of Radiology and Research Institute of Radiology, 
University of Ulsan College of Medicine, Asan Medical Center, 
Songpa-Gu Seoul, Korea, 2Department of Radiology, Thyroid Center, 
Daerim St. Mary‘s Hospital, Seoul, Korea, 3Department of Internal 
Medicine, Thyroid Center, Daerim St. Mary’s Hospital, Seoul, Korea, 
4Department of Internal Medicine, University of Ulsan College 
of Medicine, Asan Medical Center, Seoul, Korea, 5Department 
of Radiology, Seoul St. Mary‘s Hospital, College of Medicine, 
The Catholic University of Korea, Seoul, Korea, 6Department of 
Radiology, Seoul National University College of Medicine, Seoul, 
Korea, 7Department of Radiology, Human Medical Imaging & 
Intervention Center, Seoul, Korea.

Purpose: To evaluate the efficacy and safety of radiofrequency abla-
tion (RFA) for treating autonomously functioning thyroid nodules 
(AFTN)
Material and Methods: This study included 44 patients [2 males, 
42 females; age, 43 ± 14.7 years (range, 17–70) years] with AFTN who 
refused or were not suitable for surgery or radioiodine therapy. Twenty- 
three (52.3%) patients were affected by a toxic nodule and 21(47.7%) 
by a pretoxic nodule. All patients had focal hot uptake with suppres- 
sion (n = 26) or trace uptake (n = 18) of normal thyroid gland in 99mTc 
pertechnetate scintigraphy. RFA was performed using a 17- or 
18-gauge, internally cooled electrode. Nodule volume, thyroid func-
tion, scintigraphy, symptom score (0–10), and cosmetic score (1–4) 
were evaluated.
Results: Mean follow-up period was 19.9 ± 12.6 months (range, 6–56). 
Mean index nodule volume was 18.5 ± 30.1 mL. Significant decreased 
in nodule volume at 1 (11.8 ± 26.9 mL, P < 0.001), 6 (7.0 ± 14.6 mL, 
P < 0.001), and at the last month (4.5 ± 9.8 mL, P < 0.001) was seen. 
Significant improvement in mean T3, fT4, and TSH was observed at 
last the follow-up (T3, fT4, TSH, P < 0.001). Regarding scintigraphy, 
34 hot nodules became cold or normal; 10 decreased in size but 
remained as hot nodules. Mean symptom and cosmetic grading 
score reduced at last follow-up from 3.3 ± 2.1 to 0.9 ± 1.0 
(P < 0.001) and from 3.8 ± 0.5 to 1.9 ± 0.9 (P < 0.001), respectively.
Conclusion: RFA appears effective and safe compared with surgery 
and radioiodine therapy for AFTN.

2207.5
Endovascular treatment of inadvertent subclavian artery 
cannulation using a percutaneous collagen-based arterial 
closure device (Angio-Seal™)
A. Kaneider1, C. Neumayer2, R. Schernthaner1, C.M. Loewe1, 
J. Lammer1, M.A. Funovics1;
1Department of Radiology, Division of Cardiovascular and 
Interventional Radiology, Medical University of Vienna, Vienna, 
Austria, 2Department of Vascular Surgery, Medical University of 
Vienna, Vienna, Austria.

Purpose: Accidental subclavian artery catheterization after attempt-
ed central venous puncture is rare but can be associated with poten-
tially disastrous complications.
This study aims to describe primary success rates and complications 
of endovascular treatment of inadvertent subclavian artery cannula-
tion using a collagen-based vascular closure device.
Material and Methods: All patients referred for endovascular percu-
taneous management for inadvertent arterial catheterization were 
retrospectively identified from a single-center endovascular database. 

Radiological imaging and medical records were reviewed to deter-
mine clinical situation, method for removal, clinical and imaging 
follow-ups.
Results: Fourteen patients fulfilling the inclusion criteria were iden-
tified, aged 23–86 years (mean, 60 years). Fifteen accidental sub-
clavian artery catheterizations were treated. Diameters of inserted 
catheters were 6F (n = 3), 7F (n = 1), 8.5F (n = 9), and 11.5F (n = 2). 
Vascular closure was sufficient in 14 of 15 cases. Post-interventional 
uncontrolled puncture site hemorrhage and expanding hematoma 
occurred in one case after 11.5F cannulation and attempted closure 
using an 8F Angio-Seal™. Otherwise, no procedure-related compli-
cations were observed.
Conclusion: Inadvertent subclavian arterial puncture using a cath-
eter size up to 9F can be effectively and safely managed by using 
a minimal invasive percutaneous closure device. If the diameter of 
inserted catheters exceeds 9F, alternative techniques, e.g., stent 
grafting, should be considered.

2207.6
Patient satisfaction in interventional radiology (IR): qualitative 
analysis of complaints recorded in a 12-year period at an 
academic medical center
K. Specht, H. Abujudeh, G.M. Salazar;
Vascular Imaging and Intervention- Massachusetts General Hospital, 
Harvard Medical School, Boston, MA, United States of America.

Purpose: To perform a qualitative analysis of patient complaints in 
interventional radiology and identify the most common reasons for 
patient dissatisfaction
Material and Methods: In this retrospective, IRB-approved study, 
71 complaints from the Office of Patient Advocacy (OPA) concerning 
IR care were identified between 4/1999 and 12/2012. Qualitative evalu- 
ation of the complaint description included categorization into 4 
quality areas: professionalism, safety, systems, and multifactorial 
(if it involved more than one area). Overall analysis also included cat-
egorization into competency and attitude of staff, delays and coor-
dination of care, patient/procedure identification, pain/sedation, 
postprocedural education, and complications.
Results: In total, 22.5% (16/ 71), 26.8% (19/71), 31% (22/71), and 19.7% 
(14/71) complaints concerned professionalism, systems, safety, and 
multifactorial aspects, respectively. The most common reasons for 
complaint included delays and uncoordinated care (23.9%, 17/71), 
questionable physician competence - half concerning trainees and 
half concerning staff members (22.5%, 16/71), poor attitude/behav-
ior of providers and ancillary staff (15.5%, 11/71), unexpected pain/
inadequate sedation (14%, 10/71), improper identification of the 
patient or procedure (9.8%, 7/71), and mismanaged postprocedural 
education (8.4%, 6/71). Only 8.4% (6/71) of the complaints concerned 
a documented or perceived complication.
Conclusion: Safety issues were the most common area of complaint, 
with pain/sedation, identification, and postprocedural education is-
sues being the most cited events within this category. Other common 
reasons for complaint included uncoordinated care, delays, and con-
cern with physician competence, with a low percentage of com-
plaints related to procedural complications. This data suggests that 
improved periprocedural care coordination and patient education 
are important factors to be addressed when dealing with patient 
dissatisfaction in IR.
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2208.1
Endovascular popliteal artery aneurysm repair has long-term 
outcomes as good as surgery
J.H. Saunders, S. Abisi, N. Altaf, Y. Yong, S.T. MacSweeney, 
S. Whittaker, S. Habib;
Vascular & Endovascular Surgery, Nottingham University Hospitals 
NHS Trust, Nottingham, United Kingdom.

Purpose: Endovascular repair of popliteal artery aneurysms (PAA) is 
increasingly popular; however, patient selection criteria and long-
term patency are not fully established.
Material and Methods: A retrospective review of all endovascu-
lar PAA repairs at our institution until June 2012 identified 34 PAA 
in 26 patients, of which 32% had acute symptoms at presentation. 
PAA were repaired with Hemobahn or Viabahn stents. All patients 
received clopidogrel and/or aspirin after surgery. The mean follow-
up duration was 40 months (range, 4–86 months). Kaplan–Meier 
analysis was used to determine primary patency, secondary patency 
and limb salvage rates.
Results: At 1-, 3- and 5-year follow-ups, the primary graft patency 
rate was 88%, 82% and 82% and the secondary patency rate was 
90%, 86% and 86%, respectively. Amputation-free survival rate at 1, 
3 and 5 years was 97%, 94% and 94%, respectively. Technical success 
was achieved in 100% patients. Five graft occlusions occurred: one 
was asymptomatic, one was successfully treated with thromboly-
sis and one was thrombolysed but re-occluded and resulted in non-
disabling claudication. Two were not suitable for thrombolysis and 
required amputation. The overall re-intervention rate was 12%.
Conclusion: This is the largest UK series of endovascular PAA repair 
with long-term follow-up, which uses an entirely percutaneous 
approach. The primary and secondary patency rates of endovascu-
lar repair of PAA are equivalent to the reported outcomes of open 
repair. Re-intervention and limb salvage rate of endovascular repair 
appear better than those of open repair. Endovascular repair can 
be considered a credible first choice treatment strategy for routine 
uncomplicated PAA.

2208.2
IN.PACT drug eluting balloon for femoro-popliteal 
revascularization: 2-year results of the PACIFIER randomized 
trial
M. Werk1, T. Albrecht2, D.R. Meyer3, M.N. Ahmed2, A. Behne2, 
U. Dietz4, G. Eschenbach2, H. Hartmann3, C. Lange1, B. Schnorr5, 
H. Stiepani1, G. Biondi Zoccai6, E. Lopez-Hänninen1;
1Department of Radiology and Nuclear Medicine, Martin-
Luther-Hospital, Berlin, Germany, 2Department of Radiology 
and Interventional Therapy, Vivantes Clinic, Berlin, Germany, 
3Department of Diagnostic and Interventional Radiology, 
Hubertus-Hospital, Berlin, Germany, 4Department of Cardiology, 
German Diagnostic Clinic, Wiesbaden, Germany, 5Department 
of Experimental Radiology Charité, Universitätsmedizin Berlin, 
Berlin, Germany, 6Department of Medico-Surgical Sciences and 
Biotechnologies, Sapienza University of Rome, Rome, Italy.

Purpose: Drug Eluting Balloons (DEB) have been shown to safely 
and effectively reduce restenosis and reintervention rates versus 
standard PTA at 6 and 12 months after femoro-popliteal revascu-
larization. This is the first report of the 2-year results of the PACIFIER 
randomized trial.
Material and Methods: PACIFIER is a randomized multicenter trial 
testing DEB vs. standard PTA with provisional stenting in patients 

symptomatic for claudication and CLI due to femoro-popliteal dis-
ease. 85 patients (91 cases = interventional procedures) were ran-
domized in 3 hospitals (44 to DEB and 47 to uncoated balloons). 
Baseline, procedural and 6 and 12 month outcomes were previously 
published (M.Werk et al. Circ Cardiovasc Interv 2012). Average lesion 
length was 7.0±5.3 and 6.6±5.5cm for DEB and PTA respectively.
Results: Late lumen loss at 6 months (primary endpoint assessed 
by blinded angiographic corelab) was significantly lower in DEB ver-
sus PTA (−0.01mm vs. 0.65mm, P=0.001). Significant lower binary 
restenosis (8.6% vs. 32.4%, P=0.01) and target lesion revascular-
ization (TLR) rates (7.1% vs. 27.9%, P=0.02) were reported at 6 and 
12-month respectively for DEB versus PTA. At 2-year follow up 
(23.6±1.7 months) the TLR and major adverse events rates for DEB 
versus PTA were 16.7 % vs. 28.9% (P=0.2) and 21.4% vs. 37.8% (P=0.1) 
respectively.
Conclusion: Safety and efficacy of IN.PACT DEB for the treatment of 
femoro-popliteal arterial disease is maintained at 2 years with lower 
reintervention and major event rates versus PTA.

2208.3
Platelet responsiveness to clopidogrel treatment after 
peripheral endovascular procedures and evaluation of the 
optimal cut-off value and clinical effect of high platelet 
reactivity on treatment: the PRECLOP study (NCT01744613)
S. Spiliopoulos, G. Pastromas, K.N. Katsanos, P.M. Kitrou, 
D. Karnabatidis, D. Siablis;
Department of Diagnostic and Interventional Radiology, Patras 
University Hospital, Patras, Greece.

Purpose: To evaluate the optimal cut-off value and clinical effect of 
high platelet reactivity (HPR) after peripheral endovascular proce-
dures (PEP) in patients receiving clopidogrel.
Material and Methods: This prospective trial included patients re-
ceiving 75 mg clopidogrel daily because of infrainguinal angioplasty 
or stenting. Platelet inhibition was assessed with the VerifyNow 
P2Y12 point-of-care test. Primary endpoints were 1-year clinical event 
rate (composite endpoint of death, major stroke, major amputation, 
target vessel revascularization, or bypass) according to the P2Y12 Re- 
action Units (PRU)-based quartile distribution, the estimation of the 
optimal PRU cut-off value to predict clinical outcome, and the iden-
tification of independent predictors influencing event-free survival.
Results: In total, 100 consecutive patients were enrolled. The 1-year 
cumulative event rate was 4%, 12%,, 52%, and 84% in the first, second, 
third, and fourth quartiles, respectively (p < 0.0001;one-way ANOVA). 
Pairwise comparisons demonstrated a significant difference in the 
composite endpoint between successive quartiles (p < 0.05 except 
for the first vs. second and third vs. forth quartile, Dunn’s nonpara- 
metric post-test). According to ROC analysis the optimal cut-off value 
for the composite endpoint was PRU ≥234 (area under the curve 0.883; 
95% CI: 0.811–0.954; p < 0.0001, sensitivity 92.1%, specificity 84.2%). 
Cox multivariable regression analysis identified HPR (PRU ≥ 234) 
as the only independent predictor for increased number of adverse 
events (HR:16.9; 95% CI: 5–55, p < 0.0001).
Conclusion: High platelet reactivity on treatment detected by 
point-of-care testing of clopidogrel responsiveness was associated 
with increased adverse clinical events in patients undergoing PEP.
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2208.4
Stenting of the popliteal artery: a single center experience 
with a 5-year follow-up
M. Brodmann1, F. Hafner1, P. Eller1, A. Dorr1, T. Gary1, 
H. Deutschmann2, E. Pilger1;
1Internal Medicine, Division of Angiology, Graz, Austria, 2Dept. of 
Vascular and Interventional Radiology, Medical University Graz, 
Univ. Clinic of Radiology, Graz, Austria.

Purpose: Stenting of the popliteal arterial (PA) segment in patients 
with peripheral arterial occlusive disease is controversial.
Material and Methods: From 2006 to 2009, we included patients 
with peripheral arterial disease (Rutherford Stage 2–6) and pop-
liteal artery obstructions in a consecutive registry. We performed 
an endovascular reopening procedure of the popliteal artery in all 
patients and secondary bailout stenting in case of unsatisfactory 
results (flow-limiting dissection or restenosis of >50%).
Results: A total of 105 patients [mean age, 73.11 (+ 10.03)] years were 
included in the registry. We performed plain old balloon angioplasty 
in 36 patients (34.3%) and stenting of PA in 69 patients (65.7%). One 
stent in 62 patients, 2 in 6 patients, and 3 in 1 patient were placed 
in PA segment. A total of 39 (37.1%) reobstructions >50% of PA TL 
occurred within a 5-year follow-up period; 9 clinically driven rein-
terventions (8.6%) were required. Six stent fractures (8.7%) occurred 
within the follow-up period; only 1 required reintervention.
Conclusion: PA segment in our cohort showed a high rate of reob-
structions after endovascular treatment, with a considerable rate of 
clinically driven reinterventions. Although stent implantation of PA 
segment was related to a higher number of reobstructions > 50%, it 
did not result in a higher number of clinically driven reinterventions.

2208.5
Three-dimensional rotational angiography of the foot in 
critical limb ischemia: a new dimension in revascularization 
strategy
S. Jens1, P. Lucatelli2, M.J.W. Koelemay3, H.A. Marquering1, 
J.A. Reekers1;
1Department of Radiology, Academic Medical Centre, Amsterdam, 
Netherlands, 2Radiological sciences, “Sapienza” University of 
Rome, Rome, Italy, 3Surgery, Academic Medical Center, Amsterdam, 
Netherlands.

Purpose: To evaluate the additional value of three-dimensional rota- 
tional angiography (3DRA) of the foot compared with digital subtrac- 
tion angiography (DSA) in patients with critical limb ischemia (CLI).
Material and Methods: For 3DRA, the C-arm was placed in the pro-
peller position with the foot in an isocentric position. The patient’s 
unaffected foot was positioned on a footrest outside the field of 
view. For correct timing of 3DRA, the delay from contrast injection in 
the popliteal artery at the level of the knee joint to complete pedal 
arterial enhancement was assessed using DSA. With this delay, 3DRA 
was started after injection of 15 ml contrast. Imaging of the 3DRA 
could directly be reconstructed and visualized.
Patients undergoing 3DRA of the foot were prospectively registered. 
DSA and 3DRA images were scored separately for arterial patency 
and presence of collaterals. Treatment strategies were proposed 
based on DSA with and without the availability of 3DRA.
Results: Eleven patients underwent 3DRA of the foot. One 3DRA was 
not included because the acquisition was focused on the heel instead 
of the entire foot. Diagnostic quality of 3DRA was good in all 10 
patients. 3DRA compared with DSA showed additional patent arter-
ies in six patients, patent plantar arch in three patients, and collater-
als between the pedal arteries in five patients. Additional information 
from 3DRA resulted in a change of treatment strategy in six patients.

Conclusion: 3DRA of the foot contains valuable additional real-time 
information to better guide peripheral vascular interventions in pa-
tients with CLI and nonhealing tissue lesions.

2208.6
Long-term outcome of endovascular repair of symptomatic 
popliteal artery aneurysms
G. Puippe1, R. Pfiffner1, M. Lachat2, V. Jacomella3, T. Pfammatter1;
1Diagnostic and interventional Radiology, University Hospital, 
Zurich, Switzerland, 2Vascular Surgery, University Hospital, Zurich, 
Switzerland, 3Angiology, University Hospital Zurich, Zurich, 
Switzerland.

Purpose: To report the long-term outcome after primary endovas-
cular repair of symptomatic popliteal artery aneurysm (EVPAR).
Material and Methods: Thirteen male patients (mean age 69 ± 14 
years) with 13 symptomatic popliteal artery aneurysms (PAA) under-
went EVPAR. Ten acutely thrombosed aneurysms caused acute limb 
ischemia (Rutherford Category IIa:IIb:III = 3:4:3) and 3 patients had 
claudication (Fontaine category IIa:IIb = 1:2). Follow-up included 
clinical examination and duplex ultrasound or CTA.
Results: All PAA (mean diameter 32 ± 7 mm) were sealed by stent–
grafts (average length 17.5 cm). Adjunctive procedures were periinter- 
ventional thrombolysis (n = 7), aspiration thrombectomy (n = 10), 
and PTA (n = 4). Completion angiography revealed one perigraft 
leak. Number of outflow arteries was 3 (n = 3), 2 (n = 6), and 1 (n = 4). 
Four patients required calf fasciotomy. Mean follow-up time was 
1062 ± 144 days. Primary patency rate was 46.1% (6/13). Acute stent– 
graft thrombosis requiring reintervention occurred in 7 patients 
(53.7%) at a median time interval of 544 days (range 1–818 days). 
Thrombosis occurred due to stent–graft stenosis (n = 3), perigraft 
leak (n = 1), cholesterol emboli (n = 1), and prolonged knee flex-
ion (n = 1), but no underlying etiology was found in one patient. 
Secondary patency rate was 69.2%. Late elective conversion rate to 
femoropopliteal bypass was 30.8% (4/13) at a median follow-up of 
458 days (range 249–710 days). At final visit, 6 patients were asymp-
tomatic and seven patients developed claudication (IIa:IIb = 6:1). 
Limb amputation was performed in one patient (7.7%) because of 
nonhealing pedal ulcers 689 days after EVPAR.
Conclusion: Long-term outcome of primary endovascular repair 
of symptomatic PAA shows a high limb salvage rate, although one-
third of the patients underwent secondary bypass surgery.

Free Paper Session
TIPS and portal vein intervention

2209.1
Transabdominal ultrasound-guided portal vein puncture 
reduces dose and procedure time in TIPS procedures
A.J. Wigham, J.M. Harris, C. Owen, A. Goode, N. Woodward, K. Steiner, 
D. Patch, D. Yu, N. Davies;
Radiology, Royal Free Hospital, London, United Kingdom.

Purpose: Transjugular intrahepatic portosystemic shunt (TIPS) is 
effective for treating complications of portal hypertension.
It is traditionally a long procedure. Portal vein (PV) puncture is a rate-
limiting step and is associated with several potential complications.
In 2009, a multicentre US study (RAD-IR) published dose distribution 
percentiles for IR procedures, including TIPS, and proposed dose ref-
erence levels (DRLs) for fluoroscopy time and dose.
Using the RAD-IR data as our reference, we sought to demonstrate 
that using transabdominal US guidance in the PV puncture step of 
TIPS reduces fluoroscopy time and patient dose.
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Material and Methods: One-year retrospective data collection 
(n = 57). Data recorded from RIS system: fluoroscopy time, DAP and 
skin dose.
Six-month prospective data collection (n = 28). Additional recording 
of time from cannulation of hepatic vein (HV) to successful entry into 
PV.
All procedures were performed under GA using the Siemens Artis 
fluoroscopy system. PV was accessed under direct transabdominal 
US visualisation.
Results:
Fluoroscopy time (minutes)
- RAD IR 50%: 31
- RAD IR DRL: 60
- RFH results (median): 16.7
DAP (μGym2)
- RAD IR study 50%: 25193
- RAD IR DRL: 52500
- RFH results (median): 3674
Skin dose (mGy)
- RAD IR 50%: 1489
- RAD IR DRL: 3000
- RFH results (median): 255
PV to HV cannulation (minutes)
Range: 4:43–113:00
Median: 12:31
Conclusion: We demonstrate that US-guided PV puncture results in 
reduced fluoroscopy time and patient dose.
Median time from HV to PV puncture is 12.31 minutes; we propose 
that is a significant reason for dose and fluoroscopy time reduction.

2209.2
Transjugular intrahepatic portosystemic shunt (TIPS) for 
treating symptomatic Budd–Chiari syndrome: patency 
assessment, overall survival, and long-term results
A. Rampoldi1, A. De Gasperi1, M. Solcia1, R. Vercelli1, C. Migliorisi1, 
A. Airoldi1, F. Barbosa2, D. Di Marco1, G. Cornalba2;
1Interventional Radiology, Ospedale Niguarda, Milan, Italy, 
2Interventional Radiology, AO San Paolo, Milan, Italy.

Purpose: Budd–Chiari syndrome (BCS) is a rare and life-threatening 
disorder secondary to hepatic venous outflow obstruction. Trans-
jugular intrahepatic portosystemic shunts (TIPS) play an increas-
ing role for managing symptomatic BCS. The aim of this study is to 
assess the stent patency, overall survival, and long-term results in 
patients with symptomatic BCS who underwent TIPS.
Material and Methods: Between January 2001 and December 2012, 
20 patients (16 females, 4 males) with symptomatic BCS treated with 
TIPS were retrospectively reviewed until death, orthotopic liver 
transplantation (OLT), or last clinical evaluation. Their mean age 
was 34 years (range, 6–62 years). The average follow-up was 46.45 
months (range, 6–167 months).
Results: TIPS procedures had 100% success rates. In the first 5 pa-
tients (before 2005) bare stents were used; in the other 15 patients, 
polytetrafluoroethylene (PTFE)-covered stents were used. All 5 
patients with bare stents underwent TIPS reevaluation (average time 
to first procedure: 40 months); of 15 patients with covered stents, 
3 (20%) underwent TIPS reevaluation (first procedure was done in 
less than 1 month in 2 patients and in 20 months in another). TIPS 
complications were present in 5/20 (25%) patients: fever (1), sepsis 
(1), encephalopatia (2), and hepatic artery pseudoaneurysm (1). No 
deaths were observed. At follow-up, primary and secondary patency 
rate was 60% and 100%, respectively. One patient developed cirrho-
sis and another underwent OLT for liver tumor.
Conclusion: TIPS in patients with symptomatic BCS is a safe and 
effective.

2209.3
Technical and clinical outcome of transjugular intrahepatic 
portosystemic stent–shunt: bare metal stents versus 
polytetrafluoroethylene-covered stent–grafts
B.A. Radeleff, T.L. Gockner, N. Kortes, C.M. Sommer, H.U. Kauczor, 
U. Stampfl;
Diagnostic and Interventional Radiology, University of Heidelberg, 
Heidelberg, Germany.

Purpose: To retrospectively compare bare metal stents (BMS) with 
polytetrafluoroethylene (PTFE)-covered stent–grafts in patients 
undergoing transjugular intrahepatic portosystemic stent–shunt 
(TIPS).
Material and Methods: From February 2001 to January 2010, 174 
patients were included. Group 1 (I) comprised 116 patients (mean age 
57.0 ± 11.1 years) with BMS stents (Palmaz, Cordis, USA). Group 2 (II) 
comprised 58 patients with stent–grafts (Viatorr, Gore, USA) (mean 
age 53.5 ± 16.1 years). Angiographic and clinical follow-ups were 
performed. Primary study goals included technical success, shunt 
patency, and time to and number of revisions required to maintain 
TIPS patency. Secondary study goals included clinical success.
Results: Hemodynamic success was 92.2% in I and 91.4% in II (n.s.). 
Primary patency was significantly higher in II compared with I 
(53.8% after 440.4 ± 474.5 days versus 45.8% after 340.1 ± 413.8 days; 
p < 0.05). In the first angiographic control, a portosystemic pressure 
gradient ≥15 mmHg was present in 73.9% after 156.2 ± 283.1 days 
and in 39.4% after 201.1 ± 301.8 days in II (p < 0.05). Clinical success 
was 73.7%–86.2% after 466.3 ± 670.1 days in I and 85.7%–90.5% 
after 617.5 ± 642.7 days in II (n.s.). Thereby, hepatic encephalopathy 
was 37.5% in I and 36.5% in II (n.s.). The first TIPS revision was per-
formed significantly later in II compared with I (288.3 ± 334.7 days 
versus 180.1 ± 307.0 days; p < 0.05).
Conclusion: Viatorr stent–grafts significantly increased primary 
shunt patency and decreased time to and number of TIPS revisions. 
Compared with TIPS using BMS stents, a higher trend of clinical suc-
cess was observed with Viatorr stent–grafts, without increased 
hepatic encephalopathy.

2209.4
Outcome of modified percutaneous sonography-guided TIPS 
in 103 patients with Budd–Chiari syndrome
M. Shaker1, A. Eldorry1, M.A. Sakr2, A. Hamed2, S. Abdelhakam2, 
H. Dabbous2, Z. Hefny2;
1Radiology, Ain Shams University, Cairo, Egypt, 2Tropical medicine, 
Ain Shams University, Cairo, Egypt.

Purpose: Transjugular intrahepatic portosystemic shunt (TIPS) has 
been efficiently used for treating Budd–Chiari syndrome (BCS) un-
controlled by medical therapy. Our study presents the outcome of 
modified TIPS using percutaneous sonography-guided direct simul-
taneous puncture of the portal vein and the inferior vena cava for 
TIPS stent placement in a large series of patients with BCS.
Material and Methods: Modified TIPS was performed using percuta- 
neous sonography-guided direct simultaneous puncture of the portal 
vein and inferior vena cava in 103 patients (62 women, 41 men; 
age range, 11–55 years) with Budd–Chiari syndrome. Indication for TIPS 
was resistant ascites in 86 and GI bleeding in 17 patients.
Results: Technical success was achieved in 102 of 103 patients (99 %) 
with reduction in mean portosystemic pressure gradient from 21 
to 7.5 mm Hg. The cumulative rate of primary patency was 67.9% at 
1 year. Although rate of assisted patency after reintervention was 
90.2 % at 1 year, rate of major complications, such as intraperitoneal 
hemorrhage, hemorrhagic pleural effusion, and pulmonary embo-
lism, was 5.9 %. Procedure-related mortality was 2.9 % and clinical 
success rate was 93.2 %.



CIRSE 2013 SS/FC/HL/HTS/CM S245Free Papers

Conclusion: Excellent technical and clinical success rates can be 
achieved using percutaneous sonography-guided direct simulta-
neous puncture of the portal vein and inferior vena cava for TIPS in 
patients with BCS. Further studies comparing the outcome of this 
modified technique with the classic TIPS are needed.

2209.5
Interventional thrombolysis of portal vein thrombosis by the 
TIPS approach
B.A. Radeleff, J. Krause, N. Kortes, T.L. Gockner, C.M. Sommer, 
H.U. Kauczor, U. Stampfl;
Diagnostic and Interventional Radiology, University of Heidelberg, 
Heidelberg, Germany.

Purpose: To evaluate our experiences with thrombolysis of portal 
vein (PV) thrombosis using the transjugular intrahepatic portosys-
temic stent–shunt (TIPS) approach.
Material and Methods: From July 2003 to February 2011, 24 patients 
(13 males, 11 females; mean age, 48.1 ± 15.8 years; range, 19–71 years) 
underwent an attempt of thrombolysis of PV using a TIPS approach.
Group (I) comprised 9 patients with acute symptoms of thrombo-
sis of less or just 1 week. Group (II) comprised 12 patients with acute 
symptoms of thrombosis of more than 1 week. The extent of throm-
bosis was divided in intrahepatic (19/24 patients), extrahepatic 
(24/24 patients), and splanchnic (16/24 patients) level. Angiographic 
and clinical controls were scheduled at 3, 6, and 12 months followed 
by clinical controls every 6 months.
Results: TIPS procedure was technically successful in achieving ac-
cess to the portal vein in 23/24 patients. In the terminal angiographic 
control, a hemodynamic success was found in 22/23 patients. In 14 
patients, it was necessary to establish permanent TIPS to sustain per-
manent portal venous blood flow after the last thrombolysis.
According to the SIR classification, 1 minor and 19 major complica-
tions (demands of blood transfusion due to the thrombolysis-related 
bleeding) occurred during the complete procedural time period. 
The 30-day mortality was 17.4%.
After the longest follow-up of 41.1 ± 24.0 months, 14/19 patients had 
survived (drop-out of 4 patients) and only 4/14 patients showed a 
patent TIPS tract (drop-out of 3 patients).
Conclusion: Thrombolysis through TIPS is an effective but 
extremely challenging interventional treatment for patients with 
thrombosis of the portal vein.

2209.6
Single versus extended TIPS: comparison of long-term patency 
in 252 PTFE-covered TIPS
C.N. Weber, J.I. Mondschein, S.W. Stavropoulos, R. Shlansky-Goldberg, 
S.O. Trerotola, M.C. Soulen;
Radiology, Hospital of the University of Pennsylvania, Philadelphia, 
PA, United States of America.

Purpose: PTFE-covered TIPS have shown superior long-term patency 
compared with bare stents. However, benefits from additional tech-
nical aspects, such as TIPS extension, remain unclear. Our study ana-
lyzes variation in technique and its effect on long-term patency.
Material and Methods: We retrospectively analyzed the long-term 
follow-up data of PTFE-covered TIPS placed between 2002 and 2011. 
Single and extended TIPS were compared. Extended TIPS included 
additional stent(s) at the hepatic and/or portal venous ends. Primary 
(time until intervention), primary-assisted (time until shunt occlu-
sion), and secondary (time until permanent shunt occlusion) patency 
rates were calculated. Patency was confirmed with imaging and 
clinical findings. Kaplan–Meier analyses with the log-rank test were 
performed.

Results: Among 252 PTFE-covered TIPS, 174 were single and 78 
extended stents. Primary patency (%) at 2, 4, and 6 years in single 
vs. extended TIPS was 78.7 ± 4.1, 61.2 ± 6.5, 55.7 ± 8.0 vs. 64.4 ± 7.3, 
59.0 ± 8.4, 51.7 ± 10.1, respectively (p = 0.218). Primary-assisted 
patency at 2, 4, and 6 years was 95.6 ± 2.0, 84.2 ± 5.3, 73.7 ± 10.9 vs. 
86.0 ± 5.6, 86.0 ± 5.6, 64.5 ± 19.1, respectively (p = 0.481). Secondary 
patency at 2 years was 98.7 ± 1.3 vs. 97.6 ± 2.4, respectively 
(p = 0.359) and unchanged afterwards. Additionally, no significant 
difference was found between TIPS extended with bare stents vs. 
PTFE-covered stents.
Conclusion: There were no significant benefits to long-term primary, 
primary-assisted, or secondary patency rates in PTFE-covered TIPS 
with stent extensions. These findings suggest that previously noted 
patency differences may only apply to bare stent TIPS. This also sug-
gests that single TIPS are now being placed proximal to the hepato-
caval junction with attention.

Free Paper Session
Biliary intervention

3107.1
Efficacy of percutaneous intervention for biliary leak in 
pediatric liver transplant patients: a 16-year single institution 
experience
P.K. Kavali1, H.J. Prajapati1, S. Knechtle2, R. Romero3, G.L. Peters1, 
H.S. Kim1;
1Interventional Radiology and Image-Guided Medicine, Emory 
University School of Medicine, Atlanta, GA, United States of 
America, 2Department of Surgery, Emory University School of 
Medicine, Atlanta, GA, United States of America, 3Department of 
Pediatrics, Emory University School of Medicine, Atlanta, GA, United 
States of America.

Purpose: To investigate the long term efficacy of percutaneous inter- 
ventions for biliary leak in pediatric orthotopic liver transplant (OLT) 
patients.
Material and Methods: From 1997 to 2012, 340 OLTs were per-
formed in 301 patients. Inclusion criteria were the presence of biliary 
leak as a complication after OLT. Grafts with isolated biliary strictures 
were excluded. Graft revision, graft loss and survival were evaluated 
following percutaneous biliary drainage (PBD).
Results: In total, 6.2% (21/340) transplants demonstrated biliary leak 
over a median of 0.7 months (m) after transplant and 82.9% (282/340) 
had no biliary complications; median follow-up time was 76.7 m.
Of the 21 cases, 80.9% (17/21) transplants with biliary leak were treated 
with PBD. Of these 17 OLT, surgical revision was necessary in 23.5% 
(4/17). Of the 17, 29.4% (5/17) proceeded to graft loss with sub-
sequent retransplant at a median of 6.9 m and 64.7% (11/17) suc-
cessfully underwent PBD therapy without further intervention at a 
median follow-up of 58.1 m.
In total, 19.0% (4/21) leaks were treated with direct surgical revision 
and 25% (1/4) patients with surgical revision proceeded to graft loss 
with a resurgical free interval median of 34.4 m.
Overall graft survival rates at 1 and 3 years in OLT with biliary leak 
primarily treated with PBD were 70.6% and 64.7% as compared with 
75% and 50% in OLT treated with surgical revision.
Conclusion: Biliary leak in pediatric OLT can be treated with PBD 
without an increase in reoperation, retransplantation or decrease 
in survival when compared with transplant cases without biliary 
complications.
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3107.2
Intraductal photodynamic therapy for hilar 
cholangiocarcinoma: personal 5-year experience
O.N. Sergeeva1, A. Kukushkin1, V. Panov2, A. Reshetnickov1, 
B. Dolgushin1;
1Interventional Oncology department, State Institution N.N.Blokhin 
Cancer Research Center RAMSci, Moscow, Russian Federation, 
2Diagnostic Radiology Department, State Institution N.N.Blokhin 
Cancer Research Center RAMSci, Moscow, Russian Federation.

Purpose: Demonstration of early and late intraductal photodynamic 
therapy (PDT) outcomes in hilar cholangiocarcinoma patients.
Material and Methods: Seventy-nine PDT procedures (1–10 per 
patient) have been performed in 23 biopsy confirmed hilar cholan-
giocarcinoma patients (9 female, 14 male, age range 34–75 years) 
with previous percutaneous bile duct drainage in N. N. Blokhin 
Cancer Research Center since February 2008. All patients had 
Bismuth IV type tumors and were not surgical candidates. Second 
generation chlorin sensitizers, 0.6–2.0 mg/kg, were intravenously 
administrated 2–4 h prior to the procedure with consecutive intra-
ductal laser irradiation (662 nm laser LAHTA-MILON) at low fluence 
rate pulse mode regimens (20–50 mW/cm2, up to 1000 J per liver). 
Additional immunoadjuvants were used. The follow-up included 
clinical examination, lab tests, and abdomen MRI every 3 months. 
The survival rates from the first PDT procedure and from diagnosis 
were assessed.
Results: There was no post-procedural mortality. The only patient 
developed post-procedural liver abscess, required percutaneous bil- 
iary drainage. The intraductal PDT resulted in bile duct recanaliza-
tion, cholangitis abatement, and improvement of liver function 
tests. Several MRI findings (post-PDT peritumoral inflammatory infil-
tration, lymph node reaction, etc.) assumed possible immune sys-
tem activation. The median survival was 13.6 months (min–max, 
2–41 months) from the first PDT procedure and 25.6 months (min–
max, 5–59 months) from diagnosis. One- and 2-year survival rates 
were 68.0% and 20.4%, respectively.
Conclusion: Intraductal PDT is a safe and effective strategy of non- 
surgical hilar cholangiocarcinoma patient management and increases 
both survival rate and quality of life.

3107.3
Endoluminal radio frequency ablation in biliary, pancreatic 
duct and portal vein occlusions
M. Mizandari1, N. Habib2;
1Diagnostic and Interventional Radiology, Tbilisi State Medical 
University, “High Technology Medical Center - University Hospital”, 
Tbilisi, Georgia, 2Biosurgery & Surgical Technology, Imperial College 
London, London, United Kingdom.

Purpose: To present percutaneous endoluminal RFA in patients with 
malignant biliary, Wirsung duct and PV obstruction.
Material and Methods: Forty-nine biliary, Wirsung duct, and PV 
percutaneous recanalization procedures by endoluminal RFA were 
performed in 46 patients. We observed 39 unresectable biliary block 
(pancreatic cancer, 15; cholangiocarcinoma, 10; gallbladder cancer, 
5; hepatocellular carcinoma, 3; metastatic invasion, 2; papilla of Vater 
tumor, 2; pancreatic met, 1; tumor blocked metal stent, 1), 3 unre-
sectable Wirsung block (all pancreatic cancers), and 7 symptomatic 
PV tumor thrombus (HCC, 6; Liver sarcoma, 1) cases.
Using bipolar endoluminal RF device (Habib™ EndoHPB, EMcision 
Ltd., London, UK), 10–15 watts were applied for 2 min, placed in duct 
or PV blocked area using the guidewire technique via percutaneous 
drainage fistula in biliary and Wirsung cases or via direct US guided 
percutaneous puncture on RFA procedure in PV thrombus cases. All 
biliary and Wirsung duct patients and 1 PV patient finally underwent 

the metal stent placement. In the remaining 6 PV cases, balloon 
angioplasty was performed. Drainage catheter was repositioned in 
biliary and Wirsung duct cases to maintain access to the processed 
block.
Results: Biliary and Wirsung patency was restored in 40 (95.2%) 
of 42 procedures; in 2 cases (4.8%), guidewire conduction failed; 
2 patients generated stent occlusion 7 and 8 months after RFA 
and stenting, respectively, requiring percutaneous drainage. In PV 
thrombus patients, post-RFA portography documented significantly 
improved portal vein blood flow. There was no 30-day mortality, 
haemorrhage or pancreatitis following RFA.
Conclusion: Endoluminal RFA of unresectable biliary and Wirsung 
duct block and PV tumor thrombus is safe and effective.

3107.4
Efficacy of percutaneous intervention for biliary stricture in 
pediatric liver transplant patients
P.K. Kavali1, H.J. Prajapati1, S. Knechtle2, R. Romero3, G.L. Peters1, 
H.S. Kim1;
1Interventional Radiology and Image-Guided Medicine, Emory 
University School of Medicine, Atlanta, GA, United States of 
America, 2Department of Surgery, Emory University School of 
Medicine, Atlanta, GA, United States of America, 3Department of 
Pediatrics, Emory University School of Medicine, Atlanta, GA, United 
States of America.

Purpose: To investigate the long-term efficacy of percutaneous inter- 
ventions for biliary stricture in pediatric liver transplant patients.
Material and Methods: From 1997 to 2012, 340 orthotopic liver trans- 
plants (OLT) were performed in 301 patients. Inclusion criteria were 
the presence of biliary stricture as a complication after OLT. Grafts 
with isolated biliary leak were excluded. Graft revision, graft loss and 
survival were evaluated following percutaneous biliary drainage 
(PBD).
Results: In total, 12.6% (43/340) patients developed post-transplant 
biliary strictures at a median of 2.9 months [(m); range, 0.10–115.4); 
82.9% (282/340) had no biliary complications. Median follow-up 
time was 76.7 m (range, 0–193.1).
In total, 81.4% (35/43) transplants with biliary strictures were 
treated with PBD. Of 35 transplants, 5.7% (2/35) required surgical 
revision; 34.3% (12/35) experienced graft loss within a median of 
11.1 m (range, 0.27–70.4) secondary to biliary stricture in 18.6% (8/43) 
patients. A total of 62.8% (22/35) successfully underwent PBD with-
out further intervention at a median follow-up of 48.4 m (range, 
0.57–145.6).
In total, 18.6% (8/43) of biliary strictures were treated with surgical 
revision (n = 6) or ERCP (n = 2); 25% (2/8) experienced graft loss with 
a re-surgical free interval median of 12.9 m (range, 1.2–37.8).
Overall graft survival rates at 1 and 3 years in OLT with biliary stric-
ture primarily treated with PBD were 68.6% and 51.4%, 75% and 50% 
in OLT with direct surgical revision/ERCP and 86.2% and 70.6% in 
OLT without biliary complications, respectively.
Conclusion: Biliary stricture is not an uncommon complication after 
OLT. PBD is effective for treating post-OLT biliary strictures.



CIRSE 2013 SS/FC/HL/HTS/CM S247Free Papers

3107.5
Bioabsorbable biliary stent implantation to treat benign 
bilioplastic-refractory biliary strictures
G. Mauri1, C. Michelozzi2, M. Tramarin3, D. Poretti3, F. Melchiorre2, 
L.M. Sconfienza1, V. Pedicini3, G. Cornalba2;
1Radiology, IRCCS Policlinico San Donato, San Donato Milanese, 
Italy, 2Department of Diagnostic and Interventional Radiology, San 
Paolo Hospital, Milan, Italy, 3Interventional Radiology, IRCCS Istituto 
Clinico Humanitas, Rozzano, Italy.

Purpose: To describe our experience with a novel bioabsorbable 
biliary stent for treating benign biliary strictures refractory to bilio- 
plasty.
Material and Methods: Nineteen bioabsorbable polydioxanone 
biliary stents (Ella-DV biliary stent, ELLA-CS, Czech Republic) were 
deployed in 17 patients with a postsurgical biliary stricture, recur-
rent cholangitis, and increased levels of bilirubin and cholestatic 
enzymes. This stent is made of polydioxanone, a material that allows 
one to obtain a high radial force but is reabsorbed by the body 
within 6 months. All patients had benign strictures and had previ-
ously undergone multiple unsuccessful attempts of standard bilio-
plasty. All patients were followed up with imaging (including US and 
MR cholangiography) and blood tests.
Results: The procedure was successfully performed in all patients, 
and immediate restoration of the normal caliber of the biliary duct 
was obtained. In all patients, serum bilirubin levels returned to nor-
mal after the procedure. No immediate complications occurred. Only 
one patient showed signs of stenosis recurrence on imaging at a 
4-month follow-up, without increase in cholestatic enzymes or 
symptoms. At a mean follow-up of 11.5 months (range, 1–23 months), 
no further invasive treatment was needed in any patient. No stents 
were visible at 6-month follow-ups.
Conclusion: Percutaneous bioabsorbable biliary stent placement is 
feasible and effective for treating benign biliary strictures in which 
previous standard treatment has failed.

3107.6
Palliative treatment of hilar malignant obstruction with a 
newly designed, Y-shaped, covered biliary stent: a preliminary 
mid-term report
B.C. Kang1, Y.I. Kim2;
1Radiology, Mokdong Hospital, Ewha Woman University, College of 
Medicine, Seoul, Korea, 2Surgery, Mokdong Hospital, Seoul, Korea.

Purpose: To investigate the clinical efficacy of a newly designed, 
Y-shaped, covered stent for hilar malignant biliary obstruction in 
terms of establishing bilateral hepatic duct patency without sacrific-
ing the branching intrahepatic bile duct.
Material and Methods: From June 2011 to December 2012, we used 
Y-shaped, covered stents for palliative treatment of 18 (13 females, 
5 males) patients with hilar malignant biliary obstruction. Sixteen 
patients had inoperable intrahepatic cholangiocarcinomas and two 
had metastatic biliary obstructions. Obstructive types were I in 2, 
II in 7, IIIa in 6, and IV in 3 patients.
To achieve a Y-configuration for the bilateral biliary drainage, we 
used two pieces of covered stent system; one covered main stent 
and one contralateral covered stent. Blood bilirubin levels were 
checked before, 1 week after, and every 2 months after stenting.
Results: The mean follow-up period was approximately 10 months. 
Placement of the Y-shaped covered stent was successful in all cases. 
All patients showed adequate biliary drainage, as seen on follow-up 
tubograms. The bilirubin levels were normalized 2 weeks after inser-
tion of Y-covered stent in all except one patient. No clinical infec-
tious signs were noted during the follow-up period. Mean patency 
rate was approximately 10 months (310.7 days). During the follow-up 

period, the stent occlusion rate was 16.6% (3/18). Mean time for nor-
malization of serum bilirubin levels was 8.75 days.
Conclusion: A newly designed, Y-shaped, covered stent is safe and 
may be clinically effective for palliative treatment of hilar malignant 
biliary obstruction.

Free Paper Session
Bone, spine and soft tissue intervention

3108.1
Real-time MR-guided lumbosacral periradicular injection 
therapy using an open 1.0 Tesla MRI system: an outcome study
F. Streitparth1, M. de Bucourt1, T. Hartwig2, T. Leidenberger1, 
M.H. Maurer1, D.M. Renz1, L. Stelter1, E. Wiener1, B. Gebauer1, 
B. Hamm1, U.K. Teichgräber1;
1Diagnostic and interventional radiology, Charité, Berlin, Germany, 
2Center for Musculoskeletal Surgery, Charité, Berlin, Germany.

Purpose: To evaluate the accuracy, safety and efficacy of MR-guided 
periradicular nerve root injection therapy using an open 1.0 Tesla 
MRI system with fast dynamic imaging.
Material and Methods: A total of 249 MR-guided periradicular nerve 
root injections were performed in 141 patients suffering from lum-
bosacral radicular pain. All interventions were performed in an open 
1.0 Tesla MRI. An interactive PDw TSE sequence was used for real-
time guidance. An in-room monitor, wireless MR-mouse for opera-
tor-controlled multiplanar imaging, a flexible surface coil and MR- 
compatible 20-G needle were used. Informed consent was obtained 
from all patients. Clinical outcome was evaluated by a questionnaire 
prior to injection therapy (baseline) and at 6 months after using a 
visual analog scale (VAS).
Results: All procedures were technically successful. No major compli-
cations occurred. At 6 months, of 103 patients (197 injections; 57 male, 
46 female; mean age, 49.5; range, 20–80) enrolled in the outcome 
analysis, 14.6% reported complete remission of radicular pain, 53.4% 
significant relief, 22.3% mild relief and 9.7% no relief. We found a sig-
nificant decrease of the VAS-score from pre-intervention compared 
with 6 months follow-up (p < 0.001).
Conclusion: MR fluoroscopy-guided periradicular injection ther-
apy of the lumbosacral spine under open 1.0 Tesla MRI guidance is 
safe and efficient in the symptomatic treatment of radicular pain. 
This technique may be a promising alternative to fluoroscopy- or 
CT-guided spinal injections in the lumbosacral region, especially for 
young patients and patients undergoing serial therapeutic regimes.

3108.2
Efficacy of electromagnetic ablation using superparamagnetic 
iron oxide particles compared with radiofrequency ablation 
and microwave ablation for treating osteoid osteoma in a 
novel bovine model
H. Witte1, P. Isfort1, I. Slabu2, T. Penzkofer1, M. Baumann2, P. Bruners1, 
C. Kuhl1, T. Schmitz-Rode2, A.H. Mahnken3;
1Diagnostic and Interventional Radiology, RWTH Aachen University 
Hospital, Aachen, Germany, 2Applied Medical Engineering, RWTH 
Aachen University - Helmholtz-Institute for Biomedical Engineering, 
Aachen, Germany, 3Department of Radiology, University Hospital 
Giessen and Marburg, Philipps University of Marburg, Marburg, 
Germany.

Purpose: To compare the efficacy of electromagnetic ablation (EMA) 
heating and heat propagation using superparamagnetic iron oxide 
nanoparticles (SPIO) with that of radiofrequency ablation (RFA) and 
microwave ablation (MWA).
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Material and Methods: Osteoid osteoma (OO) model using bovine 
tibia with a SPIO/agarose mix- or pure agarose (control group)-filled 
cavity was established. Surrounding soft tissue was stimulated using 
sliced bovine muscle. EMA (copper coil: 8 windings, 2-cm diameter, 
4.0 A, 0.32 kA/m, 190.8 kHz; Hüttinger Trumpf, Freiburg, Germany), 
RFA (Boston Scientific RF 3000; Soloist, Boston Scientific, Ratingen, 
Germany), and MWA (Evident MWA Generator; Covidien, Tyco Health- 
care, Boulder, CO, USA; 2-cm percutaneous antenna) were performed 
10 times with/without SPIO. Temperature was continuously measured 
inside the simulated lesion, at the periosteum, and at a 5-mm distance.
Results: Mean maximum temperatures with/without SPIO were 
EMA: nidus, 79.1°C ± 1.9 °C/21.8°C ± 0.5°C; periosteum, 45.6°C ± 
2.0°C/21.1°C ± 0.4°C; 5 mm, 30.9°C ± 1.0°C/20.7°C ± 0.2°C; RFA: nidus, 
96.0°C ± 2.2°C/98.8°C ± 2.0°C; periosteum, 59.7°C ± 2.3°C/54.9°C 
± 2.1°C; 5 mm, 36.8°C ± 1.2°C/39.0°C ± 1.1°C; MWA: nidus, 84.9°C ± 
1.9°C/83.5°C ± 1.9°C; periosteum, 57.7°C ± 1.9°C/55.0°C ± 2.0°C; 
5 mm, 43.3°C ± 1.0°C/43.1°C ± 1.0°C. RFA achieved significantly 
higher temperatures in the nidus than other techniques (p < 0.0001). 
MWA reached 60°C significantly slower than RFA and EMA with SPIO 
(all p < 0.0001). Temperature decrease toward the periphery was sig-
nificantly lower in MWA than in RFA (p < 0.0001) was significantly 
lower in MWA without SPIO than in EMA with SPIO (p = 0.0287).
Conclusion: SPIO-enhanced EMA of OO seems safe and effective 
and is less invasive than RFA and MWA. In theory, it permits repeated 
treatments without repeated punctures, although RFA achieves the 
highest temperatures.

3108.3
Mortality and morbidity in operated and non-operated 
vertebral compression fracture patients (osteoporotic and 
non-osteoporotic) in the U.S. Medicare population
K.L. Ong1, A.A. Edidin2, E. Lau3, S.M. Kurtz4;
1Biomedical Engineering, Exponent Inc, Philadelphia, PA, United 
States of America, 2School of Biomedical Engineering, Science & 
Health Systems, Drexel University, Philadelphia, PA, United States 
of America, 3Epidemiology, Biostatistics, and Computational 
Biology, Exponent, Inc., Menlo Park, CA, United States of America, 
4Biomechanics, Exponent, Inc., Philadelphia, PA, United States of 
America.

Purpose: Lower mortality risk has been reported for vertebral com-
pression fracture (VCF) patients in balloon kyphoplasty (BKP) or ver- 
tebroplasty (VP) cohorts than in non-surgically managed (NSM) co-
horts; however, differences in morbidity risks are unclear. We com-
pared the mortality and morbidity risks in VCF patients in NSM, BKP, 
and VP cohorts.
Material and Methods: Survival and morbidity of VCF patients in 
the 100% U.S. Medicare dataset (2005–2009) was estimated by the 
Kaplan–Meier method and compared by Cox regression. Propensity 
matching analysis was used to account for potential bias. Subgroup 
analyses of osteoporotic VCF (OVCF) patients (overall, noncan-
cer, and those who survived ≥1 year post-VCF diagnosis) were also 
performed.
Results: A total of 1,038,956 VCF patients were identified (141,343 
and 75,364 patients in BKP and VP cohorts, respectively). At 5 years, 
NSM cohort had 55% (propensity-matched: 62%) and 25% (propen-
sity-matched: 30%) higher adjusted mortality risk than BKP and 
VP cohorts, respectively (p < 0.001). BKP cohort had 19% (propen-
sity-matched: 17%) lower adjusted mortality risk than VP cohort 
(p < 0.001). NSM cohort had higher adjusted death risk with pneu-
monia diagnosed than BKP and VP cohorts (p < 0.001; non-propen-
sity- and propensity-matched). NSM and VP cohorts had signifi-
cantly higher risk of pneumonia after VCF diagnosis than BKP cohort 
(p < 0.001; non- propensity- and propensity-matched). Similar mor-
tality differences were found for subgroups OVCF, non-cancer OVCF, 
and ≥1-year survivors of OVCF.

Conclusion: VCF patients in the Medicare population treated specif-
ically with BKP and VP seem to experience lower mortality and over-
all morbidity than those who underwent conservative treatment.

3108.4
VERTOS IV trial: a randomised controlled trial of 
vertebroplasty for painful acute osteoporotic vertebral 
fractures using a sham procedure as control
C.E. Firanescu;
Radiology, St Elisabeth Tilburg, Tilburg, Netherlands.

Purpose: To present VERTOS IV, an ongoing randomised controlled 
trial (RCT) comparing clinical outcome of vertebroplasty (VP) versus 
sham therapy in patients with osteoporotic vertebral compression 
fractures (VCF).
Material and Methods: In March 2011, a prospective, multicenter RCT 
had started in the Netherlands. The inclusion criteria are local back pain 
(6 weeks or less), osteopenia, 50 years of age or older and VCF with 
bone edema on MR imaging. A total of 180 patients were included, 
90 in each arm, i.e. randomised for VP or sham allowing no cross-
over. Follow-up was at regular intervals during a 1-year period with a 
standard Visual Analogue Scale (VAS) score for pain as primary end-
point. The secondary endpoints were back pain related disability 
and quality of life. Necessary additional therapies and complications 
were recorded.
Results: Recent results will be presented.
Conclusion: VERTOS IV is the first large West European multicenter 
randomised sham controlled trial of vertebroplasty for painful acute 
osteoporotic fractures.

3108.5
VERTOS V: a randomised sham-controlled trial on 
vertebroplasty for painful chronic osteoporotic vertebral 
fractures
D. Carli, P.N.M. Lohle, W.J. van Rooij;
Radiology, St. Elisabeth Ziekenhuis, Tilburg, Netherlands.

Purpose: VERTOS V is a sham-controlled randomised trial on vertebro- 
plasty comparing clinical outcomes in patients with sustained pain 
for 3 or more months after osteoporotic vertebral compression frac-
ture (VCF).
Material and Methods: In March 2013, VERTOS V commenced at 4 
centres in The Netherlands. Inclusion criteria are VCF at T5 or lower 
with focal tenderness at the fracture level, as assessed by an inter-
nist on physical examination, visual analogue scale (VAS) score ≥5 
for 3 months or more, decreased bone density, defined as T score, 
less than −1 and age ≥50 years. Sixty patients were included, 30 in 
each arm. Crossovers are not allowed. Follow-up is at regular inter-
vals during a 6-month period with VAS scores for pain as the primary 
endpoint. Secondary endpoints are back pain-related disability and 
quality of life measured with the Quality of Life Questionnaire of the 
European Foundation for Osteoporosis and physical function mea-
sured with the Roland Morris Disability questionnaire.
Results: Clinically significant pain relief is defined as a decrease in 
VAS score from baseline of 3 points or more. No results are present 
yet because the study commenced in March 2013. The trial and the 
baseline results of patients enrolled in the study between March 
2013 and August 2013 will be presented.
Conclusion: Vertos V is a methodologically sound multicentre ran-
domised sham controlled trial on vertebroplasty in patients with 
pain for 3 months or more after vertebral compression fractures.
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3108.6
MR-guided high-intensity focused ultrasound for noninvasive 
treatment of osteoid osteoma
B. Cavallo Marincola, M. Anzidei, A. Napoli, G. Brachetti, V. Noce, 
F. Boni, C. Catalano;
Department of Radiological Sciences, University of Rome 
“Sapienza”, Rome, Italy.

Purpose: To determine the feasibility and initial clinical efficacy of 
MR-guided focused ultrasound (MRgFUS) for treating osteoid oste- 
oma.
Material and Methods: This prospective, IRB-approved study in-
volved 7 consecutive patients (6 males, 1 female; mean age, 21 years) 
with clinical and imaging diagnosis of osteoid osteoma; all patients 
underwent MRgFUS ablation (ExAblate, InSightec). Lesions in the 
vertebral body were excluded, whereas those in proximity to joints 
or neurovascular bundles were included. Treatment success was de-
termined by clinical and imaging follow-up at 1, 3, and 6 months 
after treatment. A visual analog scale (VAS) score was used to assess 
changes in pain symptoms.
Results: Treatment was performed using a variable number of soni-
cations (mean, 4 ± 1.8) with a mean energy deposition of 866 ± 211 
J. No treatment- or anesthesia-related complications occurred. A sta-
tistically significant (p = 0.001) difference was noted between over-
all pre- and post-treatment mean VAS scores (8.3 ± 1.6 and 0.6 ± 1.5, 
respectively). Six of the 7 treatments were successfully conducted in 
patients with typical osteoid osteoma. The patient with giant oste-
oma had pain recurrence after 2 weeks, requiring surgery. Imaging 
revealed that edema and hyperemia associated with typical osteoid 
osteoma gradually disappeared in all lesions. No apparent relation-
ship between nidus vascular extinction and successful outcome was 
observed.
Conclusion: MRgFUS ablation represents an effective and totally 
noninvasive therapy for osteoid osteoma, without treatment-related 
adverse events.

Free Paper Session
Oncologic intervention 4

3109.1
Matched-pair analysis: unilobar transarterial 
radioembolization versus portal vein embolization for 
induction of contralateral liver hypertrophy in patients with 
secondary liver malignancies
M. Seidensticker1, B. Garlipp2, T. de Baère3, R. Irmscher1, R. Damm1, 
R. Seidensticker1, O. Dudeck1, M. Pech1, H. Lippert2, H. Amthauer1, 
J. Ricke1;
1Radiology and Nuclear Medicine, University Hospital of 
Magdeburg, Magdeburg, Germany, 2Surgery, University of 
Magdeburg, Magdeburg, Germany, 3Dept. of Interventional 
Radiology, Institut Gustave Roussy, Villejuif, France.

Purpose: Selected patients with liver malignancies can be cured by 
surgical resection. In cases of insufficient size of the future liver rem-
nant (FLR), portal vein embolization (PVE) of the tumor-bearing liver 
is used to induce hypertrophy of the contralateral lobe but leaves 
the tumor untreated. Radioembolization (RE) treats the tumor in the 
embolized lobe as well as produces hypertrophy of the contralateral 
lobe. We performed a matched-pair analysis to compare the capac-
ity for hypertrophy induction of the two modalities.
Material and Methods: Patients with secondary liver malignancies 
limited to the right lobe who were treated by right-lobar PVE (n = 
141) or RE (n = 35) at two centers were matched according to the 
following criteria known to have an impact on liver regeneration 

following PVE: (i) baseline FLR/total liver volume ratio (<25 vs. ≥25%), 
(ii) prior platinum-containing systemic chemotherapy, (iii) inclusion 
of liver segment 4 in the treatment, and (iv) baseline platelet count 
(<200 vs. ≥200 Gpt/l). The primary endpoint was the relative change 
in FLR volume from baseline to follow-up 4–6 weeks later.
Results: Twenty-one fully matched pairs of patients were identified. 
The increase in FLR volume from baseline to follow-up was signifi-
cant with both treatment modalities, but PVE significantly produced 
higher FLR volume gain than RE (68.7% vs. 34.2%, p < 0.001).
Conclusion: PVE is superior to RE (in therapeutic dosage, no lobec-
tomy) in terms of contralateral hypertrophy induction. However, 
contralateral hypertrophy induced by RE is substantial and RE min-
imizes the risk of tumor progression in the treated lobe, possibly 
making it a suitable modality for selected patients.

3109.2
Enhancement and RECIST criteria for assessing tumour 
response and overall survival in patients with hepatocellular 
carcinoma undergoing TACE
D.B. Hasdemir1, B.C. Meyer1, T.A. Alten1, A. Vogel2, C. von Falck1, 
H. Rosenthal1, F. Wacker1, T. Rodt1;
1Diagnostic and Interventional Radiology, Hannover Medical 
School, Hannover, Germany, 2Gastroenterology, Hepatology and 
Endocrinology, Hannover Medical School, Hannover, Germany.

Purpose: To evaluate lesion enhancement classification in addition to 
RECIST criteria to predict initial response and overall survival (OS) in 
patients undergoing TACE.
Material and Methods: Sixty patients with intermediate-stage hepa-
tocellular carcinoma (HCC) treated during 3 consecutive years with 
initial TACE as first-line treatment were retrospectively evaluated. 
Doxorubicin and cisplatin combined with lipiodol were used for TACE 
(n = 198). Kawamura enhancement criteria (K1–K4) were applied. All 
patients were evaluated using RECIST criteria. Initial RECIST tumour 
response correlated to maximum treatment response. Seven pa-
tients were excluded from enhancement evaluation predicting OS 
because of liver transplantation.
Results: Patients received 3.1 ± 2.8 TACE, and Kaplan–Meier analy-
sis yielded a mean OS of 843 days (95% CI, 682–1004 days) (patients 
with liver transplantation censored). Maximum tumour response 
was assigned to individual TACE treatment intervals: TACE1, 19 
patients (30.2%); TACE2, 6 patients (9.5%); TACE3, 8 patients (12.7%); 
TACE4, 5 patients (7.9%); TACE5, 0 patients; TACE6–17, 6 patients 
(9.5%). Correlation between maximum tumour response and RECIST 
response to initial TACE treatment procedures was calculated: TACE1, 
0.606 (p < 0.01); TACE2, 0.701 (p < 0.01); TACE3, 0.498 (p < 0.05). OS 
analysis showed significant differences according to enhancement 
patterns (p < 0.01). Patients with heterogeneous enhancement (K3) 
or central necrosis (K4) of target lesions (largest lesion) showed a 
mean survival of 676 ± 131 days (K3) and 583 ± 77 days (K4), respec-
tively. Patients with target lesions showing homogenous enhance-
ment (K1–K2) yielded OS of 1486 ± 146 days (K1) and 609 ± 173 days 
(K2).
Conclusion: Initial RECIST tumour response can predict maximum 
tumour response. Enhancement criteria of the largest lesion qualify 
as prediction of OS. Together they allow a differentiated approach to 
tumour characteristic evaluation.
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from progressive disease and 2 were lost to follow-up. In total, 95% 
patients were alive at 3 months. There was minimal change in total 
bilirubin, AST/ALT, and ALKP levels during the study. The mean 
total bilirubin toxicity grade was 2.2 at baseline (median, 2; range, 
2–3), 2.3 1 month after treatment (median, 2; range, 1–3), and 2.2 
3 months after treatment (median, 2; range, 1–4). No biliary com-
plications (infections, duct necrosis, stricture, or biloma formation) 
occurred.
Conclusion: Segmental 90Y radioembolization is safe and well tol-
erated in patients with unresectable HCC in the setting of elevated 
total bilirubin. In proper clinical settings such as downsizing or 
bridging to surgery/transplant, patients with HCC and hyperbilirubi-
nemia may be selectively treated safely.

3109.5
Multicenter comparison of safety and efficacy of yttrium-90 
resin microspheres in elderly (≥70 years) and younger patients 
with unresectable liver-dominant metastatic colorectal cancer
A.S. Kennedy1, D. Ball2, S. Cohen3, M. Cohn4, D. Coldwell5, 
A. Drooz6, E. Ehrenwald7, S. Kanani8, F.M. Moeslein9, C.W. Nutting10, 
S.G. Putnam2, S.C. Rose11, M. Savin12, S. Schirm13, N.K. Sharma14, 
E. Wang15;
1Radiation Oncology, Sarah Cannon Research Institute, Nashville, 
TN, United States of America, 2Radiology, Fox Chase Cancer Centre, 
Philadelphia, PA, United States of America, 3Medical Oncology, Fox 
Chase Cancer Centre, Philadelphia, PA, United States of America, 
4Radiology, Radiology Associates of Hollywood, Pembroke Pines, FL, 
United States of America, 5Radiology, James Graham Brown Cancer 
Center, Louisville, KY, United States of America, 6Radiology, Fairfax 
Radiological Consultants, Fairfax, VA, United States of America, 
7Radiology, Abbott Northwestern Hospital, Minneapolis, MN, United 
States of America, 8Radiation Oncology, Inova Fairfax Hospital, 
Annandale, VA, United States of America, 9Radiology, University 
of Maryland Medical Center, Baltimore, MD, United States of 
America, 10Interventional Radiology, Radiology Imaging Associates, 
Englewood, CO, United States of America, 11Radiology, University 
of California, San Diego Moores Cancer Center, La Jolla, CA, United 
States of America, 12Radiology, Beaumont Hospital, Royal Oak, MI, 
United States of America, 13Radiology, Cancer Centers of North 
Carolina, Cary, NC, United States of America, 14Radiation Oncology, 
University of Maryland School of Medicine, Baltimore, MD, United 
States of America, 15Radiology, Charlotte Radiology, Charlotte, NC, 
United States of America.

Purpose: The effects of advancing age on the clinical outcomes fol-
lowing radioembolization/SIRT in patients with unresectable liver-
dominant metastatic colorectal cancer (mCRC) have not been previ-
ously evaluated.
Material and Methods: In 11 US centers, a retrospective study was 
conducted in consecutive patients who received radioembolization 
using 90Y resin microspheres (SIR-Spheres®; Sirtex) between July 
2002 and December 2011. Overall, data on 160 elderly (≥70 years) 
and 446 younger (<70 years) patients were collated and analyzed.
Results: Mean age (±SD) in elderly and younger cohorts was 77.2 
± 4.8 and 55.9 ± 9.4 years, respectively. Regardless of age, patients 
eligible for radioembolization had similar baseline characteristics; 
although elderly patients were more likely to have undergone prior 
primary tumor resection (p = 0.009), received fewer lines (p = 0.036) 
or no prior chemotherapy (p < 0.001), had a longer period between 
diagnosis and radioembolization (p = 0.011), and undergone ≥1 
radioembolization procedure (p=0.007). Overall survival was simi-
lar in both cohorts (median 9.3 vs. 9.7 months; p = 0.335). Common 
grade 3+ events in young and elderly were abdominal pain (3.1% vs. 
6.1%), GI ulceration (0.6% vs. 1.3%), nausea (0.6% vs. 1.3%), vomiting 
(1.3% vs. 1.3%), fatigue (5.6% vs. 4.5%), ascites (1.3% vs. 2.0%), hyper-
bilirubinemia (3.8% vs. 2.7%), and anorexia (0.6% vs. 0.9%). Further 

3109.3
Long term outcomes following initial complete response of 
hepatocellular carcinoma (HCC) to therapy with drug eluting 
beads loaded with doxorubicin (DEB-DOX)
V.S. Sotirchos, E. Bouma, A. Charokopakis, E. Karagiannis, A. Pomoni, 
D.K. Filippiadis, M. Pomoni, K. Malagari, D.A. Kelekis;
Imaging and Research Unit Evgenidion, University of Athens, 
Athens, Greece.

Purpose: To determine long term outcomes regarding recurrence 
and survival in patients with HCC that achieved complete response 
6 months after initial treatment with DEB-DOX.
Material and Methods: Forty-five patients with HCC, not suitable for 
curative treatments, who exhibited complete response to initial DEB- 
DOX treatment, were retrospectively analyzed after a median follow- 
up period of 63 months. Child-Pugh class was A/B (62.2%/37.8%) and 
mean lesion diameter was 5.36 ± 1.1 cm. Lesion morphology was one 
dominant lesion ≤5 cm (53.3%), one dominant >5 cm (31.1%), and 
multifocal (15.6%).
Results: At 5 years, overall survival was 62.2% and recurrence-free 
survival was 8.9%. When recurrence occurred, a mean time inter-
val of less than 9 months between additional DEB-DOX procedures 
was correlated to a poorer prognosis (p = 0.025). Multivariate anal-
ysis identified Child-Pugh class at baseline (p = 0.048), combined 
therapy of recurrences with local ablation (p = 0.03), and number of 
DEB-DOX procedures (p = 0.037) as significant prognostic factors of 
5-year survival. Lesion morphology displayed significance for recur-
rence-free survival (p = 0.014). Median time of initial recurrence from 
baseline treatment was 18 months (range 8–52). Child-Pugh class at 
baseline, additional local ablation, pattern of initial recurrence, and 
initial sum of recurrent tumor diameters displayed statistical sig-
nificance for postrecurrence survival (median 40 months), with the 
first two variables maintaining statistical significance in multivariate 
analysis (p = 0.015 and p = 0.014).
Conclusion: Initial complete response to DEB-DOX ensures a favor-
able prognosis. However, management of recurrent tumors, which 
occurs in the vast majority of these patients, and preservation of 
underlying liver function appear to play a key role in prolonging 
survival.

3109.4
Safety and feasibility of yttrium-90 radioembolization in 
hepatocellular carcinoma patients with liver dysfunction
R.J. Lewandowski1, S.D. Huffman2, K. Memon2, L. Kulik3, R. Salem1;
1Interventional Radiology, Northwestern University, Chicago, IL, 
United States of America, 2Radiology, Northwestern University, 
Chicago, IL, United States of America, 3Hepatology, Northwestern 
University, Chicago, IL, United States of America.

Purpose: Severe liver dysfunction manifested by hyperbilirubinemia 
is considered a contraindication to radioembolization. We aimed to 
test the hypothesis that segmental yttrium-90 (90Y) radioemboliza-
tion is safe in cirrhosis, unresectable hepatocellular carcinoma (HCC), 
and hyperbilirubinemia.
Material and Methods: In this IRB-approved, prospective study, 45 
patients with HCC and hyperbilirubinemia (total bilirubin ≥2 mg/dL; 
range, 2–8.1 mg/dL) underwent segmental 90Y radioembolization. 
All patients received doses >120 Gray given the segmental nature of the 
treatments. Laboratory toxicities [total bilirubin, aspartate amino- 
transferase (AST), alanine aminotransferase (ALT), and alkaline phos- 
phatase (ALKP)] and biliary complications were assessed according 
to the Common Toxicity Criteria at baseline, 1, and 3 months follow-
ing treatment.
Results: Segmental 90Y radioembolization was successful in all cases. 
Forty-one patients were followed-up through 3 months; 2 died 
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analyses of patients ≥75 years (n = 98) and younger cohort con-
firmed equivalent outcomes for survival and toxicity.
Conclusion: For patients with unresectable liver-dominant mCRC 
meeting eligibility criteria for radioembolization, 90Y-resin micro-
spheres appear to be as effective and well-tolerated in elderly as in 
younger candidates.

3109.6
Retrospective analysis of 70-100 μm, 200-400 μm and 100-300 
μm doxorubicin drug-eluting microsphere embolization in 
BCLC B patients with nonresectable hepatocellular carcinoma: 
preliminary results
S. Co1, R. Peixoto2, S. Ho1, D. Klass1, P. Munk1, G. Legiehn1, H. Lim3, 
A. Weiss4, D. Liu1;
1Department of Radiology, University of British Columbia, 
Vancouver, BC, Canada, 2Medical Oncology, University of British 
Columbia, Vancouver, BC, Canada, 3GI Medical Oncology, British 
Columbia Cancer Agency, Vancouver, BC, Canada, 4Division 
of Gastroenterology, Faculty of Medicine, University of British 
Columbia, Vancouver, BC, Canada.

Purpose: The purpose of this study was to compare the efficacy of 
DEBDOX in nonresectable BCLC B patients with HCC using 50–100-
μm superabsorbant polymer microspheres (SAP-MS) [Hepasphere, 
Merit Medical, USA], 70–150-μm PVA-based drug-eluting beads 
(DCB) [DC Bead, Biocompatibles, UK], or 100–300-μm DCB as carrier-
based delivery with and without additional bland embolic.
Material and Methods: Retrospective three-arm analysis of patients 
undergoing DEBDOX administration in nonresectable multicentric 
disease with substratification based on whether terminal emboliza- 
tion was achieved. All patients underwent DEBDOX protocol using 
a sequential lobar technique with 50–75 mg doxorubicin loaded 
onto one vial of 70–150 μm DCB (group 1), 100–300 μm DCB (group 2), 
or 50–100 μm SAP-MS (group 3) with or without terminal embolics. 
Primary outcome measure was defined as 1-month radiographic 
response rate with secondary outcomes of time to progression 
(ongoing accrual).
Results: We included 65 patients (9 in group 1; 44 in group 2; 12 in 
group 3). One-month objective response rate (ORR) was 56% in group 
1, 36% in group 2, and 83% in group 3. Substratification where terminal 
embolization was achieved resulted in ORR of 56% for group1 (n = 9), 
46% for group 2 (n = 13), and 85% for group 3 (n = 7). Accrual and 
time to progression of disease analysis are ongoing and will be pre-
sented at the presentation.
Conclusion: An observed trend towards improved ORR with 50–100 
μm Hepasphere at 1 month suggested possible advantage of the 
size range or substrate associated with 50–100 μm dry (200–400 
μm loaded) SAP-MS. Accrual and further analysis of TTP and ORR at 
1 month is ongoing.
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Aortic intervention

P-1
Preoperative anatomical variables predicting persistent type 2 
endoleak after endovascular aneurysm repair
K. Uotani1, T. Taniguchi1, N. Kusunoki1, N. Katayama1, N. Mori1, T. Suga1, 
M. Nobuhara1, A. Kawasaki1, H. Saito1, Y. Yokota1, H. Horinouchi1,
T. Nishina2, K. Yamanaka2, S. Noma1;
1Radiology, Tenri Hospital, Tenri, Japan, 2Cardiovascular Surgery, 
Tenri Hospital, Tenri, Japan.

Purpose: Persistent (>6 months) type 2 endoleaks (EL) after endo-
vascular aneurysm repair (EVAR) are associated with adverse out-
comes. However, anatomical factors that predict type 2 EL are still 
unknown. This study aimed to evaluate the preoperative anatomical 
factors predicting persistent type 2 EL.
Material and Methods: From September 2007 to December 2011, 
86 of 105 patients who underwent EVAR for abdominal aortic aneu-
rysm had long-term (>1 year) CT follow-up and comprised the study 
cohort. Preoperative contrast enhanced CT was retrospectively 
reviewed, and anatomical variables, including 1) the number of pat-
ent vessels branching from the aneurysm, 2) maximum diameter 
of the branches, 3) patent internal mesenteric artery (IMA), 4) large 
proximal neck (PN) angle (>60°), 5) short PN length (<15 mm), and 6) 
maximum diameter of the aneurysms, were correlated with persis-
tent type 2 EL using multivariable analysis.
Results: In a mean follow-up time of 21.4 months (12–58 months), 
there were 31 persistent type 2 EL patients (36%). Type 2 EL posi-
tive patients had greater number of patent branches (4.9 vs. 2.9; P 
< 0.001) and larger maximum diameter of the branches (2.7 mm vs. 
2.1 mm; P = 0.001) than type 2 EL negative patients. The rates of pat-
ent IMA, large PN angle, and short PN length were 77%, 39%, and 
6%, respectively, in type 2 EL positive group and 60%, 9%, and 6%, 
respectively, in negative group. Positive predictive factors included 
the number of patent branches (OR, 2.04; 95% CI, 1.33–3.14; P = 
0.001) and a large PN angle (OR, 5.63; 95% CI, 1.42–22.3; P = 0.014).
Conclusion: The number of patent branches and a large PN angle 
predicted persistent type 2 EL after EVAR.

P-2
Treatment outcome of paraplegia from aortic dissection
S. Wang1, D. Williams1, N. Dasika1, H. Patel2;
1Radiology, University of Michigan, Ann Arbor, MI, United States of 
America, 2Cardiac Surgery, University of Michigan, Ann Arbor, MI, 
United States of America.

Purpose: To evaluate if aortic fenestration improves the clinical out-
come of paraplegia from acute aortic dissection.
Material and Methods: Twenty-six patients presenting with para-
plegia were diagnosed with acute aortic dissection; 17 patients 
showed type B dissection. Aortic fenestration was performed in 10 
patients with significant pressure gradient or partial thrombosis of 
the false lumen. Seven patients were medically treated.
Nine patients presented with type A aortic dissection. Fenestration 
was performed in 5 patients to release the pressure gradient before 
surgery. Four patients underwent direct surgical aortic root repair 
without fenestration.
Results: The 17 patients with type B dissection (100%) showed false 
lumen thrombosis. The 7 patients who were not eligible for fenestra-
tion survived, but only one (14%) showed improvement in paraplegia. 
In contrast, 7 of 10 patients treated with fenestration exhibited marked 
improvement of motor/sensory function, including 1 who later died of 
pneumonia. Three patients died immediately due to acidosis post-fen-
estration; thus, neurological assessment could not be performed.

Four patients with type A dissection demonstrated no false lumen 
thrombosis. Two of 5 patients who underwent fenestration prior to 
surgery survived, one had complete resolution of the symptoms and 
the other one had stable paraplegia. The other 3 patients died either 
after fenestration or surgery. The 4 patients who underwent surgery 
without fenestration died.
Conclusion: Our data demonstrated that aortic fenestration is highly 
effective (70%) in improving the clinical outcome of paraplegia from 
type B aortic dissection, but it did not significantly affect the outcome 
of paraplegia from type A dissection.

P-3
Fenestrated stent-grafting for prior endovascular abdominal 
aortic aneurysm repair salvage
A. Katsargyris1, O. Yazar2, K. Oikonomou1, F. Bekkema3, I. Tielliu3,
E.L. Verhoeven1;
1Vascular and Endovascular Surgery, Klinikum Nuremberg, 
Nürnberg, Germany, 2Department of Vascular Surgery, University 
Leuven, Leuven, Belgium, 3Division of Vascular Surgery, University 
Medical Center Groningen, University of Groningen, Groningen, 
Netherlands.

Purpose: To report the outcome of fenestrated endovascular aneu-
rysm repair (F-EVAR) after previous standard infrarenal EVAR.
Material and Methods: All consecutive patients with juxtare-
nal AAA treated with F-EVAR after previous EVAR from March 2002 
to November 2012 at the University Medical Center of Groningen, 
Netherlands and the Klinikum Nürnberg, Germany were analyzed.
Results: A total of 26 patients (24 male; mean age, 73.2 ± 6.5 years) 
were treated. Technical success was 92.3% (24/26). One patient 
required conversion to retrieve the top cap, and in another patient 
the right kidney was lost because of inadvertent stenting in a smaller 
renal branch. Catheterization difficulties related to the pre-exist-
ing stent-graft were encountered in 11 (42.3%) cases. Operative tar-
get vessel preservation was 94.6% (70/74). Mortality was 0%. Mean 
follow-up was 26.8 ± 28.5 months. No proximal type I endoleak 
was present on first postoperative CTA. Mean aneurysm diameter 
decreased from 73 ± 20 mm to 66.7 ± 21 mm (P < 0.05). Estimated 
survival at 1 and 2 years was 94.1% ± 5.7% and 87.4% ±8.4%, respec-
tively. There was one aneurysm related late death because of a 
large type Ib endoleak resulting in contained rupture. Target vessel 
patency during follow-up was 100%. Reintervention was required in 
four cases. Renal function deteriorated in the two patients with pri-
mary technical failure.
Conclusion: F-EVAR represents a feasible option for the repair of 
juxtarenal AAA after prior EVAR failure. Increased technical chal-
lenges should be expected because of the pre-existing stent-graft. 
Outcome seems related to initial technical success.

P-4
Ultra-low-dose transarterial computed tomographic 
angiography for planning and follow-up of EVAR patients with 
chronic renal disease
A. Cam1, M. Canyigit1, A. Altunoglu2, M. Hidiroglu3, M.A. Teber1,
M. Gumus1, E. Sener3, H. Arslan1;
1Radiology, Ankara Atatürk Training and Research Hospital, Ankara, 
Turkey, 2Nephrology, Ankara Atatürk Training and Research 
Hospital, Ankara, Turkey, 3Cardiovascular Surgery, Ankara Atatürk 
Training and Research Hospital, Ankara, Turkey.

Purpose: To evaluate the efficiency of transarterial computed tomo-
graphic angiography (TA-CTA) with ultra-low-dose iodinated contrast 
media for endovascular aortic repair (EVAR) planning and post-pro-
cedural evaluation in aortic aneurysm patients with chronic renal dis-
ease (CRD) and to determine its risk for contrast induced nephropathy.
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Material and Methods: We prospectively evaluated eight consecu-
tive aortic aneurysm patients with CRD who underwent 10 TA-CTA 
between January 2012 and January 2013. Laboratory tests were 
recorded before and after the procedure.
In an angiography suite, a flush catheter was advanced to the prox-
imal thoracic aorta for the thoracoabdominal aneurysm and to the 
T8–T12 vertebra level for the abdominal aneurysm via the brachial 
or femoral artery. The patients were then transferred to the CT suite. 
During CT scanning, 8 ml and 16 ml of contrast diluted with normal 
saline was injected via the flush catheter for abdominal and thora-
coabdominal aneurysm, respectively. CT images were indepen-
dently analyzed and were confirmed with color Doppler sonography 
to reveal endoleak for all the patients with EVAR. Image quality was 
scaled between 1 and 4.
Results: Mean Hounsfield unit (HU) values were measured from 
the following anatomic levels: distal descending thoracic aorta 
[214HU (184–242HU)], abdominal aorta at the renal artery [190HU 
(130–388HU)], terminal aorta [171HU (104–304HU)], common iliac 
artery [163HU (88–256HU)], and common femoral artery [156HU 
(103–274HU)]. Besides, mean HU value was measured from a non-
enhanced area [33HU (25–45HU)]. Mean image quality score was 3.2 
(range 2–4). Mean estimated glomerular filtration rates were calcu-
lated as 30 (23–49) ml/min/m2, 32 (22–54) ml/min/m2, and 34 (23–58) 
ml/min/m2 at the pre-procedural, post-procedural first week, and 
first month, respectively (p > 0.05).
Conclusion: Ultra-low-dose TA-CTA seems to be a safe and effec-
tive method for EVAR planning and post-procedural follow-up in 
patients with chronic renal disease.

P-5
Long-term outcome after endovascular abdominal aortic 
aneurysm repair using the Cook Zenith endograft in the 
Japanese population
S. Iwakoshi1, S. Ichihashi1, H. Itoh1, S. Sakaguchi2, K. Kichikawa1;
1Radiology, Nara Medical University, Kashihara, Nara, Japan, 2Dept. 
of T/EVAR and Endovascular Therapy, Matsubara Tokushukai 
Hospital, Matsubara/Osaka, Japan.

Purpose: The aim of this study was to present our single center long- 
term results after endovascular abdominal aortic aneurysm repair 
(EVAR) using the Cook Zenith endograft in the Japanese population.
Material and Methods: Between 1999 and 2011, 127 patients under- 
went elective EVAR using the Zenith endograft at our institution. 
Median patients’ age was 78, and median follow-up term was 43 
months. Patient characteristics and series of computed tomography 
were retrospectively reviewed. Rates of initial technical success and 
complication, freedom from all cause/aneurysm related mortality, 
freedom from second intervention/sac enlargement, and risk factors 
for second intervention/sac enlargement were investigated.
Results: Rate of primary technical success was 92.1% (117/127) and 
the primary assisted success was 98.4% (125/127). Major adverse 
events were seen in 7 patients (5.5%). Rates of freedom from all 
cause mortality/aneurysm related mortality at 1, 3, 5, and 10 years 
was 95%, 87%, 77%, and 39%/100%, 100%, 99%, and 93%, respec-
tively. Rates of freedom from second intervention at 1, 3, 5, and 10 
years was 97%, 91%, 88%, and 70%, respectively. Rates of primary 
freedom from sac enlargement at 1, 3, 5, and 10 years was 99%, 87%, 
75%, and 67%, respectively. Multvariate analysis revealed that aneu-
rysm sac diameter was the only predictor for second intervention, 
while preoperative sac diameter and combination of angulation and 
short (AS) proximal neck were risk factors for sac enlargement.
Conclusion: EVAR using the Zenith endograft in the Japanese pop-
ulation provides acceptable long term results compared with pre-
vious results from Western countries. AS neck and large aneurysms 
were predictors for sac enlargement after EVAR.

P-6
Prediction of in-hospital death after endovascular and open 
repair in patients with asymptomatic abdominal aortic 
aneurysms
S.C. van Beek1, J.D. Blankensteijn2, R. Balm1;
1Vascular surgery, Academic Medical Centre, Amsterdam, 
Netherlands, 2Vascular surgery, VU Medical Centre, Amsterdam, 
Netherlands.

Purpose: In patients with an asymptomatic aortic abdominal aneu-
rysm (AAA), decision making between endovascular and open 
repair can be difficult. Prediction models can be useful for tailored 
risk assessment, thereby supporting decision making and improving 
patient education. The Medicare and the Vascular Governance North 
West (VGNW) models are designed to predict in-hospital death after 
intervention for AAA. We validated the Medicare and VGNW models 
in patients from a randomized controlled trial comparing open and 
endovascular AAA repair.
Material and Methods: A per-protocol analysis was conducted in 
345 Dutch and Belgian patients using in-hospital death as the pri-
mary endpoint. The prediction models were validated using dis-
crimination (the ability to distinguish between dying and surviv-
ing patients) and calibration (the agreement between observed and 
predicted death rates) as parameters. Discrimination was assessed 
using the area under the receiver operating characteristics curve 
(AUC). AUC >0.70 was considered sufficiently accurate. Calibration 
was assessed using the Hosmer and Lemeshow (HL) test; a p-value 
>0.05 was considered sufficiently accurate.
Results: For the Medicare model, AUC was 0.77 [95% confidence 
interval (CI) 0.64 –0.90] and the HL test p-value was 0.52. For the 
VGNW model, AUC was 0.88 (CI 0.81–0.95) and the HL test p-value 
was 0.31.
Conclusion: The prediction of in-hospital death by the Medicare 
and VGNW models were sufficiently accurate. Therefore, these mod-
els can be used to support decision making between endovascular 
and open repair.

P-7
Endovascular treatment of combined AAA and iliac occlusive 
disease using the Gore Excluder: a single-centre and GREAT 
Registry experience
A. Holden;
Radiology, Auckland Hospital, Auckland, New Zealand.

WITHDRAWN

P-8
Balloon-expandable stent–graft allows treatment of short/
no neck AAA: initial experience of a new balloon-expandable 
bifurcated stent graft
M. Di Primio1, J.-M. Alsac2, H.G. Bertoni3, O. Pellerin1, G. Angelopoulos1, 
P. Julia2, T. Okada1, C. Lere-Déan1, M.R. Sapoval1;
1Dept. of Cardiovascular Radiology, Hôpital Europeen G. Pompidou, 
Paris, France, 2Vascular Surgery, Hopital Européen Georges 
Pompidou, Paris, France, 3Interventional Radiology, Hospital Roffo, 
Buenos Aires, Argentina.

Purpose: To report initial experience with the SETA balloon-expand-
able stent–graft to treat abdominal aorta aneurysm (AAA). The SETA 
stent–graft is a composite stent–graft comprising balloon-expand-
able stents at its proximal and iliac extremities, crimped on an 
expandable polyethylene graft. It is designed to accommodate very 
short infrarenal necks because the balloon allows sealing of a non-
cylindrical and/or dilated infrarenal aorta.
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Material and Methods: Between September 2010 and July 2012, we 
treated 8 consecutive patients (mean age 77 years; 8 males) with no/
short neck AAAs using a SETA stent–graft (6 bifurcated, 1 aortouniil-
iac, 1 bifurcated with renal branch). None of these patients were eli-
gible for endovascular repair with conventional stent–grafts. Mean 
aneurysm diameter was 56.7 mm (45 mm–67 mm) (anteroposterior; 
DAP) and 65.9 mm (52 mm–74 mm) (transverse; DTR). Mean length 
of the infrarenal neck was 1.8 mm (0 mm–8 mm). Patients were fol-
lowed up by repeated CTA and clinical consultations.
Results: All SETA were successfully implanted with no residual 
endoleak at the end of the intervention. One-month mortality and 
morbidity was 0%. CT at discharge showed no residual endoleak. 
Mean follow-up was 8.2 months. CT at last follow-up showed DAP = 
-2.7 mm (45–63) and DTR = +1.5 mm (52–86) (p = 0.25 and p = 0.83, 
respectively). In no case, AAA showed increase of diameter (thresh-
old 4 mm). In one patient, a secondary type I endoleak was treated 
unsuccessfully by additional balloon expandable tube graft.
Conclusion: This preliminary experience indicates that balloon-
expandable SETA graft allows the expansion of anatomical indica-
tions for endovascular treatment of AAA.

P-9
Anatomical characteristics of an infrarenal abdominal aortic 
aneurysm: can an aneurysm prone to enlargement after 
endovascular aneurysmal repair be predicted?
N.Y. Yim, J.K. Kim, Y.T. Kim, H.W. Kim;
Radiology, Chonnam National University Hospital, Gwangju, Korea.

Purpose: We attempt to identify the anatomical characteristics of 
an infrarenal abdominal aortic aneurysm (AAA) that may cause poor 
outcomes of endovascular aneurysmal repair (EVAR).
Material and Methods: We retrospectively analyzed 60 patients 
with AAA who were treated with EVAR using bifurcated stent–
grafts. They were followed up by computed tomography angiog-
raphy (CTA) more than 1 year after EVAR. After final follow-up with 
CTA, EVAR results were classified into three groups [Group I (more 
than 10% aneurysm shrinkage), Group II (less than 10% aneurysm 
change); and Group III (more than 10% aneurysm expansion)] and 
then reclassified into two groups [Group A (Group I + II) and Group 
B (Group III)]. To define the anatomical characteristics, various ana-
tomical variables were measured using pre-EVAR CTA and compared 
between the groups.
Results: The proximal neck length was significantly shorter in Group 
III (p = 0.016). AAA in Group III showed a much larger maximum 
aneurysm lumen diameter (p = 0.017) and area (p = 0.009). The prox-
imal neck of Group B was significantly shorter than that of Group A 
(p = 0.004). AAA of Group B showed longer aneurysm length (p = 
0.028), larger maximal aneurysm diameter (p = 0.048) and area (p = 
0.025), and maximal aneurysm lumen diameter (p = 0.004) and area 
(p = 0.002) than that of Group A.
Conclusion: AAAs with shorter proximal aortic neck and larger 
lumen diameter/area may result in AAA sac expansion after EVAR.

P-10
Single-center results: endovascular ascending aortic 
stent-graft treatment
M. Popovic1, G. Erman1, G. Edelhauser1, R. Borny1, M. Czerny2,
J. Lammer1, M. Grimm3, M.A. Funovics1;
1Department of Cardiovascular and Interventional Radiology, 
Medical University of Vienna, Vienna, Austria, 2Cardiothoracic 
Surgery, Insel Hospital Berne, Berne, Switzerland, 3Dept. of Surgery, 
Division of Cardiothoracic Surgery, Medical University of Vienna, 
Vienna, Austria.

Purpose: In certain patient populations, endovascular stent–graft 
treatment of the ascending aorta is feasible. This single-center study 
details the experience with this interventional method in patients 
with type A aortic dissections or pseudoaneurysms.
Material and Methods: Comorbid patients who were unfit for 
open surgery were selected for endovascular repair. Technical suc-
cess (appropriate position, full deployment, and pathology exclu-
sion) and stability of results during and after intervention were the 
primary endpoints. The secondary endpoints comprised length of 
intervention, total radiation exposure, and freedom from peri-/post-
interventional complications. Protocols and medical records were 
reviewed, follow-up was performed by CT, and patient status was 
assessed by telephone interviews. The stent–grafts utilized were 
Relay ascending Gen I and Relay ascending Gen II, Bolton Medical, 
Sunrise FL, USA; Jotec, Hechingen, DE.
Results: After a mean follow-up of 25.8 ± 34.0 months, primary 
technical success was achieved in 2 of 5 patients, assisted techni-
cal success in 3 of 5 patients, and sustained clinical success in 3 of 
3 patients. At intervention mean patient age was 71.5 ± 13.9 years. 
One patient expired during the intervention, whereas another 
required a second stent–graft because of pseudoaneurysm rest-per-
fusion. In one patient the stent–graft was not deployable in spite of 
ideal positioning. Mean radiation dose, fluoroscopy time, and inter-
vention time were 21189.3 ± 14255.1 cGy/cm2, 26.7 ± 7.85 minutes, 
and 178.3 ± 37.8 minutes, respectively.
Conclusion: In selected patient populations, the endovascular 
repair of pseudoaneurysms and type A aortic dissections may repre-
sent an interventional alternative to open surgery.

P-11
Electromagnetically navigated in situ fenestration of aortic 
stent grafts: in vitro experiments and pilot animal study
H.-S. Na1, P. Bruners1, P. Isfort1, A. Besting2, S. Bisplinghoff3, S. Osterhues4, 
C. Disselhorst-Klug3, T. Schmitz-Rode5, A.H. Mahnken6, C. Kuhl7,
T. Penzkofer1;
1Diagnostic and Interventional Radiology, RWTH Aachen University 
Hospital, Aachen, Germany, 2SurgiTAIX AG, SurgiTAIX AG, 
Herzogenrath, Germany, 3Institute of Applied Medical Engineering, 
RWTH Aachen University, Aachen, Germany, 4RD, Vygon, Aachen, 
Germany, 5Applied Medical Engineering, RWTH Aachen University 
- Helmholtz-Institute for Biomedical Engineering, Aachen, 
Germany, 6Department of Radiology, University Hospital Giessen 
and Marburg, Philipps University of Marburg, Marburg, Germany, 
7Department of Diagnostic Radiology, RWTH Aachen University 
Hospital, Aachen, Germany.

Purpose: To evaluate the technical feasibility of electromagneti-
cally navigated in situ fenestration of abdominal aortic stent grafts 
to revascularize renal arteries in a porcine model.
Material and Methods: The proposed electromagnetic tracking 
system (EMT) is operated by a custom-made navigation software 
working with a steerable EMT-guided catheter (8F) in combination 
with a custom-made navigated guidewire (0.035 inch) equipped 
with a gating algorithm to correct for breathing motion.
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In three domestic swine (50–70kg) a custom-made high-poros-
ity stent–graft was placed in the abdominal aorta covering the two 
renal ostia after previous cone-beam CTA. Using the preprocedural 
dataset, both renal arteries were reperfused by fenestrating the 
stent–graft and deploying covered stents at the ostia. Successful 
reperfusion was documented using cone-beam CTA.
Results: Reperfusion was successfully performed in five renal arter-
ies. In one case, a stent–strut was placed immediately in front of the 
right ostium; therefore, fenestration was possible only after intro-
duction of a Rosch–Uchida needle. In successful procedures, fen-
estration duration were 8.4 ± 9.2 min (catheter introduction to suc-
cessful fenestration), stent placement duration (catheter introduc-
tion to securing the branch with covered stent) were 32.0 ± 27.1 min, 
and average total stent placement (aortic stent–graft placement to 
placement covered stent) duration was 93.2 ± 51.9 min. Problems 
delaying stent placement were attributable to the prototypical 
nature of the material (e.g., uncoated navigated guidewires, mal-
functioning navigation coils).
Conclusion: Although the overall procedure time is currently not 
within acceptable ranges for renal ischemia time, the completion 
rates and short fenestration duration warrant further development 
of the proposed procedure.

P-12
Hybrid procedure in complex thoracic aortic disease: what the 
interventional radiologist needs to know
U.G. Rossi1, M. Dahmane2, F. Petrocelli2, P. Torcia3, C. Ferro2, M. Cariati4;
1Radiology, San Carlo Borromeo Hospital, Milan, Italy, 2Radiology, 
San Martino, University Hospital, Genoa, Italy, 3Interventional 
Radiology, San Giovanni-Addolorata Hospital, Rome, Italy, 
4Diagnostic Sciences, San Carlo Borromeo Hospital, Milan, Italy.

Learning objectives: To describe the hybrid procedures (surgical 
and endovascular) in complex thoracic aortic disease treatment with 
emphasis on the interventional radiologist’s role in planning, treat-
ment, and follow-up.
Background: Thoracic aortic aneurysms and/or dissections that 
involve the epiaortic vessels are a therapeutic dilemma in high-risk 
patients. Endovascular procedure alone cannot be frequently used 
for an inadequate landing zone. Surgery can extend the landing 
zone and then make the endovascular procedure a valid therapeutic 
option for these patients.
Clinical Findings/Procedure: The purpose of this poster is to illus-
trate 1) imaging plan of the complex thoracic aortic disease; 2) endo-
vascular and surgical treatments (bypass or debranching of epiaortic 
vessels, elephant trunk, E-Vita, chimney); and 3) follow-up imaging.
Conclusion: Hybrid procedures for complex thoracic aortic diseases 
require accurate imaging planning, follow-up (clinical and imaging), and 
procedural synergy between surgeons and interventional radiologists.

P-13
Successful hybrid thoracic endovascular aortic repair for 
ruptured aortic arch aneurysm with aortoesophageal fistula
S. Sakaguchi1, M. Takahashi1, T. Yoshida2, R. Sakakura2, A. Kojima2,
S. Ichihashi3, H. Itoh3, K. Kichikawa3;
1Radiology, Matsubara Tokushukai Hospital, Matsubara/Osaka, 
Japan, 2Dept. of Cardiovascular Surgery, Matsubara Tokushukai 
Hospital, Matsubara/Osaka, Japan, 3Radiology, Nara Medical 
University, Kashihara, Nara, Japan.

An 80-year-old female with a ruptured thoracic aortic arch aneu-
rysm and aortoesophageal fistula underwent emergency stent–graft 
placement and debranching. Despite antibiotic therapy, the fistula 
failed to close. Thus, surgical esophagoplasty and omentoplasty were 
performed, and the patient was subsequently discharged on foot.

P-14
Endovascular treatment of a descending thoracic aorta 
pseudoaneurysm due to a sharp metallic foreign body
A. Di Giambattista, C. Arena, O. Perrone, A. Cicorelli, R. Cioni,
C. Bartolozzi;
Diagnostic and Interventional Radiology, University of Pisa, Pisa, 
Italy.

We present a case of a cocaine addict with a traumatic lesion of the 
thoracic aorta caused by the inhalation of a metallic foreign body 
that passed through the bronchus and punctured the aorta wall, 
thus causing a pseudoaneurysm that was successfully treated.

P-15
A novel endovascular treatment for complex aortic arch 
arteriovenous fistula
J. Hodgkinson1, C. Bicknell1, N. Cheshire1, M.S. Hamady2;
1Imperial Vascular Unit, Imperial College London, London, United 
Kingdom, 2Radiology, St Mary’s Hospital, London, United Kingdom.

We describe successful closure of complex fistula between the left 
common carotid artery origin and innominate vein using VSD clo-
sure device with good anatomical and quality-of-life results. This is 
a useful endovascular approach where risk of open surgery is high. 

P-16
Successful embolization of a giant aortic root pseudoaneurysm 
adjacent to the right coronary artery with new generation coils
I. Díez Miranda1, M. Pérez Lafuente1, C. Gonzalez-Junyent1,
A. Gelabert-Barragán1, G. Martí Aguasca2, A. Segarra Medrano1;
1Interventional Radiology, Hospital Universitari Vall d’Hebrón, 
Barcelona, Spain, 2Interventional Cardiology, Hospital Universitari 
Vall d’Hebrón, Barcelona, Spain.

A patient with previous brucella endocarditis requiring aortic valvu-
lar replacement and posterior development of a pseudoaneurysm 
in the aortic root. The previous treatment with an Amplatzer plug 
by cardiologists had failed. We performed successful embolization 
using coils through the humeral artery.

