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Special Session
Venous Forum I: Varicose veins

101.1

Patient selection, clinical and imaging assessment

J.A. Kaufman
Dotter Interventional Institute, Oregon Health & Science University
Hospital, Portland, OR, United States of America

Learning Objectives

1. To learn about clinical presentation of varicose veins

2. Tolearn what to assess with ultrasound (superficial and deep
system)

3. Tolearn which patients should rather not be treated with
endovascular techniques

No abstract available.

101.2

Thermal ablation

L. Oguzkurt
Interventional Radiology, Medical Park Hospitals, Istanbul, Turkey

Learning Objectives

1. To learn about the different thermal options (laser, RFA)

2. Tolearn how to best use tumescent anesthesia

3. Tolearn about follow-up care

Symptomatic lower extremity varicose veins represent one of the
most common vascular conditions in the adult population. The pre-
dominant causative factor of this condition is reflux of either the
great saphenous vein (GSV) or the small saphenous vein. The tra-
ditional treatment was with surgical saphenofemoral ligation and
stripping of the incompetent saphenous vein. In recent years, there
have been significant advances in saphenous vein ablation using
percutaneous thermal and nonthermal ablation techniques.
Endovenous thermal ablation methods such as laser, radiofrequency,
or steam ablation are minimally invasive procedures that safely and
effectively treat reflux involving the great and small saphenous
veins. These methods has been developed to reduce complications
associated with conventional surgery and to improve quality of life.
All these methods use target temperature for successful ablation.
Temperature increase during laser ablation is fast with a high-peak
temperature for a short time, whereas steam ablation and radiofre-
quency ablation have longer plateau phases and lower maximum
temperatures. All these ablation methods proved to be effective in
treating incompetency of the saphenous vein.

Endovenous thermal ablation methods offer comparable venous occlu-
sion rates after treatment of primary GSV varices; with none of the
modalities proving superior. Tumescent anesthesia with or without
anesthetic solution is always applied before any thermal ablation; it is a
very important step to protect the tissues surrounding the ablated vein,
and to reduce pain during and after the ablation procedure. Successful
occlusion rates ranging from 88% to 100% have been reported for all
three ablation modalities. CEAP clinical class, clinical severity scores, and
overall quality of life score improve in all patients compared with base-
line. Thermal ablation methods have similar complications of pain, bruis-
ing, tenderness, and phlebitis over the treated vein. Neural damage to
the saphenous nerve is rare but possible when one ablates GSV distally.
Deep vein thrombosis and pulmonary embolism are extremely rare.
Currently available clinical trial evidence suggests thermal ablation
methods are at least as effective as surgery in the treatment of vari-
cose veins secondary to saphenous vein insufficiency.

References

1. Nordon IM, Hinchliffe RJ, Brar R, Moxey P, Black SA, Thompson
MM, Loftus IM. A prospective double-blind randomized
controlled trial of radiofrequency versus laser treatment of the
great saphenous vein in patients with varicose veins. Ann Surg.
2011 Dec;254(6):876-81.

2. Proebstle TM, Alm BJ, Gockeritz O, Wenzel C, Noppeney T,
Lebard C, Sessa C, Creton D, Pichot O. Five-year results from
the prospective European multicentre cohort study on radio-
frequency segmental thermal ablation for incompetent great
saphenous veins. Br J Surg. 2015 Feb;102(3):212-8.

3. Milleret R, Huot L, Nicolini P, Creton D, Roux AS, Decullier E,
Chapuis FR, Camelot G. Great saphenous vein ablation with
steam injection: results of a multicentre study. Eur J Vasc
Endovasc Surg. 2013 Apr;45(4):391-6.

4. Murad MH, Coto-Yglesias F, Zumaeta-Garcia M, Elamin MB,
Duggirala MK. A systematic review and meta-analysis of the
treatments of varicose veins. J Vasc Surg. 2011 May;53:495-65S.

5. Nesbitt C, Eifell RK, Coyne P, Badri H, Bhattacharya V, Stansby
G. Endovenous ablation (radiofrequency and laser) and
foam sclerotherapy versus conventional surgery for great
saphenous vein varices. Cochrane Database Syst Rev. 2011
Oct;(10):CD005624.

6. Weiss RA, Weiss MA, Eimpunth S, Wheeler S, Udompunturak
S, Beasley KL. Comparative outcomes of different endovenous
thermal ablation systems on great and small saphenous
vein insufficiency: Long-term results. Lasers Surg Med. 2015
Feb;47(2):156-60.

101.3

Non-thermal ablation

M. Akesson
Department of Clinical Sciences, Lund University, MedVASC AB,
Malmo, Sweden

Learning Objectives

1. To learn about the different techniques

2. Tolearn about the possible advantages

3. Tolearn about follow-up care

Introduction

Venous disorders of the legs occur frequently, and range in sever-
ity from minor asymptomatic incompetence of venous valves to
chronic leg ulceration. We know that venous disease is common in
the general population, with approximately one third of the popula-
tion showing some degree of trunk varicose veins.

Varicose veins are a common manifestation of venous incompe-
tence in the lower limb, and appear as dilated, elongated, or tortu-
ous superficial veins. Incompetence of the superficial and/or perfo-
rating veins lead to raised venous pressure in the lower leg, which
can result in skin changes such as hyper-pigmentation and indura-
tions with eventual ulceration.

Venous disease of the legs causes considerable morbidity and is
also costly, with approximately 2% of national healthcare resources
being spent on treatment.

The goal of varicose vein surgery is to remove reflux and visible vari-
cose veins with the aim to achieve the most favorable hemodynamic
and cosmetic results. Different techniques have been used, but the
most common have been and still are the classic saphenectomy
with high ligation at the sapheno-femoral junction (SFJ). This could
be accompanied with local phlebectomy and ligations of insufficient
perforants. Examples of other more exotic techniques are A.SV.A.L.
(Ablation Sélective des Varices sous Anésthesie Locale) and CHIVA
(The Hemodynamic Cure of the Venous Insufficiency in Ambulatory).
The last decade management of superficial venous incompetence
has changed dramatically from classic surgery to more minimal inva-
sive techniques.
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The patients have gain enormously from this change in techniques,
especially with respect to post-operative care and post-operative
pain. The healthcare systems have found techniques that are much
less resource demanding, making it easier to treat the large number
of patients suffering from superficial venous incompetence. New
national guidelines have developed, like the NICE guidelines for var-
icose veins in the legs in the UK, recommending endovenous tech-
niques as first line of choice for varicose veins treatment.

The development and acceptance of the thermal techniques have
been very fast over the last decade. Radiofrequency ablation (RFA)
and endovenous laser ablation (EVLA) have taken the lead and
developed from being strictly aimed for treatment of GSV and SSV
to be used in insufficient perforants and smaller branches. New on
the market is endovenous steam ablation (EVSA).

The development of the endothermal techniques have been success-
ful, but they all require some type of anaesthesia, general or more com-
mon local anaesthesia with the use of tumescent. This is normally well
tolerated by most patients, but not so few find the distribution of the
tumescent quite painful. Due to this alternative methods to endother-
mal techniques have developed. These techniques can normally be car-
ried out as an office based procedure without any form of anesthesia.
The non-endothermal techniques use either some chemical reac-
tion for ablation like ultrasound-guided foam sclerotherapy (UGFS)
or combining this using a mechanical devise to obtain damage to
the endothelium (MOCA). The latest contribution to non-endother-
mal techniques is a chemical adhesive method using catheter deliv-
ered glue (cyanoacrylate) to gain truncal occlusion.
Ultrasound-guided foam sclerotherapy

Sclerotherapy have been used for treatment of varicose veins since
the 1960s. The technique had high recurrence rates > 70% as a single
technique but could be used together with different surgical treat-
ments. The first to describe the technique to mix a sclerosant with air
or CO, to produce foam was originally Cabrera, mixing Polidocanol
and CO,, and Tessari, mixing STS (sodium tetradecyl sulphate) and
air. Using ultrasound as guidance, one injects small volumes directly
into superficial varicose veins with the patient in a supine position
and the leg to be treated elevated to 45°. The technique can also be
used for both primary and recurrent venous incompetence for abla-
tion of the great or small saphenous vein or their main branches. 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. Average follow-up was 32
months, and estimated pooled success rates at 3 years were high-
est for EVLA, with 94% closure, followed by RFA (84%), surgery (78%),
and UGFS (77%). Adverse events and complications include thrombo-
phlebitis and skin-staining, which could be expected in 15% of cases;
but transient visual symptoms have also been reported and are esti-
mated to occur with an incidence of 0.5-1%. They may be reduced by
using carbon dioxide instead of air for the mixture of foam.
Mechanochemical ablation (MOCA)

To overcome the infirmity of both endothermal ablation techniques
and UGFS, Clarivein™ (Vascular Insights LLC, CT, USA) has been intro-
duced. Clarivein™ is a mechanochemical device for truncal vein abla-
tion and can be used without tumescent anaesthesia. The device
consists of a handle unit with a motor that drives a central wire rotat-
ing at 3500 rpm inside an infusion catheter system, which protrudes
from the catheter lumen. Using simultaneously both mechanical
abrasion and chemical abrasion via injection of a sclerosant through
a rotating wire, Clarivein™ is intended to overcome the low efficacy
rates of truncal vein occlusion for UGFS.

The first published results reported a closure rate at 6-month of
96%, and this rate was maintained at a subsequent 2-year follow-
up. A comparison between Clarivein™ and RFA has reported a sig-
nificantly less pain in the first 14 days after the procedure in favor of
Clarivein™. Mechanical problems and inability for the device to work
in large diameter veins >15 mm and in recanalized recurrent truncal
veins have been reported.

Cyanoacrylate vein occlusion (VenaSeal™ Sapheon™ closure)
The technique is built to eliminate the need for tumescent anes-
thesia and post-operative compression used with thermal ablation
techniques. Using a hydrophobic delivery catheter to deliver the
cyanoacrylate adhesive (SCA) developed by Sapheon™ (Sapheon
Inc, NC, USA), one will gain permanent closure of incompetent
superficial truncal varicose veins.
Cyanoacrylates are well-known tissue adhesives in healthcare. They
are of low viscosity and polymerize almost instantly in contact with
water or blood. The Sapheon™ delivery system (SCA) is a mixture of
n-butyl cyanoacrylate with small amounts of biocompatible addi-
tives to retard polymerization, increase viscosity, and produce a flex-
ible adhesive.
The procedure involves standard Seldinger technique access, and
the Sapheon™ 5-F sheath is advanced to SFJ. The glue is delivered
directly at the SFJ under ultrasound surveillance and compression
for 3 minutes. After that, the glue is delivered at 3-cm intervals along
the target vein using 30 seconds of compression for each delivery.
No compression bandaging or stocking is needed.
Early studies show that the technique is feasible and safe and has
a technical success rate of 97% primary closure of GSV and 1-year
occlusion rate of 92%. No major adverse events such as DVT or PE
were noted. At 30-day follow-up, 6 patients (16%) had thrombophle-
bitis. The short-term closure rates are well comparable with thermal
ablation methods, but longer-term results are still not available. The
changes observed in treated veins are consistent with chronic for-
eign-body type inflammatory response with fibrotic segments.
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Ancillary therapies: mini-phlebectomy and foam sclerotherapy

D.J. West
Unit 6, Veincentre Ltd, Stoke-on-Trent, United Kingdom

Learning Objectives

1. Tolearn how to select the appropriate patients
2. Tolearn how an IR can adopt mini-phlebectomy
3. Tolearn about follow-up care

No abstract available.

Special Session
Bariatric embolisation

102.1

Basic considerations, patient selection and indication for
treatment

M.P. Monteiro
Unit for Multidisciplinary Research in Biomedicine UMIB-ICBAS,
University of Porto, Porto, Portugal

Learning Objectives
1. To understand the pathophysiological basis that regulates food
intake
2. Toreview the current evidence regarding gut hormones (ghrelin
and others) in obese patients
3. Tolearn about patient triage for currently available interventions
Being critical for survival, energy homeostasis is a highly regulated
phenomenon in all living organisms [1] and results from the balance
between energy intake and energy expenditure, which promotes
the stability of stored energy [2].
The physiological systems that regulate energy homeostasis include
brain centers, such as the hypothalamus, brainstem, and reward cen-
ters in the limbic system, which via neuropeptides regulate food
intake and energy expenditure. These centers are modulated by neu-
ral and hormonal signals coming from the periphery, mediated by adi-
posity signals, such as leptin, and by gastrointestinal hormones [1, 2].
Ghrelin is a gastrointestinal peptide hormone produced primarily by
endocrine cells in the gastric fundus that is posttranslationally acyl-
ated by ghrelin O-acyltransferase (GOAT) with the addition of an
n-octanoic acid moiety, which is required for binding to its recep-
tor [3]. Ghrelin acts in the arcuate nucleus of the basal hypothala-
mus, stimulating the production and release of NPY and suppressing
POMC [4]. NPY is the most potent signal in the central nervous sys-
tem that stimulates food intake and decreases energy expenditure,
while POMC is a precursor protein that through proteolytic cleav-
age originates a-MSH that decreases appetite and increases energy
expenditure [4]. Ghrelin levels rise before meals and decrease with
food intake [5].
Ghrelin has been shown to have a long-term effect on energy homeo-
stasis by increasing the respiratory quotient, decreasing utilization of
fat as energy, and shifting food preference towards high-fat diet [6].
Chronic ghrelin administration increases body weight gain and adi-
posity [7], and ghrelin replacement partially reverses the reduction in
body weight and body fat in gastrectomized mice [8].
Plasma ghrelin levels correlate inversely with body mass index; thus
ghrelin is reduced in most obese individuals when compared to nor-
mal-body-weight individuals [9]. Elevated ghrelin levels induced by
diet-associated weight loss have been implicated in the rebound
weight gain phenomenon [5]. In addition, evidence suggests that
suppression of rising ghrelin levels by some bariatric surgery pro-
cedures, as observed after caloric deprivation, may also contribute
to the success of the surgical treatment [5, 10]. Sleeve gastrectomy

is a restrictive bariatric surgery procedure that provides reduc-
tion of gastric volume through resection of the stomach along the
greater gastric curvature and construction of a tubular gastric pouch
[11]. Sleeve gastrectomy is associated with a variable excess body
weight loss ranging from 33 to 90% depending on the series [11].
Weight loss attained trough sleeve gastrectomy has been attributed
not only to the restriction of the stomach capacity but also to the
decrease of ghrelin levels [12], since this surgery involves resection
of the majority of the gastric fundus, which is the main location of
ghrelin production [12, 13].

Since ghrelin is the only peripheral hormone known to stimulate
food intake, it has been considered the most promising target for
obesity treatment [14]. The neutralization of ghrelin biologic effects
in energy homeostasis, attained through several different experi-
mental models have already been used in order to prove this con-
cept, which included genetic deletion of ghrelin or ghrelin recep-
tor, ghrelin receptor antagonism and GOAT inhibition, the enzyme
responsible for ghrelin acylation with subsequent activation.
Ghrelin receptor antagonists have demonstrated to decrease food
intake, body weight and improve glucose tolerance in mice, con-
firming the potential of blocking ghrelin for the treatment of obe-
sity and type 2 diabetes [15] [16]. In addition, ghrelin-neutralizing
molecules, such as ribonucleic acid Spiegelmer (SPM), a non-natu-
ral nucleic acid with specific binding activity towards a given mol-
ecule, has also shown to decrease food intake, promote weight loss,
and decrease food efficiency [17]. Antibodies-mediated GOAT inac-
tivation increases metabolic rate and suppresses re-feeding after
food deprivation [18] [19], while a GOAT-specific inhibitor, a bisub-
strate analog GO-CoA-Tat composed of ghrelin, octanoyl Co-A, and
a Tat sequence that allows the analog to penetrate within the cell
cytoplasm where ghrelin acylation occurs is able to decrease serum
levels of active ghrelin, prevent body weight gain, increase insulin
secretion and improve glucose tolerance [20].

Anti-ghrelin vaccination strategies have also reinforced the con-
cept of ghrelin inactivation as a means to treat obesity. The first
approaches towards an anti-ghrelin vaccine consisted in passive
antibody transfer, using either polyclonal monoclonal anti-acylated
ghrelin antibodies that were able to dose-dependently inhibit fast-
induced feeding and suppress dark-phase food intake later [21]. In
addition, these antibodies were able to inhibit acute ghrelin-medi-
ated orexigenic effects without modifying long-term food intake in
mice [22], while a mixture of monoclonal antibodies targeting differ-
ent ghrelin haptens have been shown to increase energy expendi-
ture during fasting and deprivation-induced food intake, as well as
to reduce overall food intake upon re-feeding [23]. Although, repre-
sentative as a proof-of-concept, passive immunizations have the lim-
itation of lacking long-term effectiveness, due to the reduced half-
lives of the antibodies and need of periodic administration, as well
as the possibility of activation of compensatory pathways of ghrelin
production as may occur with other ghrelin inactivation procedures.
Therefore, active immunization strategies have been pursued with
the rationale of inducing a sustained immune response to suppress
endogenous ghrelin bioactivity, with the initial attempts using con-
jugates of ghrelin with bovine serum albumin (BSA) [24] and key-
hole limpet hemocyanin (KLH) as carrier proteins and immuno-
genic substances [25]. However, since these anti-ghrelin vaccination
strategies also carried the risk of exacerbated immune response or
had restricted use in humans, due to the need of using adjuvants in
order to achieve an appropriate antibody response, alternative anti-
ghrelin vaccination have been sought. Approaches using virus-like
particles (VLPs), which are viral proteins without genetic material,
hence with no pathogenic phenotype, has been the most recent
advance towards a pharmacological blockade of ghrelin’s biological
effects [26].