P-17
Hybrid treatment for a symptomatic lusoria artery aneurysm
E. Zoffoli1, V. Tichà1, U.G. Rossi1, P. Mingazzini2, D. Santuari2, M. Cariati3;
1Radiology, San Carlo Borromeo Hospital, Milan, Italy, 2Vascular 
Surgery, San Carlo Borromeo Hospital, Milan, Italy, 3Diagnostic 
Sciences, San Carlo Borromeo Hospital, Milan, Italy.

We present a case of a symptomatic lusoria artery aneurysm treated 
by a hybrid method involving right and left carotid–subclavian 
bypass and an endovascular prosthesis with surgical occlusion of the 
lusoria and left subclavian arteries. These vessels were embolized 
using AVP-II for their revascularization.
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P-18
An unusual case of paraparesis following EVAR
Z.A.H. Aldin1, W. Partridge1, A. Abidia2, J. Refson2;
1Radiology, The Princess Alexandra Hospital, Essex, United 
Kingdom, 2Surgery, Princess Alexandra Hospital, Harlow, United 
Kingdom.

A patient developed paraparesis few hours following EVAR for an 
infrarenal aortic aneurysm. Both internal iliac arteries were preserved 
during EVAR. MRI of the lumbar spine showed no haematoma or col-
lection. Despite conservative management, the patient’s symp- 
toms did not improve and leg weakness persisted.

Biliary intervention

P-19
Non-invasive measures that guide the indication, pathology 
and outcome of percutaneous biliary intervention in paediatric 
transplantation
S. Navaratne1, A. Ljutikov1, M. Sellars1, P. Kane1, A. Dhawan2,
N. Heaton3, J.B. Karani1;
1Radiology, King’s College Hospital, London, United Kingdom, 
2Hepatology/Paediatric Liver Centre, King’s College Hospital, 
London, United Kingdom, 3Institute of Liver Studies, Kings College 
Hospital, London, United Kingdom.

Purpose: Biliary complications adversely impact graft survival fol-
lowing transplantation in paediatric recipients. Interventions are 
technically challenging and carry risks in infants and children; there-
fore, selection is critical. The purpose of this study was to evaluate 
the diagnostic utility of non-invasive parameters, which singularly or 
in combination guide the need for intervention.
Material and Methods: Reference to pre-procedural non-invasive 
imaging and graft function from the transplant database between 
2008 and 2012 formed the study cohort. This retrospective study 
reviewed these parameters in predicting findings, pathology and 
outcome of intervention.
Results: There were 49 interventions in 40 recipients (aged 4 
months–16 years; M:F, 21:19) transplanted between 1997-2012 
(total transplant cohort 582). Indications included EHBA, PFIC, ALF. 
Operative technique was the left lateral segment (37), including live 
related (22) and whole grafts (3).
Key findings were non-cholestatic enzyme rise (34), increasing duct 
calibre on ultrasound (34), MRCP diagnosis of anastomotic strictures 
(27) and cholangiopathy (7).
Diagnostic PTC was successful in all with findings of anastomotic 
strictures (24), cholangiopathy (7), bile leaks (4). Balloon dilatation of 
strictures was successful in 20. External biliary drains were placed in 4.
The positive predictive values (PPV) in diagnosing anastomotic stric-
ture and cholangiopathy are non-cholestatic enzyme rise 70.3% 
and 34.6%, USS duct calibre 63% and 30%, MRCP 78% and 43 %. The 
combined tests PPVs are 85% and 55.5%.
Conclusion: The combination of non-invasive measures of graft 
assessment allows most appropriate selection for biliary interven-
tion in paediatric liver transplant recipients, but MRCP is the best sin-
gle predictor of biliary complications.

P-20
Radiological patterns of percutaneous transhepatic 
cholecystocholangiography in neonates and infants with 
biliary atresia
D.A. Parra, R. Kohli, J. Amaral;
Diagnostic Imaging. Image guided Therapy, The Hospital for Sick 
Children, Toronto, ON, Canada.

Purpose: To illustrate and discuss the different percutaneous tran-
shepatic cholecystocholangiography (PTCC) patterns found in 
patients with biliary atresia (BA)
Material and Methods: This was a retrospective study comprising all BA 
cases that underwent a PTCC at a tertiary pediatric centre from January 
1, 2000 to January 1, 2010. The patient’s charts, radiological images, and 
pathology reports were reviewed. PTCC was performed under deep 
sedation or general anesthesia, using sterile conditions and US and flu-
oroscopic guidance. A liver biopsy was performed duringthe same visit.
Results: During the study data collection, 44 patients, 23 males and 
21 females, underwent an uneventful PTCC. The average age of the 
patients was 70.6 days and the average weight was 4.26 kilograms.
Twenty-one patients had a confirmed diagnosis of BA. PTCC patterns 
found in this group were hypoplastic bile ducts (38%); nondistin-
guishable gallbladder with unsuccessful PTCC (29%); noncommuni-
cating gallbladder (24%); and absent common bile duct (9%).
Conclusion: PTCC is increasingly being used in the diagnostic algo-
rithm of BA. It provides a minimally invasive alternative to the “gold 
standard” of an intraoperative cholangiogram. In our series, we 
found four different PTCC patterns in patients with BA. Finding one 
of these patterns may facilitate the diagnostic process and treat-
ment decisions of patients with suspected BA.

P-21
Percutaneous transhepatic treatment using retrievable 
covered stents in patients with benign biliary strictures: 
mid-term outcomes in 68 patients
D.I. Gwon, M.J. Choi, K.W. Kim, E. Jung, G.-Y. Ko, H.K. Ko, J.H. Kim,
J.H. Shin, H.-K. Yoon, K.-B. Sung;
Radiology, Asan Medical Center, Seoul, Korea.

Purpose: To investigate the mid-term outcomes of a retrievable cov-
ered stent for treating benign biliary strictures.
Material and Methods: We retrospectively assessed 68 patients 
who underwent percutaneous transhepatic placement of a retriev-
able covered stent between March 2007 and November 2012 for 
treating benign biliary strictures. Fifty-one patients had anastomotic 
strictures and 17 had non-anastomotic strictures. Forty-two patients 
had not previously undergone interventional treatment, whereas 
26 had recurrent or refractory strictures despite prolonged cathe-
ter interposition after balloon dilation procedures. All the retrievable 
polytetrafluoroethylene (PTFE)-covered stents were percutaneously 
removed by retrieval hook wires.
Results: Placement of retrievable covered stents was technically 
successful in all patients. Stent migration occurred in 11 (16.2%) 
patients. The mean indwelling period of drainage catheter and stent 
were 5.8 months (range, 3–22.5 months) and 3 months (range, 2–6.5 
months), respectively. Clinical success was achieved in 59 (86.8%) 
patients. During the mean follow-up of 36 months (range, 8.5–65 
months), 12 (20%) of 60 patients had recurrence of clinically signif-
icant strictures. The primary patency rates at 1, 2, 3, 4, and 5 years 
were 91%, 89%, 76%, 68%, and 68%, respectively.
Conclusion: Mid-term outcomes suggested that percutaneous 
treatment of benign biliary strictures using retrievable covered 
stents was clinically effective.
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P-22
Percutaneous bilateral metallic stent placement using a 
stent-in-stent deployment technique in patients with 
malignant hilar biliary obstruction
D.I. Gwon, E. Jung, K.W. Kim, M.J. Choi, G.-Y. Ko, H.-K. Yoon, K.-B. Sung;
Radiology, Asan Medical Center, Seoul, Korea.

Purpose: To investigate the technical and clinical efficacy of percu-
taneous bilateral stent-in-stent deployment using open-cell design 
stents and to compare the clinical outcomes of bilateral stent place-
ment using T and Y configurations.
Material and Methods: From January 2008 to December 2012, 106 
patients with malignant hilar biliary obstruction (Bismuth type II or 
higher) were included in this retrospective study. All patients were treated 
with percutaneous bilateral stent-in-stent deployment using open-cell 
design stents; 64 had a T configuration and 42 a Y configuration.
Results: Bilateral stent-in-stent deployment was technically success-
ful in all patients. Seven patients (6.6%) had major complications, 
including one with severe hemobilia, two with acute cholecystitis, 
and three with cholangitis; seven (6.6%) had minor complications 
including self-limiting hemobilia. Successful internal drainage was 
achieved in 94 patients (88.7%). Stent occlusion by tumor ingrowth 
with/without overgrowth occurred in 37 patients (34.9%). The 
median survival and stent patency duration were 192 days (95% CI, 
153.6–230.4 days) and 319 days (95% CI, 148.5–489.5 days), respec-
tively. Stent configuration did not significantly affect technical suc-
cess, complications, successful internal drainage, patient survival, or 
stent patency.
Conclusion: Percutaneous bilateral stent-in-stent placement using 
open-cell design stents is effective for bilateral drainage in patients 
with malignant hilar biliary obstruction. Furthermore, no significant 
difference was observed in technical and clinical outcomes between 
T and Y configurations.

P-23
Iatrogenic clip ligature of extra-hepatic bile ducts during 
laparoscopic cholecystectomy: the role of the interventional 
radiologist
U.G. Rossi1, F. Petrocelli2, M. Dahmane2, P. Torcia3, C. Ferro2, M. Cariati4;
1Radiology, San Carlo Borromeo Hospital, Milan, Italy, 2Radiology, 
San Martino, University Hospital, Genoa, Italy, 3Interventional 
Radiology, San Giovanni-Addolorata Hospital, Rome, Italy, 
4Diagnostic Sciences, San Carlo Borromeo Hospital, Milan, Italy.

Learning objectives: To describe the role of the interventional radi-
ologist in involuntary clip ligature of the extra-hepatic bile ducts 
during laparoscopic cholecystectomy.
Background: Laparoscopic cholecystectomy has largely replaced 
open cholecystectomy as the standard of care for gall bladder exci-
sion. The main disadvantage of this technique is the increased inci-
dence of bile duct injuries. Majority of injuries are not recognized 
during surgery and present in a delayed fashion. One of these inju-
ries is the clip ligature of extra-hepatic bile ducts.
Clinical Findings/Procedure: The purpose of this poster is to illus-
trate the role of the interventional radiologist in the 1) diagnosis, 2) 
flow chart management of iatrogenic clip ligature of extra-hepatic 
bile ducts, and 3) percutaneous balloon dilatation as definitive ther-
apy in selected cases.
Conclusion: The interventional radiologist plays a key role in the 
diagnosis, management, and possible definitive therapy of patients 
with iatrogenic clip ligature of extra-hepatic bile ducts during lapa-
roscopic cholecystectomy.

P-24
Percutaneous transhepatic biliary interventions in benign 
diseases in children and adolescents
M. Inal, T.H. Ballı;
Radiology, Cukurova University Faculty Of Medicine, Adana, Turkey.

Learning objectives: The learning objective of this presentation is 
to evaluate the safety and efficacy of percutaneous biliary interven-
tions in benign diseases in children and adolescents.
Background: Percutaneous transhepatic biliary interventions are 
performed safely and effectively in adults. There is limited expe-
rience of these interventions in benign diseases in children and 
adolescents.
Clinical Findings/Procedure: Percutaneous biliary interventions 
were performed in 15 children with a mean age of 11.6 years (range 
14 days–16 years old). Patients presented with jaundice (n = 5), jaun-
dice and cholangitis (n = 5), cholangitis (n = 3), and right upper quad-
rant pain, jaundice, and fever (n = 2). Percutaneous transhepatic bil-
iary drainage was performed in 10 patients, percutaneous transhe-
patic biliary drainage plus balloon dilation in 3, percutaneous chole-
cystostomy in 1, percutaneous transhepatic biliary drainage follow-
ing percutaneous cholecystostomy in 1.
All procedures were technically successful. No procedure-related 
mortality occurred in patients. Serum bilirubin levels returned to 
normal or near normal in 10 of 12 cases. Pre-existing cholangitis 
and acute cholecystitis resolved in all patients. Six patients under-
went surgery following percutaneous management. Nine cases 
were primarily cured with percutaneous interventions with no fur-
ther treatment.
Conclusion: Percutaneous transhepatic biliary interventions can 
be performed safely and effectively in benign diseases in children 
and adolescents. It can be performed either as a primary treatment 
modality or as a bridge prior to surgery.

P-25
Liver transplant complications: imaging and intervention
A. Dev1, A. Arora1, A. Mukund1, V. Pamecha2, S.K. Sarin3;
1Radiology & Interventional Radiology, Institute of Liver & Biliary 
Sciences, New Delhi, India, 2Transplant Surgery, Institute of Liver 
and Biliary Sciences, New Delhi, India, 3Hepatology, Institute of Liver 
and Biliary Sciences, New Delhi, India.

WITHDRAWN

P-26
Percutaneous internal plastic stent placement for post-liver 
transplant biliary stenosis: SNUH protocol
E.S. Lee, J.K. Han, J. Baek;
Department of Radiology, Seoul National University Hospital, Seoul, 
Korea.

Learning objectives: To know how to perform intrahepatic plastic 
stent placement via a percutaneous approach in patients with post-
liver-transplant biliary stenosis.
Background: Biliary stenosis is one of the most common complica-
tions after liver transplantation. Endoscopic approach is successful 
in a majority of anastomotic narrowing, but the result of multifocal, 
non-anastomotic stenosis is quite disappointing. In our institution, 
percutaneous plastic stent placement is widely used in patients with 
multifocal biliary stenosis or biliary cast syndrome. In this exhibit, 
the strategy as well as a detailed technique of stent placement and 
removal will be presented.
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Clinical Findings/Procedure: When multifocal biliary strictures 
were suspected, a high quality cholangiogram was obtained via PTBD 
or a pre-existing T-tube tract. In cases of tight biliary stricture, pro-
ceeding balloon dilatation with a 3–6-mm balloon was necessary. 
Any biliary stones or casts were removed before stent placement. 
Multiple (up to 8) 7 or 10 Fr plastic stents (5–7 cm long) were inserted 
into as many hepatic segments as possible to save parenchymal 
function.
After 3–5 months, stents were removed using a stone basket by cap-
turing either end or using alligator forceps by grabbing the middle. 
Stent removal was successful in all cases through the T-tube tract of 
10 Fr, and the procedure took approximately 10–15 min. After stent 
removal, procedures were repeated.
Conclusion: Percutaneous plastic stent placement is technically fea-
sible and well tolerated in patients with extensive multifocal biliary 
stenoses. It can be a good salvage technique for extending grafts as 
well as patient survival.

P-27
Anatomical variants of the biliary tree and implications on 
percutaneous transhepatic cholangiography: a pictorial review
M. Kim, A. Kumar, P. Kisza, S. Contractor;
Radiology, University of Medicine and Dentistry New Jersey, 
Newark, NJ, United States of America.

Learning objectives: To review variations in the intrahepatic and 
extrahepatic biliary anatomy using angiographic images, MRCP 
images and illustrative case vignettes.
Background: Biliary drainage to each hepatic segment runs parallel 
to the portal venous supply. Normal biliary anatomy is considered to 
be present in 58% patients.
Clinical Findings/Procedure: We present the angiographic and 
magnetic resonance images of variant biliary anatomy. A few illus-
trative case vignettes are used to demonstrate the importance of 
recognizing variant anatomy during PTC. Drainage of the right pos-
terior duct (RPD) into the left hepatic duct (LHD) before its conflu-
ence with the right anterior duct (RAD) is the most common vari-
ant occurring in 13%–19% of the population. RPD at the right side 
of RAD rather than passing it posteriorly occurs in 12% of the pop-
ulation. Triple confluence occurs in 11%, characterized by simul-
taneous emptying of RPD, RAD and RPD into the common hepatic 
duct. Direct drainage of RPD into the common hepatic duct, right- 
or left-sided, is known as the aberrant hepatic duct and is present 
in 1%–5% of the population. Accessory hepatic ducts are seen in 
approximately 2% of the population. Three common variants in the 
cystic ductal anatomy: a low cystic duct insertion with fusion of the 
cystic duct with the distal third of the extrahepatic bile duct (9%), 
medial cystic duct insertion (10%–17%) and the cystic duct running 
parallel to the common hepatic duct.
Conclusion: Familiarity with segmental biliary anatomy and its vari-
ants on imaging is essential for interventional radiologists when 
performing percutaneous biliary interventions.

P-28
Complications following liver transplantation and the role of 
IR-guided solutions
A. Kumar, M. Kim, S. Contractor, J. Yoon;
Radiology, University of Medicine and Dentistry New Jersey, 
Newark, NJ, United States of America.

Learning objectives:
1. To review the common complications following liver transplants
2. To provide case-based illustrations of IR-guided therapies used to  
    manage these complications
Background: Post-transplantation complications can be classified 
into vascular, biliary, and other complications. The most common 
vascular complications include hepatic artery thrombosis/stenosis, 
pseudoaneurysm, hepatic infarct, portal vein thrombosis/stenosis, 
and IVC or hepatic vein stenosis/thrombosis. Biliary complications 
include bile duct obstruction, anastomotic stenosis, bile duct stric-
ture, stone formation, bile leak, biloma, biliary necrosis, and chol-
angitis. Other common postoperative complications include hema-
toma, abscess, and infection.
Clinical Findings/Procedure: We present illustrative examples of 
each category of complication, risk factors, key imaging characteris-
tics, and treatment options.
1. Hepatic artery stenosis occurs in 2%–11% transplantation cases. 

Untreated stenosis can lead to biliary strictures. Hepatic artery 
stenting is reported to be effective. Less frequently, arterial injury 
can present as pseudoaneurysms, which can be treated with 
percutaneous or endovascular embolization.

2. Biliary stricture due to vascular compromise, stones, and 
inadvertent isolation of aberrant ducts can lead to biliary 
obstruction and cholangitis. Percutaneous drainage of bile ducts 
prior to surgical reconstruction is effective. Angioplasty with or 
without stents for biliary strictures is also often considered.

3. Other complications such as hematomas and abscesses are often 
percutaneously drained under CT or US guidance.

Conclusion: IR-guided procedures play an important role in man-
agement of complications following liver transplantation both in the 
immediate as well as the long-term postoperative period.

P-29
Interventional radiological procedures for managing 
vascular and biliary complications after living donor liver 
transplantation
O. Abdelaziz, S. Emad El-Din, M. Moustafa;
Department of diagnostic and interventional radiology, Cairo 
University Hospitals, Kaser El-Ainiy, Cairo, Egypt.

Learning objectives:
1. To describe different vascular and biliary complications after living  
    donor liver transplantation (LDLT).
2. To review the different interventional radiological procedures.
3. To discuss their indications, technical aspects, and potential  
     complications.
Background: Liver transplantation is an acceptable therapeutic 
option for patients with end-stage liver disease. Vascular and biliary 
complications occur more frequently after LDLT than after deceased 
donor liver transplantation.
Early hepatic artery (HA), portal vein (PV), or hepatic vein (HV) compli-
cations need urgent revascularization to avoid graft loss. Biliary compli-
cations remain the most common and intractable problems after LDLT.
Interventional vascular and biliary radiological procedures are less 
invasive and an alternative to open surgery in the management of 
majority of these complications.
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Clinical Findings/Procedure: Vascular complications following LDLT 
may involve HA, PV, or HV. Vascular interventional procedures 
include the following:
-  Intra arterial thrombolysis for HA thrombosis.
-  Percutaneous transluminal angioplasty and stenting for HA 

stenosis.
-   Splenic artery embolization for splenic artery steal syndrome.
-   Percutaneous transhepatic PV angioplasty or intraoperative PV  

angioplasty through the inferior mesenteric vein for PV stenosis.
-   Percutaneous or transjugular HV angioplasty for HV stenosis.
Biliary complications include biliary strictures, leakage, stones, and 
bilomas. Biliary interventional procedures include the following:
-  Percutaneous drainage of biliary collections.
-  Endoscopic retrograde cholangiopancreatography (ERCP), percuta 
    neous transluminal dilatation (PTD), and rendezvous techniques for  
    biliary leakage and strictures.
Conclusion: Interventional radiological procedures are reliable and 
less invasive compared with open surgery in the management of post-
LDLT vascular and biliary complications and can be used in conjunction.

P-30
Covered retrievable and biodegradable stents: new devices for 
interventional radiologists in case of bile duct injury
A. Gioppo, F. Melchiorre, A. Campari, A. Sacrini, G. Cornalba;
Department of Diagnostic and Interventional Radiology, University 
of Milan, San Paolo Hospital, Milan, Italy.

The combined use of new devices such as fully covered retrievable 
stents and biodegradable stents avoided major surgery in a young 
woman with complete transection of the right hepatic bile duct 
after laparoscopic cholecystectomy.

P-31
Hepatic graft survival for more than 6 years: management 
with percutaneous multiple plastic stenting after total hepatic 
artery occlusion
E.S. Lee, J.K. Han;
Department of Radiology, Seoul National University Hospital, Seoul, 
Korea.

A 59-year-old female with hepatic arterial occlusion underwent de-
ceased donor liver transplantation 4 years ago. Management with per- 
cutaneous multiple bile duct stenting with regular changes enabled 
graft survival for more than 6 years with normal liver function.

P-32
Placement of an internal-external biliary drain through a 
bilioenteric fistula in a neonate after liver transplantation
D.A. Parra, B. Connolly;
Diagnostic Imaging. Image guided Therapy, The Hospital for Sick 
Children, Toronto, ON, Canada.

A 3-month-old female baby with ischemic common bile duct injury 
after liver transplantation was treated with a surgical external bili-
ary drain. Contrast study revealed a bilioenteric fistula. An internal–
external biliary drain was successfully placed through this fistula, 
resulting in excellent clinical and functional results.

P-33
Serious complications of acetic acid sclerotherapy for isolated 
bile leakage
H.W. Choi, K. Oh, Y.W. Gu;
Radiology, Maryknoll Medical Center, Busan, Korea.

Acetic acid is as an effective sclerosing agent but has a strong cyto-
toxic effect. We report a case of isolated bile leakage treated with ace-
tic acid that resulted in a large intrahepatic biloma and bilioduodenal 
fistula, which were managed by N-butyl cyanoacrylate ablation.

P-34
Innovative percutaneous treatment of intrahepatic lithiasis by 
a hysterosalpingography catheter
L. Patrone1, F. Pinna2, A. Valdata2, F. Petrocelli1, I. Budaj1, G. de Caro2;
1Vascular and Interventional Radiology, IRCCS Azienda Ospedaliera 
Universitaria San Martino-IST, Genoa, Italy, 2Department of 
Radiology, E.O. Ospedali Galliera, Genoa, Italy.

A 66-year-old patient, colecistectomized with bilioenteric anasto-
mosis, developed cholangitis with massive intrasegmental hepatic 
lithiasis. A high maneuverable hysterosalpingography catheter was 
successfully used to reach all the affected ducts and to push the 
stones into the duodenum after anastomosis balloon dilation.

P-35
Endobiliary plug for sealing a post-RFTA biloma
L.P. Moramarco, I. Fiorina, M. Torresi, P. Quaretti;
Interventional Radiology, Fondazione IRCCS Policlinico San Matteo, 
Pavia, Italy.

Bile duct injury is a major concern after radiofrequency tumour abla-
tion. A patient with post-RFTA bile leakage causing biloma compli-
cated by liver neuroendocrine secondaries was successfully treated 
by targeted deployment of an Amplatzer plug through a transhe-
patic double approach.

Biopsy and drainage

P-36
MR-guided prostate biopsies following several negative 
TRUS-guided biopsies
F. Schoth1, M. Weibrecht2, R. Bruhn1, J.C. Apitzsch1, C. Kuhl1;
1Diagnostic and Interventional Radiology, RWTH Aachen University 
Hospital, Aachen, Germany, 2Forschungslabor, Philips, Aachen, 
Germany.

Purpose: We investigated the outcome and imaging characteristics 
of lesions in patients with elevated PSA levels and several negative 
ultrasound-guided prostate biopsies selected for magnetic reso-
nance (MR) imaging-guided biopsy of the prostate comparing them 
to the histology of the specimen as gold standard.
Material and Methods: Inclusion criteria were PSA >4 ng/mL and at 
least 2 negative ultrasound-guided biopsies. In total, 59 patients (mean 
age 64 years; mean PSA 10.7 ng/mL) were included. In a diagnostic ses-
sion (Achieva 3T, Philips Medical Systems, Best, the Netherlands) pros-
tate MR imaging performed included multiplanar high resolution 
T2-weighted MRI, DCE, and DWI using a 32 channel surface coil. On a sec-
ond occasion, MR-guided biopsy of selected regions was collected using 
the Invio DynaTRIM device (Invivo, Orlando, USA). We analyzed the T2-, 
ADC-, T0, and TTP-values and the histology within the biopsy regions.
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Results: A total of 169 biopsies were collected. Histology revealed 
prostate cancer in 45 biopsies from 28 patients. A significant lower 
ADC (p < 0.01) was found in the ROIs of high grade tumors (Gleason 
8 or 9, G89 Group, ADC = 0.8 + -0.2mm2/s) as compared with inter-
mediate grade carcinomas (Gleason 6 or 7, G67 Group, ADC = 0.97 + 
-0.4mm2/s). A significantly lower ADC (p < 0.01) was found compar-
ing the intermediate grade carcinomas to the ROIs with no carcino-
mas (NoPCa Group, ADC = 1.1 + -0.3mm2/s).
Conclusion: MR imaging-guided prostate biopsy could detect pros-
tate cancer in 47% patients with repeated negative ultrasound-
guided biopsies. Regions with low ADC values are most likely to 
reveal a prostate carcinoma.

P-37
Evaluation of independent risk factors for common 
complications during CT-guided lung biopsies: a retrospective 
study in 342 patients
M. Anzidei, F. Fraioli, A. Napoli, S. Liberali, M. Bezzi, C. Catalano;
Department of Radiological Sciences, Sapienza Università di Roma, 
Rome, Italy.

WITHDRAWN

P-38
Diagnostic performance of CT-guided lung biopsy for 
ground-glass opacity lesions
T. Yamagami1, R. Yoshimatsu1, H. Miura1, T. Matsumoto2, T. Hasebe3,
K. Awai4, K. Yamada1;
1Radiology, Graduate School of Medical Science, Kyoto Prefectural 
University of Medicine, Kyoto, Japan, 2Department of Diagnostic 
Radiology, Japanese Red Cross Kyoto Daiichi Hospital, Kyoto, Japan, 
3Radiology, Tokai University Hachioji Hospital, Hachioji, Japan, 
4Diagnostic Radiology, Institute and Graduate School of Biomedical 
Sciences. Hiroshima University, Hiroshima, Japan.

Purpose: To evaluate the diagnostic performance of a CT-guided 
percutaneous lung biopsy for ground-glass opacity (GGO) lesions.
Material and Methods: Eighty-five percutaneous needle lung biop-
sies under CT-fluoroscopic guidance were performed in 73 patients. 
Specimens were obtained by core biopsies utilizing an automated 
cutting needle and were histologically evaluated. The final diagno-
sis was confirmed by independent surgical pathology, independent 
culture results, or clinical follow-up.
Results: The rates of adequate specimens obtained and of precise 
diagnosis by needle biopsies were 93% and 91%, respectively, of 
evaluated lung lesions. Precise diagnosis was achieved in 87% of 31 
lesions ≤10 mm in diameter, 90% of 40 lesions 10–20 mm, and 100% 
of 14 lesions >20 mm. Precision in diagnosing GGO lesions accord-
ing to the GGO component was 74% for pure GGO lesions and 97% 
for part-solid GGO lesions. Obtaining a precise diagnosis did not sig-
nificantly differ according to lesion size (p = 0.3840), but differences 
were significant according to the GGO component (p = 0.0047). 
Malignancy was accurately diagnosed in 35 of 36 malignant lesions, 
for which surgery was later performed. Specific cell type deter-
mined from specimens obtained by needle biopsies was exactly the 
same as the final histological diagnosis obtained after surgery in 20 
lesions.
Conclusion: Percutaneous lung biopsy under CT-fluoroscopy guid-
ance for a GGO lesion provides a high degree of diagnostic accuracy 
but is less reliable for determining the specific cell type.

P-39
Prospective randomized trial comparing cone-beam CT (CBCT) 
navigation vs. conventional CT for biopsies
N. Abi-Jaoudeh1, J. Kruecker2, A.M. Venkatesan1, E. Levy1, R. Chang1, 
B.J. Wood1;
1Interventional Radiology, National Institutes of Health, Bethesda, 
MD, United States of America, 2Research North America, Philips 
Healthcare Company, Briarcliff Manor, NY, United States of America.

Purpose: To compare conventional CT image guidance vs. cone-
beam CT navigation (Xperguide) for biopsies.
Material and Methods: The study is a prospective randomized 
trial approved by the institutional review board. All patients sched-
uled for CT guided biopsies in interventional radiology with lesions 
deeper than 3 cm were eligible. Exclusion criteria included ultra-
sound guidance, superficial lesion, and inability to consent. Number 
of needle repositioning, time to target, and clinical success were 
examined. Needle repositioning was defined as any pullback of the 
needle to reorient its direction. Clinical success was defined as ade-
quate histopathological specimen enabling diagnosis. The time to 
target was defined as the time elapsed between the initial scan and 
scan confirming adequate needle position. Radiation dose was mea-
sured by optical stimulated luminescent dosimeters. The number of 
verification CTs or CBCTs was also noted.
Results: Currently, results are available for 44 patients (34 men, 10 
females) having undergone 50 procedures (26 Xperguide vs. 24 CT). 
Twenty lung, 7 retroperitoneum, and 17 kidney biopsies were per-
formed. The numbers of needle repositioning with Xperguide was 
0.3 vs. 1.9 with CT (p < 0.001) and verification scans was 3.34 with 
Xperguide vs. 7.76 with CT (p < 0.000003). Clinical success was simi-
lar in both groups (p = 0.6). Time to target was similar in both groups 
(21 min Xperguide vs. 26 min CT, p = 0.22). Dosimetry data is being 
tabulated.
Conclusion: Preliminary results from this prospective randomized 
trial indicate that CBCT navigation may reduce the number of nee-
dle repositioning and radiation dose to reach a target; however, the 
time to target did not significantly change.

P-40
CT-guided lung biopsies with an ultra-low dose protocol in an 
augmented reality environment
R.F. Grasso1, R.L. Cazzato1, G. Luppi1, E. Schena2, F. Giurazza1,
S. Mercurio1, R. Del Vescovo1, E. Faiella1, B. Beomonte Zobel1;
1Radiology, Campus Bio-Medico di Roma, Rome, Italy, 2Biomedical 
Engineering, University Campus Bio-Medico of Rome, Rome, Italy.

Purpose: To evaluate the patient’s chest radiation dose during 
CT-guided lung biopsies with an ultra-low dose protocol in an aug-
mented reality environment.
Material and Methods: Ninety-seven patients were included in 
three different groups:
- Patients in group 1 (17 patients; 10 male, 7 female; mean age 69.5 ±  
  9.8 years) underwent standard CT-guided lung biopsies;
- Patients in group 2 (53 patients; 34 male, 19 female; mean age 67.2  
 ± 10 years) underwent CT-guided lung biopsies in an augmented  
  reality environment;
- Patients in group 3 (26 patients; 16 male, 11 female; mean age 69.8  
 ± 11 years) underwent CT-guided lung biopsies with an ultra-low  
  dose protocol in an augmented reality environment.
CT parameters in groups 1 and 2 were: 100 kV and 77 mAs; CT 
parameters in group 3 were 100 kV and 35 mAs.
Estimated radiation dose to patient’s chest, technical success, and 
complications were evaluated in the three groups.
Student’s t-test was used to compare the dose between the three 
groups.
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Results: The mean estimated dose to patient’s chest was 11.1 ± 5.2 
mSv, 5.5 ±2.4 mSv, and 0.92 ± 0.78 mSv in groups 1, 2, and 3, respec-
tively (p < 0.001).
Technical success was achieved in all groups.
Pneumothorax rate was 23.5%, 11.3%, and 14.8% in groups 1, 2, and 
3, respectively.
Conclusion: Dose to patient’s chest was significantly reduced dur-
ing CT-guided lung biopsies with an ultra-low dose protocol in an 
augmented reality environment; this result was reached without 
vanishing technical success.

P-41
Wirsung duct percutaneal drainage: indications, technique, 
and devices
M. Mizandari;
Diagnostic and Interventional Radiology, Tbilisi State Medical 
University, “High Technology Medical Center - University Hospital”, 
Tbilisi, Georgia.

Purpose: Indications, approaches, imaging guidance types, instru-
mentation, and devices of Wirsung duct percutaneal drainage are 
outlined.
Material and Methods: Ten patients with Wirsung duct dila-
tion underwent percutaneal drainage. Duct obstruction was 
caused by pancreatic head cancer, 5 cases; pancreatitis, 3 cases; 
Wirsungolithiasis, 1 case; and papilla of Vater tumor, 1 case. The 
drainage indication was pancreatic irritation in 8 cases. In 2 pan-
creatic cancer cases, percutaneal drainage was performed because 
of recent hyperglicemia onset, suggested to be related to pancre-
atic atrophy. In all cases, the drainage procedure was suggested 
to be the preparatory stage of subsequent patency restoration 
procedures.
Drainage procedure was performed using the guidewire technique 
under combined ultrasound- and fluoroscopy-guidance (6 cases) or 
CT- and fluoroscopy-guidance (4 cases) using 22 G puncture set (7 
cases) or 18 G puncture needle (3 cases). The puncture “target” was 
the duct body segment (6 cases), neck segment (3 cases) and tail 
segment (1 case). Transhepatic puncture route was used in 5 cases, 
transgastric in 3 cases, only transabdominal wall in 2 cases. In all 
cases 6 to 8.5 CH diameter “pig-tail” catheter with tip-locking capa-
bility was placed.
Results: Adequate drainage has been achieved in all cases. No pro-
cedure-related complications were detected even in cases where 
multiple punctures were needed to access the duct.
Conclusion: Wirsung duct drainage is a safe procedure when ade-
quate imaging guidance and devices are used. It should be rou-
tinely included in the list of probable treatment options in cases of 
Wirsung duct dilation of any origin.

P-42
Ultrasound-guided core needle biopsy of extra-ocular orbital 
lesions
D. Orlandi1, L.M. Sconfienza2, G. Mauri2, C. Murolo3, G. Serafini4;
1Scuola di Specializzazione in Radiodiagnostica, Università di 
Genova, Genova, Italy, 2Radiology, IRCCS Policlinico San Donato, 
San Donato Milanese, Italy, 3Radiologia, IRCCS AO San Martino IST, 
Genova, Italy, 4Radiologia, Ospedale Santa Corona, Pietra Ligure, 
Italy.

Purpose: To evaluate the diagnostic yield of ultrasound (US)-guided 
core needle biopsy of extraocular orbital lesions, discussing the 
technique, advantages, and complications
Material and Methods: IRB and patients’ consent were obtained. 
Computed tomography was prospectively performed in 55 
patients with unilateral exophthalmos and detected the presence 

of extraocular masses in 25 patients. Excluding lesions with benign 
appearance on US (n = 7) and patients in whom computed tomog-
raphy revealed unknown primitive malignancy (n = 5), 13 patients 
(7 males, 6 females; mean age, 62 ± 16 years; range, 28–78 years) 
underwent US; lesion appearance (echotexture, power Doppler vas-
cularisation), size, and position with respect to the cone and globe 
were recorded. Lesions were biopsied under US guidance using 
automatic (n = 9) or semi-automatic (n = 5) 18-G needles. Sample 
adequacy and complication rate were recorded.
Results: US demonstrated hypoechoic texture and mild power 
Doppler vascularity in all lesions, which were completely (n = 7) or 
partially extraconal (n = 6), located laterally (n = 8) or posteriorly (n 
= 5) to the globe, and with a 3.25-cm mean size. All biopsies yielded 
adequate material for final diagnosis and immunohistochemical 
characterisation (9 non-Hodgkin lymphomas, 2 adenocarcinomas, 1 
lymphoid hyperplasia, 1 inflammatory pseudotumor). Complications 
included eyelid hematoma (n = 3) and retrobulbar hematoma (n = 1), 
treated conservatively and resolved at 10-day follow-up. No imme-
diate or delayed vision reduction was reported.
Conclusion: In experienced hands, US-guided core needle biopsy 
of extraocular orbital lesions is feasible and accurate, without long-
term complications. It provided adequate samples to achieve final 
diagnosis in various pathologies.

P-43
Pneumothorax rate evaluation in CT-guided lung biopsy with 
the patient in lateral decubitus position and the biopsy side 
downward
G. Velonakis, D.K. Filippiadis, A. Mazioti, S. Argentos, K. Malagari,
A.D. Kelekis, N.L. Kelekis;
2nd Department of Radiology, General University Hospital ATTIKON, 
Athens, Greece.

Purpose: To assess the effect of placing the patient in the lateral 
decubitus position with the biopsy side downward on the pneumo-
thorax rate during CT-guided transthoracic needle biopsy of pulmo-
nary lesions.
Material and Methods: In total, 214 percutaneous CT-guided lung 
biopsies were performed over 40 months. In 173 biopsies, patients 
were placed in the prone or supine position (Group A). In 41 biop-
sies, they were placed in the lateral position with the biopsy side 
downward (Group B). Statistical analysis compared the pneumotho-
rax rate between both groups. The rate of pneumothorax requir-
ing intervention was assessed. The effect of other variables (patient 
demographic characteristics, lesion characteristics, lesion distance 
from the skin, and biopsy technique) was evaluated in both groups.
Results: In Group A, 27 pneumothorax cases were recorded (15.61%) 
versus 1 (2.44%) in Group B (p = 0,025). Pneumothorax requiring 
treatment was noticed in 10 cases (5.78%) in Group A versus 0 (0%) in 
Group B. Emphysema and lesion size were independent risk factors 
for pneumothorax in Group A; emphysema was an independent risk 
factor for pneumothorax necessitating drainage catheter insertion 
in Group A. No independent risk factor was recognized for pneumo-
thorax or pneumothorax requiring intervention in Group B.
Conclusion: CT-guided percutaneous lung biopsies in the lat-
eral position with the biopsy side downward are associated with 
reduced pneumothorax rate and pneumothorax requiring treat-
ment compared with biopsies in other positions. Lateral position 
with the biopsy side downward reduces the impact of known risk 
factors for pneumothorax.
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P-44
Safety and efficacy of transjugular liver biopsy: do we need 
more than three biopsy cores?
G.C. Makris, M. Krokidis, N. Shaida, A. Winterbottom, B.C. Koo, T. See, 
C. Cousins;
Academic Department of Interventional Radiology, Addenbrooke’s 
Hospital, Cambridge University Hospitals, Cambridge, United 
Kingdom.

Purpose: To evaluate the safety and efficacy of transjugular liver 
biopsy (TJLB) in relationship to the number of passes.
Material and Methods: A retrospective study evaluating 115 con-
secutive patients who underwent TJLB during a 32-month period 
(2009–2012) was performed. Number of cores obtained, diagnostic 
accuracy, and adverse events were assessed.
Results: The obtained samples were sufficient for staging and/or 
grading in 93.6% patients, with a mean of 2.67 cores (95% CI: 2.49–
2.85) and a mean core length of 14.33 mm (95% CI: 13.4–5.2). Minor 
immediate (first 24 h) and delayed complications occurred in 2.5% 
and 1.8% patients, respectively, but did not affect hospital stay or 
mortality.
Four or more passes did not significantly increase adverse events 
compared with 3 or less passes (6.7% vs. 3.1%, p = 0.452, respec-
tively) but did not improve the mean size of the acquired tissue 
(12.2 vs. 14.05 mm, p = 0.81, respectively) or the diagnostic accuracy 
(100% vs. 92.4%, p = 0.59, respectively) of the obtained sample.
Conclusion: TJLB appears to be safe and effective with an accept-
able complication rate. From our experience 3 biopsy cores are ade-
quate to obtain a good balance between diagnostic accuracy and 
adverse events. Larger numbers of patients are required to obtain 
statistically significant results.

P-45
Sutureless anchorage of short-term abdominal drainage 
catheters for recurring ascites in oncology patients: the 
Singapore experience
P. Chong, L.H.W. Toh, F.B. Jayma, C.L. Ong;
Diagnostic and Interventional Imaging, KK Women’s and Children’s 
Hospital, Singapore, Singapore.

Purpose: Ascites often accompanies gynecological cancers. Drainage 
catheter insertion by an intervention radiologist has become the 
standard of care. Traditional methods of anchorage with sutures often 
result in varying degrees of local inflammation and, occasionally, 
suture site infection.
A method of anchorage with adhesive dressings alone, omitting the 
use of costly adhesive anchor devices, was trialed.
Material and Methods: Our sutureless anchorage technique was as 
follows:
1. A steristrip was taped around the catheter at the puncture site as 

a marker.
2. A catheter loop was then formed on the skin.
3. The catheter loop was covered with a transparent adhesive 

dressing to the skin.
4. The rest of the catheter not covered by (3) was then taped 

onto the patient’s skin using micropore/durapore/hypafix tape 
dressing.

The above method was applied in a pilot study involving 60 adult 
patients. This dressing method was taught to ward and outpatient 
clinic nurses for continuity of care.
Results: All catheters anchored using the new technique remained 
in place till end of therapy. Average catheter dwell time was 5–7 days.
Patients who had a prior catheter anchored with sutures expressed 
preference for the new sutureless technique. Overall, the total pro-
cedure time was reduced. Although there were two reported cases 

of slippage of the drainage catheter by 2 cm during interval dressing 
change, the pigtail catheters remained within the peritoneal cavity 
and functional without further intervention.
Conclusion: This method of catheter securement improves patient 
comfort, reduces suture site-related inflammation, pain and infec-
tion, and avoids needle stick injuries from suturing.

P-46
The advanced techniques of CT-guided drainage
K. Ohba, H. Fujisawa, T. Fukushita, K. Matsunari, K. Watanabe,
Y. Kawahara, S. Funaki, T. Kushihashi;
Department of Radiology, Showa University Northern Yokohama 
Hospital, Kanagawa, Japan.

Learning objectives: To learn the techniques for accessing und-
rainable abscesses or fluid collections, thus eliminating the need for 
laparatomy and shortening the duration of hospitalization.
Background: Computed tomography (CT)-guided percutane-
ous drainage is safe and effective and widely used for patients 
with febrile abscesses or fluid collections. CT facilitates appropri-
ate placement of the drainage catheter, allowing the abscess to 
drain effectively; it is occasionally used for drainage of difficult-to-
reach abscesses that are obstructed by adjacent organ and organs 
or vessels along the proposed access route. We also discuss the 
drainage techniques that require an understanding of associated 
complications.
Clinical Findings/Procedure: Using a case-based review, the 
exhibit describes the techniques to create access routes, including 
injection of saline solution to displace vital structures, creation of 
pneumothorax to access posterior mediastinal fluid collection, and 
the transosseous approach for iliopsoas abscesses. We also describe 
well-established approaches including the transgluteal approach for 
subphrenic abscess and intrapulmonary abscesses or empyema.
Conclusion: Use of the described technique can improve the acces-
sibility to abscesses or fluid collections.

P-47
Multi-modality image-guided percutaneous drainage of 
posterior mediastinal fluid collections
E. Saeed, M. Conrad, M. Wilson, S. Nanavati;
Department of Radiology and Biomedical Imaging, University 
of California San Francisco, San Francisco, CA, United States of 
America.

Learning objectives: To discuss the strategies to percutaneously 
access posterior mediastinal fluid collections using fluoroscopy-, 
computed tomography (CT)-, and ultrasound (US)- guided tech- 
niques.
Background: Posterior mediastinal fluid collection is challeng-
ing to access percutaneously. This poster presents three patients 
with posterior mediastinal fluid collection who were managed 
with percutaneous drainage. We review the anatomy and percuta-
neous techniques to drain fluid collection in this difficult-to-access 
compartment.
Clinical Findings/Procedure: In the 1st case, a 49-year-old male 
developed a retrocardiac abscess due to esophageal perforation 
after chicken bone ingestion. After primary operative repair, his 
drain was accidentally removed and the patient developed recur-
rence. Using fluoroscopic sonography, a 12-Fr drainage tube was 
placed into the area of fluid collection.
In the 2nd case, a 60-year-old with Boerhaave’s syndrome and a ret-
rocardiac abscess was managed nonsurgically. Using US, CT, and flu-
oroscopy, a transhepatic/transdiaphragmatic drain was placed into 
the retrocardiac space.
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In the 3rd case, a 57-year-old female intravenous drug user presented 
with a posterior mediastinal fluid collection extending to the supe-
rior mediastinum. A drain was placed into the posterior mediasti-
num from a base of the neck access using US and fluoroscopy.
Conclusion: Posterior mediastinal fluid collection is difficult to 
access percutaneously. A multi-modality integrative technique and 
understanding of the anatomy may allow successful drainage. In 
some cases, this may obviate the need for surgical intervention.

P-48
Methods for safe and effective treatment of the liver dome: 
biopsy, drainage and ablation
S.R. Butros, A. Kambadakone, R.S. Arellano;
Radiology, Massachusetts General Hospital, Boston, MA, United 
States of America.

Learning objectives: Our aim in this exhibit is to discuss the ana-
tomical and technical challenges encountered while accessing the 
liver dome for lesion biopsy, abscess drainage, and tumor ablation 
and the methods to overcome them.
Background: Access to the liver dome poses a challenge to the 
interventionalist given its proximity to many adjacent structures, 
including the diaphragm, pericardium, pleura, and the lung. Several 
methods can be utilized to avoid direct puncture (pleural transgres-
sion) of a lesion or an abscess in the liver dome.
The ultimate goal of every procedure is to provide ideal treatment 
that is safe and effective and to minimize the potential complica-
tions, including pneumothorax, empyema, or nontarget organ inju-
ries such as diaphragmatic rupture or peritoneal burn.
Clinical Findings/Procedure: Case based examples of creation 
of artificial ascites, gantry angulation, probe triangulation, and use 
of Seldinger and tandem trochar techniques will be discussed. The 
approach to potential complications and their treatments will also 
be discussed.
Conclusion: At the end of this exhibition, reviewers will have a bet-
ter understanding of methods to access the liver dome.

P-49
Preoperative CT-guided needle localization of pulmonary 
nodules
N. Sood1, A.C. Roberts1, P.A. Thistlethwaite2, M. Singh2;
1Radiology, University of California, Thornton Hospital/UCSD 
Medical Center, San Diego, CA, United States of America, 
2Cardiothoracic Surgery, University of California, San Diego, San 
Diego, CA, United States of America.

Learning objectives:
1. To understand the indications, procedure, and complications/

limitations of hook-wire needle localization of pulmonary nodules 
for video-assisted thoracoscopic surgery (VATS).

2. To evaluate the efficacy and review the technical and clinical 
outcomes of the procedure.

Background: VATS is a minimally invasive approach for the resec-
tion of small pulmonary nodular lesions. Preoperative image-guided 
hook-wire localization aids the surgeon by providing a clear target 
and hence facilitating the resection of lesions that are otherwise not 
palpable.
Clinical Findings/Procedure: Between December 2004 and May 
2012, 49 computed tomography-guided needle localization proce-
dures were performed in 48 patients: 23 males and 26 females aged 
between 27 and 85 years. VATS was planned in 31 of 49 and open 
surgery was planned in 18 of 49 cases. Out of the 63 pulmonary 
lesions intended for localization, technical success was achieved in 
61. Failures occurred because of puncture of the right subclavian 
artery and patient movements. Methylene blue was injected in 38 

of 49 cases. Of the 122 hook wires placed (we attempted to place 
2 wires in each lesion), 11 dislodged. Lesions measured 0.2–4 cm 
in size. Pathological examination revealed 37 malignant lesions; of 
these, 33 were primary lesions. The procedure took approximately 
40–50 mins to complete. A total of 29 patients had minimal pneu-
mothoraces, 3 developed subcutaneous emphysema, 1 had mild 
hemoptysis, 2 had hemorrhages, and 1 had an intercostal vessel 
bleed.
Conclusion: This procedure is safe and effective for precise lesion 
localization, with a low complication rate and high success rate.

P-50
Percutaneous management of multilocular echinococcal 
cysts which mimicked a hepatic tumor and caused mechanical 
jaundice and cholangitis
M. Mizandari;
Diagnostic and Interventional Radiology, Tbilisi State Medical 
University, “High Technology Medical Center - University Hospital”, 
Tbilisi, Georgia.

Large multilocular echinococcal cysts, which mimicked a hepatic 
tumor on contrast CT because of infiltrative growth, were compli-
cated by mechanical jaundice and cholangitis. The patient was suc-
cessfully managed percutaneously using bilateral biliary and para-
sitic masses drainage.

P-51
Air leakage - a disaster after a percutaneous lung biopsy
S. Srinivasan1, H.S. Teh1, S.B. Babu2, M.J. Clarke1;
1Radiology, Khoo Teck Puat Hospital, Singapore, Singapore, 
2Radiology, Derriford Hospital, Plymouth, United Kingdom.

We report a very rare complication of extensive surgical emphysema 
following percutaneous biopsy of a left lung nodule in a 74-year-old 
woman with COPD. We also describe the clinical course and analyze 
whether this could have been prevented.

P-52
Air embolism after percutaneous transthoracic needle biopsy 
(PTNB) of the lung mass
W.-H. Lee1, S.B. Yang2;
1Radiology, Soonchunhyang Hospital, Cheonan, Korea, 2Radiology, 
SoonChungHyang University Hospital, Gumi, Korea.

We present a case of an air embolism after computed tomogra-
phy (CT)-guided percutaneous transthoracic needle biopsy (PTNB) 
of a lung nodule. CT performed immediately after biopsy showed 
air within the left ventricle and coronary artery. The patient died 
because of cardiac arrest.

P-53
Idiopathic purulent mediastinitis: combined otolaryngology 
and CT-guided interventional radiology management
B. Shaygi, I.J. Walton, M.P. Williams;
Radiology, Derrifor Hospital, Plymouth, Devon, United Kingdom.

A 35-year-old patient presented with large purulent emphysema-
tous mediastinal fluid accumulation and mediastinitis.
Following initial transcervical surgical drainage, a four-stage com-
puted tomography-guided drainage was performed. A 6-week fol-
low-up scan revealed that the mediastinal and pericardial accumula-
tions had completely resolved.
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P-54
Indwelling peritoneal drainage catheter-enteric fistula in a 
patient with malignant ascites: a case report
N.S. Shetty, S.S. Kulkarni, A.M. Polnaya, T.P. Dharia, R.J. Gandhi,
S.S. Patil, H.A. Pendse, M. Thakur;
Interventional Radiology, Tata Memorial Hospital, Mumbai, India.

A patient with pancreatic malignancy accompanied with malignant 
ascites was treated by a tunneled indwelling peritoneal catheter sys-
tem that functioned optimally for 3 months. A tubogram revealed IP 
catheter-enteric fistula. This is the first documented case of IP cathe-
ter-enteric fistula in the literature.

Bone, spine and soft tissue intervention

P-55
Foraminal steroid injections performed under CT control: 
a retrospective study
N. Alberti1, J. Bocquet1, T. Tourdias1, N. Lippa2, P. Menegon1, X. Barreau1, 
J. Berge1, M. Gilles1, F. Texeira2, V. Dousset3;
1Department of Neuroimaging, CHU Pellegrin, Bordeaux, France, 
2Department of Interventional Radiology, Institut Bergonié, 
Regional Cancer Center, Bordeaux, France, 3Interventional and 
Diagnostic Neuroradiology, C.H.U. Pellegrin, Bordeaux, France.

Purpose: Foraminal infiltrations of corticosteroids were criticized 
following the occurrence of iatrogenic irreversible paraplegia. We 
questioned the rate of complications in our proceedings infiltration.
Material and Methods: This is a retrospective and monocentric 
study, which included 996 patients from October 2008 to June 2010. 
All infiltrations were performed under CT scan control. The prepara-
tion contained a mixture of a corticosteroid (prednisolone acetate or 
cortivazol) and an iodinated contrast media (Iopamidol).
Results: We highlighted the epidural passage in 75% cases and repro-
ducibility of pain in 57% cases. Adverse effects were minor: vasovagal 
response (21 patients), allergic reaction (3 patients), and exacerbation 
of pain (9 patients). No neurological complications were reported.
Conclusion: Our cohort study showed the absence of neurological 
complications.

P-56
Microwave ablation of osteoid osteomas controlled by 
dynamic contrast-enhanced MRI
M. Kostrzewa, P. Diezler, H. Michaely, N. Rathmann, S.O. Schoenberg, 
S.J. Diehl;
Institute of Clinical Radiology and Nuclear Medicine, University 
Hospital Mannheim, Mannheim, Germany.

Purpose: Microwave (MW) ablation of osteoid osteomas offers a 
new treatment alternative to radiofrequency (RF) ablation with most 
of the radiofrequency advantages but close to none of the disadvan-
tages. We present 10 osteoid osteoma patients successfully treated 
with MW ablation and discuss the advantages and limitations of this 
new treatment strategy.
Material and Methods: Ten patients with osteoid osteomas at dif-
ferent locations were treated at our department between June 
2010 and December 2012 using Computer tomography (CT)-guided 
MW ablation. MW ablation was performed under general anesthe-
sia using the Medwaves Microwave System (San Diego, California). 
Dynamic contrast-enhanced magnetic resonance imaging (DCE-
MRI) was performed at 3.0 T [Magnetom Tim Trio (32 × 102); Siemens 
Healthcare Sector, Erlangen, Germany] prior and post MW ablation 

to monitor therapeutic success. The procedure was regarded suc-
cessful when the patient was pain free within seven days after treat-
ment and remained so at follow-up.
Results: All patients were pain free within one week after MWA 
without any recurrence reported till date. No major complications 
such as infection, bleeding, or bone necrosis occurred in the peri-
procedural time frame. In DCE-MRI, signal intensity of the lesions 
dropped on average by 75% post-treatment, correlating well with 
the clinical treatment outcome.
Conclusion: First results of MW ablation of osteoid osteoma showed 
a high success rate comparable with other noninvasive thermoabla-
tive techniques such as RF ablation. DCE-MRI is a useful tool for oste-
oid osteoma diagnosis and treatment evaluation.

P-57
CT scan versus cone-beam CT-guided bone biopsies: 
a prospective comparative study
L. Tselikas1, J. Joskin1, G. Farouil1, F. Roquet2, S. Dreuil3, A. Hakimé1,
C. Teriitehau1, A. Auperin2, T. de Baère1, F. Deschamps1;
1Interventional Radiology, Institut Gustave Roussy, Villejuif, France, 
2Biostatistics, Institut Gustave Roussy, Villejuif, France, 3Medical 
Physics, Institut Gustave Roussy, Villejuif, France.

Purpose: To compare the precision and the radiation dose of bone 
biopsies performed either under conventional computed tomogra-
phy guidance (CT guidance) or under fluoroscopic guidance using a 
flap-panel cone-beam CT with real-time 3D image fusion software 
(FP-CBCT guidance).
Material and Methods: Sixty-eight consecutive patients with bone 
tumor were prospectively included. The biopsies were scheduled 
under CT guidance or under FP-CBCT guidance according to the 
operating room’s availability.
All contributing parameters were prospectively recorded to ana-
lyze feasibility, technical success, precision (distance between target 
and needle tip), puncture time (time from initial to final 3D acqui-
sition), and pathological success (contributively for pathological 
diagnostic).
Patients and physicians radiations doses were measured using dedi-
cated dosimeters. Patient and lesion characteristics (sex, age, tumor 
size, depth, location, and osteolytic/blastic aspect on preoperative 
imaging) were also recorded for multivariate analysis.
Statistical significance was evaluated by using two-tailed parametric 
and non-parametric t tests and chi-square tests.
Results: Thirty-four patients underwent bone biopsies under CT 
guidance and 34 under FP-CBCT guidance.
All biopsies were feasible and technical success was 100%, with both 
guidance modalities.
There was no significant difference for puncture time (34.4 min and 
38.5 min, respectively: p = 0.68) and pathological success results 
(90% for and 88%, respectively: p = 0.9).
Precision was significantly better using FP-CBCT guidance (3.5 mm 
and 4.8 mm, respectively: p = 0.002).
Patients and operators radiations doses were significantly lower 
under FP-CBCT guidance, 57 vs. 169 mSv; p < 0.0001, respectively, 
and 0.021 vs. 0.024 mSv; p = 0.01, respectively.
Conclusion: FP-CBCT guidance for bone biopsy is accurate and 
reduces patient and operator’s radiation doses, compared with CT 
guidance.
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P-58
Lumbar percutaneous herniectomy: does the axial location of 
disk herniation impact the effectiveness of this procedure?
L. Huwart, P. Browaeys, N. Amoretti;
Department of Radiology, Teaching Hospital of Nice, Nice, France.

Purpose: To determine if the axial location of lumbar disk herniation 
influences the effectiveness of percutaneous discectomy.
Material and Methods: Two hundred patients with lumbar radicu-
lopathy resistant to medical treatment and steroid injections (with-
out neurological deficit) were prospectively treated by percutaneous 
discectomy. Disk herniations were posteromedial in 46/200 patients 
(23%), posterolateral in 80 (40%), and foraminal in 74 (37%). The level 
was L3-L4 in 15%; L4-L5 in 49%; and L5-S1 in 36%. Herniectomy was 
performed under CT and fluoroscopy guidance, using local anesthe-
sia only. Herniated nucleus pulposus was mechanically extracted by 
a helical probe (Herniatome, Gallini, Italy). Follow-up was performed 
at day 2 and at 1 and 6 months using visual analog scale (VAS).
Results: The mean procedure time was 15 min. In the group with 
posteromedial herniations, the VAS scores ± standard deviations 
(SDs) were as follows: prior to intervention, 7.9 ± 2.5; at day 2, 3.2 
± 2.1; at 1 month, 3.9 ± 1.2; and at 6 months, 2.7 ± 1.2 (significant 
decrease in 65% compared with pre-operative VAS scores, p < 0.05). 
In the group with posterolateral and foraminal herniations, the VAS 
measurements ± SDs were as follows: prior to intervention, 8.2 ± 3.2; 
at day 2, 2.8 ± 1.5; at 1 month, 1.5 ± 0.9; and at 6 months, 1.1 ± 0.5 
(significant decrease in 81%).
Conclusion: This study showed that percutaneous herniectomy was 
effective irrespective of the location of disk herniation, with better 
results for posterolateral and foraminal herniations.

P-59
Pulse dose radiofrequency on knee osteoarthritis
S. Masala, R. Fiori, M. Raguso, E. Calabria, M. Morini, G. Simonetti;
Diagnostic Imaging, Interventional Radiology, Molecular Imaging 
and Radiation Therapy, Policlinico Tor Vergata, Rome, Italy.

Purpose: Knee osteoarthritis is the most common form of arthritis 
and is one of the leading causes of disability in older adults. The pur-
pose of this study was to investigate the role of pulse dose radiofre-
quency in the management of chronic pain in patients who do not 
respond to any conservative treatment.
Material and Methods: Between January 2011 and November 2012, 
pulse dose radiofrequency was performed on 22 patients. A 10 cm 
long 20-gauge cannula was introduced in the anterolateral part of 
the affected knee and its tip was placed intra-articularly under fluo-
roscopic guidance. After the spindle was removed, a radiofrequency 
needle with a 10-mm active tip was introduced. Pulse dose radiofre-
quency was performed with 1200 pulses at high voltage (45 V) with 
20 milliseconds duration followed by 480 milliseconds silent phases.
Results: Mean VAS score before the procedures was 6.8 ± 0.8. 
Patients had a great relief from pain after treatment for 1 week 
(mean VAS score 2.8 ± 0.4, p < 0.05), with a stabilization of the symp-
tomatology in the following months and excellent results after 1 
year by the procedures (Mean VAS scores 3.9 ± 0.5 after 12 months, p 
< 0.05). Also, the WOMAC scores showed a better quality of life in all 
patients at 6 months (p < 0.05) and 1 year (p < 0.05).
No patients developed complications.
Conclusion: This is the first study that successfully investigated the 
role of pulse dose radiofrequency in the treatment of pain caused by 
knee osteoarthritis. Pulse dose radiofrequency seems to be an effec-
tive and reliable technique for management of chronic pain.

P-60
CT-guided percutaneous pulse dose radiofrequency for 
pudendal neuralgia
S. Masala, E. Calabria, M. Raguso, A. Cuzzolino, G. Simonetti;
Diagnostic Imaging, Interventional Radiology, Molecular Imaging 
and Radiation Therapy, Policlinico Tor Vergata, Rome, Italy.

Purpose: The purpose of our study was to evaluate the efficacy of 
computed tomography (CT)-guided percutaneous pulse dose radio-
frequency (PDRF) for treatment of chronic pain in patients with 
pudendal neuralgia (PN), unresponsive to conservative approaches.
Material and Methods: From March 2010 to January 2012, 30 
patients diagnosed with PN were prospectively enrolled in the study 
(18 women and 12 men; mean age 47 years). A 10 cm long 20-gauge 
cannula was placed under CT guidance in the pudendal (Alcock’s) 
canal. After the spindle was removed, a radiofrequency (RF) nee-
dle with a 5-mm active tip was introduced. The appropriate nee-
dle placement near the pudendal nerve without involvement of the 
vessels was confirmed with an injection of 1–2 ml of contrast agent. 
PDRF was performed with 1200 pulses at high voltage (45 V) with 20 
milliseconds duration followed by 480 milliseconds silent phases.
Results: Twenty-six patients completed the study. Procedural suc-
cess was achieved in all patients who were treated without any com-
plications. Patients had a great improvement in pain intensity after 
1 week by PDRF (mean VAS scores 3.8 ± 1.7, p < 0.05), with a stabili-
zation of the symptomatology in the following months (mean VAS 
scores 1.5 ± 1.1 at 6 months by PDRF, p < 0.05) and excellent results 
after 1 year by the procedure (mean VAS scores 1.9 ± 0.7, p < 0.05).
Conclusion: In our preliminary experience, CT-guided percutane-
ous PDRF should be recommended for treatment of PN because we 
evaluated the tolerability of this procedure with satisfactory and 
encouraging results.

P-61
Clinical evaluation of targeted radiofrequency ablation 
followed by cement augmentation in malignant spine lesions 
using novel bipolar navigational device
B.A. Georgy;
Radiology, University of California at San Diego, San Diego, CA, 
United States of America.

Purpose: To report early clinical experience of t-RFA followed by ce- 
ment augmentation in malignant lesions of the spine using a novel 
bipolar RF ablation system built to perform minimally invasive pro- 
cedures.
Material and Methods: Thirty-four spinal lesions in 22 patients with 
different malignant etiologies were included after IRB approval. The 
STAR Tumor Ablation System includes a robust, articulating, navi-
gational osteotome containing an extensible electrode. The device 
is bipolar and contains two thermocouples (TC) to permit real-
time monitoring of the periphery of the ablation zone. RF warmed 
cement augmentation via the same guiding cannula was performed 
after lesion ablation.
Results: All procedures were performed safely with no complications 
or thermal injury. Ablation time ranged from 1.5–6 min. Maximum 
recorded temperature was 65°C at the distal TC and 50°C at the prox-
imal TC. Post-procedure CT showed no significant cement leakage. 
Average VAS scores dropped from 7.1 at pre-procedure to 4.75 at 
post-procedure. Average ODI scores improved from 25.6 to 18.5 post-
procedure representing an improvement in category of disability 
from moderate to minimal disability. Decreased tumor volume and 
metabolic activity was confirmed by MRI and PET scan, respectively.
Conclusion: Targeted RF Ablation followed by RF warmed high vis-
cosity cement augmentation was successfully performed in this series 
of malignant spinal lesions. Improvement in pain and functional 
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status was noted in all patients. Proximal and distal TCs allowed 
accurate monitoring of the ablation zone size and location by pro-
viding real-time in-situ temperatures to avoid complications in 
nearby vital structures.

P-62
Radiofrequency ablation of osteoid osteomas: successful 
therapy and complications in long-term follow-up
F. Collettini1, F. Streitparth1, C. Bruger1, B. Hamm1, B. Gebauer2;
1Radiology, Charité Universitätsmedizin Berlin, Berlin, Germany, 
2Klinik für Strahlenheilkunde, Charité, Universitätsmedizin Berlin, 
Berlin, Germany.

Purpose: To review the long term clinical outcomes in the treatment 
of osteoid osteoma (OO) using radiofrequency ablation (RFA).
Material and Methods: Our retrospective study included 59 
patients who were treated for symptomatic OO using RFA from April 
2001 to December 2012. Here, the occurrence of complications and 
postoperative recurrence as well as postoperative patient satisfac-
tion were examined. Patient satisfaction was assessed by means of a 
telephone interview with the visual analogue scale.
Results: Mean follow-up was 54 months (1–123 months). The aver-
age size of the nidus was 6 mm. The initial RFA resulted in 94.2% 
permanent healing and pain relief; 4 patients required a second 
ablation and none of the patients had to change to another ther-
apy. Therefore, assisted success rate was 100%. The complication 
rate was 3.4% (1 major and 1 minor complication). Furthermore, we 
report a very high patient satisfaction and acceptance of therapy.
Conclusion: With special consideration of socio-economic parame-
ters and comparable therapeutic safety to open surgical procedure, 
RFA should be considered in the future as a standard treatment for 
OO.

P-63
Percutaneous vertebroplasty for pain management in patients 
with multiple myeloma: should we still ablate first?
G. Orgera1, M. Krokidis2, M. Matteoli1, G.M. Varano1, F. Laurino1,
V. David1, M. Rossi1;
1Radiology, Sant’Andrea University Hospital, Rome, Italy, 
2Department of Radiology, Cambridge University Hospitals, 
Cambridge, United Kingdom.

Purpose: To investigate the added role of radiofrequency ablation 
to vertebroplasty in pain management of patients with multiple 
myeloma.
Material and Methods: Thirty-six consecutive patients with ver-
tebral localization of multiple myeloma were included in the study 
and randomly divided into two groups: 18 patients (Group A) that 
underwent radiofrequency ablation and then vertebroplasty and 
18 patients (Group B) that underwent only vertebroplasty. Primary 
endpoints were technical success and pain relief score rate mea-
sured by the visual analogue pain scores (VAS) and Roland-Morris 
Questionnaire (RMQ); the secondary endpoint was the amount of 
administered analgesia. Survival and complications were compared.
Results: Technical success was 100% in both groups. The VAS score 
(at 24 h and 6-weeks post-procedure) decreased in equal man-
ner for both groups from a mean of 9.1 to 3.4 and 2.0, respectively, 
for Group A and from a mean of 9.3 to 3.0 and 2.3, respectively, for 
Group B without a statistically significant difference. Pre-procedural 
RMQ mean score was 19.8 for Group A and 19.9 for Group B and 
decreased to a mean of 9.6 and 8.2 for Group A and 9.5 and 8.7 for 
Group B at 24 h and 6-weeks, respectively, post-procedure. The 
amount of medication was equally decreased in the two groups. No 
major complication occurred; two patients died from other causes.

Conclusion: The use of percutaneous vertebroplasty alone appears 
to be effective in pain management in patients with multiple myeloma 
with vertebral involvement. The use of radiofrequency ablation does 
not offer any clear added benefit on mid-term pain management of 
such patients.

P-64
Augmented vertebroplasty (Kivoplasty) for treating split or 
incomplete burst fractures (AO-Magerl classification, A2 and 
A3): a prospective study on safety and efficacy
G. Velonakis, D.K. Filippiadis, A. Maratsos, O. Papakonstantinou,
E. Brountzos, N.L. Kelekis, A.D. Kelekis;
2nd Radiology Department, University General Hospital “ATTIKON”, 
Athens, Greece.

Purpose: To assess the safety and efficacy of Kivoplasty [percuta-
neous vertebral augmentation with biocompatible polymer (KIVA 
implant)] for treating symptomatic, split or incomplete burst verte-
bral fractures (AO-Magerl classification, A2/A3).
Material and Methods: During the last 20 months, 10 patients (11 
vertebral bodies) with symptomatic AO-Magerl A2/A3 vertebral frac-
tures underwent Kivoplasty [biocompatible polymer introduced 
within the vertebral body and filled with PMMA]. Under fluoros-
copy and unilateral transpedicular approach, a working cannula and 
coaxially KIVA system were introduced in the vertebral body. A coil 
was advanced to create a path through the cancellous bone guid-
ing KIVA implant that deploys as a stacked, cylindrical column cen-
tered at the vertebral body midline. Computed tomography was 
performed the morning after Kivoplasty. Standard radiography was 
performed during follow-up. Pain in the morning after was com-
pared with that at the last follow-up (average follow-up, 12 months) 
using a numeric visual scale (NVS) questionnaire. Cement extravasa-
tion and implant migration were also recorded.
Results: Comparison of pain scores before (mean, 8.7 NVS units) and 
after (mean, 1.3 NVS units) treatment indicated a mean decrease of 
7.5 NVS units in terms of pain reduction and quality of life. Overall 
mobility improved in 10/10 (100%) patients. No complication, symp-
tomatic or clinically significant extravasations occurred, and no 
implant change or migration was observed.
Conclusion: The implant seems to function as an internal cast pro-
viding mechanical and structural support and height restoration. 
Preliminary results after treating symptomatic AO-Magerl A2/A3 
(split or incomplete burst) fractures show significant pain reduction 
and mobility improvement. Further studies, however, are required.

P-65
Minimally invasive treatment of lumbar spinal stenosis with 
bilateral transpedicular facet augmentation system
S. Masala, A. Cuzzolino, M. Raguso, E. Calabria, A. Taglieri, G. Simonetti;
Diagnostic Imaging, Interventional Radiology, Molecular Imaging 
and Radiation Therapy, Policlinico Tor Vergata, Rome, Italy.

Purpose: To evaluate the effectiveness of a new pedicle screw-
based posterior dynamic stabilization device (PercuDyn system™) in 
the minimally invasive treatment of lumbar spinal stenosis.
Material and Methods: From January 2010 to January 2013, 36 con-
secutive patients (16 women; 20 men) with acquired degenerative 
lumbar spinal stenosis not responsive to conservative treatments 
underwent implantation of a minimally invasive pedicle screw-
based device for posterior dynamic stabilization. All procedures 
were performed under local anesthesia and fluoroscopic guidance. 
Each procedure involved creating a screw-hole tunnel through the 
pedicle and somatic trabecular bone to support the anchor device, a 
type of transpedicular screw, on which the stabilizer device is even-
tually mounted. The rationale was to prevent excessive overlap of 
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the articular facets during hyperextension, thus allowing distrac-
tion of articular facets for fractions of a millimeter useful to reduce, 
at least theoretically, discal protrusion and radicular impingement.
Results: Follow-up clinical examinations at 1, 6, and 12 months 
after the procedure showed that 30 patients (83 %) progressively 
improved during the 1-year follow-up and 6 patients (17 %) showed 
no improvement. No device-related complications were reported.
Conclusion: Minimally invasive treatment of degenerative lumbar 
spinal stenosis with PercuDyn System™ seems to be safe and reliable 
for reducing pain and improving the quality of life in patients.

P-66
Endovascular treatment of cement pulmonary embolism 
during percutaneous vertebroplasty
E.P. Eyheremendy, S. Sierre, P. Mendez, M. Jakubowicz;
Radiology, Hospital Alemán, Buenos Aires, Argentina.

Purpose: To report and describe an urgent therapeutic endovas-
cular maneuver performed to treat pulmonary cement embolism 
(PCM) during percutaneous vertebroplasty procedures (PVP).
Material and Methods: From September 1997 to December 2012, 
613 PVP were performed during 379 sessions in 312 patients.
Three (0.4%) PCM events were observed during PVP performed 
under fluoroscopic guidance. In these cases, injection of polymeth-
ylmethacrylate (PMMA) was immediately stopped, patients were 
moved to the supine position, the right inguinal area was draped, 
and the femoral vein was punctured.
A 5Fr pigtail and snare catheters were used for removing the PMMA 
fragment or cement fragments were pushed distally in the pulmo-
nary artery with the pigtail catheter in case of unsuccessful retrieval.
Results: Mean follow-up period was 17 months. In 3 patients, it was 
not possible to snare the cement fragment, mainly because of frag-
ment shape and/or breakage. Therefore, to decrease the possible 
hemodynamic response, all cement fragments were pushed distally 
in the pulmonary artery.
All patients remained asymptomatic immediately after the proce-
dure and during follow-up. Venous cement leakage immediately 
after PVP was observed on CT in all 3 patients. No patient showed 
reactive pulmonary parenchymal changes associated with CM at the 
end of the follow-up period.
Conclusion: Pulmonary embolism caused by PMMA migration dur-
ing PVP may be asymptomatic, but fatal cardiopulmonary infarction, 
hypercapnia, and cardiac arrest have been reported. This reported 
endovascular maneuver seems to be useful and effective for urgent 
treatment of this serious and possibly fatal complication.

P-67
Effectiveness of intra-articular injections of hyaluronic acid 
and steroid in patients with femoroacetabular impingement 
syndrome: a prospective, randomized, cross-over study with 
double-blinding of patients and clinicians
G.Y. Lee1, J.W. Lee1, S.I. Hwang1, K.H. Koo2, Y.K. Lee2, H.S. Kang1;
1Department of Radiology, Seoul National University Bundang 
Hospital, Seongnam-si, Korea, 2Department of Orthopeadic Surgery, 
Seoul National University Bundang Hospital, Seongnam-si, Korea.

Purpose: To evaluate the effectiveness of intra-articular hip injec-
tion using steroid and hyaluronic acid in patients with femoroace-
tabular impingement (FAI) syndrome.
Material and Methods: This study was approved by the institu-
tional review board of our hospital, and written informed consent 
was obtained from all participants. From July 2011 to December 
2012, 30 patients were enrolled (11 males, 19 females; mean age, 57 
years; range, 24–81 years) excluding five without informed consent 
(5/35, 14.3%). All patients were randomized to receive either drug: 

steroid vs. hyaluronic acid. We used steroid injectates comprising tri-
amcinolone acetate 20 mg and normal saline 1.5 ml (total 2 ml) and 
ready-made syringe form of sodium hyaluronate. This study permit-
ted cross-over injection using another drug 2 weeks after the first 
injection. We evaluated pain intensity (visual analog scale, 0–10.0) 
and adverse reactions after injection. After injection at 0 weeks, 
patients were evaluated after 2, 4, 6, 8, and 12 weeks.
Results: Mean VAS score was 6.8 and 2.1 at 0 and 12 weeks in 30 
patients. Nineteen said “much improved” after hip injection; seven 
said “slightly improved.” Nineteen patients decreased or stopped 
their oral medication. Eight complained of adverse reactions after 
hip injections. Facial flushing was the most common symptom in six 
patients after steroid injection; swelling with pain at the injection 
site developed in three patients after hyaluronic acid injection.
Conclusion: Intra-articular hip injection with steroid or hyaluronic 
acid may be effective for pain management in patients with FAI 
syndrome.

P-68
Comparison of cement leakage rate and pattern in vertebral 
augmentation with standard balloon kyphoplasty and 
targeted cement deposition after channel creation using a 
nitinol wire, the “Blazer” system
B.A. Georgy;
Radiology, University of California at San Diego, San Diego, CA, 
United States of America.

Purpose: We tested the hypothesis that cement augmentation after 
channel creation using a nitinol wire, the “Blazer” system (Benvenue 
Medical, Santa Clara, CA) decreases the incidence of cement leakage 
compared with standard balloon kyphoplasty.
Material and Methods: We retrospectively analysed 40 patients 
with vertebral compression fractures; 19 (24 levels) underwent 
augmentation using the Blazer system, whereas 20 (29 levels) 
underwent standard balloon kyphoplasty. Post-operative images 
were analysed for incidence and location of any cement leakage. 
Leakages were classified according to size into mild = 1–2, moderate 
= 2–5 and severe >5 mm.
Results: The Blazer group had 5 mild leakages, 3 moderate or severe 
leakages and 16 levels without leakage. The balloon kyphoplasty 
group had 12 mild leakages, 5 moderate or severe leakages and 
12 levels without leakage. No significant difference was observed 
in cement extravasation between the Blazer and standard balloon 
kyphoplasty (p = 0.098) groups. A non-significant trend (p < 0.10) for 
lower incidence and volume of PMMA leakage was in favour of the 
Blazer compared with balloon kyphoplasty.
Conclusion: Placement of nitinol wires across the midline to the 
contralateral side results in a uniform distribution and inter-digi-
tation of cement. These channels may help decrease intra-verte-
bral pressure allowing for lesser leakage than that observed in stan-
dard balloon kyphoplasty. The system is particularly helpful in aug-
menting sclerotic bone and in cases with intra-vertebral clefts where 
the created channels can bridge the cleft with normal surrounding 
bone.
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P-69
Percutaneous radiofrequency annuloplasty combined with 
direct decompression for internal disc disruption
H.-Y. Kang1, S.-H. Lee2, S.-Y. Moon3;
1Interventional Radiology, Dongrae Wooridul Spine Hospital, Busan, 
Korea, 2Neurosurgery, Wooridul Spine Hospital, Seoul, Korea, 
3Clinical Research Division, Dongrae Wooridul Spine Hospital, 
Busan, Korea.

Purpose: The purpose of this study is to increase the efficacy of per-
cutaneous radiofrequency annuloplasty (PRA) combined with direct 
decompression for treating internal disc disruption (IDD).
Material and Methods: From January 2008 to December 2012, 28 
patients with chronic discogenic low back pain due to IDD under-
went PRA with direct decompression. As a diagnostic tool, provoc-
ative discography was performed and computed tomography (CT) 
images were analyzed immediately after discography to confirm the 
exact location of annular tears. Fissure lines were classified on the 
basis of axial and MPR sagittal CT images, which provided informa-
tion on the targeted PRA site. Before radiofrequency ablation, direct 
decompression using forceps was performed.
Results: Axial view of postdiscogram CT images revealed fissure 
lines at the median of the disc in 21 cases and paramedian in 7 cases. 
MPR sagittal view of postdiscogram CT images revealed fissure lines 
to the upper side of the disc in 5 cases, middle in 9 cases, and lower 
side in 14 cases.
The mean surgical time was 31.4 minutes (range, 25–60 min); the 
mean back pain visual analog scale score improved from 6.9 to 
2.0 (range, 5–9 to 1–4). All patients reported a significant or some 
improvement in back pain. No complications were observed.
Conclusion: Confirmation of the exact location of annular tears 
using postdiscogram CT image and PRA combined with direct 
decompression at the exact fissuring site is effective for increasing 
the efficacy of treatment for IDD.

P-70
Cryoablation and cementoplasty in metastatic bone disease
G. Schmid1, T. Pehle1, R. Rulands1, P. Roeder1, K. Hamburg2, D. Liebsch1;
1Radiology, Johanna-Etienne-Krankenhaus, Neuss, Germany, 
2Radiation Therapy, MVZ Lukasneuss GmbH, Neuss, Germany.

Purpose: To evaluate if cryotherapy in combination with cemento-
plasty is useful for early local tumor control in bone metastasis and if 
it can be used as a bridging concept before radiation therapy.
Material and Methods: To date, we have treated 10 patients with 
a mean age of 70 years (range, 30–87 years). Under CT and fluoros-
copy control, we placed 1–3 17G cryoneedles in the target tumor to 
cover the entire circumference. Cryotherapy comprised two freezing 
cycles with core temperatures of -20 to -40°C. In case of instability, 
subsequent cementoplasty was performed using an 11G cemento-
plasty needle that also served as access for the cryoneedles. Seven 
of 10 patients underwent radiation therapy of the target tumors 
in the following weeks using 30 Gy. Mean follow-up time was 5.3 
months (range, 1–14 months).
Results: Most patients reported rapid and constant pain relief. 
During follow-up, no local tumor recurrence was observed. 
Although treatments included tumor with close proximity to nerve 
structures, we did not observe local complications, especially nerve 
root damage. Three patients died during the follow-up duration due 
to causes unrelated to local treatment.
Conclusion: Cryoablation in combination with cementoplasty and 
radiation therapy results in extremely good and rapid local tumor 
control and pain relief and helps to maintain quality of life in met-
astatic and potentially instable bone disease. Further studies are 
needed to evaluate if lower radiation doses can be used.

P-71
MR- and CT-guided cervical nerve root infiltration therapy: 
a cost comparison
M.H. Maurer1, T. Hartwig2, M. de Bucourt1, B. Hamm1, F. Streitparth1;
1Department of Radiology, Charité Berlin, Berlin, Germany, 2Center 
for Musculoskeletal Surgery, Charité, Berlin, Germany.

Purpose: To evaluate and compare the costs of MR-guided and 
CT-guided cervical nerve root infiltration for minimally invasive 
treatment of radicular neck pain.
Material and Methods: Between September 2009 and April 2012, 
22 patients (9 men, 13 women; mean age, 48.2 years) underwent 
MR-guided single-site periradicular cervical nerve root infiltration 
with 40 mg triamcinolon acetonide. Another 64 patients (34 men, 30 
women; mean age, 50.3 years) were treated under CT fluoroscopic 
guidance. Mean overall costs were calculated as the sum of prorated 
costs of equipment use (purchase, depreciation, and maintenance), 
personnel costs, and expenditure for disposables that were identi-
fied for MR- and CT-guided procedures.
Results: Mean intervention time was 24.9 min (range, 12–36 min) for 
MR-guided and 19.7 min (range, 5–54 min) for CT-guided infiltration. 
The average total costs/patient were EUR 202 for MR-guided and 
EUR 103 for CT-guided interventions. These were (MR-/CT-guidance) 
EUR 112/38 for equipment use, EUR 46/40 for staff, and EUR 44/25 for 
disposables.
Conclusion: Cervical nerve root infiltration using MRI guidance 
is approximately twice as expensive as that using CT guidance. 
However, not involving radiation exposure for patients and per-
sonnel, MR-guided nerve root infiltration may become a promis-
ing alternative to the CT-guided procedure, especially as a further 
decrease in prices is expected for MRI devices and MR-compatible 
disposables.

P-72
Serial transarterial embolization in giant cell tumors of the 
sacrum: can surgery be avoided?
S.S. Kulkarni1, N.S. Shetty1, A.M. Polnaya1, R.J. Gandhi2, T.P. Dharia1, 
S.S. Patil1, H.A. Pendse1, M. Thakur2, A. Puri3, A. Gulia3;
1Interventional Radiology, Tata Memorial Hospital, Mumbai, India, 
2Department of Radiology, Tata Memorial Centre, Mumbai, India, 
3Surgical Oncology, Tata Memorial Centre, Mumbai, India.

Purpose: To evaluate the clinical efficacy and response of serial tran-
sarterial embolization in giant cell tumors of the sacrum.
Material and Methods: Sixteen patients with biopsy-proven sacral 
GCTs received initial primary treatment with serial arterial emboli-
zation between January 2009 and December 2012. Patients under-
went serial embolization using particulate embolic material at 6–8-
week intervals. Patients were assessed by clinical evaluation and 
imaging (CT/MRI) for response evaluation. Visual analogue pain 
scale and quality of life questionnaires (EORTC-QLQ, version 3) were 
used for assessing clinical benefits.
Results: The mean follow-up duration in this series was 1.5 years 
(range: 3 months–3 years). All sixteen patients demonstrated sub-
stantial pain relief and improvement in quality of life after arterial 
embolization. Preprocedural visual analogue pain score was 5–9 
with mean of 6.9, whereas mean pain score after embolization was 
1.2. Three patients underwent surgical intervention after arterial 
embolization. Disease stabilization was noted in 11 of the remaining 
13 cases. Two patients showed tumor progression on follow-up and 
required alternate treatment. Two patients developed urinary reten-
tion after the procedure, which improved over a 2–3-week period 
with no long-term sequalae.
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Conclusion: Serial arterial embolization can be a useful primary 
treatment option for sacral GCTs, given its promising results and 
safety profile coupled with potential morbidities associated with 
alternative treatment options available. Further research and long-
term follow-up is required for substantiating long-term benefits of 
serial arterial embolization in this subset of patients.

P-73
US-guided infiltrative treatment of coccygodynia
D. Orlandi1, L.M. Sconfienza2, E. Fabbro1, G. Mauri2, G. Serafini3;
1Scuola di Specializzazione in Radiodiagnostica, Università di 
Genova, Genova, Italy, 2Radiology, IRCCS Policlinico San Donato, San 
Donato Milanese, Italy, 3Radiologia, Ospedale Santa Corona, Pietra 
Ligure, Italy.

WITHDRAWN

P-74
Diabetic foot osteomyelitis treated using bioactive ceramic 
cement mixed with antibiotic: preliminary experience
S. Masala, A. Fusco, E. Calabria, G. Simonetti;
Diagnostic Imaging, Interventional Radiology, Molecular Imaging 
and Radiation Therapy, Policlinico Tor Vergata, Rome, Italy.

Purpose: We suggest a new approach in diabetic foot osteomyeli-
tis in association with conventional antibiotic treatment to better 
resolve the localized infection; our purpose was to avoid surgical 
removal of the infected foot area.
Material and Methods: We selected 20 patients with osteomyelitis of 
diabetic foot who presented at the emergency department of our atten-
tion. They first underwent a radiographic examination and later an MRI 
evaluation to confirm the osteomyelitis diagnosis. Before osteoplasty, 
we performed biopsy of the infected bone area for the antibiogram test. 
Finally, the osteomyelitic area was locally injected with bioactive ceramic 
cement (osteo-inducer and self-absorbent) and specific antibiotic. A 
radiographic follow-up at 1 and 6 months was performed.
Results: Foot osteomyelitis at a 6-month check-up showed com-
plete resolution in 18 of 20 patients; 2 of 20 required surgical treat-
ment because their foot infection was not resolved. At 1-month 
radiographic evaluation, ceramic cement was still present in 18 of 18 
patients; at 6-months, 7 of 18 patients still presented with ceramic 
cement. Eleven of 18 patients exhibited normal trabecular bone in 
the region of infection at a 6-month radiographic examination.
Conclusion: This treatment achieved infection resolution and tra-
becular bone reinstatement without surgical removal of the osteo-
myelitic foot area. A longer follow-up and larger number of patients 
are required to better understand the actual impact of osteoplasty 
in the treatment of diabetic foot osteomyelitis.

P-75
Percutaneous vertebroplasty in 171 multiple myeloma 
patients: long-term clinical, x-ray, and MR evaluation at a 
single centre
F. Fasoli1, R. Cancellieri1, T. Caravita2, G. Sodani1, A. Casullo1,
A. Siniscalchi2, M. Guazzaroni1;
1Radiology and Interventional Radiology, S. Eugenio Hospital, 
Rome, Italy, 2Hematology, S. Eugenio Hospital, Rome, Italy.

Purpose: The vertebral column is the most common site for second-
ary bone metastases and lesions arising from hematological malig-
nancies such as multiple myeloma (MM). Percutaneous vertebro-
plasty (PVT) is the first-line treatment in these patients.
To evaluate safety and effectiveness of PVT in patients with sympto- 
matic vertebral fractures.

Material and Methods: Between January 2010 and February 2011, 
were treated 171 patients (293 vertebral collapse) with PVT at our 
centre. Patients were first evaluated by objective examination, VAS 
evaluation. On the basis of this selection, X-ray and MR were then 
performed.
The procedure was performed on real-time biplanar fluoroscopy 
guidance.
Follow-up was conducted with objective review (associate with a 
Vas reassessment) using x-rays at 30 days and MR and CT at 6 and 12 
months after the procedure. In some patients, PVT bioactive com-
posite material was used.
Results: Technical success rate was 97%. The average VAS value 
before PVT was 8.0 ± 1.5, which significantly decreased to 1.3 ± 0.4 
by 6 months. A low complication rate was observed in our study.
Conclusion: Percutaneous vertebroplasty is safe and effective 
for treating vertebral collapse refractory to medical conservative 
therapy.
PVT confers lasting pain relief, enhances mobility, and reduces nar-
cotic use for all stages of myeloma associated with painful compres-
sion fractures.
PVT should be considered the treatment of choice in MM vertebral 
fractures with refractory pain.
Bioactive composite material, when feasible, obviates many of the 
issues inherent with the use of polymethylmethacrylate (PMMA) 
bone cement.

P-76
Percutaneous intradiscal thermotherapy (PIT) in open 
MRI at 1.0 Tesla: evaluation of an innovative treatment for 
degenerative disease of the intervertebral disc
T. Leidenberger1, C. Philipp2, J. Rump1, K. Hauptmann3, T. Walter1,
B. Hamm1, U. Teichgräber4, F. Streitparth1;
1Diagnostic and interventional Radiology and Nuclear Medicine, 
Charité - University Medicine Berlin, Berlin, Germany, 2Department 
of Laser Medicine, Elisabeth Klinik Berlin, Berlin, Germany, 3Institute 
of Pathology, Charté - University Medicine Berlin, Berlin, Germany, 
4Department of Radiology, Jena University Hospital, Jena, Germany.

Purpose: Evaluation of a new treatment option and applicator sys-
tem for MR-guided percutaneous intradiscal thermotherapy (PIT), 
a combination of percutaneous laser discus decompression (PLDD) 
and annuloplasty for treating degenerative disc disease.
Material and Methods: We evaluated the application of a 
MR-compatible thermoablative applicator system (Invivo Germany 
GmbH, Schwerin, D) and different laser protocols for annuloplasty in 
open 1.0-T MRI (Panorama HFO, Philips Healthcare, NL) in a phantom 
and ex vivo lumbar spines. Needle artefacts and contrast-to-noise 
ratios (CNR) of 6 interactive sequences (PD-, T1-, T2-W TSE, T1-W GRE, 
T2-W GRE, bSSFP) with varying echo times (TE) and needle orienta-
tions to the main magnetic field (B0) were evaluated. Additionally, 5 
laser protocols (Nd: YAG Laser, 2–6 watt) were assessed in 30 ex vivo 
human intervertebral discs with subsequent histological evaluation.
Results: We found optimal needle artefacts of 1.5–5 mm for the 
PD-W TSE sequence in all angles of the applicator system to B0. A TE 
of 20 ms yielded the best CNR. Ablating with 5 watt induced homog-
enous histological changes at the dorsal annulus, correlating with a 
rise in temperature to at least 60° C and therefore indicating dena-
turation of collagen. No critical temperatures were measured at sen-
sitive structures.
Conclusion: Real-time MR-guided positioning of the PIT applicator 
in the intervertebral disc is feasible and precise. Laser-induced dena-
turation of collagen in the dorsal annulus fibrosus is accurate and 
safe and may increase the annular stability if adequate laser param-
eters are chosen.
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P-77
CT-guided sacroplasty for treating painful sacral fractures
A. Borowski, J. Olmsted;
Radiology, Providence Health Center, Waco, TX, United States of 
America.

Learning objectives: Sacral insufficiency fractures (SIF) can cause 
significant low back pain in the elderly population. Percutaneous 
sacroplasty is being advocated as a relatively safe and effective 
image-guided procedure for treating SIF-associated pain and dis-
ability. We present our experience in performing these procedures 
using computed tomography (CT) guidance.
Background: During the past 24 months, 15 patients were referred 
to our facility for treatment of painful sacral vertebral fractures. 
Fracture acuity was documented by clinical history and concurrent 
CT or magnetic resonance imaging studies on the sacrum. Surgery 
was performed using conscious sedation, with the patients in prone 
position, under CT guidance. Bone cement (PMMA) was injected 
through 11- or 13-gauge needles. Postoperative clinical follow-up 
was performed by the attending physician and delayed follow-up 
was provided by our clinical nurses using telephone interviews and 
a standardized visual analog pain scale (VAS).
Clinical Findings/Procedure: Of the 15 patients treated, 14 had 
documented osteoporosis and one had myeloma. Average age was 
74.5 years (range, 55–96 years). All were female. The average proce-
dure time was 50.4 minutes (range, 18–86 minutes). Treatment was 
bilateral in 13 patients. Eleven patients had significant improve-
ment within 24 hours (greater than 5 points on VAS). Two patients 
had moderate relief after a 7-day follow-up (3–5 points), one patient 
died later (unrelated to surgery) without significant relief, and one 
was lost to follow-up. Improvement in ambulation was not assessed.
Conclusion: Percutaneous CT-guided sacroplasty may be an effec-
tive, time-saving, and cost-effective means of pain reduction in an 
appropriate subset of patients.

P-78
Cementoplasty of extraspinal painful osteolytic lesions
L. Huwart1, A. Ianessi1, P.-Y.R. Marcy2, M.-E. Amoretti3, O. Andreani1,
N. Amoretti1;
1Department of Radiology, Teaching Hospital of Nice, Nice, France, 
2Interventional radiology, Antoine Lacassagne Cancer Research 
Center, Nice, France, 3Radiology, Academic Hospital, Nice, France.

Learning objectives:
1. To illustrate the spectrum of percutaneous cementoplasty of 

painful malignant osteolytic lesions.
2. To summarize the indications, contraindications and technique of 

this intervention.
3. To indicate the results of this technique on a series of 70 patients.
Background: External-beam radiation therapy is the current stan-
dard of care for pain alleviation caused by skeletal metastases. 
However, radiotherapy leaves approximately up to 40% patients 
with inadequate pain control. Cementoplasty appears to be the best 
option to treat painful malignant osteolytic lesions with a risk of 
pathological fracture and/or decreased mobility.
Clinical Findings/Procedure: Seventy adult patients with painful 
malignant osteolytic lesions were prospectively treated by percu-
taneous cementoplasty. These procedures were performed under 
computed tomography (CT) and fluoroscopy guidance, using only 
local anesthesia. A 13-gauge Trocar t’am (Thiebaud, France) was 
inserted into the lesion. PMMA cement was then injected to opti-
mally fill it. Patients experienced a rapid decrease in visual analog 
scale (VAS) scores at 24 h after osteoplasty (mean difference of 4.1 
points, p < 0.001). The maximal response was obtained at 1 month 
(mean VAS ≤ 0.5), with an effect sustained throughout the follow-up 

(average of 7.7 months). Asymptomatic PMMA leakages into soft tis-
sues were observed in 4/70 patients (6%).
Conclusion: Percutaneous cementoplasty could (1) determine imme- 
diate bone consolidation, (2) reduce the risk of a pathological frac-
ture, (3) achieve pain regression and (4) improve mobility. New pros-
pects are opened to osteoplasty by combinations with osteosynthe-
sis to treat impending pathological fractures and thermoablative 
procedures (radiofrequency and cryoablation) to treat bulky lesions.

P-79
Bone haemangiomas and interventional radiology
S. Leong, H.K. Kok, U. Salati, A. Hurley, K. Courtney, D. Ryan, J. Donnellan, 
K. Harrington, E. Phelan, R. Browne, P. Govender, W.C. Torreggiani;
Dept. of Radiology, Tallaght Hospital, Dublin, Ireland.

Learning objectives:
1. To discuss the role of interventional radiology for diagnosing 

bone haemangiomas, including biopsy of atypical lesions
2. To review the percutaneous and endovascular treatment of both 

typical and atypical bone haemangiomas
Background: Haemangiomas are the most frequently encountered 
angiomatous lesions of the bone often detected incidentally on cross-
sectional imaging. Its diagnosis is often straight forward with typi-
cal radiographic, computed tomographic and magnetic resonance 
imaging findings. However, haemangiomas may display various atyp-
ical radiological appearances and can sometimes be mistaken for an 
aggressive lesion. They may be expansile, show mass effect, cause 
pathological fractures and impinge on eloquent areas in the bone 
causing pain or neuropathy. Interventional radiologists may be called 
upon to biopsy these lesions for histological confirmation. In addition, 
vertebroplasty for symptomatic lesions or embolisation for haemor-
rhage or prior to surgical resection may be needed in certain cases.
Clinical Findings/Procedure: We discuss the typical appearance 
of bone haemangiomas with helpful clues to the diagnosis. In addi-
tion, we demonstrate various aggressive and atypical bone haeman-
giomas where image-guided biopsy was required to exclude a more 
sinister lesion. We discuss the role of interventional radiology in the 
biopsy of atypical lesions as well as the treatment of lesions with 
selective embolisation and vertebroplasty, including procedural 
indications, contraindications, technique and complications.
Conclusion: Interventional radiology plays a vital role in the diagno-
sis and management of bone haemangiomas, ranging from percu-
taneous biopsy to vertebroplasty and embolisation. The procedural 
indications, contraindications, technique and complications are dis-
cussed in this educational exhibit.

P-80
Percutaneous biopsy in spondylodiscitis: when, how, and why
M.A. Politi1, P. Rigamonti2, P.F. Reganati1, U.G. Rossi2, A. Campi1,
C. Uggetti1, M. Cariati2;
1Diagnostic Sciences, Neuroradiology, San Carlo Borromeo Hospital, 
Milan, Italy, 2Diagnostic Sciences, Radiology, San Carlo Borromeo 
Hospital, Milan, Italy.

Learning objectives: To describe the role of percutaneous biopsy 
with rotational angiography guidance in patients with suspected 
spondylodiscitis for early identification of the etiopathogenesis and 
planning the most appropriate treatment.
Background: Till date there is still debate about when, how, and 
why percutaneous biopsy should be performed in patients with sus-
pected spondylodiscitis. Accurate and timely diagnoses are crucial 
in planning the correct medical and/or surgical treatment to avoid 
detrimental outcomes. Percutaneous biopsy is considered the gold 
standard for identification of the causative agent of spondylodisci-
tis with minimal rates of complication and possible contamination.
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Clinical Findings/Procedure: In literature many invasive and nonin- 
vasive modalities are described for diagnosis of spondylodiscitis. 
The aim of our work is to analyze the role and the advantages of per-
cutaneous vs. surgical procedure, precocious vs. delayed biopsy, 
rotational angiography vs. computed tomography (CT) guidance, 
percutaneous transpedicular vs. paravertebral approach, monope-
dicular vs. bipedicular approach, and local anesthesia or mild seda-
tion vs. deep sedation or general anesthesia.
Conclusion: In patients with suspected spondylodiscitis, early per-
cutaneous biopsy under rotational angiography guidance is an effi-
cient, safe, and cost effective procedure, which helps to obtain a def-
inite and timely diagnosis.

P-81
Percutaneous image-guided ablation of musculoskeletal 
tumors: protective measures to avoid complications
D.K. Filippiadis, G. Velonakis, O. Papakonstantinou, E. Alexopoulou,
E. Brountzos, N.L. Kelekis, A.D. Kelekis;
2nd Radiology Department, University General Hospital “ATTIKON”, 
Athens, Greece.

Learning objectives: 
1. To indicate the significance of knowing the lo-cation of vulnerable 

structures
2. To describe the techniques of active/passive thermal protection 

and temperature or nerve function monitoring
3. To understand with illustrations the most appropriate indications 

for each technique
4. Precise advantages/disadvantages of each technique and being 

aware of tips and tricks for their safe and effective clinical appli-
cation

Background: Primary or metastatic osseous and soft tissue lesions 
can be treated by thermal ablation techniques (laser, radiofrequency, 
microwave, cryoablation). Thermal ablation can be performed alone 
or in combination with surgical/percutaneous techniques. In most of 
cases, ablation provides curative treatment for lesions up to 3–5 cm. 
Furthermore, it can be a palliative treatment providing local disease 
control, diminishing tumor burden and overall effect on organs.
Clinical Findings/Procedure: The protective armamentarium en-
compasses various techniques of insulation and temperature or 
nerve function monitoring aimed at protection of vulnerable struc-
tures. Passive thermal protection includes monitoring of nervous 
temperature or nervous function using intraoperative neurological 
monitoring systems. Active thermal protection includes gas dissec-
tion, hydrodissection, and warming/cooling modes for skin protec-
tion (subcutaneous fluid injection, application of sterile glove with 
warm or cold saline). In selected cases, active and passive protection 
techniques can be combined for result enhancement.
Conclusion: Thermal protection techniques are used to increase effi-
cacy/safety of thermal ablation in osseous and soft tissue lesions. These 
techniques can be performed alone or in combination. It is essential for 
the interventional oncologist to be familiar with these techniques to 
avoid major complications and to increase safety and efficacy.

P-82
Percutaneous endoscopic lumbar discectomy: three routes of 
approach
H.-Y. Kang1, S.-H. Lee2, S.-Y. Moon3;
1Interventional Radiology, Dongrae Wooridul Spine Hospital, Busan, 
Korea, 2Neurosurgery, Wooridul Spine Hospital, Seoul, Korea, 
3Clinical Research Division, Dongrae Wooridul Spine Hospital, 
Busan, Korea.

Learning objectives: Percutaneous endoscopic lumbar discectomy 
(PELD) is a targeted technique to remove the part of the herniated 
disc. There are three approaches of PELD depending on the location 
of the herniated disc: extraforaminal, transforaminal, and interlami-
nar approach.
Background: As a minimally invasive spinal surgery, PELD is per- 
formed under local anesthesia using a rigid working channel endo- 
scope.
Indications for PELD are soft disc herniation, pain radiating to the 
lower limbs, or no improvement in symptoms after several weeks of 
conservative therapy. Contraindications of PELD are overall calcified 
disc herniation, severe spinal cord compression, cauda equina syn-
drome, or severe motor weakness.
Clinical Findings/Procedure: The transforaminal approach for 
treating paramedian herniated discs involves a skin entry point at 
approximately 10–12 cm from the midline. Under fluoroscopic guid-
ance, an 18-gauge spinal needle is inserted into the medial pedic-
ular line (anteroposterior image) or the posterior vertebral line (lat-
eral image).
Extraforaminal approach of PELD for treating extraforaminal her-
niated disc involves a spinal needle inserted between the dorsal 
root ganglion and facet on a lateral view, with a skin entry point of 
approximately 5–9 cm from the midline.
Interlaminar approach of PELD is for L5–S1, particularly in case of 
high iliac crest or migrated intracanalicular disc herniation. Lateral 
decubitus position is easy for interlaminar approach. The needle is 
inserted form the midline to a safe triangular zone formed by the 
thecal sac, S1 root, and superior edge of the sacral lamina.
Conclusion: PELD is safe and effective for treating paramedian, 
foraminal, extraforaminal or migrated disc herniation using various 
routes of approach.

P-83
CT-guided interventional procedures for spinal pain
M. Cifrian Perez1, N. Correas ALguacil2, J.H. Garcia Vila1,
C. Cifrian Cavada3;
1Radiology, Hospital General Castellón, Castellón, Spain, 
2Rehabilitation, Hospital General Castellón, Castellón, Spain, 
3Radiology, Hospital La Fe, Valencia, Spain.

Learning objectives: To review step-by-step minimally invasive 
techniques used to treat patients with chronic and acute spinal pain.
Background: Image-guided percutaneous techniques used to treat 
patients with spinal pain are becoming more common every day.
Management of chronic low back pain is challenging. A strong 
understanding of the mechanisms that produce pain is essential to 
precisely select the patients and to offer them the optimal therapy.
Disc, facet joint and sacroiliac joint should always be considered as 
the most probable causes of chronic back pain.
Precise clinical examinations and imaging are necessary to orientate 
the diagnosis, even if their findings are often non-specific.
Clinical Findings/Procedure: A broad spectrum of interventional 
procedures for the management of chronic and acute spinal pain are 
described.
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We review facet joint injection and radiofrequency, sacro-iliac joint injec-
tion, radiofrequency denervation of the sacroiliac joint, epidural injec-
tion and radiofrequency, percutaneous herniectomy and discectomy, 
intervertebral disk radiofrequency, vertebroplasty and kyphoplasty.
For all the procedures we determine patient selection criteria, con-
traindications, step-by-step procedural instructions, potential com-
plications and post-procedure follow-up.
Conclusion: Computer tomography-guided interventions are safe 
and effective in treating medically refractory spinal pain syndromes 
and avoid more invasive surgical procedures.
Careful selection of patients after precise clinical examination 
remains essential to achieve successful treatment.
Interventional radiologists play an important role in spinal pain 
management.

P-84
Percutaneous management of non-traumatic pelvic ring 
fractures: when and how to treat
G. Tsoumakidou, J. Garnon, F. Bing, I. Enescu, A. Gangi;
Non-Vascular IR, University Hospital of Strasbourg, Strasbourg, 
France.

Learning objectives: We describe different types of insufficiency 
and pathologic pelvic fractures that can be percutaneously managed.
We present the existing techniques that can be applied.
We describe the most appropriate indications for each technique 
with rich illustrations.
Background: Painful non-traumatic pelvic ring fractures cause sig-
nificant disability and morbidity and can present as insufficiency 
(osteoporotic or post-radiation) or as pathologic fractures in patients 
with cancer.
Clinical Findings/Procedure: Osteoporotic or pathologic sacral ala 
fractures without displacement can be managed with cement injec-
tion. A trajectory through the sacroiliac joint is needed when the 
sacral body is involved.
Cementoplasty can provide sufficient consolidation in fractures of 
the acetabular roof.
Unstable, displaced, posterior pelvic fractures can be treated with 
percutaneous iliosacral screw fixation.
Painful iliac crest fractures can be cemented or screwed depending 
on the location.
Conclusion: Different percutaneous image-guided techniques have 
been advocated to provide consolidation and to treat pain-related 
pelvic ring fractures. Combined computed tomography and fluoro-
scopic guidance is mandatory because of the complex three-dimen-
sional anatomy of the pelvis and sacrum.

P-85
Symptomatic lumbar discal cyst treated by CT-guided 
percutaneous transdural aspiration
M. Hirata1, H. Tanaka2, T. Mochizuki2;
1Radiology, Ehime Prefectural Imabari Hospital, Ehime, Japan, 
2Radiology, Ehime University School of Medicine, Toon Ehime, 
Japan.

Lumbar discal cyst is a rare cystic lesion with symptoms indistin-
guishable from those of disk herniation. A 42-year-old male with 
chronic bilateral lower leg pain was treated by CT-guided transdural 
aspiration. We report imaging characteristics and technical details of 
treatment.

P-86
Embolization of a mandibular arteriovenous malformation 
through a direct hydroxyapatite cement injection into the 
molar cavity
C. Cinar, H. Bozkaya, I. Oran, M. Parildar;
Radiology, Ege University Faculty of Medicine, Izmir, Turkey.

Intraosseous mandibular arteriovenous malformations (AVMs) are 
congenital vascular lesions that may present with life threatening 
hemorrhage. We describe a case of mandibular AVM emergently 
treated by molar extraction and direct hydroxyapatite cement infu-
sion into the mandibular cavity.

P-87
Traumatic burst fracture with spinal channel involvement 
augmented with bioactive strontium hydroxyapatite cement
S. Masala, E. Calabria, M. Raguso, A. Taglieri, G. Simonetti;
Diagnostic Imaging, Molecular Imaging, Interventional Radiology 
and Radiation Therapy, Policlinico Tor Vergata, Rome, Italy.

A man with traumatic L1 vertebral collapse with backward projec-
tion of the posterior wall underwent percutaneous vertebroplasty 
with bioactive injectable strontium hydroxyapatite cement. Pain 
improved significantly and immediately with gradual decrease up to 
three months.

P-88
Pre-operative spinal embolization complicated with a 
posterior circulation infarct
Y. Yaacob1, M.S. Burhanudin2, Z. Mohamed1, S.A. Muda1;
1Department of Radiology, University Kebangsaan Malaysia Medical 
Center, Kuala Lumpur, Malaysia, 2Radiology Department, Hospital 
Selayang, Kuala Lumpur, Malaysia.

A case report of a young patient who underwent embolization prior 
to instrumentation of the metastatic fourth cervical vertebrae com-
plicated with a posterior circulation infarct. Embolization using poly-
vinyl alcohol particles was performed through the branch of the thy-
rocervical artery.

P-89
Cryoablation and dynamic hip screw internal fixation of a 
painful sclerotic bone metastasis at the proximal femur: 
a multidisciplinary approach
R. Freitas1, A.M. Lerario2, L.A. Buendia3, R.N. Sawaia3, M.C.V. Fragoso2, 
B.B. Mendonca2, C. Grasel1, A. Gangi4;
1Radiology Unit, Hospital Samaritano de Sao Paulo, Sao Paulo, 
Brazil, 2Endocrinology - Adrenal Unit, Sao Paulo University Medical 
School, Sao Paulo, Brazil, 3Orthopaedic Unit, Hospital Samaritano de 
Sao Paulo, Sao Paulo, Brazil, 4Non-Vascular IR, University Hospital of 
Strasbourg, Strasbourg, France.

A 39-year-old woman with a painful biopsy-proven adrenocortical 
carcinoma sclerotic bone metastasis at the lesser trochanter of the 
right femur was successfully treated with a computed tomography- 
and fluoroscopy-guided percutaneous cryoablation followed by 
preventive dynamic hip screw internal fixation.
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Clinical practice development

P-90
Effect of an interventional radiology-implemented IVC filter 
database on follow-up and retrieval rates
A.-L. Cheng1, R. Thomas2, R.J. Owen2;
1Diagnostic Imaging, University of Alberta, Edmonton, AB, Canada, 
2Interventional Radiology, University of Alberta, Edmonton, AB, 
Canada.

Purpose: Increasing awareness regarding the complications asso-
ciated with indwelling IVC filters has led to implementation of filter 
registries to improve follow-up and retrieval. This study evaluates 
whether an interventional radiology (IR)-led filter tracking database 
improved follow-up and retrieval rates.
Material and Methods: The filter database was fully implemented 
in September 2011 to track patients with IVC filters placed by IR. 
Clinicians were contacted within 3 months of filter placement 
to discuss and organize filter retrieval. A retrospective review was per- 
formed, comparing 12-month periods before and after use of the data- 
base. Successful follow-up was defined as known filter disposition, 
including removal, attempted removal, or intent for permanence.
Results: The rate of known filter disposition was 87.5% prior to initia-
tion of the database and increased to 90% post initiation of the data-
base. This trend was not statistically significant. There was also no 
significant change in rate of filter retrieval, attempted, or successful.
Conclusion: There was an improvement in IVC filter follow-up rates 
after the database was instituted, although not statistically signif-
icant. Increasing awareness for the need of filter retrieval by the 
radiologic and non-radiologic community may have led to higher 
than anticipated follow-up rates prior to database implementa-
tion. As controversies around IVC filter placement and complications 
evolve, IR-instituted tracking systems may contribute to the effort to 
improve follow-up and retrieval rates.

P-91
Balloon dilatation of esophageal strictures in infants and 
children: review of 6 years experience
M. Golli1, R. Laamiri2, M. Zeghidi1, A. Zrig1, W. Mnari1, M. Maatouk1,
R. Salem1, M. Mekki2;
1Radiology, Medical University of Monastir, Monastir, Tunisia, 
2Surgery, Medical University of Monastir, Monastir, Tunisia.

Purpose: To evaluate the efficacy and safety of esophageal balloon 
dilatation in strictures in 50 infants and children.
Material and Methods: Between January 2007 and December 2012, 
a total of 50 infants and children were treated by balloon dilatation for 
various causes: caustic, 32 cases; acid peptic, 8 cases; anastomotic stric-
tures secondary to surgical repair of esophageal atresia, 5 cases; mega-
esophagus, 4 cases; and epidermolysis bullosa, 1 case. Dilatations were 
performed under general anesthesia using fluoroscopic guidance.
Results: Patients comprised 26 males and 24 females, aged 1–168 
months (median age, 57.42 months). The strictures were more than 
50% of the esophageal lumen. Associated gastroesophageal reflux 
was noted in 13 patients. Balloons of increasing diameter, 4–30 
mm, were used. A total of 232 balloon dilatations sessions were 
performed with a range of 1–22 procedures per patient. Dilatation 
relieved the stricture in 43 patients over a follow-up period varying 
from 1 month to 26 months. Esophageal perforation was observed 
in only 1 case and treated conservatively.
Conclusion: Fluoroscopically guided balloon dilatation is a safe and 
effective treatment in the management of esophageal strictures in 
children.

P-92
Preliminary results of irreversible electroporation (IRE) 
ablation for treating hepatocellular carcinoma (HCC) in 
forbidden locations, which are for any thermal ablation 
technique
O. Seror1, G. Nkontchou2, Y. Ajavon1, C. Koueviakoe1, N. Sellier1;
1Radiology, Hôpital Jean-Verdier, Bondy, France, 2Hepatology, 
Hôpital Jean-Verdier, Bondy, France.

WITHDRAWN

P-93
Image-guided intranodal lymphangiogram (IGIL) for 
evaluating and treating chylous leak: initial experience
E. Santos Martín1, C.J. Friend1, K.M. McCluskey1, R. Bandi1, A. Medsinge1, 
F.M. Gómez2;
1Radiology, University of Pittsburgh Medical Center, Pittsburgh, 
PA, United States of America, 2Vascular & Interventional Radiology, 
Hospital Universitario y Politécnico La Fe, Valencia, Spain.

Purpose: IGIL is a novel alternative that is technically less challeng-
ing and less time consuming than pedal lymphangiography. We 
present our initial experience and technical success rate using IGIL.
Material and Methods: Twenty-one patients were referred for chy-
lous leak evaluation. Before attempting IGIL, abdominal and pelvic 
CT scans were reviewed to identify suitable inguinal lymph nodes 
for injection. We prefer large lymph nodes with fatty hila. Following 
sterile preparation, a 25-gauge needle was advanced into an ingui-
nal lymph node hilum; lipiodol (3–10 cc) was slowly injected under 
fluoroscopic guidance until lymphatic filling was identified. If extrav-
asation was identified, another lymph node was selected and 
injected. Delayed images were obtained to evaluate retroperitoneal 
lymphatic duct and cistern chili filling.
Results: IGIL was attempted in 21 patients (12 men, 9 women) with 
a mean age of 61.2 years (range, 37–84). Technical success (defined 
as retroperitoneal lymphatic duct filling) was achieved in 20 (95%) 
patients. In patients who were successfully injected, an average of 
1.8 lymph nodes (range, 1–4) was injected. The average total vol-
ume of lipiodol was 7.05 cc (range, 4–14 cc). In patients with thoracic 
duct filling, average time to filling was 47. 4 minutes (range, 0–180 
minutes). A leak was identified in 10 of 20 patients; no complications 
occurred.
Conclusion: IGIL is a safe and effective alternative to traditional bi-
pedal lymphangiography.

P-94
Evaluation of a new automatic tumor feeding artery detection 
system during TACE: preliminary study
M. Charadia, J.F. Deux, J. Mayer, L. Novelli, M. Djabarri, H. Kobeiter;
Department of Radiology, Henri Mondor Hospital, Créteil, France.

Purpose: To evaluate a new automatic three-dimensional (3D) guid-
ance system after cone beam computed tomography (CBCT) for 
detecting HCC feeding arteries during transcatheter arterial chemo-
embolization (TACE).
Material and Methods: We reviewed 22 HCC lesions treated by 
TACE in nine consecutive patients. MR and/or CT characterized all 
lesions as HCC. In all patients, CBCT and anterior–posterior 2D pro-
jection angiograms with injection into the common hepatic artery 
were realized. Lesions were segmented on the CBCT volume, and 
automatic detection software was used to identify the feeders. 
We compared feeder detection visually between MR and/or CT, 2D 
angiography, and CBCT using the automatic detection. Our gold 
standard was the visual feeder detections on CBCT analyzed by an 
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interventional radiologist. Results were compared using a one-way 
ANOVA (Dunn’s post-hoc test).
Results: Forty-one feeding arteries were detected on our gold stan-
dard (visual analysis on CBCT). Only 12 feeders were detected by MR/
CT, 17 on DSA, 40 with the automatic guidance system. These results 
were significant (P < 0.01 and P < 0.05, respectively).
Conclusion: The automatic guidance system with CBCT may facili-
tate and improve HCC feeding artery detection during TACE.

P-95
Mobile devices for on-call interventional radiology
U. Salati, A. Hurley, K. Courtney, P. Govender, W.C. Torreggiani;
Radiology, Adelaide & Meath Hospital, Dublin, Ireland.

Learning objectives: The purpose of this exhibit is to demonstrate 
the usefulness of tablet devices in out-of-hours emergency interven-
tional radiology and to demonstrate how to set up such a service in 
an institution.
Background: On call interventional radiology is commonplace in 
most centres in Europe and the interventional radiologist (IR) is often 
asked to perform procedures, such as nephrostomies and abscess 
drainages, out-of-hours. However, the imaging required to make a 
decision, such as the presence of hydronephrosis, is often not avail-
able at the point of consultation as the IR is not in hospital or near a 
remote-access computer terminal. The decision to proceed is often 
made on the basis of the description of images by the clinician or in-
house resident. However, not all cases are suitable for intervention, 
particularly on an emergency basis and this is sometimes discovered 
only after the team has been assembled in hospital.
Clinical Findings/Procedure: We illustrate various aspects of 
acquiring remote access on our tablet device of choice, the Apple 
iPad, including gaining appropriate permissions, complying with 
data protection regulations and liasing closely with our technical 
services department in setting up a clinically practical remote sys-
tem accessible on the iPad.
Finally, we describe our experience using the remote-access iPad 
system to guide our decision making process for these increasingly 
common out-of-hours emergency cases.
Conclusion: Remote access via tablet devices, such as the Apple 
iPad, can be a useful tool in the decision making process in out-
of-hours emergency interventional procedures, saving time and 
resources.

Dialysis intervention and venous access

P-96
Chest radiograph based algorithm for managing 
malfunctioning ports
G.J. Nadolski1, R. Shlansky-Goldberg1, S.W. Stavropoulos1, M.C. Soulen1, 
C. Farrelly2, S.O. Trerotola1;
1Radiology, University of Pennsylvania, Philadelphia, PA, United 
States of America, 2Radiology, St. James’s Hospital, Dublin, Ireland.

Purpose: We examined a chest radiograph (CXR)-based algorithm 
for evaluating malfunctioning ports. The goal of the algorithm was 
to expedite return to port usability.
Material and Methods: We reviewed all procedures on malfunc-
tioning ports (2000–2012). Procedures were divided into two peri-
ods: pre- and post-implementation of an algorithm consisting of an 
initial tip position evaluation using a CXR. If incorrectly positioned, 
the port was removed or replaced. If correctly positioned, bedside 
t-PA dwell was used. If the t-PA failed, port check and appropri-
ate intervention were performed. The algorithm’s purpose was to 

expedite return to usability, determined by the need for additional 
interventions and persistent malfunction. Access site, findings/inter-
ventions, technical success and complications were reviewed.
Results: In total, 303 pre-algorithm procedures on 237 ports in 227 
patients (mean 56 years, 38% males) and 155 post-algorithm proce-
dures on 131 ports in 130 patients (mean 55 years, 35% males) were 
included. At the procedure, 84 ports functioned normally (43%), of 
which 1 had an abnormal tip position (1%, p < 0.001). Abnormal tip 
position was more frequent with subclavian (76%) than jugular ports 
(23%, p < 0.001). The algorithm reduced the frequencies of repeat 
checks on the same access from 27% to 9% (p < 0.001) and of a mal-
functioning port remaining in use after initial procedure from 43% 
to 14% (p < 0.001). The algorithm reduced median times from con-
sultation to access site revision from 13 days to 1 day (p < 0.001) and 
from consultation to port usability from 2 days to 1 day (p < 0.001).
Conclusion: CXR based algorithm significantly reduces the fre-
quency of repeat checks and procedures on the same port. Return 
to usability of the malfunctioning access significantly improved.

P-97
Declotting thrombosed arteriovenous dialysis fistulas: 
what are the results?
K.K.Y. Tan1, M. Crawford1, P. Wilson2, S. Girling2, M. Macanovic1;
1Norwich Radiology Academy, Norfolk & Norwich University 
Hospital NHS Trust, Norwich, United Kingdom, 2Norfolk and 
Norwich University Hospital, Interventional Radiology Unit, 
Norwich, United Kingdom.

Purpose: Retrospective assessment of technical success and patency 
after percutaneous thrombolysis, angioplasty and/or mechanical as-
piration thrombectomy of thrombosed arteriovenous fistulas.
Material and Methods: From January 2010 to May 2012, 45 patients 
with 47 fistulas presented with 64 episodes of thrombosis. Fifty-
eight episodes received thrombolysis with recombinant tissue plas-
minogen activator (rt-PA). Two episodes did not require thrombol-
ysis and 4 episodes were abandoned prior to thrombolysis. Of 58 
thrombolysis episodes, percutaneous intervention only by throm-
bolysis (n = 4), thrombolysis and angioplasty (n = 41), thrombolysis, 
angioplasty and thrombectomy (n = 12) and thrombolysis, angio-
plasty and stent (n = 1) were performed. Technical success and initial 
clinical success were assessed. Primary, assisted primary and second-
ary patency rates at 1, 3, 6, 12 and 18 months were assessed.
Results: Technical success and initial clinical success rates were 73% 
(47 of 64) and 70% (45 of 64). Total observation time was 390 days 
(0-18 months). At 1, 3, 6, 12 and 18 months: Primary patency rates 
were 52%, 34%, 23%, 6% and 0%. Assisted primary patency rates 
were 52%, 41%, 38%, 23% and 11%. The secondary patency rates 
were 63%, 55%, 48%, 29% and 23%. The complication rate was 17% 
(11 of 64), with one major complications. 30-day mortality was 1.
Conclusion: This largest thrombolysis case series to date confirms 
that the early outcomes of declotting procedures for thrombosed 
fistulas are encouraging and are in line with previously published 
data. However, the long-term patency rates are disappointing, and 
thrombosis of a dialysis fistula is a poor prognostic factor for long-
term patency even following successful declotting and additional 
secondary interventional procedures.
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P-98
Central venous access ports implanted in the forearm: 
a retrospective single center analysis of 1722 patients
M. Wildgruber1, S. Borgmeyer2, J. Gaa2, H. Berger1;
1Department of Interventional Radiology, Technische Universität 
München, Munich, Germany, 2Department of Radiology, Technische 
Universität München, Munich, Germany.

Purpose: To retrospectively evaluate totally implanted central 
venous access ports of the forearm on radiographs in terms of 
safety, technical feasibility, and device-related complications.
Material and Methods: Between 2004 and 2012, 1759 central 
venous arm ports were implanted in the forearms of 1722 patients. 
Data were retrospectively analyzed with focus on technical success, 
short-term complications, and long-term success. Neither antibiotic 
prophylaxis nor long-term anticoagulation were given on a standard 
basis.
Results: Port implantation in the forearm with correct positioning 
of the central catheter succeeded in 98.9% cases (primary technical 
success rate). No major periprocedural complications were recorded. 
During the follow-up period of a total of 603898 catheter days (343 
days/patient) 158 devices had to be removed because of complica-
tions (8.9%). Among these, the most frequent complications were 
local infection (2.9%), venous thrombosis of the catheter-carry-
ing vein (2.2%), catheter disconnection/catheter line displacement 
(1.4%), and occluding thrombus at the catheter tip requiring hepa-
rinization (1.4%). Complications were classified as periprocedural 
complications, early complications within the first 30 days, and late 
complications thereafter.
Conclusion: Radiologic placement of a totally implanted central 
venous arm port in the forearm is a safe procedure with a low rate 
of both early and late device-related complications. The method is 
effective for delivery of chemotherapy, parenteral nutrition, and fre-
quent IV medication.

P-99
Single bolus, stepping-gantry venography for venous mapping 
prior to hemodialysis vascular access creation: contrast-media 
saving and radiation reduction strategy
Y.I. Kim, S.L. Lee, Y. Won, K.T. Kim;
Radiology, Uijeongbu St. Mary’s Hospital, Uijeongbu-si, 
Gyeonggi-do, Korea.

Purpose: We introduce a new digital subtraction venography method 
using a stepping-gantry technique for venous mapping before cre-
ating a hemodialysis vascular access.
Material and Methods: We analyzed the digital subtraction venogra-
phy data sets of 10 patients with ESRD. Digital subtraction venography 
using a stepping-gantry technique represents a simple modification 
of the conventional stepping-gantry angiography applicable to upper 
body extremities. A mixture of a small dose of contrast medium, i.e., 
less than 12 ml, and the same amount of saline solution, was injected 
using a power auto-injector at 5 ml/s through an 18-gauge, plastic, 
intravenous catheter placed in a dorsal vein of the patient’s non-dom-
inant hand. The examinations were reviewed by two radiologists.
Results: Two radiologists examined the opacification quality, and 
more than 84% of analyzed veins of the patients were graded as 
good with regard to visualization of the cephalic vein of the forearm, 
the cephalic and basilic veins of the upper arm, and the subclavian 
vein. According to visualization of thoracic veins, one was graded 
as fair and nine were graded as good in the brachiocephalic vein, 
and one was graded as poor, five were graded as fair, and four were 
graded as good in the SVC. The average dose of contrast medium 
used in 10 patients was 10.6 ml, and the mean accumulated dose 
during the examination was 3.5 mGy.

Conclusion: Single bolus stepping-gantry venography seems to be 
a successful alternative method for venous mapping prior to hemo-
dialysis vascular access creation as it uses less contrast media and 
reduces the radiation dose.

P-100
Prospective evaluation of angioplasty with paclitaxel 
coated balloons vs. conventional balloon for restenosis in 
hemodialysis shunts
Y. Karamermer, W. Dinkelaar, O.E. Elgersma;
Radiology, Albert Schweitzer Hospital, Dordrecht, Netherlands.

Purpose: To evaluate whether paclitaxel coated balloons (PCB) are 
more effective compared with conventional balloon (CB) angio-
plasty in treating restenosis of hemodialysis shunts.
Material and Methods: Consecutive patients presenting with a 
restenosis within 1 year after previous PTA were sequentially treated 
first with CB and in case of a restenosis with PCB. Balloon sizing and 
other angioplasty related variables were kept identical. Main out-
come was time to reintervention that was compared for both bal-
loons with paired t-test. Reintervention criteria were a significant 
restenosis or occlusion assessed with duplex ultrasonography dur-
ing follow-up or diminished blood flow observed during dialysis.
Results: Nineteen patients were included. Of these, 4 had AV grafts 
and 4 patients were lost to follow-up. The main reason for angio-
plasty was reduced flow. Average patency of the previous angio-
plasty was 111 days. Average improvement of stenosis after PCB was 
37% with a residual stenosis of 25%. After CB, improvement was 40% 
with a residual stenosis of 27%. Average patency after PCB and CB 
was 178 days and 156 days, respectively (P = 0.71).
Conclusion: Although the average patency was in favor of PCB, this 
difference was not significant. Despite previously reported PCB suc-
cess in preventing restenosis in femoral and coronary arteries and 
even in hemodialysis shunts, we failed to show the same benefit 
of PCB in preventing restenosis in our patients with hemodialysis 
shunts. Further investigation is nevertheless warranted.

P-101
Long-term outcomes of endovascular treatment of 
symptomatic central venous stenosis and occlusion in 
hemodialysis patients
S. Gür1, L. Oguzkurt2, U. Ozkan3, M. Gedikoglu2, M. Duymus4, B. Genc1;
1Radiology, Sifa University, Izmir, Turkey, 2Radiology, Baskent 
University, Adana Teaching and Medical Research Center, Adana, 
Turkey, 3Radiology, Ortadogu Hospital, Adana, Turkey, 4Radiology, 
Kafkas University, Kars, Turkey.

Purpose: To report and compare long-term outcomes of endovas-
cular treatment of symptomatic central venous obstruction (CVO) in 
hemodialysis patients.
Material and Methods: A database of consecutive hemodialysis 
patients who underwent endovascular treatment for symptomatic 
CVO alone between 2000 and 2010 was developed. Hemodialysis 
patients who underwent successful endovascular treatment for CVO 
were retrospectively evaluated. Angioplasty was the primary treat-
ment in these patients. Stent placement was performed as a bailout 
procedure in angioplasty-resistant obstructions.
Results: In total, 150 patients [67 males (45%), 83 females (55%)], 
aged 15–86 years (mean age, 56.2 years) with symptomatic central 
venous obstructive lesions were treated with angioplasty. Technical 
success was achieved in 141 patients (94%). Of the 150 patients, 
109 (77%) underwent angioplasties and 32 (23%) underwent stent 
placement as a bailout procedure after failed angioplasty. Primary 
and secondary patencies of the stent group were significantly 
higher than those of the angioplasty group (Kaplan–Meier analysis;  
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p = 0.036 and p = 0.046, respectively). Primary and secondary 
patency rates of the nitinol stents were significantly higher than 
those of the Wallstents (Kaplan–Meier analysis; p = 0.007 and p = 
0.011, respectively).
Conclusion: A high technical success rate was observed among 
patients who underwent endovascular treatment of CVO. Compared 
with angioplasty, bailout stenting had higher primary and second-
ary patency results; compared to Wallstents, nitinol stents had lon-
ger primary and secondary patency results.

P-102
Easy access: port placement principles and management for 
residents and mid-level trainees
A. Lindsay, P.J. Rochon, K. Graybill, K. Kondo, M. Gipson, M. Smith,
C.E. Ray, Jr.;
Department of Interventional Radiology, University of Colorado 
Denver, Aurora, CO, United States of America.

Learning objectives: Learning objectives include understanding 1) 
common port insertion techniques and their advantages and disad-
vantages, 2) complications, and 3) port management.
Background: Cases of port placement at our institution from 2/6/04 
to 8/31/12 were reviewed focusing on technique of insertion, com-
plications, and management. Ports placed and replaced/removed 
were 1750 and 31, respectively. A review of the reasons for port fail-
ure, complications, and advantages and disadvantages of different 
techniques was performed.
Clinical Findings/Procedure: Chest port insertion may be per-
formed with a conventional downward pocket, modified upward 
pocket, or single incision technique. Additional techniques exist 
for arm and translumbar ports. The downward pocket is useful in 
patients with limited room between the clavicle and chest, as occurs 
in patients with breast implants. The upward pocket allows ease 
of dissection for right hand operators and a cosmetically appeal-
ing lower incision. The single incision technique is also cosmetically 
appealing. Arm ports are options for patients who prefer not to have 
chest ports. Translumbar ports are considered when other veins 
are poorly accessible. Complications can be divided into early and 
late. Examples of early complications include vessel injury, bleeding, 
pneumothorax, arrhythmia, infection, viscus or ureteral injury, and 
air embolism. Late complications include device failure, infection, 
catheter migration, venous thrombosis, venous perforation, and 
skin necrosis.
Conclusion: Different methods of port placement exist and should 
ultimately be patient specific. Adequate knowledge of these meth-
ods as well as risks and complications of port placement will help 
prepare a trainee to successfully perform these procedures.

P-103
Tunneled catheters for hemodialysis: what interventionalists 
need to know about hardware
A. Khankan, R. Salman, A. Arab;
Medical Imaging, King Abdulaziz Medical City, Riyadh, Saudi Arabia.

Learning objectives:
1. To provide a basic overview and illustrate the technical character-

istics of the most available tunneled catheters for hemodialysis.
2. To highlight the recent developments in tunneled catheters.
Background: Tunneled catheters for hemodialysis are still a contin-
ued necessity because of the growing number of patients with end-
stage renal diseases. The best optimal functioning catheter should 
have a low complication rate and long cumulative patency rate. A 
successful functioning catheter can be measured by different cri-
teria including material, body and tip design, and proper insertion. 
Currently, a wide variety of tunneled dialysis catheters are available 

in the medical market. As interventional radiologists have adopted 
an increasingly prominent role in the placement and management 
those catheters in addition to the development of new and better 
catheters, it is very important to understand the various features of 
catheters to choose one that best fits the patient based on the case 
and catheter availability.
Clinical Findings/Procedure: The poster will provide an illustra-
tive overview about the relatively recent developments in tunneled 
catheters demonstrating the technical characteristics of most avail-
able types.
Conclusion: Interventional radiologists play an important role in the 
placement and management of tunneled catheters. A good under- 
standing of catheter materials and designs in addition to access 
routes are important for the placement of a reliable functioning tun-
neled catheter for efficient hemodialysis.

P-104
Malfunctioning central venous catheters
J. Burn, L. Monzon, E. Kashef, S. Moser;
Radiology, Imperial College Healthcare Trust, London, United 
Kingdom.

Learning objectives: This poster provides a summary of the cen-
tral venous catheter (CVC) types available and an overview of the 
spectrum of complications that may cause catheter malfunction. 
Normal appearances of the standard catheter radiographs and con-
trast studies (linograms) are shown with a pictorial review of abnor-
mal catheter studies.
Finally, certain catheter salvage or replacement techniques are 
demonstrated.
Background: Central venous access is increasingly being used 
beyond simple long-term chemotherapy or total parenteral nutri-
tion. It is now central to the management of other conditions such 
as long-term antibiotic therapy, chemotherapy and haemodialysis.
There is an increasingly wide variety of venous access devices used, 
and thus, a variety of developing CVC-related complications. Plain 
radiographs and fluoroscopic contrast examinations (linograms) are 
central to the radiological investigation of malfunctioning catheters, 
and these investigations are often conducted by junior trainees. A 
comprehensive understanding of this area is essential for accurate 
diagnosis and appropriate management.
Clinical Findings/Procedure: Catheter types: Hickman, PIC, Port-A-
Cath, VasCath etc.
Inspection of the catheter
Plain radiograph of catheters: common problems with technique 
(visualisation)/common findings (such as kinking/misplacement)
Contrast study-techniques, contraindications, common findings 
(occlusion, kink, fracture, fibrin sheaths etc.)
Salvage techniques: fibrin sheath dislodgement/stripping, saline 
injection, length readjustment etc.
Conclusion: Trainee radiologists should be familiar with various 
catheter types and their plain radiography and contrast investiga-
tion appearances. Accurate diagnosis of CVC malfunction will alter 
outcomes in patients in whom repeated venous access procedures 
can often become a source of greater morbidity than their primary 
condition.
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P-105
Percutaneous recanalization using TIPS for occluded native 
hemodialysis access after failed conventional recanalization
T. Shin1, J. Choi2;
1Radiology, Kimhae Jung Ang Hospital, Kimhae, Gyeongnam do, 
Korea, 2Radiology, Suhjoo Mir Radiology Clinic, Daegu, Korea.

We describe four cases treated using TIPS after failed recanalization. 
We created a tract using a 21-gauge long needle through the lesion 
under the USG. We placed the stent–graft after PTA at tract. This 
technique has the same effect as surgical graft interposition.

P-106
A novel entirely endovascular treatment for dialysis 
access-associated steal syndrome
T.G. Walker1, S.M. Brannan2, C.M. Habito1;
1Division of Vascular Imaging & Intervention, Massachusetts 
General Hospital, Boston, MA, United States of America, 2Division 
of Interventional Radiology, Bella Medical Center, Champaign, IL, 
United States of America.

We describe a case of severe dialysis access-associated steal syndrome. 
The patient was a poor candidate for minimally invasive banding due 
to post-surgical anatomy. Endovascular revision using juxta-anasto-
motic flared endograft placement followed by deployment of bal-
loon-mounted stent outside the endograft resulted in 50% iatro-
genic stenosis of the endograft near the shunt anastomosis.

Embolotherapy (excluding oncology)

P-107
Early recanalization after coil embolization of pulmonary 
arteriovenous malformation: embolization with bare coils 
versus bare and fibered coils
M. Shimohira, T. Hashizume, K. Ohta, Y. Shibamoto;
Department of Radiology, Nagoya City University Graduate School 
of Medical Sciences, Nagoya, Japan.

Purpose: The aim of this study was to evaluate early recanalization 
after coil embolization of pulmonary arteriovenous malformations 
(PAVM) between two groups embolized only with bare coils and 
with both bare and fibered coils.
Material and Methods: Twenty-one coil embolization procedures 
were undertaken in 12 patients with PAVM or recanalization of PAVM. 
One was male and 11 were females; their median age was 53 years 
(range, 16–81). Embolization was performed only with bare coils in 
15 lesions (bare coil group) and with both bare coils and fibered coils 
in 6 lesions (bare–fibered coil group). For follow-up examination, 
enhanced MRI or pulmonary angiography was undertaken within 
6 months after embolization in all cases. We reviewed these images 
and evaluated whether early recanalization occurred or not.
Results: In all embolization procedures, immediate postembolic com-
plete cessation of blood flow was confirmed by digital subtraction 
angiography. The number of coils ranged from 6 to 57 (median, 12). 
Length of the coils was 20–1455 cm (median, 90). Follow-up period 
ranged from 1 to 6 months (median, 2). Early recanalization was found 
in 73% (12/15) patients in the bare coil group and in 14% (1/6) in the 
bare–fibered coil group with a significant difference (P < 0.05).
Conclusion: To prevent early recanalization, embolization for PAVM should 
be performed not only with bare coils but also with fibered coils. 
Furthermore, there is a possibility of early recanalization even with both 
bare and fibered coils; therefore, early follow-up examination is important.

P-108
Mid-term results of ethanol embolotherapy of foot AVMs 
(arteriovenous malformations)
D. Hyun1, Y.-S. Do1, K.B. Park1, D.-I. Kim2, Y.-W. Kim2, H.S. Park1, S.W. Shin1, 
S.K. Cho1, S.W. Choo1, Y.G. Song3, I.-W. Choo1, W.H. Cho4;
1Department of Radiology, Samsung Medical Center, 
Sungkyunkwan University School of Medicine, Seoul, Korea, 
2Division of Vascular Surgery, Department of Surgery, Samsung 
Medical Center, Seoul, Korea, 3Radiology, Samsung Changwon 
Hospital, Changwon, Korea, 4Dept. of Diagnostic Imaging, Samsung 
Medical Center, Seoul, Korea.

Purpose: To review retrospectively the initial clinical presentation, 
treatment course, and results of ethanol embolotherapy for arterio-
venous malformations (AVMs) involving only the foot and to analyze 
the prognostic factors that could affect the treatment results.
Material and Methods: Twenty-nine patients (7 men and 22 
women; mean age, 31.3 years) were enrolled. Clinical manifestation, 
past history, treatment results of ethanol embolotherapy, and com-
plications were reviewed. Two radiologists analyzed the extent of 
AVM involvement, angiographic type, degree of devascularization 
after embolotherapy, and treatment results. Possible prognostic fac-
tors that could have an impact on the final results were assessed.
Results: The most common symptom was pain (82.7%, 24/29), fol-
lowed by ulcer (51.7%, 15/29), mass (48.2%, 14/29), varicosity (37.9%, 
11/29) and swelling (31%, 9/29). On baseline angiograms, lesion 
extent less than ¼ of the foot occurred in 62% (18/29) of cases. 
Lesions involving ¼–  of the foot comprised 24% (7/29), followed 
by lesions more than  (10%, 3/29) and lesions of –½ (3%, 1/29). 
The most common modified angiographic type was type IIIa (37.9%, 
11/29), followed by IIIb (31%, 9/29), II (13.7%, 4/29), IIIa + IIIb (6.8%, 
2/29) and II +IIIa (3%, 1/29). Sixty-one ethanol embolization sessions 
(ranging from 1 to 24; mean, 2.1) were performed in 29 patients. Cure 
was achieved in seven patients 1 (24.1%, 7/29). Seventeen patients 
experienced improvement (58.6%, 17/29). In three patients, the 
lesion showed no change (10.3%). Treatment failure was reported 
in two patients (6.8%, 2/29). Major complications occurred in 20.6% 
(6/29) and minor complications in 55.1% (16/29). Skin necrosis (34.5% 
10/29) was the most common minor complication. The lesion extent 
had a moderate correlation with outcome (P < .001, ρ = 0.633).
Conclusion: Ethanol embolotherapy for foot AVMs can be as effec-
tive and safe as for other body parts. From the analysis of angio-
graphic findings, foot AVMs that involve less than ¼ of the area of 
the foot are predicted to show better treatment results. 

P-109
Nonoperative management of unruptured visceral artery 
aneurysms: treatment by transcatheter coil embolization
O. Ikeda, Y. Nakasone, S. Inoue, K. Yokoyama, Y. Tamura, Y. Yamashita;
Diagnostic Radiology, Kumamoto University Graduate School of 
Medical and Pharmaceutical Sciences, Kumamoto, Japan.

Purpose: We report transcatheter coil embolization (TCE) of vis-
ceral artery aneurysms (VAA) and propose treatment indications. 
As untreated VAA enlarge progressively and may rupture spontane-
ously, their early detection and effective treatment are necessary. In 
poor surgical candidates, the TCE morbidity and mortality rates are 
low.
Material and Methods: We treated 58 patients with VAA by TCE; 23 had 
splenic, 12 renal, 11 pancreaticoduodenal arcade, 5 each had hepatic or 
celiac aneurysms, and one each had a gastroduodenal or superior mes-
enteric artery aneurysm. We coil-packed the sac (n = 22) and embolized 
distal and proximal vessels (isolation) (n = 28). When the neck measured 
less than half the short axis of the aneurysm or more than half the sac, 
we performed sac packing only or stent-assisted TCE (n = 8), respectively.
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Results: TCE with aneurysm packing was successful in 57 (98%) 
patients. Infarction occurred in 5 patients each with splenic or renal 
artery aneurysms. A patient treated by isolation of the pancreatic 
transverse artery and angioplasty of the celiac axis developed acute 
pancreatitis. Stent-assisted TCE in patients with renal (n = 6), celiac (n 
= 1), or splenic (n = 1) artery aneurysms were successful. One patient 
with an aneurysm at the renal artery bifurcation and fibromuscular 
dysplasia developed restenosis proximal to the stent and required 
re-stenting to preserve native arterial circulation.
Conclusion: TCE using packing, isolation, or stent-assisted tech-
niques is an effective alternative treatment for patients with saccu-
lar and proximal VAA.

P-110
Coil embolization of pulmonary arteriovenous malformation: 
mechanically detachable coils vs. electrolytically and 
hydraulically detachable coils
T. Higashide1, T. Sugiura2, T. Kazama3, Y. Kasahara2, S. Sakao2,
N. Tanabe2, A. Saiga1, K. Motoori3, H. Umekita1, H. Kato1, K. Tatsumi2,
T. Uno3;
1Department of Radiology, Chiba University Hospital, Chiba, Japan, 
2Department of Respirology, Graduate School of Medicine, Chiba 
University, Chiba, Japan, 3Department of Diagnostic Radiology and 
Radiation Oncology, Graduate School of Medicine, Chiba University, 
Chiba, Japan.

Purpose: To examine the recanalization rate of electrolytically and 
hydraulically detachable coils in comparison with mechanically 
detachable coils for treatment of pulmonary arteriovenous malfor-
mations (PAVMs).
Material and Methods: From 1994 to August 2012, 34 patients (4 
males and 30 females; average age, 54.7 years) underwent emboli-
zation of 46 PAVMs. Based on the types of coils, the patients were 
divided into 2 groups, one with electrolytically and hydraulically 
detachable coils and the other with mechanically detachable coils. 
Recanalization rate was compared between them. Recanalization 
was evaluated using four-dimensional CT using 320-detector 
CT scanner. Following a 40 ml bolus injection of nonionic iodin-
ated contrast material (370 mgI/ml), 30 ml physiological saline was 
injected at the same rate. Five seconds after initiation of the contrast 
injection, scans were performed every one second and four-dimen-
sional CT was reconstructed. One radiologist and one pulmonolo-
gist interpreted the images in consensus. We defined recanalization 
if antegrade flow was observed.
Results: Follow-up results were available for 42 PAVMs in 32 pa-
tients. Reperfusion occurred in 13 (62%) of 21 PAVMs in the mechani-
cally detachable coils group and reperfusion occurred in 2 (9.5%) of 
21 PAVMs in the electrolytically and hydraulically detachable coils 
group (P = 0.005, Fisher exact test).
Conclusion: The recanalization rate may have decreased using elec-
trolytically and hydraulically detachable coils in the embolization of 
PAVMs.

P-111
Endovascular superselective embolization of prostatic arteries: 
the new method of treatment of BPH with a gross prostate 
volume
I.I. Sitkin1, D.G. Kurbatov2, A.E. Lepetuhin2, S.A. Dubskii2;
1Radiology, Endocrinology Centre Research, Moscow, Russian 
Federation, 2Urology, Endocrinology Centre Research, Moscow, 
Russian Federation.

Purpose: Conventional surgery of benign prostate hyperplasia 
(BPH) includes transurethral resection (TUR) as the “gold standard” 
option for a prostate gland that is not larger than 80 g. In cases of 

significantly enlarged BPH, open prostatectomy should be recom-
mended. However, in patients who suffer from severe general dis-
eases and/or in patients with a gross prostate volume, conventional 
surgery may cause undesirable complications. In these patients, we 
use endovascular superselective embolization of prostatic arteries 
(ESEPA), which is a new alternative method of less invasive surgery.
Material and Methods: We present our experience of treating 58 
men aged 67 ± 7 years with moderate-to-severe BPH symptoms and 
prostate enlargement who underwent ESEPA from February 2009 to 
November 2012. The patients had total prostate volume of 171 ± 82 
g (82−360 g); IPSS score of 27.1 ± 5.8; urinary flow rate (Q max) 5.2 ± 
2.3 ml/s, and serum PSA 2.4 ± 1.9 (1.1−4.2) ng/ml.
ESEPA included puncture of right femoral arteries, staggered selec-
tive catheterization of a. vesicalis inf. and prostatic arteries, and fur-
ther angiographic visualization of BPH.
Results: No peri- and postoperative complications, such as bleed-
ing, hematoma, tissue and organ necrosis, urinary retention, and 
no acute renal failure were detected. Postoperative period included 
low intermittent perineal pain in 26 patients (44.8%), who did not 
need analgesics. Total prostate volume had decreased to 94 ± 48 g 
(161−43 g; 45.1% ± 17.4%). All men noticed significant improvement 
of LUTS 3–5 days after the procedure.
Conclusion: ESEPA may be considered as the real alternative tech-
nology for BPH treatment in patients with large prostate volume and 
with high risk of surgery.

P-112
How to improve the clinical results of prostatic artery 
embolization (PAE) for patients with benign prostatic 
hyperplasia (BPH) and moderate to severe lower urinary tract 
symptoms (LUTS)
J.M. Pisco, L.C. Pinheiro, T. Bilhim, H. Rio Tinto, L. Fernandes, J.A. Pereira, 
M. Duarte, A.G. Oliveira;
Interventional Radiology, Saint Louis Hospital, Lisbon, Portugal.

Purpose: To investigate the main causes of clinical failures to avoid 
them and to improve the clinical success of prostatic artery emboli-
zation (PAE).
Material and Methods: We conducted a retrospective study in 365 
patients with BPH and moderate to severe lower urinary tract symptoms 
(LUTS) who underwent PAE. The follow-up control was 3–46 months 
(mean 14 months). Clinical success was considered when there was clin-
ical improvement with International Prostate Symptom Score (IPSS) 
reduction ≥25% of the total score and ≤15, Quality of life (Qol) reduction 
≥1 or ≤3, and no requirement of medical or any other treatment.
Results: There were 86 (24.4%) clinical failures, 54 (15.3 %) at short 
term and 32 (9.1%) at mid term. The main causes of clinical failure 
were: unilateral embolization, incomplete embolization, small par-
ticle size (100 μm) of embolic agents, and unknown cause. Patients 
with incomplete or unilateral embolization had advanced athero-
sclerosis of the iliac and prostatic arteries, and 16 of them had diffi-
cult prostatic artery anatomy. Ten patients with clinical failure with-
out any cause were under treatment with 5 α reductase inhibitors. 
There was one major complication, bladder wall ischemia.
Conclusion: To improve the clinical results of PAE, patients with 
advanced atherosclerosis of the iliac and prostatic arteries should 
be informed of the high failure rate, and PAE can eventually be can-
celled. The same information should be given to those under 5 α 
reductase inhibitors; 100 μm particles should not be used as embolic 
agents.
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P-113
Embolisation in patients with benign prostatic hyperplasia and 
refractory acute urinary retention
L. Fernandes, J.M. Pisco, L.C. Pinheiro, H. Rio Tinto, T. Bilhim, M. Duarte, 
J.A. Pereira, A.G. Oliveira;
Interventional Radiology, Saint Louis Hospital, Lisbon, Portugal.

Purpose: To evaluate the clinical outcome of prostatic arterial embo- 
lisation (PAE) in patients with benign prostatic hyperplasia (BPH) and 
acute urinary retention.
Material and Methods: We conducted a single-center cohort study in 
42 patients with a diagnosis of BPH and acute urinary retention. Patients 
underwent prostatic arterial embolization (PAE). Prostate volume and 
prostatic specific antigen (PSA) were evaluated before PAE. Nonspherical 
polyvinyl alcohol particles (PVA), 100 μm and 200 μm, were used for 
embolisation. The International Prostate Symptom Score (IPSS), quality of 
life (QoL), International Index Erectile Function (IIEF), uroflowmetry, (Qmax 
and PVR: post voiding residual volume), prostatic specific antigen (PSA) 
and prostate volume were assessed at 1, 3, 6 and every 6 months after 
removal of the bladder catheter, up to 36 months (mean 14.4 months).
Results: Forty-two patients aged 48–81 years were included in this 
study. The prostate volume ranged between 50 and 220 cc (mean 
105.3 ± 37.2 cc). PAE was technically possible in 41/42 patients (97.6%). 
All patients were treated as outpatients. Among the 40 patients with 
efficacy data there were 6 (15.0%) clinical failures. Kaplan–Meier 
estimates of the cumulative rate of clinical success rate were as fol-
lows: 95.0% [95% confidence interval (CI) 81.5%–98.7%] at 3, 6 and 
12 months and 75.1% (95% CI 50.2%–88.8%) at 18, 30 and 36 months. 
There were no major complications and no sexual dysfunction.
Conclusion: PAE is a minimally invasive procedure with good short 
and mid-term results for BPH patients with acute urinary retention 
and may be an alternative to surgery.

P-114
Embolization for patients with benign prostatic hyperplasia, 
very large prostate, and moderate to severe lower urinary tract 
symptoms (LUTS) as an alternative to open surgery
J.M. Pisco, L.C. Pinheiro, T. Bilhim, H. Rio Tinto, M. Duarte, L. Fernandes, 
J.A. Pereira, A.G. Oliveira;
Interventional Radiology, Saint Louis Hospital, Lisbon, Portugal.

Purpose: To access the outcome of prostatic arterial embolization 
(PAE) in patients with benign prostatic hyperplasia (BPH), prostate 
larger than 100 cc, and moderate to severe lower urinary tract symp-
toms (LUTS) after failure of medical therapy for at least 6 months.
Material and Methods: A single-center cohort study in 72 patients 
with a diagnosis of BPH, prostate larger than 100 cc, and moderate to 
severe LUTS after failure of medical treatment for at least 6 months 
was conducted. Twenty patients had urinary retention and bladder 
catheter. Nonspherical polyvinyl alcohol particles (PVA) were used for 
embolization. The International Prostate Symptom Score, quality of 
life, International Index Erectile Function, uroflowmetry, post voiding 
residual volume, prostatic specific antigen, and prostate volume were 
assessed before PAE and at 1, 3, 6, and every 6 months thereafter.
Results: Follow-up data was available for 67 patients. Of the total 
67 control patients, there were 16 (23.9%) clinical failures, 9 at short 
term and 7 at mid-term. Cumulative rates of clinical success at short 
term was 81.4% at 3 months, 78.5% at 6 months, 69.8% at 12 months, 
69.8% at mid-term at 18 months, 69.8 % at 24 months, and 55.9% at 
30 months. There was low morbidity, no major complication, and no 
sexual dysfunction in this group of patients.
Conclusion: PAE is a minimally invasive procedure with good and 
satisfactory short and mid-term results, respectively, for BPH patients 
with prostate larger than 100 cc and moderate to severe LUTS after 
failure of medical therapy as an alternative to open surgery.

P-115
Same-day discharge of patients with HCC in a liver 
transplantation program after DEB-TACE: is it safe?
F. Nasser, B.B. Affonso, F.L. Galastri, F.B. Travassos, B. De Fina,
R.N. Cavalcante;
Interventional Radiology, Hospital Israelita Albert Einstein, São 
Paulo, Brazil.

Purpose: To evaluate the safety and feasibility of same-day dis-
charge of patients with hepatocellular carcinoma (HCC) in a liver 
transplantation program after doxorubicin drug-eluting bead tran-
sarterial chemoembolization (DEB-TACE).
Material and Methods: This was a single-center prospective study 
conducted between March 2011 and November 2012, where 132 
consecutive outpatients with HCC were treated with DEB-TACE (total 
of 241 procedures). The eligibility criteria included downstaging or 
liver transplantation waiting list HCC patients with no vascular inva-
sion or extrahepatic spread.
After 6 hours of recovery from DEB-TACE, patients were discharged 
if their recovery periods were uneventful and if they had stable vital 
signs, no access site hematoma, and a pain score ≤3.
Study end-points included admission to the hospital on the day of 
the procedure, return to the hospital within 1 month, and proce-
dure-related mortality and morbidity within 30 days.
Results: Same-day discharge was possible after 198 of 241 proce-
dures (82.2%). Patients were admitted for an overnight stay at the 
hospital after 43 procedures (17.8%). Twenty-five admissions were 
for clinical reasons (pain in 20 patients, vomiting in three, asymp-
tomatic hepatic artery dissection during the procedure in two). The 
other 18 admissions were on request of the patients without com-
plications or clinical complaints. There were no readmissions, major 
complications or procedure-related deaths at the first 30 days after 
the procedure.
Conclusion: Same-day discharge for patients with HCC after DEB-
TACE is safe and feasible.

P-116
Transcatheter arterial embolization for management of blunt 
traumatic injuries with massive hemothorax
K. Shibuya1, H. Morita2, T. Kurabayashi2, H. Tokue1, S. Hirasawa1,
M. Miyazaki1, Y. Koyama1, Y. Tsushima3;
1Diagnostic and Interventional Radiology, Gunma University 
Hospital, Maebashi, Japan, 2Radiology, Maebashi Red-Cross 
Hospital, Maebashi, Japan, 3Diagnostic Radiology and Nuclear 
Medicine, Gunma University Graduate School of Medicine, 
Maebashi, Japan.

Purpose: To evaluate the efficacy and outcome of transcatheter 
arterial embolization (TAE) for blunt traumatic arterial injuries with 
massive hemothorax.
Material and Methods: From July 2009 to March 2012, 14 consecu-
tive patients (8 men, 6 women; mean age, 67 years) who underwent 
TAE for massive hemothorax due to blunt trauma were enrolled in 
this retrospective study. Eleven injuries were caused by traffic acci-
dents and 3 by other blunt injuries. The distribution of arterial inju-
ries, Injury Severity Score (ISS), response to fluid resuscitation, extra-
thoracic arterial injuries, and mortality were evaluated.
Results: The median ISS was 40 (range; 9–57). Bleeding sites were 
located in the intercostal (n = 12) and internal mammary arter-
ies (n = 2). Fifty intercostal arteries were embolized in 12 patients. 
The average procedure time was 115 minutes (range, 60–140). Two 
patients responded, 9 showed transient response, and 3 showed no 
response to initial fluid resuscitation. In 10 patients (71.4%), TAE (n = 
9) or damage control surgery (n = 1) were required for extrathoracic 
bleeding. Hemodynamic stability was achieved in 13/14 patients 
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(92.8%). Rebleeding occurred in two patients (14.2%), requiring re-
peat embolization (n = 1) or thoracotomy (n = 1). Twelve patients 
(85.7%) survived for more than 24 hours and 9 (64.2%) survived to 
be discharged.
Conclusion: TAE is reliable for massive hemothorax. However, 
embolization for multiple injured arteries is needed in most patients 
with serious hemodynamic status and/or extrathoracic injuries. The 
procedures should be immediately performed by experienced inter-
ventional radiologists.

P-117
Transarterial treatment for hepatic malignancy in patients 
with celiac artery stenosis: prediction of access route with 
multiplanar contrast-enhanced CT reconstruction images
S. Kamei, S. Ikeda, A. Kitagawa, Y. Izumi, M. Hagihara, M. Morikawa,
E. Katsuda, J. Kimura, T. Ota, T. Ishiguchi;
Radiology, Aichi Medical University, Nagakute, Japan.

Purpose: To retrospectively evaluate the access route of transar-
terial treatment for hepatic malignancies with celiac artery ste-
nosis using multiplanar reconstruction (MPR) images of contrast-
enhanced CT.
Material and Methods: Thirty-three patients underwent 54 tran-
sarterial procedures including 45 chemoembolization and 9 arte-
rial infusion port implantation. Celiac artery stenosis was evalu-
ated on MPR images and the approach through the stenotic celiac 
artery was initially attempted. When the approach was impossible, 
an approach through the superior mesenteric artery, pancreaticodu-
odenal artery, and gastroduodenal artery to the hepatic artery was 
attempted.
Results: On MPR images, the celiac artery orifice was detected in 30 
patients (48 cases), and catheterization to the celiac artery was possi-
ble at least once. In 3 patients (6 cases), the orifice was not detected 
and catheterization to the celiac artery was impossible. The proce-
dures were successful in all except 1patient (1 case). The treatment 
was performed through the stenotic celiac artery in 30 patients 
(46 cases) and 4 patients (6 cases) through the pancreaticoduode-
nal artery to the hepatic artery. In 1 patient (1 case), catheterization 
to the proper hepatic artery from the gastroduodenal artery was 
impossible, and treatment by retrograde passage of the occluded 
celiac artery for catheter placement through the celiac artery using 
a pull-through technique was performed.
Conclusion: Detailed evaluation of the celiac artery orifice by MPR 
images enables treatment through the stenotic celiac artery at a 
higher rate than that reported previously. Catheter placement to 
the occluded celiac artery after retrograde passage with the pull-
through technique is another useful option when other approaches 
are difficult.

P-118
Role of C-arm cone beam computed tomography in prostate 
artery embolization for treating benign prostatic hyperplasia 
(BPH)
S. Bagla, K.M. Sterling, K.S. Rholl, A. van Breda;
Cardiovascular & Interventional Radiology, Inova Alexandria 
Hospital, Alexandria, VA, United States of America.

Purpose: To evaluate the potential impact of C-arm CBCT on ther-
apy during prostate artery embolization for treating BPH.
Material and Methods: Fifteen patients (aged 59–81 years; mean, 
68 years) with moderate or severe (American Urological Association 
Symptom Scale) lower urinary tract symptoms were enrolled in 
a prospective US trial evaluating PAE. Between January 2012 and 
January 2013, patients underwent pelvic angiography, with 14 
embolizations. Fifteen CBCT acquisitions were performed in 11 pa- 

tients, and digital subtraction angiography was performed in all 
patients. Images were reviewed to assess for identification of poten-
tial nontarget embolization sites that impacted therapy, enhance-
ment pattern on CBCT suggesting additional prostatic arteries, con-
firmation of prostatic parenchymal perfusion before embolization, 
and contralateral prostatic parenchymal enhancement.
Results: C-arm CBCT was successful in 14/15 acquisitions and PAE 
was successful in 14/15 patients (92%). CBCT provided information 
that impacted treatment in 5/14 (36%) patients, by allowing identifi-
cation of potential nontarget embolization sites. CBCT also benefit-
ted treatment planning, with identification of variant anatomy and 
confirmation of adequate perfusion before embolization.
Conclusion: Integration of CBCT with DSA for prostate artery embo-
lization is useful technique that can mitigate the risk of nontarget 
embolization. It also benefits in treatment planning and offers confi-
dence to the surgeon before embolization.

P-119
Preliminary results of prostatic artery embolization in patients 
with symptomatic benign prostatic hyperplasia and small 
prostate volume (40 cc)
J.A. Pereira, L. Fernandes, H. Rio Tinto, T. Bilhim, M. Duarte, J.M. Pisco;
Interventional Radiology, Saint Louis Hospital, Lisbon, Portugal.

Purpose: To analyze individual baseline parameters and outcome 
of prostatic artery embolization (PAE) in patients with symptomatic 
benign prostatic hyperplasia (BPH) and small prostate volume (<40 
cc).
Material and Methods: Twelve patients (age range, 47–82; mean 
age, 62 years) with symptomatic BPH and small prostate volume 
(<40 cc) underwent PAE for symptomatic relief.
Baseline values included a prostate volume range from 24 to 40 
mL (mean, 35.6), an International Prostate Symptom Score (IPSS) 
between 17 and 31 points (mean, 25.8), QoL between 4 and 5 points 
(mean, 4.4), PSA between 0.37 and 8.24 ng/dL (mean, 2.17), post-void 
residual urine (PVR) between 12 and 85.5 mL (mean, 54.1), peak flow-
rate (Qmax) between 3–18.3 mL/s (mean, 9.6), International Index of 
Erectile Function (IIEF) between 4 and 30 points (mean, 20.4).
Nonspherical PVA particles (100 μm and/or 200 μm) were used as 
embolizing agents.
Control follow-up was between 1 and 18 months (mean, 10.6 
months) after the procedure.
Results: Embolization was bilateral in 11 patients and unilateral in 1 
patient. At final control follow-up, there was clinical improvement in 
8 of 12 patients. This group showed a mean IPSS reduction from 26.8 
to 13.1 (-51.1%) points, a mean QoL reduction from 4.5 to 2.1 points 
(53.4%), and a mean prostate volume reduction from 33.9 to 28 mL 
(17.4%).
Conclusion: In patients with symptomatic BPH and small prostate 
volumes, PAE provides good short and mid-term clinical results.

P-120
Retrospective evaluation of proximal splenic artery 
embolization in patients with splenic artery syndrome after 
orthotopic liver transplantation
N. Kortes, N. Bellemann, C.M. Sommer, U. Stampfl, H.U. Kauczor,
B.A. Radeleff;
Diagnostic and Interventional Radiology, University Hospital 
Heidelberg, Heidelberg, Germany.

Purpose: To retrospectively evaluate our experiences with proximal 
splenic artery embolization (SAE) in patients with splenic artery syn-
drome (SAS) after orthotopic liver transplantation.
Material and Methods: From June 2009 to November 2012, 21 patients 
(4 females, 17 males; mean age, 51.5 ± 8.3 years) were transferred to our 
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department with presumed diagnosis of SAS after orthotopic liver trans-
plantation. After using angiography to confirm the diagnosis, patients 
underwent proximal splenic artery embolization using Amplatzer vas-
cular plug (AVP), IDC-coils, and/or glue (mixture of Histoacryl/Lipiodol). 
Primary study goals were technical success and hemodynamic success 
of embolization. Secondary study goals were clinical success and pre-
vention of retransplantation and/or splenectomy.
Results: Technical success was 76.2% (16/21 patients): 75.0% (12/16 
patients) achieved with AVP alone, 12.5% (2/16 patients) with a com-
bination of AVP and IDC coils, 6.3% (1/16 patients) with a combina-
tion of IDC and glue, and 6.3% (1/16 patients) using all three embolic 
agents. In three patients, the AVP migrated during intervention into 
the distal splenic artery. In two patients, there was incomplete occlu-
sion. In 4 of 5 patients, problems were associated with AVP Type IV. 
SAE was initially hemodynamically successful in all patients. Three 
patients needed re-intervention, one because of delayed disloca-
tion of the embolic agent and two because of insufficient hemody-
namic success during follow-up. One minor and one major compli-
cation occurred. Splenectomy was not mandatory. One patient died 
of multiorgan failure.
Conclusion: In patients with SAS after orthotopic liver transplan-
tation, proximal SAE is a potentially feasible and safe procedure for 
increasing hepatic arterial inflow.

P-121
Prostatic artery embolization with Embozene for symptomatic 
patients with benign prostatic hyperplasia: preliminary results
H. Rio Tinto, L. Fernandes, T. Bilhim, L.C. Pinheiro, J.A. Pereira,
M. Duarte, J.M. Pisco;
Interventional Radiology, Saint Louis Hospital, Lisbon, Portugal.

Purpose: To access the preliminary results of prostatic arterial 
embolization (PAE) with Embozene for symptomatic patients with 
benign prostatic hyperplasia (BPH).
Material and Methods: Six patients (aged 59–67 years) with BPH 
after failure of medical treatment for at least 6 months underwent 
PAE with Embozene. Embozene 250 μm was used in 4 and Embozene 
400 μm in 2 patients. The International Prostate Symptom Score 
(IPSS), Quality of Life (QoL), International Index Erectile Function 
(IIEF), uroflowmetry, (Qmax, peak urinary flow and PVR, postvoiding 
residual volume), Prostatic Specific Antigen (PSA), and prostate vol-
ume were assessed before PAE and 1 and 3 months later.
Clinical success was defined as symptom improvement (IPSS reduc-
tion at least 25% of the total score and lower than 15 points), quality of 
life improvement (reduction of Qol by at least 1 point and or equal or 
lower to 3 points), and no need of medical or other therapy after PAE.
Results: All patients were treated as outpatients and were released 
from the hospital 3–6 hours after the procedure. No complications 
occurred. One clinical failure occurred with embolization using 
Embozene 400 μm. Clinical success was shown in 5 patients who 
stopped all prostatic medication.
Conclusion: PAE with Embozene is a safe and minimally invasive 
procedure with good short-term results.

P-122
Evaluation of embolic effect and size of crushed gelpart 
particles created by pumping method
S. Watanabe1, N. Nitta1, S. Ohta1, Y. Tomozawa1, K. Mukaisho2,
M. Takahashi1, K. Murata1;
1Radiology, Shiga University of Medical Science, Otsu, Japan, 
2Pathology, Shiga University of Medical Science, Otsu, Japan.

Purpose: To investigate the influence of frequency of pumping on 
the size of crushed Gelpart particles (CGPs) and pathology of arter-
ies for embolization

Material and Methods: Gelpart (1-mm diameter) was mixed with 
contrast agent and pumping was performed for 0 (Group A), 20 
(Group B), and 50 (Group C) times.
1) In vitro, 200 CGPs were selected in each group and their diameter 

was measured. Distribution was compared by variance analysis.
2) Twenty-seven rabbits were divided into three groups and their 

renal arteries were embolized with the mixture. In each group, 
3 rabbits were sacrificed 2, 7, and 14 days later, and their kidneys 
were extracted.

Pathology specimens were constructed and changes in arterial walls 
(wall distension, inflammatory change, and fibrosis) were observed.
Results: 1) The average CGP diameter was 1.2, 0.8, and 0.6 mm in 
Group A, B, C, respectively; a statistical difference among the groups 
was noted (p < 0.05).
2) All cases showed wall distension. Inflammation and fibrosis was 
most remarkable in 2 and 14 days, respectively. However, no signif-
icant difference was noted among the groups. CGPs were observed 
in the large artery in Group A, while almost all CGPs were observed 
in small arteries (<100 μm) in Group C.
Conclusion: CGPs significantly decreased in size as pumping fre-
quency increased. Although CGP size showed no significant differ-
ence in pathological changes in arterial walls and around the embo-
lization materials, almost all particles were observed in small arteries 
in Group C, suggesting that a higher pumping frequency results in 
embolization of smaller peripheral arteries.

P-123
MRI of occluded sinuses in dural arteriovenous fistulae: 
correlation with angiographic findings and implications for 
transvenous embolization
S. Tanoue1, H. Kiyosue1, Y. Hori2, M. Okahara3, Y. Sagara4, J. Kashiwagi1, 
R. Shimada1, H. Mori1;
1Radiology, Oita University Faculty of Medicine, Oita, Japan, 
2Radiology, Nagatomi Neurosurgical Hospital, Oita, Japan, 
3Radiology, Shinbeppu Hospital, Beppu, Japan, 4Radiology, Tsurumi 
Hospital, Beppu, Japan.

Purpose: For transvenous embolization (TVE) of dural arteriovenous 
fistulas (DAVF), it is important to navigate the catheter to the shunt-
ing point. However, in some cases, microcatheter navigation is diffi-
cult because of occlusion of drainage routes. The success of naviga-
tion depends on the internal condition of the occluded sinus. In this 
study, the imaging features of the occluded dural sinuses were eval-
uated by MRI.
Material and Methods: Twenty-seven cases showed surrounding 
dural sinus occlusion on angiography; ipsilateral transverse and/
or sigmoid sinus occlusion in 21 with transverse sigmoid DAVFs, 
and ipsilateral inferior petrosal sinus occlusion in 6 with cavernous 
DAVFs. MRI scans obtained before endovascular treatment with or 
without contrast-enhanced images were retrospectively evaluated, 
with focus on the signal intensity and contrast enhancement of 
occluded sinuses.
Results: The occluded sinuses showed intermediate intensity in 
21 (78%) and hypointensity in 5 cases (19%) on T1WI and interme-
diate intensity in 4 (15%), hyperintensity in 16 (16%), and heteroge-
neous hypo- and hyperintensity in 6 cases (22%) on T2WI. Contrast-
enhanced MR venography was performed in 11; all cases showed 
strong enhancement of occluded sinuses. TVE was performed in 
all; 17 of 18 cases were successfully approached through occluded 
sinuses.
Conclusion: The occluded sinuses showed various signal intensity 
on T1 and T2WI; all occluded sinuses showed homogenous strong 
enhancement on contrast-enhanced MR venography. The enhance-
ment and high success rate of penetrating the sinuses suggest the 
presence of abundant vascular channels within the occluded sinus.
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P-124
Embolization in post-traumatic vascular injury in head and 
neck region
J.K. Rai, M. Cherian, P. Mehta;
Department of Vascular and Interventional Radiology, Kovai 
Medical Centre And Hospital, Puttur, Karnataka, India.

Learning objectives: To study the results of embolization in patients 
with active bleeding in the head and neck region following iatrogenic/ 
noniatrogenic trauma.
Background: Head and neck injuries are most commonly secondary 
to road traffic accidents; however, they are also associated with pen-
etrating injuries and surgery.
Interventional therapy for head and neck trauma could be emboliza-
tion or stent grafting (e.g., carotid blow out)
Embolization could be performed with coils/particles/liquid agents 
depending on the lesion.
Clinical Findings/Procedure: Twenty-four patients who presented 
with active bleeding in the head and neck region following trauma 
were studied. All patients underwent digital subtraction angiogra-
phy of the internal/external carotid system and/or vertebral arter-
ies. The culprit vessels were embolized after studying the collateral 
supply.
Microcatheters are used whenever a distal single vessel is the culprit 
or external and internal carotid artery communication is seen. Coils 
are not preferred in external carotid artery bleeders because exten-
sive collateralization may cause re-bleeding. Further, in ECA territory 
bleeding, particle embolization of bilateral vessels may sometimes 
be required. Period of study: 20 years; total number of cases: 24; eti-
ology: noniatrogenic trauma, 19; iatrogenic, 5; post-tonsillectomy, 2; 
post-maxillary surgery, 1; post-CA tongue radical dissection, 1; den-
tal extraction in a polycythemic patient, 1.
Embolization material used: particles, 16; coils, 4; coils and glue, 1; 
coils and particles, 3; technical success, 100%.
Complications: 1 patient had a puncture site complication (hema-
toma), 5 patients had transient neck pain.
Conclusion: Exploratory angiography and therapeutic emboliza-
tion is an excellent modality in the treatment of post-traumatic vas-
cular injuries of the head and neck.

P-125
Standard and alternative techniques in pulmonary 
arteriovenous malformation embolisation: a pictorial review
J. Kavanagh1, E. Joyce1, E.J.P. McCarthy1, M. Guiney2, M. Ryan2,
N. McEniff2;
1Diagnostic Imaging, St James Hospital, Dublin, Ireland, 
2Interventional Radiology, St.James’s Hospital, Dublin, Ireland.

Learning objectives: 
1. To establish the indications for pulmonary arteriovenous malfor-

mation (PAVM) embolisation.
2. To describe the standard techniques used and discuss alternative 

approaches when they fail.
3. To illustrate these techniques and describe their potential compli-

cations.
Background: Transcatheter embolisation has been an estab-
lished technique to treat symptomatic PAVM for the last 25 years. It 
is reported that 70% patients with PAVM have hereditary haemor-
rhagic telangectasia (HHT) but only 20% patients with HHT develop 
PAVM. Indications for PAVM embolisation include AV shunting with 
consequent hypoxaemia, evidence of paradoxical emboli, such as 
stroke and brain abscess, and direct rupture of PAVM into the pleura 
and bronchi causing haemothorax and haemoptysis.
Clinical Findings/Procedure: The first reported case of pulmonary 
artery embolisation was reported in 1978 with a long-term follow-up 

review in 1988. The standard technique involves femoral vein or 
jugular vein puncture and access to the PAVM via the right side of 
the heart. Selective pulmonary angiography is then performed to 
localise the lesion, which is then embolised using coils or occlusion 
devices. If the PAVM is not accessible via the right side of the heart, a 
percutaneous approach or an approach via the left side of the heart 
can be used via an atrial transseptal puncture.
Conclusion: Treatment of PAVM is of vital importance to pre-
vent devastating complications such as stroke and haemorrhage. 
Although a vast majority of PAVMs are successfully embolised via the 
pulmonary artery, both the percutaneous and transseptal approach 
can be successfully used in selected technically difficult lesions.

P-126
Pancreaticoduodenal artery aneurysms: a rare but dangerous 
entity
K. Holzapfel, M. Eiber, E. Rummeny, H. Berger;
Department of Radiology, Klinikum rechts der Isar der Technischen 
Universität München, Munich, Germany.

Learning objectives: After completing this presentation the reader 
should (1) be able to explain the incidence, pathogenesis and clinical 
presentation of aneurysms of the pancreaticoduodenal artery and 
(2) be familiar with current concepts of diagnosis and management 
of these aneurysms.
Background: Aneurysms of the pancreaticoduodenal artery are 
rare and have a high propensity for rupture. They can be divided 
into false aneurysms, secondary to pancreatitis and true aneurysms, 
which are frequently associated with stenosis or occlusion of the 
celiac trunk.
Clinical Findings/Procedure: Unruptured pancreaticoduode-
nal artery aneurysms may present as vague abdominal pain prob-
ably caused by compression of the duodenum, pancreas or biliary 
ducts. Common symptoms in patients with ruptured aneurysms are 
gastrointestinal bleeding, haematemesis and hypovolemic shock. 
Because the risk of rupture of pancreaticoduodenal artery aneu-
rysms is unrelated to the size of the aneurysm, treatment is generally 
indicated. Transcatheter coil embolization is the treatment of choice 
when necessary in combination with endovascular or surgical revas-
cularization of the celiac trunk.
Conclusion: Aneurysms of the pancreaticoduodenal artery is rare, 
but because of their high propensity for rupture, treatment is indi-
cated irrespective of aneurysm size. Endovascular coil embolization 
is regarded as the treatment of choice.

P-127
Embolisation therapy in trauma: going back to the basics, what 
residents need to know!
N.F. Gafoor, E. David, C. Dey, G. Annamalai, R. Pugash;
Department of Medical Imaging, Division of Vascular/Interventional 
Radiology, Sunnybrook Health Sciences Centre, Toronto, ON, 
Canada.

WITHDRAWN
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P-128
Transarterial embolization in the management of 
haemorrhagic cystitis
N.G. Macias, J.R. Joudanin, M. Burrel, M. Barrufet, X. Montañá, I. Real;
Radiology, Hospital Clinic i Provincial, Barcelona, Spain.

Learning objectives:
1. To review the anatomical and aetiological core aspects of haemor-

rhagic cystitis.
2. To describe the current use of transarterial embolization (TAE) in 

the management of patients with haemorrhagic cystitis.
Background: Haemorrhagic cystitis may be life-threatening in a 
subset of patients. This condition develops most commonly as a 
complication of haematopoietic stem cell transplantation, use of 
chemotherapy drugs or pelvic irradiation. There are different treat-
ments with the objective to control haemorrhage, but in severe 
cases most of them are usually unsuccessful. TAE is a safe, effective 
and minimally invasive procedure that achieves immediate haemor-
rhage control, particularly in patients who are poor surgical candi-
dates with refractory haemorrhagic cystitis.
Clinical Findings/Procedure:
1. Diagnosis and main aetiologies of haemorrhagic cystitis.
2. Specific anatomical vascular considerations in haemorrhagic 

cystitis.
3. Conventional therapeutic measures in patients with haemor-

rhagic cystitis.
4. TAE in patients with haemorrhagic cystitis.
4.1. Suitable candidates for this treatment.
4.2. Technical considerations.
4.3. Complications.
Conclusion: TAE in haemorrhagic cystitis successfully controls 
severe haemorrhage in selected patients.

P-129
Management of difficult prostatic artery embolization cases
L. Fernandes, H. Rio Tinto, J.A. Pereira, T. Bilhim, M. Duarte, J.M. Pisco;
Interventional Radiology, Saint Louis Hospital, Lisbon, Portugal.

Learning objectives: To describe the importance of understanding 
some peculiar anatomical variants in prostatic arterial supply using 
angio computed tomography (CTA) and digital subtraction angi-
ography (DSA) to perform selective prostatic artery embolization 
successfully.
Background: Prostatic arterial embolization (PAE) gained special 
attention in the past years as a potential minimally invasive tech-
nique for benign prostatic hyperplasia (BPH).
Prostatic artery supply has some complex anatomic variations.
CTA evaluation before PAE allows characterization of the number of 
prostatic arteries, their origin, trajectory, termination, and anasto-
moses with surrounding arteries.
Clinical Findings/Procedure: On the basis of pelvic CTA, it is possi-
ble to anticipate limitations and difficulties of the procedure. Correct 
and safe PAE is very important to optimize clinical results.
If the arterial anatomy on the basis of CTA is not suitable (tortuosity 
of iliac and/or prostatic arteries) or if there are extensive atheroscle-
rotic changes, the procedure is not performed.
Conclusion: Early planning of PAE is advisable before entering the 
angio suite on the basis of pelvic CTA findings to choose the best 
approach, the catheters to be used, and possible limitations or diffi-
culties for a successful procedure.

P-130
Prostatic artery embolization - important anastomoses and 
learning when to stop
L. Fernandes, H. Rio Tinto, J.A. Pereira, T. Bilhim, M. Duarte, J.M. Pisco;
Interventional Radiology, Saint Louis Hospital, Lisbon, Portugal.

Learning objectives: To review important prostatic artery anasto-
moses with surrounding arteries using angio computed tomogra-
phy (CTA) and digital subtraction angiography (DSA) and its impor-
tance in safely performing selective prostatic artery embolization 
and learning when to stop.
Background: Prostatic arterial embolization (PAE) is a minimally 
invasive technique for benign prostatic hyperplasia (BPH).
Age-related vasculopathy has been suggested as the etiology for 
BPH. This theory suggests that there is an association of BPH with 
lower urinary symptoms, erectile dysfunction, and chronic pelvic pain 
syndrome and BPH is a manifestation of an aging vascular disease 
rather than an etiopathogenic factor.
Clinical Findings/Procedure: Prostatic artery supply has some com-
plex anatomic anastomosis to other vessels, CTA before PAE and DSA 
allows characterization of the number of prostatic arteries, their origin, 
trajectory, termination, and anastomoses with surrounding arteries.
It is important to recognize when the anastomoses have high flow to 
avoid unnecessary complications.
If there is such risk, particles migrating to those vessels should be 
avoided and if that is not possible, not embolizing is the correct 
option.
Conclusion: Recognizing the type of the prostatic artery anastomo-
ses with the surrounding vessels plays a crucial role in correct and 
safe PAE and is very important to optimize clinical results.

P-131
Coil the gap! - Transcatheter embolisation of hepatic artery 
aneurysms and hepatic artery pseudoaneurysms
C.-D. Spencer, N. Thayur;
Radiology, Colchester Hospital University NHS Foundation Trust, 
Colchester, United Kingdom.

Learning objectives:
1. Revise the anatomical and angiographic features of hepatic artery  
    aneurysms/pseudoaneurysms.
2. Illustrate multimodality cross-sectional imaging findings and  
    diagnostic pitfalls of hepatic artery aneurysms and pseudoaneu 
    rysm in adults.
3. Discuss endovascular treatments including transcatheter artery  
    embolization.
Background: Hepatic artery aneurysms represent a rare but clini-
cally important entity. They are the second most common visceral 
artery aneurysm after coeliac artery aneurysms, representing 20% of 
all visceral artery aneurysms. Pseudoaneurysms account for approxi-
mately half of them. 
They can be classified as intra- or extrahepatic aneurysms. Intra-
hepatic aneurysms are most commonly the result of traumatic/iatro-
genic intervention or infective/vasculitic processes. However, extra-
hepatic aneurysms are usually sequelae of a degenerative or dys-
plastic event. 
Pseudoaneurysms can occur secondary to liver transplantation, 
trauma, hepatocellular neoplasia and general surgical procedures.
If untreated 20%–80% can rupture into the hepatobiliary, gastroin-
testinal tract in addition to the peritoneal cavity. The classic triad of 
haemobilia, epigastric pain and obstructive jaundice first described 
by Quicke is present in only 33% of cases. 
While surgical treatment options can be explored, endovascular 
treatment such as transcatheter embolisation with coils is frequently 
used with good results as seen in follow-up studies.
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Clinical Findings/Procedure: The characteristic imaging features 
of hepatic artery aneurysms and pseudoaneurysms as well as the 
endovascular management are illustrated. The literature is reviewed 
and diagnostic and interventional pitfalls are discussed.
Conclusion: Hepatic artery aneurysms and pseudoaneurysms can 
be a complex and often lethal condition. Endovascular treatment 
with transcatheter embolization represents a minimally invasive 
option for their management as a successful alternative to surgery. 

P-132
Transcutaneous treatment of an intraosseous arteriovenous 
malformation
R.K. Clemens, A.I. Alomari;
Division of Interventional Radiology, Boston Children’s Hospital, 
Boston, MA, United States of America.

We report a case treated with embolization of the main draining veins 
of a bony arteriovenous malformation using coils and glue through 
the transcutaneous/transosseous approach instead of transarterial 
embolization. Draining-vein embolization is effective for shunt dis-
appearance, thus minimizing the need for subsequent embolization.

P-133
Embolization of elbow arteries for hemarthrosis in a patient 
with Glanzmann thrombasthenia (GT)
E. Galli1, G. Galatros2, H. Caviglia2;
1Interventional Radiology, Casa Hospital San Juan de Dios, Ramos 
Mejia, Argentina, 2Orthopedics, Fundacion de la Hemofilia, Ciudad 
Autonoma de Buenos Aires, Argentina.

GT in this patient caused repetitive hemarthrosis of the elbows, 
leading to synovitis and symptoms.
Endovascular Embolization (EE) of the synovial hypervascularization 
was performed; a good response at the 1-year follow-up determined 
EE of the other elbow on the patient’s request.

P-134
Intralesional bleomycin sclerotherapy as a treatment for 
intraorbital lymphatic malformation (LM) in a pediatric patient
E. Galli1, G. Eisele1, S. Gamio2;
1Interventional Radiology, Hospital de Niños Ricardo Gutierrez, 
Ciudad Autonoma de Buenos Aires, Argentina, 2Ophthalmology, 
Hospital de Niños Ricardo Gutierrez, Ciudad Autonoma de Buenos 
Aires, Argentina.

A 3-year-old boy complained of unilateral progressive exophthal-
mos. Imaging revealed a multimacro cysts intraconal lesion and con-
firmed diagnosis. Under ultrasound (US) and radioscopic guidance, 
the cysts were aspirated and bleomycin was injected.
Response treatment at 1-year follow-up was excellent.

P-135
Retrieval of an intravascular coil using a wire-trapping 
technique
P.J. Nye;
Department of Interventional Radiology, Advanced Radiology 
Services, Ada, MI, United States of America.

A .018 microNester coil was partially deployed within an intercostal 
artery for treating active arterial hemorrhage, leading to the risk of 
nontarget embolization. A .018 wire was advanced alongside the 
coil within the catheter, trapping the coil and successfully re-moving 
it from the patient.

P-136
Balloon-occluded retrograde transvenous obliteration of 
gastric varices: a case series
F. Colgan, P. Littler, R. Jackson;
Radiology, Freeman Hospital, Newcastle-upon-Tyne, United 
Kingdom.

BRTO is an established, effective, minimally invasive technique for 
management of gastric varices. Although it is popular in the Far East, 
it still is not well established in European practice. We report three 
BRTO cases in patients with acute variceal haemorrhage.

P-137
Treatment of a pseudoaneurysm of the subclavian artery using 
a kissing stent-graft and an interlock detachable coil
C.H. Kang1, J.H. Kim2;
1Radiology, Inje University, Busan Paik Hospital, Busan, Korea, 
2Radiology, Busan St. Mary Hospital, Busan, Korea.

An arterial pseudoaneurysm is one of the most serious complica-
tions of the central venous access. We report a case of a subclavian 
artery pseudoaneurysm at the vertebral artery origin, which was 
treated using a kissing stent-graft and a detachable coil for vertebral 
flow preservation.

P-138
Left bronchial artery arising from the replaced left hepatic 
artery in a patient with massive hemoptysis
E.K. Khil1, J.M. Lee1, J. Ohm2;
1Radiology, Soonchunhyang University Bucheon Hospital, Bucheon, 
Korea, 2Radiology, Chungnam National University Hospital, 
Daejeon, Korea.

Bronchial artery embolization is commonly used to manage massive 
hemoptysis. However, there are many variations of the bronchial 
artery. We present a case of the left bronchial artery arising from 
the replaced left hepatic artery in a 70-year-old male with massive 
hemoptysis.

P-139
Pulmonary arteriovenous malformation embolized using an 
Amplatzer vascular plug in a pediatric patient
M. Bossalini, C. Rossi, S. Bruni, E.A. Marcantoni, V. Trunfio, P. Larini;
Diagnostica per Immagini, Azienda Ospedaliero-Universitaria di 
Parma, Parma, Italy.

A pulmonary arteriovenous malformation was detected in a 7-year-
old child with Rendu–Osler disease, causing headache and cerebral 
ischemia. The PAVM, fed by two vessels, was treated by deploying 
two Amplatzer vascular plugs in the distal right pulmonary artery.
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P-140
Transcatheter arterial embolization of a ruptured pancreatic 
arteriovenous malformation with N-butyl cyanoacrylate
Y.H. Kim1, S.M. Kim2, Y.H. Lee2, Y.J. Kim3, J.W. Kim4;
1Radiology, Keimyung University School of Medicine, Dongsan 
Medical Center, Daegu, Korea, 2Radiology, Daegu Catholic 
University Hospital, Daegu, Korea, 3Diagnostic Radiology, Andong 
General Hospital, Keonsangbuk-do, Korea, 4Radiology, Yeungnam 
University College of Medicine, Daegu, Korea.

We report a case of a 62-year-old man with a pancreatic arteriove-
nous malformation (AVM), presenting with retroperitoneal hemor-
rhage. We successfully treated the ruptured pancreatic AVM with 
transcatheter arterial embolization using N-butyl cyanoacrylate. 

P-141
Endovascular treatment with ethylene vinyl alcohol copolymer 
(EVOH) for arteriovenous vascular malformation of the hand
G.M. Varano, G. Orgera, M. Matteoli, F. Laurino, M. Rossi;
Radiology, Sant’Andrea University Hospital, Rome, Italy.

In this report we describe the successful endovascular treatment for 
arteriovenous malformation of the second finger using Onyx 34 for 
nidus characteristics and shunts.

P-142
Renal high-flow AVM: complete recovery after embolization of 
the draining vein
N. Burdi1, M.C. Resta1, D. Monaco1, M. Battaglia2, G. Impedovo3,
M. Donatelli1, M. Resta1;
1Radiology, SS. Annunziata Hospital, AUSL TA, Taranto, Italy, 
2Urology, Policlinico, University of Bari, Bari, Italy, 3Vascular Surgery, 
SS. Annunziata Hospital, AUSL TA, Taranto, Italy.

The best route for high-flow AVM embolization is still being debated. 
A 17-year-old patient with persistent haematuria due to renal high-
flow AVM recovered only after draining vein occlusion despite previ-
ous distal glue embolization of both the nidus and feeding arteries.

P-143
A difficult case of pulmonary arteriovenous malformation 
treated with electrical detachable coils
B. Huasen1, S. Al-Islam2, A. Craig2, S. D’Souza2, D.M. Seriki2;
1Radiology, Central Manchester University Hospitals NHS 
Foundation Trust, Manchester, United Kingdom, 2Radiology, 
Lancashire Teaching Hospitals NHS Trust, Preston, United Kingdom.

We describe the use of Electical Detachable coils in a 46-year-old 
male with cerebral abscess, PAVMs in the lung and Spleen. EDCs 
were used because of the large size back-door and the ability to 
reduce the risk of distal embolisation.

P-144
Ruptured mediastinal bronchial artery aneurysm treated by 
transcatheter embolisation with Onyx
M. Mendigaña Ramos, I. Insausti Gorbea, F. Urtasun Grijalba,
A. Martínez de la Cuesta;
Vascular and Interventional Radiology Section, Complejo 
Hospitalario de Navarra, Pamplona, Spain.

Bronchial artery aneurysms albeit uncommon, present a high mor-
tality rate. Few reports of embolisation, using different embolic 
agents, suggest that this is the best treatment option. We first used 
Onyx as an embolic agent for this pathology.

P-145
A very rare case of large bronchial artery aneurysms treated 
with a new embolic agent: Onyx (Ethylene-Vinyl-Alcohol 
Copolymer)
J. Izaaryene, V. Vidal, J.-Y. Gaubert, A. Jacquier, J.-M. Bartoli;
Radiologie Adulte - Pr Bartoli, APHM CHU La Timone, Marseille, 
France.

A unique case of multiple large bronchial artery aneurysms success-
fully treated using Onyx® when all other therapies were unsuitable. 
Bronchial aneurysms are uncommon, and the use of Onyx® for endo-
vascular management of bronchial arterial aneurysms has not been 
reported.

P-146
Post-traumatic arterial priapism treated by superselective 
arterial embolization
X. Zhu1, G. Li2;
1Interventional Radiology, No 1 Affiliated Hospital of Suzhou 
University, Suzhou, China, 2Urology Surgery, No 1 Affiliated Hospital 
of Suzhou University, Suzhou, China.

A 24-year-old man presented with a 1-month history of painless pri-
apism after perineal blunt trauma. Cavernosal pseudoaneurysm was 
detected by Doppler and MRI, which was confirmed by angiography 
and treated by TAE. Sexual activity was restored 7 days after TAE.

P-147
N-butyl cyanoacrylate and coil embolization in the setting of 
unilateral pulmonary artery agenesis in a patient with massive 
hemoptysis
M.G. Gipson, D.A. Kumpe, C.E. Ray, Jr., P.J. Rochon;
Radiology, University of Colorado, Aurora, CO, United States of 
America.

Massive hemoptysis in the setting of congenital unilateral pul-
monary artery agenesis is rare. The authors report a case of tho-
racic arterial embolization with N-butyl cyanoacrylate and coils in 
a patient with massive hemoptysis scheduled for urgent pneumo- 
nectomy.
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P-148
“Toy balloon” technique: a new embolisation technique using 
ballooned n-butyl 2-cyanoacrylate for large hypogastric artery 
aneurysms in two cases
H. Nishimaki1, R. Woodhams2, Y. Ogawa3, K. Chiba1, F. Kashimi4,
Y. Tamura5, H. Makuuchi1;
1Cardiovascular Surgery, St. Marianna University School of Medicine, 
Kawasaki, Japan, 2Department of Diagnostic Radiology, Kitasato 
University School of Medicine, Sagamihara, Japan, 3Radiology, 
St. Marianna University School of Medicine, Kawasaki, Kanagawa, 
Japan, 4Emergency and Critical Care Medicine, Kitasato University 
School of Medicine, Sagamihara, Japan, 5Surgery, Kitasato 
University School of Medicine, Sagamihara, Japan.

The proximal neck of the hypogastric artery aneurysms were effi-
ciently coiled by packing the aneurysmal sacks with ballooned 
n-butyl 2-cyanoacrylate in a “toy balloon” fashion after stagnation 
of blood flow in the distal branches with coil embolisation in two 
cases.

P-149
Transcatheter embolization of arterial esophageal bleeding: 
report of three cases
J. Guitart, M. Burrel, J.R. Joudanin, M. Barrufet, I. Real, X. Montañá;
Radiology, Hospital Clinic i Provincial, Barcelona, Spain.

We report three patients presenting with hematemesis due to non-
variceal upper gastrointestinal bleeding and affected with locally 
advanced squamous cell carcinoma of the esophagus. The arterial 
supply of the esophagus and management strategies for esopha-
geal artery embolization are discussed.

P-150
A rare case of gross urethrorrhagia: successful embolization of 
the pseudoaneurysm in the penile bulbar artery
A. Bravo De Laguna Taboada1, E. Crespo Vallejo2, M. Morales Garcia3;
1Interventional Radiology, Hospital Infanta Sofia Madrid, Madrid, 
Spain, 2Interventional Radiology, Hospital Infanta Leonor Madrid, 
Madrid, Spain, 3Interventional Radiology, Hospital Rey Juan Carlos I 
Madrid, Madrid, Spain.

A 51-year-old male presented to the emergency department with 
gross urethrorrhagia and hypotension.
He had a history of a traumatic urinary catheter 3 weeks ago.
Computed tomography angiography confirmed the diagnosis.
Successful endovascular embolization was performed with excellent 
clinical outcomes.

P-151
An unusual case of ectopic variceal bleeding treated via 
percutaneous intervention
G. Adam1, F. Güneş2, E. Akbal2, C. Cinar3, H. Bozkaya3, F. Uysal1,
A. Abdullah Sarıyıldırım1;
1Radiology, Canakkale 18 Mart University, Canakkale, Turkey, 
2Internal Medicine, Canakkale 18 Mart University, Canakkale, Turkey, 
3Department of Interventional Radiology, Ege University Faculty of 
Medicine, Izmir, Turkey.

A 46-year-old female patient with ileal varices between the superfi-
cial venous collateral vessels in the abdominal wall and mesenterica 
superior branches, which has not been reported before, was suc-
cessfully antegradely treated with percutaneous coil embolization 
and glue injection.

P-152
Pelvic AVM causing life-threatening haematuria treated with 
transcatheter embolisation
R.P. Yadavali1, G. Ananthakrishnan2, R. Edwards2;
1Interventional Radiology, Aberdeen Royal Infirmary, Aberdeen, 
United Kingdom, 2Radiology, Gartnavel General Hospital, Glasgow, 
United Kingdom.

A patient with known pelvic AVM presented with life-threatening 
massive haematuria. Previously, he underwent bilateral internal iliac 
artery ligations, which rendered access difficult. This was success-
fully embolised through multiple collateral vessels using Onyx, Glue, 
Gelfoam and absolute alcohol at four occasions.

EVAR and TEVAR

P-153
Five year single centre experience of endovascular abdominal 
aneurysm repair (EVAR) with the Aorfix stent-graft
R.P. Patel1, M. Horrocks2, J. Hardman3;
1Vascular Radiology, Royal United Hospital Bath, Bath, United 
Kingdom, 2Vascular Surgery, Royal United Hospital, Bath, United 
Kingdom, 3Consultant Radiologist, Royal United Hospital Bath, Bath, 
United Kingdom.

Purpose:
1. To report our single centre experience of the Aorfix stent-graft in 

patients with angulated neck anatomy.
2. To our knowledge this is the largest single centre experience 

using the Aorfix graft for angulated anatomy.
3. To discuss the clinical indications for the use of the Aorfix stent-

graft as well as the limitations and relative contraindications.
Material and Methods: Severe neck angulation and iliac tortuosity 
have an influence on patient outcome following EVAR for infrarenal 
aortic aneurysms. We performed a retrospective review from a pro-
spective database of all patients that underwent EVAR in our centre 
using the Aorfix stent-graft from November 2006 to July 2012.
Results: Of the 74 patients identified, 73 underwent success-
ful endovascular aneurysm repair for aortoiliac disease. The mean 
patient age was 78.2 years (range 65–94). Primary technical suc-
cess rate was 98.7%. Indications for the Aorfix graft included high 
neck angulation (median 65°, range 15°–107°), high iliac angulation 
( median 50°, range 0°–120°) or severe iliac tortuosity. Of these 73 
patients, 45 had a neck angulation ≥60° and 41 had iliac angulation 
>90°. Mean neck length was 30.8 mm (range 14–80 mm). Median fol-
low-up was 22.1 months. There were no perioperative deaths. The 
30-day mortality was 0. Seven patients required secondary inter-
ventions. Two patients presented with aneurysm rupture post EVAR, 
one of which was successfully treated with a cuff.
Conclusion: Medium term clinical outcome using the Aorfix 
stent-graft in highly angulated anatomy is promising. Our expe-
rience confirms the need for close follow-up of patients to detect 
complications.
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P-154
How bad are the complications in internal iliac artery 
embolisation?
D.F.W. Maclean1, F. Parkinson1, K. Wiseman1, R. Vincent1, D. Roberts2, 
C. Davies1;
1Department of Vascular Surgery, Morriston Hospital, Swansea, 
United Kingdom, 2Department of Radiology, Morriston Hospital, 
Swansea, United Kingdom.

Purpose: Embolisation of the internal iliac artery is a well estab-
lished technique allowing limb extension during EVAR. Its prac-
tice has recently been disputed due to the symptoms of pelvic isch-
aemia, but what remains unclear is the degree to which these symp-
toms affect patients. We aim to elicit the true impact of symptoms 
after embolisation.
Material and Methods: A retrospective analysis of a prospectively 
gathered database identified patients who underwent internal iliac 
artery embolisation in association with endovascular aneurysm 
repair (EVAR). Patients were interviewed by telephone to elicit symp-
toms of pelvic ischaemia, including impact on exercise tolerance 
and duration of symptoms.
Results: Over a 9-year period, 33 patients underwent embolisa-
tion in conjunction with EVAR. The 30-day and 4-year mortality 
rates were 3% and 15% respectively. Twenty patients were avail-
able for follow-up. Five (25%) patients had reduced exercise toler-
ance because of buttock claudication; this resolved completely in 
two patients, whilst a further two patients experienced a significant 
improvement in symptoms.
Median pre-operative exercise tolerance in patients experienc-
ing claudication was 46 m because of a range of co-morbidities. In 
the immediate post-operative period, this was 27 m, with only two 
patients (10%) experiencing a significant loss of mobility. Patients 
with left ventricular impairment had a shorter pre-operative exer-
cise tolerance than those without (18 m vs. 400 m).
Conclusion: Buttock claudication after internal iliac artery emboli-
sation does not have a significant impact on exercise tolerance in 
most patients and improves over time. Patients with left ventricular 
impairment are most likely to experience post-operative claudica-
tion; however, symptoms are least significant in these patients who 
already have reduced exercise tolerance.

P-155
Endovascular aneurysm repair for post-surgical residual 
aortoiliac dissection of Crawford type II thoracoabdominal 
aortic aneurysms
N. Moriya1, H. Nishimaki2, J. Nishimura1, Y. Koike1, S. Hase1, 
S. Yamamoto3;
1Interventional Radiology, Kawasaki Saiwai Hospital, Kawasaki, 
Japan, 2Cardiovascular Surgery, St. Marianna University School 
of Medicine, Kawasaki, Japan, 3Cardiovascular Surgery, Kawasaki 
Saiwai Hospital, Kawasaki, Japan.

Purpose: To evaluate the efficacy of endovascular aneurysm repair 
(EVAR) for post-surgical residual aortoiliac dissection of Crawford 
type II thoracoabdominal aortic aneurysms (TAAA).
Material and Methods: Since January 2012, 10 patients (nine males, 
34–70 years of age) underwent EVAR for residual dissection of aor-
toiliac aneurysm after Crawford II TAAA repair. The mean follow-up 
period ranged from 23 to 396 days (mean, 173 days).The maximum 
diameter of aneurysms ranged from 46 to 64 mm (mean, 53.1 mm). 
Entry sites of the false lumen were approximately 20–30 mm distal 
to the caudal end of the surgical graft, and reentry sites were located 
at the external iliac artery in all patients. The length of lesions requir-
ing stent-graft repair ranged from 162 to 267 mm (mean, 212 mm). In 
five patients, the bifurcated stent-graft and in five other patients, the 

combination of aortic cuff and parallel-aligned iliac extender were 
used. Contrast-enhanced CT was performed within one month after 
EVAR to evaluate the change of the area of true and false lumens at 
the entry, aortic bifurcation, and iliac artery level.
Results: False lumens were successfully excluded without major 
complications on angiography. On follow-up CT, the size of true 
lumen enlarged in all patients at each level (p < 0.01). Meanwhile, 
the size of false lumen shrank at entry (n = 8), aortic bifurcation (n = 
9), and iliac artery level (n = 7), respectively.
Conclusion: The combined procedure of open repair and EVAR is a 
feasible, safe, and useful option for the dissection of TAAA.