Thus, ghrelin, as the only orexigenic hormone so far identified, has
attracted particular attention both in surgical and pharmacologi-
cal obesity treatment approaches, as a potentially effective means
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of decreasing food intake and increasing energy expenditure, both

important contributions to establish a negative energy balance and

promote weight loss.

Obesity is a chronic disease, as evidenced by the high likelihood

of weight regain after weight loss attained by medical therapies.

Therefore, as for any chronic condition, there is a need for a long-

term approach to the disease [27, 28]. The available weight loss treat-

ments include combinations of diet, exercise, behavioral modifica-
tion, pharmacotherapy, and bariatric surgery.

Obesity surgery is reserved for severe obesity, namely for patients

with body mass index (BMI) over 40 kg/m2 or over 35 kg/m2 asso-

ciated with high-risk co-morbid conditions, as well as for patients
in whom medical weight loss treatments have failed and have not

shown long-term effectiveness [27].

Pharmacotherapy, to suppress appetite or alter nutrient absorption,

is indicated for patients with BMI over 30 kg/m2 or over 27 kg/m?

associated with high-risk co-morbid conditions. Drug therapy typi-
cally induces only 5 to 10% weight loss, although enough to confer
health benefits to the patient and improvement of obesity co-mor-
bidities even if the patient does not reach a normal body weight;
however, it cannot be used chronically and is prone to tolerance and

secondary lack of effectiveness [29].

In result of the self-evident lack of treatment tools for obese patients

with BMIs lower than 35 kg/m2, ghrelin-suppressive measures arise

as a promising and most welcomed therapeutic alternative.

However, it is important to reinforce that the available data sug-

gests that ghrelin suppression, although promising, is unlikely to

represent a broad anti-obesity agent. The role of ghrelin in food
intake regulation seems to act predominantly in response to con-
ditions of low energy intake, driving hunger, rather than regulat-
ing basal food intake or appetite. In addition, most obese patients,
with the sole exception of patients with Prader-Willi Syndrome, have
low ghrelin levels. So a vaccine is not expected to be effective in the
absence of diet-induced ghrelin rise. Therefore, the obese patients
who could probably benefit the most from the ghrelin-suppressive
approaches are more likely to be individuals with BMI of 27 to 35 kg/
m2 enrolled in a diet and exercise program as adjuvant therapy for
weight loss for the prevention of weight regain. Furthermore, since
food intake is the result of a highly regulated and redundant net-
work, it is unlikely that the single inhibition of the ghrelin pathway,
or any of the other pathways explored so far as a means to interfere
with body weight regulation, will be effective for obesity treatment;
combination therapies targeting multiple pathways will most likely

be needed [30].
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102.2

Preclinical data

C.Y.Kim
Vascular & Interventional Radiology, Duke University Medical
Center, Durham, NC, United States of America

Learning Objectives
1. Toreview preclinical evidence supporting bariatric embolisation
2. To describe preliminary data using animal models
3. Todescribe the rationale for BE
Of all hormones that are involved in regulation of appetite, only one
hormone actually stimulates hunger. Due to this, ghrelin has been
termed the “hunger hormone.” Ghrelin-secreting cells are highly
concentrated in the fundus of the stomach, with much lower con-
centrations located elsewhere in the body. Ghrelin levels are
depressed after bariatric surgeries that isolate or remove the gastric
fundus, and many have hypothesized that this ghrelin depression is
contributory to the resulting weight loss. The concept of impairing
ghrelin production by selective embolization of the gastric fundus,
termed “bariatric embolization,” has been evaluated in numerous
animal studies. These various studies, in aggregate, give insight into
the mechanism, side effects, and efficacy of bariatric embolization in
impairing ghrelin production and in energy control. The purpose of
this session is to review the existing preclinical data and discuss the
findings that may impact the translation of this potential therapy to
humans.

References

1. Arepally A, Barnett BP, Montgomery E, Patel TH. Catheter-directed
gastric artery chemical embolization for modulation of systemic
ghrelin levels in a porcine model: initial experience. Radiology.
2007 Jul;244(1):138-43.

2. Arepally A, Barnett BP, Patel TH, Howland V, Boston RC,
Kraitchman DL, Malayeri AA. Catheter-directed gastric artery
chemical embolization suppresses systemic ghrelin levels in
porcine model. Radiology. 2008 Oct;249(1):127-33.

3. Paxton BE, Kim CY, Alley CL, Crow JH, Balmadrid B, Keith CG,
Kankotia RJ, Stinnett S, Arepally A. Bariatric embolization for
suppression of the hunger hormone ghrelin in a porcine model.
Radiology. 2013 Feb;266(2):471-9.

4. Paxton BE, Alley CL, Crow JH, Burchette J, Weiss CR, Kraitchman
DL, Arepally A, Kim CY. Histopathologic and immunohisto-
chemical sequelae of bariatric embolization in a porcine model.
J Vasc Interv Radiol. 2014 Mar;25(3):455-61.

5. Bawudun D, Xing Y, Liu WY, Huang YJ, Ren WX, Ma M, Xu XD,
Teng GJ. Ghrelin suppression and fat loss after left gastric artery
embolization in canine model. Cardiovasc Intervent Radiol. 2012
Dec;35(6):1460-6.

6. Diana M, Pop R, Beaujeux R, Dallemagne B, Halvax P, Schlagowski I,
Liu YY, Diemunsch P, Geny B, Lindner V, Marescaux J. Embolization
of Arterial Gastric Supply in Obesity (EMBARGO): an endovascular
approach in the management of morbid obesity. proof of the
concept in the porcine model. Obes Surg. 2015 Mar;25(3):550-8.

7. Diana M, Halvax P, Pop R, Schlagowski |, Bour G, Liu YY, Legner
A, Diemunsch P, Geny B, Dallemagne B, Beaujeux R, Demartines
N, Marescaux J. Gastric supply manipulation to modulate ghrelin
production and enhance vascularization to the cardia: proof of
the concept in a porcine model. Surg Innov. 2015 Feb;22(1):5-14.

102.3

Techniques and complications

C.R. Weiss

The Russell H. Morgan Department of Radiology and Radiologic
Science, Johns Hopkins University School of Medicine, Baltimore,
MD, United States of America

Learning Objectives

1. To learn about the technical steps for bariatric embolisation

2. Tolearn about anatomical variants and physiological conditions
that may influence gastric artery embolisation

3. Todescribe potential complications and how to avoid them

Bariatric arterial embolization (BAE) is an exciting new technique

that is currently under investigation for the treatment of morbid

obesity. In this presentation, we will discuss the following:

1) The anatomic and technical considerations that are key to safely

and effectively performing BAE in humans based on the perspective

of ongoing early clinical trials.

2) Potential complications of BAE and how to avoid them.

3) Non-procedure-related aspects of patient care that are proving to

be essential to the success of BAE in the morbidly obese patient.

102.4

Early clinical results

C.R. Weiss

The Russell H. Morgan Department of Radiology and Radiologic
Science, Johns Hopkins University School of Medicine, Baltimore,
MD, United States of America

Learning Objectives

1. Tolearn about the connection between weight loss and gastric
bleeding embolisation

2. Toreview preliminary results of gastric embolisation in order to
achieve significant weight loss

3. Todiscuss future directions for optimising embolisation
protocols and clinical outcomes

Bariatric arterial embolization (BAE) is an exciting new technique that

is currently under clinical investigation for the treatment of morbid

obesity. In this presentation, we will discuss the earliest clinical data

that served as supporting evidence for ongoing FDA-approved clin-

ical trials, followed by the safety and efficacy data that the ongoing

FDA-approved trials have begun to produce.

Special Session
Management of early-stage hepatocellular
carcinoma

103.1

Diagnosis: imaging and biopsy

C. Ayuso
Department of Radiology, University of Barcelona, Barcelona, Spain

Learning Objectives

1. Tolearn how to diagnose HCC by using non-invasive imaging
criteria

2. Tolearn how to select patients for biopsy

3. Tolearn how to manage patients with suspected HCC

Surveillance programs of patients at risk of HCC allow diagnosis of

early-stage HCCs in asymptomatic patients when potentially cura-

tive treatments can be offered: surgical resection, liver transplanta-

tion, or ablation(1). Based on the BCLC classification, the very early

stage (BCLC 0) corresponds to patients with well-preserved liver
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function diagnosed with one nodule < 2 cm who would have excel-
lent outcomes after resection or ablation(2).
Angiogenesis takes place actively in these lesions. Nevertheless, the
rate of hypovascular HCCs of such a small size is around 15%(3). The
lack of typical vascular wash-in and wash-out pattern makes diagno-
sis by imaging unfeasible, and biopsy is recommended in nodules
between 1 and 2 cm with atypical vascular pattern. The diagnosis
of HCC in lesions < 1 cm is seldom achieved, and the recommenda-
tion is to follow-up these tiny nodules by ultrasonography looking
for possible growth(4).

The sensitivity and specificity of noninvasive criteria to be applied

in patients at risk may reach 70% and near 100%, respectively(5,6).

Biopsy has some limitations, one of them being a false-negative rate

of near 30% in the first attempt of detecting such a small tumor; this

makes it desirable to devise a tool that increases the sensitivity of
noninvasive criteria while maintaining a very high specificity.

MRI with combined extracellular and hepatobiliary contrast agents

has shown to increase sensitivity for the detection of HCCs < 2 cm,

but the lack of data on specificity and the imaging overlap between
small HCCs and dysplastic nodules makes it difficult to reach a confi-
dent diagnosis of malignancy based on imaging(7-10).

In summary, very small HCCs are often atypical on imaging and dif-

ficult to detect and diagnose. Care has to be taken to avoid overdi-

agnosis and overtreatment of small atypical nodules in pa-tients at
risk of HCC that would potentially induce treatment-related morbid-
ity without any outcome benefit.
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103.2

Staging, patient selection and treatment algorithms

P.L. Pereira

Dept of Radiology, Minimally Invasive Therapies and
Nuclearmedicine, SLK-Clinics GmbH, Ruprecht-Karls-University
Heidelberg, Heilbronn, Germany

Learning Objectives

1. Tolearn how to stage patients with HCC

2. Tolearn how to assess patient and tumour-related factors

3. Tolearn how to select patients for each treatment option
Hepatocellular carcinoma (HCC) represents the leading cause of
death in patients with liver cirrhosis. Role of diagnostic and inter-
ventional radiology has been established for staging and treating
patients with HCC. Multiple curative and palliative therapy options
are now available for these patients, and the prognosis is mostly
influenced by tumour stage and performance status and also by
the degree of liver-function impairment. The Barcelona Clinic Liver
Cancer (BCLC) classification has defined a subset of patients cate-
gorized as very early and early stage who can benefit from curative
treatments. Patients with intermediate-stage HCC, who are consid-
ered ineligible for curative treatment (ablation, resection or trans-
plantation), may benefit from transarterial treatments. However,
the most important prognostic factors remain clinical symptoms,
tumour burden and liver function. Discrepancies persist between
different treatment algorithms, e.g. EASL-EORTC still recommends
PEI for early-stage HCC nodules and only resection for very early-
stage HCC, although meta-analyses have reported the superiority of
thermal ablation over PEl for HCC <3cm in size, and similar results
for ablation and surgery have been reported for HCC <2 cm in size.
In other recommendations, image-guided thermal techniques with
radiofrequency ablation (RFA) is recommended as the first-line treat-
ment in early-stage HCC in patients with associated disease or even
as the first-choice therapy in very early-stage HCC if the patient is
not a candidate for transplantation. Strengths and weaknesses of
international treatment algorithms will be reviewed.

103.3

Ablation: techniques and complications

C.T. Sofocleous
Interventional Radiology Suite H118, Memorial Sloan Kettering
Cancer Center, New York, NY, United States of America

Learning Objectives

1. Tolearn how to use different techniques for image-guided ablation
2. Tolearn how to select patients for each ablation technique

3. Tolearn how to prevent and manage complications

No abstract available.



103.4

Outcomes of interventional treatments

L. Crocetti
Division of Diagnostic Imaging and Intervention, Pisa University
School of Medicine, Cisanello Hospital, Pisa, Italy

Learning Objectives
1. Tolearn how to interpret long-term results of image-guided
ablation
2. Tolearn how to discuss ablation survival data in comparison
with surgical survival data
3. Tolearn how to select patients with the best expected outcomes
Hepatocellular carcinoma (HCC) is the sixth most common can-
cer and the third leading cause of cancer-related death. Early diag-
nosis of HCC can be achieved by the surveillance of at-risk popula-
tions. However, a careful multidisciplinary assessment of tumor char-
acteristics, liver function, and physical status is required for proper
therapeutic management even in patients with early stage tumors.
When surgical options are precluded, image-guided tumor abla-
tion is recommended as the most appropriate therapeutic choice,
and it is considered to be a potentially curative treatment in prop-
erly selected candidates.
In very early stage HCC, the presence of a solitary, small nodule with
a diameter of <2 cm in Child-Pugh A patients AND the absence of
microvascular invasion and dissemination offers the highest likeli-
hood of cure. These patients can be offered surgical resection if they
are noncirrhotic or if they have cirrhosis but still have well-preserved
liver function and normal bilirubin as well as the absence of clinically
significant portal hypertension. Despite recent refinements in sur-
gical techniques that have resulted in the reduction of treatment-
related mortality to 1%-3%, most groups restrict an indication for
anatomical resection in patients with very early HCCs that are at a
suitable location for resection to maximally preserve noncancerous,
functional liver parenchyma. Nodules of <2 ¢cm that are neither sub-
capsular nor perivascular are the ideal target for percutaneous RFA,
which is considered as the standard technique for liver tumor abla-
tion at most institutions. In patients with very early HCC, the com-
plete response rate approaches 97%, with 5-year survival rates of
68%. Therefore, in these small, centrally located tumors, RFA seems
to challenge the role of surgical resection, thereby allowing a long-
term survival rate similar to that of resection along with the pres-
ervation of liver parenchyma. Therefore, in patients with very early
HCC, RFA can be offered as the first-line treatment, considering that
surgical approach when individual variables including tumor loca-
tion would make RFA unfeasible or unsafe.
Early stage disease includes patients with preserved liver function
(Child-Pugh A and B), with solitary HCC or up to three nodules with a
size of <3 cm. These patients can be effectively treated by resection,
liver transplantation, or percutaneous ablation with the possibility
of long-term cure, with 5-year survival estimates ranging from 50%
to 75%. Among different ablative techniques, RFA is currently con-
sidered as the best treatment options in patients with early stage
HCC. Five randomized controlled trials (RCTs) have compared RFA
versus PEI for the treatment of early stage HCC. These investigations
consistently showed that RFA was more effective than PEIl, which
led to a better local control of the disease. The assessment of the
impact of RFA on survival has been more controversial. While a sur-
vival benefit was identified in the three RCTs performed in Asia, the
two European RCTs failed to show statistically significant differences
in overall survival between patients who received RFA and those
treated with PEI, despite the trend favoring RFA. Nevertheless, three
independent meta-analyses including all RCTs have confirmed that
treatment with RFA offers a survival benefit compared with PEI, par-
ticularly for tumors >2 cm, thereby establishing RFA as the standard
percutaneous technique in these patients. Recent reports on long-
term outcomes of RFA-treated patients have shown that in patients

with Child-Pugh class A and early stage HCC, 5-year survival rates
are as high as 51%-64%, and they may reach to 76% in patients who
meet the BCLC criteria for surgical resection. Therefore, an open
question is whether RFA can compete with surgical resection as the
first-line treatment not only for patients with very early HCC but also
for patients with small, solitary HCC of >2 cm. Results of RCTs on this
topic remain controversial.