P-156
Relationship between the place of coil embolization in the 
internal iliac artery and buttock claudication in patients prior 
to endovascular aortic aneurysm repair: incidence and clinical 
course
A. Saiga1, T. Higashide1, T. Kazama1, M. Watanabe2, T. Ishizaka2,
H. Kato1, T. Kasahara1, M. Saito1, K. Motoori1, T. Uno1;
1Department of Radiology, Chiba University Hospital, Chiba, 
Japan, 2Department of Cardiovascular Surgery, Graduate School of 
Medicine, Chiba University, Chiba, Japan.

Purpose: The purpose of this study was to examine the position of 
coil placement and incidence and persistence of buttock claudica-
tion in internal iliac artery embolization prior to aortic stent graft.
Material and Methods: From March 2010 through January 2013, 34 
patients underwent aortic stent grafting with internal iliac artery coil 
embolization. The position of coils and prevalence of buttock claudi-
cation at 0, 3, 6, and 12 months after the procedure were retrospec-
tively evaluated.
Results: Twenty-nine patients underwent unilateral internal iliac 
artery embolization and 5 underwent bilateral embolization. Ten 
legs out of the 39 legs were excluded from claudication evaluation 
due to gait difficulty unrelated to the procedure. When coils were 
placed proximal to the bifurcation of the superior and inferior glu-
teal arteries, 3 out of 10 (30%) experienced claudication. When coils 
were placed distal to the bifurcation of the superior and inferior glu-
teal arteries, 14 out of 19 (74%) experienced claudication and sig-
nificant difference was observed between them (P=0.0304, Fisher 
exact test). In proximal embolization group, the symptom resolved 
at 3 months. In distal embolization group, 14 out of 18 (78%) at 3 
months, 11 out of 18 at 6 months (61%), and 6 out of 14 (43%) at 12 
months after the procedure had symptoms.
Conclusion: A significantly higher incidence and persistence of pel-
vic ischemia symptoms occurred with more distal placement of coils 
for internal iliac artery embolization. Internal iliac artery coil emboli-
zation should be performed as proximal as possible to prevent inter-
ference with pelvic collateral circulation.

P-157
Transcaval endoleak embolization (TCEE) of type I and II 
endoleaks occurring after endovascular abdominal aortic 
aneurysm repair (EVAR)
R. Gandini, M. Chiocchi, D. Morosetti, A. Chiaravalloti, G. Loreni,
G. Simonetti;
Department of Diagnostic Imaging, Molecular Imaging, 
Interventional Radiology and Radiation Therapy, Fondazione PTV - 
Policlinico Tor Vergata, Rome, Italy.

Purpose: To investigate the feasibility and efficacy of transcaval 
endoleak embolization (TCEE) of type I and II endoleaks occurring 
after endovascular abdominal aortic aneurysm repair (EVAR).
Material and Methods: Fourteen patients (6 men, 8 women; mean 
age 71.6 ± 7.9, range 69–85) with type Ia, II, and Ia-II endoleaks and 
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aneurysm sac growth following EVAR were treated by TCEE. The 
aneurysm sac was adherent to the inferior vena cava in all patients. 
Type I endoleaks were embolized using coils, while type II endoleaks 
were embolized with a combination of coils, Glubran 2 acrylic glue, 
and thrombin. Follow-up was performed by computed tomography 
angiography (CTA) at 1, 6, 12, and 18 months after the procedure. 
The institutional review board at our institution gave full approval 
and waiver of informed consent for our retrospective study and had 
previously approved our treatment protocol.
Results: TCEE was technically successful in all patients (100%). 
Intrasac pressure dropped from a mean of 63.6 ± 15.2 mmHg (range: 
43–89) to a mean of 7.8 ± 2.3 mmHg (range: 5–12). Mean fluoros-
copy time was 15.4 ± 4.1 min (range: 10–22). During a mean follow-
up period of 9.9 ± 4.5 months (range: 6–18), no aneurysm-related 
deaths, further increases in aneurysm sac diameter, or endoleak 
recurrences were observed.
Conclusion: CEE of type I and II endoleaks associated with aneu-
rysm sac enlargement is a safe, effective, and feasible procedure. 
This technique does not require high operational skills and can be 
performed by all endovascular specialists without CT guidance.

P-158
Internal iliac embolization prior to EVAR: a safety and efficacy 
comparison study of plugs versus coils
G.C. Makris, M. Krokidis, N. Shaida, A. Winterbottom, T. See, B.C. Koo, 
C. Cousins;
Academic Department of Interventional Radiology, Addenbrooke’s 
Hospital, Cambridge University Hospitals, Cambridge, United 
Kingdom.

Purpose: The embolisation of the internal iliac artery (IIA) prior to 
endovascular aneurysm repair (EVAR) has become common prac-
tice in the last decade. In this study, we aim to assess and compare 
the safety and effectiveness between vascular plugs and coils for IIA 
embolisation.
Material and Methods: A retrospective analysis of the IIA emboli-
sation database of the Cambridge University Hospitals between July 
2003 and August 2012 was performed. Data were collected from 
hospital case notes and by telephonic interviews.
Results: Thirty-eight cases were included in the study. The mean 
age was 78 (SD: 9.0) years and the mean follow-up 41 (SD: 29.4) 
months. There were no immediate complications documented. 
Plugs were used more commonly than coils (67.5 vs. 26.5%). In 77.1% 
procedures there was complete occlusion of the IIA, while in 20.1% 
there was minor residual flow, which required no further action. 
Plugs achieved full occlusion in 82.6% vs. 66.7% for coils (p < 0.5). 
Moderate or severe buttock pain was reported in 22.9% cases that 
improved in 50% of them during follow-up, without significant dif-
ference in the two groups. Plugs on average were more expensive 
(£574 vs. £372; p < 0.5) but contributed to less skin-surface radiation 
doses (982 mGy vs. 2050 mGy; p < 0.5) compared with coils.
Conclusion: Both devices have satisfactory safety and efficacy pro-
file for IIA embolisation with plugs having a small advantage in 
terms of occlusion rates and skin radiation dose at a higher cost. 
Future prospective randomised comparison of the two occlusion 
devices is suggested.

P-159
Abdominal aortic aneurysms with challenging neck anatomy: 
mid-term results of the Endurant stent–graft
E. Uzer1, A. Gülcü1, O. Karabay2, S.B. Ugurlu2, A.Y. Goktay1;
1Radiology, Dokuz Eylul University, Izmir, Turkey, 2Cardiovascular 
Surgery, Dokuz Eylul University, Izmir, Turkey.

Purpose: To assess the mid-term results of endovascular aor-
tic repair (EVAR) employing the Endurant stent–graft for treating 
abdominal aortic aneurysms (AAAs) with challenging neck anatomy.
Material and Methods: From September 2008 to June 2011, 69 
patients treated with Endurant stent–graft at our center were 
divided into two groups on the basis of neck anatomy into challeng-
ing (Group 1, 27 patients) and easy (Group 2, 42 patients) aortic neck. 
Primary end-points included technical and clinical success, freedom 
from secondary interventions, endoleaks, and aneurysm-related 
death. Data with early (1–6 months) and mid-term (>24 months) fol-
low-up results were analyzed.
Results: The medical demographic data were similar for both 
groups. Technical and clinical success of EVAR was 100% for both 
groups. No mortality ruptures, or graft complications and no rein-
tervention were observed in the early period. During the follow-up, 
type II endoleaks were observed in 11.1 % of Group 1 and 4.7% of 
Group 2. After a mean follow-up of 27.8 ± 8.7 months, type I endole-
aks were observed in one patient in Group 1, whereas in 3 (7.1%) 
patients in Group 2. Freedom from type I–III endoleaks and second-
ary interventions at the mean follow-up were 92.6% and 88.9% for 
Group 1 and 92.9% and 90.5% for Group 2, respectively. There was 
no statistical difference between both groups (p > 0.05).
Conclusion: Mid-term results of EVAR using the Endurant stent–
graft appears to be safe and effective in patients with both challeng-
ing and easy infrarenal aortic necks.

P-160
Changes in proximal ring morphology of the Anaconda 
stent–graft system: a longitudinal CT study
P. Blanke1, E. Keller1, W. Euringer1, B. Rylski2, M. Südkamp2, M. Langer1;
1Diagnostic Radiology, University Hospital Freiburg, Freiburg, 
Germany, 2Cardiac and Vascular Surgery, University Hospital 
Freiburg, Freiburg, Germany.

Purpose: In infrarenal endovascular aortic repair (EVAR), changes 
in proximal neck anatomy are caused by disease progression or 
induced by radial forces of the device. Subsequent changes in 
device configuration and position with regard to renal and visceral 
arteries with impending renal artery occlusion risk are conceivable.
Material and Methods: In 40 patients who underwent EVAR with 
Anaconda stent–graft systems, CT angiography data sets before 
EVAR, at discharge, and after 3 and 12 months were retrospectively 
analyzed for aortic dimensions and proximal ring structure config-
uration. In particular, the characteristic fish-mouth configuration of 
the proximal ring structures of Anaconda devices was analyzed by 
assessing the distances between the proximal ring structure and the 
renal and superior mesenteric arteries and that between the valleys 
and peaks. Relative oversizing was calculated.
Results: Mean relative oversizing was 28.5% ± 10.5%. Fish-mouth 
configuration was more pronounced with greater oversizing. 
Leveling was observed with decrease in average distance between 
valley and peaks, with 10.2 ± 4.5 mm at discharge to 7.0 ± 3.7 mm 
and 5.6 ± 3.8 mm at 3 and 12 months after implantation, respec-
tively. Compared with discharge CT, distance to the superior mesen-
teric artery (peak) and right renal artery (valley) increased by 6.2 ± 
1.6 mm and 1.6 ± 1.1 mm at 12 months, respectively, after implanta-
tion. No ascending of valleys towards the renal arteries was noted.
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Conclusion: The complex fish-mouth configuration with valleys and 
peaks, which are more pronounced with increased oversizing and 
immediately after implantation, levels over time. Although peaks 
descend, valleys do not ascend, thus not endangering renal artery 
occlusion.

P-161
Endovascular treatment of combined aortoiliac aneurysmal 
disease: preserving the internal iliac artery with the snorkel 
graft technique
A. Picel1, N. Kansal2;
1Radiology, University of California San Diego, San Diego, CA, 
United States of America, 2Vascular Surgery, University of California 
San Diego, San Diego, CA, United States of America.

Learning objectives:
1. To understand the endovascular treatment options for combined 

aortoiliac aneurysmal disease and learn the basic steps in snorkel 
graft placement to preserve the internal iliac artery.

2. To review the outcomes published to date concerning graft 
patency and postprocedural complications.

Background: Patients with aortic aneurysms (20%–30%) have con-
comitant iliac artery aneurysms. Endovascular treatment options 
include flared bell-bottom limbs, extension limbs to the exter-
nal iliac artery with internal iliac artery embolization, snorkel graft 
placement into the internal iliac artery, and branched endovascular 
devices. The snorkel graft technique allows endovascular treatment 
with currently available devices.
Clinical Findings/Procedure: The snorkel graft technique avoids 
the risks of open surgery and eliminates the possibility of buttock 
claudication associated with internal iliac artery embolization. The 
main body of the EVAR device is placed first. Next, the internal iliac 
artery to be preserved is cannulated. This may be achieved via the 
brachial artery when a traditional aortic bifurcated endograft is used 
or via the contralateral femoral artery with a bifurcation sparing 
device. The snorkel graft is then placed parallel to the external iliac 
artery extension limb to preserve flow. Initial studies demonstrate 
no short-term evidence of aneurysm sac enlargement and excellent 
graft patency.
Conclusion:
1. The snorkel graft technique provides an endovascular treatment 

that preserves the internal iliac artery and avoids the risks of 
pelvic ischemia in cases of aortoiliac aneurysms.

2. Initial results of snorkel graft placement for the treatment of 
combined aortoiliac artery aneurysms demonstrate high technical 
success (100%) and excellent graft limb patency (93.8%).

P-162
Use of plain film surveillance in EVAR follow-up
S. Ilyas, N. Shaida, A. Winterbottom;
Dept. of Radiology, Cambridge University Hospitals NHS 
Foundation Trust, Cambridge, United Kingdom.

Learning objectives:
1. To learn ways to assess follow-up EVAR radiographs for associated  
    complications.
2. To understand the radiographic technique when performing  
    EVAR plain film follow-up.
Background: Compared with computed tomography (CT), plain 
film follow-up of EVAR patients is a useful and cost-effective tool 
in conjunction with ultrasound, thus reducing the risk of contrast-
induced nephropathy and radiation exposure. Its accuracy depends 
on understanding the type of aortic graft used and having a stan-
dardised radiographic protocol allowing accurate assessment of 
reproducible radiographs.

Clinical Findings/Procedure: At our institute, we perform a 
3-month follow-up CT. If there is no large endoleak, the subsequent 
3-month follow-up is performed with a plain radiograph and duplex 
ultrasound. A standardised radiographic technique with particular 
focus on centring and patient positioning is employed at our insti-
tution. Factors that are assessed for all types of grafts on plain radio-
graph include limb kinking, limb dislocation, change in graft angu-
lation and component overlap, the latter two indicating migration.
Conclusion: The key to accurate assessment of radiographic EVAR 
follow-up is being able to replicate the technical factors involved 
in acquiring the images. Graft surveillance is comprehensive when 
plain radiograph is performed in conjunction with ultrasound to 
evaluate endoleaks. Taken together, these modalities with a good 
understanding of graft anatomy can replace CT angiography surveil-
lance, which should be limited to complicated cases.

P-163
Tolerance test for coverage of the left subclavian artery, left 
vertebral artery and celiac trunk: indications and endovascular 
techniques
F. Petrocelli1, S. Seitun1, I. Budaj1, M. Castiglione Morelli1, L. Castelletti2, 
C. Ferro1;
1Vascular and Interventional Radiology, IRCCS Azienda Ospedaliera 
Universitaria San Martino-IST, Genoa, Italy, 2Department of 
Diagnostic and Interventional Neuroradiology, IRCCS Azienda 
Ospedaliera Universitaria San Martino-IST, Genoa, Italy.

Learning objectives: To describe the indications and techniques 
of angiographic balloon test occlusion before thoracic endovascu-
lar aortic repair (TEVAR) with epiaortic vessels and/or celiac trunk 
occlusion.
Background: The standard of practice for TEVAR requires suit-
able proximal and distal landing zones to achieve a secure fixation 
and a tight seal between the graft and the aortic wall. A problem 
arises when there is a short distance (<15 mm). During endovascular 
repair, collateral vessel coverage is sometimes necessary to guaran-
tee a correct proximal and distal landing zone. In these cases, angi-
ographic balloon test occlusion is necessary before TEVAR to reduce 
the risk of ischemia or endoleaks.
Clinical Findings/Procedure: The purpose of this poster is to illus-
trate 1) the indications, 2) technical aspects and 3) results of angio-
graphic balloon test occlusion before TEVAR.
Conclusion: Suitable proximal and distal landing zones are neces-
sary for a safe and accurate TEVAR. Angiographic balloon test occlu-
sion before TEVAR is necessary in patients with voluntary coverage 
of collateral vessels.

P-164
Endovascular repair of a unilateral common iliac artery 
aneurysm using an aorto-uni-iliac ancillary device
A. Chaudhuri;
Vascular Surgery, Bedford Hospital NHS Trust, Bedford, United 
Kingdom.

A 73-year-old male presented with an isolated 4-cm right com-
mon iliac artery aneurysm that was excluded using Zenith AX1-22-
108-mm aorto-uni-iliac ancillary stent–graft converter without inter-
nal iliac embolisation. We discuss the pros and cons of such devices 
with partial “suprailiac” fixation, as in this case.
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Experimental work in IR

P-169
Blood-oxygen-level-dependent MR imaging for early response 
evaluation of liver tumors to chemoembolization: an animal 
study
J.W. Choi, H.-C. Kim, H. Kim, J. Baek;
Radiology, Seoul National University Hospital, Seoul, Korea.

Purpose: To evaluate the feasibility of carbogen-challenge blood-
oxygen-level-dependent (BOLD) magnetic resonance (MR) imaging 
to assess the early response of liver tumors to chemoembolization in 
a rat hepatoma model.
Material and Methods: Thirteen Sprague–Dawley rats were im-
planted with McA-RH7777 cells to establish a rat hepatoma model. 
In a 9.4-Tesla MR scanner, a respiratory-gated multiple gradient-
recalled echo sequence with fat saturation was utilized for R2* mea-
surement at 11 days (pre-chemoembolization) and 13 days (post-
chemoembolization) after tumor implantation, first during room air 
(78% N2/20% O2) breathing and then after 10 min of carbogen gas 
(95% O2/5% CO2) breathing. Transarterial chemoembolization was 
conducted with a left common carotid artery approach at 12 days 
after tumor implantation. The percentage changes of R2* values 
(ΔR2*[%]) between room air and carbogen gas-challenge images 
were calculated, and their differences according to chemoemboliza-
tion were compared with a Wilcoxon signed-rank test.
Results: The ΔR2* value of the livers was 19.44 ± 6.74% [mean ± 
standard deviation (SD)] on pre-chemoembolization MR imag-
ing and 15.60 ± 6.96% on post-chemoembolization MR imaging. 
Conversely, the ΔR2* value of the tumors was 10.61 ± 8.94% on pre-
chemoembolization MR imaging and -0.16 ± 1.85% on post-chemo-
embolization MR imaging. There was a significant difference in the 
ΔR2* value of the tumor between pre-chemoembolization and post-
chemoembolization BOLD MR imaging (p = 0.013).
Conclusion: Carbogen-challenge BOLD MR imaging can be a non-
invasive and useful method for evaluation of liver tumor early 
response to chemoembolization.

P-170
Cryoplasty balloon on vessels with induced vascular lesion: 
results in an experimental rabbit model
M.D. Ferrer-Puchol1, M.T. Balastegui2, F. Liste2, E. Esteban Hernández1, 
J.J. Ramos2, J. Ortega2, E. Poch2, I. Serra2;
1Interventional Radiology, Hospital de la Ribera, Alzira, Spain, 
2Animal Medicine and Surgical, Universidad Cardenal Herrera-CEU, 
Moncada, Spain.

Purpose: To study the effects of intravascular cryoplasty balloon 
compared with conventional transluminal angioplasty (TA) in an 
injured rabbit iliac artery model.
Material and Methods: This study involved 78 New Zealand white 
rabbits. We obtained the basal triglyceride and cholesterol levels 
and complete blood count. We examined the aorta and iliac arter-
ies by ultrasonography (US), performed arteriography and induced a 
vascular lesion by denuding the left iliac artery with a balloon cath-
eter in 30 rabbits. After 8 weeks of a hyperlipidic diet, we repeated 
biochemical and US measurements. Two months later, we per-
formed laboratory tests and divided the rabbits into 3 groups: con-
trol (n = 48), TA treatment (n = 18) and cryoplasty treatment (n = 24) 
groups. One month later we performed US and the rabbits were sac-
rificed for histopathological analysis.
Results: The baseline US measurements of vessel diameters: right 
and left iliac arteries, 3 ± 0.3 mm and 3.18 ± 0.6 mm, respectively. 
After vascular damage and hyperlipidic diet, the right and left iliac 

P-165
Direct percutaneous sac injection for treatment of a thoracic 
type-II endoleak
A.S. Kreusch, S.L. Samuels, J.F. Benenati, M.B. Schernthaner, H. Uthoff;
Vascular and Interventional Radiology, Baptist Cardiac & Vascular 
Institute, Miami, FL, United States of America.

We report successful exclusion of the feeding bronchial artery by 
direct percutaneous selective coil embolization and thrombin/gel-
foam injection into the aneurysm sac of a thoracic type II endoleak. 
Follow-up CT at 6 months demonstrated sac shrinkage and no evi-
dence of a recurrent endoleak.

P-166
Emergency hybrid TEVAR for treating ruptured chronic 
dissecting aneurysm combined with onsite fenestrated 
stent-graft for occluding re-entry from the right renal artery
M. Takahashi1, S. Sakaguchi1, T. Yoshida2, R. Sakakura2, A. Kojima3,
S. Ichihashi4, H. Itoh4, K. Kichikawa4;
1Dept. of T/EVAR and Endovascular Therapy, Matsubara Tokushukai 
Hospital, Matsubara/Osaka, Japan, 2Dept. of Cardiovascular Surgery, 
Matsubara Tokushukai Hospital, Matsubara/Osaka, Japan, 3Dept. of 
Cardiovascular Surgery, Matsubara Tokushukai Hospital, Matsubara/
Osaka, Japan, 4Radiology, Nara Medical University, Kashihara, Nara, 
Japan.

A patient with chronic type B dissection developed a ruptured 
aneurysm and underwent hybrid TEVAR for occluding the entry. 
Subsequently, onsite fenestrated stent–graft insertion successfully 
occluded the re-entry at the right renal artery of the non-function-
ing kidney, sparing the contralateral renal artery.

P-167
EVAR using the HeliFX aortic securement system with an 
Anaconda graft: first reported use
M. Hennessy, S. Chandramohan;
Radiology, Western Infirmary, Glasgow, United Kingdom.

We present an abdominal aortic aneurysm (AAA) case with a signif-
icantly angulated neck, in which EndoAnchors were used to reduce 
the risk of migration. This is the first reported case of using the 
HeliFX aortic securement system with an Anaconda graft.

P-168
Superficial femoral artery approach in endovascular treatment 
of acute complicated type B aortic dissection
A. Klepanec1, T. Balazs1, R. Bazik1, I. Olejarova2, J. Madaric3, I.P. Vulev1;
1Department of Diagnostic and Interventional Radiology, National 
Institute of Cardiovascular Diseases, Bratislava, Slovak Republic, 
2Department of Anesthesiology and Intensive Care Unit, National 
Institute of Cardiovascular Diseases, Bratislava, Slovak Republic, 
3Department of Cardiology and Angiology, National Institute of 
Cardiovascular Diseases, Bratislava, Slovak Republic.

We report a case of a 35-year-old male with acute complicated type 
B aortic dissection with bilateral acute limb ischemia with occluded 
bilateral external iliac arteries and common femoral arteries. The 
patient was successfully treated with stent–graft implantation via 
the superficial femoral artery approach.
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group A (doxorubicin, n = 3); group B (Resovist, n = 3); group C (Dox-
Resovist, n = 3). Animals were placed in the center of the AC coil to 
generate alternating magnetic fields while being treated for 25 min 
with a 155Oe and 99 kHz for magnetic hyperthermia. We monitored 
tumor viabilities by bioluminescence imaging (BLI) at 3, 6, 9, 12, and 
15 days after treatment. The maximum radiance [in photons/sec/
cm2/steradian(sr)] of tumors were measured for tumoral activities 
in BLIs. Relative signal intensities (RSIs) of tumors were calculated by 
dividing BLI signal at each time point with initial value. The apopto-
sis rates of tumors were measured by TUNEL assay.
Results: The rise in tumors temperatures were 1.13 ± 0.88°C, 6.59 ± 
2.39°C, and 5.46 ± 1.46°C in groups A, B, and C. RSIs of tumors at day 
15 were 0.13 ± 0.14 in group C, while those of group A and B were 
1.41 ± 0.89 and 1.00 ± 0.91, respectively. Apoptosis rates of tumors 
were 22 ± 20.81%, 17 ± 9.71%, and 26 ± 8.8% in groups A, B, and C, 
respectively.
Conclusion: The intratumoral injection of Dox-Resovist may have a 
therapeutic benefit compared with that of doxorubicin or Resovist 
alone in the HCC model. The strategy of combining doxorubicin and 
Resovist-induced magnetic hyperthermia seems to have a synergic 
effect on inhibiting tumor activity.

P-173
Evaluating the distortion caused by endovascular devices in 
electromagnetic tracking: can we apply the electromagnetic 
tracking system to elaborated endovascular interventions?
N. Ito1, P. Isfort1, H.-S. Na1, C. Wilkmann2, S. Bisplinghoff2, P. Bruners1,
T. Schmitz-Rode2;
1Applied Medical Engineering/Diagnostic Radiology, RWTH-
Aachen University, Aachen, Germany, 2Institute of Applied Medical 
Engineering, RWTH Aachen University, Aachen, Germany.

Purpose: To confirm that the interference derived from endovascu-
lar devices is negligible for expanding the application of the elec-
tromagnetic tracking (EMT) system to elaborated endovascular 
procedures.
Material and Methods: The interference was evaluated using the 
Aurora EMT system (NDI, Waterloo, Ontario, Canada) under a nearly 
metal-free and stable circumstance arranged using a custom exper-
imental plate. The dedicated 5DOF receiver coil was fixed in a posi-
tion and various materials were moved along the coil in 1 cm 
increments. Two different distances, 20 and 50 cm, were adopted 
between the field generator and the coil. Materials used were var-
ious stents made of stainless steel or nitinol, stent-grafts, a cluster 
of numerous coils, and vascular-plugs. The root mean square error 
(RMSE) and absolute position error in each configuration were evalu-
ated. Data were analyzed using one-way ANOVA (α = 0.05).
Results: RMSEs at the field generator distance of 20 and 50 cm 
ranged between 0.04 and 0.1 mm and between 1.01 and 1.55 mm, 
respectively, which is within the range of error of the EMT system. 
Neither stents nor coils and vascular plugs showed statistically sig-
nificant interference on the EMT system. Even in the worst case sce-
nario (receiver coil located in the middle of 2 overlapping stainless 
steel stents of 8 and 6 mm in diameter covered with numerous coils 
and a vascular plug) with a field generator distance of 50 cm, the 
RMSE and position error were 1.1 mm and 0.15 mm, respectively.
Conclusion: EMT interference resulting from endovascular devices 
such as stents or coils is negligible. Therefore, EMT may be useful for 
elaborated endovascular procedures that require high precision.

arteries were 2.18 ± 0.81 mm and 3.18 ± 0.6 mm, respectively. After 
endovascular treatment, the left iliac lumen in the control, TA and 
cryoplasty groups were 2.14 ± 0.14 mm, 2.11 ± 0.2 mm and 1.7 ± 0.11 
mm, respectively (p < 0.05).
Histomorphometric analysis at 30 days after treatment revealed that 
the lumen between cryoplasty treated vessels and control was not 
significantly different. We found an increase in intima proliferation in 
treated segments in the cryoplasty group (p < 0.001).
Conclusion: Cryoplasty treatment results increased intimal hyper-
plasia providing better results with conventional TA.

P-171
Experimental investigation of modern and established carotid 
stents
C. Wissgott1, W. Schmidt2, P. Behrens2, K.-P. Schmitz2, R. Andresen1;
1Institute for Diagnostic und Interventional Radiology/
Neuroradiology, Westkuestenklinikum Heide, Academic Teaching 
Hospital of the University of Kiel, Luebeck and Hamburg, Heide, 
Germany, 2Institute for Biomedical Engineering, University of 
Rostock, Rostock, Germany.

Purpose: Design and material determine the mechanical properties 
and implant behaviour during intervention. In vitro parameters such 
as radial force, flexibility and wall adaptation were investigated to 
obtain evidence for clinical use.
Material and Methods: A total of 8 current stents (Sinus Carotid, 
Cristallo Ideale, Adapt, Carotid Wallstent, Vivexx Carotid, Xact 
Carotid, Protégé Rx and Precise, all 8/40 mm), which are indicated 
for the treatment of carotid stenoses, were investigated. The radial 
force on expansion as a function of the diameter, the flexural rigid-
ity of the stent system and of the stent in its expanded state as well 
as the collapse pressure were measured. The wall adjustment of the 
stents was photographically documented after release in a curve 
model and assessed.
Results: The flexural rigidity of the stent systems significantly 
declined in the expanded state, whereas the Xact Carotid Stent 
showed the highest value (291.1 Nmm2) in contrast to 31.6 and 39.0 
Nmm2 for the Sinus Carotid and Cristallo Ideale, respectively. The 
radial force on expansion was lowest in the Adapt (0.009 N/mm) 
and highest in the Precise (0.068 N/mm), while the hybrid stents 
achieved values between 0.027 and 0.046 N/mm. The best wall 
adjustment in the curve model was shown by the Precise, Sinus 
Carotid and Cristallo Ideale.
Conclusion: The Sinus Carotid and the Cristallo Ideale in the “hybrid 
design” show the best wall adjustment with comparable radial force 
and high flexibility, whereas the Cristallo Ideale has the advantage of 
a “closed-cell” design in the middle third of the stent.

P-172
Enhanced antitumor efficacy of hyperthermia and drug 
delivery using a doxorubicin-conjugated Resovist complex
M.J. Jeon1, Y.I. Kim2, S.-H. Lee3, I.J. Chung3, S. Jung3, C.-H. Ahn3;
1Biomedical Sciences, Seoul National University College of 
Medicine, Seoul, Korea, 2Radiology, Seoul National University 
College of Medicine, Seoul, Korea, 3Materials Science and 
Engineering, Research Institute of Advanced Materials, Seoul, Korea.

Purpose: To evaluate the efficacy of intratumoral delivery of the 
doxorubicin-conjugated Resovist (Dox-Resovist) to simultaneously 
induce chemotherapy and magnetic hyperthermia in a mice HCC 
model.
Material and Methods: Hep3B+luc cells with luciferase expres-
sion were subcutaneously implanted into the right flank of 6-week-
old BALB/c-nu mice (n = 9). When the tumor diameter reached 7–8 
mm, intratumoral injection of the following agents was performed: 
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Conclusion: Our percutaneous annuloplasty device is currently at 
an early stage (animal studies, feasibility, safety, and efficacy). It is 
consistent with a potential effect on functional MR.

P-176
Transcatheter intra-arterial MRA for accurate guidance of TACE 
in patients with HCC
A. Massmann, M. Wolska-Krawczyk, R. Seidel, P. Fries, G. Schneider,
A. Buecker;
Department for Diagnostic and Interventional Radiology, Saarland 
University Hospital, Homburg, Germany.

Purpose: To evaluate transcatheter intra-arterial MRA (TI-MRA) with 
conventional digital subtraction angiography (DSA) for accurate guid- 
ance of selective transarterial chemoembolization (TACE) in patients 
with hepatocellular carcinoma (HCC).
Material and Methods: Twenty-one patients with unresectable 
HCC underwent 49 TI-MRA procedures. Prior to embolization, a 
X-ray fluoroscopy-guided catheter was inserted into the HCC sup-
plying sub-/segmental artery. Contrast-enhanced TI-MRA (20 ml 
Gadolinium-DOTA 5% Dotarem, Guerbet, France) was performed 
using either FLASH3D- or VIBE-sequences (Siemens Magnetom 
Aera 1.5T) to study tumor perfusion. CT after chemoembolization 
by injection of lipiodol/doxorubicin from identical catheter position 
was used to determine the perfused liver area, which was matched 
to the area seen by TI-MRA.
Results: TI-MRA confirmed initial correct catheter positioning in 
46/49 (94%) patients and led to catheter repositioning in three 
patients. One erroneous adrenal gland embolization and two embo-
lizations of wrong liver-segments were avoided. Additional collateral 
tumor supply was evident in four cases because of incomplete per-
fusion of HCC in TI-MRA via a single catheter position. Additionally, 
new HCC-nodules were identified; TI-MRA depicted two patients 
with two satellite HCC-nodules, which were later visible in follow-
up staging MRI. Mean SNR for tumor depicted arterial and venous 
phase in VIBE superior to FLASH3D [arterial phase: 37.0 ± 18.5 vs. 21.4 
± 13.4 (p < 0.02); venous phase: 24.4 ± 16.3 vs. 17.6 ± 11.2 (p < 0.01)]. 
CNR in FLASH3D/VIBE showed no significant statistical difference.
Conclusion: TI-MRA proved beneficial to detect correct catheter 
positioning and prevented erroneous/insufficient tumor emboli-
zation. VIBE-sequences were favorable to FLASH3D-sequences for 
TI-MRA. Compared with an IR-angiosuite with DynaCT functionality, 
TI-MRA lacks ionizing radiation exposure but requires time-consum-
ing patient transfer between an IR/MRI unit.

P-177
TACE under pharmaco-angiography for HCC: an experimental 
evaluation of mixed epinephrine injections into rabbits’ 
hepatic tumors
S. Ota, N. Nitta, Y. Tomozawa, S. Watanabe, Y. Murakami, S. Sato,
S. Misaki, K. Tsuchiya, A. Nitta-Seko, A. Sonoda, M. Takahashi, K. Murata;
Radiology, Shiga University of Medical Science, Otsu, Japan.

Purpose: To evaluate the efficacy of TACE under pharmaco-angiog-
raphy, of mixed epinephrine injections.
Material and Methods: Rabbits with hepatic tumors were used.
Experiment I: Three types of injection methods were evaluated. A1: 5 
ml double-diluted contrast media (CM); B1: 2.5 ml epinephrine injec-
tion, after 15 s, 5 ml double-diluted CM; and C1: 5 ml CM diluted with 
2.5 ml epinephrine. Angiography and CT during hepatic angiogra-
phy (CTHA) were performed (n = 3). The effect of tumor enhance-
ment was then compared.
Experiment II: Two types of injection solution were evaluated. A2: 
mixture of 0.3 ml lipiodol and 0.6 ml saline and B2: mixture of 0.3 ml 
lipiodol and 0.6 ml epinephrine. TACE was then performed (n = 2). 

P-174
Treatment of Vx2-implanted liver tumors in rabbits with liver 
segmental ablation
J. Wang;
Dept of Radiology, Jiangsu Province Hospital of Nanjng Medical 
University, Nanjing, China.

Purpose: To evaluate the practicality and applicable value of liver 
segmental ablation (LSA) to treat Vx2-implanted liver tumors in 
rabbits.
Material and Methods: Fifteen New Zealand white rabbits with Vx2 
liver tumors, weighted from 2.3 to 2.9 kg were arbitrarily selected. The 
right femoral arteries were surgically cannulated for placement of the 
4F catheter introducer sheath and a coaxial microcatheter was used 
to enter the branches of the middle and left hepatic artery in 7 and 
8 rabbits, respectively. The tissue ablation agent (TAA) was infused 
into the microcatheter at the rate of 0.1 milliliter per second as the 
TAA was observed entering the feeding artery of the tumor, neovas-
cular vessels, and peritumorous portal venule until the tumor stain 
and the related portal vein branches appeared. All the liver specimens 
were taken out 2 weeks after the procedures for pathologic assays to 
pathologically observe tumor and peritumor tissue changes.
Results: Pathological results revealed that ablated liver segments 
did not cover the implanted tumor and the tumor tissue was viable 
in 2 cases; the infarcted segment did not include the whole tumor 
and tumor tissue was almost necrotic in 2 cases; tumor parenchyma 
were completely necrotic buried in the infarcted liver segment in the 
other 8 cases. In addition, 3 rabbits died on the day of the procedure.
Conclusion: The experimental results suggest that LSA may be a 
practical and effective alternative to surgical local hepatectomy.

P-175
Device for endovascular mitral coronary sinus annuloplasty 
(experimental form design)
N.A. Chigogidze1, M.V. Avaliani1, D.E. Kaputkin2, T.V. Morozova2;
1Interventional Radiology, Bakoulev Research Center for 
Cardio-Vascular Surgery, Moscow, Russian Federation, 2Physics 
Department, National University of Science and Technology “MISIS”, 
Moscow, Russian Federation.

Purpose: Development of stabile indestructible implants for correc-
tion of mitral regurgitation (MR).
Material and Methods: To investigate how mechanical properties 
of implant materials change in the process of exploitation, a simu-
lation of the implant operation was used. It is shown that a prelim-
inary deformation cycling provides stabilization of the full range 
of mechanical properties; this guarantees the constant shape of 
implant after its installation. The results were used in the develop-
ment and manufacture of an adjustment device for overcoming of 
MR.
The percutaneous mitral annuloplasty system consists of a 12Fr-outer- 
diameter guide catheter and dilator, a 9Fr delivery catheter and a Ti-Ni 
alloy (nitinol) implant with shape memory effect and superelasticity. 
This unique device includes a power element that corresponds to the 
semicircle of the mitral annulus and firmly fixed anchors from both 
ends. Tissue plication is maintained between the great cardiac vein 
anchor and the coronary sinus anchor.
We performed 10 acute and 5 chronic experiments on mongrel dogs 
weighing from 10 up to 15 kg.
Results: The results of experiments were determined by examining 
mitral ring diameter and pressure gradient using echocardiography. 
Prior to surgery, the diameter of the mitral annulus in dogs was 1.4 ± 
0.06 cm. After the procedure the mitral annulus diameter averaged 
1.21 ± 0.05 cm. The difference of echocardiographic data before and 
after renders device implantations statistically significant (p < 0.05).
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implantation). The models were divided into five groups according 
to different size of Contour SE Microspheres: group 1 (n = 5): normal 
saline as control, group 2 (n = 5): Contour SE Microspheres (100–300 
μm), group 3 (n = 5): Contour SE Microspheres (300–500 μm), group 
4 (n = 5): Contour SE Microspheres (500–700 μm), and group 5 (n = 
5): Contour SE Microspheres (700–900 μm). The tumor volume was 
determined by CT 1 day before therapy and by pathology 7 days 
after therapy. The tumor growth rates were statistically compared 
among these 5 groups. The pathological examination was per-
formed 7 days after therapy to assess the degree of tumor necrosis 
and damage to normal liver tissue.
Results: The mean tumor growth rates were 2.5015, 1.3528, 1.5245, 
1.9229, and 2.2035 in groups 1, 2, 3, 4, and 5, respectively. A favorable 
outcome was observed in groups 2 and 3, tumor growth rate was 
significantly lowered (p < 0.001), with much more extensive necro-
sis than those of the other 3 groups. Multiple focal necrosis of liver, 
damage of bile duct, and liver fiber connective tissue were observed 
in group 2.
Conclusion: The Contour SE Microspheres (100–300 μm) should 
be cautiously used in superselective embolization because it could 
damage the bile duct and liver fiber connective tissue. Contour 
SE Microspheres (300–500 μm) are most suitable for liver tumor 
embolization.

P-180
Histological characterization and comparison of tissue effects 
following irreversible electroporation, vascular targeted 
photodynamic therapy, radiofrequency, and cryotherapy 
ablation: implications for focal therapy
T. Wimmer1, S. Kimm2, G. Srimathveeravalli3, D. Gerber2, A. Scherz4,
J.C. Durack3, J. Coleman2, S.B. Solomon3;
1Department of Radiology, Medical University Graz, Graz, Austria, 
2Urology Service, Department of Surgery, Memorial Sloan-
Kettering Cancer Center, New York, NY, United States of America, 
3Interventional Radiology Service, Department of Radiology, 
Memorial Sloan-Kettering Cancer Center, New York, NY, United 
States of America, 4Faculty of Biochemistry, Weizmann Institute of 
Science, Rehovot, Israel.

Purpose: Although various thermal and non-thermal ablation mo-
dalities have been investigated, a detailed comparative analysis has 
not yet been performed. We characterized and compared tissue 
effects of radiofrequency ablation (RFA), cryotherapy, irreversible 
electroporation (IRE), and photodynamic therapy (PDT) in a swine 
model.
Material and Methods: Percutaneous CT-guided ablations (PDT, 
IRE, cryotherapy, and RFA) were performed in the liver, kidney, and 
pancreas of 16 Yorkshire pigs creating lesions of approximately 
1–2 cm. PDT was delivered using WST-11 photosensitizer. Contrast-
enhanced CT imaging was performed directly and 24 h post-pro-
cedure. Treated organs were removed after 4 and 24 h and repre-
sentative slices were processed for H and E, Masson’s trichrome, 
Caspase-3, and TUNEL staining or electron microscopy.
Results: Four hours after treatment, thermally ablated tissues dis-
played tissue necrosis and collagen denaturation, while PDT and IRE 
resulted in hyperemia and hemorrhage without overt evidence of 
necrosis. At 24 h, all forms of ablation revealed areas of coagulative 
necrosis. Thermal ablations created irregular lesion boundaries with 
sparing around blood vessels larger than 600 μm, demonstrating a 
heat-sink effect. PDT ablated blood vessels smaller than 300 μm but 
spared all blood vessels larger than 400 μm. IRE ablated all blood 
vessels in the area of effect. PDT and cryoablation revealed the most 
sharply demarcated zones of necrosis. The architecture of extracel-
lular collagen appeared minimally affected by PDT and IRE but sig-
nificant denaturation was present in RFA and cryotherapy.

Next, lipiodol accumulation in the tumor and normal hepatic tissue 
were evaluated by CT.
Experiment III: Three types of injection solution were evaluated. A3, 
0.9 ml saline (n = 6); B3, mixture of 0.3 ml lipiodol and 0.6 ml saline (n 
= 3); and C3, mixture of 0.3 ml lipiodol and 0.6 ml epinephrine (n = 
6). TACE was then performed, and tumor growth rate was evaluated 
1 week later.
Results: Experiment I: The effects of tumor enhancement decreased 
when CM was used after the epinephrine injection. In contrast, these 
effects increased when CM mixed with epinephrine was used.
Experiment II: Significant differences were not confirmed between 
A2 and B2 in both the tumor and normal hepatic tissue.
Experiment III: Tumor growth rates (%) of A3, B3, and C3 were 346.0 
± 104.6, 128.6 ± 21.1, and 61.4 ± 25.5, respectively. Significant differ-
ences were confirmed between group A3 and B3/C3 (p < 0.05).
Conclusion: TACE under pharmaco-angiography with a mixed injec-
tion of epinephrine could be useful.

P-178
Application of casein as an embolic material: comparison with 
gelatin particles in a rabbit model
N. Nitta, S. Watanabe, S. Ota, Y. Tomozawa, A. Nitta-Seko, K. Tsuchiya,
K. Mukaisho, M. Takahashi, K. Murata;
Radiology, Shiga University of Medical Science, Otsu, Japan.

Purpose: To pathologically compare beta-casein (casein particles: 
CP), a milk-derived protein, with gelatin particles (GP) with regard 
to effectiveness as an embolic material and to examine the binding 
ability with cisplatin.
Material and Methods: Embolic materials used comprised CP 300–
500 μm in size and GP 50–500 μm in size. Eighteen rabbits (Japanese 
white) were divided into 6 groups to be embolized with both 
embolic materials, until blood flow stagnated in the renal artery. The 
kidney was resected at 2, 7, and 14 days after embolization for path-
ological analysis. Platinum concentration of each particle impreg-
nated with cisplatin for 1 or 24 h was measured.
Results: Both embolic materials were observed in all rabbits. The 
observed embolized vessels were enlarged. The degree of enlarge-
ment was stronger with CP. Both materials showed inflammatory 
cells infiltration around the vascular walls after 2 days and in the 
vascular lumen and the perivascular region after 7 days. In the CP 
case, organized thrombi were observed at day 7. CP, which had not 
degraded at day 14, reduced inflammatory symptoms and showed 
stronger organized thrombi compared with day 7. GP degraded 
over time. There was no difference in the binding activity of plati-
num between both particles (CP: 10.7 μg/g/1h, 30.5 μg/g/24h; GP: 
4.7 μg/g/1h, 47.9 μg/g/24h).
Conclusion: CP-induced pathological reaction was similar to 
that with GP. Recanalization was suggested in GP, while it was not 
observed in CP. Both materials showed the same binding ability 
with cisplatin. It is concluded that casein can possibly be used as an 
embolic material having a binding ability to cisplatin.

P-179
An experimental study of hepatic arterial embolization with 
different size of Contour SE Microspheres on VX-2 transplanted 
liver tumor in rabbits
J. Yang;
Radiology, Shanghai first people’s Hospital, Shanghai, China.

Purpose: To determine the optimal diameter range of Contour SE 
Microspheres for liver tumor embolization.
Material and Methods: Twenty-five models of VX-2 transplanted 
liver tumor in rabbits were studied. Hepatic arterial embolization 
was performed by catheterizing via the femoral artery (14 days after 
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action was observed from 2 W after embolization. Microscopic 
images at 3 W showed thickened intima of the embolized vessels, 
containing smooth muscle cells and accompanied interruption of 
internal elastic lamina. The migrated smooth muscle cells were dis-
tributed within the arterial lumen. Some collagen deposits were 
observed between smooth muscle cells of the intima.
Conclusion: Gelatin sponge embolization induces arterial steno-
sis by intimal hyperplasia appearing as smooth muscle cell migra-
tion and collagen deposits in the intima. To reduce intimal hyperpla-
sia, which adversely affects chemoembolization, the embolic agents 
with less inflammatory reaction and/or smaller size should be used.

P-183
Microwave ablation (MWA) with and without previous 
transarterial embolization (TAE) in a sheep liver model: 
analysis of technical parameters and extent of coagulation
T.L. Gockner1, T. Mokry1, N. Bellemann1, N. Kortes1, T. Longerich2,
E. Köllensperger3, U. Stampfl1, G. Germann3, H.U. Kauczor1, B.A.  Radeleff1, 
P.L. Pereira4, C.M. Sommer1;
1Diagnostic and Interventional Radiology, University Hospital 
Heidelberg, Heidelberg, Germany, 2Pathology, University 
Hospital Heidelberg, Heidelberg, Germany, 3Clinic for Plastic and 
Reconstructive Surgery, ETHIANUM, Heidelberg, Germany, 4Dept 
of Radiology, Minimally Invasive Therapies and Nuclearmedicine, 
SLK-Clinics GmbH, Ruprecht-Karls-University Heidelberg, Heilbronn, 
Germany.

Purpose: To evaluate technical parameters and coagulation extent 
of microwave ablation (MWA) with and without previous transarte-
rial embolization (TAE) in a sheep liver model.
Material and Methods: MWA of the liver were performed (preset 
ablation time, 120 s; preset power output, 80 W) in 6 sheep. In group 
I (3 sheep), only MWA was performed. In group II (3 sheep), MWA was 
performed after TAE. TAE was performed from a central position in 
the liver artery until stasis with calibrated 40-μm microspheres. After 
contrast-enhanced CT, the sheep were sacrificed and their livers har-
vested. Technical parameters (resulting power output and ablation 
time) and extent of coagulation (short axes, volume, circularity, larg-
est possible coagulation sphere diameter, and barycenter offset) 
were determined applying a 3D-segmentation software.
Results: Resulting power output and ablation time were 78.7 ± 1.0 
W and 120 ± 0.0 s and 78.4 ± 1.0 W and 120 ± 0.0 s for Groups I and 
II (respectively, nonsignificant). Short axis and volume were 23.7 
± 3.7 mm and 16.5 ± 5.1 cm3 29.1 ± 3.4 mm and 27.1 ± 9.1 cm3 for 
Groups I and II, respectively, with significant differences (p < 0.01, 
respectively). Circularity was 0.6 ± 0.1 and 0.6 ± 0.1 for Groups I and 
II, respectively (nonsignificant). Largest possible coagulation sphere 
diameter was 23.3 ± 2.7 mm and 27.9 ± 3.1 mm for Groups I and II, 
respectively, with significant differences (p < 0.01). Barycenter offset 
was 5.0 ± 2.6 mm and 4.9 ± 2.5 mm for Groups I and II, respectively 
(nonsignificant).
Conclusion: In this study, MWA with previous TAE resulted in greater 
coagulation than MWA alone. The coagulation shape is identical and 
technical parameters are unaffected by TAE.

Conclusion: Each technique demonstrated unique tissue effects 
influenced by tissue architecture and vascularization. Understanding 
these differences is essential in evaluating treatment efficacy and 
optimizing therapeutic effects.

P-181
Interaction between hollow gold nanoparticles and 
iodine-based contrast media
I. Pradas1, C. Lahuerta1, L. Gómez2, J. Bosch1, J. Santamaría2,
M.A. de Gregorio1;
1University of Zaragoza, GITMI, Zaragoza, Spain, 2University of 
Zaragoza, Institute of Nanoscience of Aragon, Zaragoza, Spain.

Purpose: Drug delivery systems based on nanotechnology rep-
resent an emerging field. Gold nanoparticles (GNPs) are promising 
nontoxic carriers for chemotherapeutic drug delivery controlled by 
photothermal effect. However, to achieve these goals, it is necessary 
to check potential negative interactions between GNPs and com-
mon reagents used in interventional practice.
The purpose of this study is to evaluate the stability of GNPs in the 
presence of iodine-based contrast media, Optiray 320, used in rou-
tine clinical procedures.
Material and Methods: Samples were divided into three groups: 
Group 1, hollow gold nanoparticles (HGNs) 3 mg/mL in saline; Group 
2, HGNs 6 mg/mL in saline [Optiray 320 (1:1)], and Group 3, Pegylated 
HGNs 6 mg/mL (PEG-HGNs) in saline [Optiray 320 (1:1)]. GNP struc-
ture was studied by UV–visible spectroscopy and transmission elec-
tronic microscopy and their heating potential by NIR light irradiation 
(808-nm diode laser, 2 W) for 20 minutes.
Results: Group 1 UV–Vis–NIR spectrum shows a maximum of 800 
nm. However, Group 2 shift to shorter wavelengths, lose their hollow 
core, and decrease in size, as observed in TEM images. Irradiation 
experiments results for each group are as follows: Group 1, ΔT = 25.6 
± 0.4; Group 2, ΔT = 14.0 ± 0.5; Group 3, ΔT = 23.0 ± 0.9. The tempera-
ture increase in Group 2 was small, whereas the heating potential of 
HGNs is clearly affected. Despite the presence of contrast, Group 3 
(PEG-HGNs) maintain their structure and functionality.
Conclusion: HGNs are negatively affected by Optiray 320. 
Pegylation, besides misleading the immune system, protects HGNs 
from degradation by interaction with Optiray 320.

P-182
Intimal hyperplasia as a cause of arterial stenosis after gelatin 
sponge embolization: an experimental study
H.G. Lee, J.S. Oh, B.G. Choi, H.J. Chun;
Radiology, Seoul St. Mary’s Hospital, The Catholic University of 
Korea, Seoul, Korea.

Purpose: Arterial stenosis, observed on repeated transarterial che-
moembolization, is an obstacle for subsequent chemoembolization. 
The cause of the stenosis is uncertain, although it may be induced 
by iodized oil, chemotherapeutic agents, and/or gelatin sponge. We 
hypothesized that stenosis is caused by gelatin sponge emboliza-
tion and performed an experimental study in a rabbit renal model to 
investigate the mechanism underlying stenosis.
Material and Methods: The renal arteries of 12 rabbits were embo-
lized with porcine gelatin sponge particles, and the rabbits were 
sacrificed at 1 D, 4 D, 1 W, 2 W, 3 W, and 4 W after embolization. 
Microscopic evaluation using hematoxylin–eosin and smooth mus-
cle actin immunohistochemical stains was performed.
Results: The emboli were mainly observed in the segmental and 
interlobar arteries. The embolized artery walls showed severe trans-
mural inflammation 1 W after embolization. Some gelatin emboli 
were observed in the extravascular space. Resorption of gelatin 
sponge and organized thrombus accompanied by foreign body re- 
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Conclusion: Using the developed formula, the amount of CA 
required to achieve sufficient contrast at a defined distance from the 
point of injection can be determined. We plan to use these results in 
vivo experiments.

P-186
Histological assessment of fibrosis and gastrin production 
after bariatric embolization in a porcine model
C.R. Weiss1, A. Arepally2, B.E. Paxton3, C.Y. Kim3, M. Solaiyappan1,
D.L. Kraitchman1;
1The Russell H. Morgan Department of Radiology and Radiologic 
Science, Johns Hopkins University School of Medicine, Baltimore, 
MD, United States of America, 2Interventional Radiology, Piedmont 
Healthcare, Atlanta, GA, United States of America, 3Radiology/
Interventional Radiology, Duke University, Durham, NC, United 
States of America.

Purpose: Previously, we demonstrated that transarterial bariatric 
embolization (BAE) of the gastric fundus suppresses the hunger hor-
mone and ghrelin and prevents weight gain in a porcine model of 
obesity. This study was performed to further assess the histopath-
ological sequelae (fibrosis and gastrin production) occurring in the 
stomach after bariatric embolization.
Material and Methods: This post-necropsy study was performed 
on 11 porcine stomachs. Six pigs had previously undergone targeted 
BAE using conventional embolic beads and five received sham 
saline injections. The animals were sacrificed 8 weeks after treat-
ment. Histopathology using trichrome (fibrosis) and gastrin staining 
was performed on paraffin-embedded sections of the fundus and 
antrum, respectively. Trichrome slides were scanned (Aperio) and 
analyzed using the color deconvolution algorithm (ImageScope) to 
determine the degree of fibrosis. Photomicrographs at 20× magni-
fication of gastrin slides were obtained and analyzed using the pixel 
count algorithm for DAB enhancement. Data were evaluated using 
the Wilcoxon rank-sum test, with a P value <0.05 considered statisti-
cally significant.
Results: Increase in fibrosis was seen in the fundus of BAE animals 
(18.3% ± 13% treated vs. 4.7% ± 2% control, P < 0.03). There were 
also fewer gastrin-positive cells in the antrum of the treated pigs 
than in controls (5.5 ± 1.4 mm2 treated vs. 15.8 ± 11.4 mm2 control, 
P < 0.03).
Conclusion: Bariatric embolization may not only suppress ghrelin 
production in the gastric fundus of treated pigs but may also lead 
to local fibrosis and remote gastrin suppression. In other words, BAE 
may affect the mechanical function and/or acid production in the 
stomach, which could further explain alterations in weight.

P-187
Short-term effects of Ankaferd hemostat for embolization of 
iatrogenic renovascular injuries: an experimental study
O. Ozbek1, O. Koc1, Y. Solak2, S. Keskin1, H. Toy3;
1Radiology, Necmettin Erbakan University, Meram School of 
Medicine, Konya, Turkey, 2Nephrology, Necmettin Erbakan 
University, Meram School of Medicine, Konya, Turkey, 3Pathology, 
Necmettin Erbakan University, Meram School of Medicine, Konya, 
Turkey.

Purpose: Transarterial selective embolization in iatrogenic vascular 
injuries (EIVI) is a minimally invasive therapeutic technique. Ankaferd 
is a novel hemostatic agent with a novel mechanism of action inde-
pendent of known clotting factors. We used Ankaferd for EIVI in a 
sheep model.
Material and Methods: Seven adult female sheep were included 
in the study. Renal arteriogram using a 5F catheter was performed. 
Then, a vessel and/or capsular injury was created by advancing a 

P-184
Stereotactic ablation of liver tumors using C-arm CT: 
targeting and image fusion accuracy
G. Widmann1, D. Wallach2, G. Toporek2, P. Schullian1, M. Fasser1,
S. Weber2, R. Bale1;
1Department of Radiology, Innsbruck Medical University, Innsbruck, 
Austria, 2ARTORG Center for Biomedical Engineering Research, 
University of Bern, Bern, Switzerland.

Purpose: To evaluate stereotactic targeting accuracy and the reg-
istration accuracy of single and multimodality image fusions using 
C-arm computed tomography (C-arm CT) compared with the gold 
standard of multidetector computed tomography (MDCT) for abla-
tion of liver tumors.
Material and Methods: C-arm CT (XperCT, Philips Healthcare, The 
Netherlands) and MDCT (Siemens SOMATOM Sensation Open Siemens 
AG, Erlangen, Germany) images were used for stereotactic targeting of 
an anthropomorphic nonrigid liver phantom with three tumors with 
a total of five 1-mm targets. Targeting errors were evaluated on post-
interventional images with the needles in place fused with the plan-
ning data. Target registration error of single and multimodality image 
fusions (TREfusion) was calculated as the Euclidean distance between 
the corresponding five targets markers. Statistical analysis was per-
formed using the two-tailed, two-sample Matlab t-test (p = 0.05).
Results: Ten series and 50 needle placements were performed. 
Lateral error (normal distance between the needle tip and the 
planned trajectory) was 1.6 ± 0.6 mm for C-arm CT and 1.8 ± 1.0 mm 
for MDCT (p = 0.33). There was no statistically significant difference 
in the TREfusion between single and multimodality image fusions of 
both C-arm CT and MDCT (all p-values >0.2) with a maximum error 
of less than 1.5 mm.
Conclusion: Compared with MDCT, C-arm CT may allow for similar 
targeting accuracy of liver tumors and similar image fusion accuracy 
of needle placement or ablation control images with the planning 
data.

P-185
Optimisation of the amount of contrast agent for direct 
angiography in iMRI: a phantom study
M.N. Ariens, R. Bruhn, N. Krämer, C. Kuhl;
Department of Diagnostic Radiology, RWTH Aachen University 
Hospital, Aachen, Germany.

Purpose: IMRI (interventional magnetic resonance imaging) often 
requires use of guidewires, and acquisition methods need to be 
adapted to visualize and navigate the device during intervention. 
This is particularly relevant for direct angiography procedures dur-
ing which a certain amount of contrast agent (CA) is applied to 
depict the local vasculature. We aimed to optimize the amount of 
CA required for direct angiography in a phantom. We developed a 
formula to calculate the optimum amount of CA.
Material and Methods: All experiments were performed on a Philips 
Achieva 1.5T (Philips, Best, The Netherlands). First, two phantoms 
were constructed; stationary and flow phantoms. The stationary 
phantom comprised tubes with different CA concentrations. The flow 
phantom comprising silicon tubes was built to simulate human vas-
culature with continuous blood flow (5.5 ml/s). Second, we adapted a 
sequence (TR = 5 ms; TE = 1.6 ms; 30 dynamics) with a high temporal 
(0.66 s) and spatial (0.42 × 0.79 × 20 mm) resolution. On the basis of 
these parameters, we determined signal intensities of the stationary 
phantom and identified the optimum amount of CA.
Results: We obtained the same amount of contrast in our stationary 
and dynamic flow phantoms. The CA curve plateau is between 2–45 
μmol/ml at this sequence.
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P-189
Extraluminal needle-directed versus intraluminal catheter-
directed irreversible electroporation in the porcine ureter
J.C. Durack1, G. Srimathveeravalli2, T. Wimmer2, N.B. Gutta2, 
S. Monette3, M. Silk2, S. Kimm4, J. Coleman4, S.B. Solomon1;
1Interventional Radiology Service, Department of Radiology, 
Memorial Sloan-Kettering Cancer Center, New York, NY, United 
States of America, 2Radiology, Memorial Sloan-Kettering Cancer 
Center, New York, NY, United States of America, 3Molecular 
Cytology, Memorial Sloan Kettering, New York, NY, United States of 
America, 4Urology Service, Memorial Sloan-Kettering Cancer Center, 
New York, NY, United States of America.

WITHDRAWN

P-190
Lipiodol™ liver tumor uptake ratio as an imaging biomarker for 
effective intra-arterial tumor targeting
E. Liapi1, S. Mirpour2, V. Tacher1, A. Gholamrezanezhad2, N. Bhagat1,
B. Smith3, J.-F.H. Geschwind1;
1Interventional Radiology, Johns Hopkins University, Baltimore, MD, 
United States of America, 2Radiology, Johns Hopkins University, 
Baltimore, MD, United States of America, 3Cell Biology, Johns 
Hopkins University, Baltimore, MD, United States of America.

Purpose: To evaluate whether Lipiodol™ tumor uptake ratio serves 
as an imaging biomarker of effective tumor targeting after chemo-
embolization (TACE) in the liver VX2 model.
Material and Methods: Thirty-one liver VX2-bearing rabbits were 
scanned in a 320-slice CT scanner before and at 24 hours (n = 6), 
7 (n = 10), 14(n = 6), and 20 (n = 5) days after TACE. CT data analy-
sis included volumetrics and CT perfusion analysis. Lipiodol tumor 
uptake ratio (L/T) was defined as the intratumoral lipiodol volume 
(L) to the total tumor volume (T) . Pathologic evaluation included 
tumor necrosis on H&E and quantitative lipiodol deposition on Oil 
Red O (ORO) stain. Lipiodol accumulation and tumor cell viability 
were also assessed by TEM.
Results: Mean L/T was 0.91 at 24 hours (SD = 0.11) and remained 
high at 7 and 14 days. Decrease in tumor perfusion index (PI) values 
was evident 24 h after TACE (PI pre = 62.25, PI post = 4, p = 0.04) and 
at 7 and 14 days. Tumor necrosis was increased at 7 days (p = 0.0001). 
Mean percent ORO positive area was 93.2 (SD, 4.02) for all time 
points, and lipiodol was evident in vessels and viable and necrotic 
tumor cells on TEM for all time points. There was a significant corre-
lation between tumor PI and L/T at 24 hours and between percent 
ORO area and L/T for all time points (p = 0.03). No statistically sig-
nificant correlation was seen between tumor necrosis and lipiodol 
tumor uptake at 24 hours and 7 and 14 days.
Conclusion: Lipiodol tumor uptake ratio can serve as an imaging 
biomarker of effective tumor targeting after TACE.

P-191
Radiofrequency ablation in pulmonary hydatid disease
A. Dumanli1, O. Ozbek2, S. Ceran1, O. Koc2, K. Odev2;
1Thoracic Surgery, Necmettin Erbakan University, Meram School of 
Medicine, Konya, Turkey, 2Radiology, Necmettin Erbakan University, 
Meram School of Medicine, Konya, Turkey.

Purpose: We investigated the value of RF ablation as an alternative 
to surgical resection in pulmonary hydatid cysts.
Material and Methods: RF ablation was performed in calf lung 
under in vitro conditions through Rita RF ablation system (Angio-
dynamics). Three sets (three groups for each temperature) contain- 
ing five cysts according to ablation temperatures were created (90°C, 

0.035-inch hydrophylic guide into the segmental arteries. Active 
extravasation was visualized by angiography. A coaxial 2.7F micro-
catheter was quickly placed into the bleeding vessel. Under fluoro-
scopic guidance, 1-mL Ankaferd mixed with 1-mL nonionic iodin-
ated contrast agent was slowly injected. Control angiograms were 
performed just after embolization. After the procedure, the animals 
were observed for 1 day and sacrificed.
Results: Technical success was observed in all animals. Postembo-
lization angiography revealed occlusion of the bleeding vessel, 
disappearance of extravasation, and filling of other renal artery 
branches. After embolization, none of the animals died or experi-
enced any major systemic adverse event. Microscopically, major-
ity of the renal tubular cells (80%–90%) were necrotic, epithelial cell 
damage was observed in some cells (10%–20%) in the segmental 
artery embolized using Ankaferd.
Conclusion: EIVI with Ankaferd showed short-term safety and effi-
cacy in the studied animals. Further studies are required to better 
delineate the embolizing potential of this novel hemostatic agent.

P-188
Development of an MR-compatible guidewire with a 0.018-inch 
diameter: preliminary results
R. Bruhn1, M.N. Ariens1, C. Wasiak2, A. Schütte2, P. Borm3, M. von Walter4, 
C. Kuhl1, N. Krämer1;
1Diagnostic and Interventional Radiology, RWTH Aachen University 
Hospital, Aachen, Germany, 2Institute for Production Technology, 
Fraunhofer IPT, Aachen, Germany, 3Center of Biomedical 
Engineering, Nano4Imaging, Aachen, Germany, 4Hemoteq AG, 
Hemoteq AG, Wuerselen, Germany.

Purpose: Using magnetic resonance imaging (MRI) to guide endo-
vascular procedures may offer advantages over conventional x-ray 
fluoroscopy, such as detailed visualization of surrounding soft tis-
sues and extravascular target structures. Beside technical challenges 
with MRI itself, MR-compatible devices are mandatory. The purpose 
of this study was to develop an MR-compatible guidewire with a 
0.018-inch diameter.
Material and Methods: To produce an MR-compatible guidewire, a 
micro-pullwinding manufacturing unit to produce a nonferromag-
netic skeletal structure comprising a fiberglass core and two layers 
of agamid fiber was developed. The manufacturing unit can be indi-
vidually adjusted to achieve different degrees of guidewire stiffness 
and flexibility.
To visualize the guidewire on MRI, iron oxide nanoparticles were 
applied at defined distances along the tip. A thin (10 μm) hydrophilic 
coating with polyvinylpyrrolidone in dip-coating and tempering 
technique was added to assure gliding. The guidewire was tested 
using gradient echo real-time sequences with high-time resolution 
(scan duration, 0.33s) in stationary and dynamic flow models.
Results: Using a new micro-pullwinding manufacturing unit an 
MR-compatible guidewire was produced, marked with iron oxide 
nanoparticles, and coated with hydrophilic polyvinylpyrrolidone. 
Applying new real-time sequences, the guidewire was visualized 
and navigated in stationary and dynamic flow models.
Conclusion: Technically, it is possible to produce an MR-compatible 
guidewire with a 0.018-inch diameter and visualize and navigate it in 
a model using real-time MRI sequences.
First in vivo tests are in progress.
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Clinical Findings/Procedure: Our inaugural training day in August 
2012 was held at the Freeman hospital in Newcastle, UK and focused 
on the core principles of ‘safe access, safe navigation and safe clo-
sure.’ Our faculty comprised an amalgamation of the three inter-
ventional specialties. Feedback from online questionnaires revealed 
75% trainees had never been trained on a simulator before and 
100% trainees agreed that simulation was useful in achieving the 
course objectives; 85% agreed that cross specialty training was use-
ful. Our faculty unanimously agreed that the course represented a 
valuable and unique training opportunity.
In March 2013 we launched two further events for basic level endo-
vascular training and introduced a pre-course online lecture series. 
Feedback using visual analogue scales demonstrated significant 
improvement in trainees confidence in vascular; access, navigation 
and closure.
To support ongoing endovascular training we have launched 
“UKETS Logbook” the first VR simulation training iPhone app.
Conclusion: UKETS promotes the ongoing use of VR simulation to 
improve endovascular training. UKETS represents a safe environ-
ment for successful endovascular skills training, with collaboration 
between interventional specialties to maximize patient safety.

P-194
A new Embowire technique to embolize narrow vessels
P. Grehten, R. López-Benitez, L. Kara, O. Rusch, J. Kettenbach;
Diagnostische, Interventionelle und Pädiatrische Radiologie, 
Inselspital - Universitätsspital Bern, Bern, Switzerland.

Learning objectives:
- How to prepare a Hydrocoil to embolize narrow vessels.
- How to apply the „Embowire“ technique.
- Optimal coil deployment in difficult vascular anatomy.
Background: Endovascular occlusion of vessels using microcoils 
is a well-established and proven treatment to stop bleeding and 
protect critical organ structures from non-target embolization. 
Hydrocoils (MicroVention Inc., Tustin CA, USA) are embolic devices 
that consist of a platinum wire coated by a layer of acrylic hydrogel 
polymer. One advantage of Hydrocoil is its expansion of the hydro-
gel polymer after contact with liquid or blood resulting in a lower 
rate of rebleeding, despite impaired coagulation profile. Another 
advantage is the ability to use the deployable Hydrocoils (diameter 
0.0018–0.0035 inch, length 6–20 cm) in a “Embowire” technique) to 
even embolize narrow vessels (≤1.5 mm in diameter) that can only 
be reached by guidewire.
Clinical Findings/Procedure: To perform this technique, it is man-
datory to ensure a guidewire-like configuration of the Hydrocoil with 
either a straight or a slight curvature of the tip. Therefore, it is neces-
sary to cut off the “first loop.” Once the Hydrocoil filament has been 
prepared for deployment, it can be inserted into the microcath-
eter and then advanced like a guidewire to the desired area to be 
occluded. This technique is safe and reproducible; however, skillful 
training and experience is necessary to achieve acceptable results.
Conclusion: The “Embowire” technique is a very useful technique to 
embolize even narrow vascular segments that cannot be advanced 
by a microcatheter.

100°C. and 110°C). Each temperature group included five cysts ab-
lated for 7, 9, and 11 minutes. Intervention was performed for cysts 
measuring <4 cm. Germinative membrane viability of ablated cysts 
was evaluated by a pathologist.
Results: Germinative membrane viability was scored on a 0%–100% 
scale in 45 cycts. A mean of 36% germinative membranes under-
went necrosis in cysts, which were ablated for 7 minutes at 90°C, 
whereas a mean of 96% germinative membranes underwent necro-
sis in cysts, which were ablated for 11 minutes at 110°C.
Conclusion: RF ablation (particularly at high temperatures for 
11 minutes) is an efficient and alternative method in pulmonary 
involvement of intractable and multiorgan hydatid disease.

P-192
Labeled endothelial progenitors cells isolated from peripheral 
blood with superparamagnetic iron oxide particles: an in vitro 
study
J.-H. Sun, Y.-L. Zhang, C.-H. Nie, S.-S. Zheng;
Hepatobiliary and Pancreatic Intervention Center, Division of 
Hepatobiliary and Pancreatic Surgery, Department of Surgery, The 
First Affiliated Hospital, College of Medicine, Zhejiang University, 
Hangzhou, China.

Purpose: To evaluate the biological characteristics of endothelial 
progenitor cells (EPCs) labeled with home-synthesized SPIO parti-
cles in vitro.
Material and Methods: EPCs were isolated from peripheral blood 
of the New Zealand rabbit and cultured in fibronectin-coated cul-
ture flasks. EPCs were labeled with home-synthesized SPIO parti-
cles at the final iron concentration of 20 μg/ml. Labeled EPCs were 
confirmed with transmission electron microscopy and Prussian 
blue staining. The quantity of iron per cell was detected by atomic 
absorption spectrometry. The membranous antigens of EPCs were 
detected by cytofluorimetric analysis. Cell viability and proliferation 
ability between labeled and unlabeled EPCs were compared.
Results: Rabbit EPCs were effectively labeled, and the labeling effi-
ciency was approximately 95%. SPIO particles located in the endo-
somal vesicles of the EPCs were confirmed by a transmission electron 
microscopy. No significant differences were found in cell viability and 
proliferation ability between labeled and unlabeled EPCs (P > 0.05).
Conclusion: Rabbit peripheral blood EPCs were effectively labeled 
by home-synthesized SPIO particles without influencing their main 
biological characteristics.

P-193
The UK endovascular trainees (UKETS): a novel collaborative 
training group promoting patient safety through basic 
endovascular skills training
S. Mafeld1, C. Nesbitt2, J. McCaslin2, R. Williams3, A. Bagnall4, P. Davey5;
1Radiology, Freeman Hospital, Newcastle-upon-Tyne, United 
Kingdom, 2Department of Vascular Surgery, The Northern Vascular 
Centre, Newcastle-upon-Tyne, United Kingdom, 3Interventional 
Radiology, Freeman Hospital, Newcastle-upon-Tyne, United 
Kingdom, 4Department of Cardiology, Freeman Hospital, 
Newcastle-upon-Tyne, United Kingdom, 5Vascular Unit, University 
Hospital of North Durham, Durham, United Kingdom.

Learning objectives: To create a basic endovascular skills course for 
trainees interested in interventional cardiology (IC), interventional 
radiology (IR) and vascular surgery (VS).
Background: The fundamental principles of endovascular practice are 
akin to all three interventional specialties and can be taught on endovas-
cular simulators. The UK Endovascular Trainees (UKETS) was been estab-
lished by trainees for trainees, aiming to deliver collaborative, expert-led, 
hands-on, virtual reality (VR) simulation-based basic skills training.



CIRSE Abstract Book
S300 CIRSE

C  RSE

P-197
Endovascular treatment of delayed postpancreatectomy 
hemorrhage: clinical, anatomical, and technical factors 
predictive of morbi-mortality
C. Gaudon1, J. Soussan2, V. Moutardier3, V. Vidal1;
1Service de Radiologie Adulte, Hopital de la Timone, Marseille, 
France, 2Service de Radiologie Adulte, Hopital Nord, Marseille, 
France, 3Service de Chirurgie Digestive, Hopital Nord, Marseille, 
France.

Purpose: To evaluate the effectiveness of endovascular treatment 
for late postpancreatectomy hemorrhage (PPH). To identify clinical, 
anatomic, and technical factors that may be predictive of morbidity 
and mortality.
Material and Methods: Between 2008 and 2012, 53 arteriograms 
were conducted on 42 patients who presented with late PPH. Thirty-
four patients underwent embolization. Clinical success, technical 
success, frequency of complications associated with the presence 
of anatomical variation, and the type of embolism technique were 
recorded.
Results: The clinical success was 85%. An anatomical variation of 
the celiac trunk (median arcuate ligament or angulation >45°) was 
observed in 26.2% (n = 11) patients. This variation significantly 
increased the rate of hemorrhaging re-occurring (p = 0.029), of com-
plications per embolization (p = 0.013), and of mortality (p = 0.045) 
during procedures conducted via the femoral artery. The techni-
cal success was 37.5% for patients with anatomical variation versus 
82.8% for the group with modal anatomy (p = 0.003). Sixteen embo-
lizations were conducted by inserting an endoprosthesis, 4 by selec-
tive embolization of the gastroduodenal artery stump, and 5 by 
embolization of the hepatic artery. The rate of hepatic complications 
was significantly higher (60%) in the group treated by hepatic artery 
embolization (p = 0.028).
Conclusion: Endovascular treatment is effective in treating late PPH. 
The presence of anatomical variation of the celiac trunk significantly 
increases the risk of reoccurring hemorrhage, technical failure, num-
ber of complications per procedure, and mortality when the pro-
cedure is conducted via the femoral artery. A humeral approach 
should be discussed for an endoprosthesis insertion.

P-198
Biodegradable esophageal stent placement: a novel or routine 
procedure?
G. Manova1, M. Totev2, G. Garvanska2, E. Ilieva2;
1Department of Emergency Endoscopy, UMBALSM “N. I. Pirogov” 
EAD, Sofia, Bulgaria, 2Department of Diagnostic Imaging, UMBALSM 
“N. I. Pirogov” EAD, Sofia, Bulgaria.

Purpose: Biodegradable (BD) stent placement has limited indica-
tions – benign esophageal stenosis most frequently with peptic, 
post-corrosive or post-operative etiology. It is suitable for refractory 
stenosis of long segments or after repeated dilations without per-
manent effect.
Material and Methods: We placed 6 BD stents during 2012; 2 for 
long-standing corrosive stenosis and 4 for marked peptic stenosis 
as consequence of untreated GERD and hiatal hernia. Despite the 
self-expanding metal stents, the BD stents required dilation prior 
to placement because of larger diameter of the mounted stents 
and a thinner and unstable proximal part of the introducing sys-
tem impeding the dilation and passage through stenosis. Another 
important inconvenience was the exceedingly small size of the 
radiopaque markers, which made the fluoroscopic control of stent 
deployment difficult.

P-195
Radioembolization can be performed without coil 
embolization using the anti-reflux Surefire Infusion System
A. van den Hoven, J. Prince, M. Samim, M. van den Bosch;
Radiology, University Medical Center Utrecht, Utrecht, Netherlands.

We present three cases of radioembolization using the anti-reflux 
Surefire Infusion System. In two cases, radioembolization was suc-
cessfully performed without coil embolization of extrahepatic ves-
sels. In one case, the Surefire catheter enabled treatment despite 
incomplete coil embolization of the extrahepatic artery.

GI tract intervention

P-196
Magnetic gastrointestinal anastomosis in pediatric patients
M. Zaritzky1, R. Ben2, K. Johnston3;
1Department of Radiology, University of Chicago, Comer Children’s 
Hospital, Chicago, IL, United States of America, 2Department of 
Gastroenterology, Hospital de Niños de La Plata, Buenos Aires, 
Argentina, 3Scientific Communications, MED Institute, Inc., West 
Lafayette, IN, United States of America.

Purpose: To describe 17 patients who underwent magnetic, non-
surgical gastrointestinal (GI) anastomoses.
Material and Methods: Patients with GI obstruction, stenosis, or 
atresia were treated with image-guided and/or endoscopically-
placed discoid magnet pairs or catheter-based cylindrical magnet 
pairs.
Results: Anastomosis was achieved in 7 days in an 11year-old with 
duodenal obstruction due to metastatic colon cancer. An uncov-
ered stent was placed. Anastomotic dilatation was required for 
tumor ingrowth, and the patient maintained oral intake until death. 
Anastomosis was achieved in an average of 6 days (range, 3 to 7 days) 
in 5 patients (age, 6 months to 5.9 years) with recurrent postsurgi-
cal esophageal stenosis refractory to dilatation; 3 of these patients 
underwent prophylactic stent placement. Anastomosis was achieved 
in 8 and 10 days in 2 patients (age, 2 years and 3.4 years, respec-
tively) who had rectocolonic stenosis after surgery for Hirschsprung 
disease; both underwent dilatation and 1 patient underwent stent 
placement. Primary anastomosis was achieved in 9 patients with 
esophageal atresia (Type A or Type C surgically converted to Type A) 
with a gap length of ≤4 cm. The average age of these patients was 3 
months (range, 23 days to 5 months). Esophageal anastomosis was 
achieved in an average of 4.2 days (range, 3 to 6 days). There were 
no anastomotic leaks. Eight patients developed anastomotic stric-
ture and required dilatation. Two patients required covered stent 
placement and 1 of these patients required surgical anastomosis.
Conclusion: Minimally invasive magnet placement was feasible and 
achieved anastomosis in all patients.
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P-200
Acute gastrointestinal bleeding: superselective endovascular 
embolization with n-butyl 2-cyanocrylate
U.G. Rossi1, F. Petrocelli2, M. Dahmane2, G. Damiani1, C. Ferro2, M. Cariati3;
1Radiology, San Carlo Borromeo Hospital, Milan, Italy, 2Radiology, 
San Martino, University Hospital, Genoa, Italy, 3Diagnostic Sciences, 
San Carlo Borromeo Hospital, Milan, Italy.

Learning objectives: To describe the preparation and superselec-
tive embolization with n-butyl 2-cyanocrylate + Lipiodol in patients 
with acute gastrointestinal bleeding.
Background: Despite advances in medical management, acute gas-
trointestinal bleeding remains a major cause of morbidity and mor-
tality. Computed tomography is accurate for detecting and localiz-
ing bleeding sites. Interventional endoscopy and angiography are 
the most rapid and less invasive techniques for controlling acute 
gastrointestinal bleeding. Nowadays, many embolic materials are 
used to control and stop acute gastrointestinal bleeding.
Clinical Findings/Procedure: The purpose of this poster is to illus-
trate the (i) indications, (ii) preparation, (iii) and delivery of the liquid 
embolic material n-butyl 2-cyanocrylate” + Lipiodol in acute gastro-
intestinal bleeding.
Conclusion: Superselective endovascular embolization is well-
accepted for treating patients with acute gastrointestinal bleeding. 
N-butyl 2-cyanocrylate + Lipiodol should be considered when other 
embolic materials are not indicated.

P-201
Not just another tube: principles of percutaneous radiologic 
gastrostomy and gastrojejunostomy tube placement and 
management for the interventional radiology trainee
A. Brown1, M. Smith2, M. Gipson2, K. Kondo2, C.E. Ray, Jr.2, J. Durham2, 
P. Rochon2;
1Radiology, University of Colorado, Aurora, CO, United States of 
America, 2Department of Interventional Radiology, University of 
Colorado Denver, Aurora, CO, United States of America.

Learning objectives: To discuss the important factors of percuta-
neous gastrostomy (PRG) and gastrojejunostomy (PRGJ) tube eval-
uation, placement and management as well as review the currently 
available gastrostomy devices.
Background: We have performed a systematic review of the litera-
ture on gastrostomy tube placement and have reviewed data from 
our institution on techniques and management of PRGs from 2001–
2012. A list of currently available gastrostomy tube applications are 
also discussed.
Clinical Findings/Procedure: Trainees should understand that pre-
paration before tube placement is critical for avoidance of compli-
cations, including evaluating for difficult anatomy such as colonic 
interposition or large left lobe of the liver. Tube placement is fluo-
roscopically performed over a guidewire through a small incision 
and gastropexy placement after stomach insufflation. Balloon types 
include pigtail-retained tubes, balloon-retained and chronic bum-
per or low-profile retained tubes, which range in size varying from 
10 to greater than 20F and whose application vary depending on 
the vendor. If PRGJ placement is planned, initial PRG placement 
should be oriented toward the pylorus.
Post-procedure management involves 24-hour evaluation of signs 
of peritonitis followed by initiation of feedings. Major complications 
are less than 8% and technical success approaches 100%. Serious 
complications include peritonitis caused by intraperitoneal leakage 
around a puncture site or from tube erosion causing frank gastric 
perforation.

Results: The short-term results were satisfactory; dysphagia was 
surmounted in all (100%) patients and they returned back to nor-
mal feeding. No pain or other complications occurred in our group. 
Follow-up examination one month later, after use of PPIs showed 
partial stent dissolution. The second month follow-up demonstrated 
residual fragments, observed only endoscopically. The esophageal 
wall presented with considerable hyperplasia and contact vulner-
ability, disrupted mucosal surface and tendency to form new short 
stenotic segments with resumption of dysphagia.
Conclusion: The good short-term results make using BD stents a 
feasible alternative for treatment of refractory esophageal stenosis. 
However, the unconvincing late results limit their application as a 
routine procedure for benign stenosis. Further randomized studies 
are required to precisely determine their use.

P-199
Disc-retained tubes for radiologically inserted gastrostomy 
(RIG): not up to the job?
N. Kibriya1, L. Wilbraham2, D. Mullan1, P. Puro1, S. Vasileuskaya1,
D. Edwards1, H.-U. Laasch1;
1Radiology Department, The Christie Hospital, Manchester, 
United Kingdom, 2Dept. of Nutrition and Dietetics, The Christie, 
Manchester, United Kingdom.

Purpose: A new replacement gastrostomy tube has recently been 
promoted as potentially suitable for primary radiological placement. 
Utilising a silicon disc as a retention mechanism, it obviates the 
maintenance required with balloon gastrostomy tubes. The purpose 
of this study was to assess the insertion procedure and performance 
of the disc-retained gastrostomy tube, recording complications and 
accidental displacements by prospective audits and to determine 
whether primary placement of the tube off-licence was feasible.
Material and Methods: Disc-retained 12 Fr. single lumen ‘Monarch’ 
gastrostomy tubes (UK Enteral, Selby, UK) were inserted by 3 GI inter-
ventional radiologists in a super-regional cancer centre. The 12Fr. 
tubes required a 20 Fr. peel-away sheath with 4 point gastropexy and 
were placed under conscious sedation using EEG bispectral index 
monitoring. Follow-up was performed in an in-house gastrostomy 
drop-in clinic at 1 week and 1 month, supplemented with weekly tele-
phone follow-up. Patients also had open access to the gastrostomy 
drop-in clinic for immediate advice and complication management.
Results: Eighteen patients had primary insertion of a Monarch gas-
trostomy tube over 5 months.
A total of 7/18 (39%) tubes were displaced: 5/18 (28%) completely, 
2/18 (11%) occult into the peritoneum; 4/18 (22%) patients devel-
oped infection at the stoma site.
Because of the unexpectedly poor tube performance, the study was 
terminated early.
Conclusion: Initial experience with the Monarch disc-retained gas-
trostomy demonstrates it unsuitable for primary placement with 
current protocols.
In view of the potentially serious complications, the MHRA has been 
informed. A request has been made to the distributer to reassess the 
tube design and/or procedure promoted for primary placement.
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P-204
New alternative treatment for giant prostate adenoma: 
a case report
I.I. Sitkin1, D.G. Kurbatov2, A.E. Lepetuhin2, S.A. Dubskii2;
1Radiology, Endocrinology Centre Research, Moscow, Russian 
Federation, 2Urology, Endocrinology Centre Research, Moscow, 
Russian Federation.

The prostate volume was 360 cm3. We performed embolization of 
the prostatic artery as an alternative method of treatment.
During the first 2 weeks the ESEPA (endovascular superselective 
embolization of prostatic arteries) prostate volume decreased to 
202 cm3, improving LUTS (lower urinary tract symptoms) and IPSS 
(International Prostate Symptom Score), which decreased to 17 points.

P-205
Coil embolization in the cystic artery due to massive duodenal 
hemorrhage
K. Yonenaga1, I. Ikushima1, Y. Yamashita2;
1Radiology, Miyakonojo Medical Association Hospital, Miyakonojo, 
Japan, 2Diagnostic Radiology, Kumamoto University Graduate 
School of Medical and Pharmaceutical Sciences, Kumamoto, Japan.

Hemorrhage in the cystic artery due to duodenal ulcers is rare. How-
ever, a knowledge of rare conditions is important. We report a case 
treated by coil embolization where the patient had a good clinical 
course.

P-206
Embolization using an Amplatzer vascular plug IV for an 
arteriovenous fistula in the donor pancreas after simultaneous 
pancreas-kidney transplantation
U. Teichgräber, H. Habrecht, S. Nagel, H. Steinkamp;
Department of Radiology, University Hospital Jena, Jena, Germany.

A rare case of an arteriovenous fistula (AVF) that developed over a 
course of 3 years after simultaneous pancreas–kidney transplanta-
tion. The AVF was treated with coil embolization using an Amplatzer 
vascular plug type 4.

Gynaecological intervention (incl. UFE)

P-207
Standardized protocol and close supervision render uterine 
artery embolization (UAE) safe for patients in an interventional 
radiological training unit
P. Lucatelli1, H. Wang2, R. Das3, A.-M. Belli3;
1Radiological sciences, “Sapienza” University of Rome, Rome, Italy, 
2Department of Vascular Interventional Radiology, 3rd Affiliated 
Hospital of Sun Yat-sen University, Guangzhou, China, 3Department 
of Radiology, St George’s Hospital, London, United Kingdom.

Purpose: Operator experience is assumed to be important in 
improving technical success while minimizing risks to patients 
undergoing endovascular procedures. It is important to ensure that 
trainees possess appropriate skills before embarking on treatments 
as primary operators. We retrospectively studied uterine artery 
embolization (UAE) performed by interventional radiology (IR) train-
ees at an IR training unit to investigate whether there was any poten-
tial disadvantage to patients treated by less experienced operators.

Conclusion: PRGs are beneficial for those patients with need for sup-
plemental nutrition, with gastric outlet obstruction and/or aspiration. 
Multiple techniques and applications exist, but for the trainee, care-
ful placement and post-procedure management of these tubes 
including patient tube teaching is critical for success.

P-202
Fluoroscopically guided balloon dilatation of esophageal 
strictures in children: how I do it
M. Golli1, R. Laamiri2, M. Zeghidi3, A. Zrig3, W. Mnari3, M. Maatouk3,
B. Hmida1, R. Salem3, M. Mekki2;
1Radiology, CHU Monastir, Monastir, Tunisia, 2Surgery, Medical 
University of Monastir, Monastir, Tunisia, 3Radiology, Medical 
University of Monastir, Monastir, Tunisia.

Learning objectives:
1. To describe the radiological esophageal balloon dilatation (EBD) 

technique.
2. To discuss the advantages and complications of fluoroscopically 

guided dilatation.
Background: The treatment of esophageal strictures in children 
aims to alleviate dysphagia and to prevent recurrent esophageal nar-
rowing. Current treatments include surgery, blindly performed bou-
gienage, endoscopic dilatation, and fluoroscopic balloon dilation.
Conservative treatment with wire-guided dilation is preferred for 
esophageal strictures.
Clinical Findings/Procedure: Between January 2007 and 
December 2012, we performed 232 EBD sessions to treat a multitude 
of disorders, including caustic in 32 cases, acid peptic in 8 cases, 
anastomotic strictures secondary to surgical repair of esophageal 
atresia in 5 cases, megaesophagus in 4 cases, and epidermolysis in 1 
case. Esophageal dilatation was performed under general anesthe-
sia in all cases. Every session was performed in five steps, (A) the first 
step involves identifying the stricture on the preprocedural esoph-
agogram, (B) the guide wire is advanced across the lesion under 
fluoroscopic control, (C) the balloon catheter is advanced over the 
wire and the balloon is centered on the lesion, (D) balloons of vari-
able diameters and lengths are inflated by radial force, repeatedly 
if necessary, and (E) postprocedural esophagogram is performed. 
Esophageal perforation was observed in only 1 case and treated 
conservatively.
Conclusion: Balloon dilatation of esophageal strictures can be suc-
cessfully and safely performed with minimal rate of complications.

P-203
Endovascular treatment of acute superior mesenteric artery 
thromboembolic occlusion: the good, the bad and the ugly
U.G. Rossi1, M. Dahmane2, F. Petrocelli2, C. Ferro2, G. Damiani1,
M. Cariati3;
1Radiology, San Carlo Borromeo Hospital, Milan, Italy, 2Radiology, 
San Martino, University Hospital, Genoa, Italy, 3Diagnostic Sciences, 
San Carlo Borromeo Hospital, Milan, Italy.

The outcome of endovascular treatment in acute superior mesenteric 
artery thromboembolic occlusion is variable. We illustrated three 
cases that reflect ‘the good, the bad and the ugly’.
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P-209
Technical eligibility for treatment of symptomatic fibroids by 
magnetic resonance-guided high focused ultrasound surgery
V. Froeling1, T.J. Kroencke2, N.F. Schreiter1, C. Scheurig-Muenkler2,
F. Collettini2, B. Hamm2, A. Beck1;
1Radiology, Charité, Berlin, Germany, 2Department of Diagnostic & 
Interventional Radiology, Charité Universitätsmedizin Berlin, Berlin, 
Germany.

Purpose: To evaluate the technical eligibility for magnetic resonance- 
guided high focused ultrasound surgery (MRgFUS) for women with 
symptomatic fibroids.
Material and Methods: Technical eligibility for MRgFUS without 
mitigation techniques was retrospectively evaluated in 783 pre-
menopausal women (median age, 44.2 years) with symptomatic 
fibroids who applied for UAE at our institution from 2001 to 2012. 
Technical eligibility for MRgFUS was assessed on the basis of mag-
netic resonance imaging (MRI) in accordance with the U.S. food 
and drug administration (FDA) approval and defined as the primary 
study endpoint. The secondary study endpoint was defined as eval-
uation of the most frequent exclusion criteria and differences in 
technical eligibility for MRgFUS and UAE.
Results: On the basis of MRI, 38.9% of women who applied for UAE 
were found to be technically eligible for MRgFUS without mitigation 
techniques. The most frequent reason for ineligibility was bowel interpo-
sition in the ultrasound beam path (60.4%). Differences in technical eli-
gibility for MRgFUS (38.9%) and UAE (99.2%) were significant (P < 0.001).
Conclusion: MRgFUS is technically possible in up to 40% women 
with symptomatic fibroids. The most frequent exclusion criterion is 
the presence of bowels in the ultrasound beam path.

P-210
Bladder and sexual function in women with symptomatic 
fibroids: effect of uterine artery embolisation
R. Das1, P. Lucatelli2, I.T. Manyonda3, A.-M. Belli1;
1Department of Radiology, St George’s Hospital, London, United 
Kingdom, 2Radiological Sciences, “Sapienza” University of Rome, 
Rome, Italy, 3Department of Gynaecology, St George’s Hospital, 
London, United Kingdom.

Purpose: To prospectively evaluate the role and efficacy of two val-
idated questionnaires in uterine artery embolisation: King’s Health 
Questionnaire (KHQ) and Female Sexual Function Index (FSFI) focussed 
on bladder and sexual function, respectively. Correlation of findings 
with the established uterine fibroid symptoms–health related quality 
of life score (UFS-HRQOL) and contrast-enhanced MRI was performed.
Material and Methods: Between March 2012 and January 2013, 
UAE was performed on 30 patients within an established UAE ser-
vice in a tertiary level IR unit with prospective assessment of KHQ, 
FSFI, UFS-HRQOL scores and contrast-enhanced MRI. All patients 
were enrolled in an ethically-approved prospective study evaluating 
the effect of UAE on bladder and sexual symptoms with pre-proce-
dural and 6-month follow-up.
Results: Interim follow-up has been completed in 36% patients at 
present and 6-month follow-up data will be performed by July 2013.
UFS-QOL scores demonstrate baseline scores of 40.9 (±23.9) and 
post-UAE scores of 78.7 (±23.1) (range UFS-HRQOL scores 0–100) 
with statistically significant improvement in quality-of-life post UAE.
Initial assessment of FSFI scores demonstrates mean pre-UAE scores 
of 14.2 (±10.6) and mean post-UAE scores of 19 (±13) (maximum FSFI 
score range 2–36) establishing a positive trend to improvement in 
sexual function following UAE. Further results analysis will closely 
correlate sexual function and KHQ findings on bladder function with 
UAE and test the validity of the questionnaires.

Material and Methods: From January 2007 to November 2012, 10 
dedicated IR fellows were primary operators for 204 UAE cases. We 
compared technical success, screening times (ST), and complications 
after categorizing their procedures into three groups: Group 1, ini-
tial 5 procedures; Group 2, >5; Group 3, penultimate 5 UAE for each 
trainee. We documented factors that may affect ST (number of vials 
employed and use of microcatheters).
Results: ST was 18.4 ± 8.1 min, 17.3 ± 9.0 min, and 16.3 ± 8.4 min 
in Groups 1, 2, and 3 respectively. There was no statistically signifi-
cant difference between these groups (p > 0.05). The analysis of the 
entire dataset after correction for number of vials employed and the 
utilization of microcatheters also showed no statistical significance 
(p > 0.05). All procedures were technically successful and the overall 
complication rate was 3.9%.
Conclusion: UAE was chosen as a highly standardized protocol, which 
is followed by all practitioners with no individual variation. All trainees 
are closely supervised by consultants. This compensates for their rela-
tive inexperience during early training. Although there is a nonsignif-
icant trend for shorter ST with experience, technical success was not 
compromised and overall complications were few. This is important 
and reassuring information for patient safety in a training unit.

P-208
Is uterine artery embolization in large-sized myoma efficient? 
A retrospective comparative study in 323 patients
K.S. Kim1, G.S. Jeon1, H.J. Choi1, M.D. Kim2, J.T. Lee1, J.H. Yoon1;
1Radiology, CHA Bundang Medical center, Gyeonggi-do, Korea, 
2Radiology, Research Institute of Radiological Science, Severance 
Hospital, Yonsei University College of Medicine, Seoul, Korea.

Purpose: The purpose of this study was to evaluate the effective-
ness, safety, and complications of uterine fibroid embolization in 
women with large fibroids.
Material and Methods: From January 2005 to February 2011, 323 
patients who underwent fibroid embolization for symptomatic 
uterine fibroids without adenomyosis were included in this study. 
Patients were divided into two groups: large fibroid burden group 
(group 1, n = 63), defined as a dominant fibroid with the longest 
axis ≥10 cm or a uterine volume of ≥700 cm3, and the control group 
(group 2, n = 260). Fibroid infarction and volume reduction were cal-
culated on the basis of MRI findings. Symptom status was assessed 
with a visual analog scale. Post-procedure complications and re-
interventions were recorded. The data were analyzed using appro-
priate statistical tests.
Results: No significant differences were seen in volume reductions 
of dominant fibroids (group 1, 46.5% vs. group 2, 52.0%, P = 0.082) 
or % volume reduction of uterus (group 1, 40.7% vs. group 2, 36.3%, 
P = 0.114) between the two groups. Furthermore, no significant dif-
ferences were seen between the two groups regarding satisfaction 
scores at immediate, mid-term follow-up (P = 0.524, P = 0.497) or the 
presence of procedure related complications (P = 0.193).
Conclusion: UFE had comparable outcomes when applied to large 
fibroid without increasing the risk of significant complications. 
Fibroid size may not be a key factor in predicting successful out-
comes of UFE.
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Conclusion: SHBN may significantly decrease pain after UAE, espe-
cially during the first 12 hours, and increases patient satisfaction. It 
is safe and can be easily performed under ultrasound and flouros-
copy guidance. The transuterine approach may be safe, although it 
requires further confirmation in a larger number of patients.

P-213
Noninvasive treatment of symptomatic leiomyomas: 
initial experience using magnetic resonance-guided focused 
ultrasound technology
F. Ciolina, F. Boni, F. Zaccagna, B. Cavallo Marincola, V. Noce,
M. Anzidei, A. Napoli, C. Catalano;
Radiological Sciences, Oncology and Anatomo-pathology, 
Policlinico Umberto I-Sapienza University of Rome, Rome, Italy.

Purpose: To determine the efficacy of sonication in symptomatic 
patients with leiomyomas and their volume reduction over time.
Material and Methods: Seventy-six leiomyomas in 60 women 
(average age, 38 years) were treated with MRI-guided focused ultra-
sound (MRgFUS). The treatment was performed using the ablative 
properties of the HIFU system under 3-T MRI guidance. Symptoms 
(e.g., menorrhagia, pelvic pain) were scored using severity score 
(SS) and quality of life was determined using the UFS-QOL score. 
Pretreatment measurements of leiomyoma volume were obtained 
from MR images. Immediately after treatment, nonperfused volume 
(NPV) was calculated from T1-W contrast-enhanced MR sequences. 
The average volume of treated fibroids was 90.27 ± 90.4 mm3. 
Follow-up images were obtained 3 and 12 months after treatment 
and were used to determine leiomyoma shrinkage. Qualitative and 
quantitative relations between fibroid volume, NPV ratio at treat-
ment, and 12-month shrinkage were measured.
Results: MRgFUS-treated patients demonstrated a significant 
change in USF-QoL score: mean SS score values were 48.6 ± 13.4 
(pretreatment), 25.1 ± 8.9 (3-month follow-up), and 19.3 ± 6.8 (12-
month follow-up). Fibroid volume changed from 90.27 ± 90.4 mm3 

(before treatment) to 54 ± 66.1 mm3 (at 12-month follow-up). We 
encountered a statistically significant difference between the two 
values   (p = 0.001). Mean post-treatment VNP was 57.65 ± 52.9 mm3, 
approximately 63% of total fibroid volume (p = 0.001).
Conclusion: MRgFUS therapy for leiomyomas results in significant 
symptom relief and greater than 50% total fibroid ablation in a non-
invasive manner with a high safety profile.

P-214
Retrospective analysis of elements that can predict short- 
and long-term outcome in patients with uterine leiomyomas 
treated with MRgFUS
F. Ciolina, F. Boni, B. Cavallo Marincola, V. Noce, F. Zaccagna,
M. Anzidei, A. Napoli, C. Catalano;
Radiological Sciences, Oncology and Anatomo-pathology, 
Policlinico Umberto I-Sapienza University of Rome, Rome, Italy.

Purpose: To retrospectively evaluate predictive factors to achieve an 
optimal treatment of uterine fibroids in patients treated with mag-
netic resonance-guided focused ultrasound (MRgFUS).
Material and Methods: Seventy-two fibroids (52 ± 18 mm) in 60 
symptomatic women (average age 39 ± 5 years) were treated with 
MRgFUS (ExAblate 2100) combined with a 3-T MR unit (GE).
T2 SI of fibroids and T1 SI were measured before and after adminis- 
tration of gadolinium (Gd-BOPTA, Bracco); also, the distance be-
tween the myoma center and skin, skin thickness, maximum diam-
eter, and fibroid volume were recorded. On the day of treatment, 
the nonperfused volume (NPV) was recorded after the treatment. 
Furthermore, treatment time was considered in terms of energy (J) 
used and duration of single sonication.

Conclusion: Evaluation of the new application of two validated gyn-
aecological symptom questionnaires to UAE demonstrates a posi-
tive trend to improvement in sexual and bladder function and cor-
relation with UFS-QOL.

P-211
UFE for the uterine cervical leiomyoma using gelatin sponge 
prepared by the pumping method
H. Fujisawa1, K. Koyama1, T. Kojima2, Y. Taki3, K. Ohba1, T. Kushihashi1;
1Department of Radiology, Showa University Northern Yokohama 
Hospital, Kanagawa, Japan, 2Gynecology, Amor Clinic, Kanagawa, 
Japan, 3Radiology, Fuchu Keijinkai Hospital, Tokyo, Japan.

Purpose: To learn clinical utilities in uterine fibroid embolization 
(UFE) for uterine cervical fibroids using gelatin sponge prepared by 
the pumping method.
Material and Methods: Among 952 patients who underwent UFE, 
24 who had fibroids located in the cervix were retrospectively ana-
lyzed. UFE was performed until flow at the uterine artery horizontal 
branch was stopped using gelatin sponge prepared by the pumping 
method similar to UAE for the uterine body fibroid.
The size of fibroids was assessed by magnetic resonance imaging 1, 
3, and 6 months after UFE. We also assessed a clinical utility by the 
patient’s symptoms.
Results: The mean reduction for the maximum fibroid in each case 
was 87% (1 month after UAE), 62% (3 months), and 34.3% (6 months). 
Re-growth was seen in the 3 cases. Degenerative fibroid expulsion 
in 5 cases and deterioration of the ovary function in 1 case were 
seen as complications. All patients felt relief of symptoms. One 
patient become pregnant 1 year after UFE and delivered by a cae-
sarean section.
Conclusion: UFE using gelatin sponge prepared by the pumping 
method is a safe and useful treatment procedure for uterine cervi-
cal fibroids.

P-212
Advantages of superior hypogastric nerve block for pain 
control after uterine artery embolization
O. Gencel1, S. Yilmaz2, M. Akin3, F. Kendiroglu3;
1Interventional Radiology, Varis-Son, Antalya, Turkey, 2Interventional 
Radiology, Mediterranean Integrative Oncology Group, Antalya 
Medstar Hospital, Antalya, Turkey, 3Radiology, Medstar Antalya 
Hospital, Antalya, Turkey.

Purpose: To evaluate the safety and efficacy of superior hypogas-
tric nerve block (SHNB) for pain control after uterine artery emboli-
zation (UAE).
Material and Methods: Between July 2012 and February 2013, 43 
symptomatic women treated with UAE underwent ultrasound- and 
flouroscopy-guided SHNB. In these patients, SHNB was performed 
transabdominally during the embolization by injecting 20 ml bupi-
vacaine anterior to the L5 vertebra corpus below the aortic bifurca-
tion. In 4 patients with a large uterus extending above L5, SHNB was 
performed through a transuterine approach. Patients were hospital-
ized for 2 days, and their IV narcotic analgesic (pethidine hydrochlo-
ride) doses were recorded for the first 12 hours and 48 hours in total. 
Analgesic doses in patients who underwent SHNB were statistically 
compared with those in the historical control group.
Results: SHNB procedure was technically successful in all patients. 
No procedure-related complications occurred. The narcotic analge-
sic dose in patients who underwent SHNB was significantly lower 
than that in the control group, especially for the first 12 hours. 
After discharge, 2 patients were readmitted for intense pain; these 
patients successfully underwent a second SHNB, resulting in rapid 
pain relief.
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P-217
Approaching a uterine artery pseudoaneurysm during 
pregnancy
S. Sai, N. Seino, T. Gokan;
Radiology, Showa University School of Medicine, Tokyo, Japan.

A uterine artery pseudoaneurysm with a 3-cm diameter developed 
four days after Shirodkar cervical suture. Transvaginal ultrasound-
guided thrombin injection was administered. The pseudoaneurysm 
disappeared after treatment, and normal delivery was successful.

P-218
Uterine artery embolization in a rare case of interstitial twin 
ectopic pregnancy
E.A. Marcantoni, E. Epifani, A. Ranalli, M. Bossalini, V. Trunfio, P. Larini, 
C. Rossi;
Diagnostica per Immagini, Azienda Ospedaliero-Universitaria di 
Parma, Parma, Italy.

Twin interstitial pregnancy is a rare and dangerous type of ectopic 
pregnancy associated with a high hemorrhage risk. A similar case 
was successfully treated by uterine artery embolization for thera-
peutic abortion after conservative maneuvers (methotrexate) failed. 
Embolization avoided the need for hysterectomy and preserved the 
uterus.

P-219
A case of pelvic congestion syndrome due to postpartum 
vaginal bleeding caused by laceration: successful treatment 
with percutaneous transcatheter thrombolysis
N. Mimica Haasz1, J.V. Del Cerro2;
1Vascular and Interventional Radiology, Hospital Universitario De 
Guadalajara, Guadalajara, Spain, 2Interventional Radiology Unit, 
Hospital Guadalajara, Guadalajara, Spain.

31-year-old woman with postpartum hemorrhage due to a vaginal 
laceration after an episiotomy was treated with transcatheter arte-
rial embolization. After a few days, she presented with pelvic con-
gestion syndrome due to a hematoma, which was treated with per-
cutaneous transcatheter thrombolysis.

Imaging

P-220
Early therapy response assessment by apparent diffusion 
coefficient (ADC) quantification following glass-based 
yttrium-90 radioembolization for unresectable hepatocellular 
carcinoma (HCC): a proof of concept study
N. Kokabi1, J.C. Camacho1, J.S. Kauh2, B.F. El-Rayes2, H.S. Kim1;
1Department of Interventional Radiology and Image Guided 
Medicine, Emory University School of Medicine, Atlanta, GA, United 
States of America, 2Department of Hematology and Medical 
Oncology, Winship Cancer Institute, Emory University School of 
Medicine, Atlanta, GA, United States of America.

Purpose: Early objective imaging biomarker assessment of infil-
trative HCC with PVT following Y90 radioembolization is not well 
understood. Early diffusion weighted imaging (DWI) of treated 
lesions was evaluated and correlated with anatomical treatment 
response using modified response evaluation criteria in solid tumors 
(mRECIST).

All parameters were related to final NPV and volume shrinkage at 12 
months to established short- and long-term treatment results.
Results: Difference between T1 SI of the fibroids and healthy myo-
metrium significantly correlated with volume shrinkage (45%) and 
NPV (60%, r = 0.85). T2 SI on pretreatment studies, distance between 
skin surface and myoma center (53 ± 19 mm), and skin thickness 
(13 ± 7 mm) showed a mild correlation with volume reduction at 
12 months (36 + 18 mm; r =-72.5, p = 0.047, and r = 69.7, p = 0.03, 
respectively).
Moreover, there was a positive correlation between measured 
parameters, sonication duration, and energy necessary to obtain a 
>50% NPV (70% ±15%, r = 62.8, p = 0.021).
Conclusion: SI ratio on T1w of uterine fibroids and myometrium on 
screening MRI should be considered as predictors of positive out-
come of MRgFUS treatment.

P-215
Effects of uterine artery embolization on ovarian function
V.D. Souftas1, P. Tsikouras2, N. Karapatsias2, V. Lyberis2, P. Prassopoulos1;
1Radiology, University Hospital of Alexandroupolis, 
Alexandroupolis, Greece, 2Gynaecology and Obstetrics, 
“Democritus” University of Thrace, Medical School, University 
Hospital of Alexandroupolis, Alexandroupolis, Greece.

Purpose: To evaluate the ovarian functional reserve after uterine 
artery embolization (UAE) for uterine fibroids (UF) in premenopausal 
women.
Material and Methods: This study enrolled 120 consecutive pa-
tients aged 37–48 years who underwent UAE for symptomatic UF. UAE 
encompassed unilateral femoral artery puncture, bilateral selective 
catheterization of uterine arteries using 4-F Cobra 1 or Simmons 1 
catheters, superselective catheterizations with microcatheters 2.7F 
to bypass vaginal and cervical (or even ovarian) arteries, and use of 
precise calibrated polyzene-coated microspheres of 700 μm diam-
eter as embolic material. Hormonal markers (FSH, LH, E2, AMH) were 
evaluated before and after UAE at the 1st, 3rd, 6th, and 12th month. 
Patients also answered a questionnaire regarding menopausal 
symptoms.
Results: Bilateral UAE was successfully performed in all cases. After 
embolization, significant increase in FSH and LH levels was observed, 
peaking in the 3rd postoperative month; subsequently, FSH and LH 
levels started to decrease and returned to baseline level in the 12th 
month. A statistically significant reduction in the E2 and AMH levels 
(p < 0.001) was observed in the first postoperative month, reaching 
their minimum value in the 3rd month; subsequently, E2 and AMH 
levels began to increase and returned to baseline level in the 12th 
postoperative month. Complete elimination of clinical climacteric 
symptoms occurred after 3 months.
Conclusion: Three to 12 months after UAE, the patients exhibited 
normal clinical and hormonal status.

P-216
Pseudoaneurysm as a cause of delayed postpartum 
hemorrhage: analysis of 8 cases
J.K. Rai, M. Cherian, P. Mehta;
Department of Vascular and Interventional Radiology, Kovai 
Medical Centre And Hospital, Puttur, Karnataka, India.

To study the cause of delayed postpartum hemorrhage and the fea-
sibility of embolization.
Eight consecutive patients who presented with bleeding PV 10 days 
following delivery were studied using angiography.
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showed recanalization on 4D CT. All 5 PAVMs, which showed <30% 
reduction in sac size on helical CT, showed recanalization on 4D CT. 
On the other hand, 7 (29%) of the 29 PAVMs that showed disappear-
ance of the aneurysmal sac showed complete resolution on 4D CT. 
Finally, 15 (52%) of 29 PAVMs showed recanalization on 4D CT.
Conclusion: Long-term 4D CT follow-up of successfully-treated 
PAVMs revealed successful embolotherapy of 48% PAVMs, whereas 
helical CT revealed successful embolotherapy of 83% PAVMs. In par-
ticular, marked reduction of the sac size may not reflect long-term 
successful treatment.

P-223
Foot perfusion CT in patients with peripheral arterial occlusive 
disease (PAOD) treated with prostanoid drug: a pilot study
M.F. la Torre1, R. Iezzi1, M. Santoro1, G. Tinelli2, F. Snider2, L. Bonomo1;
1Department of Bioimaging and Radiological Sciences, Institute of 
Radiology, “A. Gemelli” Hospital - Catholic University, Rome, Italy, 
2Cardiovascular Department, Vascular Surgery Unit, “A. Gemelli” 
Hospital - Catholic University, Rome, Italy.

Purpose: To evaluate the effectiveness of a prostanoid drug (ilo-
prost) in patients with PAOD using foot perfusion multidetector-row 
computed tomography (MDCT).
Material and Methods: After institutional review board approval 
and informed patient consent were obtained, 10 patients with PAOD 
aged more than 65 years were prospectively enrolled. All patients 
underwent dynamic foot 64-row CT before and after daily iloprost 
infusion for 1 week, acquiring 8 contiguous 5-mm reconstructed 
sections, with 1-second gantry rotation time and 60-second acqui-
sition time, during injection of 40-mL contrast medium (Iomeprol 
400 mgI/mL at 4 mL/sec). Data were analyzed by two experienced 
blinded readers using a dedicated software to calculate perfu-
sion parameters such as blood flow (BF), blood volume (BV), mean 
transit time (MTT), and permeability–surface area product (PS) 
before and after therapy. Interobserver and intraobserver agree-
ment of perfusion CT analysis were assessed by Bland–Altman anal-
yses. Perfusion parameter changes after prostanoid therapy were 
assessed by Wilcoxon’s test and compared with clinical and labora-
tory evaluation.
Results: Good interobserver and intraobserver agreement of per-
fusion CT analysis was obtained in all patients. By comparing perfu-
sion parameters after prostanoid treatment, a significantly shorter 
MTT was obtained with good concordance to clinical results.
Conclusion: Foot CT perfusion, by providing functional foot micro-
vasculature, may be useful to evaluate the effectiveness of pros-
tanoid therapy in patients with PAOD.

P-224
Unenhanced 3.0-T MR angiography evaluation of the renal 
artery: a comparative study with gadolinium-enhanced MR 
angiography
C. Braidy1, L. Cassagnes2, O. Helweh3, C. Gageanu3, L. Boyer3, 
P. Chabrot2;
1Radiology, Hotel-Dieu de France, Beirut, Lebanon, 2ISIT CaVITI, UMR 
6284 CNRS, Clermont-Ferrand, France, 3Radiology, CHU Clermont-
Ferrand, Clermont-Ferrand, France.

Purpose: To evaluate the diagnostic performance of 3D unen-
hanced MR angiography sequence (inflow inversion recovery steady 
state free precession/IIR SSFP) in detecting and quantifying renal 
artery stenosis (RAS) compared with gadolinium-enhanced MR angi-
ography (CE-MRA) as the reference standard.
Material and Methods: We prospectively analyzed 51 patients 
referred for suspected RAS and evaluated with unenhanced MRA 
and CE-MRA on a 3.0-T magnet. Image quality and presence and 

Material and Methods: In an IRB approved prospective study, 10 
consecutive patients (89% men, median age 55 years) with unre-
sectable infiltrative HCC underwent Y90 therapy. MRI was obtained 
before and 1 and 3 months after Y90 therapy. DWI fat-suppressed 
single-shot echo-planar sequence with tridirectional diffusion gra-
dient was performed (b = 50,400,800 s/mm2). Using pixel-based 
ADC maps, mean values of treated lesions and surrounding tumor-
free liver were measured by drawing regions of interest around cor-
responding areas. Treatment response was evaluated using RECIST 
and mRECIST. T-test was performed using SPSS Statistics v20.0 (IBM, 
Armonk, NY) with significance <0.05.
Results: On 30-day post therapy MR and based on mRECIST, 70% 
of patients had objective response (CR=30%, PR=40%, SD=20%, 
PD=10%). Mean baseline and post-Y90 ADC value of cancer-free 
liver was 1.10 × 10−3 and 1.08 × 10−3 mm2/sec (p=0.65). Mean ADC 
value of all treated tumors at baseline and post-Y90 therapy was 0.82 
× 10−3  and 1.19 × 10−3  mm2/sec respectively (p<0.001). Correlating 
with mRECIST treatment response, mean post-Y90 ADC of lesions 
with objective and those with no objective response were 1.26 × 
10−3  mm2/sec and 1.03 × 10−3  mm2/sec respectively (p=0.003). 
While there was a significant difference between ADC values of 
lesion with objective response vs. others, no significant difference 
was observed at baseline ADC of tumors with eventual objective 
response vs. others.
Conclusion: Mean ADC value measured 30-days post-therapy shows 
promise as an objective imaging biomarker to assess treatment 
response following Y90 therapy for infiltrative HCC.

P-221
Safe reliable imaging of patients with peripheral artery disease 
using a novel noncontrast MR angiographic technique
P. Amin1, M. Carr1, M. Wasielewski1, I. Koktzoglou2, J. Carr1, R. Edelman2, 
J. Collins1;
1Radiology, Northwestern Memorial Hospital, Chicago, IL, United 
States of America, 2Radiology, NorthShore University HealthSystem, 
Evanston, IL, United States of America.

WITHDRAWN

P-222
Long-term effectiveness of transcatheter coil embolotherapy 
for pulmonary arteriovenous malformation evaluated by 4D 
dynamic 320-slice contrast-enhanced CT
T. Sugiura1, T. Higashide2, Y. Kasahara1, S. Sakao1, N. Tanabe1, T. Uno2, 
K. Tatsumi1;
1Department of Respirology, Graduate School of Medicine, Chiba 
University, Chiba, Japan, 2Department of Diagnostic Radiology and 
Radiation Oncology, Graduate School of Medicine, Chiba University, 
Chiba, Japan.

Purpose: To retrospectively evaluate the long-term results of trans-
catheter coil embolotherapy for pulmonary arteriovenous malfor-
mation (PAVM) using helical computed tomography (CT) and 4D 
dynamic contrast-enhanced CT.
Material and Methods: Twenty-four patients (52 ± 15 years; 3 
males) underwent follow-up helical chest CT and 4D dynamic con-
trast-enhanced 320-slice CT (Aquilion ONE, Toshiba Medical) 1–17 
years after successful embolotherapy for 29 PAVMs. We estimated 
the shrinkage rate of the longest diameter of the aneurysmal sac 
and the diameter of residual feeding artery using contrast-enhanced 
helical CT. We also evaluated the presence of coil recanalization of 
PAVM using 4D dynamic contrast-enhanced 320-slice CT.
Results: Twenty-four (83%) of the 29 PAVMs had >30% reduction in 
the size of the aneurysmal sac or had a residual feeding artery <3 
mm, as seen on helical CT. However, 10 (42%) of these 24 PAVMs 
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P-226
Comparison of software-assisted interactive visualization 
and conventional visual comparison of pre- and post-
interventional CT datasets of patients treated with 
radiofrequency ablation for hepatic malignancies
P. Isfort1, H.-S. Na1, C. Rieder2, T. Penzkofer1, C. Kuhl1, P. Bruners1;
1Department of Diagnostic and Interventional Radiology, RWTH 
Aachen University Hospital, Aachen, Germany, 2Fraunhofer Institute 
for Medical Image Computing MEVIS, Bremen, Germany.

Purpose: To compare a novel software prototype for interactive 
visualization with traditional visual comparison of pre- and post-
interventional CT images in patients treated with radiofrequency 
ablation (RFA) for liver tumors.
Material and Methods: Thirty-nine cases of hepatic tumors treated 
with RFA were evaluated using the prototype software and conven-
tional image comparison by 4 blinded radiologists with different lev-
els of experience (4–7 years). Cases were randomized and evaluated 
in 2 sessions to avoid recall bias. Self-confidence of correct diagnosis 
(local recurrence vs. no local recurrence) on a 6-point scale was rated 
for each case. Using the ground-truth sensitivity, specificity, positive 
and negative predictive value, and receiver operating curves were 
calculated for both methods. Results are provided in unfiltered and 
filtered versions according to quality of the landmark-based regis-
tration (landmark distance <4 mm and <3 mm). Furthermore, time 
needed for each case was monitored and evaluated.
Results: Unfiltered sensitivity, specificity, PPV, and NPV for conven-
tional/software-assisted analysis are 0.35/0.6, 0.89/0.83, 0.52/0.55, 
and 0.80/0.86. For landmark registration distance <4 mm (31 cases) 
and <3 mm (17 cases), sensitivity, specificity, and PPV and NPV for 
conventional/software-assisted analysis were 0.41/0.72, 0.92/0.86, 
0.65/0.64, and 0.82/0.90 and 0.45/0.90, 0.92/0.90, 0.69/0.78, and 
0.80/0.96, respectively. Overall, no significant difference of the time 
needed for case analyses with the conventional method or using the 
software prototype was observed.
Conclusion: The software prototype is helpful for evaluating CT 
images before and after hepatic RFA. Especially when registration qual-
ity is high, the method offers superior sensitivity, PPV, NPV, and equiv-
alent high specificity compared with conventional image evaluation.

P-227
Revisiting renovascular imaging in the era of renal sympathetic 
denervation: how to image and what is relevant?
U. Pua;
Interventional Radiology, Tan Tock Seng Hospital, Singapore, 
Singapore.

Learning objectives:
1. To illustrate the strengths and weaknesses of various non-invasive 

techniques of renovascular imaging in the context of renal 
sympathetic denervation.

2. To showcase the spectrum of anatomical findings using illus-
trative cases with catheter angiography correlation

Background: Renal sympathetic denervation (RDN) is a novel endo-
vascular technique for treating resistant hypertension. Numerous 
devices using various endovascular platforms (e.g. catheter-based, 
balloon-based) are being developed. Pre-procedural imaging using 
non-invasive techniques such as Doppler ultrasound (US), con-
trast-enhanced computed tomography angiography (CECT), con-
trast-enhanced magnetic resonance angiography (CE-MRA) and, 
more recently, novel non-contrast MRA (NCMRA) techniques are 
described. Using cases from our institution, we hereby illustrate per-
tinent anatomical findings that are relevant to RDN.

grade of stenosis were assessed per segment for the renal arteries 
and for the proximal segment of celiac trunk and superior mesen-
teric artery (SMA). Sensitivity, specificity, positive and negative pre-
dictive value (NPV), and accuracy were calculated.
Results: In total, 120 renal arteries, 51 celiac trunks and 51 SMA were 
evaluated. Signal quality was significantly better with the unen-
hanced sequence for hilar and intrarenal segments of the renal 
arteries. We detected 17 significant stenoses and 3 occlusions com-
pared with 22 stenoses and 3 occlusions on CE-MRA of renal arter-
ies on unenhanced sequence, 18 stenoses compared with 17 steno-
ses for the celiac trunk, and 9 stenoses compared with 7 stenoses for 
SMA. On artery-by-artery analysis, sensitivity, specificity, accuracy, 
and NPV of unenhanced sequence in detecting stenosis were 76%, 
98%, 94%, and 93% for renal arteries; 100%, 97%, 100%, and 99% for 
the celiac trunk; and 100%, 95%, 100%, and 98% for SMA.
Conclusion: 3D SSFP unenhanced sequence, a fast and relatively 
cheaper technique, can be used for screening RAS in patients in 
whom contraindicated gadolinium injection is contraindicated.

P-225
Unenhanced 3.0-T MR angiography of lower limbs in peripheral 
arterial disease: a comparative study with gadolinium-enhanced 
MR angiography
C. Braidy1, A.D. Diop2, O. Helweh2, L. Cassagnes2, A. Orian2, P. Chabrot3, 
L. Boyer2;
1Radiology, Hotel-Dieu de France, Beirut, Lebanon, 2Radiology, CHU 
Clermont-Ferrand, Clermont-Ferrand, France, 3ISIT CaVITI, UMR 6284 
CNRS, Clermont-Ferrand, France.

Purpose: To assess the diagnostic performance of a 3.0-T, unen-
hanced, 3D fast spin-echo MR angiography sequence in detecting 
and quantifying lower limbs peripheral arterial disease (PAD) com-
pared with gadolinium-enhanced MR angiography (CE-MRA) as the 
reference standard.
Material and Methods: Fifty patients known to have PAD were 
included in this prospective study. We performed in every patient 
3D FSE sequence and CE-MRA on a 3.0-T system. We evaluated the 
examination duration, image quality, and location, and number and 
severity of lesions.
Results: Image quality was significantly better in CE-MRA, with 93.5% 
images listed as good-to-excellent for CE-MRA vs. 73% for 3D FSE. 
Sensitivity, specificity, negative predictive value (NPV), and accuracy 
of unenhanced MRA were 92%, 84%, 81%, and 90%, respectively, for 
all mixed levels; 90%, 67%, 69%, and 85%, respectively, for the aortoil-
iac level; 96%, 92%, 90%, and 95%, respectively, for the femoropop-
liteal level; and 89%, 88%, 82%, and 89%, respectively, for the sub-
popliteal level. Better image quality was obtained for unenhanced 
sequence in patients with stage IV ischemia at the subpopliteal level.
Conclusion: Unenhanced MR angiography demonstrated accept-
able performance in our study, suggesting its utility in screen PAD, 
especially in patients with stage IV ischemia and risk of venous over-
lay at the calf level.
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Background: Understanding US-based neck nerve anatomy and its 
spatial relationships is important to prevent iatrogenic nerve inju-
ries during US-guided procedures. Inadvertent injuries of the neck 
nerves may cause significant morbidity accompanied with medico-
legal problems.
Clinical Findings/Procedure: The usual location, course, and rela-
tions of the neck nerves to the adjacent anatomic structures are 
described on the basis of US examinations. Unusual anatomical vari-
ations are further explained. The neck nerve review encompasses 
the cervical plexus, brachial plexus, vagus nerve, recurrent laryn-
geal nerve, phrenic nerve, spinal accessory nerve, and cervical sym-
pathetic nerve. To help readers comprehend its location, we dis-
cuss useful anatomic landmarks and techniques for reducing iatro-
genic nerve injuries, according to the US-guided procedures includ-
ing lymph node biopsy and intervention (ethanol-, laser-, radiofre-
quency ablation) of the neck. 
Conclusion: Understanding US-based nerve anatomy and its spa-
tial relationships may help reduce the risk of iatrogenic nerve inju-
ries during US-guided procedures.

P-230
Postoperative ascending aorta pseudoaneurysms: 
complications and treatment - a pictorial overview
S. Katsilouli, S. Kampanarou, O. Karapanagiotou, I. Mastorakou;
Radiology, Onassis Cardiosurgery Center, Kallithea, Greece.

Learning objectives: To familiarise with imaging of pseudoaneu-
rysms of the ascending aorta after aortic graft surgery (AGS) and/or 
aortic valve replacement (AVR).
Background: Pseudoaneurysm formation is a rare complication of 
aortic surgery, with potentially fatal consequences.
Predisposing factors are dissection of the native aorta, infection, 
connective tissue disorders, hypertension, aortic calcification and 
blow out of the aortotomy site.
The clinical spectrum is broad, extending from dysphagia and stri-
dor to infection and/or cardiac ischaemia.
Diagnosis is based on non-invasive methods: transoesophageal 
echo (TEE) and multidetector computed tomography (MDCT), both 
methods being complementary to each other.
Clinical Findings/Procedure: Based on our experience (dedicated 
cardiac surgery centre with nationally wide referrals) of the last five 
years, we present the imaging findings of five patients who were 
detected with paravalvular leakage post AVR and/or AGS.
Findings included a giant pseudoaneurysm, pseudoaneurysm and 
fistulisation to the right pulmonary artery and abscess formation.
Imaging was performed with both TEE and ECG-gated MDCT.
At the same time, we analyse the mechanisms underlying the differ-
ent types of leakage and present a pictorial review of literature.
Finally, we discuss the alternative treatments, surgical or other, for 
this entity.
Conclusion: Both MDCT and TEE are excellent diagnostic tools when 
paravalvular leakage/pseudoaneurysm is suspected, although MDCT 
provides better anatomic information than TEE, helpful for pre-treat-
ment planning.
However, a thorough knowledge of the pathophysiology and the 
current methods of treatment are mandatory to get as much infor-
mation as possible for planning treatment.

Clinical Findings/Procedure: Renovascular imaging before RDN 
aims at the following:
1) to assess the presence and degree of existing renovascular disease
2) to provide anatomical information regarding RDN
Therefore, imaging should indicate the following:
i) presence and degree of renal artery stenosis
ii) caliber, length and number of renal arteries
iii) branching patterns (early branches/pre-hilar branches)
iv) vascular plaque burden and location
The issues unique to renovascular imaging in RDN will be discussed 
using illustrative cases. These include the following:
i) pre-existing renal impairment in resistant hypertensives, which 
limits or contraindicates iodinated and/or gadolinum contrast
ii) need for repeat surveillance imaging and contrast and radiation 
burden to the patient
Conclusion: Understanding the expectations of renovascular imag-
ing in the context of RDN as well as comprehensive understanding 
of the various non-invasive imaging techniques may enable appro-
priate selection of cases for RDN.

P-228
Diagnostic imaging before endovascular treatment of deep 
vein thrombosis: what we want to know and how
J. Husty, J. Boudny, T. Andrašina, J. Panek;
Department of Radiology, University Hospital Brno and Medical 
Faculty, Masaryk University, Brno, Czech Republic.

Learning objectives: To demonstrate the importance of appropri-
ate imaging before endovascular treatment of deep vein thrombosis 
(DVT), to discuss advantages and disadvantages of different imaging 
modalities and to show pathological conditions associated with DVT.
Background: Endovascular treatment of DVT represented by local 
pharmacological and mechanical thrombolysis plays an important 
role in the management of this unrare disease. Besides the clinical 
parameters, the choice of appropriate treatment is influenced by 
diagnostic imaging. The main goal of the pre-procedure imaging is 
to reveal possible underlying morphological changes and to deter-
mine the proximal extend of the thrombosis.
Clinical Findings/Procedure: The most common and, in some 
cases, the only imaging modality in pre-procedure planning is ultra-
sound. Besides its physical limitations, it is a highly examiner-depen-
dent modality. Computed tomography is the most common and 
precise method nowadays, but it is accompanied with significant 
radiation load. Magnetic resonance imaging also can provide suffi-
cient data, but because of its limited availability and higher time and 
technical demands, it is still used rarely, although a high number of 
treated patients are young (mainly women).
Multiple cases associated with DVT (retroperitoneal, pelvic and groin 
tumours, vena cava abnormalities, compression syndrome, vena 
cava thrombus etc.) are presented to bring an overview of possible 
pathological changes and characteristic findings.
Conclusion: Appropriate imaging is a mandatory part of pre-proce-
dure planning in endovascular treatment of DVT.

P-229
Ultrasound-based review of neck nerve anatomy and its spatial 
relationships for prevention of iatrogenic nerve injuries during 
US-guided procedures
E.J. Ha, J.H. Baek, J.H. Lee;
Department of Radiology and Research Institute of Radiology, Asan 
Medical Center, Seoul, Korea.

Learning objectives: The purpose of this educational exhibit is to 
review the ultrasound (US)-based neck nerve anatomy, its variations, 
and its spatial relationships along with examples of practical cases.
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pancreas is virtually entirely surrounded by other vital organs, and by 
virtue of its unique embryology, the pancreas shares arterial supply with 
some of these organs such as the duodenum and the spleen. As a result, 
a detailed knowledge of “normal” pancreatic vascular anatomy and its 
variants is absolutely crucial for planning a strategy for approach to and 
complications arising from image-guided interventions for pancreatic 
pathology as well as for intervention involving the surrounding organs.
Conclusion: The vascular anatomy of the pancreas is often under-
emphasized, but a thorough knowledge is critical for proper diag-
nostic interpretation and therapeutic intervention for many com-
mon diseases.

P-233
Real-time non-invasive assessment of microvascular perfusion 
in peripheral arterial intervention
A. Shaw1, L. Mailli1, T. Thacher2, K.N. Katsanos1, N. Karunanithy1;
1Interventional Radiology, Guy’s & St Thomas’ NHS Foundation 
Trust, London, United Kingdom, 2Division of Clinical development, 
Aïmago, Lausanne, Switzerland.

Learning objectives: Laser Doppler imaging (LDI) is a validated 
method for assessing microvascular perfusion. LDI provides a real-
time, intraoperative assessment of perfusion and can track changes 
in perfusion in the acute (24–48 hour) and subacute (1 week) post- 
operative phases.
Background: The Easy LDI (Aïmago SA) is a new FDA- and CE- 
approved real-time device that can resolve pulsatile flow in the micro- 
circulation and record images and videos instantaneously. Its cur-
rently used in the management of burns and intraoperative moni-
toring of skin and tissue flaps. The alterations in microvascular per-
fusion occurring after endovascular intervention in peripheral arte-
rial disease have not been described previously. The authors present 
their early experience using this device.
Clinical Findings/Procedure: The LDI camera is positioned at fixed 
locations over the patient’s limb representative of the respective 
angiosomes. Static images and short video clips are stored on the 
in-built hard drive of the camera. Measurements are taken before 
and after endovascular treatment and can be downloaded through 
the integrated USB drive. We have demonstrated direct, quantifiable 
real-time increases in microcirculatory perfusion following endovas-
cular therapy.
Conclusion: Using LDI, the operator can integrate live perfusion 
imaging into the intraoperative environment with the potential 
future benefit being a direct objective method of quantifying tech-
nical success.

P-234
Low and high-flow soft-tissue vascular malformations of the 
upper limbs: key MRI and contrast-enhanced MRA findings
E.P. Eyheremendy, M. Nazar, M.F. Grana, E. Mondello;
Radiology, Hospital Alemán, Buenos Aires, Argentina.

Learning objectives: To evaluate the usefulness of magnetic reso-
nance (MR) imaging (MRI) and contrast-enhanced (CE) MR angiogra-
phy (MRA) in patients with clinical suspicion of vascular malforma-
tions (VMs) and to describe the characteristic findings and estab-
lish criteria for a suitable classification and an accurate differential 
diagnosis.
Background: According to the International Society for the Study 
of Vascular Anomalies, low-flow vascular malformations are classi-
fied into capillary, venous, lymphatic, capillary–venous and capil-
lary–lymphatic. High-flow VMs include arteriovenous malformations 
(AVMs) and arteriovenous fistulas. During the proliferative phase, 
infantile hemangiomas are considered high-flow lesions. Adequate 
imaging in association with clinical findings is crucial for establishing 

P-231
Cystic adventitial disease: imaging features with surgical and 
pathological correlation
M. Mendigaña Ramos, I. Insausti Gorbea, F. Urtasun Grijalba,
A. Martínez de la Cuesta;
Vascular and Interventional Radiology Section, Complejo 
Hospitalario de Navarra, Pamplona, Spain.

Learning objectives:
1. To review the disease characteristics and imaging features of cys 
    tic adventitial disease.
2. To present the surgical and pathological correlation and our expe 
    rience in three cases of cystic adventitial disease.
Background: Cystic adventitial disease is a rare disorder of the 
peripheral arteries, characterized by cystic degeneration of their 
walls. It most commonly affects young men, presenting with un-
usual symptoms of rapidly progressive unilateral intermittent claudi-
cation and no evidence of atheroesclerotic or other systemic vascu-
lar disease. The popliteal artery is typically affected but other loca-
tions, such as the external iliac, common femoral, radial, and ulnar 
arteries, are also known to be affected.
The etiology of cystic adventitial disease is unclear and different the-
ories try to explain this disorder (repetitive microtrauma, myxoma-
tous systemic degenerative disease, synovial or ganglion hypothe-
sis, and embryological abnormality).
Clinical Findings/Procedure: Although angiography has classically 
been considered the gold standard, nowadays other imaging tech-
niques such as computed tomography (CT), magnetic resonance 
(MR), and MR angiography provide more information.
The differential diagnosis includes aneurysmal dilatation and syno-
vial cyst among others. Several therapeutic options are available, but 
surgery remains the best choice. We present the imaging findings of 
three cases of cystic adventitial disease, diagnosed at our hospital, 
with surgical and pathological correlation.
Conclusion: It is important for radiologists to be acquainted with 
the clinical presentation and imaging findings of this disease albeit 
its rarity.

P-232
Vascular anatomy of the pancreas and its importance in 
interventional radiology
A. Williams1, D.W. Cain2, C. Ray1;
1Radiology, University of Colorado, Denver, CO, United States of 
America, 2School of Medicine, University of Colorado, Aurora, CO, 
United States of America.

Learning objectives:
1. Provide a concise review of the pancreatic embryology 

and vasculature
2. Illustrate normal pancreatic vascular anatomy 

and common variants
3. Present concepts regarding pancreatic vascular anatomy 

and clinical implications
Background: The vascular anatomy of the pancreas is a frequently 
underemphasized teaching point, especially given its importance in 
relatively common pathologies such as pancreatitis and pancreatic 
adenocarcinoma. Interventional radiologists are frequently called 
upon to treat a variety of problems involving the pancreas and sur-
rounding organs. A thorough knowledge of the pancreatic vascu-
lature is needed not only for accurate interpretation of diagnostic 
images and intervention for primary pancreatic pathology but also 
for endovascular intervention involving the surrounding organs.
Clinical Findings/Procedure: The arterial supply to the pancreas is rich 
in collaterals and originates from both the celiac axis and the superior 
mesenteric artery. As a deeply embedded retroperitoneal organ, the 
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P-236
Grading abdominal visceral injuries in major trauma for 
planning interventional radiology management
D. Fascia1, E. Kashef2, M. Jenkins3, M.S. Hamady1;
1Interventional Radiology, St Mary’s Hospital, London, United 
Kingdom, 2Radiology, Imperial College NHS Trust, London, United 
Kingdom, 3Vascular Surgery, St Mary’s Hospital, London, United 
Kingdom.

Learning objectives: An understanding of the grading systems for 
abdominal visceral injuries in major trauma is useful in the planning 
and selection of cases suitable for interventional radiology manage-
ment of active haemorrhage.
Background: Transcatheter embolisation is an effective non-inva-
sive means of treating ongoing abdominal visceral haemorrhage 
in a major trauma setting, but careful selection of suitable cases is 
essential. The use of a universal organ grading system allows recog-
nition of patterns of injury and triage to surgical, interventional or a 
combined faculty approach.
The American Association for the Surgery of Trauma (AAST) grad-
ing system is widely used by surgeons and emergency physicians 
and allows rapid communication and assessment of organ injury 
severity.
Clinical Findings/Procedure: At the West London Major Trauma 
Centre, we adapted the AAST system to create an illustrated rapid 
reference poster for radiologists assessing whole body trauma com-
puted tomography (CT) studies.
As the most frequent life threatening abdominal visceral injuries in 
our population involve the spleen, kidneys and liver, our visual grad-
ing system is limited to these organs.
This enables trauma radiologists to rapidly communicate findings 
to interventionalists and guide decisions on most appropriate man-
agement of active abdominal organ haemorrhage.
Conclusion: By adapting the most commonly used organ injury 
grading system into a visual lingua franca for diagnostic radiolo-
gists working in a major trauma setting, we have been able to rap-
idly treat more abdominal visceral haemorrhagic injuries with inter-
ventional radiology, which previously proceeded to open surgery. 
We are also able to identify high grade injuries, which often require 
a combined surgical/interventional approach.

P-237
The role of rotational angiography in evaluating and treating 
renal artery stenosis in renal transplant patients
A.J. Wise, L. Davis, U. Patel, L. Ratnam;
Interventional Radiology, St Georges Hospital NHS Trust, London, 
United Kingdom.

Learning objectives: To describe dynamic rotational angiography 
(DRA) as the optimal pre-procedural imaging technique in charac-
terising transplant renal artery stenosis and reducing contrast load. 
Angiographic images from cases in our unit will be used to illustrate 
this.
Background: Treatment of transplanted renal artery stenosis is 
technically demanding. Pre-procedural characterisation for opti-
mal visualisation, access and subsequent endovascular treatment 
is vital. In the context of allograft dysfunction, contrast load is also 
an important consideration. In our experience, DRA ranging from 
a steep right anterior oblique (RAO) to left anterior oblique (LAO) 
angle offers maximal angiographic information while critically using 
only one bolus of contrast.
Clinical Findings/Procedure: Diagnostic angiographic acquisition 
is performed with a flush catheter sited in the corresponding exter-
nal iliac artery. The start and finish angles are selected by the opera-
tor, routinely RAO 90° to LAO 40°. We apply the algorithm of time of 

the accurate diagnosis. On the basis of our experience with 89 
patients from February 2010 to January 20013, we describe the char-
acteristic MR findings of these malformations.
Clinical Findings/Procedure: VMs are usually hypo- or isointense 
on T1-weighted, hyperintense on T2-weighted images, and enhance 
heterogeneously with gadolinium. Phleboliths are the key to dia- 
gnose VMs. Lymphatic malformations are hypointense on T1- 
weighted and hyperintense on T2-weighted sequences, with no 
gadolinium enhancement except in some peripheral septum. A 
main feature of high-flow vascular malformations on conventio- 
nal MRI is the presence of flow voids on T1- and T2-weighted spin-
echo imaging and bright signal on gradient-echo sequences. 
Conventional CE-MRA evaluates the morphology and extension of 
AVMs with excellent details. The dynamics were excellently demon-
strated by using time-resolved imaging.
Conclusion: MR imaging is the most valuable modality in the diag-
nosis and classification of vascular malformations. It depicts the ana-
tomical relation between the vascular lesion and adjacent structures 
and allows appropriate treatment.

P-235
Assessment of tumor response after thermal ablation of 
hepatic lesions: what you need to know
D.K. Filippiadis, M. Mademli, A. Mazioti-Filippiadis, S. Argentos,
N. Oikonomopoulos, A.D. Kelekis, N.L. Kelekis;
2nd Radiology Department, University General Hospital “ATTIKON”, 
Athens, Greece.

Learning objectives:
-  To describe the state-of-the art imaging post-liver thermal 

ablation and response criteria
-  To analyze optimal imaging timings in relation to therapeutic and 

follow-up strategies
-  To illustrate future imaging potential and developments
Background: Image-guided tumor ablation provides curative treat-
ment in appropriately selected patients or appropriate therapeu-
tic options whenever surgical techniques are precluded. Tumor re-
sponse assessment post-ablation is important in determining treat-
ment success and future therapy.
Clinical Findings/Procedure: MRI (conventional T1WI, T2WI, 
dynamic contrast-enhanced imaging) for tumor response assess-
ment post-liver thermal ablation is considered the most accurate 
method in early detection of residual/recurrent tumors. One disad-
vantage is its incapability to distinguish viable cells from reactive 
granulation tissue. Functional imaging, including diffusion MR imag-
ing and apparent diffusion coefficient (ADC) mapping, has the abil-
ity to provide unique insight about molecular water distribution 
within a tumor, and therefore, indicate tumor viability degree at cel-
lular level. Contrast-enhanced ultrasound (CEUS) can provide valu-
able information on the ablation effects faster and at lower cost than 
computed tomography (CT) or MRI. However, a disadvantage is that 
the technique cannot examine total liver parenchyma for disease 
progression as CT and MRI.
Conclusion: Accurate interpretation of post-ablation imaging find-
ings is crucial for therapeutic and follow-up strategies. MRI plays 
important role in patients’ follow-up post-liver thermal ablation. 
Diffusion-weighted MR imaging has proved its promising character 
for the noninvasive assessment of tumor response to thermal abla-
tion and prediction of tumor response. CEUS is a promising imaging 
modality for tumor response assessment and prediction, but further 
studies are necessary.
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Size, location, length and width of the neck and presence of collat-
eral circulation were analysed, providing important information 
such as risk of complication and treatment planning.
Conclusion:
1. CT angiography is a safe, fast and accurate tool for diagnosis of 
pseudoaneurysms.
2. It provides critical information (size, location, neck, collateral cir-
culation and expandability of the artery), which is essential in the 
choice of treatment.
3. CT can help detect other associated disease that may not be 
detected with other imaging modalities.

P-240
Unfused middle cerebral artery
K. Akkan1, B. Önal1, E.T. Ilgit1, A. Avdan Aslan1, M. Ucar1, C. Yuce2;
1Radiology, Gazi University School of Medicine, Ankara, Turkey, 
2Radiology, Medicana International Ankara Hospital, Ankara, Turkey.

Learning objectives: To evaluate the angiographical features of 
unfused middle cerebral artery (MCA) with its differential diagnosis 
and review the literature.
Background: In the embryonic stage, a primitive MCA exists and 
comprises a plexiform arterial network; cessation of this period 
may lead to its persistance, resulting in unfused MCA. It is usu-
ally diagnosed incidentally while evaluating other cerebrovascular 
pathologies.
Clinical Findings/Procedure: Selective carotid angiographies with 
the indication of carotid stenosis, intracranial aneurysm, or arterio-
venous malformation revealed extremely rare unfused MCAs in four 
cases. The unfused MCAs were right-sided in three cases. MRI mis-
diagnosed the unfused segment in one case as an arteriovenous 
malformation. Carotid angiographies demonstrated accompany-
ing carotid stenosis in one case and anterior communicating artery 
aneurysm in the other. In the other two cases, no additional pathol-
ogy was established.
Conclusion: MCA anomalies are extremely rare; therefore, its ter-
minology has not gained wide acceptance yet. Short M1 segment 
of MCA, which proceeded as plexiform arterial channels provid-
ing bifurcation, M2 and M3 segments of MCA were the main angio-
graphic features of unfused MCA.

P-241
Non-contrast MR angiography: a novel technique for imaging 
peripheral and renal vasculature
Y. Gupta1, G. Charles-Edwards2, K.N. Katsanos3, J. Scoble4, P.R. Taylor5, 
N. Karunanithy3;
1Radiology, Guys & St Thomas NHS Foundation Trust, London, 
United Kingdom, 2Medical Physics, Guys & St Thomas’ Hospital, 
London, United Kingdom, 3Interventional Radiology, Guy’s and 
St. Thomas’ Hospitals, London, United Kingdom, 4Nephrology & 
Transplant Surgery, Guy’s & St Thomas’ NHS Foundation Trust, 
London, United Kingdom, 5Department of Vascular Surgery, Guy’s & 
St. Thomas’s Hospital, London, United Kingdom.

Learning objectives: We present an overview of the novel non-
contrast magnetic resonance angiography techniques of Native 
TrueFISP and Native Space for imaging renal and peripheral vascula-
ture, including an explanation of the underlying physics, a compari-
son with currently used modalities, and a description of their appli-
cations in renal and peripheral angiography.
Background: Although digital subtraction angiography remains the 
reference standard for arterial evaluation, less invasive modali-
ties have replaced it as a primary screening tool. These modalities, 
however, have significant drawbacks. Duplex ultrasound demons- 
trates inter-observer variability and limited aorto-iliac evaluation. 

rotation plus x-ray delay multiplied by ml per second of contrast to 
give us our total bolus averaging 16 ml. The intensifier head makes 
two passes over the patient with the injection in between resulting 
in a subtracted dynamic image.
Conclusion: We demonstrate an easily reproducible technique 
using minimal amount of contrast in rotational acquisition to obtain 
maximum and optimal information in angiography of the renal 
artery in renal transplant patients. This enables selection of the best 
angle for subsequent imaging and intervention.

P-238
Complications of cephalic duodenopancreatectomy: 
the role of interventional radiology
A. Saez de Ocariz Garcia1, I. Insausti Gorbea2, F. Urtasun Grijalba2,
A. Martínez de la Cuesta2;
1Radiology, Complejo hospitalario de Navarra, Pamplona, Spain, 
2Vascular and Interventional Radiology Section, Complejo 
Hospitalario de Navarra, Pamplona, Spain.

Learning objectives: To describe the different complications (vas-
cular, biliary, infectious) that may occur after cephalic duodenopan-
createctomy.
We illustrate, with examples, the different minimally invasive treat-
ment options available to resolve these complications.
Background: We retrospectively reviewed 38 patients in our hospital 
who had a complication following cephalic duodenopancreatectomy.
The different complications observed were gastrointestinal bleed-
ing, abdominal abscess, biliodigestive anastomotic stenosis, pan-
creatic fistulas, anastomotic leakage, colangitis and intestinal 
obstruction.
Clinical Findings/Procedure: These complications were dealt with 
by means of different interventional radiology techniques.
The procedures performed included arterial embolisation, vascular 
stent insertion, biliary dilatation and stenting.
Different materials were used in connection with these techniques, 
including covered and non-covered stents, Onyx, coils and drainages.
Conclusion: Vascular and non-vascular complications are fairly 
common following a cephalic duodenopancreatectomy.
Interventional radiologists should be acquainted with the different 
treatment options available.

P-239
Spectrum of CT angiography findings of pseudoaneurysms
R. Guerrero, J.A. Molina, J. Villalba;
Radiology, Hospital de la Santa Creu i Sant Pau, Barcelona, Spain.

Learning objectives:
1. To review the epidemiology and clinical presentation of pseudoa-

neurysms.
2. To highlight the radiological features of pseudoaneurysms, with 

special emphasis on angio computed tomography (CT) findings.
3. To learn to identify all the information provided by CT, which is 

essential in the choice of treatment.
Background: A pseudoaneurysm is a contained rupture of the arte-
rial wall with a persistent connection (neck) to the artery. It is a com-
mon injury that is becoming more prominent in radiological stud-
ies because of the increase of invasive procedures and the improve-
ment of sensitivity of imaging techniques. CT angiography has sev-
eral advantages compared with other imaging modalities: it is not 
operator dependent, has a shorter acquisition time and provides an 
overview of the entire vasculature.
Clinical Findings/Procedure: A retrospective review of all pseudo-
aneurysms detected in our radiology department from January 2011 
to April 2012 was performed. All patients were evaluated by CT. In 
some cases arteriography was performed.
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P-245
Management of thromboembolic events in a patient with a 
hereditary bleeding disorder
R. Malý1, V. Chovanec2, T. Tomko1, A. Krajina2;
1Dpt. of Cardiovascular Medicine I, University Hospital, Hradec 
Králové, Czech Republic, 2Department of Radiology, University 
Hospital, Hradec Králové, Czech Republic.

Hereditary hemorrhagic telangiectasia (HHT) is characterized by 
arteriovenous malformations (AVMs) and hemorrhage. We describe 
a case of a 56-year-old female with HHT, history of acute lower limb 
ischemia followed by paradoxical embolization, and complicated by 
thrombosis of the superior mesenteric vein.

P-246
Extensive intravenous leiomyomatosis
R. Malý1, V. Vršanská1, V. Chovanec2, J. Bis1, J. Žižka2;
1Department of Cardiovascular Medicine I, University Hospital, 
Hradec Králové, Czech Republic, 2Department of Radiology, 
University Hospital Hradec Kralove, Hradec Králové, Czech Republic.

Intravenous leiomyomatosis is characterized by rare, histologically 
benign tumors. We describe the case of a 54-year-old woman who 
underwent hysterectomy for myomas 7 years before, now asymp-
tomatic, with incidental evidence of a pelvic intracaval mass extend-
ing close up to the right atrium.

Neuro and carotid intervention

P-247
Endovascular embolization of cerebral aneurysms by hydrogel 
coils
D.T. Knap, J. Baron;
Interventional Radiology, Central Clinic, Katowice, Poland.

Purpose: To evaluate cerebral aneurysms using imaging methods and 
systems for data analysis. Present techniques and results of endovas-
cular treatment of cerebral aneurysms with hydrogel coils.
Material and Methods: Sixty patients between the ages 28 to 72 
(44 women and 16 men) were treated from January 2010 to March 
2012; 72 endovascular embolization procedures were performed. 
Digital subtraction angiography (DSA) of cerebral vessels with rota-
tional scanning was performed in the group of 60 patients. Image 
analysis was made in a specialized workstation Phillips Integris 3D 
RA (Three- Dimensional Rotational Angiography). 3D reconstruc-
tions of cerebral arteries were made based on the collected data. 
Endovascular embolization of cerebral aneurysms was performed 
using hydrogel coils, which are expended by the blood 3 times in 
comparison with the initial diameter reaching maximum diameter in 
approximately 20 min.
Results: Among the group of 60 patients, subarachnoid haemor-
rhage was confirmed in 18 cases. In 27 cases, the effect of the pro-
cedure has been confirmed. In 70 cases, complete embolization was 
performed. In 2 cases, partial embolization was performed.
Conclusion: Endovascular embolization using hydrogel coils is an 
effective and safe treatment for cerebral aneurysms, although it car-
ries the risk of complications occurring.

Contrast-enhanced computed tomography involves a radiation 
burden, is limited by arterial wall calcification, and uses nephro-
toxic and potentially allergenic intravenous contrast. Magnetic res-
onance angiography (MRA) employing gadolinium is implicated in 
Nephrogenic Systemic Fibrosis (NSF). Furthermore, in the current 
economic situation, reducing the use of expensive contrast agents 
can result in significant cost benefits. Collectively, these factors 
increase the demand for MRA techniques, which uses intrinsic rather 
than extrinsic contrast mechanisms.
Clinical Findings/Procedure: Native TrueFISP MRA exploits the 
inflow of non-inverted blood to depict the vessels, following prep-
aration of the imaging volume with an inversion recovery pulse. 
In Native Space MRA, contrast is based on the difference in signal-
intensity between fast- and slow-flowing blood. Subtraction of the 
diastolic (arteries appear bright) and systolic (arteries appear dark) 
images results in an MR arteriogram and provides functional infor-
mation on blood flow.
Conclusion: The non-contrast MR angiography techniques of Native 
TrueFISP and Native Space present compelling advantages over cur-
rently available techniques for imaging renal and peripheral vessels.

P-242
Complications of IABP (intra-aortic balloon pump) in a patient 
with dilated cardiomyopathy
S. Kampanarou, O. Karapanagiotou, S. Katsilouli, I. Mastorakou;
Radiology, Onassis Cardiosurgery Center, Kallithea, Greece.

A 46-year-old patient with a recently implanted IABP for dilated car-
diomyopathy presented with left-sided back pain followed by right 
forearm ischaemia.
MDCT revealed massive thrombosis of the celiac, hepatic, superior 
mesenteric, splenic and renal arteries.

P-243
Multimodality Imaging of Bio-absorbable vascular stents in 
Peripheral arteries
P. Mundada1, M.M.L. Tan2, S. Kum3, Y.K. Tan3;
1Radiology, Changi General Hospital, Singapore, Singapore, 
2Radiology Department, Changi General Hospital, Singapore, 
Singapore, 3Vascular Surgery, Changi General Hospital, Singapore, 
Singapore.

WITHDRAWN

P-244
Kommerell’s diverticulum with aortic dissection: 
A rare vascular anomaly
M. Mendigaña Ramos1, N. Romero Flores2, I. Insausti Gorbea1,
F. Urtasun Grijalba1, A. Martínez de la Cuesta1;
1Vascular and Interventional Radiology Section, Complejo 
Hospitalario de Navarra, Pamplona, Spain, 2Radiology, Hospital 
Josep Trueta, Gerona, Spain.

Presentation and discussion of imaging features of a rare anomaly com-
prising a right aortic arch with aberrant origin of the left subclavian artery 
arising from Kommerell’s diverticulum associated with aortic dissection.



CIRSE 2013 SS/FC/HL/HTS/CM S313Posters

Conclusion: The short-term results and follow-up analysis provide evi-
dence demonstrating the safety of the Wingspan system when used 
in high-risk patient population. Because of concerns regarding long-
term stent patency and ischemic events that emerged from clinical tri-
als such as the SAMMPRIS, intracranial angioplasty and stent with the 
Wingspan system should be considered only for high risk patients, in 
whom it may be considered the only viable therapeutic option.

P-250
A new approach to decrease the embolic complications of CAS: 
coating the atherosclerotic plaque by covered stents
G. Cikman, C. Yalcin, F. Gungordu, T.H. Ballı, E. Akgul, E. Aksungur;
Department of Radiology, Cukurova University, Faculty of Medicine 
Balcali Hospital, Adana, Turkey.

Purpose: To evaluate the effectiveness of coating the atheroscle-
rotic plaque by a covered stent before the implantation of a bared 
carotid stent for preventing the distal microembolic complications 
of extracranial carotid artery stenting (CAS).
Material and Methods: Fifty patients aged 52–82 years partici-
pated in this study. Fifteen atherosclerotic ICA lesions of 14 patients 
were treated by both covered and bared stents in the same lesion, 
and 40 ICA lesions in 36 patients were treated only by bared carotid 
stents (control group). Atherosclerotic plaque was jailed between 
the vessel wall and the covered stent to prevent the embolization 
of plaque fragments through the stent meshes during bared stent 
implantation and balloon dilatation. Distal protection devices were 
used. Antiaggregation and anticoagulation therapy was applied. 
Predilatation was applied in 20 lesions, while postdilatation was 
applied in all. Acute ischemic foci because of possible microembolic 
complications were evaluated by DWI-MRI examinations just before 
the process and one day after the process. Stent restenosis rate was 
checked by DSA at the end of 6 months and by Doppler ultrasonog-
raphy at 1, 3, and 6 months.
Results: Acute ischemic lesions were detected in 7 of 14 (50%) 
patients in the covered stent group and in 30 of 36 patients (83.3%) 
in the control group. Significant restenosis (over 50%) was detected 
in 2 patients from each group (13.3% in the covered stent group and 
5.6% in the control group).
Conclusion: Covered stents are effective in decreasing the embolic 
complications of CAS. Nevertheless, high restenosis ratio restricts 
the usage which complies with literature.

P-251
Endovascular treatment of proximal aortic arch lesions 
through a retrograde approach
E.A. Samaniego1, A.S. Kreusch2, B.T. Katzen3, H. Uthoff3;
1Department of Neurointerventional Surgery, Baptist Cardiac and 
Vascular Institute, Miami, Miami, FL, United States of America, 
2Department of Neuroradiology, University Medicine Goettingen, 
Goettingen, Germany, 3Interventional Radiology, Baptist Cardiac 
and Vascular Institute, Miami, FL, United States of America.

Purpose: We report our experience in the treatment of proximal 
aortic arch lesions through a hybrid approach with surgical expo-
sure of the carotid bifurcation and retrograde stenting.
Material and Methods: Eleven patients underwent open retro-
grade endovascular treatment of CCA or IA lesions; 7 cases under-
went carotid endarterectomy following the endovascular interven-
tion. Demographic characteristics, technical approaches, and out-
comes were analyzed.
Results: All patients were symptomatic and underwent the hybrid 
procedure because of diffuse atherosclerosis of aortoiliac vascula-
ture and supra-aortic vessels. Hypertension was present in the entire 
cohort, and mean stenosis rate was 81%.

P-248
Randomized control study of the intravascular ultrasound vs. 
angiography for the evaluation and treatment of carotid artery 
stenoses
M. Chiocchi, R. Gandini, A. Chiaravalloti, D. Morosetti, G. Loreni,
G. Simonetti;
Department of Diagnostic Imaging, Molecular Imaging, 
Interventional Radiology and Radiation Therapy, Fondazione PTV - 
Policlinico Tor Vergata, Rome, Italy.

Purpose: Primary endpoint was to evaluate the real time ability of 
IVUS to identify any technical difficulties or complications during 
stenting and improve outcomes and patency rates.
Material and Methods: Sixty patients who underwent CAS during a 
14-month period were prospectively evaluated. Thirty patients (50%) 
underwent IVUS assisted CAS, 30 (50%) underwent CAS using angiog-
raphy as a unique diagnostic tool. All patients were evaluated through 
a primary duplex ultrasound (DUS) evaluation; as a secondary evalu-
ation, 54 patients (90%) underwent a pre-procedural magnetic reso-
nance angiography (MRA), while 6 patients (10%) underwent com-
puted tomography-angiography (CTA). Patients with preocclusive ste-
noses (≥85%) were excluded. Mean follow-up was 23 months.
Results: No periprocedural or late complications were observed. No 
statistical significance was experienced in long-term stent patency 
between the two groups. Mean length of procedural time in IVUS 
assisted procedures was 7 min longer than non-IVUS assisted pro-
cedures. Virtual Histology (VH)-IVUS evaluation of plaque morphol-
ogy led to a different stent choice in three patients. In one case, the 
IVUS assessment revealed the suboptimal stent deployment, which 
was resolved by angioplasty. In another patient, VH-IVUS detected 
plaque protrusion through stent cells that was immediately treated 
by manual aspiration.
Conclusion: IVUS and VH-IVUS have proven to be effective for real-
time evaluation of CAS, allowing the operator to add additional 
maneuvers to improve outcomes and patency rates.

P-249
Intracranial atheromatous disease treatment with the 
Wingspan stent system: evaluation of clinical, procedural 
outcome and restenosis rate in a single-center series of 21 
consecutive patients with acute and mid-term results
R. Gandini, E. Pampana, A. Chiaravalloti, D. Morosetti, G. Loreni,
G. Simonetti;
Department of Diagnostic Imaging, Molecular Imaging, 
Interventional Radiology and Radiation Therapy, Fondazione PTV - 
Policlinico Tor Vergata, Rome, Italy.

Purpose: Intracranial atherosclerosis may be the underlying pathol-
ogy in up to 15% ischemic strokes but may account for approxi-
mately 40% strokes in some populations. After an ischemic event 
determined by intracranial atherosclerosis, patients have a 12% 
annual risk of stroke recurrence, mostly during the first year. The 
purpose of this study was to evaluate procedural safety, clinical out-
come, and restenosis rate of Wingspan stent placement.
Material and Methods: Twenty-one caucasoid patients were enrolled. 
Target patients were affected by high-grade, symptomatic intracranial 
atherosclerotic lesions, were on antithrombotic therapy, and at a high 
stroke risk. All patients were treated with the Wingspan stent system.
Results: We achieved 100% technical success, with all target lesions 
being reduced to <50%. No stroke or death was observed at 30 days. 
The mean percent of stenosis was reduced from a middle value of 
84% to a middle value of 17% after stent placement. Medium fol-
low-up was 19.5 months (range 6–36 months). No stroke or death 
occurred in any patient. None of the patients presented a <50% 
stent patency rate at follow-up.
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Conclusion: Mechanical recanalization with a combined approach, 
distal aspiration and stent retriever, in acute MCA occlusions seems 
to be effective and safe. It allows a prompt flow restoration and pro-
tection from distal embolisms.

P-254
Mechanical thrombectomy: predictors of clinical benefit
B. Turowski1, R. May1, D. Reichelt1, S. Jander2;
1Diagnostic and Interventional Radiology/ Neuroradiology, 
University Düsseldorf, Medical Faculty, Düsseldorf, Germany, 
2Neurology, University Düsseldorf, Medical Faculty, Düsseldorf, 
Germany.

Purpose: To determine if there is any baseline data predicting a higher 
probability of good outcome justifying a higher interventional risk.
Material and Methods: Existing data of 108 mechanical thrombec-
tomies between 01/01/12 and 31/12/12 were analyzed retrospec-
tively. We found that unknown-onset strokes in 48 patients and 
onset-time in 60 patients was exactly defined. Prospectively acquired 
NIHSS data were complete in 72 cases. Patient aged 40–103 years.
We analyzed changes in NIHSS and TICI score in relation to patient 
age, treated vessel, time to reperfusion.
Results: TICI score of >2b was achieved in 89 of 108 patients. Mean 
NIHS score reduction was 6 points. Reduction in NIHSS score was 
not age-dependent. There was a tendency toward lesser NIHSS 
reduction with longer time to reperfusion, but a clinical benefit was 
apparent even after >6 hours. Highest benefit (-9 NIHSS points) was 
found in 5 patients with M2 occlusions followed by -7 NIHSS points 
in 13 carotid “T” occlusions. Mean reduction of -5 NIHSS points was 
achieved if recanalization was TICI 3 (29 patients) but TICI 2b could 
achieve a mean reduction of 7 points (31 patients).
Conclusion: Mechanical thrombectomy was associated with rel-
evant clinical benefit in our retrospectively studied cohort, poorly 
depending on initial conditions such as occluded vessel and time to 
reperfusion. In particular, M2 recanalization was very beneficial. Of 
note, patient age was not a predictor for good outcome after throm-
bectomy. Our data suggest that it may not be justified to take a huge 
risk to proceed from TICI 2b to TICI 3.

P-255
Histopathological analysis of embolic protection devices after 
carotid artery stenting
K. Akkan1, E.T. Ilgit1, B. Önal1, L. Agunlu2, E. Cindil1, I. Isık Gonul3;
1Radiology, Gazi University School of Medicine, Ankara, Turkey, 
2Radiology, Afyonkarahisar State Hospital, Afyonkarahisar, Turkey, 
3Pathology, Gazi University School of Medicine, Ankara, Turkey.

Purpose: To evaluate the effectiveness of embolic protection devices 
with histhopathologic analysis after carotid artery stenting.
Material and Methods: After carotid artery stenting (Wallstent, 
Boston Scientific Corp.) in 38 patients with 70%–90% stenosis, 
embolic protection devices (FilterWire EZ™, Boston Scientific Corp.) 
were histopathologically analyzed in all cases using light microscopy 
after staining with hematoxylin–eosin.
Results: In four of 38 embolic protection devices (10.5%), micros-
copy revealed captured embolic material consistent with migrated 
particles secondary to dislodgement of the atherosclerotic plaque. 
Particle sizes were 395 ± 145 × 100 ± 20 microns, the largest parti-
cle being 540 microns. Predilatation was not performed in four cases 
with captured embolic material including two cases with severe 
ulcerated plaques. Clinical follow-up, revealed no neurological 
events or minor or major strokes in any patients.
Conclusion: Embolic protection devices seem to be effective at least 
in 10.5% patients who required carotid artery stenting.

All procedures were technically successful; only 1 patient had asymp- 
tomatic focal dissection.
In 7 patients, the length of hospitalization was at most 72 hours. 
Eight patients had no symptoms within 30 days of the procedure; 1 
patient developed mild hoarseness and 1 developed neck swelling.
Conclusion: The retrograde approach through carotid exposure with or 
without CEA appears to be effective and safe for such tandem lesions.

P-252
Embolization of dural AV fistulas with Onyx 18 and Onyx 34
A. Pedicelli, E. Lozupone, F. D’Argento, C. Colosimo;
Department of Bioimaging and Radiological Sciences, Catholic 
University - Gemelli Hospital - Rome, Rome, Italy.

Purpose: To demonstrate the effects of combining Onyx 18 and 34, 
characterized by different viscosities, for treating intracranial dural 
arteriovenous fistulas (DAVFs) with a high risk of hemorrhage.
Material and Methods: Three cases of DAVFs (two Cognard type 2a 
+ b and one Cognard type 4; 2 males, 1 females; age, 64–75 years ) 
were treated with a combination of Onyx 18 and 34 by the transarte-
rial approach using a detachable tip microcatheter.
Results: Two cases (type 2a + b and 4) were cured in a single session; 
one 2a + b case was reduced to type 2a and then cured in a second 
session. In all cases Onyx 34, because of its high viscosity, permit-
ted better intra-arterial polymer reflux control. Onyx 18, through the 
same microcatheter, permitted a subsequent optimal penetration 
in every single feeder of the fistula through a single arterial pedicle 
after approximately 30–40 min of the “reflux phase.” The detachable 
tip permitted safe removal of the microcatheter even after more 
than 1 hour of injection. No complications occurred.
Conclusion: Although in a few cases, combined use of Onyx 18 and 
34 with different viscosities seems to allow better polymer injection 
control in DAVFs, especially in large arterial pedicles that may cause 
reflux in long feeder tracts. Use of detachable tip microcatheters 
permits a safe procedure, avoiding the risk of catheter entrapment 
after a prolonged treatment time.

P-253
Mechanical recanalization with stent retriever and intracranial 
aspiration in acute MCA stroke
B.M. Bartolini1, R. Blanc1, S. Pistocchi1, H. Redjem1, J.B. Veyreires2, M. Piotin1;
1Interventional Neuroradiology, Foundation Rothschild Hospital, 
Paris, France, 2Radiology, HIA Sainte-Anne, Toulon, France.

Purpose: To describe a combined endovascular technique, intracra-
nial aspiration and stent retriever, for treating acute MCA (middle 
cerebral artery) stroke.
Material and Methods: Twenty-three patients presenting acute MCA 
occlusion were treated by mechanical recanalization from January 2012 
to January 2013 at our centre. After clinical (NIHSS) and CT or MRI assess-
ment, endovascular treatment was performed. Recanalization results 
were assessed by angiogram immediately after the procedure. CT was 
performed at the end of the procedure and at 24 hours. Clinical outcome 
was assessed at 24 hours, at discharge (NIHSS), and at 90 days (mRS).
Results: We treated 23 consecutive patients (12 men, 11 women; 
age, 22–87 years; mean, 64.8 ± 16.7 years) with acute MCA occlu-
sion. Cause of the occlusion was thromboembolic in 2 (8.7%), car-
dioembolic in 11 (47.8%), indeterminate in 9 (39.2%), and other in 1 
(4.3%) patient. Median NIHSS score on admission was 12 (IQR, 11–24). 
Satisfactory recanalization (TICI ≥2b) was achieved in 18 (78.2%) pro-
cedures. Mean recanalization time to TICI 2b or 3 from symptom 
onset was 373.1 ± 218.1 minutes. No periprocedural complications 
occurred. Mortality rate was 4.3%. Median NIHSS at discharge was 
2.5 (IQR, 0.25–17.25). mRS at 3 months was available for 17 (60.7%) 
patients; a favorable mRS (0–2) was obtained in 13 (76.5%) patients.
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Conclusion: Type II arcus aorta was associated with an increased risk 
of neurological complications and mortality rate during left carotid 
artery stenting. There were also increased stenting procedure time 
and cost. Knowing the type of arcus before a procedure may help 
decrease procedure time and cost by choosing a good strategy.

P-258
Mechanical thrombectomy in acute stroke
A. Alsafi1, F. Majid2, J. Ganesalingam1, A.L. Dias1, K. Lobotesis1;
1Radiology, Imperial College, London, United Kingdom, 2General 
Surgery, Royal Sussex County Hospital, Brighton, United Kingdom.

Learning objectives:
1. Understand different management strategies for acute stroke.
2. Understand current evidence for mechanical thrombectomy.
3. Become aware of the different imaging techniques and their use  
    prior to mechanical thrombectomy.
4. Patient selection.
5. Some of the mechanical devices currently used with illustrative  
    cases.
Background: Stroke is the second leading cause of death world-
wide with a 110,000 strokes occurring in England each year. Stroke 
survivors often have significant disability and long-term sequelae, 
being partially dependent on others with significant associated 
socioeconomic implications.
Until relatively recently, the treatment for acute stroke remained 
supportive. However, recent trials have demonstrated a benefit from 
pharmacological thrombolysis, making this the gold standard in 
treatment of acute stroke in the absence of contraindications.
Clinical Findings/Procedure: Several mechanical thrombectomy 
devices have been developed and are being used with an average 
of 85% recanalisation in selected cases resistant to conventional 
intravenous thrombolysis or where there is major vessel occlusion. 
Although data on this relatively novel treatment remains limited, 
there are some emerging trends showing that mechanical throm-
bectomy may become a viable treatment for acute stroke in a care-
fully selected population with prior appropriate imaging.
Conclusion: Several mechanical thrombectomy devices have been 
developed and are being used in selected cases resistant to con-
ventional intravenous thrombolysis or where there is major vessel 
occlusion. Although data on this relatively novel treatment remains 
limited, there are some emerging trends showing that mechanical 
thrombectomy may become a viable treatment for acute stroke in a 
carefully selected population with prior appropriate imaging.

P-259
Endovascular coiling of multiple (six) intracranial aneurysms
A.C. Soni, S.S. Joshi;
Interventional Radiology, Jupiter Lifeline Hospital, Mumbai, India.

Incidence of multiple intracranial aneurysms ranges from 5 - 35 %. 
More than four are extremely rare. We present the first case ever where 
six aneurysms were successfully treated with endovascular coiling.

P-256
Carotid artery stenting: results and analysis of a single-center 
experience after 12 years
A. Cannavale, F. Fanelli, M. Corona, A. Wlderk, C. Cirelli, F.M. Salvatori;
Interventional Radiology Unit, Department of Radiological Sciences, 
Sapienza - University of Rome, Rome, Italy.

Purpose: A report of a 12-year experience in carotid artery stenting 
(CAS) with cerebral protection devices evaluating technical aspects, 
results, and outcomes
Material and Methods: In total, 636 patients who underwent CAS 
with a minimum follow-up of 6 months were retrospectively ana-
lyzed. Indications to CAS were in accordance with the NASCET cri-
teria. A bilateral CAS was performed in two sessions in 47 patients. A 
cerebral protection device (CPD) was used in 94.7% cases, whereas 
no CPDs were employed in 36 cases (5.3 %) for anatomical complex-
ity. Pre- and post-CAS medication was administered according to 
standard protocols. Results were analyzed and correlated neurolog-
ical complications with operator experience, plaque morphology, 
and patient age.
Results: Technical success was achieved in all cases. After a mean 
follow-up of 76 ± 32.4 months, 478 patients (70%) are alive, with a 
30-day mortality of 1.9%. In-stent restenosis occurred in 9/683 cases 
(1.3%) and was resolved with angioplasty in 2/9 (22%) or restenting 
in 7/9 (78%) cases. Primary patency was 98.7%; secondary patency 
rate was 100%. Neurological events occurred in 3.2% cases. Results 
were analyzed and correlated neurological complications with oper-
ator experience, plaque morphology, and patient age. Neurological 
disorders occurred in 1.9 % asymptomatic patients and in 4.5% 
symptomatic ones (p = 0.001); they proved to be higher in older 
patients (>80 years; 6.4%) than in those <80 years (2.7%; p < 0.05). 
Overall neurological adverse events were 6.1% for complex plaque 
morphology and 1.0% for stable plaques (p < 0.001).
Conclusion: CAS can be considered a valid method for treating caro- 
tid pathology; nevertheless, accurate patient evaluation is manda- 
tory.

P-257
Effect of arcus aorta branching type on carotid artery stenting 
procedure time, cost, and cerebral complications
E. Ciftci1, S. Gümüştaş1, B. Zeren1, M. Kanko2, H. Efendi3;
1Radiology, Kocaeli University, Kocaeli, Turkey, 2Vascular Surgery, 
Kocaeli University, Kocaeli, Turkey, 3Neurology, Kocaeli University, 
Kocaeli, Turkey.

Learning objectives: Carotid artery stenting is accepted as a modali- 
ty to carotid endarterectomy for revascularization of the internal caro- 
tid artery stenosis. Stenting procedure can be difficult in type II aortic 
arch patients that results in complications.
Background: The aim of this study is to investigate the effect of 
arcus aorta branching type on carotid artery stenting procedure 
time, cost, and cerebral complications.
Clinical Findings/Procedure: Between 2008 and 2012, 246 carotid 
artery stentings were performed in 242 consecutive patients under 
cerebral protection with three different types of stents. The age 
range was 48–79 years old. The influence of the aortic branching 
type on the incidence of cerebral complications, procedure time, 
and cost was assessed. The most common type of aortic arch was 
type I (198 cases), followed by type II arch detected in 41 patients. 
Successful carotid artery stenting was performed in 99.6% proce-
dures. The 30-day death rate was 0% and the stroke rate was 1.6% 
(1 major stroke, 3 minor strokes). There was an increased risk of cere-
bral complications with the type II aortic arch. Presence of a bovine 
arch was also associated with a higher cost and increased procedure 
time.
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Oncologic intervention

P-264
Preoperative embolisation of hypervascular bone tumours
M.W. Little, C. von Stempel, J. Papanikitas, C.R. Tapping, S. Anthony,
R. Uberoi, P. Boardman, J. Phillips-Hughes, M. Bratby;
Radiology, John Radcliffe Hospital, Oxford University Hospitals 
Trust, Oxford, United Kingdom.

Purpose: Improving cancer survival has seen the emergence of pre-
operative embolisation of tumours as a viable management strat-
egy to reduce intraoperative blood loss. This work evaluates the out-
come following preoperative embolisation of bone tumours.
Material and Methods: All patients undergoing embolisation of 
bone tumours prior to surgical resection were reviewed between 
2006–2012, identifying 21 patients with mean age, 59 years (30–
76 years). Primary cancers: 17 RCC; single cases: myeloma, periph-
eral nerve sheath, GCT, thyroid carcinoma. PVA particles and coils 
were used to embolise 27-axial and 4-appendicular skeleton metas-
tases. Preoperative embolisation tumour blush was graded at 
angiography: 0 (avascular), I (weak), II (medium) and III (strong). 
Postembolisation tumour blush: I >75% reduction in blush, II 50%–
75% reduction, III <50% reduction. Intraoperative estimated blood 
loss (EBL) is taken from anaesthetic records.
Results: Cases were treated via a femoral approach, and 20/21 (95%) 
were technically successful. Supply from the artery of Adamkiewicz 
prevented complete embolisation. Mode of 2 vessels were 
embolised (range 1–4). Small groin haematoma occurred in one 
patient; 83% lesions were highly vascular (Grade III), 13% Grade II and 
one lesion (myeloma) grade I. Post-embolisation, 78% lesions had 
>75% reduction in blush (Grade I); the remainder were Grade II. Mean 
EBL was 3058 ml (2220–8969 ml), with a mean red-cell transfusion of 
4.2 units (0–10 units). There was no difference between postemboli-
sation and intraoperative blood loss (Grade II vs. Grade I; p > 0.05). 
Successful operative outcome was seen in 20 (95%) patients.
Conclusion: Preoperative embolisation of hypervascular bone 
metastases has low complication rate and the potential to decrease 
haemorrhage during surgery.

P-265
Portal vein thrombosis and arterioportal shunts: effects on 
tumor response after chemoembolization of hepatocellular 
carcinomas
O. Abdelaziz1, S. Emad El-din1, N.-E.A. Nour-Eldin2, T.J. Vogl2;
1Department of diagnostic and interventional radiology, Cairo 
University Hospitals, Kaser El-Ainiy, Cairo, Egypt, 2Institute for 
Diagnostic and Interventional Radiology, Johann Wolfgang Goethe 
University Hospital, Frankfurt, Germany.

Purpose: To evaluate the effect of portal vein thrombosis (PVT) and 
arterioportal shunts (APS) on local tumor response in advanced 
cases of unresectable hepatocellular carcinomas (HCC) treated by 
TACE.
Material and Methods: A retrospective study included 39 patients 
(mean age: 66.4 years, SD: 7, range: 45–79 years) with unresectable 
HCC who were treated with repetitive TACE with a follow-up of 3 
years. The effect of PVT (19/39), presence of APS (7/39), underlying 
liver pathology, Child-Pugh score, initial tumor volume, number of 
tumors, and tumor margin definition on imaging were correlated 
with the local tumor response after TACE. The initial and end therapy 
local tumor response was evaluated according to the RECIST criteria 
and MRI volumetric measurements.

P-260
Epistaxis due to a pseudoaneurysm of the inferolateral 
branch of the cavernous internal carotid artery in a patient 
with nasopharyngeal carcinoma previously treated with 
radiotherapy
W.Y.J. Hui1, G. Wong2, S. Ng2, K.T. Lee2, S.C.-H. Yu2;
1Department of Imaging & Interventional Radiology, Prince of Wales 
Hospital, Hong Kong, Hong Kong, 2Imaging and Interventional 
Radiology, Chinese University of Hong Kong, Hong Kong, Hong 
Kong.

We report a case of massive epistaxis due to post-radiation pseu-
doaneurysm of the inferolateral branch of the cavernous segment 
of internal carotid artery, which is a branch uncommonly being 
involved. The treatment options and potential risks are discussed in 
detail.

P-261
A case of a left vertebral artery that originated from the left 
internal carotid artery
W.Y.J. Hui1, G. Wong2, T. Leung2, K.T. Lee1, S.C.-H. Yu2;
1Department of Imaging & Interventional Radiology, Prince of Wales 
Hospital, Hong Kong, Hong Kong, 2Department of Medicine and 
Therapeutics, Prince of Wales Hospital, Hong Kong, Hong Kong, 
3Imaging and Interventional Radiology, Chinese University of Hong 
Kong, Hong Kong, Hong Kong.

Literature review, embryologic mechanism and clinical implications 
of a case of a vertebral artery originating from C2 segment of the 
internal carotid artery that directly entered the intracranium without 
passing through the transverse foramen of the cervical vertebra are 
discussed.

P-262
Endovascular treatment for post-traumatic vertebro-jugular 
fistula
A.A. Nassef;
Radiology, Cairo University Hospital, Cairo, Egypt.

Vertebro-jugular (V-J) fistula is not a common entity. A 30-year-old 
male presented with left V-J fistula after a stab injury to the neck and 
was treated endovascularly by a stent graft.

P-263
Mechanical thrombectomy with a 3-mm distal protection 
device
K. Akkan, B. Önal, E.T. Ilgit, J. Bayram, A. Avdan Aslan, A.M. Koc;
Radiology, Gazi University School of Medicine, Ankara, Turkey.

Total occlusion of the right internal carotid artery shortly after with-
drawal of dual antiaggregant therapy is treated with guidewire 
recanalization, stenting of the bifurcation, and mechanical throm-
bectomy with a 3-mm distal protection device, resulting in immedi-
ate complete recovery of acute hemiplegia.
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Results: The cystic artery originated from the main right hepatic 
artery in 24 (89%) patients, from the right anterior hepatic artery 
in 2 (7%), and from the left hepatic artery in one (4%). Selective 
catheterization of the cystic artery was achieved in all patients. 
Superselection of tumor-feeding vessels from the cystic artery was 
achieved in 7 patients (26%). Chemotherapeutic infusion was per-
formed in 18 patients (67%), and chemoembolization was per-
formed in 9 patients (33%). There were no major complications, 
and 2 minor complications included vasovagal syncope and nausea 
with vomiting. Individual tumor response supplied exclusively by 
the cystic artery at the follow-up enhanced CT scan were complete 
response (n = 16), partial response (n = 3), and stable disease (n = 8).
Conclusion: Hepatocellular carcinoma supplied exclusively by the 
cystic artery can be safely treated without severe complications by 
chemotherapeutic infusion or chemoembolization using iodized oil 
through the cystic artery.

P-268
Hepatocellular carcinoma within the Milan criteria in 
patients with Child-Pugh class C disease: superselective 
chemoembolization versus supportive care
H.-C. Kim1, J.H. Park2, J.W. Choi1, J. Baek1;
1Radiology, Seoul National University Hospital, Seoul, Korea, 
2Radiology, Gil Hospital, Incheon, Korea.

Purpose: The aim of this study is to retrospectively compare overall 
survival of hepatocellular carcinoma (HCC) patients with Child-Pugh 
class C within the Milan criteria treated by chemoembolization and 
that of patients treated by supportive care.
Material and Methods: From January 2000 to December 2009, we 
treated 38 HCC patients with Child-Pugh class C by chemoemboliza-
tion, whose HCC was within the Milan criteria at initial chemoembo-
lization. Between February 1998 to March 2008, 17 patients that had 
Child-Pugh class C disease and HCCs within the Milan criteria at initial 
diagnosis of their disease were treated by supportive care. Matching 
process was performed by exactly matching serum bilirubin (≤3.0 mg/
dL vs. >3.0 mg/dL) and α-fetoprotein (≤200ng/mL vs. >200ng/mL).
Results: Superselective chemoembolization at the subsegmen-
tal hepatic artery level was achieved in 35 (92%) of 38 patients. 
The median survival in the chemoembolization group was longer 
than that in the supportive care group (13.6 months vs. 3.0 months, 
respectively; P < 0.001). In the subgroup with high serum bilirubin 
(>3.0mg/dL), the median survival in the chemoembolization group 
was longer than that in the supportive care group (11.0 months vs. 
4.4 months, respectively; P = 0.009). The results of survival analysis 
of 32 matched patients showed that treatment with TACE was signif-
icant factor for better overall survival (P = 0.0129).
Conclusion: Child-Pugh class C patients with HCC within the Milan 
criteria treated with superselective chemoembolization showed 
better survival than patients treated with supportive care.

Results: The treatment protocols were well tolerated by all patients 
with no major complications. Local tumor response for all patients 
according to RECIST criteria was partial response in one patient 
(2.6%), stable disease in 34 patients (87.1%), and progressive disease 
in 4 patients (10.2 %). The MR volumetric measurements showed 
that the PVT, APS, underlying liver pathology, and tumor margin 
definition were statistically significant prognostic factors on the 
local tumor response (p = 0.018, p = 0.008, p = 0.034, and p =0.001, 
respectively). The overall 6, 12, and 18 months survival rates from the 
initial TACE were 79.5%, 37.5%, and 21%, respectively.
Conclusion: TACE may be safely exploited for palliative tumor control in 
patients with advanced unresectable HCC; however, tumor response is 
significantly affected by the presence or absence of PVT and APS.

P-266
The origin of the cystic artery supplying a hepatocellular 
carcinoma on digital subtraction angiography in 311 patients
H.-C. Kim1, J.H. Park2, B. Kang1;
1Radiology, Seoul National University Hospital, Seoul, Korea, 
2Radiology, Gil Hospital, Incheon, Korea.

Purpose: This study was designed to investigate the prevalence and 
patterns of the origin of the cystic artery based on selective angiog-
raphy during chemoembolization.
Material and Methods: Between March 2007 and January 2012, 
326 patients had HCC supplied by the cystic artery and treated by 
chemoembolization through the cystic artery. Fifteen patients were 
excluded because of difficulty in determining the origin of the cys-
tic artery. Thus, a total of 311 patients were included in this study. 
Digital subtraction angiography was retrospectively reviewed by 
consensus.
Results: A total of 299 (96%) patients had normal celiac axis, and 
12 (4%) patients had variation of celiac axis. A total of 199 (64%) 
patients had normal hepatic arterial anatomy, and 112 (36%) patients 
had a total of 121 variant hepatic arteries. Double cystic arteries 
were present in 46 (14.8%) patients and a total of 357 cystic arteries 
were observed. The most common site of origin of the cystic artery 
was the right hepatic artery and the second most common site was 
the anterior sectional artery. In patients without right hepatic artery 
variations, the cystic artery showed a tendency to arise more fre-
quently from the right hepatic artery (p = 0.003).
Conclusion: The most common site of origin of the cystic artery 
was the right hepatic artery and the second most common site was 
the anterior sectional artery. Moreover, the prevalence and sites of 
origin of the cystic arteries was influenced by variations of hepatic 
arteries.

P-267
Safety of chemotherapeutic infusion or chemoembolization 
for hepatocellular carcinoma supplied exclusively by the cystic 
artery
J. Baek1, H.-C. Kim1, J.H. Park2, B. Kang1;
1Radiology, Seoul National University Hospital, Seoul, Korea, 
2Radiology, Gil Hospital, Incheon, Korea.

Purpose: This study was designed to evaluate the safety of chemo-
therapeutic infusion or chemoembolization via the cystic artery in 
patients with hepatocellular carcinoma (HCC) supplied exclusively 
by the cystic artery.
Material and Methods: Between January 2002 and December 2011, 
we performed chemotherapeutic infusion or chemoembolization 
using iodized oil for the treatment of 27 patients with HCCs supplied 
exclusively by the cystic artery. Computed tomography (CT) scans, 
digital subtraction angiograms, and medical records were retro-
spectively reviewed by consensus.
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Material and Methods: In this retrospective observational study, 
we reviewed the demographics, TACE number and liver explant his- 
tology of 126 patients treated at our tertiary referral centre over a 
4-year period (January 2009–January 2013).
Standard pre-transplant imaging established eligibility for trans-
plantation within the Milan criteria.
The histological features of 171 tumours were analysed. Standard 
statistical analysis were performed.
Results: Mean age of our cohort was 56.11 years (range 4–70 years). 
All 126 recipients were cirrhotic. Aetiologies include HCV (38%, n = 
48), alcoholic liver disease (25%, n = 32), HBV (12.7%, n = 16), primary 
biliary cirrhosis (3.2%, n = 4) and autoimmune hepatitis (2%, n = 3).
In total, 171 tumours were analysed and 125 were treated with adju-
vant TACE (73%).
Well or moderately differentiated tumours were found in 87 (69.6%) 
patients in the TACE group compared with 35 (76.1%) in the non-
treated group.
Twenty-seven (21.6%) treated tumours demonstrated poor differen-
tiation compared with 6 (13%) untreated tumours.
A cholangiocellular component was demonstrated in 11 (8.8%) 
treated tumours compared with 5 (10.9%) untreated tumours.
Conclusion: The explant data demonstrates that adjuvant TACE car-
ries a potential risk of adversely affecting the outcome of liver trans-
plantation in patients within the Milan criteria.

P-271
Surefire Infusion System anti-reflux catheter: a potential 
first-line alternative to traditional retrievable coil embolization 
for nontarget organ protection during radioembolization
M.M. Morshedi, M. Bauman, S.C. Rose, S. Kikolski;
Department of Radiology, UCSD Medical Center, San Diego, CA, 
United States of America.

Purpose: Serious complications can result from nontarget organ 
embolization (NOE) during Yttrium-90 radioembolization. Coil 
embolization of nonhepatic gastrointestinal vessels is tradition-
ally performed to prevent NOE. The FDA approved Surefire Infusion 
System (SIS) catheter, designed to prevent reflux, is an alternative to 
coil embolization. We describe our experience with the SIS catheter 
as a first-line technique for NOE protection versus coil embolization.
Material and Methods: We retrospectively reviewed patients with 
primary or metastatic hepatic tumors who underwent resin micro-
sphere radioembolization. The study groups included patients who 
underwent SIS catheter use for NOE protection versus retrievable 
coil embolization. Various parameters including procedure time, flu-
oroscopy time, contrast dose, and radiation dose were evaluated.
Results: Our initial results demonstrate that in the pretreatment plan-
ning mesenteric angiogram procedure, the SIS catheter group (n = 5) 
had a significant reduction in procedure and fluoroscopy times com-
pared with the coil group (n = 7) (average procedure time of 110 min 
versus 196 min, respectively, p = 0.0035; average fluoroscopy time of 
18 min versus 47 min, respectively, p = 0.0234). No significant differ-
ence in procedure or fluoroscopy times was seen between the two 
groups during subsequent dose delivery procedures. Early analysis 
showed similar findings with contrast dose. Radiation dose measured 
in mGy or μGym2 was not different between groups because of similar 
C-arm CT use. There was no evidence of NOE in the SIS catheter group.
Conclusion: The SIS catheter is a viable first-line alternative to tra-
ditional coil embolization for NOE protection and may lead to 
decreased procedure time, fluoroscopy time, and contrast exposure 
when treating patients with radioembolization.

P-269
Irreversible electroporation for local treatment of liver tumors: 
a new kid on the block. Results of an “ablate and resect” 
pilot-study of colorectal liver metastases
H.J. Scheffer1, K. Nielsen2, A.A.J.M. van Tilborg1, A.R. Bouwman3, 
J.M. Vieveen3, J.W.M. Niessen4, P.A.J. Krijnen4, M.P. van den Tol2, 
M.R. Meijerink1;
1Radiology, VU University Medical Center, Amsterdam, Netherlands, 
2Surgery, VU University Medical Center, Amsterdam, Netherlands, 
3Anesthesiology, VU University Medical Center, Amsterdam, 
Netherlands, 4Pathology, VU University Medical Center, Amsterdam, 
Netherlands.

Purpose: Irreversible electroporation (IRE) is a new ablation tech-
nique, in which the application of electric pulses generates “nano-
pores” in the cell membrane inducing cell death. The purpose of 
the first “ablate and resect” pilot study in patients with resectable 
colorectal liver metastases (CRLM) is to investigate safety, feasibility, 
and efficacy of IRE.
Material and Methods: Patients with resectable CRLM <3.5 cm were 
prospectively included. During laparotomy, lesions were treated 
with IRE using ultrasound guidance. For each pair of electrodes, 90 
pulses of 70 μs were administered. Planned energy delivery was 
1500 V/cm. Lesions were resected 1 h after ablation.
Safety and technical success were determined according to stan-
dardization of terminology and reporting criteria for image-guided 
tumor ablation. Vitality staining with triphenyltetrazolium chloride 
(TTC) was performed to macroscopically distinguish vital from avital 
tissue. Immunohistochemical analysis investigates vessel wall dam-
age and apoptosis.
Results: Till date, 7 of 10 patients have been included. All ablations were 
technically successful. No procedure-related complications occurred. 
Delivered energy was 1200–1500 V/cm. A hypoechogenic ablation zone 
was seen 15 min after IRE. After resection, the ablation zone showed 
a hemorrhagic red discoloration. Subsequent TTC staining showed 
a sharply demarcated avital treatment area with intact blood vessels 
(image). Six of seven tumors demonstrated no remaining vitality.
Conclusion: The results of the first “ablate and resect” study for 
CRLM show that IRE is a safe and effective treatment for tumor abla-
tion. TTC staining revealed a sharp demarcation zone between vital 
and avital tissue as quickly as 1 h after ablation. Histological results 
are awaited to more precisely define tissue damage.

P-270
Does chemoembolisation modulate the histological phenotype 
of hepatocellular carcinomas?
S.M. Gregory1, A. Pingitore1, P. Kane1, N. Heaton2, A. Quaglia2,
J.B. Karani1;
1Department of Radiology, King’s College Hospital, London, 
United Kingdom, 2Institute of Liver Studies, Kings College Hospital, 
London, United Kingdom.

Purpose: There is evidence that transarterial chemoembolisation 
(TACE) in patients with HCC alters histology to a mixed hepatochol-
angiocellular phentoype.
Chemoembolisation by targeting focal arterialisation may allow the 
poorly differentiated component to proliferate.
Detrimental shift in tumour biology, i.e. dedifferentiation from well 
differentiated to poor or mixed differentiation, is recognised to 
adversely impact the curative outcome of transplantation even if the 
tumour size is within transplant criteria.
The purpose of this study is to identify whether TACE affects the his-
tological differentiation of HCC.
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target response rate by RECIST ver.1.1 was 45.8% (8.3% complete 
response + 37.5% partial response) after 3 months. After a median 
follow-up of 29 months, the median overall survival was 16 months. 
Univariate analysis showed performance status of 0–1; initial plati-
num sensitive, solitary recurrence, and target response were signifi-
cantly better prognostic factors. Multivariate analysis results showed 
that only target response was the independent prognostic factor 
(hazard ratio 26.4; 95% CI 1.1–629.2; p = 0.043).
Conclusion: Local control by locoregional transarterial treatment 
has contributed to survival in limited patients with recurrent ovar-
ian cancer.

P-274
Feasibility of intraprocedural transluminal blood pressure 
recording to estimate vascular bed saturation and the 
endpoint of embolization during lobar TACE procedures when 
using an embolization anti-reflux device
S.C. Rose, S. Kikolski, M.M. Morshedi;
Radiology, UCSD Health Sciences, San Diego, CA, United States of 
America.

Purpose: We tested the hypothesis stating that when using of the 
Surefire Infusion System (SIS), the degree of downstream BP reduc-
tion would reflect vascular bed saturation by embolic material and 
that intra procedural BP assessment can be used as an embolization 
endpoint to optimize safety.
Material and Methods: As per institutional protocol, systemic 
and downstream hepatic artery BP measurements were per-
formed before and after lobar TACE in an initial cohort of 4 patients. 
Thereafter, intraprocedural BP assessments were used in all subse-
quent lobar TACE procedures. Correlation of BP changes with subse-
quent maximum 90-day liver toxicity (CTCAE) was assessed.
Results: Six patients underwent 10 lobar TACE procedures. In the 
first cohort of 4 TACE patients, 2 died because of massive liver or 
tumor necrosis. The relative downstream reduction in differential BP 
was 87% and 100%, respectively. The first cohort mean BP reduction 
was 48% and mean CTCAE liver toxicity score was 3.8. Subsequently, 
intraprocedural BP recording was performed in 6 SIS lobar TACE pro-
cedures, and the embolization terminated in 3 (50%), when there 
was a significant mean reduction in the differential BP of 42%. Mean 
BP gradient reduction and CTCAE liver toxicity score for the second 
cohort of lobar TACE procedures was 13% and 1.2, respectively.
Conclusion: With lobar administration of TACE, SIS can result 
in embolic oversaturation with potential severe liver toxicities. 
Assessment of changes in downstream BP differentials was useful 
to estimate embolic saturation of the targeted vascular bed and can 
serve as an endpoint of embolization to maximize safety.

P-275
Intra-arterial infusion chemotherapy for advanced non-small 
cell lung cancer: preliminary experience on the safety, efficacy, 
and clinical outcomes
Z. Yuan, W.T. Li;
Radiology, Fudan University Shanghai Cancer Center, Shanghai, 
China.

Purpose: To investigate the effectiveness and toxicity of intra-arte-
rial infusion chemotherapy as a therapeutic modality for advanced 
non-small cell lung cancer (NSCLC).
Material and Methods: The research protocol in our study was 
approved by our institutional review board. Forty patients with stage III 
NSCLC were treated by intra-arterial infusion chemotherapy with gem-
citabine and cisplatin. We graded tumor staining by angiography and 
recorded the number of detected feeding arteries for NSCLC. Toxicity 
was assessed according to the National Cancer Institute Common 

P-272
Transarterial chemoembolization combined with CT-guided 
percutaneous radiofrequency ablation for small hepatocellular 
carcinoma in special locations
J.Y. Guo1, K. Zhu1, W. Huang1, B. Zhou1, J. Chen1, M. Cai1, H. Shan2;
1Department of Radiology, The Third Affiliated Hospital, Sun 
Yat-sen University, Guangzhou, China, 2Department of Vascular 
Interventional Radiology, 3rd Affiliated Hospital of Sun Yat-sen 
University, Guangzhou, China.

Purpose: To evaluate the efficacy and safety of transcatheter arte-
rial chemoembolization (TACE) combined with CT-guided percuta-
neous radiofrequency ablation (RFA) for small hepatocellular carci-
noma (HCC) in special locations.
Material and Methods: From June 2008 to December 2011, a total 
of 36 patients with small HCC (39 lesions) received TACE combined 
with CT-guided percutaneous RFA. These patients were divided into 
two groups based on the locations of the HCC: the special location 
(SL) group (HCC located at hepatic subcapsular, next to large blood 
vessels) and nonspecial location (NSL) group. An enhanced CT or 
MRI was performed one month after combined treatment to evalu-
ate the complete ablation rate. Then, enhanced CT or MRI was per-
formed every 1–3 months to evaluate the local tumor progression.
Results: In the SL group, a total of 26 ablations were performed in 
20 patients with 22 lesions, while in the NSL group, 17 ablations were 
performed in 16 patients with 17 lesions. In the SL group, there were 
12 (46.2%) complications, including 1 major and 11 minor, whereas 
only 3 minor (17.6%) complications occurred in the NSL group (P = 
0.101). The complete ablation rate was 68.2% (15/22) in the SL group, 
which was significantly higher in the NSL group (100%, P = 0.012). In 
the SL group, the 1-, 2-, and 3-years tumor progression rates were 
40.9%, 45.5%, and 45.5%, respectively, while these rates were 0%, 
0%, and 5.9%, respectively, in the NSL group. The mean TTP was 14.4 
months in the SL group, which was markedly shorter than that in the 
NSL group (31.5 months, P = 0.001).
Conclusion: TACE combined with percutaneous RFA for small HCC 
in special locations were safe and feasible, but the rate of local 
tumor progression was significantly higher than that of tumors in a 
nonspecial location.

P-273
Transarterial treatment in a palliative setting for women with 
recurrent ovarian carcinoma
A. Seki, S. Hori, S. Sueyoshi, A. Hori, M. Kono;
Radiology, Gate Tower Institute for Image Guided Therapy, 
Izumisanocity, Osaka, Japan.

Purpose: To evaluate the local efficacy and survival after transarte-
rial treatment of patients with recurrent ovarian cancer in a palliative 
setting beyond the third line.
Material and Methods: We reviewed the medical records of 24 
consecutive women with recurrent ovarian cancer, who had a diffi-
culty in continuing systemic chemotherapies and were alternatively 
treated between July 2007 and May 2012 with transarterial treat-
ment of lesions that was life-threatening or influenced the quality 
of life. Transarterial infusion via each feeding artery using 20–30 mg 
cisplatin and 20–30 mg docetaxel per session was repeated every 
4–8 weeks on demand. Superabsorbent polymer microsphere was 
added for embolization after drug infusion, particularly in hepatic 
or pelvic treatments. Univariate and multivariate Cox’s models were 
used to assess correlations between overall survival and individual 
parameters.
Results: A total of 59 feeding arteries (median 2/patient, range 1–5) 
were treated at 34 target sites (liver 12, abdominal cavity 7, pelvis 6, 
lymph node 3, other 6) at initial treatment. Of the 76 total sessions, 
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P-277
Response and survival after 90Y transarterial 
radioembolization (TARE) of colorectal liver metastases 
refractory to chemotherapy
C. Mosconi, C. Leoni, E. Giampalma, A. Cappelli, M. Renzulli, R. Golfieri;
Radiology Unit, Department of Digestive Diseases and Internal 
Medicine, General Hospital Sant’Orsola Malpighi, University of 
Bologna, Bologna, Italy.

Purpose: To evaluate target lesions response, safety, and median 
survival of 52 patients with chemotherapy refractory colorectal liver 
metastases (mCRC) treated with transarterial Y90 SIR-Spheres radio-
embolization (TARE).
Material and Methods: In 2005–2011, 52 patients met the inclusion 
criteria of sufficient hepatic function, adequate blood count, and 
minimal extrahepatic disease. Preliminary total body CT scan was 
performed to identify target lesions and to evaluate liver and nod-
ule volumetry. Hepatic angiogram and 99mTc macroaggregated 
albumin (MAA) nuclear scan for liver-lung shunting quantification 
were sequentially performed 1/2 weeks before TARE with 90Y micro-
spheres. Hepatic intra-arterial infusion of 90Y resin was then per-
formed. The response of target lesions was evaluated according to 
the Choi criteria on CT scans performed at 1, 3, 6, and 9–12 months.
Results: Majority of enrolled patients had more than 5 hepatic lesions 
(58%), whose median size was 61 mm with a median tumor volume of 
276.40 cc. Median survival was 11 months (range 1–64 months). Response 
rate of target lesion was 84%, 59%, 29%, and 36% at 1, 3, 6, and 9–12 
months, respectively. Progression rate at 1 month of target lesions was 
18% and of non-target lesions was 89%. Treatment-related adverse events 
were gastritis (2%), transient hepatic toxicity (2%), and gastric ulcer (2%).
Conclusion: Our results confirm the effectiveness and safety of 
using TARE in a salvage setting in a population of patients with liver 
metastases from CRC refractory to systemic chemotherapy.

P-278
Targeted delivery of anticancer drug (sorafenib) in animal liver: 
preliminary results of pharmacokinetics
D. Loxas1, A. Siskos2, K. Malagari3, C. Tamvakopoulos2,
A.N. Chatziioannou4;
1Interventional Radiology, 251 General Airforce Hospital, Athens, 
Greece, 2Basic Research, Pharmacology- Pharmacotechnology, 
Biomedical Research Foundation, Academy of Athens, Athens, 
Greece, 32nd Dept. of Radiology, University of Athens Medical 
School, Athens, Greece, 4Interventional Radiology, Areteion 
Hospital, University of Athens, Athens, Greece.