Large-scale, nation-wide surveys can provide evidence regarding
the respective role of resection versus percutaneous ablation in clin-
ical practice. In Japan, a prospective cohort analysis was conducted
by Hasegawa et al. They compared the outcomes of liver resection
(n = 5,361), RFA (n = 5,548), and ethanol injection (n = 2,059) in HCC
patients in Child-Pugh class A or B and up to three lesions with a
maximum diameter of <3 cm. Three-year and 5-year survival rates
were 85.3% and 71.7%, respectively, in the liver resection group ver-
sus 81.0% and 61.1%, respectively, in the RFA group. A retrospective
comparison of resection and RFA in the treatment of a large selected
group of patients, i.e., single HCC of <3 ¢cm in Child-Pugh class A
cirrhosis was recently published. Hepatic resection and RFA were
offered to patients in 15 Italian centers by following clinical practice
protocols. Four-year overall survival rates were 74.4% in the resec-
tion group and 66.2% in the RFA group (p = 0.353). The results of this
study seem to confirm that when ablation is performed in appropri-
ate patients with compensated liver cirrhosis and small HCCs, this
approach can be offered as the first-line treatment option.
Microwave ablation (MWA) is emerging as a valuable alternative to
RFA for the thermal ablation of HCC. Main features of the MW tech-
nology when compared with existing thermoablative technologies
include consistently higher intratumoral temperatures, larger tumor
ablation volumes, faster ablation times, and improved convection
profile. As a result, the advantage of MWA over RFA is that treat-
ment outcome is less affected by vessels located in the proximity of
the tumor. In addition, because MWA does not rely on an electrical
circuit as does RFA, multiple applicators can be applied simultane-
ously. So far, only one RCT has compared the effectiveness of MWA
with that of RFA. Although no statistically significant differences
were observed with respect to the efficacy of the two procedures,
a trend favoring RFA was recognized in that study with respect to
local recurrences and complications rates. However, it has to be
pointed out that the MWA technology has evolved significantly
since the publication of this trial. Recent advances in MW engineer-
ing have allowed the design of new MW systems with the potential
for larger, more controlled ablation zones. Despite the fact that MWA
has entered clinical practice, results of RCTs or large cohort studies
are still missing. Very large patient populations would be needed to
demonstrate significant advantages in the survival of patients with
very early HCC or early HCC treated with MWA with respect to those
treated with RFA. It is therefore essential to perform multicenter clin-
ical trials and to standardize as much treatment protocols as possi-
ble by considering the differences among different MW devices.

A new, nonchemical, nonthermal image-guided ablation technique
that is currently undergoing clinical investigation in early stage HCC
is irreversible electroporation (IRE). IRE is a method to induce the
irreversible disruption of cell membrane integrity by changing the
transmembrane potential, resulting in cell death without the need
for additional pharmacological injury. IRE creates a sharp boundary
between the treated and untreated areas in vivo. This would suggest
that IRE has the ability to sharply delineate the treatment area from
the untreated area, and that treatment planning can be precisely per-
formed according to mathematical predictions. Moreover, because
IRE is a nonthermal technique, there appears to be complete abla-
tion to the margin of blood vessels without compromising the func-
tionality of blood vessels. Therefore, issues associated with perfu-
sion-mediated tissue cooling or heating (a significant challenge with
thermal methods) are not relevant. In a recent report, the safety and
short-term efficacy of IRE in tumors near hepatic veins and/or portal
pedicles were examined. Another critical tumor location for thermal
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treatments is represented by tumors adjacent to major bile ducts due
to the risk of producing severe stenosis of biliary structures. Clinical
experience regarding this matter has been published, and the results
suggested that IRE may be a treatment option for centrally located
liver tumors with margins adjacent to major bile ducts where thermal
ablation techniques are contraindicated. However, so far, the pub-
lished data of IRE technique concerning studies conducted in preclin-
ical models and small case series and results of the ongoing prospec-
tive clinical trials are strongly demanded.
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Fundamental Course
Basic principles of acute stroke intervention

104.1

Current evidence on acute stroke intervention

G. Gdl
Department of Radiology, Odense University Hospital, Odense,
Denmark

Learning Objectives

1. To learn about completed stroke treatment studies/trials

2. Tounderstand where we stand with previous trial results

3. Tolearn about the practical impacts of these studies in daily
routine

Pathophysiological background

Brain tissue is extremely sensitive to hypoxia. With occlusion of a

cerebral artery that has no collateral circulation, permanent isch-

emic lesion may occur after 5 minutes. In the core of the infraction,

without collateral circulation, 2 million neurons/minute will die. In

the surrounding area, called penumbra, the neurons will lose their

functional activity, but may survive for a limited period, up to sev-

eral hours, depending on the quality of the collateral circulation.

Our goal is to reopen the occluded artery ASAP to diminish the size/

effect of the ischemic lesion.



Historical steps

The first intraarterial thrombolysis in a cerebral artery was reported
by Zeumer, 1983, injecting streptokinase through a microcathe-
ter into the vertebral artery at the C1 level in 5 patients with basilar
artery thrombosis, with 3 recanalizations and clinical improvement.
Intravenous thrombolysis with rTPA was approved in 1995, first in
Europe, then also in the US; and has since then been the first-line
treatment and the “gold standard” in the management of acute isch-
emic stroke. Since the advent of the Guglielmi detachable coils for
the endovascular treatment of cerebral aneurysms 1991, the increas-
ing number of thromboembolic complications occurring in the early
years has motivated the development of new devices for intraarte-
rial thrombectomy. The first of them, the Merci, was introduced in
2001, the second, the Solitair, in 2006. With these devices, the ratio
of recanalizations has significantly improved, from 25% with the first
to 60% with the latter. During the following years, several mechani-
cal devices have been introduced based on the same principle, i.e.,
to remove the clot with a stent-like retriever, hence the name “sten-
triever” The latest achievement in the technology is the ADAPT
technique, employing aspiration to remove the clot from the vessel.
Current status

However, until this year, all the major studies — IMS Ill, MR RESCUE,
SYNTHESIS Expansion - have failed to present firm evidence for
the benefit of intraarterial thrombectomy. On the other hand, early
this year, several new studies - MR CLEAN, ESCAPE, EXTEND-IA, and
SWIFT PRIME - have been published, presenting level 1a evidence
for the benefit of intraarterial thrombectomy for patients with stroke
caused by large vessel occlusion. A short analysis of these stud-
ies, and probably even those appearing after the deadline of this
abstract, will be presented at the next CIRSE meeting to support the
use of this method in the everyday practice.

104.2

Imaging algorithms and patient selection for IA treatment

T. Engelhorn
Neuroradiology, University of Erlangen-Nuremberg, Erlangen,
Germany

Learning Objectives
1. Tolearn about studies on image-guided patient selection in
acute stroke
2. Tounderstand the recent imaging algorithms for stroke
3. Tolearn how to select patients with this algorithm
The management of acute ischemic stroke is rapidly developing. The
current approach to patient selection for mechanical stroke reperfu-
sion therapies is based on the time from stroke symptom onset and the
imaging-derived existence of a major vessel occlusion such as the ICA,
BA, and proximal MCA. This approach is reasonable in the first 6 h after
stroke onset when substantial salvageable tissue probably exists in a
majority of patients. However, it neglects the variable collateral physi-
ology that exists between individual patients and probably plays a crit-
ical role beyond this time window. Recent data could prove that inter-
ventional stroke treatment provides superior clinical outcome than
intravenous thrombolytic therapy only. Besides the neurological defi-
cit (NIH stroke scale score of >10), brain imaging is of major importance.
The goals of imaging evaluation for acute stroke are to establish a diag-
nosis as early as possible to obtain accurate information about intracra-
nial (collateral) vasculature and brain perfusion to select the appropri-
ate therapy. At least multimodal brain CT imaging, ideally MRI with per-
fusion and diffusion imaging and various types of cerebral angiogra-
phy, should be available 24 h/7 days, with priority to stroke patients.
Based on recent data, alternative approaches employing absolute
lesion volumes of the core infarct and of the surrounding region of
hypoperfusion appear promising but require further validation. This
presentation will summarize the impact of recent studies on imaging-
guided patient selection for mechanical treatment of acute stroke.
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IA stroke intervention: technique

A. Bonafé, V. Costalat, P. Macchi, C. Riquelme;
Neuroradiology, Hopital Gui De Chaulaic, Montpellier, France

Learning Objectives

1. To learn initial fast access techniques in acute stroke patients

2. To learn preferred revascularisation techniques

3. To obtain perprocedural tips for successful recanalisation

Stroke intervention is not yet a standardized technique; there are
still many areas of controversy, but stent retrievers (SR) have recently
obtained evidence of their effectiveness through positive RCT.

SR thrombectomy: proof of efficacy

Swift and Trevo Il studies have demonstrated the technical superi-
ority of SR (Solitaire FR, Trevo ProVue) over first-generation devices.
During MR CLEAN, ESCAPE, EXTEND-IA, and SWIFT PRIME stud-
ies, SR were used in 81.5%, 86.1%, and 100% of the thrombectomy
cases, respectively. Clinical benefit of SR thrombectomy is now
clearly established with a number needed to treat to obtain an extra
patient, with an independent outcome of 7 in MR CLEAN and 3.2 in
EXTEND-IA.

Controversies

Domains of controversy encompass the following: access, throm-
boaspiration, balloon guide catheter, recanalization strategy, the
number of attempts of SR, emergent carotid stenting, and dual anti-
platelet therapy.

Anatomical hostile arch configuration have to be recognized prior to
the angio room. Contrast-enhanced MRA and CTA can depict type Il
and bovine arches as well as atherosclerotic arch lesions.

Balloon guide catheter significantly reduces the incidence of distal
and collateral (previously unaffected territories) clot embolization
complication.

Distal aspiration (manual or through a pump) provides either the
ability to recapture fragmented thrombus debris, owing to the
hydrodynamic force driven by distal, large-bore, intermediate cath-
eter or to grab the base of the thrombus into the distal end of the
catheter and maintain it firmly attached due to negative static pres-
sure, allowing complete clot removal in one path.

Emergent carotid stenting feasibility, safety, and effectiveness in
patients with acute ischemic stroke due to severe internal carotid
stenosis or occlusion remains controversial.

Beside organization network and patient selection, consolidation of
revascularization techniques will play a major role in the develop-
ment of neurointerventions in the care of stroke patients with a defi-
nite intracranial vessel occlusion.
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Cerebral sinus thrombosis

C.P. Stracke, M. Stauder, R. Chapot;
Klinik fir Neuroradiologie, Alfried Krupp Krankenhaus, Essen,
Germany

Learning Objectives

1. Tolearn how to diagnose cerebral sinus thrombosis

2. To learn preferred revascularisation techniques

3. Tounderstand the treatment indications

Cerebral sinus thrombosis is an uncommon reason for stroke. The
treatment regimen is usually noninvasive with systemic anticoag-
ulation. Interventional therapy should be considered in cases with
deterioration in the clinical course of the patient and in imaging
studies, despite adequate medical therapy.

Sinus thrombosis can be diagnosed by computed tomography includ-
ing venous angiography. MR with MR venography is the second diag-
nostic tool, achieving more detailed information about the thrombo-
sis and the accompanying findings such as venous infarction.
Interventional therapy includes local thrombolysis and mechani-
cal thrombectomy. Dedicated tools for sinus thrombectomy are not
available. We present our experience in consecutive case series with
mechanical thrombectomy using stent retrievers or alternative off-
label devices.

Fundamental Course
Basic principles of haemodialysis access
maintenance

2011

Current evidence and indications for failing dialysis access
management

L. Turmel-Rodrigues
Dept. of Radiology, Clinique St-Gatien, Tours, France

Learning Objectives

1. To learn about the clinical indications for intervention

2. Tolearn about the outcomes of managing failing dialysis grafts
3. Tolearn which management strategy provides the best results

A vascular access needs to be imaged under the following conditions:
*in the presence of vascular access clinical abnormalities directly
impacting patient’s health

*for the prevention of acute thrombosis

Clinical abnormalities

They include the following:

*cannulation difficulties

*inadequate access flow during dialysis

*high venous pressure

*prolonged bleeding from cannulation site after dialysis

*arm or facial edema

*cutaneous necrosis in needling areas

*distal ischemia

*inadequate measured access flow and inadequate dialysis
Thrombosis prevention

It was initially suggested that an access flow of less than 600 mL/min
in grafts and somewhere between 350 ml/min and 500 ml/min in
AVFs warranted some form of access imaging (1-2).

However, Tonelli wrote in 2008 that a subsequent systematic review
of randomized trials concluded that vascular access surveillance
did not reduce prosthetic graft thrombosis or improve survival,
although trials of autogenous fistulas suggested a beneficial effect
on thrombosis but no effect on survival (3).

Tonelli found in 2003 that a Qa of <500 ml/min seemed to be the

most appropriate threshold for performing angiography in patients
with native vessel AVF (4). It was therefore recommended that cli-
nicians arranged angiography when Qa was <500 ml/min in AVF.
However, Tessitore recently showed that elective repair of sub-
clinical stenosis in AVFs with a Qa of >500 ml/min cost-effectively
reduced the risk of thrombosis and access loss in comparison with
the approach of Kidney Disease Outcomes Quality Initiative (KDOQI)
guidelines, raising the question of whether the currently recom-
mended criteria for assessing and treating stenosis should be recon-
sidered (5).
Which type of image modality?
In this day and age, there is no place for ordering relatively costly
and invasive diagnostic fistulograms unless for the purpose of
rightly and justifiably dilating an underlying tight stenosis already
detected by either clinical examination or duplex ultrasonography.
Duplex ultrasonography is less costly and invasive and should be the
first-line diagnostic imaging modality (6).
Computed tomography and magnetic resonance angiography have
no place in the diagnosis of vascular access abnormalities as they
do not provide a platform for concomitant therapeutic interven-
tions to date (7-8). These two modalities are expensive and require
venipuncture of upper extremity veins. There are definite hazards
with gadolinium (nephrogenic systemic fibrosis). It is indeed alarm-
ing that in the era of rigorous vein preservation advocacy, the upper
extremity venous capital should be unnecessarily compromised for
the sake of finer but purely diagnostic imaging that can be effec-
tively obtained by duplex ultrasonography.
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Thrombosed dialysis access

F.G. Irani
Department of Radiology, Singapore General Hospital, Singapore,
Singapore

Learning Objectives

1. Tolearn how to image and identify failing grafts

2. Tolearn how to access thrombosed dialysis grafts

3. Tolearn how to perform the various treatment options

The prevalence of end-stage renal disease (ESRD) is increasing, with

haemodialysis being the main stay of renal replacement therapy.

Vascular access creation and maintenance are high-volume pro-

cedures. In the United States, the economic burden of maintain-

ing access patency is calculated to exceed $1 billion, with an annual

increment of >6%.

Access thrombosis is a complication seen in both arteriovenous

grafts (AVGs) (0.5-0.8 episodes/year) and arteriovenous fistu-

las (AVFs). Monitoring and surveillance are tools to identify failing

accesses. Physical signs (monitoring) of absent or changed bruit

or thrill, pulsatility, increased bleeding post-dialysis and failure to

gain needle access are indicative of dysfunction. Surveillance refers

to the periodic device-based evaluation of access flow (ultrasound

dilution, differential conductivity and Doppler) and static venous

pressure. Imaging using colour flow Doppler and grey scale provides

non-invasive anatomic and flow information.

Declotting of the thrombosed access can be performed either surgi-

cally or by endovascular techniques. Knowing indications and con-

traindications to access declotting is paramount to avoid poor clin-

ical outcome. Gaining needle access can be challenging as ‘flash

back’ is absent. The use of real-time, ultrasound-guided needle

tracking can overcome this problem.

The basic principle of access declotting is the removal of clot to

uncover and then performing angioplasty of the underlying culprit

stenosis.

Pharmaco-mechanical thrombolytic methods utilise lytic agents

along with mechanical thrombus disruption (balloon maceration).

The lytic agents used are urokinase and r-tPA. The delivery of lytic

agent into the clot is either by pull-back lacing pulse spray using

specially designed multi-sidehole catheters or by lyse and wait

technique.

Pure mechanical thrombectomy includes the use of devices such as

Arrow-Trerotola and Angiojet, suction thrombectomy with curved

catheters and large sheaths and rotating pigtail catheter.

Arterial plug removal at the anastomosis using the Fogarty embo-

lectomy balloon is well described.

Large thrombosed pseudoaneurysms in the course of the access are

problematic as clearing thrombus of varying ages may not be suc-

cessful. An elegant and effective method is the endovascular control

of inflow and outflow tracks, with a small surgical cut down over the

thrombosed aneurysm with the physical extraction of clot.

A thorough knowledge of complications and bail-out strategies is

essential to achieve procedural success.

Finally, a review of data both global and in-house with regards to

technical success, duration of patency and factors affecting access

survival will put these demanding procedures in perspective in sal-

vage of these ‘life lines'".
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Treatment of central vein occlusions

A.M. Madureira
Radiology, Vascular and Interventional Radiology Unit, Hospital S.
Joao, Porto, Portugal

Learning Objectives

1. To learn how to identify and image central vein occlusion

2. Tolearn how to recanalise central vein occlusions

3. Tolearn how to treat central vein occlusions

Central vein stenosis/occlusion (CVO) is common in hemodialysis pa-
tients and frequently associated with previous central venous cathe-
ters (CVC) and cardiac pacemakers.