Purpose: To prepare a solution comprising the chemotherapeutic 
agent sorafenib in oily contrast medium (lipiodol) and its intra-arte-
rial delivery (TACE) to increase the dose that ultimately reaches the 
targeted organ limiting side effects.
Material and Methods: A healthy rabbit and a healthy pig were 
used in this study. After general anesthesia and disclosure of the 
femoral artery, a 4F sheath was placed followed by selective cathe-
terization of the hepatic artery. The pig received 0.06 mg/kg and the 
rabbit 0.1 mg/kg sorafenib. The pig and rabbit were sacrificed after 4 
h and 72 h, respectively.
Based on mass spectrometry, the concentration of sorafenib was 
measured in the pig’s peripheral blood at 1, 2, 3, and 4 h and the rab-
bit’s peripheral blood at 1, 2, 4, 24, 48, and 72 hours. After sacrifice, 
the concentration of sorafenib was measured in their livers based on 
mass spectrometry.
Results: Sorafenib dosing in pig (0.06 mg/kg): The experiments in 
pig demonstrated appreciable sorafenib concentrations in the liver 
(330 ng/g at 4 h) with approximate liver/plasma ratios of 20, suggest-
ing that targeted sorafenib delivery is feasible.

Toxicity Criteria for adverse events. The response to treatment was eval-
uated using the Response Evaluation Criteria in Solid Tumors (RECIST). 
Efficacy was assessed by time to progression (TTP), and survival was 
estimated by Kaplan–Meier analysis. Prognostic factors influencing TTP 
and overall survival rate were evaluated by Cox regression analysis.
Results: The most frequent drug-related adverse events were cough 
(42.5%), anorexia (35.0%), and pain (22.5%). A total of 95.0% patients 
exhibited no progression, evaluated by comparison of images 1 
month after completion of the initial cycle of intra-arterial infusion 
chemotherapy, and 30.0% exhibited response. The median TTP was 5 
months. Patients had a median life expectancy of 9 months. By Cox 
regression analysis, tumor staining was shown to be an independent 
prognostic factor for TTP [relative risk (RR) 0.405; 95% confidence 
interval (CI) 0.216–0.760] and overall survival (RR 0.348; CI 0.185–0.656).
Conclusion: Intra-arterial infusion chemotherapy is useful in 
extending the therapeutic options for advanced lung cancer, specif-
ically for patients who are difficult to treat with additional standard 
chemotherapy or palliative radiotherapy.

P-276
Superior vena cava stenting for malignant obstruction: 
5-year experience from a tertiary referral centre
P. Walker, A. Chattopadhyay, C.J. Hammond, D.O. Kessel, S.J. McPherson, 
A.A. Nicholson, J.V. Patel, S. Puppala;
Department of Radiology, The General Infirmary at Leeds, Leeds, 
United Kingdom.

Purpose: Determine procedural complications and clinical out-
comes, including overall survival, in patients undergoing superior 
vena cava (SVC) stenting for malignant SVC obstruction (SVCO).
Material and Methods: We conducted a retrospective review of 
patients undergoing SVC stenting over a 5-year period (January 
2007 to January 2013). Radiological and clinical databases and 
patient notes were reviewed. Data regarding underlying diagnosis, 
procedural outcomes (including complications), recurrence of symp-
toms and overall survival was recorded.
Results: Forty-nine patients underwent SVC stenting for malignant 
obstruction. All procedures were technically successful with 100% 
patients experiencing symptomatic relief within 72 h of stenting. 
Only three patients (6%) suffered recurrent SVCO symptoms.
Despite 28 patients (57%) having concurrent thrombus, there was no 
incidence of a pulmonary embolus. Three patients had intra-proce-
dural stent thrombosis necessitating deployment of a further stent, 
but this did not correlate with pre-intervention thrombus and none 
of the patients received thrombolytics.
Overall post-procedure survival was poor with a 30-day mortality of 
31% and median survival of 2.97 months (range 0.13–57.17 months).
Conclusion: SVC stenting is a highly effective and relatively safe 
procedure for treatment of SVCO.
Although SVCO is commonly accompanied by thrombus there is no 
need for thrombolytics, and there is a very low risk of acute stent 
thrombosis or pulmonary embolus.
Expected patient survival should be taken into account when con-
sidering stent insertion for SVCO.
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P-280
Single procedure Yttrium-90 (SPY90): pilot study of a 
consolidated single procedure selective internal radiation 
therapy without prior-MAA nuclear medicine scan or 
prophylactic embolization utilizing Yttrium-90 resin 
microspheres
D. Liu1, D. Cade2, D. Worsley3, D. Klass1, H. Lim4, A. Arepally5;
1Interventional Radiology, Vancouver General Hospital, Vancouver, 
BC, Canada, 2Chief Medical Officer, Sirtex Medical, Sydney, 
NSW, Australia, 3Nuclear Medicine, Vancouver General Hospital, 
Vancouver, BC, Canada, 4GI Medical Oncology, British Columbia 
Cancer Agency, Vancouver, BC, Canada, 5Radiology, Piedmont 
Hospital, Atlanta, GA, United States of America.

Purpose: The current standard for selective internal radiation ther-
apy (SIRT) requires pre-procedural mesenteric angiography, selective 
coil embolization of extra-hepatic vessels, and quantification of liver-
to-lung shunting via injection of 99mTc-labelled-MAA. The purpose 
of this study was to evaluate the safety and feasibility of a consoli-
dated single session, whole-liver SIRT utilizing antireflux techniques 
without the need for prior angiography or lung shunt quantification.
Material and Methods: SPY90 was conducted in two phases.
Phase 1 comprised a literature review to determine the frequency and 
magnitude of excessive liver-to-lung shunting for different types of 
hepatic malignancies.
Phase 2 comprised a prospective study in 20 patients with liver tumors 
that usually exhibit a low lung shunt risk based on Phase 1 results. 
These patients will receive single session SIRT without prior mapping 
angiography or lung shunt quantification. Optimized imaging proto-
cols, preprocedural planning, and intraprocedural techniques to elim-
inate nontarget microsphere delivery will be utilized. The primary 
objective of Phase 2 is 3-month AEs utilizing CTC SAE 4.0 criteria.
Results: In Phase 1, a review of 213 patients from six prospective 
studies confirmed a low incidence and magnitude of liver-to-lung 
shunting in patients with liver metastases from colorectal or neuro-
endocrine tumors.
Phase 2 is currently recruiting with results to be reported at time of 
presentation.
Conclusion: Published data indicates that 25 Gy lung exposure has 
not been exceeded during whole-liver SIRT utilizing BSA-calculated 
activity in mCRC and mNET populations. Optimization of a single 
session SIRT may be achievable and clinical results will be reviewed 
at time of presentation.

P-281
Clinical evaluation of transcatheter arterial 
chemoembolization with 2-day soluble gelatin sponge 
particles (GSP) for hepatocellular carcinoma: a comparison 
with insoluble GSP
M. Sato, N. Kawai;
Radiology, Wakayama Medical University, Wakayama Shi, Japan.

Purpose: To compare the therapeutic effect, adverse events, and 
embolized hepatic artery impairment in transcatheter arterial che-
moembolization (TACE) between lipiodol plus insoluble gelatin 
sponge particles (Gelpart) and lipiodol plus 2-day soluble gelatin 
sponge particles (2DS-GSP).
Material and Methods: This study was designed as a single-cen-
ter, prospective, randomized controlled trial. Patients with unre-
sectable hypervascular HCC confined to the liver and unsuitable for 
radiofrequency ablation were assigned to either the 2DS-GSP group 
or the Gelpart group. We evaluated radiographic response (modi-
fied RECIST) as the primary endpoint. Secondary endpoints were 
safety (CTCAE v4.0) and hepatic branch artery impairment (Grade 
O, no damage; I, mild vessel wall irregularity; II, overt stenosis; III, 

Sorafenib dosing in rabbit (0.1 mg/kg): The experiments in rabbit 
demonstrated appreciable sorafenib concentrations in the liver (37.8 
ng/g at 72 h) with approximate liver/serum ratio of approximately 11, 
suggesting that targeted sorafenib delivery is feasible.
Conclusion: Increased liver/blood ratio with delivery of sorafenib in 
lipiodol formulation.
Planned experiments include sorafenib dosing in lipiodol (0.1 mg/
kg) for multiple rabbits with liver collection at 24 h and 72 h.

P-279
CT-guided irreversible electroporation (IRE) of pig liver in vivo: 
3D segmentation with implementation of the “Chebyshev 
center” to assess the extent of coagulation
C.M. Sommer1, D. Vollherbst1, S. Fritz2, S. Zelzer3, U. Stampfl1,
M.F. Wachter1, N. Kortes1, T. Mokry1, N. Bellemann1, T.L. Gockner1,
J. Knapp1, T. Longerich1, H.U. Kauczor1, P.L. Pereira4, J. Werner2,
B.A. Radeleff1;
1Diagnostic and Interventional Radiology, University Hospital 
Heidelberg, Heidelberg, Germany, 2Surgery, University Hospital 
Heidelberg, Heidelberg, Germany, 3Medical and Biological 
Informatics, German Cancer Research Center, Heidelberg, 
Germany, 4Dept of Radiology, Minimally Invasive Therapies and 
Nuclearmedicine, SLK-Clinics GmbH, Ruprecht-Karls-University 
Heidelberg, Heilbronn, Germany.

Purpose: To evaluate 3D-segmentation with implementation of 
the “Chebyshev center” for assessment of the extent of coagulation 
after CT-guided irreversible electroporation (IRE) of pig liver in vivo.
Material and Methods: Twelve IREs were performed in five pig livers 
in vivo. Contrast-enhanced CT was used to assess the extent of coag-
ulation. For 3D segmentation (3D), a semi-automated software proto-
type (MITK; German Cancer Research Center, Heidelberg, Germany) 
was used to automatically define long and short diameters, volume 
and circularity after manual segmentation. Routine analysis was per-
formed as control (C) with measurement of long and short diameters 
on transverse and coronal image planes and calculation of volume and 
circularity. The diameter of the largest possible coagulation sphere 
was defined applying the “Chebyshev center” (center of the largest 
inscribed sphere) for 3D or the short coagulation diameter for C.
Results: The long coagulation diameter was not significantly dif-
ferent between 3D and C (53.0 ± 15.5 mm versus 48.0 ± 15.2 mm; 
n.s). The short coagulation diameter was not significantly different 
between 3D and C (27.5 ± 10.7 mm versus 33.9 ± 14.3 mm; n.s.). The 
coagulation volume was not significantly different between 3D and 
C (46.6 ± 35.6 cm3 versus 43.7 ± 42.6 cm3; n.s.). The coagulation cir-
cularity was significantly different between 3D and C (0.54 ± 0.18 
versus 0.70 ± 0.18; p < 0.05). The diameter of the largest possible 
ablation sphere was significantly different between 3D and C (26.8 ± 
8.2 mm versus 33.9 ± 14.3 mm; p < 0.05).
Conclusion: In this in vivo pig liver study, routine analysis overesti-
mates the diameter of the largest possible coagulation sphere com-
pared with 3D. This observation may impact clinical IRE if a specific 
safety margin is intended.
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Results: Ablation zone volumes were significantly higher with MRI 
compared with CT (p < 0.05; mean volume 55.19 and 45.97 ml). 
Agreement between CT and MRI for technical success was good 
(k = 0.801) and was fair for margin conspicuity (k = 0.289). LTR was 
26% (mean follow-up, 11.7 months). LTR showed no correlation with 
technical success or margin conspicuity.
Conclusion: CT and MRI are suited for early evaluation of techni-
cal success after thermoablation. Within 24 h, a significant increase 
of the ablation volume was observed, which has to be taken into 
account when interpreting immediate post-procedural imaging and 
treating lesions near critical structures. Additional MRI 24 h after 
ablation seems of limited value regarding prognosis of LTR.

P-284
High-intensity focused ultrasound for the prostate cancer 
treatment of 837 patients: 5.5 years experience
V.A. Solovov, L. Shaplygin, D. Fesenko, Y. Matyash;
Interventional Radiology, Samara Oncology Centre, Samara, Russian 
Federation.

Purpose: To report the results of HIFU treatment for prostate can-
cer and failure after external beam radiotherapy (EBRT) and radical 
prostatectomy (RPE), stratified by tumor recurrence risk according to 
D’Amico risk classification.
Material and Methods: A total of 837 patients were treated at our 
center between September 2007 and February 2013: 241 with low, 
255 with intermediate, 291 with high risk progression, and 42 after 
the EBRT and RPE failure. A total of 712 patients underwent TURP + 
HIFU, 125 only HIFU (prostate volume <40 cc). Mean follow-up was 
42 months (range 6–62). The mean age was 69.2 years (52–89), mean 
prostate volume was 38.5 cc (5.5–108).
Results: Median PSA level 60 months after HIFU treatment were 0.5 ng/
ml (0.0–3.6) for low risk progression group, 1.04 ng/ml (0.2–6.3) for inter-
mediate, 3.2 ng/ml (0.0–21.3) for high risk group, and 1.7 ng/ml (0.0–9.8) 
for failure after EBRT and RPE. Patients with low risk had 6% progression, 
intermediate risk had 8% progression, high risk had 25%, and failure after 
EBRT had 19.6% progression. Kaplan–Meir analyses of the total group 
indicated that the risk of progression after 5-year follow-up was 85.8%.
Conclusion: HIFU ablation is a safe and minimally invasive treat-
ment for localized and locally advanced prostate cancer and is effec-
tive in 85.8% cases. HIFU therapy can also be successfully performed 
in patients with local recurrence after RPE and EBRT.

P-285
In vivo evaluation of thermal dissipation during 
radiofrequency ablation of liver metastasis
J.F. Salem1, R.A. Maalouly2, F. Tannouri2;
1Surgery, American University of Beirut Medical Center, Beirut, 
Lebanon, 2Radiology, Notre Dame Des Secours University Hospital, 
Byblos, Lebanon.

Purpose: Several studies showed comparable outcomes when treat-
ing small liver metastasis (<2.5 cm) by radiofrequency ablation or 
by surgical resection. However, higher recurrence rates were noted 
when treating large nodules with radiofrequency. We hypothesized 
that this could be because of thermal dissipation.
Material and Methods: Twenty-five liver metastases were treated 
with radiofrequency and divided in 2 groups: 13 small and 12 large 
nodules. All patients were treated by inserting a LeVeen probe per-
cutaneously under ultrasound guidance. For each nodule, 3 elec-
trodes were inserted at three different sites (center, periphery, mid-
distance) to measure the temperature in real-time. Using statistical 
tests, we compared the mean temperature between the center and 
periphery in each group. We also compared the mean temperature 
between the small and large nodules at 3 different sites.

occlusion of subsegmental or less branch artery; IV, occlusion of seg-
mental artery). Grade II, III, or IV indicated significant hepatic artery 
impairment.
Results: Thirty-seven and 36 patients with 143 and 137 nodules 
were randomized to the 2DS-GSP and Gelpart groups, respec-
tively. No significant difference in HCC patient background was 
found between the groups. Target lesion response and overall 
tumor response of the 2DS-GSP vs. Gelpart groups were 77.7% vs. 
76.9% and 78.3% vs. 77.8%, respectively, with no significant differ-
ence. No significant difference in adverse events was found between 
the groups. Hepatic artery impairment was observed in 5% in the 
2DS-GSP group and in 16% in the Gelpart group (p < 0.001).
Conclusion: TACE with 2DS-GSP resulted in the same therapeutic 
and adverse effects as TACE with Gelpart causing significantly less 
hepatic artery impairment.

P-282
Percutaneous ablation of lymph node metastases using 
CT-guided high-dose-rate brachytherapy
F. Collettini1, A.C. Schippers1, B. Hamm1, B. Gebauer2;
1Institut für Radiologie, Charité - Universitätsmedizin Berlin, Berlin, 
Germany, 2Klinik für Strahlenheilkunde, Charité, Universitätsmedizin 
Berlin, Berlin, Germany.

Purpose: To assess technical feasibility, safety, and clinical outcome 
of CT-HDRBT for achieving local tumor control in isolated lymph 
node metastases.
Material and Methods: From January 2008 to December 2011, 10 
patients (6 men and 4 women) with isolated nodal metastases were 
treated with CT-HDRBT. Five lymph node metastases were para-aor-
tic, three were at the liver hilum, one at the celiac trunk, and one 
was a left iliac nodal metastasis. The mean lesion diameter was 36.5 
mm (range, 12–67 mm). Patients were followed up by either con-
trast-enhanced CT or MRI at 6 weeks and every 3 months after the 
end of treatment. The primary endpoint was local tumor control. 
Secondary endpoints included primary technical effectiveness rate, 
adverse events, and progression-free survival.
Results: There was no peri-interventional mortality and no major 
complications. The mean follow-up period was 13.2 months (range, 
4–20 months). Two of 10 patients (20%) showed local tumor pro-
gression 9 and 10 months after ablation. Five of 10 patients (50%) 
showed systemic tumor progression. The mean progression-free 
interval was 9.2 months (range, 2–20 months).
Conclusion: CT-HDRBT is a safe and effective technique for mini-
mally invasive ablation of nodal metastases.

P-283
Is there a need for MRI within 24 hours after CT-guided 
percutaneous thermoablation of the liver?
K.I. Ringe, F. Wacker, H.-J. Raatschen;
Department of Diagnostic and Interventional Radiology, Hannover 
Medical School, Hannover, Germany.

Purpose: To compare technical success and accuracy of hepatic 
thermoablation using CT and MRI acquired 24 h after ablation with 
regard to local tumor recurrence (LTR) and to evaluate potential 
prognostic markers.
Material and Methods: A total of 32 patients (23m/9f; mean age, 60 
years) with 48 lesions were included in this retrospective study. CT 
was performed immediately and MRI 24 h after the ablation. Diameter 
and volume calculations of the ablation zone were compared (t-test). 
Technical success and ablation margin distinction, shape, and config-
uration were evaluated (k-statistic). Local effectiveness was calculated 
based on follow-up imaging. Technical success and ablation margin 
features were correlated with LTR (log rank test, Fisher exact test).
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P-288
Outcome of HCC patients exhibiting the pooling phenomenon 
during DEB-TACE
S. Crespi1, L. Martinetti1, M. Iavarone2, A.F. Nicolini1;
1Interventional Radiology, Fondazione IRCCS Ca’ Granda Ospedale 
Maggiore Policlinico, Milan, Italy, 2Division of Gastroenterology, 
Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, 
Italy.

Purpose: To evaluate outcomes of HCC patients exhibiting the pool-
ing phenomenon during DEB-TACE
Material and Methods: Between 2003 and 2012, we selected sub-
jects exhibiting the pooling phenomenon among 289 HCC patients 
undergoing DEB-TACE. TACE was repeated until complete response 
or for disease progression. All patients underwent CT/MR after 1 
month and every 3 months if complete response was achieved.
Results: In total, 41/289 (14.2%) patients exhibited the pooling phe-
nomenon (24 males; mean age, 71 years). Twenty-eight were HCV-
positive, 3 HBV-positive; 6 had ETOH, 2 had HCV-ETOH, 1 had bili-
ary cirrhosis, 1 had NASH; 31 were Child-Pugh A, 10 were Child-Pugh 
B; 22 were BCLC A, and 19 were BCLC B. Twelve had 1 , 15 had 2, 8 
had 3, 5 has multifocal lesions (mean diameter, 28.4 mm). Complete 
response was achieved in 11/41 patients (26.8%) after a medium of 
2.6 treatments. In total, 2/11 patients are disease-free after 8 and 
15 months, respectively. In 9/11 patients, mean relapse time was 
5.7 months; 6/41 (14.6%) are under treatment. At a mean follow-up 
of 12 months, complete response was observed in 2 (4.8%), partial 
response in 11 (26.8%), stable disease in 1 (2.4%), disease progres-
sion in 27 (65.8%) patients. In total, 35/41 patients stopped TACE 
after a mean of 11.7 months because 17 showed disease progres-
sion (48.6%), 3 had technical unfeasibility, 4 were lost to follow-up, 
8 had liver failure, and for 3 other reasons. Mean overall survival was 
35 months, with no significant difference between BCLC A and B (p 
> 0.05).
Conclusion: Pooling phenomenon is quite uncommon; such 
patients apparently show low complete response (26.8%) and early 
relapse (5.7 months). Mean overall survival is lower than the litera-
ture data.

P-289
Complications of radioembolization with 90Y microspheres in 
patients with biliodigestive anastomosis
D. Geisel, G. Wieners, D. Schnapauff, M.J. Powerski, B. Gebauer;
Department of Radiology, Charité, Berlin, Germany.

Purpose: Pre-existing biliodigestive anastomosis is a highly signif-
icant predictor of liver abscess formation after transcatheter arte-
rial chemoembolization. Therefore, the purpose of our study was 
to retrospectively evaluate radioembolization (RE) complications in 
patients with and without history of biliodigestive anastomosis.
Material and Methods: All patients who received RE between 
January 2009 and October 2012 were retrospectively analyzed. 
All were included in the evaluation had a pretreatment evaluation 
with 99m-technetium-albumin macroaggregates and at least one 
Gd-EOB-DTPA-enhanced MRI before and 6–8 weeks after RE.
Results: In total, 160 patients received 178 treatments; 17 were lost 
to follow-up. Therefore, 143 patients (67 women, 76 men; median 
age, 65 ± 11.2 years) were analyzed. Tumor entity included cholan-
gio- (n = 20) and hepatocellular carcinomas (n = 39), metastases from 
colorectal (n = 42), gastroesophageal (n = 3), breast (n = 16), neuro-
endocrine (n = 11), pancreatic (n= 8), bronchial (n = 1), and cervix car-
cinomas (n = 1) as well as metastasis from melanomas (n = 2). Nine 
patients had a previous biliodigestive anastomosis. Complications 
were as follows: 1 case of cholecystitis, 3 of gastroduodenal ulcers 
with one ulcer perforation, and 6 of radioembolization-induced liver 

Results: In small nodules, the mean temperature at the end of 
each procedure in the center and in the periphery was 55.2°C and 
48.3°C respectively, whereas in large nodules, it was 51°C and 38.3°C, 
respectively. In small nodules, there was no difference in temper-
ature between the center, mid-distance and periphery, whereas 
in large nodules, there was a statistically significant difference 
between the center and the periphery. We also compared the mean 
temperature at each site between the 2 groups. There was a statisti-
cally significant difference when comparing the peripheral tempera-
ture between small and large nodules (p < 0.02), whereas no differ-
ence was found in the central temperature between the 2 groups.
Conclusion: Our study proves the presence of thermal dissipation 
when treating large nodules by radiofrequency that could explain 
the recurrence.

P-286
Multi-session percutaneous radiofrequency ablations 
for hepatocellular carcinomas in patients with cirrhosis: 
assessment of safety with liver function and portal 
hypertension parameters analysis
H. Rhim, S.Y. Lee, M.W. Lee, Y.-S. Kim, H.K. Lim;
Radiology, Samsung Medical Center, Seoul, Korea.

Purpose: To evaluate changes in liver function and portal hyperten-
sion parameters after multisession percutaneous radiofrequency 
ablation (RFA) for hepatocellular carcinoma (HCC) in patients with 
cirrhosis.
Material and Methods: Between January 2000 and December 2011, 
24 patients with early-stage HCC in cirrhosis who underwent three 
consecutive RFAs alone were included. Mean interval between 
first and second RFA and that between second and third RFA was 
782 + 549 and 498 + 294 days, respectively. Liver function param-
eters [serum total bilirubin, albumin, prothrombin time (PT), aspar-
tate aminotransferase (AST), and alanine aminotransferase (ALT)] 
and portal hypertension parameters (platelet count, spleen volume, 
esophageal varices grade) were evaluated before first RFA and 6 
months after third RFA.
Results: Serum bilirubin levels were significantly increased (0.75 
+ 0.36 to 1.07 ± 0.68 g/dL, P = 0.0013). Serum albumin levels were 
significantly increased (3.62 + 0.37 to 4.09 ± 0.50 g/dL, P = 0.0002). 
Other liver function parameters (PT, 1.15 ± 0.10 to 1.12 ± 0.12 INR; 
AST, 48.13 ± 22.72 to 38.48 ± 36.49 IU/L; ALT, 41.92 ± 22.42 to 31.71 ± 
20.51 IU/L) did not show significant changes (P > 0.05). Portal hyper-
tension parameters [platelet count, 115,500 ± 49,789 to 110,238 ± 
48,299/mm3 ; spleen volume, 478.14 ± 277.90 to 536.16 ± 332.04 cm3; 
esophageal varices grade; 0.5 to 0.58 (semiquantitative morphologi-
cal grade)] did not show significant changes from before first RFA to 
6 months after third RFA (P > 0.05).
Conclusion: Multisession percutaneous RFAs were apparently safe 
in patients with cirrhosis in terms of liver function and portal hyper-
tension parameters. Slight increase in serum bilirubin level was 
noted, but was not clinically significant.

P-287
First-Line radiofrequency ablation with or without artificial 
ascites for early-stage subcapsular hepatocellular carcinomas: 
local control rate and risk of peritoneal seeding at long-term 
follow-up
T.W. Kang, H.K. Lim, H. Rhim, M.W. Lee, Y.-S. Kim, D. Choi;
Department of Radiology, Samsung Medical Center, Seoul, Korea.

WITHDRAWN
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of pancreatitis resulted in pseudocysts and was treated with a drain 
(grade 3). One delayed complication included a pseudoaneurysm of 
the gastroduodenal artery, treated with the endovascular approach 
(grade 4). Post-ablation syndrome was not considered relevant in 
any patient; after the first 6 weeks, QOL improved in all patients, 
with a statistically significative incidence. It tends to return to pre-
operative values in the following months; moreover, QOL does not 
seem to be influenced by minor complications.
Conclusion: MWA appears to be feasible for locally advanced head 
pancreatic cancer. Complications may be acceptable if patient’s 
selection is accurate, considering the global improvement of qual-
ity of life.

P-292
Antiangiogenic bevacizumab (Avastin®) for 
chemoembolization: a loading and release study with 
resorbable vs. nonresorbable microspheres
L. Bedouet1, V. Verret1, S. Louguet1, E. Servais1, F. Pascale2, L. Moine3,
A. Laurent4;
1Research & Development, Occlugel, Jouy en Josas, France, 2Center 
for Research in Interventional Imaging, CR2i APHP INRA, Jouy 
en Josas, France, 3Faculté de Pharmacie, Université Paris Sud-XI, 
Chatenay-Malabry, France, 4Interventional Neuroradiology, APHP 
Hopital Lariboisière, Paris, France.

Purpose: Bevacizumab (BVZ) (Avastin®, Roche) is a VEGF neutralizing 
antibody approved for treating various cancers. BVZ (5–10 mg/kg) 
is associated with severe side effects such as bleeding, heart attack, 
and perforation. We propose to load BVZ on resorbable emboliza-
tion microspheres (REM), which degrade in 24 h for local delivery 
and repeated chemoembolization. Here we investigated the loading 
of BVZ on REM and its release and activity and compared them with 
DC-Beads.
Material and Methods: BVZ was loaded on REM and DC-Beads 
(100–300 μm) at room temperature. Loading was quantified using 
protein assay in supernatants. Release was performed at 37°C in 
PBS. Microsphere degradation was quantified during the release. 
Inhibitory activity of eluted BVZ was analyzed on HUVEC.
Results: In 1 h, BVZ was loaded on REM (20 mg/mL) and DC-Beads 
(12 mg/mL). In PBS, a triphasic release occurred: 50% in the 1st hour 
without correlation with degradation (1%); 80% at 6 h with higher 
degradation (20%), and a sustained delivery at 18 h of the remain-
ing BVZ correlated with degradation (p < 0.0001). DC-Beads released 
BVZ in a burst (50% in 5 min, 80% in the first hour) and plateaued. 
BVZ released from REM and DC-Beads reduced HUVEC proliferation 
as observed with free BVZ, confirming that the biological activity 
was intact.
Conclusion: High-dose BVZ is loadable on REM. BVZ released pro-
gressively by ionic exchange for the first half and by REM degrada-
tion for the next. BVZ release from REM can be modulated by tuning 
degradation time. DC-Beads load less BVZ and released it in a burst.

P-293
Selective internal radiation therapy (SIRT) for hepatic tumors: 
procedural implications of a patent hepatic falciform artery
J. Schelhorn1, T. Schlosser1, J. Ertle2, J. Schlaak2, S. Müller3, A. Bockisch3, 
T. Lauenstein1;
1Radiology, University Hospital Essen, Essen, Germany, 
2Gastroenterology and Hepatology, University Hospital Essen, 
Essen, Germany, 3Nuclear Medicine, University Hospital Essen, 
Essen, Germany.

Purpose: SIRT using 90Yttrium is a local therapy for unresectable liver 
malignancies. Diversion of yttrium in a patent hepatic falciform artery 
(HFA) is considered a risk factor for periprocedural complications. 

disease (REILD). No infectious complications (liver abscess) occurred; 
no major or minor complications in the group with previous biliodi-
gestive anastomosis occurred.
Conclusion: With appropriate patient selection and prior angiog-
raphy, RE with 90Y microspheres is an overall safe procedure and 
seems to have no higher complication rate in patients with a history 
of biliodigestive anastomosis.

P-290
Preliminary experience of magnetic resonance-guided 
high-intensity focused ultrasound focal therapy for localized 
prostate cancer
G. Cartocci1, A. Napoli1, V. Panebianco2, M. Del Monte2, C. Catalano1;
1Department of Radiology, Oncology and Anatomic Pathology, 
Policlinico Umberto I, Sapienza University of Rome, Rome, Italy, 
2Radiological Sciences, Sapienza University of Rome, Rome, Italy.

Purpose: To assess the safety of noninvasive high-intensity 3T mag-
netic resonance-guided focused ultrasound (MRgFUS) treatment of 
local prostate cancer and to correlate the ablation results with histo-
pathological findings after radical prostatectomy.
Material and Methods: Six men with unifocal, biopsy-proven T2 
prostate cancer evident on multiparametric MRI were enrolled in 
this study. All patients were candidates for radical prostatectomy 
and underwent MRgFUS ablation before surgery; each was fol-
lowed-up 7–30 days after treatment for serum PSA level measure-
ment. Pre- and postablative MR examinations were evaluated to 
analyze dynamic contrast-enhanced (DCE) differences.
Results: No significant complications were observed during or 
immediately after treatment; no technical difficulties related to 
MRgFUS ablation were encountered during surgery. Post-treatment 
PSA serum levels decreased after an initial increase. Procedures were 
validated by a pathologist, who demonstrated coagulative necro-
sis at the sonication site surrounded by normal prostatic tissue 
with inflammatory changes. No residual viable tumor was observed 
within the treated area or along the safety margins.
Conclusion: MRgFUS seems to be safe and has the potential to be 
used as focal therapy in localized prostate tumors. It can determine 
coagulative necrosis of tumor tissue, which can be adequately evalu-
ated by DCE, according to histopathological findings.

P-291
Microwave ablation (MWA) treatment of pancreatic head 
cancer and its impact on quality of life
A.M. Ierardi1, F. Fontana1, M. Mangini1, C. Floridi1, M. Petrillo1,
A.V. Donati2, G. Carrafiello1, C. Fugazzola1;
1Radiology, Uninsubria, Ospedale di Circolo, Varese, Italy, 
2Interventional Radiology Research Center, Ospedale di Circolo-
Unisubria, Varese, Italy.

Purpose: To evaluate the feasibility and safety of percutaneous MWA 
for pancreatic head cancer and its impact on quality of life (QOL).
Material and Methods: Ten patients with unresectable pancreatic 
head cancer were treated with MWA using the percutaneous and 
laparotomic approaches in 5 patients each. In the percutaneous 
approach, the antennas were positioned and monitored, with ultra-
sonography (US) guidance in 3 and US and XperCT guide in seven 
patients. Follow-up CT was performed at 1, 3, 6 and 12 months. 
Complications were registered according to CTCAE classification. All 
patients underwent clinical evaluation, including the QOL question-
naire (EORTC QLQ-C30), and they were questioned about post-abla-
tion syndrome.
Results: Feasibility was 100%; antennas were correctly deployed 
into all tumours. Two patients presented with mild pancreatitis after 
1 month: one did not require any treatment (grade 1) and one case 



CIRSE 2013 SS/FC/HL/HTS/CM S325Posters

P-295
Systematic review and meta-analysis of thermal ablation 
versus nephrectomy for small renal tumors
L. Mailli, K.N. Katsanos, M. Krokidis, N. Karunanithy, A. McGrath,
T. Sabharwal, A. Adam;
Interventional Radiology, Guy’s and St. Thomas’ Hospitals, London, 
United Kingdom.

Purpose: Image-guided thermal ablation has gained popularity as 
a minimally invasive nephron-sparing treatment for solitary renal 
masses. We conducted a systematic review to provide a qualitative 
analysis and quantitative data synthesis of comparative trials assess-
ing thermal ablation versus nephrectomy for small renal tumors.
Material and Methods: PubMed, EMBASE, AMED, Scopus, CENTRAL, 
online-content, and abstract meetings were searched in December 
2012 for eligible prospective or retrospective comparative trials fol-
lowing the PRISMA selection process. Quality of included trials was 
assessed on the Jadad scale. Primary endpoint was disease-free sur-
vival (DFS) and was analyzed on the log hazard scale. Secondary out-
comes included overall complication rates and decline of estimated 
glomerular filtration rate (eGFR). Hazard and risk ratios (HR and RR) 
were calculated with a DerSimonian–Laird random effects model 
(Review Manager by Cochrane Collaboration).
Results: Six comparative cohort trials involving 577 patients with 
small renal tumors treated with thermal ablation (radiofrequency 
or microwave) or nephrectomy (partial or radical) were analyzed. 
There was no significant statistical heterogeneity among the trials. 
Overall procedure-related complication rate was significantly lower 
in the thermal ablation group (7.4% vs. 11.0%; pooled RR: 0.55, 95% 
CI: 0.31–0.97, p = 0.04). Postoperative decline of eGFR was higher 
after operative nephrectomy (mean pooled difference: -14.6 ml/
min/1.73m2, 95% CI: 27.96–1.23, p = 0.03). Five-year disease-free sur-
vival was similar between both treatments (pooled HR: 1.04, 95% CI: 
0.48–2.24, p = 0.92).
Conclusion: Thermal ablation of small renal masses has oncologic 
outcomes similar to those of invasive surgery and is associated with 
significantly lower overall complication rates and a significantly 
lesser renal function decline.

P-296
Treatment of non-hepatocellular carcinoma liver disease with 
Yttrium-90: Alberta Canadian Registry
R. Thomas, R.J. Owen;
Interventional Radiology, University of Alberta, Edmonton, AB, 
Canada.

Purpose: Selective internal radiation therapy for HCC with yttrium-90 
has gained acceptance, but its use in non-HCC remains controver-
sial. It reportedly has a beneficial effect on time to liver progression, 
treatment response, and overall survival in metastatic colorectal car-
cinoma and remains a therapeutic option in several other tumor 
subtypes, including cholangiocarcinoma and neuroendocrine dis-
ease. We report our experience at a large university hospital in west-
ern Canada.
Material and Methods: All patients who underwent salvage 
yttrium-90 treatment for liver-confined metastatic disease or chol-
angiocarcinoma were retrospectively analyzed for radiographic and 
biochemical response, clinical outcomes, and median survival.
Results: Thirty patients (15 males, 15 females; mean age, 54.6 years) 
underwent yttrium-90 treatment (mean dose, 2.97 GBq) for 47 lobes 
between March 2007 and July 2011; seven non-HCC tumors were 
treated. Mean cohort liver function was good (total bilirubin, 10.3 
umol/L; albumin, 39.7 g/L; INR, 1.1). Time from first treatment to 
response imaging: 106–613 (mean, 223) days.

We aimed to evaluate the impact of a patent HFA during SIRT and 
discuss strategies to reduce concomitant complications.
Material and Methods: Between 2006 and 2012, we evaluated 606 
patients for SIRT. A digital subtraction angiography (DSA) followed 
by 99mTc-HSA administration and SPECT/CT was performed before 
the actual treatment. On the basis of DSA, patients with a patent 
HFA were identified and analyzed for procedural consequences and 
peri-interventional clinical symptoms, including pain or skin rush.
Results: Nineteen of 606 patients (3.1%) had a patent HFA; 8 did not 
receive yttrium in the HFA releasing vessel because the tumor was 
located in the contralateral liver lobe. In 3 of 11 remaining patients, 
the HFA was initially coil-embolized; none showed any HSA accu-
mulation in the abdominal wall. Likewise, no peri-interventional 
symptoms were seen. In 8 of 11 patients, HFA was not primarily 
occluded. Four subjects showed HSA uptake in the abdominal wall. 
Consecutively, 2 patients underwent HFA embolization directly 
before SIRT and 2 received a cold pack on the abdominal wall during 
SIRT. All patients tolerated SIRT well without any side-effects.
Conclusion: A patent HFA is not a contraindication for SIRT. 
Periprocedural cold pack administration or HFA embolization may 
help prevent complications in patients with increased HSA uptake in 
the abdominal wall.

P-294
Peri-interventional cone beam CT (CB-CT) in patients with 
transarterial chemoembolisation (TACE) and selective internal 
radiotherapy (SIRT) for liver tumours
R. Adamus1, M. Uder2, R.W. Loose1;
1Institut for Diagnostic and Interventional Radiology, Klinikum 
Nürnberg North, Nürnberg, Germany, 2Department of Diagnostic 
Radiology, Universitätsklinikum Erlangen, Radiologisches Institut, 
Erlangen, Germany.

Purpose: To evaluate the usefulness of peri-interventional CB-CT 
to detect tumour feeding vessels for TACE and extrahepatic arteries 
before protective coiling for SIRT.
Material and Methods: In 18 patients before TACE and 11 patients 
before SIRT, CB-CT was performed (18× during contrast injection 
into the hepatic artery before TACE with DEB, especially in all SIRT 
patients). Thirteen patients for TACE and 3 for SIRT suffered from 
HCC; 12 had metastatic diseases. Interventions were performed 
with a 30 × 40-cm dynamic flat detector C-arm DSA system. Images 
were acquired by rotational angiography of 217° with 174, 226 
or 457 projections in 8-s acquisition time with axial, coronal and 
3D-reconstructions
Results: In 10 of 18 embolisations with DEB, CB-CT demonstrated a 
better visualisation of feeding vessels than DSA. Eight embolisations 
were not performed because CB-CT demonstrated insufficient vessels, 
1 of them showed multifocal spread. In all SIRT patients, CB-CT detected 
extrahepatic arteries better than DSA, especially in unclear cases: right 
gastric arteries × 11, aberrant origin × 2, cystic artery × 3 and left gastric 
artery × 1. Protective coiling before SIRT was possible in all cases.
Conclusion: Compared with DSA, in most cases, CB-CT allows bet-
ter visualisation of tumour vessels, simplifies superselective cathe-
terisation and the decision whether TACE is possible. It also enables 
a better visualisation of the smallest vessels arising from the hepatic 
arteries, running towards the liver or visceral organs and the deci-
sion whether a protective coiling before SIRT is necessary.
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gemcitabine (from 500 mg/m2 for other malignancies) dose-escala-
tion design with cisplatin (fixed at 50 mg/m2 dose) was selected to 
determine the dose-limiting adverse events (AE), toxicity (DLT), and 
maximum tolerated dose (MTD); furthermore, the maximum plati-
num concentration (Cmax) and area under the concentration–time 
curve (AUC) were measured.
Results: R-PIHP was successfully performed in 19 sessions in 11 
patients. No DLTs were observed until 700 mg/m2 of gemcitabine or 
70 mg/m2 of epirubicin was reached. The plasma pelvic-to-systemic 
exposure ratio was 105 and 62 based on Cmax and AUC, respec-
tively. Solid tumor responses included complete response in 2, par-
tial response in 6, and stable disease in 3 patients.
Conclusion: Although this report showed the preliminary results, 
R-PIHP appears to be a safe, feasible, and repeatable percutaneous 
IHP therapy.

P-299
Safety and efficacy of transarterial radioembolization (TARE) 
in unresectable hepatocellular carcinoma (HCC): results from 
a tertiary cancer care center in India
N.S. Shetty1, S.S. Kulkarni1, A.M. Polnaya1, S.S. Patil1, T.P. Dharia1,
R.J. Gandhi1, H.A. Pendse1, S.V. Shrikhande2, M. Goel2, S. Mehta3,
M. Thakur1;
1Interventional Radiology, Tata Memorial Hospital, Mumbai, India, 
2Department of Surgical Oncology, Tata Memorial Centre, Mumbai, 
India, 3Gastroenterology, Tata Memorial Centre, Mumbai, India.

Purpose: To assess the safety and efficacy of yttrium-90 micro-
spheres for treating unresectable HCC.
Material and Methods: Forty-eight patients with unresectable 
HCC underwent 60 sessions of TARE using yttrium 90 microspheres 
at a single institute during the study period. Patients were staged 
and evaluated according to the Barcelona Clinic Liver Cancer (BCLC) 
staging system. Clinical, biochemical data, and imaging (CT/MRI) 
were obtained at baseline, 6 weeks, 3 months, and every 6 months 
thereafter. The clinical and laboratory toxicity post-treatment was 
assessed by the Common Terminology Criteria Adverse Events 
(CTCAE), version 3.0. The cut-off for attribution of toxicity due to 
TARE was 3 months. Response evaluation was performed accord-
ing to the European Association for the Study of the Liver (EASL) 
guidelines.
Results: Fatigue was the most common symptom (50%) after TARE, 
whereas the most common liver toxicity was hyperbilirubinemia 
(8.7%). There were no cases of radiation gastritis, pneumonitis, or 
any procedure-related complication. The treatment response (CR 
+ PR) in BCLC-B and -C groups was 88.5% and 66.7%, respectively; 
overall response (CR + PR) in the treated patients was 78%. Median 
survival in BCLC-B and -C groups was 13.7 and 9.2 months, whereas 
that in CHILD-A and -B group was 16.2 and 11.9 months, respectively.
Conclusion: Transarterial radioembolization using yttrium-90 
microspheres is safe and effective in the treatment of unresectable 
HCC and median survival appears to closely follow the global trend 
even in the Indian population set.

Volumetric tumor analysis was variable. According to RECIST 1.1 cri-
teria: 54% SD, 31% PR, 15% PD. According to modified RECIST crite-
ria: 42% SD, 19% PR, 8% PD, 31% CR (neuroendocrine, colorectal, and 
medullary thyroid alone). Three patients were downstaged and suc-
cessfully transplanted. Median survival was 13.2 months, with great-
est survival benefit identified in neuroendocrine (16 months) and 
renal cell tumors (45 months). No clinically significant liver toxicity 
was observed. Major complications were abscess in 2 and contrast 
anaphylaxis in 1 patient.
Conclusion: Yttrium-90 is safe in patients with non-HCC liver-con-
fined disease unsuccessfully treated with conventional therapy. It is 
particularly promising for treating colorectal, neuroendocrine, and 
renal cell tumors. Our findings support other institutional reviews.

P-297
Ophthalmic arterial infusion therapy for retinoblastoma
T. Yamane1, S. Suzuki2, Y. Aihara2, M. Mohri3;
1Diagnostic Radiology, Saiseikai Yokohamashi Tobu Hospital, 
Yokohama, Japan, 2Ophthalmic Oncology, National Caner Center 
Hospital, Tokyo, Japan, 3Radiology, Mohri Clinic, Kawasaki, Japan.

Purpose: To report selective ophthalmic arterial infusion therapy 
(SOAI) for treating retinoblatoma. The treatment for intraocular ret-
inoblastoma changed from radiotherapy to neoadjuvant systemic 
chemotherapy followed by local therapy in the mid-1990s. To reduce 
the incidence of systemic adverse events and to improve ocular 
prognosis, SOAI was initiated using a balloon catheter in 1987.
Material and Methods: In total, 408 eyes of 348 patients were 
treated by SOAI using the balloon technique with melphalan 
between 1988 and 2007. 4F catheter was introduced from the fem-
oral artery and advanced into the internal carotid artery; then, the 
microballoon was passed through 4F catheter was inflated just 
beyond the ophthalmic artery orifice. During temporal occlusion 
of ICA, melphalan (5–7.5 mg/m2) was injected from the 4F catheter 
lumen. After SOAI, ocular hyperthermia by RF or transpupillary laser 
therapy was performed as a chemo–thermotherapy.
Results: The technical success rate was 98.8% (1452/1489). The 
eye preservation rate was 100% in group A, 88% in group B, 65% 
in group C, 45% in group D, and 30% in group E according to the 
International Classification of Intraocular Retinoblastoma.
Conclusion: SOAI using a balloon catheter and melphalan achieved 
a high technical success rate and caused few adverse events. We 
expect SOAI to be one of the main treatment options for intraocu-
lar retinoblastoma.

P-298
Phase I/II trial of retrograde-outflow, percutaneous, isolated 
hepatic perfusion for advanced liver malignancies: preliminary 
results
S. Murata1, S. Onozawa1, T. Mine1, T. Ueda1, F. Sugihara1, D. Yasui1,
S. Kumita1, M. Satake2;
1Radiology, Nippon Medical School, Tokyo, Japan, 2Radiology, 
National Cancer Institution East, Tokyo, Japan.

Purpose: Surgical isolated hepatic perfusion (IHP), reported to be a 
promising technique for managing liver tumors, has not been used ther-
apeutically because it involves aggressive surgical intervention and can 
be performed only once. The aim of this study was to evaluate the feasi-
bility of repeatable retrograde-outflow technique for percutaneous IHP.
Material and Methods: We have initiated a phase I/II trial of retro-
grade-outflow percutaneous IHP (R-PIHP) for advanced liver malig-
nancies. Eleven patients [4 cholangiocarcinomas, 4 metastatic liver 
tumors, and 3 hepatocellular carcinoma (HCC)] were enrolled, and 
R-PIHP was performed by redirecting hepatic outflow through 
the portal vein. The 3 + 3 epirubicin (from 70 mg/m2 for HCC) or 
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P-302
Hepatic volume changes after single-lobe radioembolization 
using yttrium-90
J.M. Theysohn1, S. Sipilae1, F. Nensa1, S. Müller2, J. Schlaak3, A. Bockisch2, 
T. Lauenstein1;
1Department of Diagnostic and Interventional Radiology and 
Neuroradiology, University Hospital Essen, Essen, Germany, 
2Nuclear Medicine, University Hospital Essen, Essen, Germany, 
3Gastroenterology and Hepatology, University Hospital Essen, 
Essen, Germany.

Purpose: After single-lobe yttrium-90 radioembolization, the other 
lobe is expected to compensate for the induced loss of liver function. 
Our aim was to assess the amount of volume gain in the untreated 
liver lobe in a large cohort.
Material and Methods: Sixty patients (45 males, 15 females; mean 
age, 68.1 years) with hepatocellular carcinoma were studied. All 
patients underwent yttrium-90 radioembolization of the right liver 
lobe. A mean dose of 113 Gy was delivered to the target hepatic 
volume (range, 100–160 Gy). Absolute volumes of the right (RLV) 
and left liver lobe (LLV) were assessed using CT scans before and 
1, 3, 6, 9, and 12 months after radioembolization of the right liver 
lobe. Furthermore, the relative volume of the left liver lobe [LLV/
(RLV+LLV)] was calculated.
Results: Baseline volumes of the right and left liver lobe were 1046 
ml (RLV) and 579 ml (LLV) on an average. Absolute LLV showed an 
average increase of 48.4% at the 6-month follow-up. However, 
the absolute RLV decreased significantly during follow-up (mean 
change: -32.9%). Average relative LLV was 35.9 % before and 51.7 % 
6 months after radioembolization. Volume changes continued up to 
the final follow-up of 12 months (RLV -41.7%, LLV + 69.5%, relative 
LLV 62.2%).
Conclusion: Constraints of liver function after single-lobe radio-
embolization can be partially compensated by hypertrophy of the 
contralateral lobe, thus reducing the danger of liver failure. This 
observation supports the concept of radiation lobectomy using 
radioembolization.

P-303
Radioembolization of hepatic tumors: possible 
hepatopulmonary shunt reduction after sorafenib 
administration
J.M. Theysohn1, J. Schlaak2, J. Ertle2, S. Müller3, A. Bockisch3,
T. Lauenstein1;
1Department of Diagnostic and Interventional Radiology and 
Neuroradiology, University Hospital Essen, Essen, Germany, 
2Gastroenterology and Hepatology, University Hospital Essen, 
Essen, Germany, 3Nuclear Medicine, University Hospital Essen, 
Essen, Germany.

Purpose: Yttrium-90 radioembolization (RE) is an emerging therapy 
option for unresectable hepatocellular carcinoma (HCC). Never-
theless, a high hepatopulmonary shunt (HPS) fraction (i.e., due to tu-
morous AV fistulae) may represent a contraindication. The protein 
kinase inhibitor sorafenib is a systemic drug approved for treating 
advanced primary liver cancer. Our aim was to assess if reduction in 
HPS can be achieved by sorafenib administration before RE.
Material and Methods: In total, 140 HCC patients consecutively under-
went hepatic digital subtraction angiography (DSA) with administration 
of technectium-99m-labeled macroaggregated albumin (99mTc-MAA) 
and SPECT/CT, from which HPS was calculated. We enrolled 9 patients 
with a contraindication for RE because of an estimated pulmonary 
radiation dose of above 30 Gy resulting from high HPS fraction. These 
patients received sorafenib (Nexavar, Bayer) for an average of 12 weeks. 
Later, DSA and shunt fraction calculation was repeated.

P-300
Boosted selective internal radiation therapy with 90Y-loaded 
glass microspheres for HCC: a new personalized, promising 
concept
Y. Rolland1, L. Lenoir2, J. Edeline3, H. Mesbah4, P. Poree4, E. Boucher3,
E. Garin2;
1Radiology, CRLCC Eugène Marquis, Rennes, France, 2Nuclear 
Medicine and Imaging, CRLCC Eugène Marquis, Rennes, France, 
3Oncology, CRLCC Eugène Marquis, Rennes, France, 4Medical 
Information, CRLCC Eugène Marquis, Rennes, France.

Purpose: Evaluating MAA SPECT/CT-based dosimetry for predicting 
response, toxicity, and survival in HCC treated with 90Y glass micro-
spheres (Therasphere®).
Material and Methods: MAA SPECT/CT was used in 71 HCC patients 
for calculating tumor dose (TD) and healthy injected liver dose 
(HLD). PFS and OS were evaluated using the Kaplan–Meier method. 
A toxicity scoring system (TCS) was built to predict liver toxicity.
Results: Median TD was 342 Gy for responding lesions and 191 Gy 
for nonresponding lesions (p < 0.001). With a 205-Gy threshold TD, 
MAA-SPECT/CT predicted the response (sensitivity 100%, accuracy 
90%). Based on TD and HLD, 17 patients received treatment inten-
sification resulting in good response rate (76.4%), without increased 
liver toxicity. Median PFS/OS were 5.5 months/11.5 months for 
patients with TD <205 Gy, 14 months/23.2 months for those with 
TD >205 Gy (p = 0.001/ns). For portal vein thrombosis patients (n = 
33), median PFS/OS was 4.5 months/5 months for patients with TD 
<205 Gy versus 10 months/21.5 months for those with TD >205 Gy (p 
= 0.039 and 0.005, respectively). Median OS was 24.5 months for PVT 
patients, with TD >205 Gy and good PVT targeting. TCS detected 
severe liver toxicity with 83% sensitivity and 97% accuracy.
Conclusion: MAA SPECT/CT-based dosimetry accurately predicted 
response and survival in patients treated with glass microspheres. It 
can be used for adapting the injected activity based on the new con-
cept of boosted selective internal radiation therapy (B-SIRT), without 
increasing liver toxicity. This new concept enables us to achieve a 
fully personalized treatment planning with glass microspheres.

P-301
Degradable starch microspheres TACE (DSM-TACE) vs. 
conventional TACE with epirubicin and lipiodol (cTACE) for 
treating hepatocellular carcinoma
C. Niessen, E. Unterpaintner, H. Gößmann, M. Haimerl, A.G. Schreyer, 
W.A. Wohlgemuth, C. Stroszczynski, P. Wiggermann;
Radiology, University Hospital Regensburg, Regensburg, Germany.

Purpose: This study aimed to compare the outcome of transarterial 
chemoembolization (TACE) using degradable starch microspheres 
(EmboCept®, PharmaCept; Germany) and conventional TACE using 
epirubicin and lipiodol (cTACE) in patients with advanced-stage 
hepatocellular carcinoma (HCC).
Material and Methods: Sixty patients were included in this retro-
spective analysis (DSM-TACE, n = 30; cTACE, n = 30). We compared 
tumor response, mean survival, and therapy-associated complica-
tions. Tumor response was evaluated in accordance with the modi-
fied Response Evaluation Criteria In Solid Tumors (mRECIST) by two 
radiologists in consensus reading.
Results: Objective response (OR) and stable disease (SD) was 
achieved in 60% and 23.3% patients treated with DSM-TACE and in 
46.7% and 30.0% patients treated with cTACE, respectively. There 
were no significant differences in mean survival (DSM-TACE, 769 ± 
233 vs. 709 ± 199 days; p = 0.91)
Conclusion: DSM-TACE showed higher objective response than 
cTACE, but did not result in significantly prolonged survival.
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A mixture of 20 mg docetaxel with contrast material was put into a 
vial of HepaSphere (50–100 micron; 25mg).
After infusion of cisplatin (20–40 mg) and docetaxel (20–40 mg) into 
the hepatic artery, embolization using docetaxel-eluting HepaSphere 
was performed. The endpoint was reduction of hepatic arterial flow.
Results: Local control rates were PR, 7/15 (46%); SD, 4/15 (27%); PD, 
4/15 (27%), respectively. Response rate was 46% and control rate was 
73% on CT images. The CEA level decreased in 70% patients.
Improvement in symptoms was obtained in 42% patients.
There was no deterioration of liver function in a month in any 
patients. All complications were within Grade II.
Conclusion: Chemoembolization with docetaxel-eluting micro-
sphere is highly effective in controlling the growth of hepatic metas-
tases with less complication.

P-307
Evaluation of tumor necrosis in liver explants of patients 
transplanted for hepatocellular carcinoma after chemoembolization 
or radiofrequency ablation as a bridging therapy
C. Garcia Alba, J. Cazejust, B. Bessoud, F. Perdigao, D. Wendum,
O. Rosmorduc, Y. Menu;
Radiology, Saint Antoine Hospital, Paris, France.

Purpose: To evaluate the degree of tumor necrosis and local recur-
rence of hepatocellular carcinoma treated with chemoembolization 
or radiofrequency ablation (RFA) as a bridging therapy for patients 
on the waiting list for liver transplantation.
Material and Methods: Between November 2009 and June 2012, 20 
patients with HCC underwent transplantation at our institution after 
benefiting from bridging therapies to prevent progression-related 
dropout. Twelve patients were treated with chemoembolization (2 
DEB-TACE, 10 c-TACE) and 8 were treated with RFA. All treatments 
were approved by our institutions Multidisciplinary Tumor Board 
in accordance with BCLC and EASL guidelines. Treatments were 
performed by experienced interventional radiologists. Anatomo-
pathologic study of the liver explants was conducted by an experi-
enced anatomopathologist.
Results: The mean number of nodules in the chemoembolization 
group was 2.7; all patients in the radiofrequency group had one 
nodule, except for one patient who had two nodules.
The mean tumor size in the TACE and RFA groups was 1.9 and 2.2 cm, 
respectively.
The mean tumor necrosis rate in the TACE and RFA groups was 75% 
and 91%, respective. One patient from each group had satellite nod-
ules on the liver explant.
Two patients were downstaged within Milan criteria after chemo-
embolization.
Conclusion: In our small series, RFA showed a higher degree of tumor 
necrosis as a bridging therapy for patients with HCC on the wait-
ing list for liver transplantation. TACE allowed treatment of a higher 
number of lesions, although with a smaller degree of necrosis.

Results: In all 9 patients, a reduction in HPS fraction was achieved 
(average shunt reduction, 61.2%; range, 15%–87%). RE therapy 
was possible in 8/9 patients following sorafenib administration. 
However, in 1 patient, HPS fraction was not sufficiently reduced for 
subsequent RE therapy.
Conclusion: Sorafenib administration may lead to a reduction in 
HPS fraction in patients with advanced HCC. Patients with high HPS 
fractions may thus become eligible for radioembolization therapy.

P-304
Role of transcatheter arterial combination chemotherapy 
in advanced breast cancer: from salvage to palliation and 
bridging
J.H. Kim;
Radiology, Sam Hospital, Anyang, Korea.

Purpose: To evaluate the efficacy of transcatheter arterial chemo-
therapy combined with optional embolization (TACCe) for palliative 
treatment of patients with advanced breast cancer unresponsive or 
intolerable to standard therapies.
Material and Methods: Thirty-one patients were enrolled; in all 
patients, standard therapeutic regimens failed to control disease 
progression with, resulting in intractable clinical manifestations, 
such as severe pain (n = 20), uncontrolled bloody discharge from 
skin or soft tissue of the breast or mastectomy site (n = 11), intracta-
ble pleural effusion (n = 7), LOM (n = 4), body discomfort (n = 9), neu-
rological symptoms (n = 2), corrupting proper quality of life. Twenty 
patients had two or more manifestations. Correlating clinical symp-
toms with CT or PET-CT, we selected the arteries supplying the prob-
lematic lesions. A cocktail of chemotherapy agents was infused, fol-
lowed by target agents and optional embolization with micro-parti-
cles (50–80 μm). This treatment was repeated every 4–8 weeks.
Results: Significant reduction in pain grading score (pain grad-
ing score >3) was demonstrated in 14 patients. Discharge was sig-
nificantly controlled in 7, pleural effusion was reduced in 5 (daily 
drainage <50%), LOM was improved in 2, and body discomfort was 
improved in 7 patients. The time to maximum clinical improvement 
was 2–8 days. The duration maintaining clinical improvement was 
2–7 weeks. No serious complications occurred.
Conclusion: In advanced breast cancer patients with failure of dis-
ease control using standard therapies, TACCe is an effective and safe 
treatment modality to restore body condition and quality of life. It 
plays a role of salvage, palliation, and bridging other therapies.

P-306
Chemoembolizaton of gastric cancer liver metastases using 
docetaxel-eluting microspheres
S. Hori, S. Sueyoshi, A. Seki, M. Kono, A. Hori;
Radiology, Gate Tower Institute for Image Guided Therapy, 
Izumisano, Japan.

Purpose: Although gastric cancer can cause systemic metastases, 
hepatic metastases are usually critical lesions from the viewpoint 
of prognostic, thus necessitating the development of an effective 
treatment for liver metastases. HepaSphere, a superabsorbent poly-
mer microsphere, can absorb docetaxel, and drug elution can be 
expected. The purpose of this study is to evaluate the effectiveness 
of chemoembolization using docetaxel-eluting microspheres for 
hepatic metastases of gastric cancer.
Material and Methods: Fifteen patients with liver metastases of 
gastric cancer were retrospectively evaluated. Systemic chemo-
therapy had failed in all patients. The local effect was evaluated 
according to the RECIST criteria. The CEA value was abnormal in 10 
patients. Improvement of symptoms were evaluated in 12 patients 
were evaluated.
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Results: Tumors were located in the body (5), neck (1), tail (3), head 
(6), and uncinate process (1). Thirteen of 15 patients received pre-
vious therapy (10 chemotherapy, 3 chemoradiation). Eleven of 
15 patients were stage 3 at diagnosis and 4 were stage 4. Average 
Eastern Cooperative Oncology Group performance status was 0.73 
(range 0–3).
No mortalities occurred day 30. No arrhythmias, infection, pancre-
atic fistula, or bowel injury occurred. Intraoperative transient hyper-
tension occurred with all treatments (n = 20). One treatment (1/20) 
was complicated by partial splenic infarction and one mesenteric 
hematoma; both required no treatment. Average duration of stay 
was 1.5 days. No patients required analgesics on discharge.
Eight of 15 (53%) patients are alive. In the 7 patients who died, mean 
event free survival was 6 months (range 2–12). Overall survival was 
10.5 months for the deceased and, at present, 10.9 months for the 
surviving group.
Conclusion: Percutaneous pancreatic IRE is safe for pancreatic 
tumor ablation. Further evaluation will be performed to assess its 
role in survival extension.

P-310
MR-guided focal cryoablation of recurrent prostate cancer: 
how we do it
C.G. Overduin1, J.G.R. Bomers1, D. Yakar1, J.P.M. Sedelaar2,
E.N.J.T. van Lin3, S.F.M. Jenniskens1, J.J. Fütterer1;
1Radiology, Radboud University Nijmegen Medical Centre, 
Nijmegen, Netherlands, 2Urology, Radboud University Nijmegen 
Medical Centre, Nijmegen, Netherlands, 3Radiation Oncology, 
Radboud University Nijmegen Medical Centre, Nijmegen, 
Netherlands.

Learning objectives: To describe our approach to transperineal 
magnetic resonance (MR)-guided focal cryoablation of recurrent 
prostate cancer (PCa). Our experience with this treatment in patients 
with PCa recurrence after radiotherapy.
Background: Whole-gland cryoablation under transrectal ultra-
sound (TRUS) guidance is an established treatment option in both 
newly diagnosed and recurrent PCa. However, because of poor 
tumor localization accuracy and limited visualization of the ablated 
zone, this method is associated with substantial morbidity risks, i.e., 
incontinence. Recently, MR imaging has been proposed in guid-
ing prostate cryoablation procedures. This modality offers accu-
rate lesion localization and targeting as well as superior monitoring 
capabilities, allowing focal treatment of prostatic tumors.
Clinical Findings/Procedure: From May 2011 to February 2013, 36 
consecutive patients with PCa recurrence after radiotherapy under-
went transperineal MR-guided focal cryoablation at our institution. 
In this educational exhibit, we describe how we performed this pro-
cedure in detail. Furthermore, technical details on procedure setup 
and equipment will be provided. Finally, we report our initial clinical 
experience with this treatment.
Conclusion: We present a feasible and safe approach to perform 
transperineal MR-guided focal cryoablation in patients with recur-
rent PCa after radiotherapy, with promising initial results. Longer fol-
low-up is required to determine the clinical value of this treatment 
option.

P-308
Evaluation of clinical outcomes following selective internal 
radiation therapy as a salvage treatment in patients with 
hepatic colorectal metastases
E.G. Violari1, A.R. Garcia1, N. Pandit-Taskar2, R.K. Do3, E.N. Petre1,
W. Shady1, L.A. Brody1, W. Alago1, R.H. Siegelbaum1, N.E. Kemeny4,
C.T. Sofocleous1;
1Department of Radiology/Interventional Radiology Service, 
Memorial Sloan-Kettering Cancer Center, New York, NY, United 
States of America, 2Radiology/Nuclear Medicine Service, Memorial 
Sloan Kettering Cancer Center, New York, NY, United States of 
America, 3Radiology, Memorial Sloan Kettering Cancer Center, 
New York, NY, United States of America, 4Department of Medicine/
Gastrointestinal Oncology, Memorial Sloan Kettering Cancer Center, 
New York, NY, United States of America.

Purpose: To evaluate outcomes of selective internal radiation ther-
apy (SIRT) using yttrium-90 microspheres as a salvage therapy in 
heavily pretreated patients with colon cancer liver metastases (CLM)
Material and Methods: Following IRB waiver of approval, review 
of a HIPPA-registered clinical database was performed. Toxicities 
after treatment were recorded and catalogued using CTCAE v 4.0. 
Response at 4–8 weeks and 2–4 months after SIRT was assessed by 
response evaluation criteria in solid tumors (RECIST) and PET stan-
darized uptake values (SUV). Liver progression-free survival (LPFS) 
and overall survival (OS) were measured from the time of initial SIRT 
treatment. The Kaplan–Meier methodology was used to compute 
survivals.
Results: From September 2009 to November 2012, 48 CLM patients 
(25 males, 23 females; median age, 56 years; range, 24–86 years) 
received 65 SIRT treatments at a median of 38 months from initial 
diagnosis and 33 months from the development of CLM. In total, 
66% and 19% patients developed grade 1–2 and grade 3–4 compli-
cations, respectively. Response by RECIST and PET SUV at 4–8 weeks 
and 2–4 months were 21% and 38% and 8% and 29%, respectively. 
Median LPFS was 5 (95% CI: 3–7) months. Median OS was 8.5 (95% 
CI: 6–18) months. The 1-, 2- and 3-year survival probabilities were 
45% (95% CI: 3%–29%), 19% (95% CI: 30%–59%), and 13 % (95% CI: 
8%–34%), respectively. Median total survival from initial diagnosis of 
the primary colorectal tumor was 46 (95% CI: 34–111) months.
Conclusion: SIRT is a well-tolerated treatment and may help 
increase survival even in heavily pretreated patients with CLM.

P-309
Safety and feasibility of percutaneous irreversible 
electroporation (IRE) of surgically unresectable pancreatic 
carcinoma
S. Bagla, D. Papadouris, K.M. Sterling, Ari. van Breda, Arl. van Breda,
M. Ponturo;
Cardiovascular & Interventional Radiology, Inova Alexandria 
Hospital, Alexandria, VA, United States of America.

Purpose: Locally advanced pancreatic cancer (LAPC) is surgically 
unresectable and without distant metastatic disease in 30% newly 
diagnosed cases. Treatment includes chemotherapy and radiation, 
but with limited benefit and significant toxicity. We present our 
experience with percutaneous IRE in LAPC and patients with meta-
static disease.
Material and Methods: Fifteen consecutive patients (9 males, 6 
females) aged 49–84 years were treated for 16 pancreatic carcino-
mas. Twenty percutaneous ablations were performed using electro-
cardiographic (ECG) synchronization. Clinical evaluation, laboratory 
examination, and imaging were performed at baseline, 24 hours, 
and 1, 3, 6, and 12 months.
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Despite the high safety profile for thermal ablation, accessing pel-
vic or retroperitoneal lymph nodes can be technically challenging 
because of the several adjacent structures that may be adversely 
affected by thermal ablation.
Clinical Findings/Procedure: Case-based discussion of various 
treatment methods and clinical scenarios, technical challenges 
encountered and methods to overcome them, and potential compli-
cations and methods to minimize them will be discussed.
Conclusion: At the end of this exhibition, the reviewers will have a 
better understanding of where thermal ablation stands in the treat-
ment algorithm and the ways it helps treat gynecological malignan-
cies, whether in a palliative or curative manner.

P-313
Advances in renal cell carcinoma therapy: 
locoregional techniques
F. Edalat1, P. Mulligan2, T.H. Patel2;
1Radiology and Imaging Sciences, Emory University School of 
Medicine, Atlanta, GA, United States of America, 2Interventional 
Radiology and Image-Guided Medicine, Emory University School of 
Medicine, Atlanta, GA, United States of America.

Learning objectives:
- Locoregional therapy with RFA and cryoablation is an effective  
   treatment for Stage I renal cell carcinoma (RCC).
- RFA and cryoablation have significantly lower major complication  
   rates than laparoscopic partial nephrectomy.
- Small tumor size and noncentral lesions are positive predictors of  
   locoregional treatment response.
Background: Nephron-sparing therapy is increasingly used for 
stage I RCC with locoregional therapy via RFA or cryoablation, pro-
viding an alternative to partial or radical nephrectomy. This report 
discusses the safety and efficacy of these techniques compared with 
surgical treatment.
Clinical Findings/Procedure: Percutaneous RFA converts electrical 
current into heat to kill tumor cells, whereas cryoablation uses alternat-
ing freeze/thaw cycles to induce mechanical rupture of cell membranes.
Surgical treatment provides improved local recurrence-free survival; 
however, locoregional therapy is equivalent with respect to distant 
recurrence-free survival.
The percentage of tumors treated successfully with locoregional ther-
apy and laparoscopic partial nephrectomy are similar (92% and 95%, 
respectively). However, the rate of major complications is significantly 
lower in the locoregional group (3% vs. 9%). When comparing locore-
gional therapies, cryoablation provides better local control and possi-
bly better metastatic control. Predictors of positive response to locore-
gional therapies are small tumor size (≤3 cm) and noncentral lesions.
Conclusion: Percutaneous locoregional approaches are safer and 
equally effective compared with laparoscopic partial nephrectomy, 
although more than one treatment may be needed to treat Stage I 
RCC. Tumor size and location are the key factors for success.

P-314
Percutaneous irreversible electroporation of liver tumours: 
the practical approach
M. Dollinger, L. Beyer, C. Niessen, E.M. Jung, C. Stroszczynski,
P. Wiggermann;
Institut für Röntgendiagnostik, Universitätsklinikum Regensburg, 
Regensburg, Germany.

Learning objectives: Learning the practical approach of percutane-
ous irreversible electroporation (IRE) in hepatic tumours.
Learning how to use different technical modalities (image fusion, 
parallel position of electrodes) in complex cases.
Learning the typical image findings before and after intervention.

P-311
Case-based approach to challenging cases of liver and renal 
ablation
S.R. Butros, R.S. Arellano;
Radiology, Massachusetts General Hospital, Boston, MA, United 
States of America.

Learning objectives: Our aim in this exhibit is to discuss the 
following:
- Anatomical and technical challenges
- Subcapsular and liver dome lesions
- Artificial creation of ascites
- How to approach lesions adjacent to the bowel, ureter/urinary pel                  
   vis, diaphragm etc.
- Lesion size and use of overlapping ablations
- Non-HCC liver tumors
- Approach to optimal positioning of the probe for inconspicuous  
   lesions on non-contrast CT
-  Potential post-procedural complications and their management
Background: Despite the high safety profile for thermal ablation, 
procedures may be technically challenging because of several fac-
tors including lesions in difficult-to-access locations and those in 
close proximity to surrounding structures that may be damaged 
during ablation.
Challenging cases may develop more complications such as pneu-
mothorax, hemorrhage and non-target organ injury.
Clinical Findings/Procedure: Creation of artificial ascites, opti-
mal patient positioning, and triangulation of the ablation probe 
are some methods that can be used to access lesions in challenging 
locations and to minimize non-target organ injury.
Use of multiple modalities, anatomic landmarks, and intravenous 
contrast can be extremely helpful in cases where the lesion is not 
seen on the computed tomography scan obtained for the ablation.
Despite the relatively high safety profile of thermal ablation, compli-
cations occur, and interventional radiologists should be well versed 
with the management of potential mishaps.
Conclusion: This exhibition will provide the reviewers with a bet-
ter understanding of the approaches to challenging renal and liver 
ablations.

P-312
Thermal ablation in gynecological malignancies
S.R. Butros, R.S. Arellano;
Radiology, Massachusetts General Hospital, Boston, MA, United 
States of America.

Learning objectives: Our aim in this exhibit is to discuss various 
percutaneous thermal ablation procedures that can help in the 
treatment of gynecological malignancies such as the following:
- Pelvic and retroperitoneal lymphadenopathy
- Liver metastases
- Bone metastases
Background: The ultimate goal of every ablation procedure is to 
deliver the ideal treatment in a safe and effective manner. Thermal 
ablation has a limited role in the management of gynecological 
malignancies; however, certain selected patients can benefit from 
treatment.
Patients with single or limited recurrent metastatic disease who have 
reached the limits of chemoradiation or those who cannot undergo 
a repeated operation can benefit from ablation. Cryoablation can be 
utilized for palliation of pain for patients who have bone metastases. 
Single metastatic hepatic lesions in patients who are inoperable and 
have no other metastatic involvement can also be treated with ther-
mal ablation.
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P-318
Pancreatic tumor and hepatic metastases treated with 
transarterial chemoembolization using drug-eluting beads
V. Akinfeyev, V. Orehov, V. Dudarau;
Radiology, N.N.Alexandrov National Cancer Center of Belarus, 
Minsk, Belarus.

A 65-year-old woman with a carcinoid of the pancreatic tail and 
large hepatic metastases underwent three transarterial chemoem-
bolization and drug-eluting beads (DEB-TACE) procedures applied 
not only to the liver but also to the primary tumor. Follow-up exami-
nation after a year demonstrated marked response.

P-319
Treatment of a recurrent chest wall desmoid tumour using 
CT-guided steroid injection
S.H. Paik1, S.B. Cho2, J.S. Park1;
1Radiology, Soonchunhyang University Hospital, Bucheon, Bucheon, 
Korea, 2Radiology, Korea University Anam Hospital, Seoul, Korea.

A desmoid tumour is a benign tumour originating from musculoaponeu- 
rotic structures throughout the body. Effectiveness of surgery, RT, and com- 
puted tomography (CT) is limited by frequent local recurrences. This is the 
first report of CT-guided steroid injection for treating a desmoid tumour.

P-320
Palliative RFA for pain and neuropathy due to tumors 
compressing nerves
S. Hamamoto, T. Matsuoka, A. Yamamoto, T. Okuma, K. Kageyama,
Y. Sakai, N. Nishida, Y. Miki;
Radiology, Osaka City University, Osaka, Japan.

RFA was performed for pain relief and neuropathy. The first case exhib-
ited a painful chordoma in the sacrum with claudication and the sec-
ond exhibited a leiomyosarcoma in the lung with motor dysfunction 
of the arm. In both cases, symptoms disappeared after the procedure.

P-321
An early-stage hypovascular HCC successfully treated by 
superselective bland TAE using 40-μm microspheres
T. Tanaka, H. Anai, H. Nishiofuku, K. Kichikawa;
Radiology, Nara Medical University, Kashihara, Japan.

A hypovascular HCC with hypervascular foci located in the hepatic 
hilum was successfully treated by bland transcatheter arterial embo-
lization. After distal blockage with 1-mm gelatin particles, diluted 
40-μm microspheres were injected via the tumor feeding artery. CT 
perfusion was useful for evaluation.

P-322
Combined open surgical and image-guided ablations in 
challenging cases
G. Tsoumakidou1, H. Lang2, J. Garnon3, A. Gangi1;
1Non-Vascular IR, University Hospital, Strasbourg, France, 2Urology, 
University Hospital, Strasbourg, France, 3IR, University Hospital, 
Strasbourg, France.

We performed combined open surgical and computed tomogra-
phy-guided cryoablation in a dedicated IR-theatre. Three patients 
(one with anterior renal and two with pelvic tumours) were treated. 
No complications were encountered. Combined treatments are fea-
sible in difficult-to-reach lesions.

Background: Minimally invasive techniques for treating liver 
tumours have become increasingly important within the last 
decade. IRE represents a new, non-thermal ablation technique using 
high-voltage electrical pulses of microsecond duration to induce 
irreversible permeabilisation of the cell membrane without signifi-
cant damage to neighbouring nerves, blood vessels or bile ducts.
Clinical Findings/Procedure: Because of a lack of experience with 
the practical approach (e.g. parallel placement of several ablation 
electrodes), this educational poster aims to demonstrate the pro-
cedural aspects of IRE on the basis of an experience of more than 
1 year with 30 patients with 42 hepatic tumours. Practical tips and 
tricks will be demonstrated for complex cases (image fusion of com-
puted tomography [CT] and contrast-enhanced ultrasound [CEUS], 
multiple positions of electrodes, for tumours with close proximity to 
the diaphragm or blood vessels) Pre- and post-intervention CT and 
magnetic resonance imaging scans with typical imaging findings 
after IRE will be shown.
Conclusion: The practical approach of IRE ablation for hepatic 
tumours will be demonstrated on the basis of more than 1 year 
experience of this procedure.

P-315
Delayed renocolic fistula caused by radiofrequency ablation 
for renal cell carcinoma
T. Ihaya1, T. Oouchi1, M. Kodani1, T. Kaminou2, T. Ogawa2;
1Department of Diagnostic and Interventional Radiology, San-
in Rosai Hospital, Yonago, Japan, 2Radiology, Tottori University, 
Yonago, Japan.

A 76-year-old man had undergone RFA for left renal cell carcinoma. 
The RFA needle dislocated slightly during the procedure because 
the patient moved. Three months later, he suffered from repeated 
urinary infection. Renocolic fistula was diagnosed and treated by 
fistulectomy.

P-316
Two cases of renal cell carcinomas successfully treated with 
percutaneous ablation followed by cytoreductive embolization
T. Minami1, W. Koda1, K. Yamakado2, H. Takaki2, J. Sanada1, D. Inoue1,
T. Ogi1, T. Gabata1, O. Matsui1;
1Radiology, Kanazawa University, Kanazawa, Japan, 2Department of 
Radiology, Mie University School of Medicine, Mie, Japan.

We report two patients with renal cell carcinoma who refused sur-
gery. More than 5 cm of their tumors were embolized by cytore-
duction using DC Bead. After confirming significant reduction in 
tumor size, we successfully performed radiofrequency ablation and 
cryoablation.

P-317
Rheolytic thrombectomy and stent placement in mediastinal 
vein thrombosis due to metastatic lymphadenopathy
S. Lechareas, N. Ptochis, L. Poulou, C. Karanikas, M. Agathaggelou,
G. Karydas;
Interventional Radiology, Athens General Hospital, Papagoy, 
Greece.

We present a case of a 40-year-old woman with superior vena cava 
and left brachiocephalic vein thrombosis secondary to non-small 
cell carcinoma of lung metastatic lymphadenopathy. A combination 
of rheolytic thrombectomy and stent placement was performed 
with complete technical success and an excellent clinical outcome.
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Material and Methods: In January 2013, online material for patients 
was downloaded. A total of 25 individual online patient education 
resources were included and assessed for their level of readabil-
ity using the following readability scales: the Flesch–Kincaid Grade 
Level, Flesch Reading Ease, New Dale–Chall, FORCAST, Fry, Gunning 
Fog, New Fog Count, Coleman–Liau Index, Raygor Readability 
Estimate, and SMOG scales.
Results: Collectively, the patient education resources were written 
above the 12th grade level. Individually, the 25 articles had an aver-
age reading level from the 8th to higher than the 15th grade level. 
Only 5 (20%) articles were written below the 10th grade level and 
none lower than the 8th grade reading level.
Conclusion: The National Institutes of Health and American Medical 
Association recommend that all patient education resources be 
written between a 3rd and 7th grade level for a broad patient popula- 
tion to benefit from online resources. The 25 patient education articles 
on the CIRSE website are written at a high reading level that likely 
precludes many patients from benefiting or fully benefiting from 
their information. This is particularly true given the wide availability 
of the Internet as a patient resource and the low reading level of the 
general population.

P-326
Use of Ethiodol in children and young adults
R.K. Clemens, R. Shaikh, B. Dillon, A.I. Alomari;
Division of Interventional Radiology, Boston Children’s Hospital, 
Boston, MA, United States of America.

Purpose: To report the safety of ethiodized oil contrast (Ethiodol or 
Lipiodol) used during sclerotherapy of venous malformations in chil-
dren and young adults.
Material and Methods: A retrospective review of the medical 
records and procedural details was conducted for procedures in 
which ethiodized oil contrast was used during sclerotherapy for 
venous malformations. Intra- and periprocedural complications 
were documented. Complications were categorized according to 
the Society of Interventional Radiology classification system for 
complications by outcome.
Results: A total of 153 patients were treated with 178 sclerotherapy 
procedures; age ranging from 2 months to 34 years. The amount of 
ethiodized oil contrast used ranged from 0.2 ml to 23 ml. In all pro-
cedures, ethiodized oil contrast was used in combination with 3% 
sodium tetradecyl sulfate, glue, or ethanol.
Minor cutaneous complications, including skin blistering (n = 4) and 
hemoglobinuria, occurred. However, these are known side effects of 
the sclerosants used. No major complications occurred. There were 
no allergic reactions noted.
Conclusion: Ethiodized oil contrast can be safely used in children 
and young adults. Despite the confounding factor of the sclerosing 
agent, no specific complications were related to its use.

P-327
Prospective evaluation of the optimal duration of bed rest 
after vascular interventions using 3-French sheath introducer 
systems
T. Aramaki1, M. Moriguchi1, E. Bekku1, K. Asakura1, M. Endo1,
K. Yoshimura2;
1Div. of Diagnostic Radiology, Shizuoka Cancer Center, Shizuoka, 
Japan, 2Translational Research Center, Kyoto University Hospital, 
Kyoto, Japan.

Purpose: This single-center prospective study examined optimal 
bed-rest duration after vascular interventions via the femoral artery 
using 3-French sheath introducer systems.

P-323
Papillary carcinoma of a renal allograft: a successful 
cryoablation-treated case
C.D.M. Amoedo, R.G. Gobbo, M.J. Francisco Neto, M.R.G. Queiroz,
A. Rahal Jr., M.B.G. Funari;
Interventional Radiology, Hospital Israelita Albert Einstein, São 
Paulo, Brazil.

We present a 58-year-old woman with primary type II papillary carci-
noma of the renal allograft that was incidentally found 7 years after 
transplantation and successfully treated by cryoablation. This is a 
rare condition, for which minimally invasive treatment is preferred.

Others

P-324
Transarterial endovascular catheter-embolization for the 
management of inferior epigastric artery hemorrhages
M.C. Wick1, J. Klocker2, W. Jaschke1, A. Chemelli1;
1Department of Radiology, Innsbruck Medical University, Innsbruck, 
Austria, 2Department for Vascular Surgery, Innsbruck Medical 
University, Innsbruck, Austria.

Purpose: Acute hematoma of the rectus-sheath (RS) due to hemor-
rhage of the inferior epigastric artery (IEA) occurs spontaneously due 
to use of anticoagulatives, iatrogenically due to abdominal surgeries 
or blind diagnostic punctures, or as a result of trauma. In selected 
patients, transarterial endovascular embolization (TAE) of the IEA 
can be used for minimally invasive management of RS-hematomas.
Material and Methods: All patients with acute RS-hematoma 
admitted to the Interventional Radiology unit at our University 
Hospital for TAE of a bleeding IEA were included in this study.
Results: During 1996–2012, 52 consecutive patients [26 males (50%); mean 
(SD) age 63 (15)] with hemodynamically relevant acute RS-hematomas 
were admitted for TAE. Of these, 19 had spontaneous hemorrhage due to 
the use of anticoagulatives (group A), 18 due to abdominal trauma (group 
B), and 15 due to an iatrogenic complication (group C). Primary technical 
success was achieved in 46/52 patients (88.5%): group A, 17/19 patients 
(89.5%); group B, 17/18 (94.4%); and group C, 13/15 patients (86.7%). The 
others needed secondary TAE with a secondary technical success of 
100%. The mean puncture-to-hemostasis time (SD) was 65.4 (35) min. The 
30-day mortality was 19.2% (n = 10) and the total cumulative mortality 
rate was 23.1% (n = 12). No technical complications and no complications 
such as abdominal wall ischemia were observed.
Conclusion: In patients with acute RS-hematomas, TAE as minimally 
invasive therapy for hemorrhage of the IEA is a fast, safe, and reliable 
method with high technical success rate and no post-interventional 
long-term complications.

P-325
The readability of online patient education resources in 
vascular and interventional radiology
D.R. Hansberry1, C. Kraus1, N. Agarwal2, S.F. Gonzales1;
1Radiology, UMDNJ - NJMS, Newark, NJ, United States of America, 
2Department of Neurological Surgery, UMDNJ - NJMS, Newark, NJ, 
United States of America.

Purpose: Online resources for patients are widely available but 
are frequently written at a level that patients cannot fully compre-
hend. We evaluate the level of readability of online patient educa-
tion resources available from the Cardiovascular and Interventional 
Radiological Society of Europe (CIRSE) website.
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P-329
Patterns of lipiodol accumulation in CT-guided lipiodol 
marking before video-assisted thoracoscopic surgery of small 
pulmonary nodules
H. Miura1, T. Yamagami1, K. Terayama1, O. Tanaka1, R. Yoshimatsu1,
Y. Ichijo1, D. Kato2, J. Shimada2;
1Radiology, Graduate School of Medical Science, Kyoto Prefectural 
University of Medicine, Kyoto, Japan, 2Division of Chest Surgery, 
Department of Surgery, Graduate School of Medical Science, Kyoto 
Prefectural University of Medicine, Kyoto, Japan.

Purpose: To evaluate patterns of lipiodol accumulation in CT-guided 
lipiodol marking for localization of small pulmonary nodules prior to 
video-assisted thoracoscopic surgery (VATS).
Material and Methods: In total, 27 patients (mean age, 51 years; 
18 male, 9 female) underwent computed tomography fluoroscopy-
guided lipiodol marking for 52 pulmonary nodules (mean size, 4.7 
mm) and 54 markings were performed between November 2010 and 
July 2011. In 2 nodules, markings were performed twice in one ses-
sion. Lipiodol (0.2–0.3 ml) was injected near or on the nodules with 
a 21-gauge needle. Shape, location, and distribution of lipiodol near 
or on the nodules shown on CT after marking were investigated.
Results: All nodules were successfully resected by VATS. Accumu-
lations at the nodules were 85% (46/54) circular, 7% (4/54) dots, and 
7% (4/54) unclear shapes. Distributions of lipiodol outside the nod-
ules were 22% (12/54) in the peripheral bronchus, 44% (24/54) in the 
central bronchus, 61% (33/54) in the lung parenchyma near the nod-
ules, 19% (10/54) in the pleural space, 15% (8/54) in the needle tract, 
2% (1/54) in the other segment of the ipsilateral lung, and 2% (1/54) 
in the contralateral lung. Pneumothorax occurred in 63% (17/27) 
and a chest tube was inserted in 6 patients. Pulmonary hemorrhage 
occurred in 33% (18/54) patients. There were no serious complica-
tions such as systemic embolization caused by air or lipiodol.
Conclusion: Lipiodol could be well detected at the nodules after 
lipiodol marking. Lipiodol was also distributed in the bronchus and 
lung parenchyma outside the nodules. However, no serious compli-
cations occurred.

P-330
Usefulness of CT-guided hookwire marking before 
video-assisted thoracoscopic surgery for small pulmonary 
lesions
S. Kazushi, M. Shimohira, T. Hashizume, Y. Ozawa, Y. Shibamoto;
Department of Radiology, Nagoya City University Graduate School 
of Medical Sciences, Nagoya, Japan.

Purpose: The aim of this study was to evaluate technical and clini-
cal efficacy and safety of CT-guided hookwire marking before video-
assisted thoracoscopic surgery (VATS) for small pulmonary lesions.
Material and Methods: In total 139 patients, 68 males and 71 
females, with a median age of 61 years (range, 23–89 years) under-
went this procedure. Medical records and images were reviewed, 
and technical success rate, clinical success rate, and complications 
were evaluated. Technical success was defined as successful hook-
wire marker placement at the target site without marker dropping 
before VATS. Clinical success was defined as negative surgical mar-
gins on pathological examination after VATS.
Results: There were 83 nodules and 56 ground-glass opacities, and 
their mean size was 9.7 mm (range, 2–34). The technical success rate 
was 97.8% (136/139). In 2 of 3 failed cases, another hookwire marker 
was placed, and in the remaining one case, VATS was performed 
without a marker. The clinical success rate was 97.8% (136/139). In 
the 3 failed cases, the margin was positive, hence, lung lobectomy 
was performed in one case, and the other two cases were carefully 
observed. Complication rates were as follows: pneumothorax, 34.5% 

Material and Methods: Eligibility criteria were clinically necessary 
angiography, no coagulopathy or anticoagulant therapy, no hyper-
sensitivity to contrast medium, age >20 years, and written informed 
consent. The sheath was inserted via the femoral artery using 
Seldinger’s method. Bed rest was sequentially reduced to deter-
mine the optimal duration. The first group (Level 1) received 3-hour 
bed rest after vascular interventions. If no bleeding or hematomas 
developed, the next group (Level 2) received 2.5-hour bed rest. 
If no bleeding or hematomas developed, the final group (Level 3) 
received 2-hour bed rest. If any patient had bleeding or hematomas 
after bed rest, the study was terminated, and the previous bed rest 
level was taken as the optimal duration. Each group included 105 
patients.
Results: In total, 105 patients were enrolled at Level 1 between 
November 2010 and September 2011. At Level 1, cessation of bed 
rest was delayed in 8 patients, who were excluded from evalua-
tion. None of the remaining 97 experienced postoperative bleed-
ing. Therefore, patient accumulation began at Level 2 in September 
2011. However, bleeding from the puncture site occurred in the 52nd 
patient immediately after cessation of bed rest, necessitating study 
termination. There was no transition to a 4-French or thicker sheath 
catheter in the 157 patients.
Conclusion: Bed rest for 2.5 hours after angiography using 3-French 
sheath introducer systems is insufficient. Bed-rest duration should 
be at least 3 hours.

P-328
Radiofrequency ablation of bilateral benign thyroid nodules
M.J. Hong;
Department of Radiology, Asan Medical Center, Seoul, Korea.

Purpose: Surgery or radioiodine therapy has been used for symp-
tomatic benign thyroid nodules. Either surgery or radioiodine ther-
apy can cause various complications such as hypothyroidism, voice 
change, and hypoparathyroidism. For patients with bilateral thy-
roid nodules, permanent hypothyroidism is inevitable after surgery. 
Radiofrequency ablation (RFA) could achieve significant symptom-
atic and cosmetic improvement by reducing nodule volume with 
preservation of thyroid function. The purpose of this study was to 
evaluate the efficacy and safety, particularly preservation of thyroid 
function, of RFA for treating bilateral thyroid nodules.
Material and Methods: Between January 2007 and October 2012, 
bilateral thyroid nodules in 18 patients were included in the study 
using the following criteria: (1) having bilateral thyroid nodules; (2) 
patients with pressure symptoms or cosmetic problems; (3) cytologi-
cal confirmation of benignancy; and (4) refusal of or ineligibility for sur-
gery. Thyroid function, nodule volume, clinical problems, and compli-
cations were evaluated at baseline, 6, and 12 months after treatment.
Results: The initial mean nodule size was 4.1 ± 1.9 cm and was sig-
nificantly decreased at last follow-up (P < 0.001; 2.5 ± 1.4 cm). Initial 
nodule volume was 24.4 ± 32.2 ml and was significantly decreased 
at last follow-up (P < 0.001) with a mean volume reduction of 75.9 ± 
19.0%. The mean symptom (P < 0.001) and cosmetic score (P < 0.001) 
were decreased at the last follow-up. Serum hormonal levels were 
not significantly different prior to treatment and at the last follow-
up (P > 0.05).
Conclusion: RFA seems to be an effective and safe treatment, par-
ticularly in preservation of thyroid function, for patients with bilat-
eral thyroid nodules.
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pattern, 11.5% with no discernible adrenal vessels, 1.9% with trian-
gular pattern, and 7.7% showed vasculatures not typical of these five 
patterns. The central vein leading to stellate or spidery branches was 
the commonest pattern, which may differ from those in Caucasians.
The concordance rate of CT and AVS was found to be relatively low 
(40.4%). Two cases were shown in AVS to be lateralized to the con-
tralateral side as compared with CT finding (3.8%). For CT detection 
of hyperfunctioning adrenal nodules per adrenal gland, its sensitiv-
ity (53.6%), specificity (85.0%), positive predictive value (93.8%), and 
negative predictive value (30.4%) were analyzed.
Conclusion: This study showed that CT had a relatively low concor- 
dance rate to AVS lateralization, rendering it an unreliable tool to 
suggest treatment for Asian patients with primary hyperaldostero- 
nism.
Identification of right adrenal vein anatomical patterns during AVS 
is important to give radiologists a high confidence level, suggesting 
that the cannulation is successful, facilitating efficient sampling.

P-333
C-arm cone beam CT-guided superselective intra-arterial 
chemotherapy in locally advanced breast cancer
S. Yilmaz1, M. Ozdogan2, A. Ozluk3, A. Yildiz4, A. Kargi2, O. Kuzhan2;
1Interventional Radiology, Mediterranean Integrative Oncology 
Group, Antalya Medstar Hospital, Antalya, Turkey, 2Oncology, 
Mediterranean Integrative Oncology Group, Antalya Medstar 
Hospital, Antalya, Turkey, 3General Surgery, Mediterranean 
Integrative Oncology Group, Antalya Medstar Hospital, Antalya, 
Turkey, 4Nuclear Medicine, Mediterranean Integrative Oncology 
Group, Antalya Medstar Hospital, Antalya, Turkey.

Purpose: To evaluate the safety and efficacy of C-arm cone beam CT 
(CACBCT)-guided superselective intra-arterial chemotherapy (IACH) 
in patients with locally advanced breast cancer (LABC) unresponsive 
to conventional chemotherapy and radiotherapy.
Material and Methods: Between April and December 2012, 11 
patients with LABC who had insufficient response to at least 3 
cycles of neoadjuvant chemotherapy plus radiotherapy under-
went CACBCT-guided IACH. The patients also had several unfavor-
able prognostic parameters, including inflammatory breast cancer 
(n = 6), triple negative gene expression (n = 4), and tumor infection 
(n = 2). In all patients, the feeding arteries of the breast tumors were 
identified with CACBCT and angiography. IACH was then performed 
via the microcatheters placed superselectively into these arteries.
Results: In total, 32 IACH sessions were performed in 11 patients 
(1–4 sessions per patient). The follow-up PET-CT was performed 
in 6 patients after 1–3 IACH sessions and demonstrated complete 
(n = 2) or partial (n = 4) response. Six patients underwent surgery. 
Pathologic specimens demonstrated complete response with disap-
pearance of the tumor and lymph node metastases in one patient 
with triple negative breast cancer. In the remaining 5, they showed 
partial response with tumor shrinkage in all and disappearance of 
the axillary node metastases in 3. In a patient with a giant infected 
breast carcinoma, who had received 18 cycles of different chemo-
therapy regimens, the tumor underwent total necrosis after 2 IACH 
sessions.
Conclusion: Our study suggests that CACBCT-guided superselec-
tive IACH is safe and effective in patients with LABC. However, these 
results should be confirmed in larger prospective series.

(48/139); focal intrapulmonary hemorrhage, 41.7% (58/139); hemop-
tysis, 0.7% (1/139); hemothorax 0% (0/139); air embolism 0.7% (1/139); 
dissemination 0.7% (1/139); and death 0% (0/139).
Conclusion: CT-guided hookwire marking appears useful for VATS, 
but the procedure may, although rarely, cause severe complications 
such as air embolism and dissemination.

P-331
Efficiency of lidocaine tumescence method for the prevention 
of skin stitch complication of suture-mediated vascular closure 
device
M.K. Kim1, J.Y. Won2, M.S. Lee3, S.I. Park2, M.D. Kim2, D.Y. Lee2;
1Vascular Intervention, Severance Hospital, Seoul, Korea, 2Radiology, 
Severance Hospital, Yonsei University College of Medicine, Seoul, 
Korea, 3Department of Radiology, Jeju National University Hospital, 
Jeju-si, Korea.

Purpose: Skin stitch complication after suture-mediated vascu-
lar closure device (VCD) could develop into arteriotomy exposure 
and wound infection. This study was to evaluate the efficiency of 
lidocaine tumescence method for the prevention of skin stitch 
complication.
Material and Methods: Among patients who underwent femoral 
catheterization at a single center, 298 patients (M:F = 251:47) whose 
arteriotomy sites were closed with a suture-mediated VCD (Perclose 
proglide; Abbott, Redwood city, California, USA) were included. In 
the control group (n = 206), VCD was performed using the conven-
tional technique, while in the experimental group (n = 92), lidocaine 
tumescence method with injection of 5–6 ml of 2% lidocaine around 
the puncture site before using the VCD to elevate the skin by 2–3mm 
was conducted. Two groups were compared in consideration of skin 
stitch complication and other variables such as skin to SFA depth; 
incision length and operator’s experiences were also correlated to 
the incidence of skin stitch complication using SAS 9.2 ver.
Results: In the control group (n = 206), stitch complication on skin 
and femoral artery occurred in nine patients (4.4%). In the exper-
imental group with lidocaine tumescence method (n=92), stitch 
complication did not occur (0%; p < 0.04). Development of stitch 
complication was significantly related to depth of skin to femoral 
artery: less than 6 mm (p < 0.001) and incision length: less than 4 mm 
(p < 0.001).
Conclusion: Lidocaine tumescence method was effective to pre-
vent skin stitch complication when using VCD. In particular, it is re-
commended to patients with thin skin to femoral artery depth, 
lidocaine tumescence, and skin incision >4 mm to avoid skin stitch 
complication.

P-332
Adrenal venous sampling for primary hyperaldosteronism: 
experience in the Asian population
Y.-H. Wan, W.-K. Kan;
Radiology, Pamela Youde Nethersole Eastern Hospital, Hong Kong, 
Hong Kong.

Purpose: To evaluate the value of computed tomography (CT) and 
adrenal venous sampling (AVS) in suggesting treatment for primary 
hyperaldosteronism in Asian patients.
Material and Methods: A retrospective review of 63 cases of pri-
mary hyperaldosteronism with AVS during a 3-year period at a hos-
pital in Hong Kong was performed. CT and AVS values were ana-
lyzed by various parameters.
Results: In AVS, successful catheterization of right adrenal vein was 
noted in 40 cases (82.5%). The right adrenal vein anatomical pat-
terns were as follows: 40.4% with central vein leading to stellate or 
spidery branches, 28.8% with delta pattern, 9.6% with gland-like 
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Results: Median survival calculated from first 90Y therapy was 9.8 
months. Mean 90Y dose of 810 MBq (22.2 mCi) was administered, 
with 32.1% delivered to the tumor on the basis of our proposed 
method. Based on dosimetry to the entire liver and using the count 
ratio, mean unit dose delivered to targeted tumors was 0.48 MBq/
cm3. Delivering unit dose of >0.37 MBq/cm3 to the lesions was found 
to be a predictor of survival using log-rank analysis (p = 0.007).
Conclusion: Preliminary data suggest that delivering an absolute 
dose of approximately >0.37 MBq/cm3 to target ICC tumors using 
resin-based 90Y may be a positive prognostic factor for survival.

P-336
Small kids with big bellies: an analysis of outcomes of 
sclerotherapy for abdominal lymphatic malformations in 
children
A.M. Barnacle1, D.J. Roebuck1, S. Stuart1, P.A. Patel1, A. Pierro2,
P. De Coppi2, J.I. Curry2;
1Interventional Radiology, Great Ormond Street Hospital for 
Children, London, United Kingdom, 2Department of Surgery, Great 
Ormond Street Hospital for Children, London, United Kingdom.

Purpose: Abdominal lymphatic malformations (LMs) have histori-
cally been managed by surgical excision. Percutaneous sclerother-
apy (PS) is now accepted as a first-line treatment for LMs in other 
locations. We assessed the treatment method and outcomes of PS in 
children with previously untreated abdominal LMs.
Material and Methods: Patients were identified from a prospec-
tive case database, and a case note review performed. Five patients 
underwent PS for abdominal LMs. Follow-up (MRI, US, and clinical 
examination) period ranged from 3 to 11 months.
Results: Mean patient age at first procedure was 2.7 years (range, 
0.2–4.1). Four patients were male; 4 were symptomatic. Symptoms 
included increasing abdominal girth (2) and hydroceles (2). In one 
patient, the abdominal LM was incidentally detected on MRI per-
formed for another reason. Each patient underwent 1–4 procedures. 
The largest cysts were percutaneously accessed under US guidance, 
aspirated almost to dryness, and injected with sclerosant, OK432 
(average dose, 10 ml), doxycycline (average dose, 339 mg), or sodium 
tetradecyl sulphate 3% (average dose, 20 ml). No post-procedural 
adverse effects were observed. Four patients (80%) showed dra-
matic reduction in LM volume, with symptom resolution and avoid-
ance of surgery. One patient developed rapid LM refilling after each 
procedure, with associated respiratory compromise, requiring emer-
gent LM resection.
Conclusion: PS for abdominal LMs is a simple, minimally invasive 
procedure that is well tolerated. In this series, a significant propor-
tion of patients experienced symptom resolution and avoided sur-
gery. PS should be considered as a first-line therapy in uncompli-
cated cases.

P-334
Sunitinib (Sutent®) for chemoembolization: a loading and 
release study with resorbable vs. nonresorbable microspheres
L. Bedouet1, V. Verret1, S. Louguet1, E. Servais1, F. Pascale2, L. Moine3,
A. Laurent4;
1Research & Development, Occlugel, Jouy en Josas, France, 2Center 
for Research in Interventional Imaging, CR2i APHP INRA, Jouy 
en Josas, France, 3Faculté de Pharmacie, Université Paris Sud-XI, 
Chatenay-Malabry, France, 4Interventional Neuroradiology, APHP 
Hopital Lariboisière, Paris, France.

Purpose: Sunitinib (Sutent®, Pfizer) is a multikinase inhibitor with anti-
angiogenic and antitumor activities approved for treating digestive 
cancers. We proposed to load sunitinib on resorbable embolization 
microspheres (REM) that degrade in 24 h for local delivery and repeated 
chemoembolization. Here we investigated the loading of sunitinib on 
REM, its release and activity, and compared them with DC-Beads.
Material and Methods: Sunitinib loading on REM and DC-Beads 
(100–300 μm) was performed in water for 1 h. Release was tested at 
37°C in a phosphate buffer saline (PBS). REM degradation was quan-
tified during the release. Cytotoxic activity of released sunitinib was 
analyzed on VX2 tumor cells.
Results: Loading of sunitinib was achieved on REM (max: 60 mg/mL) 
and DC-Beads (max: 40 mg/mL). In PBS, the sunitinib release from 
REM occurred without burst: 8% (5 min), 15% (30 min), 20% (1 h), 
and 50% (6 h). A strong correlation (p < 0.0001) was found between 
release and degradation (1%, 20%, total at 1, 6, and 24 h, respec-
tively). DC-Beads showed slower release: 4% (5 min), 10% (30 min), 
11% (1 h), 28% (6 h), and 40% (24 h). Eluted sunitinib reduced VX2 
proliferation as observed with the free drug, indicating no loss of 
biological activity after contact with REM.
Conclusion: High-dose sunitinib can be loaded on REM. Sustained 
and complete release was achieved during degradation, indicating 
that release is not limited to ionic mechanism but is also related to 
other interactions that are broken during microsphere resorption. 
Thus, sunitinib release can be modulated by tuning REM degrada-
tion time.

P-335
A simple method for estimating yittrium-90 dose delivered 
to intrahepatic cholangiocarcinomas by resin-based 
radioembolization therapy: a proof of concept study
N. Kokabi1, J.C. Camacho1, D.M. Schuster2, J. Galt2, H.S. Kim1;
1Department of Interventional Radiology and Image Guided 
Medicine, Emory University School of Medicine, Atlanta, GA, United 
States of America, 2Division of Nuclear Medicine & Molecular 
Imaging, Emory University School of Medicine, Atlanta, GA, United 
States of America.

Purpose: Although resin-based 90Y radioembolization is a treatment 
option for intrahepatic cholangiocarcinoma (ICC), the actual dose deliv-
ered to target tumor(s) and survival correlation is not well studied. A 
novel method to estimate 90Y dose delivered to tumor is investigated.
Material and Methods: In an IRB approved study, 11 consecutive 
patients with standard chemorefractory ICC underwent resin-based 
90Y. Following catheter directed localization and administration of 
pre-planned 90Y dose, bremsstrahlung SPECT/CT was obtained. 
Baseline MRI was fused with post-90Y SPECT/CT. Noncircular regions 
of interest (ROI) were drawn around treated lesion(s) and the entire 
liver on all available slices. Tumor(s) and liver volumes, correspond-
ing radioactive counts, and tumor to total count ratio were calcu-
lated using a medical image processing software MIM v5.6.1 (MIM 
Software, Cleveland, OH). Using the Kaplan–Meier and log-rank 
analysis, survival analysis was performed using SPPSS software v20.0 
(IBM, Armonk, NY) with significance set at <0.05.
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38–72 years) had invasions of the mesenteric and/or celiac vessels 
and 2 also had oligometastases in the lung or liver. In all patients, 
3–8 electrodes were percutaneously inserted under image guidance 
and up to 3000-V and 50-A current was applied to the tumor tissue. 
After surgery, patients were observed in ICU for at least 2 days.
Results: IRE ablation was technically successful in all cases. During 
the procedures, 7, 2, and 1 patient developed hypertension, arrhyth-
mia, and atrial fibrillation, respectively. Follow-up CT one day after 
the procedures showed patent celiac/mesenteric vessels. There 
was no evidence of intestinal perforation, but transient abdomi-
nal/pleural fluid was noted in 3 patients. Three patients who previ-
ously had severe abdominal pain experienced a marked decrease in 
pain intensity. Follow-up PET-CT, available in seven patients, showed 
complete response in one and partial response in six patients. One 
patient developed disseminated intravascular coagulopathy and 
died 7 days after IRE because of intracranial hemorrhage.
Conclusion: IRE was effective in decreasing pancreatic tumor vol-
ume and pain intensity in the limited number of patients in our 
series. However, the effect of this new therapy on local tumor con-
trol and survival as well as its safety should be investigated in larger 
series.

P-339
Adrenal vein sampling guided by cone-beam CT and CT image 
registration in an angio suite potentially increases success rate
W.M.H. Busser, M.J. Arntz, S.F.M. Jenniskens, Y. Hoogeveen, F. de Lange, 
L.J. Schultze Kool;
Radiology, Radboud University Nijmegen Medical Centre, 
Nijmegen, Netherlands.

Purpose: Adrenal vein sampling (AVS) is difficult and time-consum-
ing with relatively low reported success rates. The purpose was to 
assess whether image registration of cone-beam CT (CBCT) and con-
trast-enhanced CT images can aid in increasing the success rates of 
first-attempt AVS.
Material and Methods: Low-dose CBCT scans were acquired in the 
angio suite (Philips Allura Xper FD20) and rigidly registered to the 
vertebra in previously acquired contrast-enhanced CT. Adrenal vein 
locations were marked in the CT scans and superimposed with live 
fluoroscopy and DSA to guide AVS.
Eleven first-attempt AVS procedures were performed with image 
registration and retrospectively compared with 17 first-attempt pro-
cedures without image registration performed earlier by the same 
two interventional radiologists.
First-attempt AVS was considered successful when both adrenal 
veins were correctly located and sampled. AVS success was based on 
representative cortisol levels in the samples.
Sampling time, fluoroscopy time, contrast volume, and dose-area-
product levels were recorded.
Results: Without image registration, the first-attempt AVS was suc-
cessful in 9 of 17 procedures, indicating a success rate of 52.9%. By 
adding CBCT and CT image registration to AVS, the success rate 
increased to 72.7% (8 of 11).
With regard to the procedure, there were no statistically signif-
icant differences between the two methods in any of the other 
parameters.
Conclusion: Guidance based on registration of CBCT and previously 
acquired diagnostic contrast-enhanced CT can aid in increasing 
the first-attempt AVS success rate. Reducing the number of second 
attempts will aid in reducing overall radiation exposure in patients.

P-337
Value of CT hepatic arteriography-guided radiofrequency 
ablation for hepatic metastases visible on PET-CT but not on 
US and CT
S. Yilmaz1, M. Ozdogan2, M.Y. Akar3, O. Erdogan4, A. Yildiz5, M. Akin6,
F. Kendiroglu6, A. Kargi2, O. Kuzhan2;
1Interventional Radiology, Mediterranean Integrative Oncology 
Group, Antalya Medstar Hospital, Antalya, Turkey, 2Oncology, 
Mediterranean Integrative Oncology Group, Antalya Medstar 
Hospital, Antalya, Turkey, 3Anesthesiology and Reanimation, 
Mediterranean Integrative Oncology Group, Antalya Medstar 
Hospital, Antalya, Turkey, 4General Surgery, Mediterranean 
Integrative Oncology Group, Antalya Medstar Hospital, Antalya, 
Turkey, 5Nuclear Medicine, Mediterranean Integrative Oncology 
Group, Antalya Medstar Hospital, Antalya, Turkey, 6Radiology, 
Medstar Antalya Hospital, Antalya, Turkey.

Purpose: To evaluate the feasibility of percutaneous radiofrequency 
ablation (RFA) under CT hepatic arteriography (CTHA) guidance for 
hepatic metastases visible on PET-CT but not on US and CT.
Material and Methods: Between April and December 2012, 12 
patients with 27 liver metastases visible on PET-CT alone underwent 
CTHA-guided RFA. The patients (5 females, 7 males aged 38–68 years) 
had 1–4 liver metastases measuring 1–3 cm. The primary tumor was 
colon cancer in 10 patients, sarcoma in 1, and neuroendocrine tumor 
in 1. All patients had unfavorable imaging factors for tumor detec-
tion including abdominal scars (n=12), metastasectomy (n=3), wire 
sutures in the liver (n = 3), and lipiodol residue due to chemoembo-
lization (n=2). CTHA was performed through an angiographic cathe-
ter in 10 patients and a previously implanted hepatic arterial port in 
2. In all patients, metastases were visualized on CT images obtained 
shortly after the hand injection of 5-10 ml contrast through the 
hepatic artery, and RFA was performed under CTHA guidance.
Results: CTHA visualized 25 of 27 metastases as typical peripher-
ally enhancing lesions and demonstrated 8 additional lesions, 4 of 
which were considered metastases. Twenty-nine metastases under-
went successful CTHA-guided RFA without complications. Two-
month PET-CT controls showed complete response in 26 and partial 
response in 3 metastases.
Conclusion: Hepatic metastases visible on PET-CT but not on US 
and CT can be easily demonstrated using CTHA, which has the 
potential to show additional metastases invisible on PET-CT. RFA can 
be safely and effectively performed under CTHA guidance.

P-338
Value of irreversible electroporation in patients with 
inoperable pancreatic carcinoma: experience in 8 patients
S. Yilmaz1, M. Ozdogan2, F. Kaymakci3, O. Erdogan4, A. Yildiz5, A. Kargi2, 
O. Kuzhan2;
1Interventional Radiology, Mediterranean Integrative Oncology 
Group, Antalya Medstar Hospital, Antalya, Turkey, 2Oncology, 
Mediterranean Integrative Oncology Group, Antalya Medstar 
Hospital, Antalya, Turkey, 3Anesthesiology and Reanimation, 
Mediterranean Integrative Oncology Group, Antalya Medstar 
Hospital, Antalya, Turkey, 4General Surgery, Mediterranean 
Integrative Oncology Group, Antalya Medstar Hospital, Antalya, 
Turkey, 5Nuclear Medicine, Mediterranean Integrative Oncology 
Group, Antalya Medstar Hospital, Antalya, Turkey.

Purpose: To evaluate the safety and efficacy of irreversible electro-
poration (IRE) in patients with locally advanced pancreatic cancer 
(LAPC).
Material and Methods: Between August and December 2012, 8 
patients with LAPC underwent ultrasound and CT-guided IRE abla-
tion under general anesthesia. All patients (5 females, 3 males; age, 
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such as pulmonary artery sarcoma, fibrosing mediastinitis, and large 
vessel arteritis, such as Takayasu disease, often mimic CPTE and may 
delay treatment.
Clinical Findings/Procedure: We provide a comprehensive review 
regarding the etiology and pathophysiology of CPTE and its imag-
ing findings including chest radiography, computed tomography 
(CT), nuclear imaging, and conventional angiography. Surgical treat-
ment involving PTE is a complex procedure with its own character-
istic postoperative imaging findings and complications, which are 
reviewed alongside the role of IR. Differential diagnostic consider-
ations including possible diagnostic pitfalls are also discussed.
Conclusion:
1. Demonstrate findings of CPTE on chest radiography, CT, nuclear 

imaging, and conventional angiography.
2. Discuss differential diagnostic considerations including possible 

diagnostic pitfalls.
3. Review IR and surgical treatment options.

P-342
Tips and tricks for successful adrenal vein sampling
N.F. Gafoor, E. David, C. Dey, G. Annamalai, R. Pugash;
Department of Medical Imaging, Division of Vascular/Interventional 
Radiology, Sunnybrook Health Sciences Centre, Toronto, ON, 
Canada.

Learning objectives: Tips and tricks for effective and success-
ful adrenal vein sampling (AVS) to determine the cause of primary 
hyperaldosteronism.
Background: The purpose of AVS is to determine whether autono-
mous adrenal hormone production is unilateral or bilateral because 
unilateral secretion can be surgically treated. Usually, blood from 
the adrenal gland drains through a central vein and directly reflects 
the hormonal composition of the adrenal gland secretion. Bilateral 
simultaneous sampling of the adrenal glands is considered the stan-
dard of reference for determining the cause of primary hyperaldo-
steronism secondary to unilateral acting adenomas if performed 
properly. AVS has a reputation of being technically challenging, and 
cannulating the right adrenal vein is the crux of AVS.
Clinical Findings/Procedure: With our large case series, we present 
the important tips and tricks for effective AVS.
1. Careful evaluation of MDCT to define the anatomy of the veins  
    and to help identify accurate cannulation of the right adrenal vein.
2. Effective sedation and analgesics to reduce stress in patients.
3. Appropriate selection of catheters to cannulate the adrenal veins.
4. Discriminating the right adrenal vein from the other veins in the  
    region, such as accessory hepatic veins.
5. Important role of heparin during the procedure.
6. Stimulation test to increase the sensitivity of the results.
Conclusion: This poster will educate junior interventional trainees 
regarding the valuable preprocedure planning and important tips 
on procedural techniques for successful AVS.

P-343
Controversies in transarterial sympathetic renal denervation
S. Stuart, P.A. Patel, S. Chippington, A.M. Barnacle, D.J. Roebuck;
Interventional Radiology, Great Ormond Street Hospital for 
Children, London, United Kingdom.

Learning objectives:
1. To review the current evidence for the use of transarterial sympa 
    thetic renal denervation (RDN) in resistant hypertension and other  
    conditions
2. To describe the limitations of the current evidence for RDN
3. To describe developing or ongoing research that will help identify  
    the role of RDN in future

P-340
“Double-track therapy” combining segmental pulmonary 
arterial chemoembolization (SPACE) with drug-eluting 
microspheres and radiofrequency ablation (RFA): a pilot study 
in 17 cases of unresectable lung malignancy
C.D. Gadaleta1, L. Solbiati2, V. Fazio1, V. Goffredo1, G. Vinciarelli1,
G. Gadaleta-Caldarola1, V. Mattioli3, G. Rubini4, G. Ranieri1, N. Goldberg5;
1Interventional Radiology and Medical Oncology Unit, National 
Cancer Research Centre “Giovanni Paolo II”, Bari, Italy, 2Division 
of Interventional Oncologic Radiology, General Hospital of Busto 
Arsizio, Busto Arsizio, Italy, 3Critical Area and Surgery, National 
Cancer Research Centre “Giovanni Paolo II”, Bari, Italy, 4Nuclear 
Medicine Unit, University of Bari, Bari, Italy, 5Radiology, Hadassah 
University Hospital, Jerusalem, Israel.

Purpose: To evaluate the feasibility, safety, and effectiveness of com- 
bining segmental pulmonary arterial chemoembolization (SPACE) 
and percutaneous radiofrequency (RF) ablation in patients with 
unresectable lung neoplasms or those with resectable neoplasms 
who refused surgery and to compare the local tumor progression 
(LTP) rate with that in previous studies using RF ablation alone.
Material and Methods: Seventeen patients with primary and met-
astatic lung cancer were enrolled in this study. Twenty nodules 
(median diameter, 3.0 cm; range, 2.0–5.0 cm) were treated during 19 
sessions. Antineoplastic agent-loaded microspheres were infused 
into specific pulmonary arteries. RF ablation of lung nodules was 
performed 48 h after SPACE. Follow-up comprised enhanced CT 48 
h after combination treatment was completed, after 30 days, and 
every 3 months thereafter. F-18 fluorodeoxyglucose PET was per-
formed 3 months after combination therapy and every 6 months 
thereafter. The t-test was used to compare the groups.
Results: Technical success was achieved in 100% cases. Ventilation 
lung single-photon emission CT showed a wide area without venti-
lation in the lung parenchyma treated with SPACE. LTP rate was 21% 
(three of 14 nodules) in 3–5-cm diameter tumors and 0% (zero of 
six nodules) in tumors with ≤3 cm in diameter. Complete response 
was achieved in 65% (11 of 17) patients at a 6-month follow-up min-
imum. Overall, treatment was well tolerated. Major complications 
were pneumothorax (26%) and bronchopleural fistula (19.5%).
Conclusion: Combination therapy with RF ablation after SPACE 
to treat unresectable lung tumors is technically feasible, safe, and 
effective and may represent an advantage over RF ablation alone.

P-341
Chronic pulmonary thromboembolic disease and its mimickers
M.M. Morshedi, T. Travis, T.B. Kinney, H. Aryafar;
Department of Radiology, UCSD Medical Center, San Diego, CA, 
United States of America.

Learning objectives: To provide a comprehensive pictorial review 
of chronic pulmonary thromboembolic disease, (CPTE) including the 
diagnosis, role of interventional radiology (IR), surgical treatment, 
and common mimicking conditions.
Background: CPTE is a rare cause of right heart strain, although it 
occurs four times more frequently than previously estimated. Its eti-
ology and pathophysiology are not completely understood. CPTE 
has characteristic imaging findings, but is often silent or misdiag-
nosed in the initial stages, and patients usually present late in the 
disease course. Appropriately diagnosing and treating CPTE is criti-
cal for decreasing morbidity and mortality. At our institution, antico-
agulation, inferior vena cava (IVC) filtration, and pulmonary throm-
boendarterectomy (PTE) are performed for CPTE. Interventional 
radiology is involved in IVC filter placement and in ongoing trials 
evaluating endovascular treatment of acute submassive pulmonary 
emboli, which is hypothesized to predispose to CPTE. Other disease 
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P-345
Osler-Weber-Rendu observational study: presentation and 
complications
E. Casalini, M.F. Grana, C. Carrera, E.P. Eyheremendy;
Radiology, Hospital Alemán, Buenos Aires, Argentina.

Learning objectives: To study the prevalence and forms of pre-
sentation of hereditary hemorrhagic telangiectasia (HHT) or Osler-
Weber-Rendu syndrome (OWR) and its complications in the patients 
at our institution.
Background: We performed an observational study of 220 patients 
clinically suspected with OWR disease between 2006 and 2012 at 
a community hospital in Argentina. We evaluated the presence of 
family history of recurrent epistaxis, mucocutaneous telangiecta-
sia and visceral injuries along with the evolution and complications 
of the disease. Additional imaging studies were performed with a 
computed tomography scanner (Somaton Sensation 16, Siemens, 
Erlanger, Germany) and a magnetic resonance scanner Magnetom 
Symphony 1.5T closed resonator (Siemens, Erlanger, Germany).
Clinical Findings/Procedure: We diagnosed OWR in 52 patients 
aged between 15 and 88 years. Of these, 46 (88%) had recurrent 
epistaxis, 42 (80.7%) had a family history of tapeworm infection, 41 
(78.8%) patients had telangiectasia, 11 (21.1%) had pulmonary arte-
riovenous malformations (AVM): 4 (7.6%) had hepatic AVMs and 
2 (3.8%) had cerebral AVMs. Regarding complications, 11 (21.1%) 
patients had gastrointestinal bleeding, 3 (5.7%) had bone infections, 
2 (3.8%) had brain abscesses. In total, 23 (44.2%) patients required 
blood transfusions or iron therapy.
Conclusion: The prevalence of OWR may be higher than what has 
been described in the literature. According to our study in patients 
with clinically suspected HHT, symptoms of recurrent epistaxis, ane-
mia and telangiectasia should be taken into account; early diagnosis 
of HHT leads to early detection and control of the visceral malforma-
tions and associated complications.

P-346
Adrenal vein sampling: review of the procedure and tips for 
overcoming common pitfalls
P. Mulligan, T.H. Patel;
Radiology, Division of Interventional Radiology and Image-Guided 
Medicine, Emory University School of Medicine, Atlanta, GA, United 
States of America.

Learning objectives:
- Understanding the anatomy is a key to successful adrenal vein  
   sampling (AVS).
- The right and left adrenal veins require different technical approaches.
- AVS yields a high success rate with practice and patience.
Background: AVS is the gold standard for localizing aldosterone-
producing adenomas and distinguishing hormonally active adrenal 
adenomas from bilateral adrenal hyperplasia. The technique is vital 
in determining treatment and prognosis because adrenal adenomas 
are treated with surgical resection, whereas adrenal hyperplasia is 
treated medically. In this report, we describe our approach to AVS, 
focusing on techniques and equipment that aid in AVS as well as the 
pitfalls that should be avoided.
Clinical Findings/Procedure: The technique and catheters used to 
sample the left adrenal vein (LAV) and right adrenal vein (RAV) differ 
to account for the unique anatomy of each vein. LAV is typically eas-
ier to sample because the catheter is placed in the longer common 
trunk of the left inferior phrenic and adrenal veins. In contrast, RAV has 
a short trunk branching off the IVC, thus making catheterization more 
challenging and unstable. For both veins, cutting sideholes near the 
catheter tip helps reduce venous collapse, while gentle, intermittent 
suction of RAV helps maintain catheter position within the vein.

Background: RDN is regularly performed across Europe and is a 
growing topic at the forefront of technological and procedural 
development in interventional radiology and cardiology. Evidence 
from case series and randomised controlled trials has and will con-
tinue to illustrate the role of this procedure. Controversies such as 
the best way to measure the effectiveness of the treatment, the 
type of technology to be used and who would benefit most from 
the treatment remain. Current evidence and future studies will help 
answer these questions.
Clinical Findings/Procedure: This presentation describes the cur-
rent evidence for the role of treatment RDN in various conditions. 
Areas of debate behind this evidence including the use of ambula-
tory blood pressure measurements, the technologies available, use 
of control groups in studies, complications and long term outcomes 
will be covered. Studies in progress and how they may further clarify 
the role of RDN will be reviewed
Conclusion: The role of newer technologies and procedures is 
determined by the evidence to support their use. Current and future 
scientific studies will help clearly define the role of RDN and the 
ways it can be best used to help patients worldwide.

P-344
Hereditary hemorrhagic telangiectasia in the liver: diagnosis 
and management
C. Kaufman1, K. Henderson2, J. Pollak2;
1Department of Radiology, Yale University, New Haven, CT, United 
States of America, 2HHT Center, Yale University, New Haven, CT, 
United States of America.

Learning objectives:
1. Review of Hereditary hemorrhagic telangiectasia (HHT)
2. Review the symptoms and presentation of HHT in the liver
3. Overview of the diagnosis of HHT in the liver
4. Review treatment options for HHT in the liver
Background: HHT is an autosomal dominant disorder causing tel-
angiectases and arteriovenous malformations (AVMs). Epistaxis from 
nasal telangiectases occurs in up to 95% patients with HHT. AVMs 
can occur in the brain, lungs, and liver. Liver AVMs are relatively com-
mon, occurring in up to 73% patients and are usually asymptom-
atic. However, in 8% patients, complications such as cardiac failure, 
biliary disease, and portal hypertension can occur due to shunting. 
In such cases, management of liver AVMs is not well defined. His-
torically, transarterial embolization and surgical ligation were per-
formed, with varying results. Presently, medical management and 
liver transplantation are employed.
Clinical Findings/Procedure: This educational poster will review the 
clinical presentation and diagnosis of AVMs in the liver in patients 
with HHT. It will review the treatment options including medical 
management to treat the complications due to large liver AVMs, tran-
sarterial embolization, surgical ligation, and liver transplantation.
Conclusion: A large percentage of patients with HHT have liver 
involvement; however, most are asymptomatic and do not require 
treatment. Symptomatic patients usually present with cardiac fail-
ure, biliary disease, or portal hypertension. Surgical ligation and 
transarterial embolization have been used to treat symptomatic 
patients, but is associated with high morbidity and mortality. Better 
outcomes have been achieved with liver transplantation; however, 
the optimal timing for transplant is yet to be determined.
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as a forum for physicians to share experience and expertise mak-
ing social media an invaluable educational tool that is not bound by 
geography, time or restraints of resources.
Conclusion: In this educational poster, we will showcase the differ-
ent ways, in which social media can be used as an educational tool 
as well as to disseminate information to patients and clinicians alike.

P-349
Do we care about the cost of care?
P.J. Nicholson, G. Wyse, D. Tuite;
Radiology, Cork University Hospital, Cork, Ireland.

Learning objectives: We assessed trainees’, nurses’ and consultants’ 
awareness of the cost of various supplies commonly used in the inter- 
ventional radiology suite.
Background: There is increasing pressure on hospitals and physi-
cians to provide cost-effective care. The interventional radiologist is 
uniquely positioned to take advantage of these economic pressures, 
armed with an array of minimally invasive procedures that result in 
shorter hospital stays and fewer costly complications.
Nonetheless, studies have shown that both physicians and train-
ees have poor awareness regarding the costs of medical care and 
equipment. (Varkey P, Murad MH, Braun C, Grall KJ, Saoji V. A review 
of cost-effectiveness, cost-containment and economics curricula in 
graduate medical education. J Eval Clin Pract. 2010;16(6):1055- 1062. )
We sought to quantify this.
Clinical Findings/Procedure: We conducted a survey of more than 100 
radiology trainees, consultants and interventional nurses. We took 10 
commonly used pieces of equipment in the interventional suite, ranging 
from sheaths to stents, and simply asked respondents to estimate the cost.
We show that trainees in particular significantly underestimated the 
cost of commonly used pieces of equipment.
Conclusion: Interventional radiology trainees significantly underes-
timated the cost of interventional radiology equipment.
To address escalating costs of care, we suggest incorporating cost 
awareness in training programmes.

P-350
Critical hand ischemia after transradial cardiac catheterisation: 
a history of complications
E. Paci, M. Rosati, C. Mincarelli, M. Fichetti, P. Boscarato, A. Felicioli,
R. Candelari;
Interventional Radiology, Ospedali Riuniti Ancona, Ancona, Italy.

A 47-year-old man with critical hand ischemia after transradial car-
diac catheterization received short bypass for dissection/thrombosis 
of the omeral artery. Three months later, bypass occlusion required 
antegrade omeral/ulnar/interosseous arteries thrombolysis and kiss-
ing-balloon angioplasty. A pseudoaneurysm of the omeral artery 
needed surgical correction.

P-351
Interventional management of torrential exsanguinating 
gastrointestinal haemorrhage of a ruptured pseudoaneurysm 
arising from a pancreatic transplant artery
B. Shaygi, I.J. Walton, P.J. Coates, S.B. Babu, R. Miles;
Radiology, Derriford Hospital, Plymouth, United Kingdom.

A diabetic patient presented with torrential exsanguinating GI hae-
morrhage (haemoglobin, 4 mg/dl) after her second pancreatic trans-
plant. Following endoscopy, contrast-enhanced CT revealed a rup-
tured, infected pseudoaneurysm of the transplant arterial conduit. 
After temporising balloon tamponade and resuscitation, a fluency 
stent–graft achieved definitive haemostasis.

Conclusion: AVS is often considered a technically difficult proce-
dure, especially for sampling of RAV. However, reports suggest that 
AVS has a greater than 95% success rate when performed regularly.

P-347
Arterial stimulation and venous sampling in occult insulinoma
L. Novosel, D. Perkov, R. Smiljanić;
Department of Interventional and Diagnostic Radiology, University 
Medical Centre Zagreb, Zagreb, Croatia.

Learning objectives: We would like to give an overview of the diag-
nostic methods used in the detection of insulinomas, while describ-
ing its main imaging characteristics and explain the method of arte-
rial stimulation and venous sampling (ASVS) used for preoperative 
localization of occult cases of this neuroendocrine tumor.
Background: Insulinomas are rare neuroendocrine tumors that orig-
inate from the islet cells of the pancreas and are usually less than 2 
cm in size. It is reported that 90% are pathologically benign, but can 
potentially be fatal because of severe hypoglycemia caused by active 
tumors. Therefore, localization and curative surgery is the treatment 
of choice. If noninvasive imaging methods are inconclusive, radiolo-
gists should provide ASVS for the evaluation of selected patients with 
clinical and laboratory evidence suggesting an endocrine tumor.
Clinical Findings/Procedure: ASVS involves sequential injection of 
calcium into each of the three arteries that supply blood to the head, 
body, and tail regions of the pancreas using a catheter. Through an 
intravenous catheter placed into the hepatic vein, blood samples are 
taken to measure the insulin secretion after each calcium injection. 
An increase in insulin secretion after the calcium injection into one 
of the three arteries suggests location of a focal lesion in the part of 
pancreas supplied by that artery.
Conclusion: Even with the development of noninvasive methods in 
detecting small tumors, venous blood sampling after selective arte-
rial catheterization and calcium stimulation can still present a valu-
able procedure in detecting the localization of occult active neuro-
endocrine tumors.

P-348
Social media and interventional radiology
F. Majid1, A. Alsafi2, L. Monzon2, M.S. Hamady3;
1General Surgery, Royal Sussex County Hospital, Brighton, United 
Kingdom, 2Radiology, Imperial College, London, United Kingdom, 
3Radiology, St Mary’s Hospital, London, United Kingdom.

Learning objectives:
1. To become familiar with using social media as an educational tool.
2. To be able to use social media to disseminate information to clini 
    cians and patients.
Background: Social Media has revolutionised the way people com-
municate. The use of social media has now overtaken that of search 
engines, with a large number of internet users using this as a pri-
mary information source. This trend has lent itself to commercial 
companies recognising this as a far-reaching marketing tool.
The medical profession has also started exploiting this trend, with 
students, doctors and nurses turning to social media to share knowl-
edge and experiences as well as network in an environment where 
hierarchy is suspended and people interact freely as equals. There 
is a rapidly increasing cohort who regularly uses platforms such as 
Twitter to hold regular discussions, share and discuss current re-
search and seek help from other users in difficult cases.
Clinical Findings/Procedure: Interventional radiology (IR) has tradition-
ally been a poorly understood specialty by patients and clinicians alike.
We propose that as long as patient confidentiality is maintained, 
social media could become an invaluable tool in disseminating 
information about IR to patients and clinicians alike. It can also act 
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P-357
Distal embolic protection in infrainguinal endovascular arterial 
interventions: necessity or fad
R. Suri;
Interventional Radiology, UTHSCSA, San Antonio, TX, United States 
of America.

Purpose: To present a retrospective analysis of our single-center 
data on the safety and efficacy of distal embolization protection 
(DEP) in reducing distal embolization during endovascular lower 
extremity interventions
Material and Methods: From May 2005 to May 2012, elective 
infrainguinal endovascular arterial interventions were performed 
with distal embolic protection in 96 patients (75 male, 21 female; 
mean age 63.2 ± 12 years). We studied 117 lesions in the superfi-
cial femoral artery and/or the popliteal artery. Endovascular proce-
dures for infrainguinal vascular disease included angioplasty (group 
I), stenting (group II), or atherectomy with PTA/stent (group III). 
Indications for use of DEP included moderate/severe atherosclerotic 
calcification at lesion site, complete occlusions, polypoidal plaques, 
and irregular/ulcerated lesions. We aimed to assess signs of distal 
embolization as evidenced by vessel cut off/loss of run-off (com-
pared with preintervention angiogram) and sluggish flow, with or 
without capturing macroscopically visualized debris.
Results: Clinically significant macrodebris was found in the filters in 
45 patients: 13 in group I, 11 in group II, and 21 in group III. Distal 
macroscopic emboli were seen in 47% of polypoidal stenotic lesions, 
45% of irregular/ulcerated lesions, and 24% of moderate/severely 
calcified lesions. Distal macroembolization into the native run off 
vessels did not occur in any patient with a filter protection device in 
situ. All filters were successfully retrieved with no complications.
Conclusion: Macroembolization is very frequent in patients under-
going lower extremity interventions for polypoidal or irregular/
ulcerated lesions, particularly with atherectomy. DEP appears to be 
very effective in capturing macrodebris, and its use is associated 
with good acute angiographic outcome.

P-358
Retrograde approach for failed antegrade recanalization for 
below-the-knee artery occlusions
J.D. Kim1, J.I. Bae2, J.H. Won2, Y.H. So3;
1Radiology, Eulji University Hospital, Daejeon, Korea, 2Radiology, 
Ajou University Hospital, Suwon, Korea, 3Radiology, Seoul National 
University Boramae Hospital, Seoul, Korea.

Purpose: To report our initial experience of retrograde recanaliza-
tion techniques, including plantar loop technique and pedal punc-
ture technique, after failed antegrade angioplasty for chronic 
below-the-knee (BTK) artery occlusions.
Material and Methods: From January 2008 to June 2012, a retro-
spective analysis of 479 patients was performed for BTK angioplasty 
with claudication or critical limb ischemia. Retrograde approach, 
including plantar loop technique and pedal puncture technique, 
was attempted in 25 patients.
Results: Plantar loop technique was attempted in 10 patients and 
pedal puncture technique was attempted in 15 patients. Retrograde 
approach was attempted because of failure in finding the arterial 
orifice in 15 patients and failure in the antegrade wire passing dis-
tally in 10 patients. The guidewire was advanced intraluminally in 17 
patients and subintimally in 7 patients. In one patient, pedal artery 
puncture failed. BTK artery recanalization was successful in 18 of 25 
patients. Technical success rate was 72%. In 15 patients with pedal 

P-352
Acute airway obstruction after minor trauma from a fall: 
interventional radiology saves another life
B. Shaygi, I.J. Walton, P.J. Coates, S.B. Babu, R. Miles;
Radiology, Derriford Hospital, Plymouth, United Kingdom.

A patient developed acute airway obstruction during CT acquisition. 
After emergency endotracheal intubation, CT-angiogram demon-
strated a prevertebral/mediastinal hematoma arising from a small 
thyrocervical trunk branch. In view of the complexity of the surgi-
cal access, a transcatheter neuro-coil embolisation was performed.

P-353
Successful treatment of a pseudoaneurysm using a vascular 
closure device
W.K. Matzek;
Radiology, Medical University of Vienna, Austria, Vienna, Austria.

We present a 53-year-old male with confirmed pseudoaneurysm fol-
lowing angiography. After sonographically guided puncture, the neck 
was probed and a Bentson wire was introduced into the CFA lumen. 
Eventually, a vascular closure device was used to successfully seal the neck.

P-354
Selective bronchography and transcatheter glue embolization 
of bronchopleural fistulas in children
P.A. Patel, D.J. Roebuck, C. McLaren, S. Chippington;
Interventional Radiology, Great Ormond Street Hospital for 
Children, London, United Kingdom.

We present three cases of pediatric iatrogenic bronchopleural fistu-
las treated by transcatheter embolization. The fistula tract was iden-
tified with selective catheter bronchography and embolized using 
a microcatheter directed cyanoacrylate and lipiodol injections with 
technical and clinical success.

P-355
Nasolacrimal duct intervention in a patient with epiphora 
and obstruction of the nasolacrimal sac
D.K. Filippiadis1, K.E. Wilhelm2, A.D. Kelekis1;
12nd Radiology Department, University General Hospital “ATTIKON”, 
Athens, Greece, 2Dept. of Radiology, University Hospital Bonn, 
Bonn, Germany.

A 35-year-old female with epiphora due to nasolacrimal sac obstruc-
tion (diagnosed with dacryocystography) was treated with dac-
ryocystoplasty. Two months later, a nasolacrimal stent was placed 
because of recurrent nasolacrimal sac obstruction. The stent 
remains patent 9 months after placement.

P-356
Pulmonary embolisation of a subdermal progestin-only 
implant
I.J. Walton, P.J. Coates;
Radiology, Derriford Hospital, Plymouth, United Kingdom.

We report a 37-year-old patient with an implanted subdermal pro-
gestin-only implant. Two years later, chest radiograph and CT pulmo-
nary angiography demonstrated device embolisation into a segmen-
tal pulmonary artery. Transcatheter device retrieval was performed 
with multipurpose catheters and a nitinol snare loop.
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ultrasound at 1, 3, and 6 months and CT angiography at 12 months 
were performed. Indication for treatment was the presence of a 
high-grade stenosis of the common iliac and/or external iliac artery.
Results: Stent patency was 100% even if heavy calcification of the 
vessel wall was present. In one patient (3.6%), a mild intimal hyper-
plasia without significant stenosis at the proximal end of the stent 
was observed on follow-up CT angiography at 12 months. Minor 
complications such as access site hematoma occurred in one patient 
(3.6%).
Conclusion: Up to 24 months, the new HC stent showed excellent 
patency rates in patients with occlusive lesions of the iliac arteries. 
Even in heavily calcified vessels developing significant stenosis prox-
imally or distally to the treated segment, the HC stent remained pat-
ent without signs of intimal hyperplasia in 96.4% patients.

P-361
Immediate results using the Outback catheter in difficult 
re-entry settings
P.I. Kalmar, H. Deutschmann, R.H. Portugaller;
Dept. of Vascular and Interventional Radiology, Medical University 
Graz, Univ. Clinic of Radiology, Graz, Austria.

Purpose: Subintimal recanalization in patients with peripheral arte-
rial disease of the lower extremities can be a technically challenging 
procedure. Unsuccessful recanalization is usually caused by failure of 
the guidewire to re-enter into the patent artery distal to the occlu-
sion after subintimal passage. The introduction of devices designed 
to facilitate re-entry into the true lumen may improve the possible 
outcome. We report the technical outcomes using the Outback cath-
eter for difficult re-entry settings.
Material and Methods: In 24 patients (13 men; mean age 74.5 ± 9.2 
years) suffering from peripheral arterial disease (Rutherford I/1, 3; I/2, 
4; I/3, 7; II/4, 1; III/5, 6; III/6, 3 patients), the Outback catheter was used 
to achieve recanalization of chronic total occlusions (CTOs) when 
conventional procedures had failed. Mean intervention time was 50 
± 14 min. Mean lesion length was 59 ± 37 mm. Technical success and 
complications were evaluated.
Results: Successful re-entry was accomplished in 18 patients (75%). 
Stent implantation after re-entry was performed in 11 patients (61%). 
None of the patients showed significant residual stenosis after inter-
vention. Severe calcifications were detected in 4 of 6 patients with 
unsuccessful re-entry (66%) and in 1 patient with successful re-entry 
(6%). No major complications were reported. Minor complications 
were a distal vessel embolization in 2 patients (8%) with no clinical 
consequence.
Conclusion: The Outback catheter can be a useful device to over-
come difficult vessel stenoses in patients with peripheral arterial dis-
ease of the lower extremities. However, heavily calcified vessels still 
prove a major challenge for the interventional radiologist.

P-362
Carotid angioplasty and stenting in octogenarians is as safe as 
surgery
M.C. Henry1, I.P. Henry2, A. Benjelloun3;
1Cabinet de Cardiologie, Nancy, France, 2Clinique Bois Bernard, Bois 
Bernard, France, 3Clinique Coeur et Vaisseaux, Sale, Morocco.

Purpose: Several studies (CREST) have shown that carotid angio-
plasty stenting (CAS) poses a higher risk than surgery (CEA) in elderly 
patients. The aim of this study was to evaluate if CAS performed in 
octogenarians is as safe as surgery with better indications, choice of 
devices, and experienced operators.
Material and Methods: In total, 1104 patients underwent 1164 CAS.
Patients were separated into 2 age groups: >80 years (174 patients, 
177 CAS) and <80 years (930 patients, 987 CAS). A total of 188 CAS 

puncture, dorsalis pedis artery was punctured in 6 patients and dis-
tal posterior tibial artery was punctured in 9 patients. Retrograde 
approach failed in 2 of 10 patients in the plantar loop group and 5 
of 15 patients in the pedal puncture group. Outback reentry device 
was used in two patients. There was no procedure related complica-
tion except mild pain or small hematomas.
Conclusion: Retrograde approach can be an effective and alterna-
tive technique in patients with failed antegrade recanalization of 
BTK artery.

P-359
Laser atherectomy for chronic total occlusions of the 
superficial femoral artery via the transpopliteal or 
transfemoral access
C. Lüdtke, C. Wissgott, R. Andresen;
Department of Diagnostic und Interventional Radiology/
Neuroradiology, Westkuestenklinikum Heide, Academic Teaching 
Hospital of the Universities of Kiel, Luebeck and Hamburg, Heide, 
Germany.

Purpose: Effective endovascular treatment for chronic total occlu-
sions (CTO) depends on a successful lesion crossing. The aim of this 
study was to evaluate the safety and efficacy of laser atherectomy 
in recanalisation of CTO’s in the superficial femoral artery (SFA) via 
transpopliteal or femoral access after failed conventional attempts 
at recanalisation.
Material and Methods: A total of 55 patients (12 female and 43 
male) were included (mean age, 66.7). After unsuccessful conventio-
nal (antegrade) crossing attempt using different guidewires and 
catheters, the patients were treated with laser atherectomy via a 
transfemoral antegrade (40 patients, 62.7%) or a transpopliteal ret-
rograde approach (15 patients, 27.3%). Mean total occlusion length 
was 17 cm (9–25 cm).
Results: The technical success rate via the transpopliteal or trans-
femoral access was 91% (50/55). Additional balloon angioplasty 
(POBA) was performed in all patients. Stenting was required in 
7 patients (12.7%). There were no severe complications or distal 
embolisations.
Conclusion: Excimer laser atherectomy is safe and effective in 
the recanalisation of CTO’s via the transfemoral or transpopliteal 
approach after unsuccessful conventional crossing attempts. Thus 
it represents a therapeutic option in the endovascular treatment of 
challenging TASC C and D lesions or in patients who are not suitable 
for surgical treatment.

P-360
Placement of hemoparine-coated stents in the iliac arteries: 
early experience and midterm results in 28 patients
P.I. Kalmar, P. Schedlbauer, D. Bohlsen, R.H. Portugaller,
H. Deutschmann;
Dept. of Vascular and Interventional Radiology, Medical University 
Graz, Univ. Clinic of Radiology, Graz, Austria.

Purpose: Despite acceptable results of balloon angioplasty (PTA) 
for treatment of stenoses of the iliac arteries, stent placement is 
found to be superior compared with PTA alone in terms of patency 
rates. Stents may cause chronic irritation of the vessel wall inhibiting 
remodelling. We report a prospective, single-center study that eval-
uates the outcome a hemoparin-coated (HC) stainless-steel stent 
(Camouflage® coating) in the treatment of occlusive lesions of the 
iliac arteries.
Material and Methods: In total, 28 patients (15 women, 14 men, 
mean age 62.5 ± 9.4 years) with TASC II A and B lesions of the iliac arter-
ies were prospectively treated with a new HC stent. Clinical exam-
ination, measurement of ankle-brachial index, and color-doppler 
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P-364
Complications and failure of high-flow embolization using 
Onyx® (Ethylvinyl alcohol copolymer) in non-neurovascular 
procedures
H. Vernhet-Kovacsik, V. Monnin, H. Zarqane, S. Bommart;
Vascular Radiology, Chu Montpellier Hopital A. de Villeneuve, 
Montpellier, France.

Purpose: Embolization of peripheral high-flow lesions using a liq-
uid agent (alcohol or glue) has proven useful but a potentially com-
plicated procedure. More recently, Onyx® has been introduced to 
manage non-neurovascular procedures. In this series of cases of 
non-neurovascular high-flow vascular embolization, we studied the 
effectiveness and complications of embolization using Onyx.
Material and Methods: DESIGN: Retrospective analysis of a series 
of cases. SETTING: Cases series in a French medical center. SAMPLE: 
Forty-five patients were treated with Onyx® for high-flow lesions: 
bronchial (n = 15 patients), uterine arteriovenous malformation 
(AVM) (n = 10), pelvic and lower limb AVM (n = 16), lumbar (n = 3 
endoleak), and splenic aneurysm (n = 1) from November 2007 to 
December 2012. METHODS: We reviewed the results of all patients 
treated with Onyx and focused on cases with adverse outcomes. 
MAIN OUTCOME MEASURES: Side effects, complications (ischemic 
tissue complications, pulmonary embolism, and DMSO toxicity), and 
causes of failure.
Results: EFFICIENCY: Clinical success rate was present in 40 of 45 
patients. Failures were related to arterial spasm (bronchial artery) 
and a proximally located cast (limb AVM). Five patients had thoracic 
pain during bronchial embolization, one patient presented with 
a thromboembolic event of the cast and an alveolar hemorrhage 
(DMSO toxicity), and two patients had a transient skin necrosis.
Conclusion: Onyx® is a valuable liquid agent in managing non-neu-
rological high-flow lesions, and in most cases it can replace other liq-
uid embolic agents.

P-365
Long-term outcomes of endovascular treatment for isolated 
internal iliac artery aneurysms
M. Yamaguchi1, A. Muradi1, E. Ueshima1, T. Okada1, K. Sofue1,
K. Idoguchi1, R. Kawasaki2, K. Sugimoto1;
1Department of Radiology and Center for Endovascular Therapy, 
Kobe University Hospital, Kobe, Japan, 2Radiology, Hyogo Brain and 
Heart Center at Himeji, Himeji, Japan.

Purpose: To analyze the outcomes of endovascular treatment for 
isolated internal iliac artery aneurysm (IIIAA) at long term follow-up.
Material and Methods: We retrospectively analyzed 33 patients 
(28 male, mean age 77.4 years) who underwent endovascular treat-
ment of 35 IIIAAs (mean diameter 39.8 mm) from 2002 to 2012. We 
attempted to completely and selectively embolize distal branches 
with permanent embolic materials followed by proximal control 
either by stent-graft placement (type 1) or coil embolization (type 2).
Results: The procedural success rate was 97.1% (n = 34). Complete 
permanent distal branches embolization was achieved in 27 
(79.4%), type 1 procedure in 24 (70.6%), and type 2 in 10 (29.4%) 
cases. During the mean follow-up period of 827 days (37-2785), no 
IIIAA related mortality and stent/stent-graft related complications 
occurred. Pelvic ischemia occurred and resolved in 8 (25%) patients. 
Among 32 cases followed by CT, the aneurysm diameter was stable 
in 19 (59.4%), shrank in 10 (31.3%), and enlarged in 3 (9.4%) cases. In 
22 cases assessed by contrast-enhanced CT, secondary endoleak 
occurred in 3 (13.6%) cases and 2 required secondary intervention 
(2/32, 6.3%). Type 1 procedure tends to have better long-term out-
comes. Incomplete distal branches embolization was associated with 
enlargement and secondary intervention (p = 0.007 and p = 0.042, 

was performed without protection (N.P-) in 6 patients who were >80 
years old, 976 with protection (NP+) in 171 patients who were >80 
years old.
Results: 30-day outcome
CAS in patients >80 years: 177
TIA: 2 with EPD (1.1%) and 1 without EPD (17%)
Minor stroke: 1 without EPD (17%)
Death/stroke/MI: 0% with EPD and 17% without EPD
CAS in patients <80 years: 987
TIA: 3 without EPD (1.6%) and 8 with EPD (1%)
Minor stroke: 3 without EPD (1.6%) and 3 with EPD (0.4%)
Major stroke: 2 without EPD (1.1%) and 1 with EPD (0.1%)
Hyperperfusion syndrome: 3 with EPD (0.4%)
Death: 2 without EPD (1.1%) and 3 with EPD (0.4%)
MI: 1 with EPD (0.1%)
Death/stroke/MI: 7 without EPD (3.8%) and 8 with EPD (1%)
Conclusion: CAS can be performed in elderly patients without a 
higher risk than in younger patients. Good indications, a meticulous 
technique, mandatory protection devices, and some technical points 
must be pointed out to avoid neurological complications and failures.

P-363
Endovascular treatment of diabetic foot in a selected 
population of patients with below-the-knee disease: is the 
angiosome model effective?
R. Fossaceca, G. Guzzardi, P. Cerini, E. Malatesta, I. Divenuto, C. Stanca, 
I. Di Gesu’, A. Carriero;
Diagnostic and Interventional Radiology, Maggiore della Carità 
Hospital, A. Avogadro University, Novara, Italy.

Purpose: To evaluate the efficacy of angioplasty (PTA) in a selected 
population of diabetic patients with below-the-knee (BTK) disease 
and to analyze the reliability of the angiosome model.
Material and Methods: We retrospectively analyzed the results of 
PTA performed in 201 diabetic patients only with BTK disease treated 
at our institute from January 2005 to December 2011. We evaluated 
the postoperative technical success and at 1, 6, and 12 months fol-
low-up, the rate of partial and complete ulcer healing, resteno-
sis, major and minor amputation and limb salvage, and TcPO2 val-
ues (using Student’s t-test). According to the angiosome model, we 
compared different clinical laboratory outcomes in patients treated 
by direct revascularization (DR) with patients treated with indirect 
revascularization (IR), using Student’s t-test and χ2 test.
Results: At a mean follow-up of 17.5 ± 12 months, we observed a 
3.5% mortality rate, a 9.4% (major) amputation rate, and a 87% limb 
salvage rate with a statistically significant increase of TcPO2 values at 
follow-up compared with baselines (p < 0.05). In 34 patients, treat-
ment was performed with IR and in 167 by DR; in both groups there 
was a statistically significant increase of TcPO2 values at follow-up 
compared with baselines (p < 0.05) without statistically significant 
differences in the therapeutic efficacy.
Conclusion: PTA of only the BTK disease is a safe and effective 
option. DR is the first treatment option; however, we believe that IR 
is similarly effective with good results over time.
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Material and Methods: Radiological data was retrospectively anal-
ysed from prospective databases from the hospitals’ Computerised 
Radiology Information System (CRIS) over 2010–2012. Angio-Seal 
gauge, Rutherford class, puncture mode (used to classify deploy-
ment as antegrade/retrograde), sheath sizes and deployment suc-
cess/failures were recorded. Numerical/statistical analyses were 
undertaken using Microsoft Excel 10/Minitab for Windows.
Results: In 470 patients, 519 Angio-Seals were deployed over 2010–
2012 (13 other patients could not be analysed due to incomplete 
data).
Sheath sizes for antegrade/retrograde femoral puncture were 5F, 
n = 22/6; 6F, n = 255/226; 7F, n = 1/5; 9F, n = 4/0, respectively. 8F 
Angio-Seal VIPs were used for 9F punctures only, 6F for the rest. 
Overall de-ployment success rate was 93.5%.
In total, 258 (90.7%) successful antegrade deployments were under-
taken with 24 (9.3%) failures, compared with 229 (96.5%) success-
ful retrograde deployments with 8 (3.5%) failures. Antegrade/retro-
grade failures were classed as failure to deploy, n = 15/5; bleeding 
despite successful deployment requiring supplementary compres-
sion, n = 6/1; haematoma formation, n = 2/1; groin pain, n = 0/1; ves-
sel stenosis, n = 1/0, respectively.
There were significantly higher deployment failures with antegrade 
deployment (p = 0.015, χ2 test).
Conclusion: This large series suggests that Angio-Seal deployment 
is successful for both antegrade/retrograde femoral punctures albeit 
with a higher antegrade failure rate. We continue to regularly use 
the Angio-Seal VIP device for groin haemostasis following arterial 
interventions.

P-368
One-year outcome of endovascular revascularization of 
popliteal artery obstructions
P.P. Wisman1, M. Gunning1, J.P.P.M. de Vries2, J.A. Vos3, F.L. Moll1;
1Vascular Surgery, UMC Utrecht, Utrecht, Netherlands, 2Vascular 
Surgery, Sint Antonius Hospital, Nieuwegein, Netherlands, 
3Radiology, Sint Antonius Hospital, Nieuwegein, Netherlands.

WITHDRAWN

P-369
Subintimal angioplasty of very long (≥40 cm) femorotibial 
occlusions in high risk surgical patients with critical lower 
extremity ischemia
C. Rubinstein1, N. Caplan2, R. Al-Housseini1, Y. Samet1, H. Anner1,
A. Bloom3, A. Klimov3;
1Vascular Surgery, Hadassah University Hospital, Jerusalem, Israel, 
2Radiology, Hadassah University Medical Center, Jerusalem, Israel, 
3Interventional Radiology, Hadassah University Medical Center, 
Jerusalem, Israel.

Purpose: Review our experience with subintimal angioplasty in high- 
risk patients with critical lower extremity ischemia and ≥40 cm arte-
rial occlusions.
Material and Methods: We retrospectively reviewed outcomes from 
endovascular interventions performed in 2008–2012 for ≥40 cm ath-
erosclerotic occlusions in critical limb ischemia. Comorbidities, pre- 
and postprocedure ankle-brachial indices (ABI), procedure details, 
limb salvage, and survival rates were recorded.
Results: Eighteen patients [15 M:3 F; ages 59–92 (mean 76)] with 
comorbidities/high-risk for bypass were included. Symptoms includ-
ed rest pain (5/18, 28%), digital ulcerations (11/18, 61%), and frank 
gangrene (2/18, 11%). Comorbidities included smoking history (vir-
tually all patients), diabetes (13/18, 72%), hypertension (16/18, 89%), 
hyperlipidemia (13/18, 72%), chronic renal failure (9/18, 50%), isch-
emic heart disease (14, 78%), congestive heart failure (10, 56%), and 

respectively). The secondary intervention-free rate at 5 years in the 
complete and incomplete distal branches embolization group was 
100% and 53.3%, respectively (p = 0.087).
Conclusion: Endovascular treatment for IIIAA is feasible and safe. 
Complete permanent distal branches embolization is important to 
achieve satisfactory long term outcomes.

P-366
Frequency-domain optical coherence tomography of 
below-the-knee drug-eluting stents: the phenomenon of 
in-stent neoatherosclerosis
S. Spiliopoulos, I. Paraskevopoulos, K.N. Katsanos, P.M. Kitrou,
D. Karnabatidis, D. Siablis;
Department of Diagnostic and Interventional Radiology, Patras 
University Hospital, Patras, Greece.

Purpose: There is no evidence regarding frequency-domain opti-
cal coherence tomography (FD-OCT) imaging of infrapopliteal drug-
eluting stents (DES). We herein report the findings of intravascular 
FD-OCT of in-stent neointimal tissue following infrapopliteal DES 
placement in a series of patients suffering from peripheral arterial 
disease (PAD).
Material and Methods: This prospective study included patients 
who had previously undergone infrapopliteal drug-eluting stenting 
and returned for regular angiographic follow-up or presented with 
clinical relapse of PAD. Study endpoints included procedural tech-
nical success and the detection and characterization of neointima 
with OCT.
Results: Twelve patients (mean age, 72.8 ± 7.2 years) with 21 siro-
limus- or everolimus-eluting infrapopliteal stents underwent OCT 
evaluation. Technical success rate was 90.5% (19/21 stents). Mean fol-
low-up period was 13.5 ± 7.3 months (range: 6–33). In-stent reste-
nosis (ISR, defined as neointimal thickness >2 mm) was detected in 
16/19 stents (84.2%). ISR rate was higher after long-term follow-up 
(60.6 ± 19.8 ≥1 year vs. 35.3 ± 20.6 <1 year; p = 0.03) and in symp-
tomatic versus asymptomatic patients (61.5 ± 20.4 vs. 37.2 ± 19.3; p 
= 0.04). Neoatherosclerosis findings included neointimal fibroath-
eromas (16/19, 84.2%), neointimal neovascularization (13/19, 68.4%), 
neointimal calcifications (6/19, 31.6%), ruptured neointima (4/19, 
21%), and thrombus (5/19, 26.3%). No cases of thin-cap fibroather-
oma (TCFA) were identified. Neointimal calcifications were more fre-
quent after follow-up of ≥12 months compared with <12 months 
(46.6% vs. 0%; p = 0.02) and neointimal rupture was more frequent 
in symptomatic compared with asymptomatic patients (4/12, 33%) 
vs. 0/7 (0%); p = 0.04).
Conclusion: FD-OCT of the infrapopliteal arteries following DES 
placement is safe and feasible. The features of neointimal neoath-
erosclerosis described may constitute a crucial mechanism of infrap-
opliteal ISR.

P-367
Angio-Seal deployment is effective following both antegrade 
and retrograde femoral arterial punctures
A. York1, R. Dey2, A. Chaudhuri1;
1Vascular Surgery, Bedford Hospital NHS Trust, Bedford, United 
Kingdom, 2Interventional Radiology, Northampton General 
Hospital, Northampton, United Kingdom.

Purpose: Small published series suggest that there is a higher fail-
ure rate for Angio-Seal vascular closure device (VCD) deployment 
after antegrade femoral puncture, despite the need for shorter hae-
mostasis times and early discharge.
We seek to compare the deployment efficacy and complications 
of the Angio-Seal VCD between antegrade and retrograde femoral 
arterial deployments.
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P-371
Superficial femoral artery TASC D Registry: twelve-month 
effectiveness analysis of the Pulsar-18 SE nitinol stent in 
patients with chronic limb ischemia
M. Lichtenberg;
Vascular Center, Klinikum Arnsberg, Arnsberg, Germany.

Purpose: To evaluate a single-center, prospective non-randomized 
interventional registry analyzing the primary patency rate and free-
dom from target lesions revascularization rate of the Pulsar-18 nitinol 
stent after recanalization of the long superficial femoral artery (SFA) 
occlusions (TASC D) in 22 patients with critical limb ischemia (CLI).
Material and Methods: Twenty-two patients with CTO of the femo-
ropopliteal arteries were enrolled and successful recanalization was 
performed using the Pulsar-18 self-expanding nitinol stent. Primary 
patency at 12 months was defined as no binary restenosis (>50 %) 
on duplex ultrasound (PSVR <2.5) and no target lesion revascular-
ization. The average lesion length of the treated segments was 315 
mm. Average spot stent length in all patients was 245 mm (minimal, 
215 mm; maximal, 315 mm).
Results: Technical success was achieved in all patients. After 12 
months follow-up, the primary patency rate of the Pulsar-18 SE niti-
nol stent was 77% with restenosis in 5 of 22 patients. Seventeen 
patients showed a >300 meters walking capacity on treadmill test
(Rutherford I). Two patients with a documented restenosis (Ruther-
ford II) were conservatively treated. Three patients with restenosis 
and a Rutherford III score were scheduled for an endovascular target 
lesion revascularization leading to a freedom from target lesion re-
vascularization rate of 86%.
Conclusion: Endovascular intervention of long SFA occlusions with 
implantation of the Pulsar-18 SE nitinol stent in CLI patients is safe and 
clinically effective with a primary patency rate of 77% after 12 months 
and an 86% freedom from target lesion revascularization rate.

P-372
Heparin-bonded Viabahn® & drug-eluting bare metal COOK 
Zilver® PTX sandwich stents for treating TASC C & D femoral 
chronic total occlusion (CTO): a retrospective review of short 
and mid-term outcomes
A. Awwad, W. Al-Obaydi, S. Habib;
Interventional Radiology, Nottingham University Hospitals NHS 
Trust, Nottingham, United Kingdom.

Purpose: To determine the feasibility of reducing edge neointimal 
hyperplasia using a combination of Viabahn and drug-eluting PTX 
stents
Material and Methods: We retrospectively reviewed 46 patients 
(33 males; average age, 75 years), subdivided into TASC C (n = 14) 
and D (n = 32). PTA with stenting was offered as a limb-saving pro-
cedure for patients deemed unfit for elective surgery because of 
multiple comorbidities. Fifty-eight heparin-bonded Viabahn stents 
and 90 drug-eluting PTX stents were used in this cohort. Our tech-
nique deploys Viabahn stent(s) along the diseased vessel to be 
sandwiched between two PTX stents, if possible (one on each end 
of Viabahn), with a 1-cm overlap. The primary outcome was stent 
patency at short and mid-term outcomes (follow-ups of 3 and 12 
months, respectively) confirmed by clinical and duplex assessment.
Results: Average length of femoral artery CTO was 28 cm (+/− 7.1 cm) 
with an average hospital admission of 24 hrs. Short-term follow-up 
showed early occlusions only for TASC D (11/46, approximately 24%). 
At a 12-month follow-up, there were two additional TASC D occlusions 
(13/46, approximately 28%). Eleven TASC C and nine TASC D patients 
remain asymptomatic with no further interventions (20/46, approx-
imately 43%). No post-procedural complications were observed. 
Recorded deaths were due to unrelated aetiologies (11/46, 24%).

chronic lung disease (5/18, 28%); 12 patients (67%) were on statin. 
Access was via ipsilateral or contralateral common femoral artery 
with ultrasound guidance. No crossing/re-entry devices were used. 
Subintimal angioplasty was successful in 17/18 (94%); 1 proce-
dure failed because of severe arterial calcifications; and 4/18 (22%) 
required stenting. Pre- and 30-day postprocedure ABI were 0–0.61 
(mean 0.41) and 0.51–0.97 (mean 0.72), respectively. Acute throm-
bosis (1/18) was managed with thrombolysis. Bleeding (2/18, 1 ret-
roperitoneal, 1 gastrointestinal) did not require surgical explora-
tion. Four patients (22%) requiring reinterventions for stenosis/reoc-
clusion underwent surgical bypass. There was 1 above-knee and 1 
below-knee amputation.
Conclusion: In selected patients with chronic critical lower extrem-
ity ischemia, subintimal angioplasty can provide revascularization 
and defer amputation even in the presence of extensive disease 
with long occlusions.

P-370
Outcome after thrombolytic therapy and thrombectomy for 
occluded endografts inserted in the superficial femoral artery 
for occlusive disease
B. Golchehr1, M. Lensvelt1, L. van Walraven2, W. Fritschy3, S. Holewijn1, 
C.J. Zeebregts4, M. Reijnen1;
1General Surgery, Rijnstate Hospital, Arnhem, Netherlands, 
2Vascular Surgery, Antonius Hospital, Sneek, Netherlands, 3Vascular 
Surgery, Isala Clinic, Zwolle, Netherlands, 4Surgery (Division of 
Vascular Surgery), University Medical Center Groningen, Groningen, 
Netherlands.

Purpose: The role of covered stents for superficial femoral artery 
(SFA) occlusive disease is still a matter of debate. Thrombolytic ther-
apy is an accepted treatment modality for surgical bypasses, but the 
efficacy for covered stents is unknown. The aim of the present study 
was to evaluate the clinical outcome after thrombolysis and surgi-
cal thrombectomy of an occluded endograft inserted for SFA occlu-
sive disease.
Material and Methods: All patients treated with a polytetraflu-
orethylene (ePTFE) covered stent between November 2001 and 
December 2011 were prospectively gathered in a database and 
those with an occlusion that was treated with thrombolytic ther-
apy were retrospectively analyzed. The patency rates after throm-
bolysis were calculated. The clinical state was categorized using 
the Rutherford classification and the ankle-brachial index (ABI) was 
measured.
Results: A total of 79 patients presented with an occlusion of the 
endograft, of which 46 patients (58%) were treated with either 
chemical thrombolysis (n = 40, 87%) or surgical thrombectomy (n 
= 6, 13%). Chemical thrombolysis and surgical thrombectomy were 
successful in 38 (95%) and 6 (100%) patients, respectively. The clini-
cal symptoms during follow-up were categorized as Rutherford 1 in 
25 patients (56%). The median ABI was 0.96 (range 0.28–1.18; n = 17).
The primary, primary-assisted, and secondary patency of chemical 
thrombolysis and surgical thrombectomy at 6 months was 56% ver-
sus 67% (p = 0.505), 56% versus 67% (p = 0.494), and 68% versus 67% 
(p = 0.147), respectively. The amputation rate was 7%.
Conclusion: Occlusion of the endograft may be well treated with 
thrombolytic therapy or surgical thrombolysis but the patency rates 
after treatment are low.



CIRSE 2013 SS/FC/HL/HTS/CM S345Posters

One dissection was recorded at the dorsalis pedis artery puncture. No 
pseudoaneurysms were recorded. TcPO2 increased at 1 month (50.7 ± 
2.3 vs 16.7 ± 0.5 mmHg; p < 0.001) and remained stable at follow-up.
Conclusion: Combined antegrade and retrograde recanalization 
approach is safe and effective in patients, with high risk of ampu-
tation with SFA occlusion involving the popliteal trifurcation when 
antegrade approach fails.

P-375
Embolic protection devices in the noncoronary arterial system: 
device characteristics and evidence based review of efficacy - 
an update
R. Suri;
Interventional Radiology, UTHSCSA, San Antonio, TX, United States 
of America.

Learning objectives:
1. Compare and contrast various embolic protection devices
2. Evaluate risks and benefits of the use of these devices vis-à-vis 

each other and versus no protection
3. Evidence based review of their efficacy in the carotid, renal and 

infrainguinal arterial system
Background: Outflow embolic protection devices are used almost 
routinely during carotid interventions and now increasingly in the 
non-carotid arterial circulation, though their role still continues to 
evolve. Though these devices enjoy the benefit of preventing dis-
tal embolic complications, the use of these devices comes with their 
own risk; hence, awareness of their characteristics and risk versus 
benefit becomes even more essential.
Clinical Findings/Procedure:
1. Classification of embolic protection devices as distal versus proxi-
mal and filter versus occlusive
2. Pictorial essay of the various protection devices, description of their 
physical device characteristics (wire morphology, filter/occlusive bal-
loon construction, pore sizes etc), device deployment techniques
3. Pictorially depict benefits and possible risks of the use of these 
devices vis-à-vis each other and versus no protection. Adverse 
events specific to embolic protection devices shall be depicted
(a) device deployment issues: technical failure and causative factors
(b) during stenting/PTA: device migration, pseudo-occlusion, arterial 
spasm/dissection
(c) device retrieval
4. Evidence based review of a well established role of these devices 
in the carotid arterial system and its evolving role in the renal and 
peripheral arterial system
Conclusion: The aim of this exhibit is to compare and contrast 
embolic protection devices, demonstrate their role in the noncor-
onary (carotid, renal and peripheral) circulation and evaluate their 
risks-versus-benefits with evidence-based support.

P-376
Endovascular treatment alternatives for iliac artery aneurysms
J.M. Lozano1, J.O. Suarez2, G.F. Mejia Villate3, L.F. Garcia Valencia3,
J.A. Varela3;
1Interventional Radiology, Clínica Universitaria Colombia, Bogota, 
Colombia, 2Department of Diagnostic Imaging, Fundación 
Universitaria Sanitas, Bogota, Colombia, 3Vascular Surgery 
Department, Clínica Universitaria Colombia, Bogota, Colombia.

Learning objectives: To describe endovascular alternatives for the 
treatment of iliac artery aneurysms (IAA) based on morphology.
Background: IAA have a low prevalence; nevertheless its rupture 
implies a high risk of morbility and mortality. Open surgical repair 
has been replaced by endovascular techniques, and its success and 
safety depends on the chosen procedure.

Conclusion: The results reiterate our previous work because TASC 
D lesions developed early occlusions after surgery. No patients 
showed edge neointimal hyperplasia at short and mid-term follow-
up, particularly in TASC C. Improved outcome when Viabahn stent 
edges are supported by drug-eluting PTX stents.

P-373
Comparison of cryoplasty and conventional angioplasty for 
treating steno-obstructive lesions of the femoropopliteal 
arteries in patients with diabetes: immediate, mid-term and 
long-term results
R. Fossaceca, G. Guzzardi, P. Cerini, I. Divenuto, E. Malatesta, I. Di Gesu’, 
C. Stanca, A. Carriero;
Diagnostic and Interventional Radiology, Maggiore della Carità 
Hospital, A. Avogadro University, Novara, Italy.

Purpose: To compare the immediate, mid-term and long-term effec-
tiveness of cryoplasty and conventional angioplasty for treating 
steno-obstructive lesions of the femoropopliteal district in patients 
with diabetes.
Material and Methods: From October 2006 to November 2009, 48 
patients with non-insulin-dependent diabetes mellitus (DM) and an 
indication for percutaneous revascularisation of the femoropopliteal 
arteries were randomly assigned for treatment with angioplasty or 
cryoplasty. The following parameters were analysed and compared 
between both groups: immediate technical success (residual steno-
sis <30%) and distal run-off as assessed on post-procedural angiog-
raphy as well as degree of restenosis and distal run-off at 6 and 12 
months, assessed with colour Doppler ultrasound (CDUS) or digital 
subtraction angiography (DSA).
Results: Treatment with angioplasty was significantly superior in 
procedural technical success (p = 0.04) and resulted in a significant 
reduction in the degree of restenosis at 6 months (p = 0.02) and a 
significant increase in the distal run-off at 6 (p = 0.005) and 12 (p = 
0.01) months.
Conclusion: Conventional angioplasty is more effective than cryo-
plasty for treating steno-obstructive lesions of the femoropopliteal 
arteries in patients with diabetes and provides better immediate, 
mid-term and long-term results.

P-374
Combined transfemoral and transtibial approach in subintimal 
recanalization of SFA obstructions extending to popliteal and 
distal vessel origins
R. Gandini, C. Del Giudice, V. Da Ros, G. Loreni, S. Fabiano, G. Simonetti;
Department of Diagnostic Imaging, Molecular Imaging, 
Interventional Radiology and Radiation Therapy, IRCCS Policlinico 
Tor Vergata, Rome, Italy.

Purpose: The present study aimed to describe the immediate proce-
dural results and clinical outcomes of superficial femoral artery (SFA) 
(Carmona, 2005 #29) recanalization with a transfemoral and transtib-
ial combined double approach in patient with critical limb ischemia.
Material and Methods: From December 2007 and July 2011, 46 
patients with CLI and SFA obstruction (6.6%; 83 men, mean age, 68.2 
± 0.5 years), a combined transfemoral and transtibial approach was 
attempted after failure of antegrade revascularization. The common 
femoral artery was punctured through an antegrade approach in all 
cases. The retrograde approach was performed with the puncture of 
the distal posterior tibial artery in 25 patients (54%), anterior tibial 
artery in 17 patients (37%), and peroneal artery in 4 patients (9%).
Results: Technical success was achieved in 45 (97.8%) patients. The 
limb salvage rates were 97.8 and 89.1% at 1- and 6-month follow-
ups, respectively. Five (10.8%) patients needed major amputations. 
Local hematoma at distal site puncture was observed in 2 patients. 



CIRSE Abstract Book
S346 CIRSE

C  RSE

P-378
Tips and tricks on prevention and treatment of complications 
from closure devices
L. Mailli, A. Parthipun, M. Jarzabek, N. Karunanithy, K.N. Katsanos,
T. Sabharwal;
Interventional Radiology, Guy’s and St. Thomas’ Hospitals, London, 
United Kingdom.

Learning objectives:
1. To familiarize delegates with 3 groups of closure devices, which 

are predominantly used: collagen, suture, and metal clip/disc 
based.

2. To recognize indications and contraindications related to each 
group of closure devices.

3. To demonstrate technical tricks related to successful arterial 
closure.

4. To illustrate possible complications and ways of preventing them.
5. To present how complications should be treated by either inter-

ventional radiologists or vascular surgeons.
Background: Currently there is a range of various closure devices 
available, gaining popularity among interventional radiologists. 
Nevertheless, complications do exist and tend to be severe, needing 
further intervention.
Clinical Findings/Procedure: We have retrospectively reviewed and 
analyzed the complications encountered in our department. Further, 
we performed systematic review of literature on clinical experience of 
other interventional radiology (IR) and surgical centers.
Complications were reported and analyzed according to type of clo-
sure device, their significance/sequelae, and incidence. The cause of 
unsuccessful placement or side effects were investigated, including 
underlying pathology and technical issues (e.g., whether the device 
was placed correctly and in appropriate situations). Tips and tricks 
on understanding and avoiding complications were presented. The 
role of IR versus surgery was recognized in case of early or late com-
plications. Available IR techniques in treating closure device-related 
complications were presented.
Conclusion: The occurrence of few but serious complications can 
outweigh the benefits of using closure devices. It is important to 
keep in mind the stress of the learning curve, be aware of complica-
tions, and familiarize oneself with methods of treating them.

P-379
Synchronous hybrid repair of femoral and popliteal artery 
aneurysms in the post-phlebitic limb
A. Chaudhuri;
Vascular Surgery, Bedford Hospital NHS Trust, Bedford, United 
Kingdom.

A 74-year-old male presented with right-sided 4.5-cm popliteal and 
3.5-cm femoral aneurysms in a swollen post-phlebitic leg after knee 
surgery. These were synchronously repaired using a femoral 8-mm 
Dacron inlay tube graft with popliteal artery aneurysm exclusion 
using 10 × 150-mm + 11 × 100-mm Viabahn stent grafts.

Clinical Findings/Procedure: Endovascular treatment varies accord- 
ing to the location of the iliac aneurysm.
In aneurysms of the common iliac artery (CIA) without proximal or 
distal neck (type 1), the intervention is performed using aortoiliac 
endoprosthesis with embolization of the IIA. In CIA aneurysms with 
proximal neck (type 2), a covered stent with IIA embolization can be 
performed. For saccular aneurysm of the CIA (type 3), a bare stent 
and aneurysm embolization with recoverable coils is the treatment 
of choice. Exclusion of a CIA aneurysm with proximal and distal neck 
(type 4) requires a covered stent. Embolization of the necks and/or 
of the aneurysm is performed for solitary IIA aneurysm with proxi-
mal neck (type 5).
For aneurysms of the CIA and IIA (type 6), aortoiliac stent landing in 
the external iliac artery (EIA) and embolization of the IIA is used.
An additional type is aneurysms of the abdominal aorta and the CIA 
(type 7); the treatment alternatives are embolization of the IIA, liga-
tion of the EIA and femoral-femoral bypass, and/or aortic bi-iliac 
endoprosthesis landing on EIA.
Conclusion: The clinical success for the treatment of an iliac 
aneurysm is planning an endovascular option on the basis of 
morphology.

P-377
Thermographic view of the foot and ankle based on the 
angiosome concept
H.J. Shim, Y. Kwon, B.K. Kwak;
Radiology, Chung-Ang University Hospital, Seoul, Korea.

Learning objectives: To obtain appropriate thermographic views 
of the foot and ankle based on the angiosome concept and to eval-
uate the screening utility using pre- and post-stress treadmill tests.
Background: We hypothesized that blood flow and vasodilatory 
capacity of the peripheral arteries influence the cutaneous temper-
ature during exercise as well as the degree of temperature changes.
Clinical Findings/Procedure: We enrolled 24 healthy volunteers 
in this study. Various thermophotographic views of their feet and 
ankles using infrared thermophotography (IRIS-5000, Medicore™) 
were obtained. Six regions of interest (ROI) were placed in territories 
of three major below-the-knee arteries on the basis of the angio-
some concept and physical pulse palpation correlation. Stress test 
was performed using a low-velocity treadmill (AP3126; Apsun Inc.), 
with a protocol comprising a 12% incline, 5-minute duration, and 
2-mph velocity. The quantitative parameters were statistically evalu-
ated between pre- and post-stress test by the Wilcoxon signed rank 
test (PASW Statistics 18.0, IBM Corporation); P values less than 0.05 
were considered significant.
Temperature ranges in the pre- and post-stress test were 26.06–
30.19 °C and 26.03–29.72 °C, respectively. In each of the 24 pre- and 
post-stress tests, the mean temperature with standard deviation 
was 27.66 ± 1.30 °C and 27.24 ± 1.14 °C, respectively. There was sta-
tistically significant difference in the mean surface temperature 
between the pre- and post-stress tests (P < 0.05).
Conclusion: Infrared thermophotography combined with the tread-
mill stress test and its quantitative measurement demonstrate tem-
perature decrease. Further improvements in the technique and 
diagnostic criteria are required for greater use in clinical practice.
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P-384
Cystic adventitial disease of the popliteal artery: 
diagnosis and percutaneous treatment
H. Bozkaya, C. Cinar, M. Parildar, I. Oran;
Radiology, Ege University Faculty of Medicine, Izmir, Turkey.

Cystic adventitial disease is a rare form of non-atherosclerotic steno-
sis. We report a case of a 30-year-old patient with intermittent clau-
dication who was diagnosed by several imaging modalities, includ-
ing MRI and Doppler ultrasound, and treated by percutaneous ultra-
sound-guided adventitial cyst aspiration.

P-385
Aneurysm spurium and AV fistula due to stingray sting
J. Bekker, A. Moelker, J. Florie;
Radiology, Erasmus MC, Rotterdam, Netherlands.

A woman was stung by a stingray in her right calf. The subsequent 
ATP aneurysm spurium and AV fistula were treated by balloon occlu-
sion of the ATP and direct aneurysm puncture with thrombin injec-
tion and a compress gauze. Follow-up was uneventful.

P-386
Successful retrieval of a broken guidewire in the area below 
the ankle
T. Sato;
Radiology, Tsuchiya General Hospital, Hiroshima, Japan.

We experienced two cases of guidewire breaking during angioplasty 
below the ankle in severely calcified CLI (critical limb ischemia) cases. 
We successfully retrieved these guidewire fragments using small sized 
goose neck snare. We will describe the technical TIPS of this procedure.

P-387
Unusual treatment of a complication following 
revascularization of a tibial vessel
A. Guastavino1, P.F. Curone2, L. Martino3, A. Romani3, C. Martini3,
C. Sciaccaluga3, N. Gandolfo1;
1Radiologia, Ospedale Villa Scassi, Genova, Italy, 2Interventional 
Radiology, Villa Scassi Hospital, Genova, Italy, 3Radiologia, Ospedale 
San Martino, Genova, Italy.

We report the unusual treatment of a complication following revas-
cularization of a tibial vessel in a patient with diabetes. An arteriove-
nous fistula that developed 7 months after PTA (percutaneous trans-
luminal angioplasty) caused distal ischemia and was treated with 
microcoils and a new PTA, resulting in vessel patency.

P-388
Combined sclerotherapy and surgical bending in 
Klippel-Trenaunay-Weber syndrome
H. Habrecht1, S. Nagel1, H. Steinkamp1, S. Ludewig2, J. Zanow3,
U. Teichgräber1;
1Radiology, University Hospital Jena, Jena, Germany, 2Surgery, 
University Hospital Jena, Jena, Germany, 3Vascular Surgery, 
University Hospital Jena, Jena, Germany.

A rare case of a 24-year-old male with Klippel–Trenaunay–Weber syn- 
drome of the left leg accompanied with high-grade angiectasis and 
forefoot gangrene. Combined superselective endoluminal sclero-
therapy for the arteriovenous malformations and surgical bending 
of the superficial femoral artery was performed.

P-380
Stent strut - vessel rupture following a minor 
non-traumatic fall
M.A. Ghouri1, K. Overbeck2;
1Interventional Radiology, Northern Deanery Radiology Training 
Programme, Newcastle Upon Tyne, United Kingdom, 2Vascular 
Surgery, City Hospitals Sunderland, Sunderland, United Kingdom.

A 65-year-old male with iliac stent placement experienced pain in 
his groin following a minor fall. CTA showed a retroperitoneal pseu-
doaneurysm/hematoma, which was treated with a covered stent. 
Sudden flexure of stent strut can cause vessel rupture, which is more 
likely in stents with long struts or a long marker end.

P-381
Iatrogenic pseudoaneurysms of the posterior tibial artery 
treated endoluminally with coronary stent-grafts
L.K. Venigalla1, R.P. Yadavali1, A. Tambyraja2;
1Interventional Radiology, Aberdeen Royal Infirmary, Aberdeen, 
United Kingdom, 2Dept. of Vascular Surgery, Aberdeen Royal 
Infirmary, Aberdeen, United Kingdom.

A 57-year-old female presented with an acutely ischaemic leg due to 
thromboembolism from myocardial infarction. She underwent sur-
gical embolectomy and anticoagulation therapy. Two weeks later 
she presented with iatrogenic posterior tibial pseudoaneurysms, 
which were treated endoluminally with coronary stent grafts.

P-382
Unusual presentation of fibromuscular dysplasia and newer 
management modalities
M.K. Virarkar1, V. Someshwar2;
1Radiology, Tver State Medical Academy, Tver, Russian Federation, 
2Interventional Radiology, Kokilaben Dhirubhai Ambani Hospital, 
Mumbai, India.

We report a case of an unusual presentation of fibromuscular dys-
plasia (FMD), involving celiac and splenic artery aneurysms with 
a rupture along with fusiform dilatation of superior mesenteric 
and left renal arteries, which was managed with stenting and coil 
embolisation.

P-383
Arteriovenous tibial pseudoaneurysm with fistula: 
exclusion with a stent-graft
E. Paci, M. Rosati, C. Mincarelli, M. Fichetti, P. Boscarato, A. Felicioli,
R. Candelari;
Interventional Radiology, Ospedali Riuniti Ancona, Ancona, Italy.

A 46-year-old man with an inveterate arteriovenous fistula between 
the posterior tibial artery and the vein associated with a pseudoa-
neursym was treated by a stent–graft. The wide fistula was treated 
using a pedal-to-plantar loop approach before delivering the stent 
through the antegrade approach.
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P-394
Comparison of patient exposures data in interventional 
procedures performed with flat-panel detector and image 
intensifier systems
L. D’Ercole1, F. Lisciandro1, F. Zappoli Thyrion2, P. Quaretti2, E. Lafe2,
A. Azzaretti2, G. Rodolico2, L.P. Moramarco2;
1Medical Physics Department, Fondazione Policlinico S.Matteo, 
Pavia, Italy, 2Diagnostic and Interventional Radiology Department, 
Fondazione Policlinico S.Matteo, Pavia, Italy.

Purpose: To evaluate patient exposure reduction when using flat-
panel detector angiographic systems.
Material and Methods: Exposure data like total air kerma per area 
product (KAPTOT), fluoroscopy time (FT), and number of frames (NFR) 
were collected over approximately 8 months in 2012 for the follow-
ing procedures: cerebral angiography, cerebral embolization, tran-
sarterial chemoembolization (TACE), and carotid artery stenting 
(CAS), which were performed with flat-panel detector (FPD) systems. 
Data were compared with those formerly collected for the same 
procedures in the same interventional radiology department for 
conventional image intensifier (I.I.) systems.
The numbers of considered procedures (FPD vs. I.I.) were cerebral 
angiography, 87 vs. 113; cerebral embolization, 33 vs. 82; TACE, 43 vs. 
110; CAS, 42 vs. 96.
The Mann–Whitney test was used for statistical analysis. A p value 
less than 0.05 was considered to represent a statistically significant 
result.
Results: KAPTOT result significantly reduced in all the groups of 
considered procedures, and particularly in cerebral embolization 
(median, 167 Gycm2 with FPD vs. 352 Gycm2 with I.I.; p < 0.0001). 
FT showed a significant reduction in TACE (p = 0.002) and cerebral 
embolization (p = 0.008).
Conclusion: Using FPD systems results in a general patient exposure 
reduction (in TACE, the median of KAP was reduced by 22%; in CAS 
it reduced by 34%; in cerebral angiography by 22%). KAPTOT signifi-
cantly decreased (53%), particularly for cerebral embolization using 
a low-dose protocol as a routine. In the cerebral angiography, the 
decrease was less relevant because one physician was under training.

P-395
New dose limit for the lens of the eyes: are interventionalists 
close to that limit?
E. Vano1, J.M. Fernandez Soto2, R.M. Sanchez Casanueva2, 
J.J. Gallego Beuter3;
1Radiology, Complutense University and San Carlos Hospital, 
Madrid, Spain, 2Medical Physics, San Carlos Hospital, Madrid, Spain, 
3Radiologia Vascular, Hospital Clinico San Carlos, Madrid, Spain.

Purpose: In 2011, the International Commission on Radiological Pro-
tection recommended a new dose limit of for the lens of the eye, 
which is 20 μSv/y instead of the current value of 150 μSv//y for occu-
pational exposures. On May 2012, the European Council adopted a 
draft directive including the new limit. This study aimed to present 
the experimental results of lens doses and discuss if doses to inter-
ventionalists exceed the new limit.
Material and Methods: Dose measurements were performed in 190 
individual interventional procedures. The catheterization laboratory 
was equipped with an X-ray system with a flat detector. The interven-
tionalists with more than 10 years experience were certified in radiation 
protection in accordance with the European guidelines. Lens doses 
were estimated using electronic dosimeters [personal dose equiva-
lent Hp (10)] and compared with a reference dosimeter positioned at 

P-389
A pain in the butt: pseuodoaneurysm of a persistent sciatic 
artery
N. Papadakos, M. Teixidor Vinas, M. Gonsalves, G.S. Goh;
Interventional Radiology, St. George’s Healthcare NHS Trust, 
London, United Kingdom.

We present a case of a 73-year-old patient with a persistent sciatic 
artery pseuodoaneurysm in the gluteal region. This rare complica-
tion of a normal anatomical variant was successfully treated using 
coil and plug embolisation.

P-390
Endovascular stent-graft treatment for a traumatic 
vertebro-vertebral arteriovenous fistula with a 
pseudoaneurysm
Y. Zheng;
Vascular Surgery, Peking Union Medical College Hospital, Beijing, 
China.

The rarely occurring vertebro-vertebral arteriovenous fistula (VVAVF) 
is characterized by abnormal direct communications between the ver- 
tebral artery or its branches and the neighboring venous system. 
We present our experience using a stent-graft to occlude a chronic, 
traumatic VVAVF.

P-391
Antegrade re-entry catheter used for re-entry of retrograde 
subintimal passage via pedal access
J.H. Won;
Radiology, Ajou University Hospital, Suwon, Korea.

We failed to re-enter the true lumen when passing the subintimal 
guidewire via pedal access. After we placed a balloon catheter in the 
false lumen, we used a re-entry catheter via the intraluminal antegrade 
access to puncture the balloon catheter via the retrograde access.

P-392
Endovascular management of malignant infiltration of the 
axillary artery
J. Oakes, C. Bent, D. Beckett;
Interventional Radiology, Royal Bournemouth Hospital NHS 
Foundation Trust, Bournemouth, United Kingdom.

A 64-year-old male presented with bleeding from an extra-tho-
racic necrotic tumour. CT confirmed direct axillary artery inva-
sion. Successful initial treatment with an endovascular stent-graft. 
Recurrent bleeding occurred after 2 months, with complete axillary 
artery transection, managed by coil embolisation.

P-393
Successful embolization of an iatrogenic injury of the left 
common iliac vein during spinal surgery
A. Awwad, S. Habib;
Interventional Radiology, Nottingham University Hospitals NHS 
Trust, Nottingham, United Kingdom.

A devastating iatrogenic injury of the left common iliac vein during 
spinal surgery led to exsanguination and cardiac arrest. A contralat-
eral retrograde intervention to occlude the ruptured vein was suc-
cessfully deployed using an Amplatz coil, and the patient survived.
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P-398
Stenting of stenotic mesenteric arteries for symptomatic 
chronic mesenteric ischemia
R. Aschenbach1, S. Basche1, H. Bergert2, T.J. Vogl3, R. Puls1;
1Diagnostic and Interventional Radiology and Neuroradiology, 
HELIOS Hospital Erfurt, Erfurt, Germany, 2Vascular and Endovascular 
Surgery, HELIOS Hospital Erfurt, Erfurt, Germany, 3Institute for 
Diagnostic and Interventional Radiology, Johann Wolfgang Goethe 
University Hospital, Frankfurt, Germany.

Purpose: We report the results of our single center series of patients 
with chronic mesenteric ischemia (CMI) to determine the role of 
stenting in management.
Material and Methods: We retrospectively reviewed all patients 
with CMI treated endovascularly with stent revascularization from 
January 2008 to January 2011. CMI diagnosis was made according 
to clinical symptoms, including postprandial abdominal pain, food 
fear, and weight loss. Additionally, the diagnosis was confirmed by 
duplex ultrasonography and/or computed tomography angiogra-
phy and/or contrast-enhanced magnetic resonance angiography.
Results: All 45 patients presented with typical CMI symptoms: 
45/45 (100 %) had postprandial pain, 31/45 (68.8 %) had weight loss 
of more than 10 kilograms, and 11/45 (24.4 %) suffered from isch-
emic colitis combined with lower gastrointestinal bleeding. In three 
patients, occlusion could not be crossed, which was considered as 
technical failure. A total of 55 arteries were stented in the remaining 
42 patients. Nineteen patients underwent SMA stenting alone, eight 
underwent celiac stenting alone, and three patients underwent 
stenting of the inferior mesenteric artery (IMA) alone. We performed 
combined stenting of the celiac artery and superior mesenteric 
artery in 10 patients, and one patient underwent combined stenting 
of the celiac artery and the IMA. All three mesenteric arteries were 
stented in only one patient. Primary technical success was achieved 
in 42/45 (94.8 %) patients. Clinical symptom relief was achieved in 
39/45 (86.6 %) patients with abdominal pain. Increased body weight 
was observed in 28/31 (90.3 %) patients with an average weight gain 
of 8.8 kilograms (5–12 kilograms), and 10/11 (90.9 %) patients recov-
ered from ischemic colitis/lower gastrointestinal bleeding.
Conclusion: Stent revascularization can be considered as the first-
line therapy for patients with chronic mesenteric ischemia.

P-399
Recanalization of chronic total occlusions of the superior 
mesenteric artery in patients with chronic mesenteric 
ischemia: technical and clinical outcomes
C.J. Grilli1, C. Fedele2, O. Tahir2, J. Velez1, C. Wrigley1, M. Ali2, G. Kimbiris1, 
D. Agriantonis1, M.J. Garcia1, D. Leung1;
1Interventional Radiology, Christiana Care Hospital, Newark, DE, 
United States of America, 2Radiology, Christiana Care, Newark, DE, 
United States of America.

Purpose: To evaluate the clinical and technical outcomes of endo-
vascular recanalization and stenting of chronic total occlusions 
(CTOs) of the superior mesenteric artery (SMA) in patients with 
chronic mesenteric ischemia.
Material and Methods: A retrospective review of 46 patients who 
underwent endovascular recanalization with stenting of CTOs of 
the SMA between February 2008 and July 2012 was performed. All 
patients had symptoms of chronic mesenteric ischemia. Procedural 
and follow-up data were collected for assessment of technical suc-
cess, safety, and outcomes.

the C-arm. Correlation with patient doses was derived. DSA series were 
acquired with staff outside the catheterization room in most cases.
Results: Mean, median, and 3rd quartile values per procedure 
resulted in 55, 22, and 47 μSv (measured over the protective apron); 
753, 438, and 1130 μSv for the reference C-arm (nonprotected) 
dosimeter; 104, 61, and 161 Gy.cm2 for dose–area product values. 
Mean values of 7.2 and 0.52 μSv/(Gy.cm2) were obtained for the 
C-arm and personal over-apron dosimeter.
Conclusion: Lens doses resulted in approximately 55 μSv/procedure 
(7% of the reference C-arm dosimeter). Approximately 360 proce-
dures a year can be performed under the new limit of 20 μSv/year.

P-397
Reducing radiation dose: an advantage of combined 
endoscopic and fluoroscopic approach for deployment of 
enteral stents
P. Borg1, J.M. Trotter2, K.L. Dear3, G. Naylor3, P. Goodfellow2, K. Ravi2,
T.S. Armanath2, R. Balamurugan1;
1Radiology Department, Chesterfield Royal Hospital, Chesterfield, 
United Kingdom, 2Surgery Department, Chesterfield Royal Hospital, 
Chesterfield, United Kingdom, 3Medicine Department, Chesterfield 
Royal Hospital, Chesterfield, United Kingdom.

Learning objectives: In our experience deployment of gastro-
duodenal (GD) and colorectal (CR) stents has been performed as a 
combined procedure by a gastrointestinal surgeon or physician for 
endoscopy and a radiologist for fluoroscopic guidance.
Direct visualisation has several advantages:
1. Allows emptying of the stomach and reduces risk of aspiration
2. Tumour assessment and biopsy particularly in acute large bowel 

obstructions
3. Visualisation of the lumen aids insertion of the guidewire for 

fluoroscopic deployment, reducing screening time and radiation 
exposure to staff as well as the patient.

Background: Chesterfield hospital is a 640 bedded secondary care 
hospital.
Clinical Findings/Procedure: Over a 6-year period, 34 GD stents 
and 81 CR stents were placed.
GD series
Indications: 33 for malignant diseases, 1 for benign stenosis. 100% 
technical success rate, 91% clinical success, 0% adverse complica-
tions and 18 % expected complications (stent migration, tumour 
overgrowth and food bolus). No deaths due to aspiration pneumoni-
tis. Mean fluoroscopy time was 6.9 min (range 2–14).
CR series
Indications: 30 emergency acute obstructions, 6 locally advanced 
fistulating tumours, 11 bridges to surgery, 34 obstructive symptoms. 
90% technical success, 88.5% clinical success. 2 cases of perforation, 
of which 1 was clinically insignificant. Mean fluoroscopy time of 14 
min (range 3.6–30.1).
Conclusion: Maintaining radiation doses to patients and staff to a 
minimum is a priority in all fluoroscopic guided procedures. Com-
bined multidisciplinary approach for enteral stenting is safe and effi-
cient. We observed less complications (GD) or comparable (CR) com-
plication rates when compared with published data with a reduced 
fluoroscopy time.
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P-401
Spontaneous isolated dissection of superior mesenteric artery: 
role of endovascular stent placement
Y.-J. Kim, C.J. Yoon, N.J. Seong, S.-G. Kang, B.M. Kim, S.W. An, Y.N. Woo;
Radiology, Seoul National University Bundang Hospital, Seongnam, 
Korea.

Purpose: To evaluate the clinical efficacy of endovascular stent 
placement for treating symptomatic spontaneous isolated dissec-
tion of superior mesenteric artery (SIDSMA).
Material and Methods: This retrospective study was conducted 
on 23 consecutive patients (mean age, 52 years; range, 43–68 years) 
with symptomatic SIDSMA between January 2004 and October 
2012. Sixteen patients were treated with conservative management 
with (n = 13) or without anticoagulation (n = 3). Seven patients with 
suspected bowel ischemia underwent self-expandable stent place-
ment as a primary treatment. The technical results, complications, 
and clinical outcomes were analyzed.
Results: Conservative treatment was successful in 13 patients (81.2%). 
Primary stent placement was technically successful in all 7 patients. Stent 
placement was additionally performed in 3 patients in whom the con-
servative treatment failed. There were no complications associated with 
stent placement. Abdominal pain completely resolved in all patients, 
without relapse during the follow-up (mean, 30.5 months; range, 1–95 
months). The fasting time was significantly shorter in patients with pri-
mary stent placement (mean 2.4 days) than in those treated conserva-
tively (mean, 4.5 days) (p < 0.05). Follow-up CT demonstrated oblitera-
tion of the false lumen and patent stents for up to 62 months.
Conclusion: Endovascular stent placement is safe and effective for 
treating symptomatic SIDSMA, with high technical and clinical suc-
cess rates and long-term patency. It can be employed as primary 
treatment in patients with suspected bowel ischemia or as a rescue 
therapy in cases of unsuccessful conservative treatment.

P-402
Reducing portal venous pressure by proximal embolisation 
of the splenic artery: first results of hepatic venous wedge 
pressure measurements
J. Fuchs1, C. Engelmann2, T.-O. Petersen1, T. Berg2, T. Kahn1, M. Moche1;
1Department of Diagnostic and Interventional Radiology, University 
Hospital Leipzig, Leipzig, Germany, 2University Hospital Leipzig, 
Department of Internal Medicine, Section of Hepatology, Leipzig, 
Germany.

Purpose: Portal hypertension due to liver cirrhosis is often associ-
ated with severe complications such as gastrointestinal bleedings, 
intractable ascites or portosystemic shunts with hepatic encepha-
lopathy. Furthermore, splenomegaly commonly socialises with liver 
cirrhosis, although definite relations remain unclear. Previous stud-
ies suggest a central role of splenic perfusion in the pathophysiol-
ogy of portal hypertension: Splenectomy or partial splenic emboli-
sation was reported to reduce portal venous pressure.
Proximal occlusion of the splenic artery with a vascular plug is rapid 
and feasible. The purpose of the study was to investigate whether 
this procedure achieves a reduction in hepatic venous pressure gra-
dient (HVPG) as an indirect marker of the portal venous pressure.
Material and Methods: Seven patients with advance-stage liver 
cirrhosis, splenomegaly and severe complications typically asso-
ciated with portal hypertension underwent occlusion of the proxi-
mal splenic artery. An Amplatzer vascular plug (AVP) was used. HVPG 
was determined before and after the procedure.
Results: The technical success rate was 100 %, and complete occlusion 
was proven by angiography. Only a minor splenic infarction in one case 
was observed without any clinical impact. Mean HVPG was 15.9 ± 4.1 
mmHg before and 10.4 ± 3.5 mmHg after splenic artery embolisation.

Results: Technical success was achieved in 41 of 47 patients (87%). 
Twelve patients underwent concurrent stenting of the celiac artery. 
Initial complete symptomatic relief was reported in 39 of 40 (97%) 
patients, while 1 patient (3%) reported partial improvement. No 
patients reported stable or worsening symptoms. Imaging fol-
low-up (22 US, 8 CTA) was obtained in 30 of 41 (75%) patients with 
a mean follow-up of 11.2 months. Kaplan–Meier analysis revealed 
a primary patency of 96%, 80%, and 72% at 6, 12, and 24 months, 
respectively. Symptomatic recurrences, observed in 7 patients, cor-
related to restenosis/reocclusion on imaging. All 7 patients under-
went successful assisted or secondary PTA and/or stenting proce-
dures. Kaplan–Meier analysis of freedom from symptom recurrence 
showed primary and assisted rates of 88% and 100% at 1 year, and 
72% and 96% at 2 years. There were 3 (7%) minor access-related 
complications and no major complications.
Conclusion: Endovascular stenting of CTOs of the SMA is a safe and 
effective procedure with an acceptable technical success rate and 
excellent mid-term clinical outcomes.

P-400
Pilot study of syngo iFlow in evaluating renal artery 
angioplasty digital subtraction angiography images at a 
pediatric institution
T. Hwang1, D. Ballah1, E. Girard2, G. Krishnamurthy3, A.M. Cahill3;
1Radiology, Children’s Hospital of Philadelphia, Philadelphia, PA, 
United States of America, 2Healthcare, Siemens, Philadelphia, PA, 
United States of America, 3Interventional Radiology, Children’s 
Hospital of Philadelphia, Philadelphia, PA, United States of America.

Purpose: Syngo iFlow is a parametric color-coded imaging adjunct 
for digital subtraction angiography (DSA) images. It extracts time 
to peak (TTP) maximum contrast opacification to create a static, 
color-coded image. This study investigates syngo iFlow as a tool to 
evaluate changes in vascular flow and parenchymal perfusion in 
patients with renal artery stenosis after undergoing percutaneous 
angioplasty.
Material and Methods: Between 2008 and 2011, 29 pairs of pre- 
and post-angioplasty DSA images were acquired from 20 patients 
and retrospectively reviewed by a three-reader consensus.
TTP values were recorded at pre- and post-stenotic arterial regions 
of interest (ROIs). The difference in TTP (dTTP) between the two ROIs 
was used as a surrogate for flow rate. Parenchymal ROI TTP values 
were then recorded to evaluate perfusion.
Pre-angioplasty values for arterial dTTP and parenchymal TTP were 
compared with post-angioplasty values using the Wilcoxon signed 
rank test (p < 0.05 significant).
Results: Pre- and post-angioplasty measurements differed sig-
nificantly for arterial dTTP (p = 0.0001) and parenchymal TTP (p = 
0.0083).
In 22/29 cases, dTTP decreased after angioplasty, of which 11 post-
images demonstrated dTTP = 0, indicating complete flow restora-
tion. Of the 29 cases, 5 demonstrated no change, 2 demonstrated 
increased dTTP (mural dissection and intraluminal thrombus).
Only 18/29 cases had sufficient DSA run durations to evaluate paren-
chymal perfusion. Of these, 16 cases demonstrated decreased TTP 
post-angioplasty (improved perfusion) and 2 demonstrated an 
increase, one of which correlated with increased arterial dTTP.
Conclusion: This pilot study has shown that dTTP across stenotic 
vessels and average parenchymal TTP are quantitatively different 
pre- and post-angioplasty. Syngo iFlow may help to better predict 
post-angioplasty intraluminal flow and parenchymal perfusion.
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P-405
Innovations in sympathetic renal denervation
S. Stuart, P.A. Patel, A.M. Barnacle, S. Chippington, D.J. Roebuck;
Interventional Radiology, Great Ormond Street Hospital for 
Children, London, United Kingdom.