CVO can not only result in venous hypertension but also in access
dysfunction; nevertheless, CVO is rarely responsible for the throm-
bosis of the venous access because of the development of a rich col-
lateral circulation that redirects blood to the right auricle.

Doppler US gives valuable anatomic and hemodynamic information
noninvasively. Small footprint probes are useful to image behind
the sternum, clavicles, and ribs, but central innominate veins and
the superior vena cava are particularly difficult to visualize directly.
Doppler analysis of the accessible inlet thoracic veins gives indirect
signs of more central CVO. Bilateral examination is the rule and helps
to identify the location of CVO.

CT or MR venography allows the direct visualization of all central
veins but are seldom indicated, owing to the deleterious effects of
iodinated and gadolinium-based contrast agents in these patients
and the need for venipuncture of the upper extremity veins for con-
trast injection.

Angiography can clarify doubtful cases, but it should be reserved for
those that need intervention and not for purely diagnostic purposes.
Owing to the poor results of angioplasty and the benign course
of asymptomatic central vein stenosis, these veins should only be
dilated in cases of clinically impaired facial/upper limb edema or
when there is a reflux at venography to cerebral veins.
Stents/stent-grafts do not seem to be of any benefit over PTA in mid-/
long-term, and they should be reserved for the control of venous
rupture when prolonged balloon inflation fails and for significant
residual stenosis due to dissection or elastic recoil. Self-expanding
types are primarily used. It is important not to compromise future
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access sites or surgical alternatives by the unselective use of stents.
Thrombosis can be recanalized by pharmacomechanical or purely
mechanical techniques and by PTA of the culprit lesion after success-
ful declotting. The best access is antegrade, transbrachial, and pref-
erably via a basilic approach. When this fails, the femoral approach
should be attempted, with through-and-through access sometimes
being helpful. Sharp recanalization techniques can be tried when
conventional methods of traversing the occlusion are exhausted.
Besides underlying stenosis, other less frequent causes of CVO have
to be considered and dealt with, namely hypotension, dehydration,
hypercoagulability, and mechanical compression.

Surgery is an option after multiple failed endovascular attempts.
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Non-maturated dialysis access

S.0. Trerotola
Interventional Radiology, University of Pennsylvania Medical Center,
Philadelphia, PA, United States of America

Learning Objectives
1. Tolearn about the angiographic characteristics of immaturity
2. Tolearn how to gain access and treat in- and outflow stenoses
3. To learn which interventions are appropriate
Failure of maturation of AVF is a growing problem, particularly in the
US where the strong push to increase the prevalence of fistulae
(“Fistula First”) has led to a philosophy of placing fistulae in as many
patients as possible, even in those who may be poorly suited to
receive a fistula. A large, prospective randomized trial in 2008
showed maturation failure in 60% of fistulae in both arms of the
study and served as a wake-up call regarding the magnitude of
this problem. Fortunately, using standard IR techniques, primarily
PTA, failure of maturation can be readily addressed with excellent
outcomes.
Nonetheless, there remains a controversy regarding a number of
aspects of IR-assisted AVF maturation, and this session will focus on
the standard techniques as well as dispelling misconceptions re-
garding ineffective or superfluous treatments, such as side branch
embolization and “BAM” or serial balloon-assisted maturation. The
presentation will focus on the available evidence and will concen-
trate on the role of venous as well as arterial PTA for AVF maturation
assistance. The outcomes of these techniques will be discussed, and
the technical aspects of these procedures will be presented.
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Special Session
Management of intermediate-advanced
hepatocellular carcinoma

203.1

Patient selection and treatment algorithms

R. Lencioni
Division of Diagnostic Imaging and Intervention, University of Pisa,
Pisa, Italy

Learning Objectives

1. Tolearn how to classify patients with intermediate-advanced HCC
2. Tolearn how to idenfy patients with locally advanced disease

3. Tolearn how to implement treatment algorithms in clinical practice
Transcatheter arterial chemoembolization (TACE) is the most widely
used treatment for hepatocellular carcinoma (HCC) patients unsuit-
able for radical therapies. The data collected in the GIDEON, the larg-
est global observational study completed in the field of HCC clini-
cal management so far, suggests that nearly half of all HCC patients
receive TACE at some point in the course of the disease. Randomized
controlled trials (RCTs) and meta-analyses have shown that TACE
improves survival with respect to best supportive care, extending
the median survival from 16 to 19-20 months. As a result, TACE has
been recommended as the standard of care for the treatment of
unresectable, large, or multinodular noninvasive tumors isolated to
the liver in patients with compensated cirrhosis. However, all RCTs
comparing TACE and best supportive care were performed more
than a decade ago. Distinct technical advances in the performance
of TACE and improved patient selection and management have
taken place since the completion of these studies. Several recent
investigations have suggested that proper patient selection and
optimized treatment techniques and protocols may be associated
with longer median survival. An open issue in the management of
TACE-treated patients is the assessment of tumor response and the
criteria for treatment discontinuation. Several recent investigations
conducted in the United States, Europe, and Asia have shown that
the assessment of tumor response by modified response evaluation
criteria in solid tumors (MRECIST) criteria predicts overall survival
in HCC patients treated by TACE. It has been suggested that TACE
should be discontinued in patients in whom an objective response
in the treated tumor has not been achieved after two treatment
cycles. In addition, TACE should be discontinued in patients show-
ing clinical progression to ECOG performance status >2 or evolution
to sustained hepatic decompensation. Various strategies to improve



outcomes for this patient group have become the subject of much
ongoing clinical research. Embolic, drug-eluting beads for transarte-
rial administration have been shown to reduce liver toxicity and sys-
temic drug exposure compared to standard TACE and are currently
used as alternative TACE regimens, especially in Europe and in the
US. Radioembolization with Y90 is challenging the current paradigm
of HCC treatment. Multiple centers around the world have provided
compelling data suggesting a clinical role in patients with portal
vein thrombosis as well as in downstaging to transplantation or con-
version of surgically inoperable patients (due to small liver remnant)
to potential cure with resection. The next few years will yield impor-
tant information as results from the on-going phase Ill RCTs further
define the role of the novel transarterial treatments in HCC clinical
management.

203.2

Conventional vs. drug-eluting bead embolisation

T. de Baére
Dept. of Interventional Radiology, Institut Gustave Roussy, Villejuif,
France

Learning Objectives
1. To learn about conventional and drug-eluting bead embolisation
2. Tolearn how to discuss the advantages and disadvantages of
each embolisation technique
3. To learn how to use embolisation techniques in different clinical
scenarios
TACE is the standard of care for Intermediate HCC, due to positive
results of two randomized trial using conventional TACE (c-TACE)
with either doxorubicin or cisplatin. TACE has level 1 evidence and
grade 1 recommendation for treatment of intermediate stage HCC
with a Child-Pugh score up to B7 [1].
Lipiodol is used during c-TACE, and is emulsified with chemothera-
peutic drug because Lipiodol demonstrated some specific prop-
erty such as selectivity for tumor, pharmacokinetic benefit, unique
tagging capacity of tumor for potential future targeting, and some
degree of embolization of the arterial feeders as well as peritumor
portal venules. The type of the emulsion, including the size of the
internal phase droplets, and direction of the emulsion impact highly
on pharmacokinetic benefit and tumor selectivity [2-4]. For these
reason, a water-in-oil emulsion must be preferred to a oil-in-water
emulsion. Increasing the volume of Lipiodol relative to the volume
of drug will help to obtain a water-in-oil (drug in Lipiodol) emul-
sion. Reproducibility of these emulsions remains questionable due
to tailored preparation technique without standardization. Animal
experiments have demonstrated a high pharmacokinetic benefit
for stable water in oil emulsions. Small size internal phase droplets
are more stable [4] and this can be improved by the use of a stabi-
lizer. Embolic effect of Lipiodol is not enough, and it should be com-
bined with particles embolization, which have been demonstrated
to increase rate of main tumor and satellite nodules necrosis [5], as
well as overall survival [6]. Gelfoam is most commonly used due to
its resorbabilty allowing for subsequent treatment. Degradable
starch microspheres have been reported for embolization during
¢-TACE with the benefit of rapid recanalization allowing for subse-
quent therapy.
Drug-eluting beads (DEB) have demonstrated reproducible loading
and eluting capacity in vitro with doxorubicin and irinotecan, with
some concerns about the quantity of drug remaining trapped in the
beads [7], especially for doxorubicin. Prolonged drug release and
high tumor exposure have been demonstrated in an animal model,
for both doxorubicin and irinotecan [8, 9]. Lower systemic passage
of drug than c-TACE has been demonstrated in clinical studies with
a non-optimized Lipiodol drug mixture [10, 11]. DEB improve repro-
ducibility of compounds injected for TACE. DEB are available in vari-
ous size ranging from 75 to 700 microns, with a tendency for smaller

bead being used in clinical practice, even if study looking at size
range are controversial for safety and efficacy results [10, 12]. DEB
have demonstrated to improve time to progression when compared
to bland embolization in the treatment of HCC [13].
For HCC treatment, two randomized trail compared c-TACE with
DEB-TACE with either tumor response at 6 months [14] or 2-year
survival [15] as primary endpoints. No significant superiority of
DEB-TACE has been demonstrated for response rate or overall sur-
vival. Post hoc analysis in one study demonstrated some bene-
fit in response rate for more advanced disease and fragile patients,
which was not found in the other study. Toxicity and especially rate
of alopecia was significantly lower for DEB-TACE in one study, while
in the other study, post-TACE pain was more frequent and severe
after ¢-TACE; but pain did not affect the length of hospital stay and
patient acceptance of additional TACEs. It is noteworthy that these
randomized studies do not use optimized Lipiodol/drug emulsion
for the direction of the emulsion.

While rates of post-procedure pain and alopecia were reported to

be lower with DEB-TACE than with c-TACE, image finding of liver-

biliary necrosis have been reported to be significantly higher with

DEB-TACE vs c-TACE [16]; this is probably explained by aggressive

embolization linked with high drug concentration in some healthy

liver close to the peri-biliary plexus. This liver biliary necrosis is more
frequent in NET patients treated with DEB-TACE, and induced liver
abscesses were responsible for discontinuation of a prospective

study at interim analysis [17].

Future hopes are placed in standardization and stabilization of emul-

sion used for Lipiodol TACE; resorbable drug eluting microspheres

may palliate incomplete drug release and permanent embolization;
and use of more active compounds against HCC, including sorafenib

[18] or sunitinib [19], are possible future developments.

While waiting for these new developments, when looking world-

wide at the use of TACE, it appears that ¢-TACE is used in 74% of

patients who will receive sorafenib at a later stage of the disease,

while DEB-TACE is used in 16% [20].
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203.3
Radioembolisation (TARE)

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

Learning Objectives

1. To learn about the different techniques for radioembolisation

2. Tolearn how to discuss the advantages and disadvantages of
radioembolisation

3. Tolearn how to use radioembolisation in different clinical scenarios

No abstract available.

203.4

Combined therapies in HCC: the evidence

J.-F.H. Geschwind
Radiology and Imaging Sciences, Yale University School of Medicine,
New Haven, CT, United States of America

Learning Objectives
1. To learn about different combination therapies used in patients
with HCC
2. Tolearn how to discuss the advantages and disadvantages of
each combination therapy
3. Tolearn how to use combination therapies in different clinical
scenarios
Until recently, there was no standard systemic therapy for unresectable
hepatocellular carcinoma (HCC). The introduction of anti-angiogenic
therapy, such as the multikinase inhibitor sorafenib, has changed the
management algorithm of patients with advanced disease. As antian-
giogenic drugs are generally cytostatic rather than cytotoxic, combina-
tions involving conventional cytotoxic chemotherapies with anti-angio-
genic drugs may be useful for maximizing therapeutic efficacy. Moreover,
given that HCC presents as hypervascular tumor(s), combining ther-
apies that inhibit angiogenesis on a molecular and mechanistic level
seems particularly attractive. Finally, given the fact that TACE directly
causes angiogenesis through activation of the hypoxia-mediated path-
way (hypoxic changes in the tumor directly up-regulate angiogenesis via
VEGF), thereby potentially limiting its efficacy, it was logical to combine
TACE with agents that directly counteract this angiogenic activity.
One of the most critical and specific factors for blood vessel forma-
tion is vascular endothelial growth factor (VEGF). VEGF is an endothe-
lial cell mitogen that regulates proliferation, permeability, and sur-
vival of endothelial cells through inhibition of apoptosis. HCC is one
of the most vascular solid cancers, associated with a high propen-
sity for vascular invasion and a high expression of VEGF. Upregulation
of VEGF has been correlated with increased tumor invasion, intra-
tumoral microvessel density, disease recurrence, and poor progno-
sis. Bevacizumab is a humanized monoclonal antibody that, through
its binding to VEGF, prevents the interaction of VEGF with its recep-
tors on the surface of endothelial cells. When unblocked, this inter-
action may lead to endothelial cell proliferation and new blood ves-
sel formation. VEGF expression is known to play an important role in
the development of HCC, and the degree of its expression is reported
to be associated with tumor size and histologic grade. Several stud-
ies have explored the potential therapeutic role for bevacizumab
in patients with HCC. The results of the first US phase Il study com-
bining anti-angiogenic therapy with TACE were recently presented.
Tumor response and safety of concurrent bevacizumab and TACE
were evaluated in 26 patients with unresectable HCC (ECOG status
0-2, Child-Pugh stage A-B, BCLC B-C). These patients received beva-
cizumab 10 mg/kg every 2 weeks, in addition to TACE, in a 6-week
cycle (on average, 1-3 cycles). Primary endpoint was tumor response,
assessed by MR imaging at baseline, and 3 weeks post-TACE, using
size (RECIST) and contrast enhancement (EASL). Secondary endpoints
included safety and survival. On follow-up imaging, index lesions
had a mean decrease in size of 13% (p < 0.0005). Using RECIST, eight
(35%) achieved partial response and fifteen (65%) had stable disease.
Targeted tumors demonstrated mean decrease in contrast enhance-
ment of 69% (p < 0.0005). By EASL criteria, fourteen (60%) patients
had complete or partial response, and nine (39%) had stable disease.
The disease control rate was 100% using either criteria while under-
going treatment. Median overall survival was 13.5 months, with 10
patients still alive. Fifteen (58%) patients experienced grade 3/4 tox-
icities possibly related to either therapy with most toxicities resolving
within 2 months of therapy. Overall, the combination therapy of bev-
acizumab and TACE was reasonably well tolerated in unresectable
HCC patients, with 100% disease control rate by imaging criteria and
median overall survival of 13.5 months.



Sorafenib, a small-molecule tyrosine kinase inhibitor with strong
anti-angiogenic properties, was approved by the FDA in 2008 for
the treatment of HCC. Since then, there have been a number of clini-
cal trials combining sorafenib with TACE. Our study published in JCO
2011 showed that the combination of sorafenib and DEB-TACE did
not lead to an increase in toxicities and was generally well tolerated.
This was true for both BCLC B and C patients. These results have
been supported by the GIDEON study, a phase IV study designed
to provide a snapshot of the usage of sorafenib in clinical medicine.
The SPACE trial, a randomized phase Il study of DEB-TACE with or
without sorafenib that was recently presented, also confirmed the
safety of the combination therapy and indicated that the combina-
tion arm was superior to DEB-TACE alone (HR =0.85). Other studies
to date including the COTSUN and START trials have confirmed the
safety of combining TACE and sorafenib but have not shown any sur-
vival benefit. However, emerging trends in published data have also
indicated a possible benefit in patients with BCLC C with PVT. This
was also an observation we made during the final analysis of our
study that combined DEB-TACE and sorafenib. Patients with more
advanced HCC and who are able to tolerate sorafenib for at least 6
months without significant side effects appear to benefit most for
the combined approach. Hopefully, more trials will be designed that
address this very issue.

The rationale for combining anti-angiogenic drugs with TACE is
abundantly clear and could become common clinical practice.
The safety profile of the combined approach has now been estab-
lished for all methods: interrupted, sequential, and continuous.
Although the data has so far been promising in some limited sub-
sets of patients with HCC, a clear survival benefit has not yet been
demonstrated.

Special Session
In-depth diagnostic and treatment concepts in
acute stroke

204.1

Where do we stand with “one-stop shop” flat-panel angio-stroke
imaging?

C. Stroszczynski

Department of Radiology, University Hospital Regensburg,
Regensburg, Germany

Learning Objectives

1. To understand the “one-stop shop” concept

2. Tolearn about the technical background

3. Tounderstand the impact of this concept to acute stroke treatment
Cone-beam CT angiography (Dyna-CT) enables sectional images
of the brain based on image post-processing of multiple views of
angiograms acquired during contrast media injection. When com-
pared with multislice CT, image quality reduced concerning the soft
tissue contrast. However, Dyna-CT might be able to differentiate
the presence or absence of intracranial hemorrhage and could suf-
ficiently detect relevant perfusion deficiencies in diagnosis of stroke.
Data that have been published very recently demonstrated a dra-
matic improvement of the outcome of stroke patients with throm-
bosis of carotid artery or the proximal segment of the ACM if throm-
bectomy was performed.

While time to intervention is the most important factor that influ-
ences outcome after stroke, concepts that might enable a signifi-
cant reduction of this factor should be carefully tested because of the
immense benefit for stroke patients concerning life quality and costs.
The scenario “one-stop-shot diagnosis and therapy of stroke patients”
includes an immediate transportation of stroke patients into the
angiography suite when a stroke is clinically suspected. Despite the

fact that most of the patients will not be suitable for thrombectomy,

reduction of door-to-needle time for those patients who will be

treated should be the most important benefit of this procedure.
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204.2

Role of imaging in patient selection for IV or IA treatment:
importance of imaging parameters

K.A. Hausegger
Radiology, General Hospital and Academic Teaching Hospital
Klagenfurt, Klagenfurt, Austria

Learning Objectives
1. Tolearnimportantimaging parameters
2. Tolearn about the impact of imaging parameters for patient
selection
3. Tounderstand patient selection in connection with imaging
findings
After three neutral trials with respect to endovascular treatment of
acute ischemic stroke (1-3), the MR CLEAN trial was the first prospec-
tive randomized trial showing a clear benefit of endovascular treat-
ment over intravenous lysis alone (4). The results of this study were
confirmed by the results of EXTEND-IA and ESCAPE trials, both of
which are stopped early because of the statistically proven efficacy
of the endovascular treatment (5,6).
Good clinical outcome after 3 months (i.e., mRS: 0-2) was achieved
in 32.6% (MR CLEAN), 71% (EXTEND-IA), and 53% (ESCAPE) trial. Thus,
a significant proportion of patients are still not benefited from the
IA procedure depending on the study design and patient selection.
In addition to the patient’s history and clinical status, neurovascular
imaging is one of the essential tools for proper patient selection.
It is well established that patients eligible for endovascular treatment
should have a proximal occlusion of a major brain-supplying artery
(internal carotid artery, proximal M1 segment, and basilar artery).
An infarct involving more than one-third of the MCA territory in the
anterior circulation is generally accepted as an exclusion criterion for
endovascular as well as IV treatment. Consequently, patients who
do not show an occlusion of the large vessel without a large infarct
presenting within an appropriate time window (typically less than
4.5 hours after symptom onset) would be candidates for IV treat-
ment alone if intracranial bleeding has been ruled out. In contrast,
patients with a proven large vessel occlusion are eligible for endo-
vascular treatment within a time window of 6 hours or even more
depending on the individual situation as long as the infarct is still lim-
ited. However, in addition to these criteria, it is desirable to know how
much salvageable brain is present before the procedure is started.
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Ideally, patient selection for intra-arterial treatment should be based
on this information, which would help to avoid futile recanalization
procedures that might be risky for the patients.
Currently, techniques used for neurovascular imaging comprise non-
enhanced computed tomography (NE-CT), CT-angiography (CTA),
magnetic resonance imaging (MRI) including MR-angiography (MRA),
and multimodal imaging such as CT perfusion and MR perfusion.
Both MRI and NE-CT are safe and robust for the exclusion of intra-
cerebral hemorrhage (7). Similarly, MRA and CTA both are reliable
and robust methods in the evaluation of the major brain-supplying
arteries, although some authors showed some advantages of CTA
over MRA (8).
According to the current evidence, the indication for endovascular
treatment of acute ischemic stroke can be established on the results
of NE-CT or MRI (exclusion of intracranial hemorrhage or exclusion
of a large infarct) and CTA or MRA (confirmation of a large vessel
occlusion) in conjunction with the history (time window) and clinical
situation (NIH-score, stroke severity). However, the estimation of the
potentially salvageable brain is only possible with multimodal imag-
ing and/or a detailed interpretation of source images from CTA (9).
The basic principle of multimodal imaging is the definition of the
infarct core (non-salvageable brain) and the penumbra (salvage-
able brain). The most reliable method to image an acute infarct
core is MRI with diffusion-weighted imaging (DWI) (10). In the early
stage of stroke evolution, DWI shows the areas of cytotoxic edema,
which is consistent with the infarct core. Several authors suggest
that patients who have a core infarct volume of 60-100 ml measured
on DWIimages are not likely to benefit from intra-arterial treatment.
This volume approximately represents one-third of the middle cere-
bral artery. NE-CT also shows the infarct core if the vasogenic edema
has caused enough hypodensity to be detected on NE-CT. However,
this usually occurs 5-6 hours after stroke onset.
The core of the infarct is surrounded by the so-called penumbra,
a region of reduced brain perfusion. In this area, the brain has an
impaired function but is still alive and therefore potentially salvage-
able. Both MR perfusion and CT perfusion are capable of displaying
this area of hypoperfusion. The difference of the infarct core and the
penumbra theoretically corresponds to the salvageable brain (mis-
match concept). Although this concept seems to be logical, there is
no common agreement on the definition of the penumbra based
on different perfusion parameters. MTT (mean transit time), TTP
(time to peak), and Tmax (time to maximum contrast arrival) may be
used as single parameters or in combination. Furthermore, no over-
all accepted threshold has been defined; to make things even more
complex, due to the pathophysiological evolution of an acute isch-
emic infarct, pure perfusion imaging (i.e., CT perfusion) cannot dis-
play the infarct core. Although it has been described that areas of
critically reduced CBV (cerebral blood volume) and/or CBF (cerebral
blood flow) may correspond to the infarct core, this is not reliable
(11). It has been shown that differences in the acquisition technique
and also in the applied software can lead to a different display of the
infarct core (12).
However, in the EXTEND-IA trial, patient selection for IA treat-
ment was based on CT perfusion. Definition of the infarct core was
defined by CBF (less than 30%), and definition of penumbra was
based on Tmax (more than 6 seconds delay). Interestingly, this man-
ner of patient selection resulted in good clinical outcome of 71%
after 3 months, compared to only 32% and 54% in the two other
recently published positive trials (MR CLEAN and ESCAPE).
In conclusion, according to the current evidence, patient selection
for intravenous and/or intra-arterial stroke treatment is based on
patient’s history and clinical situation as well as on three main imag-
ing parameters that are as follows:
« Exclusion of hemorrhage
« Exclusion of a large infarct core (i.e,, more than one-third, if the
MCA territory is approximately equivalent to a volume of 60-100 ml
of brain tissue)

- Confirmation (or exclusion) of a proximal occlusion of a major

brain-supplying artery

Multimodal imaging is used with increased frequency and promis-
ing results. However, there is no clear evidence at present that ther-
apeutic decision making can be based on these sophisticated imag-
ing tools. Nevertheless, it can be expected that more evidence
regarding the applicability of these techniques will be available in
the near future.
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204.3

Direct recanalisation with or without stent retrievers

A.S. Turk
Department of Radiology, Medical University of South Carolina,
Charleston, SC, United States of America

Learning Objectives

1. To understand the technical differences of clot retrieval with and
without stent retrievers

2. Tolearn about direct thromboaspiration without a stent
retriever

3. Tolearn about clot removal with stent retrievers

No abstract available.
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Current status of IA acute stroke treatment in light of the MR
CLEAN trial: the neurologist’s view

Y.B.W.E.M. Roos
Department of Neurology, Academic Medical Center, Amsterdam,
Netherlands

Learning Objectives

1. Tolearn about the results of the MR CLEAN trial

2. Tounderstand the importance of these results compared to
previous trials

3. Tolearn about the impact of this trial on stroke practice

No abstract available.

Special Session
Evidence Forum: Peripheral angioplasty

205.1

Should balloon angioplasty be the first-line treatment for
aorto-iliac occlusive disease?

A.M.H. Sailer
Radiology, Maastricht University Medical Centre, Maastricht,
Netherlands

Learning Objectives
1. Know the different technologies available
2. Learn about the role of these for treatment of stenosis and
occlusive disease
3. Tolearn about the anatomical considerations
Know the different technologies available
Aorto-iliac occlusive disease (AIOD) is common and can present any-
where from the distal aorta to the common femoral arteries. One of
the main contributing factors for AIOD is age, leading to an antic-
ipated increase in prevalence with increase of average age of the
population. The aorto-iliac region is affected in about one third of
patients with peripheral artery disease, and morphology varies from
localized stenosis to complete aorto-iliac occlusion (Leriche syn-
drome). Due to a strong correlation between AIOD and coronary
artery disease (CAD), all patients with AIOD should be assessed for
CAD and vice versa. AIOD causes a spectrum of symptoms from
intermittent claudication to critical limp ischemia. Symptomatic
AIOD requires treatment, but asymptomatic patients might also
be treated in order to facilitate access for other endovascular pro-
cedures like transcatheter aortic valve repair (TAVR) or before renal
transplant implantation. Lifestyle changes and risk factor modi-
fication, mainly consisting of smoking cessation, blood pressure
control, and statin therapy, should be part of the disease manage-
ment for all patients with AIOD. The role of exercise therapy for mild

claudication is controversial due to limited collateral growth poten-
tial in this territory. Invasive treatment options include percutane-
ous transluminal angioplasty (PTA) with or without stent placement
or surgical therapy with anatomical or extra-anatomical bypass
grafting. Endarterectomy is performed mainly in combination with
bypass surgery or in hybrid procedures.

Learn about the role of these for treatment of stenosis and
occlusive disease

The primary goal in the treatment of AIOD is to relieve symp-
toms and to improve patient’s quality of life and functional status.
Surgical therapy is effective in achieving these goals with high long-
term patency rates. However, open surgery has significant periop-
erative mortality and morbidity due to wound and graft infection,
hernia, and other complications. Endovascular therapy offers ade-
quate hemodynamic results and at the same time lower morbidity
and mortality, shorter hospital stays, and lower expected costs than
does open surgery. Ongoing development in devices and increased
experience with endografts in aortic repair have made angioplasty
and stenting the treatment of choice for more and more challenging
AlOD pathology, unless open revascularization is required for other
reasons. In experienced hands, endovascular treatment for Trans-
Atlantic Inter-Society Consensus (TASC) C and D lesions is safe and
effective with low complication and high technical success rates.
Restenosis or occlusion after endovascular treatment is the main
problem. It is caused by residual plaque, constrictive remodeling,
or intimal hyperplasia. Primary patency further depends on the
status of the run-off vessels, which have to be kept in mind when
comparing patency rates, especially in small studies. Recurrent
AIOD can almost always be managed effectively with a percuta-
neous approach achieving secondary patency rates and limp sal-
vage rates of endovascular therapy comparable to surgical ther-
apy. However, optimal primary clinical results at lowest costs are
desired. In a review of angioplasty for focal AIOD, mean techni-
cal success rate of 95% and 5-year patency of 80-90% are reported.
The only randomized controlled trial comparing angioplasty to sur-
gical therapy shows no difference in 3-year patency between both
groups. Direct and late success of angioplasty, however, is limited
by recoil stenosis and late re-stenosis. Little disagreement exists
about stenting as a secondary procedure after failed angioplasty
with residual systolic pressure gradient > 10 mmHg or residual ste-
nosis > 30% or in order to treat flow-limiting dissections and ulcer-
ative plaques. Predilatation may be performed in order to facilitate
stent placement.

One area of continuous debate is the role of direct (primary) versus
selective (after failure of PTA) stenting. Advocates for direct stenting
maintain that there is less intimal hyperplasia after stenting. In irreg-
ular and calcified lesions, direct hemodynamic results may be bet-
ter with stenting due to smoothing of the surface and leaving fewer
irregularities and less dissection flaps. Especially after recanaliza-
tion of occlusions, direct stenting potentially causes decreased risk
for peripheral embolization as the thrombus and plaque are trapped
between the mesh of the stent and the arterial wall. The Dutch iliac
trial provides a randomized comparison of direct stent placement
compared to primary angioplasty followed by selective stent place-
ment in case of a residual gradient > 10 mmHg after PTA. In this
study, 279 patients with mainly short iliac stenosis and few occlu-
sions were included, and those with complex lesions were excluded.
No significant differences in technical success, short-term and 5-year
patency, and quality of life were found between groups. By apply-
ing the selective stenting strategy, stent placement was avoided in
60% of the cases. The STAG trial compared primary stenting with
angioplasty in iliac artery occlusions shorter than 8 cm in length;
112 patients were randomly assigned to each group, and technical
success of the procedures, distal embolization complications, and
patency were assessed. No differences in primary and secondary
patency after 1 and 2 years were observed, but initial technical suc-
cess rates were significantly higher and embolization complications
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lower in the direct stenting group. Direct stenting for aorto-iliac
lesions has become common practice and is advocated by many
studies. Reported technical success and clinical success are excel-
lent, but late failure due to in-stent restenosis do occur, which often
requires more advanced devices in re-treatment. In a retrospective
review of 151 patients with AIOD who underwent either direct stent-
ing or PTA with selective stenting, the authors found 100% clinical
success rates for TASC A and B lesions in both groups. Short- and
long-term patency were significantly higher for the direct stent-
ing group in TASC C and D lesions, and overall perioperative com-
plication rate was lower for direct stenting than for angioplasty
and selective stenting (3% versus 24%). Currently, level 1b evidence
data support that in AIOC, angioplasty can be an acceptable first-
line treatment for focal, concentric, non-calcified, non-ostial steno-
sis. Aorto-iliac occlusions and complex lesions can be treated safely
with primary stenting.

To learn about the anatomical considerations

In patients with concurrent stenosis of the common femoral artery,
a hybrid procedure of iliac artery angioplasty with or without stent
placement in combination with endarterectomy (with or without
profundoplasty) is appropriate. Current evidence for device choice
and procedure planning for specific AIOD pathology (e.g., in-stent
restenosis), anatomical location (e.g., complete aorto-iliac occlu-
sion), and AIOD morphology (e.g., common iliac artery versus exter-
nal iliac artery) will be discussed during the session.

205.2

Should balloon angioplasty be the first-line treatment for
femoropopliteal disease?

S. Miiller-Hiilsbeck
Department of Diagnostic and Interventional Radiology / Neuroradi-
ology, Ev.-Luth. Diakonissenanstalt zu Flensburg, Flensburg, Germany

Learning Objectives
1. Know the different technologies available
2. Learn about the role of these for treatment of stenosis and
occlusive disease
3. Tolearn about the anatomical considerations
With respect to our patients we diagnose and treat during daily
work, this question does not allow a clear “YES” or “NO” answer. The
adequate manner to answer might be “YES, BUT...."
An attempt to clarify this “YES, BUT...” will be made during the evi-
dence forum lecture. Please find below some strategies of interpret-
ing what “YES, BUT...” means.
An interventional procedure consists of four elementary interven-
tional treatment steps followed by an adequate follow-up of the
patient: 1. lesion access, 2. lesion crossing, 3. lesion treatment, and
4, vascular closure. Once a lesion, either a stenosis or an occlusion, is
crossed successfully with a guide wire, different endovascular treat-
ment algorithms are possible like PTA, BMS, DEB, and DES, as well as
others like laser and atherectomy. For the moment, it is appropri-
ate to start treatment of an old lesion with PTA or plain old balloon
angioplasty (POBA), regardless of the lesion length. Just PTA means
look and see what happens to the index lesion. Just PTA means to
choose a balloon size appropriate in terms of diameter and length
to cover the lesion on an intention-to-treat basis. The time of bal-
loon inflation and the applied inflation pressure will influence the
immediate outcome during a first angiographic control (1). Often,
one wonders about the result. It will have different faces; one might
look like an undiseased vessel without any signs of remaining ste-
nosis, recoil, and dissection. It is still appropriate to stay with this
result, advising the patient for the right medication and follow-
up care. To stay with PTA as the first-line and single-line treatment
seems justified. A recent Cochrane analysis demonstrated that
there was a short-term gain in primary patency and no sustained
benefit from primary stenting of lesions of the superficial femoral

artery in addition to angioplasty (2). If one wants to go ahead with
a DCB, a BMS, or a DCS, PTA still remains the first-line treatment. At
the moment, valuable study data indicate that we do not harm the
patient with an additional implant made of Nitinol or additional
drug like paclitaxel. Data indicate enhanced primary patency rates
and reduces TLR rates under ideal and selected trial conditions. In
real world conditions, meaning during daily practice, the difference
in terms of reported outcome might be lower. PTA is still the first-
line treatment, and it might be enriched by an additional DCB as
indicated in promising trial data (3). An implant like BS or DES should
limited to PTA failure.
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Should balloon angioplasty be the first-line treatment for
infrapopliteal disease?