Learning objectives:
1. To describe the indications for performing sympathetic renal  
    denervation (RDN).
2. To illustrate the currently available catheters and technologies  
    including their advantages and disadvantages.
3. To describe the currently developing RDN technologies and their  
    potential role in future.
Background: Transarterial sympathetic renal denervation (RDN) is 
gaining interest within the interventional community for its ability to 
treat resistant hypertension and other conditions. Many manufactur-
ers are developing devices with the aim of performing the procedure 
more effectively and efficiently. Specific technologies have different 
advantages and disadvantages that may help decide the role they 
play in RDN in future. This presentation presents the different technol-
ogies, the evidence supporting them and their specific pros and cons.
Clinical Findings/Procedure: The five RDN devices which cur-
rently have the CE mark are described: Covidien OneShot, Vessix 
Vascular V2, Medtronic Symplicity, ReCor Medical Paradise and St 
Jude Medical EnligHTN. Their mechanism of action and their specific 
advantages and disadvantages are described. Newer technologies 
using ultrasound, localised drug delivery and non-invasive therapy 
are illustrated.
Conclusion: As interest in RDN grows and new technologies 
develop, interventional radiologists should be aware of the options 
available along with situations when each technology offers 
advantages.

P-406
Microscopes, blood pressure and patients: The science behind 
transarterial sympathetic renal denervation
S. Stuart, P.A. Patel, A.M. Barnacle, S. Chippington, D.J. Roebuck;
Interventional Radiology, Great Ormond Street Hospital for 
Children, London, United Kingdom.

Learning objectives:
1. To review the physiology and the role of the sympathetic nervous  
    system in hypertension
2. To describe the pre-clinical experimental data supporting the use  
    of transarterial sympathetic renal denervation (RDN)
3. To review the clinical data supporting the use of RDN
4. To explain and review the evidence of the probability of complica 
    tions due to RDN
Background: The progression of RDN from an idea with a sound 
physiological basis to a treatment with a beneficial effect in patients 
has occurred in a relatively short period of time, with RDN mov-
ing from an experimental procedure to a therapeutic procedure 
in patients across Europe. As the use of RDN becomes more wide-
spread, this presentation looks back at the science and scientific data 
behind this development that has taken us to where we are today.
Clinical Findings/Procedure: This presentation reviews the pre-
clinical and patient trial data that have helped this technology prog-
ress and presents it in an easily accessible format. The role of the 
treatment, its effects and possible complications are covered with 
reference to the supporting data. The role the technology will play in 
future and the studies that may facilitate this will also be explained.
Conclusion: RDN is a new treatment at the cutting edge of interven-
tional radiology and cardiology. This development has been a result 
of pre-clinical and clinical science. The scientific data and the effect 
observed in patients will help clarify the role of RDN in future.

Conclusion: Proximal embolisation of the splenic artery leads to 
a relevant and immediate reduction in portal venous pressure 
(5.4 ± 2.8 mmHg) in patients with portal hypertension due to liver 
cirrhosis.

P-403
Risk of restenosis after renal artery stenting in patients with 
multifocal atherosclerosis
N.S. Kiselev, A.G. Stolyar, I.S. Skornyakov, S.D. Chernyshev;
Department of Endovascular Diagnosis and Treatment, Center for 
Heart and Vascular M.S. Savichevskogo “SOKB №1”, Ekaterinburg, 
Russian Federation.

Purpose: Based on the angiographic study, to investigate the risk of 
restenosis after renal stenting in patients with multifocal athero- 
sclerosis.
Material and Methods: The study was based on a retrospective ana- 
lysis of protocols angiographic study of 108 patients with multifocal 
atherosclerosis who successfully completed 129 renal artery stenting 
from 1999 to 2012. Patient age ranged from 40 to 77 years (median 
57.6 years). From 2 to 88 months (median 11 years), all patients under- 
went repeated angiographic studies with evaluation of renal artery 
patency before the next stage of vascular surgery.
Results: Restenosis rate was 30.2% (39 cases). In total, 51.3% reste-
nosis within 1 year after stenting; 35.9% from 12 to 24 months, and 
12.8% from 25 to 48 months were detected. After 48 months (8 
cases) restenosis were not found.
The rate of restenosis was associated with renal stent diameter. With 
a diameter of 3–4 mm (14 cases) we found 8 of restenosis (57%), with 
4.5–5.5 mm (34 cases) we found 12 (35%), with 6 mm (70 cases) we 
found 15 (21%), and with 7 mm (11 cases) we found 4 (36%).
Conclusion: The restenosis rate after renal artery stenting was 
30.2%. The best long-term results were obtained in patients with 
renal artery with a diameter of approximately 6 mm. Stenting of renal 
artery diameter less than 4.5 mm is associated with a very high reste-
nosis rate. After renal artery stenting, patients should be observed 
for at least 4 years.

P-404
Hepatic artery complication following liver transplantation
F. Petrocelli, U.G. Rossi, G. Bovio, L. Patrone, C. Ferro;
Vascular and Interventional Radiology, IRCCS Azienda Ospedaliera 
Universitaria San Martino-IST, Genoa, Italy.

Purpose: To describe our experience and effectiveness of endovas-
cular management in patients with hepatic artery complications 
after liver transplant.
Material and Methods: Between January 2001 and December 2011, 
557 patients underwent liver transplantation. A retrospective review 
of liver transplant recipients with hepatic artery complications was 
conducted. We observed 24 patients (4.3%) with hepatic artery com-
plications who underwent endovascular treatment. All patients 
underwent clinical, laboratory data, and imaging follow-up.
Results: The 24 cases of hepatic artery complication were as fol-
lows: 7 thrombosis, 14 stenosis, and 3 pseudoaneurysm cases. 
The 7 thrombosis cases, 14 stenosis cases, and 3 pseudoaneurysm 
cases were treated with catheter-directed thrombolysis, percuta-
neous transluminal angioplasty with stent placement, and covered 
stent placement. In all patients, we achieved a satisfactory result 
not requiring urgent retransplantation. Arterial patency at 6 and 12 
months was 83% (20/24 cases) and 75% (18/24), respectively.
Conclusion: Endovascular treatment in patients with hepatic artery 
complications after liver transplant is a safe and efficient therapeu-
tic procedure.
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P-409
Renal artery aneurysm treated using a Cardiatis multilayer 
stent: mid-term follow-up
A. Ianniello1, A. Arzini2, P. Nicotera1, L. Boccalon2, G. Carrafiello3,
A. Cazzulani1;
1Department of Radiology, A.O. G Salvini, Garbagnate Milanese, 
Italy, 2Vascular Surgery, A.O. G. Salvini, Garbagnate Milanese, Italy, 
3Department of Radiology, University of Insubria, Varese, Italy.

We report a case of a large renal artery aneurysm successfully treated 
with a 6 × 30-mm Cardiatis multilayer stent. At 24 months there was 
complete exclusion of the aneurismal sac and patency of the renal 
artery without renal infarction.

P-410
Endovascular stent-graft treatment in a pediatric patient with 
an iatrogenic splenic artery pseudoaneurysm
A. Ucar, E. Agolli, A. Sulovari, B. Acunas;
Interventional Radiology, Istanbul University Faculty of Medicine 
Hospital, Istanbul, Turkey.

A 3.5-year-old female child after pancreatectomy presented with rec-
tal hemorrhage. A splenic artery aneurysm measuring 5 × 5 cm was 
diagnosed by computed tomography and color Doppler ultrasound. 
A stent-graft was inserted in the dilated segment of the artery.

P-411
Transcatheter coil embolization of spontaneous dissection of 
the celiac artery with a pseudoaneurysm of the splenic artery 
in a patient with acute pancreatitis
S. Inoue1, O. Ikeda2, Y. Nakasone2, H. Tanaka3, T. Beppu2, T. Masuda3,
K. Yokoyama2, H. Baba3, Y. Yamashita2;
1Diagnostic Radiology, Kumamoto University Hospital, Kumamoto, 
Japan, 2Diagnostic Radiology, Kumamoto University Graduate 
School of Medical and Pharmaceutical Sciences, Kumamoto, Japan, 
3Gastroenterological Surgery, Kumamoto University Graduate 
School of Medical and Pharmaceutical Sciences, Kumamoto, Japan.

Spontaneous dissection of the celiac artery with a pseudoaneurysm 
of the splenic artery was coil-embolized from true lumen of the dis-
tal side to false lumen of the proximal side. The true lumen of the 
celiac and common hepatic arteries was embolized.

P-412
A rare case of endovascular embolization of a true renal artery 
aneurysm with complex anatomy
S. Rudnicka, A. Kratovska;
Interventional Radiology, Riga East University Hospital, Riga, Latvia.

A 41-year-old male presented with progressive flank pain and micro-
hematuria. CTA revealed giant wide-neck renal artery aneurysm. EVE 
was performed to prevent aneurysm rupture. Coils-through-stent 
technique was employed. Control DSA revealed complete aneurysm 
embolization and unimpaired parenchymal blood flow. A 3-month 
follow-up revealed optimal aneurism occlusion.

P-407
Transarterial treatment for hepatic malignancy in patients 
with celiac artery stenosis: prediction of access routes with 
multiplanar reconstruction images of contrast enhanced CT 
and various other techniques
S. Kamei, M. Morikawa, S. Ikeda, A. Kitagawa, Y. Izumi, M. Hagihara,
E. Katsuda, J. Kimura, T. Ota, T. Ishiguchi;
Radiology, Aichi Medical University, Nagakute, Japan.

Learning objectives: To learn the diagnostic tips with contrast-
enhanced computed tomography (CT) and to know various transar-
terial therapeutic options, including technical tips, for hepatic malig-
nancies in patients with celiac artery stenosis.
Background: Severe stenosis of the celiac trunk is a major obsta-
cle in transarterial treatment for hepatic malignancies. Techniques 
to overcome celiac artery stenosis have been previously reported; 
however, none have described detailed CT findings of the stenotic 
celiac artery.
Clinical Findings/Procedure:
1. Evaluation of pretreatment contrast enhanced CT with multi-

planar reconstruction images and prediction of the access route.
2. Therapeutic options
1) Antegrade approach through the occluded celiac artery.
2) Approaching the hepatic artery via the superior mesenteric artery 

(SMA), the pancreaticoduodenal arcade (PDA), and the gastroduo-
denal artery (GDA).

3) Retrograde passage of the occluded celiac artery via the SMA, 
PDA, and GDA for catheter placement through the celiac artery 
using a pull-through technique.

3. Illustration of an algorithmic approach.
Conclusion:
1. Antegrade approach is the shortest route with the shortest 

procedure time. Its possibility can be predicted by multiplanar 
reconstruction images of contrast enhanced CT.

2. In the approaches through the SMA and PDA, use of a proper 
guiding catheter is crucial.

3. Retrograde passage of the celiac artery with the pull-through 
technique is another useful option when both antegrade 
approach and the approach via the PDA to the hepatic artery are 
difficult.

P-408
Urgent vascular complications in liver transplant recipients: 
diagnostic imaging and interventional approach
N. Mimica Haasz1, M. Echenagusia Boyra2, M. González Leyte3,
F. Camuñez Alonso4;
1Vascular and Interventional Radiology, Hospital Universitario De 
Guadalajara, Guadalajara, Spain, 2Radiology, Hospital General 
Universitario Gregorio Marañon, Madrid, Spain, 3Interventional 
Radiology, Hospital General Universitario Gregorio Marañón, 
Madrid, Spain, 4Radiology, Interventional Radiology Unit, Madrid, 
Spain.

WITHDRAWN
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P-418
A bleeding pulmonary arteriovenous fistula: endovascular 
embolization made easy through the patent foramen ovale
Y. Yaacob, R.M. Ismail, Z. Mohamed;
Department of Radiology, University Kebangsaan Malaysia Medical 
Center, Kuala Lumpur, Malaysia.

A large pulmonary arteriovenous fistula was treated with emboliza-
tion via the pulmonary artery and pulmonary vein. The patent fora-
men ovale enabled the catheter to reach the pulmonary vein using a 
common approach.

P-419
Percutaneous transluminal angioplasty for three 
post-transplantation renal artery stenoses using intravascular 
ultrasound (IVUS)
R.G.G. Alcántara1, R.N. Cavalcante2, J.M. Motta-Leal-Filho3,
A.M. Assis2, O.M.G. Gonçalves2, E. Bortolini2, C.A.O. Motta2, D. Kanaan2, 
B.B. Affonso4, F.C. Carnevale2;
1Instituto de Radiologia, Hospital das Clínicas da Faculdade de 
Medicina da USP, São Paulo, Brazil, 2Interventional Radiology, 
University of Sao Paulo Medical School, São Paulo, Brazil, 
3Radiology, Hospital das Clinicas, University of Sao Paulo Medical 
School, São Paulo, Brazil, 4Interventional Radiology, Hospital das 
Clinicas de São Paulo Brazil, São Paulo, Brazil.

We performed three percutaneous transluminal angioplasties of the 
post-transplantation renal artery stenosis with a metal stent using 
intravascular ultrasound (IVUS) to examine the etiology and deter-
mine the length and degree of artery stenosis, allowing proper plan-
ning and successful deployment of the stent.

P-420
Treatment of a renal artery aneurysm using a multilayer 
aneurysm repair system
K. Augustine, T. Ward;
Radiology, Taunton and Somerset NHS Foundation Trust, Taunton, 
United Kingdom.

A 47yr female with an asymptomatic renal artery aneurysm had 
strong preference for treatment. Hence, a low-risk endovascular pro-
cedure was merited. The aneurysm was successfully excluded from 
the circulation using a multi-layered stent maintaining multiple 
side-branches and renal function.

P-421
Endovascular treatment of acute renal failure secondary to 
bilateral renal artery thrombosis in Leriche syndrome
C. Neches1, S. Cea Pereira1, R. Verdini2, A. Rojas1, L. Dominguez-Viguera1, 
A. Fabbricatore1, M. Casal Rivas1;
1Radiologia Intervencionista, Complexo Hospitalario Universitario 
de Vigo, Vigo, Spain, 2Radiologia, Complexo Hospitalario de 
Pontevedra, Pontevedra, Spain.

A patient with chronic ischemic arterial disease was admitted to a 
hospital with anuria. Aortoiliac occlusion below AMS output affect-
ing both renal arteries was diagnosed. Percutaneous angioplasty 
and right renal artery stenting were performed, achieving gradual 
recovery of renal function.

P-413
Splenic artery aneurysm treated with coils and a Solitaire stent
M. Bossalini, S. Bruni, A. Modoni, E.A. Marcantoni, M. De Filippo,
C. Marcato, C. Rossi;
Diagnostica per Immagini, Azienda Ospedaliero-Universitaria di 
Parma, Parma, Italy.

A splenic artery aneurysm in a kinked vessel presented endovascular 
technical difficulties. The case was treated by sealing the neck of the 
large lesion with a Solitaire stent that was opened after filling the 
aneurysmal sac with Guglielmi Detachable coils.

P-414
Interventional aid to iatrogenic renal trauma: analysis of 68 
cases
J.K. Rai, M. Cherian, P. Mehta;
Department of Vascular and Interventional Radiology, Kovai 
Medical Centre and Hospital, Puttur, Karnataka, India.

To determine the type of vascular lesions in iatrogenic renal trauma 
as well as the feasibility and renal salvageability of embolization.

P-415
Extreme endovascular treatment of a voluminous hepatic 
artery aneurysm
A. Di Giambattista, C. Arena, R. Cioni, I. Bargellini, O. Perrone,
C. Bartolozzi;
Diagnostic and Interventional Radiology, University of Pisa, Pisa, Italy.

We present the case of a voluminous (8 cm) common hepatic artery 
aneurysm incidentally discovered in a patient with abdominal pain 
that was treated with endovascular double covered stenting, thus 
preserving vascularization of the liver.

P-416
Amplatzer vascular plug 2 scaffold to prevent migration 
of embolic material in the treatment of congenital renal 
arteriovenous malformation
E. Ng, G. Annamalai, E. David;
Department of Medical Imaging, Division of Vascular/Interventional 
Radiology, Sunnybrook Health Sciences Centre, Toronto, ON, Canada.

This case demonstrates successful embolization of a large high-flow 
congenital renal arteriovenous malformation (AVM) using a novel 
approach with the Amplatzer vascular plug 2 device and histoacryl. 
Follow-up computed tomography (CT) imaging showed no residual 
enhancement and decreased lesion size.

P-417
Hepatic pseudoaneurysms including arterioportal and 
arteriosystemic fistulae secondary to high-grade traumatic 
liver injury: a report of five cases treated with endovascular 
embolisation
Y. Yaacob, A.N. Abdullah, Z. Mohamed, R. Zakaria;
Department of Radiology, University Kebangsaan Malaysia Medical 
Center, Kuala Lumpur, Malaysia.

We report five cases of hepatic pseudoaneurysms secondary to a blunt 
injury, two of which were associated with arterioportal and arterio- 
systemic fistulas. All cases were successfully embolised. Identification 
and management of arterioportal and arteriosystemic fistulas have 
also been discussed.
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P-425
Portal vein embolization in patients scheduled for major 
hepatectomy using PHEMA embolization material
J.H. Peregrin1, L. Kováč1, M. Köcher2, V. Válek3, M. Oliverius4;
1Dept of Diagnostic and Interventional Radiology, Institute for 
Clinical and Experimental Medicine, Prague, Czech Republic, 
2Radiology, University of Olomouc, Olomouc, Czech Republic, 
3Department of Radiology, University Hospital Brno, Masaryk 
University, Brno, Czech Republic, 4Department of Surgery, IKEM, 
Prague, Czech Republic.

Purpose: To test Polyhema (2-hydroxyethyl methacrylate) (PHEMA) 
for portal vein embolization in patients prior to partial liver resec-
tion with insufficient future remnant liver volume (FLR).
Material and Methods: PHEMA dissolved in alcohol is a liquid 
embolic material. It shrinks on contact with blood, forming a jelly-like 
substance, which fills the peripheral PV branches causing their perma-
nent occlusion. Injected PHEMA is mixed with iodine contrast medium 
(ratio 1:1); its viscosity allows application using 4-5 F catheters.
PHEMA was used for embolization in 19 patients (9 male). Mean age 
of patients was 61.3 years, range 45–79 years. Indication for liver 
resection was Klatskin tumor in 5 patients, hepatocellular carcinoma 
in 2 patients, and metastatic liver disease in 12 patients. CT volum-
etry was performed immediately before embolization and 4 weeks 
after the procedure to assess the degree of FLR hypertrophy.
Results: The technical success rate was 100%. Recanalization was 
seen in follow-up volumetric CT in only one patient. No major com-
plication connected with embolization (such as inadvertent embo-
lization, liver abscess, cholangitis, main or left portal vein thrombo-
sis, or subcapsular haematoma) occurred. Histology after resection 
proved peripheral penetration of PHEMA into peripheral portal vein 
branches.
The increase of the FLR ratio was between 5% and 21% (mean 
ratio 10.6%) after PHEMA embolization. The FRL-to-total liver ratio 
increased to more than 30% in all patients except one.
Conclusion: Embolization with PHEMA is simple, technically feasi-
ble, and effective. PHEMA can contribution to embolization of other 
vascular beds.
Supported by grant IGA MZ CR NT 11273-4/2010.

P-426
Percutaneous portal vein embolization (PVE) with coiling of 
proximal portal veins after gelatin sponge administration
K. Shinozuka, Tos. Shibata, Toy. Shibata, M. Yabuta, H. Isoda, K. Togashi;
Radiology, Kyoto University Graduate School of Medicine, Kyoto, 
Japan.

Purpose: Portal vein embolization (PVE) can induce hypertrophy of 
the non-embolized lobe; therefore, PVE has been widely performed 
before major hepatic resection. Various embolic materials are used 
for PVE, but there may be no official recommendation for a specific 
embolic material. The purpose of our study was to evaluate effective 
coiling of proximal portal veins after gelatin sponge administration 
during PVE.
Material and Methods: Between August 2007 and December 2012, 
50 patients with hepatobiliary malignant tumors underwent PVE. 
From August 2007 to December 2010, 30 patients underwent PVE 
with ethanol and gelatin sponge (non-coil group). From January 
2011 to December 2012, 20 patients underwent PVE with coiling of 
proximal portal veins after injection of gelatin sponge into periph-
eral portal veins (coil group). 99mTc-galactosyl human serum albu-
min SPECT was performed before PVE and 2 weeks after PVE. The 
percentage of the functional remnant liver volume, (%FLV) = future 
remnant liver volume/total liver volume, was estimated and changes 
in %FLV were assessed.

P-422
Imaging results and endovascular management of hemosuccus 
pancreaticus: gastrointestinal hemorrhage from a splenic 
artery pseudoaneurysm eroding into the pancreatic duct
Q. Ge, A.V. Fereshetian, N.K. Njuguna;
Department of Radiology, Baystate Medical Center, Springfield, MA, 
United States of America.

We reviewed the complex presentation, diagnosis, and endovascular 
management of hemosuccus pancreaticus in an 83-year-old female 
with recurrent, life-threatening gastrointestinal bleeding from a 
splenic artery pseudoaneurysm that ruptured into the pancreatic duct.

P-423
Interventional endovascular treatment of a hepatic artery 
pseudoaneurysm: a case report
A. Mantarro, P. Scalise, F. Calcagni, D.L. Lauretti, I. Bargellini, R. Cioni, 
C. Bartolozzi;
Department of Diagnostic and Interventional Radiology, University 
of Pisa, Pisa, Italy.

WITHDRAWN

TIPS and portal vein intervention

P-424
Transhepatic contralateral portal vein embolization with a 
combination of trisacryl microspheres, gelfoam, and coils 
before right hepatectomy in 63 patients
J. Cazejust, B. Bessoud, C. Garcia Alba, M. Le Bail, Y. Menu;
Radiology, Saint Antoine Hospital, Paris, France.

Purpose: To evaluate the safety and efficiency of preoperative por-
tal vein embolization (PVE) with a combination of trisacryl micro-
spheres, gelfoam and coils for inducing lobar hypertrophy in hepa-
tobiliary malignancy patients.
Material and Methods: PVE was performed by a percutaneous 
left approach in 63 patients with hepatic malignancy (hepatocarci-
noma=38, colorectal metastasis=14, cholangiocarcinoma=11). The 
indication of PVE and surgery was evaluated by a hepatic tumor 
board. Tumor extension and the hepatic volume on initial and post-
embolization CT scans were taken into consideration. The total 
functional liver volume (TELV) and future liver remnant (FLR) vol-
ume were measured before and 24+/-5 days after PVE to assess FLR, 
TELV and FLR/TELV ratios. Efficiency evaluation was based on FLR 
increase, the ability to perform hepatectomy and hepatic function 
after surgery. Safety evaluation was determined by clinical and bio-
logical follow-up after embolization and surgery.
Results: PVE was successful in all patients. The mean FLR volume 
increases by 57+/-56% after embolization (449+/-180 cm3 to 663+/-
254cm3) (p<0,0001). The FLR/TELV ratio increases by 11% after PVE 
(25+/-8% to 36+/-12%). Three minor complications were registered 
without impact on surgery, and four patients developed portal 
hypertension.
Forty-nine patients underwent hepatectomy; none of them devel-
oped liver failure. Surgery was not performed in 14 patients due to 
tumor progression (n=9), inadequate hypertrophy of FLR (n=1) and 
portal hypertension (n=4).
Conclusion: Preoperative PVE with a combination of trisacryl micro-
spheres, gelfoam and coils is a safe and effective method for induc-
ing contralateral hypertrophy before right hepatectomy in patients 
with advanced hepatobiliary malignancy.
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Material and Methods: Twenty patients with chronic BCS were pre-
sented to Hepatology OPD/emergency room from January 2011 to 
January 2012. Majority of patients (n = 18) presented with ascites, pedal 
oedema, abdominal-wall collaterals or upper gastrointestinal bleed, 
while two patients manifested acute-on-chronic liver failure. All patients 
were thoroughly evaluated for aetiology and were managed employing 
a diverse spectrum of radiological interventions: HV–angioplasty (n = 3), 
HV–stenting (n = 6), IVC–angioplasty (n = 1), IVC–stenting (n = 3), TIPS (n 
= 6) and TIPS with IVC–stenting (n = 1). Post-procedure anticoagulants 
were continued with the aim of maintaining INR above 2.5.
Results: After the procedure, all patients with complaints of ascites, 
pedal oedema and visible abdominal wall collaterals showed imme-
diate clinical improvement. Likewise, liver transplant was averted 
in the 2 patients having acute-on-chronic liver failure that showed 
gradual improvement in liver function tests, including serum bil-
irubin levels. Two patients with TIPS presented with stent block at 
4 and 12 months secondary to non-compliance with anticoagula-
tion. Both these TIPS–stents were thrombolysed and patency was 
restored. Remaining patients remained symptom-free with patent 
stent up to 12 months follow-up.
Conclusion: Radiological interventions play an important role in 
managing chronic BCS. Although long term results are awaited, our 
study shows a good short term clinical outcome.

P-429
Anatomical variations in splenorenal shunt in chronic liver 
disease for successful IR in portal hypertension: a preliminary 
report
S. Achiwa, K. Kobayashi, S. Hirota, Y. Inao, M. Yamanishi, Y. Furukawa,
Y. Kako, S. Yamamoto, H. Maeda;
Radiology, Hyogo College of Medicine, Nishinomiya, Japan.

Purpose: Recently, IR procedure for splenorenal shunts in portal 
hypertension has been performed. However, anatomical variation 
in the splenorenal shunt (SRS) has never been reported. We investi-
gated anatomical variations in SRS of patients with chronic liver dis-
ease using dynamic contrast-enhanced CT.
Material and Methods: In total, 514 patients with chronic liver dis-
ease underwent dynamic contrast-enhanced MDCT at a single insti-
tute since October 2010; 10 had hepatic encephalopathy. Two radi-
ologists judged the existence of SRS. In patients with SRS, the ori-
fice and confluence point of SRS were evaluated, and the diameter 
of SRS was measured.
Results: 1) Fifty-five SRSs were found in 51 patients. 2) Anatomical 
variations were classified into the following 3 types according to the 
confluence point: SRS joined to the inferior phrenic vein (IPV) (Type 
1, 33 vessels); to the gonadal vein (Type 2, 8 vessels), and to the left 
renal vein (Type 3, 14). Type 1 had two subtypes. 3) SRS had a mean 
diameter of 9.76 ± 6.03 mm; SRS diameter in the encephalopathy 
group (14.31 ± 8.00 mm) was significantly greater than that in the 
nonencephalopathy group (8.87 ± 5.23 mm; p = 0.028)
Conclusion: SRS was detected in 9.9% (51 of 514 patients), sug-
gesting a relatively high frequency. We classified SRS variants into 3 
types according to the confluence point. Correlation between SRS 
diameter and hepatic encephalopathy was notes. These findings 
may be extremely useful during IR in patients with portal hyperten-
sion and splenorenal shunts.

Results: %FLV in the non-coil and coil groups before PVE was 26% ± 
7.6% and 32% ± 16%, respectively, and increased to 36% ± 9.6% and 
53% ± 12%, respectively, after PVE. The increase in %FLV was 10% ± 
7.3% and 22% ± 2.8%, respectively, and significant differences were 
noted between both groups (p = 0.002).
Conclusion: PVE with coiling of proximal portal veins after gelatin 
sponge administration could significantly achieve more hypertro-
phy compared with PVE with ethanol and gelatin sponge.

P-427
Balloon-occluded retrograde transvenous obliteration (BRTO) 
for treatment of portal systemic encephalopathy: a road less 
travelled
A. Mukund1, S. Rajesh1, A. Arora2, S.K. Sarin3;
1Interventional Radiology, Institute of Liver and Biliary Sciences, 
New Delhi, India, 2Radiology, Institute of Liver and Biliary Sciences, 
New Delhi, India, 3Hepatology, Institute of Liver and Biliary Sciences, 
New Delhi, India.

Purpose: Balloon-occluded retrograde transvenous obliteration 
(BRTO) is a widely accepted treatment for gastric varices, but lim-
ited data documenting its role in management of hepatic encepha-
lopathy is available. In this study, we evaluated the efficacy of BRTO 
using foam sclerotherapy in managing symptoms arising as a result 
of spontaneous large portosystemic shunts.
Material and Methods: We performed 19 BRTO sessions in 17 pa-
tients using sodium tetradecyl sulphate foam. All patients had cir-
rhosis along with a history of recurrent hepatic encephalopathy re-
quiring hospital admission. Portosystemic communication in the 
form of gastro/lieno-renal shunt was present in all cases and seen on 
preprocedure computed tomography scans. Clinical and lab param-
eters, including arterial ammonia level, were evaluated before and 
after the procedure in all patients.
Results: Technical success was achieved in 17 of 19 sessions (89%). 
Complete obliteration of varices was seen in 14 of 17 patients (82%) and 
partial obliteration in the remaining 3 on follow-up imaging. Immediate 
clinical improvement of hepatic encephalopathy was observed in 15 of 
17 patients (88%) with post-procedure decrease in serum ammonia lev-
els; 2 patients had delayed improvement. Post-procedure complica-
tion consisting either of ascites, septicemia with acute kidney injury, 
or deranged liver function tests was encountered in 5 patients. All 
patients were clinically and symptomatically better on discharge and 
up to a follow-up of 1 year (1 month and thereafter 3, 6, 12 months).
Conclusion: Our experience suggests that portal systemic hepatic 
encephalopathy refractory to medical management can be effec-
tively treated by BRTO.

P-428
Chronic Budd–Chiari syndrome: spectrum of endovascular 
management
A. Mukund1, S. Rajesh1, A. Arora2, S.K. Sarin3;
1Interventional Radiology, Institute of Liver and Biliary Sciences, 
New Delhi, India, 2Radiology, Institute of Liver and Biliary Sciences, 
New Delhi, India, 3Hepatology, Institute of Liver and Biliary Sciences, 
New Delhi, India.

Purpose: Chronic Budd–Chiari syndrome (BCS) refers to a clinical 
condition arising secondary to hepatic venous outflow obstruction. 
The spectrum of disease includes membranous or long-segment 
occlusion of the hepatic vein (HV) and/or the inferior vena cava (IVC) 
or replacement of native hepatic veins by intrahepatic collaterals. In 
this study, we used various possible endovascular treatments in the 
management of chronic BCS.
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recanalization 1 week after PTPE, as revealed by a follow-up CT scan. 
There was no significant difference in the mean platelet count, total 
bilirubin, total AST, and total creatinine before and after PTPE. One 
patient suffered intra-abdominal bleeding that required transcath-
eter arterial embolization. No other patients developed major com-
plications higher than grade 3.
Conclusion: Sclerotherapy with foam EOI using CO2 is clinically safe 
and effective for PTPE.

P-432
Hepatofugal collaterals and abdominal interventions: 
caveat lector
A. Arora1, A. Dev1, A. Mukund1, Y. Patidar1, S.K. Sarin2;
1Radiology & Interventional Radiology, Institute of Liver & Biliary 
Sciences, New Delhi, India, 2Hepatology, Institute of Liver and Biliary 
Sciences, New Delhi, India.

Learning objectives: The current exhibit aims at illustrating and 
discussing the clinical relevance of a wide variety of typical and 
atypical hepatofugal collaterals in liver cirrhosis. Familiarity with and 
assessment of portosystemic varices are imperative for selecting 
treatment options and interventional techniques in patients with 
liver cirrhosis.
Background: Detailed information regarding collateral pathways 
is particularly relevant when therapeutic interventional procedures 
are being contemplated because inadvertent collateral vessel injury 
can be potentially lethal. If not recognized, even a simple paracen-
tesis may become a bloody misadventure. In addition, the presence 
of some of these varices can preclude or render procedures such as 
transjugular intrahepatic portosystemic shunt (TIPS) and balloon-
occluded retrograde transvenous obliteration (BRTO) of bleeding 
gastric varices technically tricky and challenging.
Clinical Findings/Procedure: This exhibit displays and discusses 
the clinical relevance of the presence of a diverse spectrum of collat-
eral pathways including left gastric, short gastric/intragastric/peri- 
or retrogastric collaterals, esophageal/para-esophageal and gastro-
epiploic collaterals, paraumbilical, lienorenal/gastrorenal, peripan-
creatic, and mesenteric and retroperitoneal collaterals. Atypical col-
laterals such as paraduodenal, paravertebral, intrahepatic portosys-
temic collaterals, gonadal, mesentericocaval or mesentericorenal, 
and splenoazygos collaterals are also discussed and illustrated.
Conclusion: This pictorial essay will provides novice as well as expe-
rienced diagnostic and interventional radiologists with comprehen-
sive and richly illustrated information on various hepatofugal collat-
erals. Knowledge of the prevalence and CT appearances of these col-
laterals has important implications in the management of patients 
with cirrhosis.

P-433
Four approaches for endovascular treatment of bleeding 
stomal varices
D.M.L. Tse1, D. Yu2, W.C. Liong1, R. Sunthereswaran3, D.R. Warakaulle1;
1Radiology, Stoke Mandeville Hospital, Aylesbury, United Kingdom, 
2Radiology, Royal Free Hospital, London, United Kingdom, 3Surgery, 
Stoke Mandeville Hospital, Aylesbury, United Kingdom.

Learning objectives:
1. To review the clinical features, pathophysiology and imaging fea 
    tures of stomal varices.
2. To illustrate the endovascular treatment options for bleeding sto 
    mal varices.
Background: Stomal varices are an uncommon complication seen 
in patients with a stoma. Concomitant portal hypertension may also 
be present. It represents one form of ectopic varices in portal hyper-
tension, which are varices forming anywhere in the gastrointestinal 

P-430
Endoscopic ultrasound-guided intrahepatic portosystemic 
shunt in a porcine model
P. Chabrot1, L. Poincloux2, J. Genest2, A. Abergel2, G. Bommelaer2,
L. Boyer2;
1Radiologie, CHU Clermont Ferrand, Clermont-Ferrand, France, 2ISIT 
CaVITI, UMR 6284 CNRS, Clermont-Ferrand, France.

Purpose: To assess the feasibility and safety of EUS-guided intrahe-
patic portosystemic shunt (EGIPS) in a porcine model.
Material and Methods: Study was performed in 20 intubated 
healthy pigs under general anesthesia in an experimental catheter-
ism room with a linear-array echoendoscope. An intrahepatic fis-
tula between LHV and PV was created after digestive wall cross-
ing with a micro-knife needle. The intrahepatic fistula was dilated, 
and an expandable biliary metal stent was deployed under sono-
graphic and fluoroscopic observation. Necropsies were realized 
after euthanasia.
Results: Intrahepatic stent placement was successful in all pigs. 
Good positioning of the proximal end of the stent inside HV was 
obtained in 17 of 20 cases: 1 stent was too proximal under the mar-
gin of the liver and 2 were too distal and did not cover the entire 
area between PV and HV; therefore, a second stent was positioned 
inside the first one to bridge the remaining distance between the 
first stent and HV. Portal angiogram confirmed stent permeability 
between PV and LHV in 17 cases (85%). Necropsies revealed that 16 
of 20 procedures were performed through the esophageal wall and 
4 were transgastric. Morbidity was 20% (4/20 pigs): 3 hemothorax, 1 
pneumothorax, and 2 hemoperitoneum.
Conclusion: EGIPS in a porcine model is technically feasible in 
95% and functional in 85%, with a morbidity of 20%. EGIPS will be 
assessed in portal hypertension porcine models, may become a 
treatment option in TIPS failure, and may increase the availability of 
TIPS in an emergency situation.

P-431
Preoperative percutaneous transhepatic portal embolization 
using foam ethanolamine oleate and carbon dioxide
Y. Nakasone1, O. Ikeda1, S. Inoue1, T. Beppu2, T. Masuda2, K. Yokoyama1, 
H. Baba2, Y. Yamashita1;
1Diagnostic Radiology, Kumamoto University Graduate School 
of Medical and Pharmaceutical Sciences, Kumamoto, Japan, 
2Gastroenterological Surgery, Kumamoto University Graduate 
School of Medical and Pharmaceutical Sciences, Kumamoto, Japan.

Learning objectives: We evaluated the clinical safety and effective-
ness of foam sclerotherapy with ethanolamine oleate (EO) and car-
bon dioxide (CO2) for percutaneous transhepatic portal emboliza-
tion (PTPE).
Background: PTPE expands the indications for hepatic resection. 
EO with iopamidol (EOI) is a safe embolic material that induces 
greater liver hypertrophy than fibrin glue in patients with liver 
tumors. If the injected foamy sclerosing agent is viscous or creamy, it 
can be expected to remain along the venous wall for a longer dura-
tion, and systemic spillage is reduced. Side effects decreased sig-
nificantly when CO2 instead of air was used to produce the scleros-
ing foam for the chemical ablation of superficial veins of the lower 
extremities.
Clinical Findings/Procedure: We used foam sclerotherapy to treat 
15 patients (hepatocellular carcinoma, n = 9; bile duct carcinoma, 
n = 5; metastatic liver tumor, n = 1) by PTPE. The foam-EOI contained 
5% EOI and CO2 in a 1:2 ratio. The amount of 5% EOI (14–20 ml, 
median 16.8 ml) depended on the volume of the target por-
tal vein. Technical success was achieved in 14 of the 15 patients 
(93.3%). Technical failure occurred in one patient who manifested 
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P-435
Pictorial review of portal vein embolization by different 
embolic agents
N.F. Gafoor, E. David, C. Dey, L. Milot, R. Pugash, G. Annamalai;
Department of Medical Imaging, Division of Vascular/Interventional 
Radiology, Sunnybrook Health Sciences Centre, Toronto, ON, 
Canada.

Learning objectives:
1. Indications for portal vein embolization
2. Technical tips for effective embolization
3. Assessing Future Liver Remnant (FLR)
4. Difference in embolization pattern using different embolic agents
Background: Portal vein embolization is accepted for the preoper-
ative treatment of patients who are scheduled for major liver resec-
tion. It is an effective method to induce selective hepatic hypertro-
phy for preventing hepatic failure following liver resection.
Clinical Findings/Procedure: We studied a case series of 70 patients 
who underwent portal vein embolization in the past 3 years. Using 
this data, we present the techniques, different embolic agents, pat-
terns of embolization with different agents, and FLR assessment in 
the form of a pictorial review.
Conclusion: The pictorial review will guide junior radiology trainees 
in the technical aspects of FLR assessments and PVE using different 
embolic agents.

P-436
Acute portal and superior mesenteric vein thrombosis in 
non-cirrhotic patients: the role of interventional radiology
F. Petrocelli1, G. Bovio1, M. Dahmane2, U.G. Rossi1, C. Ferro1;
1Vascular and Interventional Radiology, IRCCS Azienda Ospedaliera 
Universitaria San Martino-IST, Genoa, Italy, 2Radiology, San Martino, 
University Hospital, Genoa, Italy.

Learning objectives: The aim of this study is to evaluate if interven-
tional radiological procedures, which have been used for recanaliza-
tion of mesenteric and portal veins, are still current.
Background: Portal and superior mesenteric vein thrombosis 
(PSMVT) can result in bowel ischemia and portal hypertension and 
is associated with high morbidity and mortality. The treatment goal 
for acute PSMVT is to recanalize the obstructed veins. There are 
many treatments such as anticoagulation therapy, systemic or in situ 
thrombolysis (through the superior mesenteric artery), and transjug-
ular intrahepatic portosystemic shunt (TIPS) with local thrombolysis 
or mechanical aspiration thrombectomy.
Clinical Findings/Procedure: Ten patients with severe symptoms 
in whom conservative management with anticoagulation alone 
failed were treated for PSMVT. Four patients underwent TIPS with 
only one complete recanalization by mechanical aspiration throm-
bectomy. Recanalization was not achieved in 3 of these patients; 1 
had a great iatrogenic hepatic hematoma, which was treated surgi-
cally, and 1 underwent bowel resection. Three patients were treated 
with fibrinolysis (rTPA): 2 arterial and 1 systemic without any benefit. 
Three underwent systemic anticoagulation alone: it was impossible 
for 1 of them to undergo TIPS. All patients are alive and have contin-
ued anticoagulation therapy.
Conclusion: Compared with anticoagulation therapy alone, invasive 
procedures appear to be less effective and more harmful. Indeed 
invasive procedures may limit the therapeutic dose of anticoagu-
lants and increase the risk of complications, thus compromising the 
clinical success. Furthermore, patients often complain of pain for a 
few days, and CT scans reveal small collaterals to the initial portal 
cavernoma.

tract other than the oesophago-gastric region. Local trauma to 
these large portosystemic venous collaterals leads to repeated and/
or massive stomal haemorrhage.
Non-surgical treatment options include pressure compression and 
endoscopic sclerotherapy, whereas surgical treatment options 
include variceal ligation and formation of a new stoma but are often 
limited by patient comorbidities. Furthermore, despite the various 
treatment options, re-bleeding and recurrent varices are common.
Clinical Findings/Procedure: Endovascular treatment options 
include direct percutaneous embolisation, percutaneous transhepatic 
obliteration, and transjugular obliteration. The transjugular approach 
permits creation of a transjugular intrahepatic portosystemic shunt 
(TIPS) at the same time, which relieves portal hypertension and thus the 
cause of varices but at the risk of precipitating hepatic encephalopathy.
The procedural details of these endovascular techniques are 
described in more detail.
Conclusion: Stomal varices are an uncommon manifestation of por-
tal hypertension in patients with a stoma but can lead to recurrent 
and life-threatening haemorrhage. Endovascular treatment is effec-
tive in controlling haemorrhage and preventing re-bleeding and 
provides useful alternative techniques to surgical treatment.

P-434
Successful endovascular treatment of hepatic 
hemoperitoneum secondary to portal vein injury as an 
alternative to surgery
C. Gonzalez-Junyent, I. Díez Miranda, M. Pérez Lafuente,
A. Gelabert-Barragán, A. Romero Jaramillo, A. Segarra Medrano;
Interventional Radiology, Hospital Universitari de la Vall d’Hebrón, 
Barcelona, Spain.

Learning objectives:
- Identify the hemoperitoneum and its possible causes by CT.
- Correlation between CT and angiography.
- Present the transhepatic access as an alternative to surgery in  
   hemoperitoneum caused by a portal vein injury.
Background: Hepatic hemoperitoneum could be traumatic or spon-
taneous. The latter, could be either arterial or venous, as the artery is 
a vascular structure most frequently injured. Transarterial emboliza-
tion by femoral access is a well known and fully accepted procedure 
in interventional radiology (IR) suites. However, this is not the case in 
portal vein injuries because the repair often requires surgery.
We present 3 cases of hepatic iatrogenic hemoperitoneum with 
active bleeding on computed tomography (CT) and signs of por-
tal bleeding in the indirect portography in the IR suite, which was 
embolized via the transhepatic approach.
Clinical Findings/Procedure: We performed a triple phase CT. 
Nonenhanced CT showed perihepatic high-density fluid, suggesting 
hemoperitoneum. On the arterial phase, a faint contrast extravasa-
tion was seen that increased in the venous phase.
Via the femoral artery a selective arteriography of the celiac trunk, 
superior mesenteric artery, and supraselectively of the hepatic 
artery was performed and did not show any arterial extravasation; 
however, in indirect portography, we visualized a contrast extrava-
sation that originated in a peripheral branch of the right portal vein.
Via the posterior approach, we performed direct portography by 
transhepatic puncture visualizing an important contrast extravasa-
tion embolized with coils and particles.
Conclusion: Although it is less common, we should keep in mind the 
portal vein origin in a hemoperitoneum with active bleeding. Embo-
lization via transhepatic access is an excellent alternative to surgery.
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P-441
Percutaneous thrombus aspiration and thrombolysis for the 
treatment of acute portal vein thrombosis in a 5-year-old child
P. Heiss, M. Dollinger, R. Müller-Wille, W.A. Wohlgemuth, C. Stroszczynski;
Department of Radiology, University Hospital Regensburg, 
Regensburg, Germany.

Early portal vein thrombosis is a severe complication following pediat-
ric liver transplantation. We report successful minimally invasive percu-
taneous thrombus aspiration and thrombolysis for treatment of acute 
portal vein thrombosis in a 5-year-old child post-liver transplantation.

P-442
Percutaneous transhepatic sclerotherapy under balloon 
occlusion of the azygos vein for endoscopically unmanageable 
esophageal varices
M. Sato;
Radiology, Wakayama Medical University, Wakayama Shi, Japan.

N-butyl cyanoacrylate was injected through a microcatheter ad-
vanced as close as possible to the endoscopically unmanageable eso- 
phageal varice through the percutaneous transhepatic approach 
under balloon dilatation of the azygos vein. Endoscopy 6 months 
later revealed that the esophageal varices had disappeared.

P-443
Portal vein stenosis after pediatric liver transplant: a successful 
balloon angioplasty treatment
I. Díez Miranda, M. Pérez Lafuente, C. Gonzalez-Junyent,
A. Gelabert-Barragán, A. Segarra Medrano;
Interventional Radiology, Hospital Universitari de la Vall d’Hebrón, 
Barcelona, Spain.

We present a 10-year-old child with neonatal liver transplant with 
multiple episodes of intestinal variceal hemorrhage. Computed 
tomography (CT) diagnosed portal vein stenosis. Successful por-
tal vein balloon angioplasty by the transhepatic approach with 
decreased portosystemic pressures was performed.

P-444
Spontaneous pancreatic pseudocyst-portal vein fistula with 
consecutive liver failure: interventional treatment for a rare 
complication of pancreatitis
H. Gößmann1, C. Ott2, W. Uller1, R. Müller-Wille1, W.A. Wohlgemuth1;
1Radiology, University Hospital Regensburg, Regensburg, Germany, 
2Internal medicine, University Hospital Regensburg, Regensburg, 
Germany.

A fistula between pancreatic pseudocysts and the adjacent portal 
vein is rare, with 39 only published cases. We report a 43-year-old 
male with pancreaticoportal fistula and liver failure, who was treated 
by interventional radiology.

P-445
Embolization of multiple congenital arterioportal fistulae
R. Guerrero, J. Villalba;
Interventional Radiology, Hospital de la Santa Creu i Sant Pau, 
Barcelona, Spain.

A patient with history of upper gastrointestinal bleeding secondary 
to noncirrhotic portal hypertension caused by multiple congenital 
arterioportal fistulae was treated with TIPS (transjugular intrahepatic 

P-437
Portal vein thrombus recanalization by percutaneous 
endovascular RFA and stenting followed by tumor transarterial 
embolization: a case report
M. Mizandari1, N. Habib2;
1Diagnostic and Interventional Radiology, Tbilisi State Medical 
University, “High Technology Medical Center - University Hospital”, 
Tbilisi, Georgia, 2Biosurgery & Surgical Technology, Imperial College 
London, London, United Kingdom.

A patient with a huge hepatocellular carcinoma, occupying the entire 
right lobe, causing total and partial thrombosis of the right and left 
portal veins, respectively, underwent successful percutaneous re-
canalization of the left portal vein thrombus by endovascular RFA 
with stenting. Portal vein recanalization enabled subsequent tumor 
embolization.

P-438
Modified interventional obliteration for variceal hemorrhage 
from an elevated jejunum after pylorus-preserving 
pancreatoduodenectomy
E. Ueshima, M. Yamaguchi, A. Muradi, K. Idoguchi, K. Sofue, T. Okada, 
K. Sugimoto;
Department of Radiology and Center for Endovascular Therapy, 
Kobe University Hospital, Kobe, Japan.

Variceal hemorrhage from an elevated jejunum due to sinistral por-
tal hypertension after splenic vein ligation during pylorus-preserv-
ing pancreatoduodenectomy was successfully obliterated by the 
balloon-occluded retrograde transhepatic portal venous approach. 
This method is effective when endoscopic management or transjug-
ular intrahepatic portosystemic shunt are unavailable.

P-439
Endovascular treatment of acute hepatic vein thrombosis after 
TIPS in living donor liver transplantation
Y.H. Kim1, Y.H. Lee2, S.M. Kim2, Y.J. Kim3;
1Radiology, Keimyung University School of Medicine, Dongsan 
Medical Center, Daegu, Korea, 2Radiology, Daegu Catholic 
University Hospital, Daegu, Korea, 3Diagnostic Radiology, Andong 
General Hospital, Keonsangbuk-do, Korea.

A 55-year-old man developed refractory ascites due to chronic rejec-
tion of a living donor liver transplant. TIPS was performed; however, 
hepatic function deteriorated because of hepatic vein thrombosis, 
which was successfully treated by mechanical thrombectomy and 
stenting.

P-440
Successful percutaneous transhepatic embolization for 
bleeding stomal varices
H. Tanaka1, M. Hirata2, T. Tsuda3, T. Mochizuki3;
1Radiology, Ehime University Graduate School of Medicine, 
Matsuyama, Japan, 2Radiology, Ehime Prefectural Imabari Hospital, 
Ehime, Japan, 3Radiology, Ehime University School of Medicine, 
Toon Ehime, Japan.

Bleeding stomal varices with portal hypertension are rare com-
plications that are difficult to manage, and various treatments are 
reported. We present two cases of recurrent bleeding from stomal 
varices and successful percutaneous transhepatic embolization for 
stomal varices with sclerosant and coils.
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P-448
Common ureteric stent maldeployment problems and methods 
to correct them
R. Chung, L. Ratnam, U. Patel;
Department of Radiology, St. George’s Hospital, London, United 
Kingdom.

Learning objectives: This educational poster will help the reader in 
the following ways:
1. Recognition of the time when stent placement is suboptimal
2. Understanding of ways to correct stent maldeployment.
Background: Internal double-J ureteral stents are pivotal in treating 
ureteric obstruction, with the antegrade approach often reserved 
for more difficult cases, where hostile anatomy or significantly nar-
row stenoses preclude a retrograde approach. Within this clinical 
context, correct stent deployment is highly challenging, and we aim 
to highlight available rescue methods in these inevitable situations.
Clinical Findings/Procedure: Four clinical vignettes illustrating 
stent maldeployment and appropriate corrective procedures are 
described using examples and schematic diagrams, including the 
following:
1. Poor proximal pigtail formation
a. How to form a better pigtail
2. Stent released too early:
a. Proximal pigtail still protruding from skin
b. Proximal pigtail in the perinephric space
c. Proximal pigtail in the renal parenchyma
d. Proximal tip in the calyx, pigtail not formed
3. Stent released too late:
a. Proximal pigtail in the pelviureteric junction
b. Proximal pigtail in the ureter, pigtail not formed
c. Proximal pigtail in the ureter, pigtail formed.
d. Distal pigtail not in the bladder
a. Just within the vesicoureteric junction
b. Pigtail in the lower ureter.
Conclusion: Careful technique ensures a well-placed and functional 
antegrade ureteric stent. Maldeployment should be recognised 
early and rectified; the various corrective techniques in the arma-
mentarium of the interventionalists have been described.

P-449
Complications of percutaneous nephrolithotomy
P. Najran1, S. Liu2, M. Saxby2, C. Day1, D. Wells1, C. George1;
1Radiology, University Hospital of North Staffordshire, Stoke on 
Trent, United Kingdom, 2Urology, University Hospital of North 
Staffordshire, Stoke on Trent, United Kingdom.

Learning objectives:
1. To identify percutaneous nephrolithotomy-related complications 

encountered during peri- or post-operative imaging.
2. To highlight the importance of patient selection and operative 

techniques that may influence such complications and to know 
their subsequent management.

Background: Percutaneous nephrolithotomy (PCNL) is indicated in 
single or multiple large calculi, including staghorn and inferior pole 
calculi, together with obstructive calculi within the pelvicalyceal sys-
tem. Furthermore, PCNL is indicated in the management of renal cal-
culi that are not amenable to extracorporeal shockwave lithotripsy or 
retrograde ureteroscopic intervention. Since its introduction in the 
1970’s, PCNL has been preferred over open renal surgery for urolithia-
sis. Majority of PCNL cases are free from complications; however, given 
the invasive nature of the technique, complications are inevitable.
Clinical Findings/Procedure: This pictorial review demonstrates 
the  complications of percutaneous nephrolithotomy during peri-  
and post-operative imaging at a university teaching hospital. 

portosystemic shunt) and fistulae embolization. Bleeding relapsed 
after 5 years, and TIPS repermeabilization and fistulae embolization 
were performed.

P-446
Reduction of the functioning lumen of a transjugular 
intrahepatic portosystemic shunt in a patient developing 
post-TIPS hepatic encephalopathy
D. Jain, A.H. Khandelwal, V. Jain, S. Baijal, A.K. Kapoor;
Interventional Radiology, Medanta, Gurgaon, India.

A patient undergoing TIPS had 2 episodes of grade 4 encephalopa-
thy. Small uncovered and large covered stents were deployed in par-
allel with previous stents with successful resolution of the problem.

Urinary tract intervention

P-447
Ureteric stenting
R. Chung, L. Ratnam, U. Patel;
Department of Radiology, St. George’s Hospital, London, United 
Kingdom.

Learning objectives: Following completion of this educational 
poster, the reader will understand:
1. How to correctly select an appropriate ureteral stent and success-

fully deploy this in an antegrade fashion.
2. How to recognise a correctly placed stent.
Background: Double J ureteral stents help restore internal conti-
nuity of urine flow and is a common treatment for both benign and 
malignant diseases. Sound knowledge of the basic procedural steps 
in stent placement are pivotal for recognising and avoiding poten-
tial difficulties and understanding the various tips and tricks that aid 
optimal stent placement.
Clinical Findings/Procedure: Using examples and schematic dia-
grams, a step-by-step guide to optimal antegrade ureteric stent 
deployment is described including:
-   Optimal calyx access: approach and safety.
-   How to achieve stable access and keep pelvicalyceal system opacified.
-   Optimal technique for cannulating ureter and bladder. How to 

deal with a false passage created during stricture cannulation, 
tortuous ureter, tight or rigid stricture, or a stent that cannot 
advance beyond a stricture.

-   Appropriate stent choice.
-   Stent deployment technique. How to deal with thread loops that 

will not disengage.
-   Post-deployment procedures, including how to maintain access 

for post-procedural nephrostogram check and nephrostomy 
reinsertion.

Description of a well placed stent:
-   length
-   position
Conclusion: The technique of antegrade ureteral stent deployment 
and technical tips to aid correct placement has been illustrated.
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all 7 patients. The thrombosed sac hematoma was percutaneously aspi-
rated under ultrasound guidance. The post-procedure mean time for ini-
tiation of hemodialysis via the stent-graft was 7 days.
Results: The Fluency Plus stent-graft was successfully used to com-
pletely exclude the pseudoaneurysm in all 7 patients. No additional 
interventions have been performed in these patients. The maximum 
follow-up in our series is 12 months. In this small group of patients, 
the primary patency rate is 100% at 12 months.
Conclusion: Percutaneously placed stent-grafts are safe, effective, 
and durable treatment options for patients with AV fistula pseudoan-
eurysms. Our experience has demonstrated that a perfectly deployed 
stent-graft not only excludes a pseudoaneurysm but can also be 
safely used to cannulated needles for hemodialysis at the earliest.

P-452
Does concurrent placement of a central venous stent and 
a central venous catheter compromise patency or catheter 
function?
K.A.A. Clark, S.W. Stavropolous, R. Shlansky-Goldberg, M.C. Soulen,
S.O. Trerotola;
Interventional Radiology, The Hospital of the University of 
Pennsylvania, Philadelphia, PA, United States of America.

Purpose: To determine if concurrent presence of a central venous 
stent (CVS) and a central venous catheter (CVC) compromises cathe-
ter function, vessel or stent patency.
Material and Methods: Using a prospectively collected QA database, 
retrospective review of 36 patients with SVC syndrome (n = 31) or arm 
swelling (n = 5) undergoing CVS placement was performed. Those pro-
cedures with concurrent CVC placement, exchange, or repositioning 
served as the study group (n = 11), and the remaining patients (n = 25) 
comprised the control group. Endpoints included primary angiographic, 
clinical patency, and catheter dysfunction. Of the 11 study patients, 8 had 
a CVC placed, exchanged, or repositioned during the same procedure; 
the remaining 3 had a CVC placed later (mean 38, range 12–61 days).
Results: Eleven CVS and CVC patients required no stent revision. Of 
these, 8 had imaging follow-up (mean 33, range 14–59 days); 3 (38%) 
had asymptomatic in-stent restenosis. In 25 patients with only CVS, 
3 (12%) required revision for recurrent symptoms; 11 had imaging 
follow-up (mean 60, range 14–124 days); 5 (45%) had in-stent reste-
nosis (n = 2, asymptomatic) or occlusion (symptomatic, n = 3) after 
stent placement. Of the 11 patients, 7 with CVC had follow-up. Two 
catheter-related complications (malposition with their tips in the 
stent) occurred (18%): 1 was removed (no longer needed) and the 
other was revised. Kaplan–Meier analysis confirmed that concurrent 
CVC did not decrease primary CVS patency.
Conclusion: The presence of a CVC through a CVS does not appear 
to compromise stent patency. Passing a CVC through a CVS does not 
appear to compromise function; however, malposition, uncommon 
for IR-placed CVC, could be more likely based on this small sample.

P-453
Superior vena cava stenting for obstructive malignancy: 
failure to improve symptoms despite a technically successful 
procedure is a poor prognostic indicator
T. Micic, C. Chick, V. Rachapalli, N. Goyal;
Radiology, Royal Gwent Hospital, Newport, United Kingdom.

Purpose: Superior vena cava (SVC) stenting, first described in 1986, 
is currently the main intervention indicated in symptomatic malig-
nant SVC obstruction (SVCO). Although a procedure may be deemed 
a technical success, CIRSE (2006) reports symptomatic improvement 
within 24 h (a clinical success) in only 80%–95% cases. This presen-
tation aims to demonstrate that clinical failure is a poor prognostic 
indicator for post-procedure life expectancy.

Post-oper-ative complications including those associated with 
renal access are described along with their imaging appearances. 
Examples include urinomas, urinary tract perforations, uro-cutane-
ous fistulas, thoracic complications and various vascular complica-
tions with a brief mention on their subsequent management.
Conclusion: Complications of percutaneous nephrolithotomy are 
relatively uncommon, but are occasionally encountered even in the 
best facilities providing this service. As uro-radiologists and inter-
ventional radiologists, it is useful to know the imaging manifesta-
tions of the various complications of PCNL encountered in clinical 
practice, their management, the importance of patient selection 
and technique for minimising or avoiding such complications.

P-450
Penile Doppler ultrasound and penile angiography
R. Das, R. Chung, R. Williams, L. Ratnam, U. Patel, M. Gonsalves;
Department of Radiology, St George’s Hospital, London, United 
Kingdom.

Learning objectives:
1. Understand the common indications for penile Doppler ultra-

sound and penile catheter angiography
2. Understand the relevant anatomy and techniques for penile 

Doppler ultrasound and penile catheter angiography
3. Understand imaging findings in erectile dysfunction, trauma and 

priapism using examples from our experience as a tertiary referral 
centre for penile disorders

Background: Erectile dysfunction, priapism and penile trauma are 
a complex and challenging group of disorders. Penile angiography 
and ultrasound play a key role in the management of these condi-
tions. A detailed understanding of the arterial anatomy and erectile 
physiology and how this pathology changes is critical to providing 
high quality diagnostic imaging.
Clinical Findings/Procedure: Detailed penile angiography and 
penile Doppler ultrasound techniques will be explained. Normal 
anatomy and ultrasound findings will be described. Examples of 
erectile dysfunction, trauma and priapism and the relevant Doppler 
ultrasound and angiographic findings will be provided.
Conclusion: A comprehensive summary illustrating penile arteriog-
raphy and penile Doppler in erectile dysfunction, penile trauma and 
priapism.

Venous intervention and IVC filters

P-451
Endovascular salvage of the cannulation zone in threatened AV 
fistula using stent-grafts: institutional experience
V.S.K. Sheorain;
Department of Endovascular Sciences, Medanta the Medicity 
Hospital, Gurgaon Haryana, India.

Purpose: Role of percutaneously placed stent-grafts in salvag-
ing the “cannulation zone” of an AV fistula presenting with a large 
pseudoaneurysm.
Material and Methods: Seven patients had undergone insertion of a 
stent-graft to repair a pseudoaneurysm arising from an AV fistula can-
nulation site. The study group consisted of 5 women and 2 men with a 
mean age of 48.6 years. The primary indication for stent-graft placement 
in patients was a large painful swelling (pseudoaneurysm) at the cannu-
lation site with difficulty in cannulating the AV fistula for hemodialysis. 
All patients presented with a pseudoaneurysm in the venous outflow 
cannulation site in the left upper limb brachiocephalic AV fistula. A single 
stent-graft was sufficient to completely exclude the pseudoaneurysm in 
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P-455
Retrieval of complicated IVC filters: feasibility of the method 
for snaring over loop-back guidewire-crossed IVC filter strut
B.-H. Park1, J.-G. Kim1, J.-H. Jo1, M.-J. Kang1, G.-S. Jung2;
1Radiology, Dong-A University Hospital, Busan, Korea, 2Radiology, 
Kosin Medical Center, Busan, Korea.

Purpose: To evaluate the safety and efficacy of snaring over loop-back 
guidewire for retrieving complicated inferior vena cava (IVC) filters.
Material and Methods: From February 2012 to January 2013, 
authors retrieved complicated IVC filters using the technique of 
snaring over loop-back guidewire-crossed major struts of 12 fil-
ters of 12 patients, which were unable to be retrieved with conven-
tional method. Complicated IVC filters were penetrated filter strut(s) 
through the IVC wall with or without tilted filter tip (n = 9, mean pen-
etration length = 17 mm), incorporated struts within the IVC wall (n = 
3) on preprocedural CT. There were 8 Celect filters (8–838 dwell days; 
mean 254 days), three OptEase filters (76–251 dwell days; mean 81 
days), one Gunther Tulip filter (1064 dwell days).
Results: Filter retrieval was successful in 10 patients (83%). Two of 
three OptEase filters (67%) could not be retrieved by too tightly 
incorporated filter struts into the IVC wall. No major filter retrieval-
related complication was noted on postprocedural cavograms and 
CT. However, all patients complained of transient but tolerable 
abdominal or back pain when struts were freed from the IVC wall by 
traction of snare with a downward-and-fro movement.
Conclusion: Snaring over loop-back guidewire technique is safe 
and feasible for complicated IVC filter retrieval.
Application of double snaring method to retrieve complicated IVC 
filters, otherwise unable to be retrieved by the conventional method.

P-456
Inferior vena cava (IVC) filter position and its effect on the 
incidence of deep venous thrombosis
C. Hackett1, R. Parker2, J.J. Gemmete3;
1Medical School, University of Michigan Hospitals, Ann Arbor, MI, 
United States of America, 2Biostatistics Department, University of 
Michigan, Ann Arbor, MI, United States of America, 3Neurosurgery, 
Radiology, Otolaryngology, University of Michigan Hospitals, Ann 
Arbor, MI, United States of America.

Purpose: Inferior vena cava (IVC) filters are placed in patients with 
a risk of venous thromboembolism (VTE) when chemical anticoagu-
lation is not feasible or sufficient. Most filters are placed in an infra-
renal location, but no studies have explored whether the location 
of filter placement has an effect on the risk of deep vein thrombosis 
(DVT). The purpose of this study was to determine whether IVC filter 
position affects the risk of development of DVT.
Material and Methods: We identified patients who underwent IVC filter 
placement at the University of Michigan from January 1, 2005 to January 
1, 2012. Filter position and other relevant data including potential risk 
factors for VTE were abstracted. The patient histories revealed whether 
the patients experienced deep venous thrombosis after filter placement.
Results: Infrarenal and suprarenal thrombosis rates were 18.5% 
(35/189) and 9.7% (6/62), respectively; thrombosis rate was 10.1% 
(13/129) when the filter tip was placed at the renal veins. Postoperative 
state was protective of thrombosis (hazard ratio = 0.28; P < 0.0001). 
Position was not statistically significant (P = 0.074). However, compared 
with infrarenal thrombosis, the hazard ratio for suprarenal was 0.48 (P = 
0.097) and 0.54 (P = 0.061) for filter tips placed at the renal veins. When 
the two alternative placements are combined this significantly reduces 
the risk of subsequent thrombosis (hazard ratio = 0.52, P = 0.023).
Conclusion: The position of IVC filters may affect patient outcomes, 
with infrarenal filters carrying a greater risk of DVT. Postoperative 
state is protective of thrombosis.

Material and Methods: Patients who underwent SVC stenting 
were retrospectively recruited over a 5-year period (October 2007–
October 2012). Electronically stored notes were analysed for docu-
mented technical and clinical success. Statistical analysis was dem-
onstrated with Kaplan–Meier curves and analysed with the Log-
Rank test.
Results: Thirty-two patients underwent SVC stenting for malignant 
SVCO [13 females (40.6%) and 19 males (59.4%) with a mean age of 
64.5 years (43–84 years)]. Technical success was recorded in 31 pro-
cedures (97%). Four patients (12.5%) were excluded as they were 
asymptomatic (SVCO discovered on CT only) at procedure. Twenty 
patients (74.1%) reported symptom improvement, whereas 7 (25.9%) 
reported no improvement. Median survival was 71 days (4–370 days) 
and 15 days (3–69 days), respectively. A statistical significance was 
demonstrated (P = 0.0022).
Conclusion: Technical and clinical success rates are comparable 
were results published in the CIRSE guidelines (2006). SVC stenting 
is performed as a palliative procedure to alleviate the symptoms of 
SVCO. Failure of symptoms to improve within 24 h despite a techni-
cally successful procedure is statistically a poor prognostic indicator 
with respect to post-procedure life expectancy.

P-454
Role of pelvic varices sclerotherapy in treatment of venous 
insufficiency in lower limbs
F. Colucci, M.S. Giuliani, S. Pillon, S. Minucci;
U.O. Radiologia Vascolare Interventistica, Azienda Ospedaliera S. 
Camillo-Forlanini, Rome, Italy.

Purpose: To evaluate the efficacy of pelvic varices sclerotherapy in 
the treatment of lower extremity superficial venous insufficiency
Material and Methods: From January 2007 to June 2012, 97 female 
patients (mean age 39.6 y) with varicosities of the lower limbs were 
examined: 21 had previous internal saphenectomy and 76 had 
saphenous crosse continence, according to doppler ultrasonogra-
phy examination. Transvaginal ultrasound identified pelvic varices in 
all cases. Subsequent phlebography of the ovarian veins, confirmed 
pelvic varices, mostly on the left side, and showed ectasic pelvi-per-
ineal vein connection, with venous insufficiency and retrograde flux 
into superficial varicose veins either in ipsilateral or contralateral 
lower limb. Transcatheter retrograde foam sclerotherapy with Fibro-
vein 3% was performed to treat utero-ovarian and pelvi-perineal 
collateral veins. Ultrasonography was performed in all patens, from 
2 to 4 months after the procedure.
Results: No major complications were observed during the proce-
dure. No evidence of pelvic varices was observed in 85% of cases 
after sclerotherapy at transvaginal ultrasonography examination. In 
the remainder 15%, in whom complete sclerosis was not achieved, 
sclerotherapy was repeated, and subsequent ultrasonography 
showed absence of pathological reflux. 
After 4 months, ultrasonography showed no evidence of proxi-
mal backflow in superficial vessels of the lower limbs. Sixtythree 
patients underwent lower limb superficial varicose veins phlebec-
tomy and the vascular surgeon confirmed the absence of reflux from 
the treated branches; in the remainders 34 patients, surgery was not 
required.
Conclusion: Transcatheter retrograde foam sclerotherapy is a safe and 
effective treatment for lower extremity venous insufficiency and must 
always be considered in case of recurrent superficial varicosities.
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Radiological images and medical records were reviewed for immedi-
ate and mid-term results, complications, and recurrences.
Results: Initial technical success rate was 89.2% (66 patients). Stenting 
was performed in 55 patients. Failures were caused by underlying 
chronic thrombi/DVT (n = 7) and stent failure due to huge pelvic masses 
(n = 1). There was no procedure-related complication. In the 24 patients 
with mid-term follow-up of 6–48 months, no recurrence (n = 20), stent 
occlusion (n = 3), or femoral vein occlusion (n = 1) occurred. One-year 
primary patency rate in iliac stent/vein, femoral vein, and popliteal/
infrapopliteal vein was 95.8%, 87.5%, and 95.8%, respectively.
Conclusion: Single-session aspiration thrombectomy for acute and 
subacute lower extremity DVT using large introducer catheters with-
out pharmacologic thrombolysis is feasible, with acceptable imme-
diate and mid-term results excluding pharmacologic thrombolysis-
related complications.

P-459
Covered stent placement for treating malignant superior 
vena cava syndrome: is unilateral covered stenting safe and 
effective?
D.I. Gwon, K.W. Kim, M.J. Choi, E. Jung, G.-Y. Ko, H.K. Ko, J.H. Kim,
J.H. Shin, H.-K. Yoon, K.-B. Sung;
Radiology, Asan Medical Center, Seoul, Korea.

Purpose: To evaluate the safety and efficacy of unilateral covered 
stents in patients with malignant superior vena cava (SVC) syn- 
drome.
Material and Methods: Between October 2008 and November 2012, 
expanded polytetrafluoroethylene (ePTFE)-covered stents were placed 
in 40 consecutive patients (35 men and 5 women; mean age, 61.4 years; 
range, 35—81 years) with malignant SVC syndrome. Regardless of con-
tralateral brachiocephalic vein patency, all covered stents were placed 
unilaterally within SVC or across the venous confluence when needed 
to relieve venous obstruction and prevented tumor overgrowth.
Results: Stent placement was technically successful in all patients. 
No major complication occurred. Of 37 patients who were symp-
tomatic before stent placement, 34 (92%) experienced complete 
symptomatic relief 1–8 days after stent placement. Of 29 patients 
who underwent covered stent placement across the venous con-
fluence, nine had patent contralateral brachiocephalic veins before 
stent placement. However, no sign of SVC obstruction or contralat-
eral upper extremity venous thrombosis was observed during the 
follow-up period. Kaplan–Meier analysis revealed median patient 
survival of 163 days. Stent occlusion occurred in four (10%) of 40 pat-
ents, and cumulative stent patency rates at 1, 3, 6, and 12 months 
were 95%, 92%, 86%, and 86%, respectively.
Conclusion: Unilateral covered stent placement appears safe and 
effective for treating malignant SVC syndrome irrespective of the 
location of SVC occlusion.

P-460
Chemosaturation with percutaneous hepatic perfusions 
(CS-PHP) of melphalan for hepatic metastases: experience at 
two European centres
T.J. Vogl1, F. Orsi2, P.F. Ferrucci3, S. Zangos1, J.-E. Scholtz1, G. Lotz1;
1Institute for Diagnostic and Interventional Radiology, University 
Hospital Frankfurt, Johann Wolfgang Goethe University, Frankfurt 
am Main, Germany, 2Unit of Interventional Radiology, European 
Institute of Oncology (EIO), Milan, Italy, 3Unit of Translational 
Research on Melanoma, European Institute of Oncology (EIO), 
Milan, Italy.

Purpose: CS-PHP (Hepatic CHEMOSAT® Delivery System; Delcath 
Systems Inc., USA) is a minimally invasive, repeatable, regional 
therapy that isolates the hepatic venous blood from the systemic 

P-457
The efficacy of C-arm CT-assisted adrenal vein sampling in 
primary aldosteronism
S.I. Park1, I.J. Kim1, S.J. Lee1, M. Lee2, M.S. Lee3, D.Y. Lee1, J.Y. Won1,
M.D. Kim1;
1Radiology, Research Institute of Radiological Science, Severance 
Hospital, Yonsei University College of Medicine, Seoul, Korea, 
2Radiology, Seoul National University Hospital, Seoul, Korea, 
3Radiology, Jeju Natonal University Hospital, Jeju, Korea.

Purpose: To retrospectively evaluate the efficacy of using C-arm CT 
to confirm right adrenal vein catheterization during adrenal vein 
sampling (AVS).
Material and Methods: From November 2010 to July 2012, 41 con-
secutive Asian primary aldosteronism patients (Male:Female, 20:21; 
age, 29–70 years) underwent C-arm CT-assisted sequential AVS dur-
ing continuous tetracosactide stimulation. After right adrenal vein 
catheterization, C-arm CT was performed during gentle, manual 
contrast injection to confirm catheter position. The catheter was 
repositioned where required. On the basis of delineating gross 
adrenal contour on right adrenal angiography, the patients were 
grouped into a gland pattern and non-gland pattern groups. The 
incidences of catheter repositioning and procedure time were com-
pared between both groups. Radiological images, medical records, 
and biochemical results were reviewed for technical/biochemical 
success rates and complications.
Results: Both the technical and biochemical success (adrenal-IVC 
cortisol gradient >3) were achieved in 40 patients (97.6%). C-arm 
CT failed because of catheter instability in one patient; adrenal-IVC 
cortisol gradient was <3 in another. Catheter repositioning was not 
required in gland pattern group patients (n = 26), whereas it was 
required in 4 non-gland pattern group patients (n = 15) (p = 0.013, 
Fisher’s exact test). Procedure time was 40.6 ± 14.4 and 40.8 ± 10.8 
minutes in the gland pattern and non-gland pattern groups, respec-
tively, without significant difference (p = 1.0, Mann–Whitney U test). 
There were no procedure-related complications.
Conclusion: C-arm CT-assisted AVS is feasible and may increase the 
reliability of right adrenal vein catheterization, especially in patients 
with non-gland pattern on adrenal angiography.

P-458
Single-session aspiration thrombectomy of lower extremity 
deep vein thrombosis using large-sized catheters without 
pharmacologic thrombolysis
S.I. Park1, S.J. Lee1, I.J. Kim1, M. Lee2, M.S. Lee3, D.Y. Lee1, J.Y. Won1,
M.D. Kim1;
1Radiology, Research Institute of Radiological Science, Severance 
Hospital, Yonsei University College of Medicine, Seoul, Korea, 
2Radiology, Seoul National University Hospital, Seoul, Korea, 
3Radiology, Jeju Natonal University Hospital, Jeju, Korea.

Purpose: To retrospectively evaluate the efficacy of single-session 
aspiration thrombectomy using large catheters without pharmaco-
logic thrombolysis for treating acute and subacute lower extremity 
deep vein thrombosis (DVT).
Material and Methods: From January 2008 to December 2011, sin-
gle-session aspiration thrombectomy using large, 11F introducer 
catheters to treat acute and subacute lower extremity DVT was per-
formed in 74 limbs of 74 patients (Male:Female, 23:51; age range, 
36–88 years); clinical and imaging findings at a >6-month follow-up 
were obtained in 24 patients. DVT was caused by May–Thurner syn-
drome (n = 65), malignancy (n = 6), and pelvic masses (n = 3). A 14F 
introducer sheath was inserted through the popliteal vein, followed 
by rotational thrombus maceration and aspiration thrombectomy. 
Angioplasty and stent placement were performed when needed. 
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P-462
Retrospective follow-up of inferior vena cava filters placed 
prior to registry establishment improves retrieval rates and 
retrieval decision rates
C. Humphries, S. Samuelson, M. Chandratilleke, J. Ferguson;
Radiology, Sir Charles Gairdner Hospital, Perth, WA, Australia.

Purpose: In light of concerns over retrievable inferior vena cava fil-
ter complications, radiologists implementing registries encounter a 
backlog of patients with filters, for which they are now responsible 
for removal if no longer indicated. We aimed to quantify how retro-
spective auditing of these patients may improve retrieval rates and 
retrieval decision rates.
Material and Methods: In total, 134 patients who received 136 fil-
ters in the 3 years before registry implementation were reviewed. 
Patients no longer requiring filters were identified and scheduled for 
retrieval. Data was recollected and analysed after 5 months.
Results: On initial analysis, retrieval had been attempted in 72 filters 
(53%) with a 97% success rate; 30 (22%) were deemed permanent or pa-
tients died before a retrieval decision was due. Thirty-four filters (25%) 
were without a documented final retrieval decision after 90 days in-situ; 
30 of these patients (88%) were living and could be assessed for retrieval.
After the follow-up period, the overall retrieval rate for the 3-year 
period was improved to 59% with a 97.5% success rate. Retrieval 
decision rate had been improved to 98.5% (P < 0.001), with 38.5% of 
filters deemed permanent and 60% retrieved or booked for retrieval. 
Two filters (1.5%) had a retrieval decision pending. No filters were 
unable to be followed up. There were no filter-related deaths.
Conclusion: Filter retrieval rates and retrieval decision rates prior to reg-
istry implementation can be significantly improved by retrospectively 
auditing patients and seeking out filters that are no longer indicated.

P-463
Long-term outcome of percutaneous interventions for hepatic 
venous outflow obstruction after pediatric living donor liver 
transplantation
M. Yabuta, Tos. Shibata, K. Shinozuka, Toy. Shibata, H. Isoda, K. Togashi;
Radiology, Kyoto University Graduate School of Medicine, Kyoto, 
Japan.

Purpose: Living donor liver transplantation (LDLT) has been an 
established treatment for an end-stage liver disease because of 
shortage of liver grafts. Compared with deceased donor liver trans-
plantation, hepatic venous outflow obstruction (HVOO) more fre-
quently occurs in LDLT. To retrospectively evaluate the long-term 
outcome of percutaneous interventions for HVOO after pediatric liv-
ing donor liver transplantation (LDLT).
Material and Methods: Between October 1997 and December 2012, 
48 patients (24 males, 24 females; median age, 6 years) who underwent 
LDLT were confirmed to have HVOO on percutaneous hepatic venog-
raphy and manometry; they underwent percutaneous interventions, 
including balloon angioplasty with/without stent placement. Technical 
success, patency rates, and major complications were evaluated.
Results: Technical success was achieved in 92 of 93 sessions (99.0%). 
Follow-up periods ranged from 1 to 182 months (median, 51.5 
months); 28 patients were treated with a single session of balloon 
angioplasty and 20 who developed recurrent stenosis were treated 
with repeated balloon angioplasty or stent placement. The rate of 
primary, primary assisted, and secondary patency 1, 3, 5, 10 years 
after the initial balloon angioplasty were 0.64, 0.57, 0.57, and 0.52, 
respectively; 0.98, 0.95, 0.95, and 0.95, respectively; and 1.0, 1.0, 1.0, 
and 1.0, respectively. A major complication of stent migration to the 
right atrium occurred in one patient.
Conclusion: Balloon angioplasty with/without stent placement was 
an effective treatment for HVOO after LDLT.

circulation using a unique system of catheters and filters. This allows 
high doses of chemotherapy to be delivered to the hepatic artery. 
Filtration of the effluent hepatic venous blood before returning it 
to the systemic circulation reduces unwanted exposure to chemo-
therapy. Registration trials confirming the feasibility and efficacy of 
CS-PHP have been recently completed in the US. We describe the 
first patients treated with CS-PHP in Europe.
Material and Methods: Eleven patients with unresectable hepatic 
metastases from solid tumors were treated with 1–3 CS-PHP ses-
sions in Frankfurt (n = 4) and Milan (n = 7). Patients received 30–min-
ute melphalan 2 or 3 mg/kg (n = 1 and 10, respectively) ideal body 
weight into the hepatic artery. Venous effluent blood was filtered 
during and for 30 minutes after each infusion.
Results: Patients had a median age of 54 years (range, 43–74); all 
were previously treated. Eight patients were evaluable for tumor 
response according to RECIST. Partial responses were observed in 4 
patients with malignant melanoma. Stable disease was documented 
in 4 patients (ocular melanoma, n = 2; gastric cancer, n = 1; breast 
cancer, n = 1). As of January 2013, all 4 patients with partial responses 
are living 6–13 months after their first CS-PHP session.
Conclusion: Initial European experience supports the CS-PHP clin-
ical trials. CS-PHP is a promising regional therapy in patients with 
unresectable liver metastases.

P-461
Systematic review and meta-analysis of the use of temporary 
or retrievable inferior vena cava (IVC) filters
R. Das1, M.M. Slattery2, M.J. Lee2, A.-M. Belli1, G.S. Goh1;
1Department of Radiology, St George’s Hospital, London, United 
Kingdom, 2Department of Radiology, Beaumont Hospital, Dublin, 
Ireland.

Purpose: To undertake a systematic review and meta-analysis of 
published studies assessing retrievable IVC filters and to quantify 
rates of retrieval and associated complications in different IVC filter 
types to guide future practice. Meta-analysis and inclusion of regis-
try data for retrievable IVC filters has not been performed to date.
Material and Methods: Systematic literature searches were per-
formed in MEDLINE, Pubmed, Embase and Cochrane databases. 
Accepted studies included peer-reviewed prospective and retro-
spective studies, randomised and non-randomised studies.
Assessment included the following IVC filters: Recovery; G2; G2 
Express Eclipse (Bard Inc.); Celect, Gunther Tulip (Cook Medical Inc.); 
Optease (Cordis Corporation); ALN (ALN International); Option 
(Rex Medical). Outcomes assessed were retrieval rates and time to 
retrieval, filter fracture, migration, filter tilt >15°, caval perforation, 
caval occlusion/thrombus, IVC stenosis, breakthrough pulmonary 
embolus. Review articles, case series <10, animal, in vitro and patho-
logical studies were excluded.
Results: Seventy-one non-randomised studies were included, com-
prising 7569 filter placements and 1451 successful retrievals. The 
most commonly placed filters were Cook Gunther Tulip (30.2%), Bard 
Recovery (21%) and Cordis Optease (18.7%). Overall rates of filter tilt-
ing >15° and caval thrombosis were 1.1%. Filter fracture and migra-
tion were encountered at 0.4% and 0.6%, respectively. UK registry 
data of up to 1,255 filter placements and 387 attempted retrievals 
were also included.
Conclusion: Retrievable IVC filters are increasingly established for 
preventing and treating venous thromboembolism. Multiple filter 
types are widely used, but interventional radiologists and vascular 
specialists still require comparison and quantification of efficacy and 
safety rates to aid in counselling patients and clinicians.
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P-466
Analysis of causes and correction methods for difficulty in 
catheter advancement and tip malposition during peripherally 
inserted catheter placement
E.-Y. Jeon1, S.G. Park1, H.I. Ha1, S.-Y. Song2;
1Radiology, Hallym University Sacred Heart Hospital, Anyang, Korea, 
2Department of Radiology, Hanyang University Hospital, Seoul, 
Korea.

Purpose: Technical success rate of bedside PICC insertion is approx-
imately 74 %; however, the causes of low technical success rate of 
bedside insertion are not well known. The purpose of this study is to 
analyze the causes and problem-solving methods for technical fail-
ure cases of bedside PICC insertion.
Material and Methods: For 372 PICCs through upper arm veins 
in 339 patients during the 13-month period from January 2012 to 
January 2013 (220 females, 152 males, mean, 63.8 and 63.5 years, 
respectively), the rates of catheter advancement failure were 
obtained according to each selected veins (right or left, axillary vein, 
subclavian vein, innominate vein, junction between SVC and right 
subclavian or left innominate vein, or cephalic arch in cases of 
cephalic vein puncture). The incidence of applied problem solving 
methods was also analyzed.
Results: Catheter advancement failure occurred in 53.6% (126/235) 
of left cases: cephalic, 75%; brachial, 55.6%; and basilic, 49.4% and in 
55.5% (76/137) of right cases: cephalic, 60.0%; brachial, 62.9%; and 
basilic, 51.7%. In 77.0% (97/126) of problematic left side cases (cephalic, 
100%; brachial, 100%; basilic, 62.9%) and in 82.9% (63/76) of right 
side cases (cephalic, 100%; brachial, 86.3%; basilic, 77.8%), guidewire 
manipulation with/without venography were successful as problem 
solving methods. The most common site of catheter advancement 
failure was SVC–left innominate or SVC–right subclavian vein junction 
and cephalic arch in cases of cephalic vein puncture.
Conclusion: The left basilic vein puncture for PICC was the least 
problematic compared with other veins. Cephalic arch was an 
extremely frequent problematic site in case of cephalic vein punc-
ture for PICC.

P-467
Rheolytic accelerated pharmacomechanical directional (RAPID) 
thrombectomy technique: a method for rapid clot removal 
with reduced need for catheter directed thrombolysis (CDT) in 
patients with acute DVT
M.J. Garcia, D. Leung, C.J. Grilli, M.K. McGarry, C. Wrigley, D. Agriantonis, 
G. Kimbiris, M. Ali, J. Velez;
Interventional Radiology, Christiana Care Health Services, Newark, 
DE, United States of America.

Purpose: Inherent to mechanical thrombectomy devices is the lack 
of “complete” thrombus removal resulting in the need for CDT. Our 
goal is to evaluate the efficacy of RAPID thrombectomy technique 
for treating acute DVT.
Material and Methods: A single-center registry of 313 lower extrem-
ities in 301 patients treated for acute DVT between 1999 and 2012 
was reviewed. Patients underwent pharmacomechanical throm-
bectomy (PMT) using the RAPID thrombectomy technique, which 
involves a 6F rheolytic thrombectomy catheter placed coaxially 
through a directional 8F guiding catheter used in a spiraling fashion 
allowing for wall-to-wall thrombectomy. Extent of clot removal and 
the need for adjunctive CDT, PTA, and stenting were evaluated veno-
graphically. Follow-up with ultrasound (US) was performed.
Results: Ninety-two limbs demonstrated femoropopliteal DVT, whereas 
221 had iliofemoral DVT, with IVC involvement in 57. Thrombectomy by 
venography was complete (>90% removal + flow) in 203 (65%), sub-
stantial (50%–90% removal + flow) in 75 (24%), partial (<50%) in 31 

P-464
Diagnostic value of collateral circulation in Budd–Chiari 
syndrome using magnetic resonance venography
J. You, P. Hong-Bo, Z. Fu-Zhou;
Department of Medical Imaging, Nanchong Central Hospital, 
Second Clinical Medical Institute of North Sichuan Medical College, 
Nanchong City, Sichuan, China.

Purpose: To explore the diagnostic value of collateral circulation in 
Budd–Chiari syndrome (BCS) using magnetic resonance venography 
(MRV)
Material and Methods: The 25 patients with BCS were retrospec-
tively analyzed using MRV. The hepatic vein and inferior vena cava 
lesions and collateral circulation traffic conditions were observed.
Results: The collateral circulation imaging of 25 patients was divided 
into two categories, which were classified as intrahepatic and extra-
hepatic collaterals. Intrahepatic collaterals were further classified 
into the following four types: type 1, 18 cases of hepatic vein (HV)-
vice hepatic venous drainage type; type 2, 8 cases of the traf-
fic between HV; type 3, 20 cases of under the subcapsular collat-
eral and systemic traffic; type 4, 1 case of HV and portal vein traffic. 
Extrahepatic collaterals include the following: 25 cases of ascend-
ing lumbar vein and azyos/hemiazygos venous collateral circulation; 
15cases of left renal vein branch channel; 25 cases of renal vein traf-
fic; 25 cases of superficial epigastric vein channel; 15 cases of esoph-
ageal and gastric varices–azygos vein–superior vena cava channel.
Conclusion: MRV can be better evaluated collateral circulation in 
patients with BCS. It is important for interventional treatment of BCS.

P-465
Pilot data regarding improved optional IVC filter retrieval rates 
in interventional radiology (IR) using the electronic medical 
record (EMR) problem list
M. Chittle, T.G. Walker, S. Wicky, A.C. Waltman, R. Oklu, S.P. Kalva,
S. Ganguli, G. Oliveira, R. Liu, Z. Irani, G.M. Salazar;
Vascular Imaging and Intervention, Massachusetts General Hospital, 
Boston, MA, United States of America.

Purpose: To compare retrieval rates in patients with optional IVC 
filters before and after adding “retrievable IVC filter” into their EMR 
active problems list
Material and Methods: In this IRB-approved retrospective study, 120 
patients (aged 75.5 ± 173.52 years; 65 females, 55 males) who 
underwent IVC filter placement for temporary indications between 
11/2011 and 1/2013 were studied. Our study group (n = 49) com-
prised patients in whom a notation was made to the EMR problem 
list following filter implantation initiation: “retrievable IVC filter, this 
should be retrieved when no longer indicated for PE protection.” 
The control group (n = 71) had no such notation.
All patients’ demographics, filter placement indications, procedure 
dates (filter placement/retrieval), complications, IVC filter retrieval 
and referral rates (patients who were referred by a clinician to IR 
for filter retrieval) were recorded. Statistical analysis was performed 
using a Fischer’s exact test.
Results: No significant differences in demographics and filter place-
ment indications were observed between the control (n = 71) and 
study groups (n = 49). IVC filter retrieval rates were significantly 
higher in the study group (20/49; 41%) (p = 0.001) than in the con-
trol group (10/71; 14%). Direct patient referrals from clinicians for fil-
ter retrieval increased significantly in the study group (13/49; 27%; p 
= 0.004) compared with the control group (5/71; 7%). No procedural 
complications were recorded.
Conclusion: In this pilot study, addition of “retrievable IVC filter” 
into the patients’ EMR problem list significantly increased patient 
referral to IR for filter retrieval and the overall IVC filter retrieval rates.
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Clinical Findings/Procedure: Thirty-four patients diagnosed 
with PCS were referred to our department. The mean age was 43.5 
years (range 27–66 years). We performed CTA to evaluate ovar-
ian and internal iliac veins and also to exclude possible secondary 
etiologic factors. Venography was performed via the right femo-
ral vein puncture. We used Simmons 1 for right ovarian and inter-
nal iliac vein catheterization, which allowed us optimal treatment 
facility. In 5 (15%) patients, no incompetent vein was detected. We 
detected 12 (41%) bilaterally ovarian, 11 (38%) single left ovarian, 3 
(10%) single right ovarian, and 3 (10%) pudendal vein insufficiencies. 
ROV’s were mechanically (detachable coils) or mechanochemically 
(detachable coils + sclerosing agent) embolized. Technical success 
rate was 100%. Patients were scheduled for clinical evaluation by a 
homemade questionnaire on the 1st week and 3rd month after pro-
cedure. We found an 85% patient satisfaction rate at the end of the 
3rd month.
Conclusion: Mechanical or mechanochemical embolization of 
incompetent ROV via the femoral approach provides high patient 
satisfaction and complete treatment facility for PCS.

P-470
Review, technique, and clinical perils for varicocele vein 
embolization
A. Bessissow, J. Yoon, R. Bera, C.I. Torres, T. Cabrera, L.-M.N.J. Boucher, 
D.A. Valenti;
Radiology, McGill University Health Centre, Montreal, QC, Canada.

Learning objectives: We present,
1. Background knowledge on varicocele veins
2. Indications, benefits, and complications
3. Technique and experience at McGill University Health Centre
Background: Varicoceles are distended veins in the scrotum that 
are associated with subfertility.
Varicoceles are common, occurring in up to 15%-20% men (up to 
40% in subfertile). Most men are asymptomatic, but there may be 
scrotal pain. Many times, varicoceles are discovered during infertil-
ity evaluation. Obvious varicoceles will be palpated during physical 
exam and ultrasound provides confirmation.
Reflux in the spermatic vein may lead to varicocele formation. The 
mechanism relating varicocele to subfertility is incompletely proven 
but consensus is that thermoregulatory effects are an important 
contributor to the decrease in sperm quality/count.
Surgery is the traditional treatment. More recently, embolization 
of the internal spermatic vein with sclerosing solution, tissue adhe-
sives, or detachable balloons or coils has been used.
This educational exhibit will examine the current evidence regard-
ing benefits/complications of embolization.
Clinical Findings/Procedure: Treatment options include observa-
tion, surgery, and embolization.
Embolization can be performed using various materials; the end-
point and the decision regarding uni- or bilateral embolization will 
be explained.
Complications and the postprocedure course will be outlined.
Technical and clinical success rates will be discussed and compared 
with other treatment options.
Conclusion: Embolization is standard therapy for varicoeles.
The procedure is minimally invasive and has a brief recovery period, 
with a high clinical success rate.
Varicocoele embolization should be considered as a first-line ther-
apy in men requiring treatment.

(10%), and minimal in 4 (1%) limbs following initial PMT. Flow was suc-
cessfully restored in 90%. In total, 166 (53%) patients underwent addi-
tional CDT, with an average infusion time of 17.7 hours. In total, 47% 
cases were completed in one session and 86% were completed in 
<24hrs. Stenting was performed in 106 (34%) limbs. Binary patency by 
ultrasound was 94%, 90%, and 77% at 3, 6, and 12 months.
Conclusion: The RAPID thrombectomy technique is effective for 
rapid thrombus removal in patients with acute DVT, with significant 
reduction in the need for and length of CDT.

P-468
Endovascular treatment of superior vena cava syndrome: 
what you need to know before you start
J.A. Pereira, H. Rio Tinto, L. Fernandes, T. Bilhim, M. Duarte, J.M. Pisco;
Interventional Radiology, Saint Louis Hospital, Lisbon, Portugal.

Learning objectives:
1. Review the etiology of superior vena cava syndrome (SVCS) and 

the main clinical findings associated.
2. Review technical aspects of SVCS endovascular treatment (EVT) 

and its clinical outcome.
Background: Malignancy is the major etiologic factor of SVCS.
Medical treatment, chemotherapy, and radiotherapy are dependent 
on the histological type and provide clinical relief for a short dura-
tion with high recurrence rate.
Revascularization by EVT comprising angioplasty and stent place-
ment is the first-line treatment.
Clinical Findings/Procedure: Pictorial review of 200 treated 
patients.
Orthopnea and edema of the upper body are the main symptoms 
but respiratory distress, convulsions, or coma due to cerebral edema 
are also described.
Main causes are tumor invasion (60%–97%) with bronchopulmonary 
cancers being the most common (60%–90%) followed by lympho-
mas (6%–25%) and metastases.
The tumor may be treated with radiation or chemotherapy, with effi-
cacy rates up to 94% and 77%, respectively, but this varies with his-
tologic types.
The procedure is performed under local anesthesia and femoral 
venous access alone is used when possible. Brachial or jugular 
approaches can be used if dual venous access is required.
From our experience, self-expandable stents outperform balloon-
expandable stents and thrombolysis may be used before or after 
stent placement in cases of severe obstruction or stent thrombosis. 
Relief of symptoms after stenting is usually complete or partial and 
recurrences may be treated by reintervention.
Conclusion: EVT for malignancy-related SVCS has a satisfactory 
level of clinical success with relatively low morbidity and mortality in 
the context of neoplasm. It also allows the possibility of reinterven-
tion in cases of recurrence.

P-469
Mechanical or mechanochemical embolization of an 
incompetent right ovarian vein in pelvic congestion syndrome
T.H. Balli, E. Aksungur, E. Akgul, K. Aikimbaev, F. Gungordu;
Department of Radiology, Cukurova University Faculty of Medicine 
Balcali Hospital, Adana, Turkey.

Learning objectives: To learn catheterization and embolization of 
an incompetent right ovarian vein (ROV) via common femoral vein 
access in pelvic congestion syndrome (PCS)
Background: Contrary to popular belief, insufficiency of the ROV in 
PCS is more frequent than expected. According to our unpublished 
data, insufficiency of the ROV is 52%. Therefore, we aimed to present 
our treatment and follow-up setting.
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P-474
“Wireless connection” between guidewires and bone cement: 
attempted retrieval of extravasated methyl methacrylate 
mimicking a retained guidewire
K. Ching, A. Medsinge, V. Agarwal, R. Short, N. Amesur;
Radiology, University of Pittsburgh, Pittsburgh, PA, United States of 
America.

A double-lung transplant patient with chest pain was referred for retained 
guidewire removal in the azygos vein on chest X-ray and CT. Endovascu-
lar retrieval lead to pulmonary embolization. The “wire” was discovered 
as extravasated venous methyl methacrylate from prior vertebroplasty.

P-475
Drilling chronic total occlusion and re-entry devices for 
recanalization of chronic iliofemoral venous occlusion
P.A. Mezes, K.N. Katsanos, N. Karunanithy;
Vascular and Interventional Radiology, Guy’s and St Thomas’ NHS 
Foundation Trust, London, United Kingdom.

After conventional techniques failed, chronic iliofemoral vein occlusion 
was successfully recanalised using the TruPath™ device for drilling and the 
Outback Catheter® for re-entry. Primary stenting resulted in clinical im- 
provement and establishment of primary patency at a 3-month follow-up.

P-476
High-volume rheolytic thrombectomy for treating massive 
pulmonary embolism
M.S. Khubutia1, L.S. Kokov2, P.D. Matveev2;
1Directorate, N. V. Sklifosovsky Research Institute of Emergency 
Care, Moscow, Russian Federation, 2Interventional Radiology, N. V. 
Sklifosovsky Research Institute of Emergency Care, Moscow, Russian 
Federation.

Massive bilateral pulmonary embolism in a patient with absolute 
contraindications for thrombolysis was successfully treated with 
high-volume rheolytic thrombectomy (500 ml of saline). Haemolysis 
and acute kidney injury (stage 1) were detected, which required 
plasmapheresis and continuous venovenous haemofiltration.

P-477
Congenital obliteration of suprahepatic IVC: an unusual case of 
portal hypertension
R. Guerrero, J. Villalba;
Interventional Radiology, Hospital de la Santa Creu i Sant Pau, 
Barcelona, Spain.

We report the case of a patient with a history of non-cirrhotic portal 
hypertension, bilateral varicocele and varices of the lower extremi-
ties who presented with complete obliteration of the suprahepatic 
IVC, which was successfully treated by endovascular management.

P-478
Removal of an IVC filter with leg penetration into the aorta
T.G. Van Ha, S. Kim, C. Straus, B.S. Funaki;
Radiology, University of Chicago, Chicago, IL, United States of America.

We report the percutaneous management of a G2X filter (Bard) that 
caused symptomatic penetration of the IVC into the adjacent aor-
toiliac system. Perioperative management including vascular sur-
gery consultation and technical factors associated with the difficult 
retrieval are discussed.

P-471
Adrenal vein sampling: literature review and techniques
J. Yoon, A. Bessissow, S. Patel, P. Rao, C.I. Torres, T. Cabrera,
L.-M.N.J. Boucher, D.A. Valenti;
Radiology, McGill University, Montreal, QC, Canada.

Learning objectives:
This educational exhibit has the following objectives:
1. Reviews recent literature on adrenal vein sampling
2. Discusses indications, complications and evidence for benefit in  
    diagnostic yield
3. Presents our experience at McGill University
Background: Primary hyperaldosteronism can result in hyperten-
sion in 5%–10% cases and is usually underdiagnosed. Adrenal vein 
sampling (AVS) can distinguish between unilateral disease (func-
tional adenomas, requiring surgical treatment) and bilateral disease 
(hyperplasia, requiring medical treatment).
Clinical Findings/Procedure: The following points are reviewed 
and explained: patient selection, laboratory evaluation and role of 
pre-AVS imaging. AVS can be technically challenging, even for expe-
rienced professionals. The technique for AVS is reviewed, including 
perils and pitfalls, and catheter options is outlined. An agreed proto-
col between radiology, endocrinology and laboratories is essential. 
Both adrenal veins and IVC must be sampled. The aldosterone level 
can be ‘locked’ using ACTH infusion, allowing non-synchronous 
sampling. If ACTH stimulation is not used, then synchronous sam-
pling of all sites is optimal. Labelling of samples (site and time) is crit-
ical. Furthermore, the protocols are reviewed.
Conclusion: AVS is essential for the diagnosis of primary hyperaldo-
steronism, a potentially curable cause of hypertension.
Although challenging, with experience, AVS can achieve high tech-
nical success rates with major clinical impact.

P-472
Placement of a nitinol IVC filter in a patient with nickel 
hypersensitivity: case study and review of the literature and 
MAUDE database
M.M. Morshedi, T.B. Kinney;
Department of Radiology, UCSD Medical Center, San Diego, CA, 
United States of America.

We describe the placement, clinical course, and retrieval of a pro-
phylactic nitinol IVC filter in a 73-year-old woman with nickel hyper-
sensitivity as well as review the tissue pathology and literature on 
nitinol devices used in such patients.

P-473
In-stent restenosis of the right brachiocephalic vein: 
breaking the stent sidewall using a balloon to create new false 
lumen
S. Wanichanon;
Radiology, Queen Sirikit Navy Hospital, Chonburi, Thailand.

In a 47-year-old man with restenosis of the right brachiocephalic 
venous stent, re-intervention failed to allow guidewire passage 
through the stent lumen. The stent sidewall was broken by a balloon 
to create a new false lumen, improving blood return from the right 
arm to the heart.
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