T. Rand
Dept. of Radiology, KH Hietzing, Vienna, Austria

Learning Objectives
1. Know the different technologies available
2. Learn about the role of these for treatment of stenosis and
occlusive disease
3. Tolearn about the anatomical considerations
Multiple trials have investigated endovascular treatment options in
infrapopliteal lesions and stents vs. PTA, which has always been the
classic question in studies. However, regarding infrapopliteal lesions,
some special criteria have to be considered for discussion.
As a general rule, particularly for infrapopliteal lesions, efficient
treatment is based on the biological behavior of the underlying dis-
ease and on the appropriateness of methods and techniques.
Biological background:
For infrapopliteal lesions, the biological background of infrapop-
liteal lesions is crucial. Particularly patients with diabetes mellitus,
who are frequently associated with small vessel disease below the
knee present with long diffuse arteriosclerotic disease. Highly calci-
fied and rigid stenosis as well as long occlusion exist, and more than
80% of lesions are more than 10 cm in length.
Endovascular options:
Regarding endovascular options, the treatment of infrapopliteal
lesions has been started with plain old balloon angioplasty (POBA)
approximately two decades ago, with the use of low-profile balloons
that came from coronary interventions. Treatment options were
later enlarged by the use of stents, which showed to have some
advances in short, rigid stenosis. Drug-coated stents even overcame
these results in some special indications. In the PTA section, further
improvement was achieved by the development of long, flexible
balloons. Latest radical improvements and innovations were added
by the development of drug-eluting balloons (DEBs), which in the
meantime were successfully used in infrapopliteal lesions.
The basic idea for the use of DEBs is to improve the outcome of PTA
by using paclitaxel as an antiproliferative agent to reduce restenosis
and to avoid the negative influence of the remaining stent material,
similar to the use in drug-eluting stents (DES).
Until now, several studies have shown the successful use of DEBs in
BTK lesions, particularly the statistically demonstrated superiority of
DEB over plain balloon angioplasty for restenosis and target lesion



revascularization. Moreover, in several current investigations, study
questions and endpoints changed from the evaluation of numeric
results such as restenosis and freedom of reintervention to clini-
cal aspects such as improvement of clinical results or freedom from
amputation.

Technical considerations and development of PTA techniques:
Dedicated devices for PTA for infrapopliteal use in longer lesions have
been developed. Low-profile balloons with a length of up to 20 cm
contribute substantially to the successful treatment of long BTK lesions.
Currently, dedicated guidewires for long chronic total occlusions (CTO
wires) have been developed, and they can successfully be used in infr-
apopliteal arteries. CTO wires start at a diameter of 0.014 inch and have
a range of tip loads from 3 to 25 g. These wires are designed to cross
lesions within the lumen. Basically, although a true lumen approach
will mostly be considered as the first-line technique for longer lesions,
it is acceptable if not beneficial to carry out angioplasty for longer seg-
ments from the subintimal tract using a hydrophilic guidewire.

By using micropunctures of pedal arteries, infrapopliteal arteries
can be achieved in the retrograde technique, and/or an antegrade-
retrograde access can be created resulting in pedal plantar loop
techniques or subintimal flossing, which was first described as the
SAFARI technique. Pedal plantar loop techniques can create a guide-
wire loop from the anterior tibial artery to the posterior tibial artery
through the pedal arch. Such techniques facilitate the recanalization
of long segments of infrapopliteal pedal and plantar arteries.
Studies:

Multiple studies have been conformed with the goal to evaluate
individual results of POBA, DEBs, bare stents, and DES in infrapopli-
teal lesions and to compare results. (1-7)

Recent publications presented results from the meta-analysis of
DEBs and DES placement where DEB angioplasty and DES demon-
strated superior outcomes compared with PTA and BMS, with no dif-
ference in amputation or mortality. (1)

When comparing PCB vs. DES in long infrapopliteal lesions, a
recently published prospective randomized controlled trial dem-
onstrated that DES were related with significantly lower residual
immediate postprocedure stenosis, and they have shown signifi-
cantly reduced vessel restenosis at 6 months. However, PCB might
produce positive vessel remodeling. (4) Other studies underline
the meaning of DEB in infrapopliteal lesions. For the DEBATE study,
DEBs compared with PTA strikingly reduced 1-year restenosis, tar-
get lesion revascularization, and target vessel occlusion in the treat-
ment of below-the-knee lesions in diabetic patients with critical
limb ischemia (CLI). (8) Other authors considered DEB as the leading
approach in below-the-knee disease. (6)

General considerations:

Due to the background and nature of BTK lesions, it is essential to
treat this special kind of lesions with dedicated tools and concepts
as simply and effectively as possible.

Starting with the biological background of BTK lesions, PTA is most
effective, and it easily and quickly treats long lesions.

This biological background of infrapopliteal arterial disease might
have influenced an obvious change in paradigms in the treatment of
long infrapopliteal lesions. Consequently, the revised TASC-II guide-
lines stated an “increasing evidence to support a recommendation
for angioplasty in patients with CLI and infrapopliteal artery occlu-
sion;” lesion length is no longer used to determine a recommenda-
tion for treatment.

As a further and an effective development in PTA, drug-coated bal-
loons have recently been started to be used, and they are a strong
and new tool for treating long segmental lesions and have shown
very promising results.

However, with regard to stents, treatment options seem to cover
more focal and short segments or bail-out procedures.

The use of stents in BTK lesions have proved to be sufficient for bail-
out strategies; however, they have not been used in long tibial arte-
rial disease systematically.

Conclusion:
Regarding angioplasty of infrapopliteal lesions, excellent clinical
results can be achieved with the proper use of dedicated techniques
and devices. With the current development based on the biological
background of lesions and under the premise of fast, effective treat-
ments, PTA as the first-line approach even more proves to be the
right tool.
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Pre-emptive dilation of stenoses in dialysis access: pro

B.S. Tan
Department of Radiology, Singapore General Hospital, Singapore,
Singapore

Surveillance of haemodialysis access is advocated by the current
KDOQI guidelines. The guidelines indicate that a single abnormal
monitoring value should not be used in isolation. The recommenda-
tion is for a combination of clinical factors and surveillance parame-
ters to be monitored, and prospective trend analysis of these param-
eters is more valuable in deciding which patient requires further
imaging and intervention.

Among the threshold values recommended for further assessment

are access flow rate less than 600 mL/min in grafts and less than

400-500 mL/min in fistulae, venous segment static pressure (mean

pressures) ratios greater than 0.5 in grafts or fistulae, and arterial

segment static pressure ratio greater than 0.75 in grafts.

However, much of the recommended guidelines have been based

on observational studies with historical control groups, and there is

an ongoing debate as to whether the use of surveillance with pre-
emptive intervention improves long-term access survival.

There has been a dearth of randomized controlled trials addressing

this issue, and many of the studies have included a relatively small

number of patients.

In analysing the strategy of pre-emptive dilation of stenosis in dialysis

access, it is perhaps better to consider grafts and fistulae separately.

For grafts, while initial observational studies suggested a reduction

in thrombosis with surveillance programmes, this has not been sub-

sequently supported by evidence from randomized control trials.

This is also the conclusion of a systematic review published in 2008.

However, the data for pre-emptive intervention in fistulae sug-

gests that surveillance can be of benefit. The same review showed

that there was reduced risk of fistula thrombosis in the surveillance
groups. Despite this, there was no reduction in the risk of fistula loss.

A more recent single-centre randomized controlled trial showed sig-

nificant benefit of an active surveillance programme in decreasing

fistula thrombosis and loss. Using parameters that are more aggres-
sive than the KDOQI guidelines, i.e. a combination of positive phys-
ical examination, access flow of 500-900 mL/min and/or elevated

venous pressure measurements, patients were enrolled to either a

control group or to an early pre-emptive intervention group. The

early pre-emptive intervention group led to a relative risk of 0.47

[95% confidence interval (Cl): 0.17-1.15] for access failure (P=0.090),

0.37 [95% Cl: 0.12-0.97] for thrombosis (P=0.033) and 0.36 [95% Cl:

0.09-0.99] for access loss (P=0.041).

The results of this trial are promising and suggest that the strategy

of pre-emptive intervention has a distinct part to play in the man-

agement of haemodialysis access. There is clearly a need for larger
multicentre randomized trials to confirm this.
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Pre-emptive dilation of stenoses in dialysis access: con

R. Shoenfeld
Surgicenter, The Access Center at West Orange, West Orange, NJ,
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AV access failure most often results from multiple factors culminat-
ing in neointimal hyperplasia, vessel stenosis, and eventually throm-
bosis. These events predominate in the juxta-anastomotic seg-
ment in AV fistulae (AVF) and at the venous anastomosis in AV grafts
(AVG). Certain factors such as surgical anastomotic configuration
and wall shear stress (WSS)! have been shown to cause endothe-
lial dysfunction, leading to activation and intimal migration of fibro-
blasts, vascular smooth muscle cells, and proliferation of microves-
sels2. Other implicated causes include chronic kidney disease-medi-
ated vasculopathy3, inadequate outward remodelling and compli-
ance mismatch due to vessel wall stiffness in synthetic AV grafts, and
increased arterial stiffness in diabetes mellitus.

On a molecular level, vascular smooth muscle cell proliferation may
be initiated by growth factors (PDGF-BB), hormones, or other stim-
uli such as uremia, oxidative stress, tissue injury, inflammation, cyto-
kines, and certain drugs. Via various pathways, they influence pro-
duction of transcription factors (non-coding microRNAs [miRs]) that
direct gene activity. These miRs help downregulate gene expres-
sion through translational repression or degradation of target mRNA
(autophagy), causing phenotype switching of vascular smooth mus-
cle cells from contractile to synthetic. This results in increased pro-
liferation, migration, matrix secretion, and microvessel proliferation.
Although our knowledge of the molecular processes driving neointi-
mal hyperplasia is rapidly expanding, many questions remain to be
answered with respect to mechanisms of action, particularly in veins.
AVFs have a much higher reported primary failure rate than AVGs due
to non-maturation4. Once mature, AVFs require fewer interventions
than AVGs to maintain similar cumulative patency. Early surgical or
endovascular intervention may result in salvage of immature AVFs with
acceptable post-intervention primary patency (PIPP) and access circuit
primary patency (ACPP). However, there is a paucity of published level |
data on cumulative patency following pre-emptive dilatation.

In a non-randomized study, Timmy Lee et al. reported cumulative
AVF survival of 68% vs.78% vs. 92%, respectively, at 1 year following 2
vs.1 vs. 0 interventions prior to achieving maturation. At 2 years, AVF
survival was 57% vs.71% vs.85%, respectively, and at 3 years, AVF sur-
vival was 42% vs. 57% vs. 75%, respectively. Frequency of interven-
tion to maintain patency after maturation was 3.51 + 2.2 vs.1.37 +
0.31 vs.0.76 £ 0.10, respectively, per year. They concluded that AVFs
requiring intervention to maintain patency had decreased cumula-
tive survival compared with those that spontaneously matureds.

The rationale for pre-emptive dilatation of stenoses in dialysis access
follows KDOQI surveillance guidelinest. AVFs with access dysfunc-
tion and/or access blood flow (Qa) < 400-500 ml/min and AVGs
with either Qa < 600 ml/min or Qa < 1000 ml/min with a decrease of
>25% should be referred for stenosis imaging and treatment.

In a randomized trial, Tessitore et al. reported that elective stenosis
revision in functional AVFs with Qa > 350 ml/min resulted in a four-
fold reduction in risk of access loss compared with intervention in
dysfunctional AVFs?.

Vascular access screening also detects subclinical and significant ste-
noses (>50%) in properly functioning AVFs with Qa > 500 ml/min.
These AVFs can deliver adequate dialysis with a low risk of failure8. No



intervention is warranted in such cases since the stenosis is not hemo-
dynamically significant (i.e, poor clearance, prolonged bleeding, diffi-
cult cannulation, and >50% stenosis, with a trending change in access
flow or pressure). Treatment may be harmful since unnecessary angio-
plasty (PTA) for stable or slow-growing stenoses may impair access sur-
vival by prompting aggressive restenosis due to accelerated neointimal
hyperplasia®.

AV access surveillance and pre-emptive treatment of severe ste-
nosis have been reported to reduce the incidence of thrombosis.
However, randomized controlled trials failed to confirm improved
long-term AV access survival. In a systematic review and analysis,
Tonelli et al.’% reported no conclusive evidence that screening with
access flow measurements prevented access loss in fistulas or grafts
nor did pre-emptive angioplasty result in improved quality of life or
conserved resources. Moreover, randomized controlled trials did not
demonstrate benefit of surveillance in grafts.

In a randomized trial to test the hypothesis that pre-emptive treat-
ment of AVGs reduces thrombosis rates and increases access survival
compared with treatment only at time of dysfunction or thrombo-
sis, Dember et al."" randomized 64 patients to 2 study arms (obser-
vation and pre-emptive treatment). Monthly static venous pressure/
systolic pressure ratios (SVPR) were obtained. Values > 0.4 triggered
pre-emptive intervention in the treatment group, whereas patients
in the observation group only underwent study and treatment for
access dysfunction or thrombosis. During the 3.5-year study period,
the proportion of patients with a thrombotic event was significantly
greater in the observation group. However, both groups showed
similar thrombosis rates, identical access abandonment (14 patients/
group), and no statistical difference in time to access abandonment.
In a sequential observational trial, Shahin et al.'”2 compared histori-
cal controls (physical exam) with physical exam plus monthly access
flow monitoring (ultrasound dilution technique). The addition of
access flow monitoring resulted in a sevenfold increase in angio-
plasty procedures (0.67 vs. 0.09 per access-year). Angioplasty effec-
tively restored flow to original baseline, with no improvement in
thrombosis rate or cumulative patency. Primary assisted patency
decreased due to the increased rate of angioplasty.

In their report on interim analysis of a randomized controlled trial,
Tessitore et al. confirmed that treating asymptomatic stenoses could
trigger aggressive stenosis, leading to thrombosis'3. Another poten-
tial concern was the generation of high Qa (>2000 ml/min) leading
to high-output heart failuret4.

Paclitaxel-coated balloons employed after successful conventional or
high-pressure angioplasty retard neointimal hyperplasia and stenosis in
AVFs and possibly in AVGs. Their mechanism of action involves stabiliza-
tion of nuclear microtubules causing tubular overload of cells and arrest
of cell division at the G2/M checkpoint, thus preventing cytokinesis.
Three significantly flawed trials reported results with paclitaxel-coated
balloons in treating AVF and AVG stenosis in 51 patients'>16.17, Six-
month primary patency ranged from 70% to 92.3%. Two of the studies
reported 12-month patency of 90.9% and 20%!617. One study reported
24-month patency of 57.8%6. These results suggest a short-term
advantage of paclitaxel-coated balloons over conventional balloons in
retarding neointimal hyperplasia. Patane et al.'s unusually good long-
term results were outliers without a control group for comparison.
Perhaps most importantly, the concept of pre-emptive treatment of AV
access stenosis is misguided, based on the idea that repeatedly dilating a
stenosis with a balloon will somehow correct abnormalities of wall shear
stress, vascular remodeling, compliance mismatch, and suboptimal anas-
tomotic angles/configuration to favorably improve long-term access via-
bility. Instead, we must recognize that stenosis is the macro-manifes-
tation of molecular response to vessel injury and endothelial dysfunc-
tion. The ultimate solution will reside in our understanding of vessel wall
molecular biology and our use of genetic tools to influence or control the
factors that upregulate and downregulate the genetic response to injury.
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Permanent filters are obsolete: pro
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Permanent filters are obsolete: con
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Surgery for Paget-Schroetter syndrome is mandatory: pro
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Paget-Schroetter syndrome is the phenomenon of upper limb deep
vein thrombosis stimulated by repetitive endothelial damage to
subclavian and axillary veins, resulting in thrombosis.

It is well recognised that anatomical factors, which allow for repet-
itive trauma during the course of exercise (or effort), facilitate and
perpetuate this trauma. (1, 2)

The anatomical abnormalities that allow the thoracic outlet to be
restricted are formed primarily by the first rib, clavicle and scalenus ante-
rior muscle, with contribution from other abnormalities such as the pres-
ence of the cervical rib and congenital bands and hypertrophy of scale-
nus tendons and abnormal insertion of the costoclavicular ligament.
The role of other factors, such as haematological abnormalities, while
undoubtedly being part of the process, is less well established. (3)
Established practice, as with lower limb DVT, has viewed anti-coag-
ulation alone as the gold-standard treatment for DVT of both the
upper and lower limb. With advancements, in particular of catheter-
directed lysis techniques, it is now increasingly apparent that long-
term consequences of conservative management in a young patient
population are unacceptable. (2, 4-7)

The premise is accepted that intervention confers better results; ulti-
mately, this is predicated on restoring normal venous outflow from
the upper limb.

Therefore, there are two options for treatment:

Venous lysis without surgery (lysis, venoplasty + stent)

Venous lysis plus surgery (xvenoplasty + stent)

The first non-surgical strategy ignores the contribution made by
anatomical factors.

Published results of the first strategy suggest that good results may
be achieved in up to 75% of patients, with the rest requiring surgery
at a delayed interval due to residual symptoms, principally recurrent
thrombosis and the development of post-thrombotic syndrome. A
strategy of selective surgical intervention after lysis, while in princi-
pal sensible to avoid the risks of surgical intervention, is only pos-
sible with a robust pathway for identifying which of the patients
would require surgery. However, no such pathway exists. (8)

In addition, venoplasty and stenting without rib resection has ex-
tremely poor outcome due to stent fracture and re-occlusion. (2, 8-10)
It therefore remains, with current evidence, that best results for the
treatment of Paget-Schroetter syndrome are achieved by the policy of
catheter-directed lysis and by the correction of anatomical abnormality
(first rib resection) in all patients who are suitable for intervention.
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Surgery for Paget-Schroetter syndrome is mandatory: con
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The problem with Paget-Schroetter/venous thoracic outlet syn-
drome (VTOS) is that it is not the name of a single entity, but rather
it is a catch-all term for a wide variety of conditions, the causes of
which are attributed to the compression of neurovascular structures
as they cross the thoracic outlet.

As with most conditions in which the diagnosis is clinically diffi-
cult, treatments vary amongst different doctors. Most of us tend to
see things in a way in which we can treat the patient. It is human
nature to attempt to “do something.” This is particularly so amongst
a group of interventionalists.

The title of this debate is whether surgical reconstruction is man-
datory in Paget-Schroetter syndrome. To interventional radiolo-
gists, “surgery” would clearly represent some form of open opera-
tion, whereas “surgery” to the general public would be considered
to include any form of intervention including venography, wire pas-
sage, thrombolysis, and stent placement.

So a better title of this debate might be as follows:

“Paget-Schroetter syndrome is better managed by conservative
therapy rather than any form of operative or interventional therapy”
For acute axillo-subclavian venous thrombosis, treatment needs
to address three problems: thrombus, extrinsic compression, and
intrinsic damage to the vein. Thrombolysis is the most commonly
recommended treatment, with continued anticoagulation for sev-
eral months. Surgery is needed to decompress the area between the
back of the first rib and the front of the clavicle. The timing of this is
under debate.

For chronic obstruction, differentiation between venous-related
symptoms and neurological symptoms is much more difficult, and it
is here that the real problems lie.
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Uncontrolled post-partum haemorrhage

L. Ratnam
Interventional Radiology, St George’s Foundation NHS Trust,
London, United Kingdom

Learning Objectives

1. Tolearn how to select the appropriate patient

2. Tolearn how to perform embolisation

3. To learn about the outcomes including future fertility

Obstetric haemorrhage remains one of the major causes of mater-
nal death in both developed and developing countries. Primary
post-partum haemorrhage (PPH) is the most common form of
major obstetric haemorrhage. In the 2003-2005 report of the UK
Confidential Enquiries into Maternal Deaths, haemorrhage was the
third highest direct cause of maternal death (6.6 deaths/million
maternities).

The traditional definition of primary PPH is the loss of 500 ml or more
of blood from the genital tract within 24 hours of delivery. Secondary
or late PPH occurs after 24 hours but less than 6-12 weeks after deliv-
ery. Primary PPH involving an estimated blood loss of 500-1000 ml
(and in the absence of clinical signs of shock) should prompt basic
measures (close monitoring, intravenous access, full blood count,
group and save) to facilitate resuscitation should it become necessary.

If a woman with primary PPH is continuing to bleed after an esti-
mated blood loss of 1000 ml (or has clinical signs of shock or tachycar-
dia associated with a smaller estimated loss), this should prompt a full
protocol of measures to achieve resuscitation and haemostasis.

The main causes of primary PPH are uterine atony (80% of PPH) and
trauma or laceration of the lower portion of the genital tract. Other
causes include caesarean section, invasive placentation, congeni-
tal or acquired coagulation disorders, uterine rupture or inversion,
bladder flap haematoma, retention of blood clots or placental frag-
ments and fibroids. The main causes of secondary PPH are retained
placenta, abnormal placentation, uterine subinvolution, coagulopa-
thies and ruptured pseudoaneurysm (PSA).

Transcatheter arterial embolisation (TAE) of the pelvic arteries for con-
trol of persistent PPH was first described in 1979. A 2002 review sum-
marised case series totalling 100 women and reported 97% suc-
cess with selective arterial embolisation for obstetric haemorrhage.
Interventional radiology should be considered in all cases with per-
sistent haemorrhage despite appropriate medical and obstetric treat-
ment. Where there is uterine rupture or bladder injuries are suspected,
surgery is preferred. In PPH after caesarean section and vaginal birth,
in secondary PPH or in case of coagulopathies, TAE should be the pre-
ferred option. TAE must be performed rapidly and should be consid-
ered as soon as blood transfusion has started in order to avoid delays
which allow severe coagulation abnormalities with disseminated intra-
vascular coagulation (DIC) and associated increased morbidity.
Embolisation Technique

The technique is similar to that carried out for uterine artery emboli-
sation. We perform bilateral common femoral arterial punctures usu-
ally under ultrasound guidance, and 6-French sheaths are inserted.
Bilateral 4-French RIM catheters are used to selectively catheter-
ise the uterine arteries. Very rarely, in cases with small or tortuous
uterine arteries, or arteries that appear prone to spasm, we would
use a microcatheter. Embolisation is carried out using slurry of gel-
foam created by mixing small cubes of gelfoam cut out of a sheet
of gelfoam sponge with contrast and saline using a three-way stop-
cock and two syringes. Unless a specific, focal bleeding point is iden-
tified and embolised, embolisation must be bilateral due to pres-
ence of anastomosis between the uterine arteries, which may there-
fore result in rebleeding when only one uterine artery is embolised.
Following embolisation, if there are no contraindications, a closure
device is used to seal the puncture site.

Minor complications which may arise from embolisation include
puncture site haematoma, uterine artery dissection, transient sci-
atic nerve paresis, infection and post-embolisation syndrome. Major
complications are rare and include non-target embolisation causing
bladder necrosis, embolic material migrating down the external iliac
artery and causing acute limb ischaemia and uterine necrosis requir-
ing hysterectomy.

Frequently, no focal bleeding point is identified from a flush aorto-
gram or even on selective catheterisation of the uterine arteries. If
the patient is not critically unstable and catheterisation is not too
difficult, we advocate performing bilateral selective embolisation of
the uterine arteries. Where time is of the essence due to haemody-
namic instability and catheterisation of the uterine artery is not prov-
ing straightforward, embolisation of the anterior division of the inter-
nal iliac artery can be carried out. In cases of secondary PPH, a focal
bleeding point is sometimes seen due to the delayed rupture of a
PSA. Following caesarean sections, the PSAs are usually of the uterine
arteries, whereas following traumatic vaginal deliveries, they are usu-
ally of the internal pudendal or vaginal arteries. If a PSA is identified,
more selective embolisation can be carried out using coils.

In patients with morbidly adherent placentas, prophylactic occlu-
sion of the internal iliac arteries prior to a planned, elective caesar-
ean section enables a controlled approach to delivery in this high-
risk group. Should there be uncontrollable haemorrhage in these
cases, embolisation can be performed immediately as there is
already access into the internal iliac arteries.
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Outcome
Failed TAE is noted in cases with DIC, major transfusion (more than 5
to 10 red blood cell packs transfused), blood loss of greater than 1.5
I, morbidly adherent placenta and severe arterial spasm at the time
of initial embolisation. This is seen in 5-10% of cases. Where there is
continued or repeat bleeding after an apparently successful TAE, a
repeat TAE should be considered.
Repeat procedure may demonstrate reopening of a previously
occluded uterine artery, which can then be re-embolised. An aorto-
gram should be performed with the tip of the pigtail catheter at the
level of the renal arteries to look for significant uterine blood supply
from the ovarian arteries, as well as collateral supply which can arise
from the inferior mesenteric artery, iliolumbar, lumbar, middle rectal
and other arteries.

Fertility

In spite of the presence of transient ovarian failure, no adverse effect

on fertility is seen in 91-100% of cases of patients undergoing TAE.

Regular menstruation has been reported in recent studies with rates

of 97-100% in almost 290 patients. Follow-up studies of smaller

groups of women who had undergone arterial embolisation for con-
trol of PPH also suggest that the intervention does not impair subse-
quent menstruation and fertility.

Conclusion

Treatment of PPH requires a multi-disciplinary approach with close

involvement of obstetricians, interventional radiologists and anaes-

thetists. It is important that arterial embolisation is considered early
in the treatment algorithm to avoid failure due to the development
of severe clotting abnormalities.
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Pelvic congestion

A. Basile
Interventional Radiology, Ospedale Garibaldi Centro, Catania, Italy

Learning Objectives
1. Tolearn how to select the appropriate patient
2. Tolearn how to perform embolisation
3. Tolearn about the clinical outcomes
Approximately 10% of outpatient gynecologic visits are second-
ary to chronic pelvic pain; among the varied causes, pelvic conges-
tion syndrome (PCS) is second only to endometriosis in frequency.
Symptoms are varied, and classically, dyspareunia or menstrual dis-
order is observed more often in multigravidae. Correlation of imag-
ing findings with clinical history and physical examination lead to
correct diagnosis with high sensitivity (94%) and specificity (77%),
especially when other significant gynecological or pelvic patholo-
gies are excluded (1). Therefore, gonadal venography through fem-
oral or jugular access still remains the definitive imaging modality to
diagnose patients with PCS. If reflux is present, then selective cathe-
terization and embolization can be performed.

Interventional radiological embolization is curative in up to 83% of

cases (2). Sclerosing agents alone or in combination with coils or

plugs are commonly used. The most accepted embolization tech-
nique for PCS consists of bilateral ovarian vein embolization if the
right ovarian vein is refluxing; in cases in which symptoms persist
for a period of 3-6 months, the embolization of internal iliac veins is
performed. Here is an increasing population of patients with reflux-
ing pelvic veins associated with leg varicosities for whom the pri-
mary embolization of four pelvic veins (both ovarian and internal

iliac veins) has been successfully performed (3,4).
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Testicular varicocele

T. Jargietto
Department of Interventional Radiology, University School of
Medicine, Lublin, Poland

Learning Objectives
1. Tolearn how to select the appropriate patient
2. Tolearn how to perform embolisation
3. Tolearn about the outcomes including future fertility
A varicocele is defined as an abnormally dilated vein within the sper-
matic cord caused mainly by retrograde blood flow through the inter-
nal spermatic vein. Varicocele is detected in 9-20% of the general male
population and observed in about 40% of subfertile/infertile adult
males. In many cases, varicocele is asymptomatic; but according to
many authors, it is the most common correctable cause of male infer-
tility. Among many non-specific symptoms, effort-associated pain and
cosmetic defects usually cause serious discomfort to patients.
There are many theories explaining formation of varicocele: congeni-
tal absence or malfunction of valves and a specific shape and course
of the left spermatic vein are the most popular ones. Compression
of the left renal vein between the aorta and the superior mesen-
teric artery (nutcracker syndrome) or post-thrombotic complications
are less common. More than 90% of varicocele cases are left-sided.
Bilateral varicocele and isolated right-sided involvement are very rare.
Endovascular embolisation of varicocele was described for the first
time by laccarino in 1977, and in following years, various embolisa-
tion techniques (different embolising agents) have been succes-
sively described. Nowadays, the most frequent technique used is a
combination of coils and sclerosing agents, which is simple, effective
and economic. Our preferred method is the ‘sandwich technique’,
which means distal coiling/sclerosant in a foam shape/proximal coil-
ing. We found it very effective for testicular vein obliteration to keep
foam sclerosant between coils and also with fewer complications,
when sclerosant is not migrating to the scrotum.
Endovascular treatment of varicocele has some well-known advan-
tages: it is a minimally invasive procedure performed under local
anaesthesia and causes much less patient anxiety than conventional
surgical operations. The modern percutaneous transcatheter proce-
dures have comparable, or even lower, recurrence/persistence rates
compared to microsurgical and laparoscopic methods. Nevertheless,
some authors argue that surgery is still the first choice of treatment.

Till the mid-1980s, many clinical studies on varicocele treatment

have shown variable effects on postoperative sperm parameters

and pregnancy rates. A number of conflicting results in this subject
come from many different clinical approaches, variable repair tech-
niques and problematic controls, especially when associated with
other reproductive technologies. Despite that, varicocele repair

(embolisation) is nowadays considered as the primary treatment

option when a couple with documented infertility involves a male

with a clinical varicocele and suboptimal semen quality.
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Prostate and bladder haemorrhage

M.A. de Gregorio, A. Laborda;
GITMI, University of Zaragoza, Zaragoza, Spain

Learning Objectives

1. Tolearn how to select the appropriate patient

2. Tolearn how to perform embolisation

3. Tolearn about the outcomes including complications
Life-threatening haematuriais a severe problem that usually demands
urgent medical or surgical treatment. Surgical treatment is often not
indicated due to advanced age or poor conditions of the patient.
First references to prostate or bladder artery embolisation in medi-
cal literature to treat haematuria date back to the year 19791,

There are several aetiologies, which can cause severe haematu-
ria with difficult medical or surgical control. When ureteral or renal
causes are ruled out, the most important causes are bladder, pros-
tate and urethral tumours and transurethral resection of the pros-
tate (TURP), prostatic biopsy and radiation or cyclophosphamide-
induced cystitis. In some patients with this pathology, haematuria
can be life threatening. When conservative treatment fails, surgery
is not always possible because of high-operative risk. In these cases,
endovascular embolisation can be a safe and effective method to
control bladder or prostatic bleeding2.

For endovascular embolisation, the biggest disadvantage is the cor-
rect anatomical identification of arteries supplying different organs
of the pelvis. When it is technically possible, clinical success is
achieved in over 90% of the cases3-6.

The vascular anatomy of the pelvis is difficult and variable as there
are multiple collateral arteries that hinder its recognition. Several
authors have tried to systematise vascular maps through schemes
and studies with CT, angiography and even cadaver studies”.

It is utterly important to check for the following in CT images of the
patient before embolisation: organs involved, affected arteries, etc.
Various C-arm angulations or even the use of cone-beam CT can
help identify the diseased arteries3.

The embolisation technique requires a thorough previous workup,
appropriate for an elderly patient with foreseeable comorbidities
and severe haematuria8?.

A unilateral or bilateral femoral access is recommended under local
anaesthesia or mild sedation. The hypogastric artery may be catheter-
ised with a single or double curve catheter (such as Cobra 2, vertebral
and MPA), and a 30-50° angulation of the C-arm may be useful to bet-
ter identify bleeding arteries. Once the bleeding arteries have been
identified, coaxial microcatheterisation is then required. The small
size of some of the arteries (such as prostatic and vesical) requires cali-
bres between 1.8 and 3 French. Initially, distal embolisation is recom-
mended, and the most used embolisation agents are polyvinyl alco-
hol (PVA) or trisacryl gelatine microspheres (300-500 microns).

Larger particles (500-700 microns) may be of use when reflux is
achieved. Other embolisation agents such as n-butyl-2-cyanoac-
rylate and ethylene vinyl alcohol (Onyx) can be used with similar
results. Its use requires expertise in the management of these sub-
stances and a special microcatheter. Once one side is embolised, it
is necessary to repeat this same process on the contralateral side
either by the same route or through a contralateral access3°.

If distal catheterisation of vesical or prostatic arteries is not possi-
ble for some reason, the entrance to these arteries can be occluded
with 0.018-inch microcoils. Sometimes, it is even impossible to safely
access the anterior trunk of the hypogastric artery. In this case, it
can be occluded by larger size macrocoils released at its ostium or
by embolisation with temporary materials such as gelfoam. Ligouri
G et al.8 have published excellent results with complete internal iliac
artery embolisation, with permanent and non-permanent agents
safeguarding the superior gluteal artery. Other authors have used
non-permanent agents and coils with similar results'011.
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When a detailed examination of the affected organ vascularisation
shows no signs of bleeding, it is mandatory to investigate for other
arterial origins supplying organs such as the inferior mesenteric artery2.
There are potential complications, although rare, due to rich and
abundant collaterals existing in pelvic organs. Post-embolisation
syndrome and gluteal and perineal pain have been described after
any pelvic artery embolisation. Other rare complications include
bladder necrosis with possible fistula to other organs, skin necrosis,
gluteal nerve paresis and even neurological impairment due to the
involvement of the anterior sacral artery3.

It is essential to have a thorough knowledge of the angiographic

anatomy of pelvic organs to be able to recognise them in each spe-

cific case using C-arm angulation or cone-beam CT. The use of micro-
catheters below 2.3 French allows safe supraselective embolisation
of small prostate or bladder arteries.

Conclusion: Embolisation of arteries supplying the pelvic organs is

feasible, safe and effective in controlling haematuria when conser-

vative medical or surgical treatment has failed or is not indicated.

Whenever possible, embolisation should be bilateral, and the use

of microcatheters is advisable to allow supraselective embolisation

and to conduct a thorough technique to prevent the embolisation
of other areas.
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Special Session
Management of colorectal liver metastases

303.1

Treating colorectal liver metastases with liver-directed therapies:
the medical oncologist’s point of view

J. Taieb
Service d'hépatogastro-entérologie, Hopital Européen Georges
Pompidou, Paris, France

Learning Objectives

1. Tolearn how to classify patients with colorectal liver metastases

2. Tolearn how to implement liver-directed therapies in the
treatment of colorectal liver metastases

3. Tolearn how to discuss the data on liver-directed therapies

No abstract available.

303.2

Ablation in the modern oncological setting: when and how

A. Gillams
Imaging Dept, The London Clinic, London, United Kingdom

Learning Objectives

1. Tolearn how to select patients for image-guided ablation

2. Tolearn how to select the most appropriate ablation technique
3. Tolearn how to combine ablation with systemic therapy

When resection, when chemotherapy, when ablation, when
and which combination?

Treatment choices depend on liver tumour number, size, distribu-
tion, the presence of extra-hepatic disease, potential for radical ther-
apy to extra-hepatic sites of disease, disease-free interval between
the primary resection and the diagnosis of liver metastases, stage
of the primary tumour, success of the primary treatment, patient
comorbidity and response to chemotherapy. Definitions of resect-
ability and ablatability vary between centres due in part to local
resources and expertise.

Optimal thermal ablation requires a minimum of 1-cm ablative mar-
gins, which in turn requires due consideration of tumour size, num-
ber, location, ablation technology, imaging guidance and intra-pro-
cedural imaging assessment. Analysis of local recurrence rates and
survival shows an advantage for small tumours with consistently
lower tumour progression reported with reducing tumour size. The
most common cut-off point is 3 cm. However, tumours up to 5 cm
can be completely ablated and permanently eradicated depend-
ing on their anatomic position and the treatment protocol used.
Recurrence rates for >5-cm tumours ranges from 27% to 45%, so
thermal ablation with curative intent is not generally recommended
for metastases >5 cm. Most centres will accept patients with up to 5
tumours. Some centres treat up to 9 tumours, if the maximum diam-
eter is <4cm, and usually at 2 treatment sessions. As in the resection
literature, the best results are achieved in solitary tumours; | have
previously reported 3-year survival in excess of 80% in patients with
small, <4-cm solitary tumours, and Kim et al reported 5-year survival
of 51% in solitary tumours.

Accepted applications for thermal ablation in colorectal liver metas-
tases include patients with inoperable disease due to extent/distri-
bution of disease, lack of adequate liver reserve or patient co-mor-
bidity, and as part of the test-of-time approach and patient choice.
Future applications may include resectable disease, e.g. for small sol-
itary tumours.

Resectable disease

For some years, all patients received neoadjuvant chemotherapy
followed by resection in those who respond. Chemotherapy was



used as a triage mechanism, with many centres not advocating
radical therapy in non-responders. Chemotherapy response rates
have greatly improved in the last 15 years from <30% to >75%, so
although the majority did not respond, some degree of chemother-
apy response is now expected. A more recent trend is to offer resec-
tion de novo in those who are resectable, followed by adjuvant che-
motherapy with neoadjuvant chemotherapy being reserved for
those who are not readily resectable at presentation. Oncologists
argue about the benefit of adjuvant chemotherapy; there are
reported significant differences in progression free survival but less
evidence for an improvement in overall survival.

Unresectable but ablatable disease

Several ablation groups have published RFA survival data in unre-
sectable patients of 50% at 3 years and 30% at 5 years. Although
most centres agree that ablation adds a survival advantage to sys-
temic chemotherapy in inoperable patients, this is still not universal.
Randomised controlled trials have struggled to accrue, and the one
RCT that did get started closed early and was insufficiently powered.
Inevitably, there was some cross-over between treatment groups
with 8.5% of the chemotherapy-only arm undergoing liver resection
and the chemotherapy arm also received significantly more salvage
chemotherapy. However, this RCT (CLOCC) showed a significant dif-
ference in progression free survival between the 2 groups at 3 years
(27.6% for the ablation group vs. 10.6% for the chemotherapy group;
p = 0.025). The overall survival at 30 months was not significantly dif-
ferent, but the survival curves continued to separate on long-term
follow-up; 47% vs. 36% at 4 years and 40% vs. 30% at 5 years.

| would advocate ablation with adjuvant chemotherapy in patients
who are ablatable de novo and neoadjuvant chemotherapy in non-
ablatable patients with the hope that downsizing will allow a defin-
itive treatment with ablation and or resection. As ablation is mini-
mally invasive with a low morbidity, the interval between chemo-
therapy and ablation can be as little as 2 weeks.

Resectable with adjunctive measures but also ablatable - which
route is better?

Five-year survival following resection with adjunctive measures such
as portal vein embolisation is 25%. Some but not all of these patients
will have denovo ablatable disease with comparable survival, and
40% of patients fail to complete their planned resection programme
after portal vein embolisation, due to either inadequate liver hyper-
trophy or tumour progression. There is some evidence that por-
tal vein embolisation stimulates tumour growth in the contralat-
eral lobe. Ablation could be a better, far less traumatic, less complex
treatment journey with a greater chance of treatment completion.
In patients with normal volume liver and normal background liver
parenchyma, it is possible, with appropriate access to anaesthesia,
guidance techniques and ablation technology, to ablate up to 9 liver
metastases at 2 treatment sessions 4 weeks apart.

As with patients who require portal vein embolisation, staged resec-
tion is associated with poorer overall survival and many patients fail
to complete the treatment programme due to complications or dis-
ease progression. For those with ablatable disease de novo, ablation
should seriously be considered as these patients are more likely to
complete radical treatment to all sites of disease.

Resectable and ablatable

There is sufficient retrospective data showing comparable survival
results in appropriate patients, that an RCT should be considered.
Percutaneous ablation is much less invasive with minimal mortal-
ity and a much lower major morbidity. Serious complication rates
of <2.5% have been published by several high volume centres.
Ablation also preserves normal liver parenchyma. Given that most
patients have multiple metastatic episodes, maximising the volume
of normal liver also maximises the therapeutic options at each stage
of the disease. Local recurrence rates post ablation can be as good
as post resection if due regard is given to patient selection, imaging
guidance, anaesthesia and ablation technique.

Conclusion

The role of ablation is becoming much more widely accepted by our

clinical colleagues. Emphasis now should be on minimising local

recurrence rates after ablation. This will result in an increased sur-
vival benefit and wider acceptance of ablation as an alternative to
surgery in appropriate patients.
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HAIC, TACE, or TARE?
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Learning Objectives
1. Tolearn how to select patients for HAIC, TACE, and TARE
2. Tolearn how to select the most appropriate technique
3. Tolearn how to combine HAIC, TACE and TARE with systemic
therapy
There is no clear evidence that hepatic arterial infusion chemother-
apy (HAIC) via ports or isolated hepatic perfusion (IHP), transarte-
rial chemoembolization (TACE), and transarterial radioembolization
(TARE) will improve overall survival (OS) and progression-free sur-
vival (PFS), respectively, in comparison with systemic treatment (ST)
or best supportive care. However, local response and conversion to
resectability due to these treatments have been shown, and this will
probably provide benefit for salvage patients.
In 2007, a systematic review including 10 RCTs concluded that
HAIC does not provide survival benefit in comparison with ST (1).
However, subsequent trials showed that HAIC combined with ST
after the failure of first-line therapy may improve PFS to 4-7 months
(2-4). Conversion to resectability was achieved in 35%-47% (3,5).
IHP may improve local response in very selected patients progres-
sive after ST. Response rates up to 60%-68%, with PFS up to 12
months may be possible (6,7).
Since 1998, several trials evaluated conventional TACE in patients
with metastases refractory to ST. Objective response rates of
2%-63%, PFS of 3-8 months, and OS of 8.6-14.3 months showed
highly variable results (8-12).
TACE using drug-eluting microparticles (DE-TACE) with irinotecan
loaded into several types of microparticles had been evaluated in six
retrospective studies and in one RCT comprising 215 patients (13-19).
If patients had pretreatment with ST, local tumor control (no pro-
gression) was 40%-86%, PFS was 4-8.1 months, and OS was 5.4-13.3
months after first DE-TACE.
TARE was evaluated in seven trials comprising 1174 patients, with
data of 606 patients from a multicenter trial (20-26). Most patients
had ST prior to TARE. Local tumor control ranged between 29% and
73% depending on time interval and tumor volume, and OS was 6.2—-
11.6 months.
HAIC, IHP, TACE, DE-TACE, and TARE are treatment options for
patients with failure of one or more lines of standard palliative ST.
Clinical results of these treatments are similar and offer a chance
of PFS between 4 and 8 months depending on tumor load, per-
formance status, and extrahepatic tumor spread. Advantages of
DE-TACE are a high level of standardization and a low grade of

complexity.
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Patient follow-up and when to re-intervene
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Learning Objectives

1. Tolearn how to develop follow-up protocols for patients with
colorectal liver metastases

2. To learn how to diagnose recurrent disease

3. Tolearn how to select patients for repeat interventional
treament
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Dose optimization is easy and improves image quality: pro & con

This topic is one of the main issues while considering potential con-

troversies in radiation safety and image quality. We will address sev-

eral hard-hitting questions that are important for our daily routine
and safe practice:

- Are we properly and responsibly managing patient and staff radi-
ation doses as we perform and document image-guided (mainly
fluoroscopy) interventions?

+ Are we asking for “excellent image quality” instead of diagnostic
image quality, which is really required to be maintained according
to the highest international standards?

We present the points of view of two experienced professionals:

interventional radiologist (IR) and medical physicist (MP). The main

task of an IR is to perform a safe and successful procedure. Safety
for the IR is zero procedure-related complications, while radiation
safety usually plays a secondary role, if any. The MP is an important
team member who should be there in order to make sure that the



staff follows safety standards using passive and active radiation pro-
tection tools and methods, thereby contributing useful information
and helping in the optimization of procedures.

Following topics will be addressed in this session:

1. Clear definition and meaning of optimization when ionizing radia-
tion is used in interventional procedures (1, 2).

a. The MP highlights that the optimization of interventional proce-
dures is not always equivalent to patient and personnel radiation
dose reduction during the entire clinical procedure.

b. In some instances, the level of radiation dose needs to be
increased when the required image quality has to be high.

2. The IR requires more information on image quality and on its reli-
ability in clinical practice (3).

3. Are there any standards (3, 4)?

4. Can a phantom evaluation/simulation guarantee acceptable diag-
nostic image quality in a real case (2)?

5. Should a certain level of radiation dose be considered as the limit
for certain complex procedures (1, 2)?

Real-time image quality evaluation (the really needed diagnostic
information) is a challenging task in clinical practice, and it should
be utilized in any quality assurance and optimization program (1, 4).
The MP claims that it is simple to suggest actions to improve image
quality, but IRs not only need to have “adequate image quality” but
also “adequate diagnostic information.” The diagnostic information
is a combination of several images, sometimes obtained using var-
ious acquisition techniques and/or modalities (fluoroscopy, cine,
DSA, and cone-beam CT) and different post-processing and numeri-
cal reconstructions. The striking difference between diagnostic and
interventional radiology is that IRs need an intraprocedural real-time
imaging (4, 5, 6). Clearly, the decisions are often made based on the
preacquired images displayed on monitors in the cath. lab together
with real-time imaging, mainly fluoroscopy.

IR is a practicing clinician who is able to recognize “low image quality”
as well as the advantages of different imaging modalities, but is not
usually aware of the “cost” of radiation dose for patient and staff when
shifting from fluoroscopy to DSA runs or when using several cone-
beam CT acquisitions during the interventional procedure. IRs request
“clear information” on radiation doses involved in different imaging
modes to decide on when and how to implement each of them.

One of the problems is that IRs usually lack the knowledge on how
to evaluate quality of dynamic imaging, impact of geometry param-
eters (e.g., angulation and distances), and thickness of patients on
radiation dose.

There are other collateral but relevant aspects in optimization hav-
ing an impact on patient and staff doses that are discussed and
argued between the MP and IR.

The MP suggests to consider specific training and to implement
diagnostic reference levels (DRLs) and planning to record and pro-
cess patient doses and periodically compare the obtained median
values with the existing DRLs reported in the literature. Also, he
suggests to conduct a program to detect high doses in patients to
decide the clinical follow-up of potential skin radiation injuries and
to include this risk in the informed consent for patients (7).

The IR points out the still existing practical difficulties for patient
dose registries, and the lack of support (sometimes) from the MP in
imaging departments, but agrees on the need to bring these issues
to quality assurance committees and to promote actions to improve
radiation safety culture (4).

Optimization requires close cooperation of the whole imaging team,
including the radiographer, as well as proper, continuous training to
gain from the advantages of the new technology in X-ray and imag-
ing systems.

The MP suggests the convenience to work in close cooperation with
the IR and the radiographer and to understand the requirements in
the image quality of different parts of clinical procedures. Moreover,
we have to register patient doses and compare them with DRLs in
order to detect potential high doses that might induce skin radiation

injuries in patients. The IR questions the necessity and reliability of

DRLs. The physicist also highlights the need to audit staff doses and

specially lens doses by considering the new limit for occupational

exposures (2, 4, 6). All these aspects should be a part of clinical ses-
sions and radiation safety culture.

The IR points out that the final balance between the benefit (success

of the clinical procedure) and the risk (radiation doses for patient

as well as renal risk from contrast media and anesthesia) should be
considered for each procedure, especially in pediatric and elderly
patients. Optimization actions should be finally decided by a team
headed by an experienced IR, with special training in dose manage-

ment and radiation protection (4, 5, 6).
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Intro-Background

Occupational exposures in interventional radiology are of high con-

cern. The current gold standard for radiation monitoring is per-

sonal dosimetry with the use of passive personal dosimeters that
are checked after a period of time. Due to the advances in imag-
ing and the increased complexity in interventional techniques, staff
may be exposed to high dose levels; therefore, real-time dose mon-
itoring continues to gain ground. Active badges measure radiation
dose in real-time, giving radiology personnel immediate feedback
regarding their exposure. There are several studies supporting that

real-time feedback of radiation doses decreases staff exposure [1, 2].

Some of the advantages and disadvantages of real-time dose moni-

toring are listed below.

Advantages

Real-time dose monitoring gives you the information you need to

manage your own X-ray dose exposure.

You learn how to avoid being unnecessarily exposed to radiation.

It Increases awareness of lowering the personal dose: the staff can

be more aware of what areas in the room have high dose rates and

can therefore avoid these “hot spots” or try to spend as little time
as possible in those areas.

It Increases staff compliance with use of radiation protection

equipment and dose reduction techniques.

« Application of the radiation protection principles: radiation protec-
tion culture is fostered.

o In the case of integrated real-time dosimetry solutions:

« There are a lot of available recorded data for post-processing that
could help in improving radiation safety.

- Real-time dosimetry helps to identify optimal equipment settings.
The operator gets a real-time feedback regarding dose and image
quality.

- Changes in equipment settings that may occur accidentally during
software updates can cause an unnecessary high radiation expo-
sure to the staff. Real-time dose monitoring helps to identify the
reason for an increased dose during identical procedures prior and
after a software update of the angiographic equipment.

Disadvantages/Challenges

« Use of multiple sensors is cumbersome or impossible.

« Inconvenience to the staff: change in the routine/habits and addi-
tional parameters to think (i.e., placement of extra dosimeters).

- Staff may forget to check the dosimeter (or the base station) dur-
ing a complicated PCl; dosimeters will thus only be useful during
“standard procedures” when the staff have more “free time” dur-
ing the procedure.

o In the case of integrated real-time dosimetry solutions:

« It can be difficult to remember what happened during a procedure
if data are not analyzed immediately after the procedure. It may be
good if a physicist or someone having good knowledge of radia-
tion protection could give the staff feedback and help them inter-
pret their dose graphs.

« One potential risk of having this kind of system for a longer time is
that one might stop looking at the base station.

- Base station may not always be seen when sitting for example.

« The efficacy of real-time monitoring devices has not been estab-
lished yet.

« The cost is high.

Conclusion

One important thing to remember is that real-time monitoring sys-

tems do not replace the TLD or other legal dosimeters, and they

should be more considered as a tool for improving the staff’s aware-
ness so that they easier can take action and optimize their radiation
environment.
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In recent years, health professionals have provided assistance to
unprecedented actions of several international organizations [such
as International Atomic Energy Agency-lIAEA (1-3), World Health
Organization-WHO, European Commission-EC (4-6), and International
Commission of Radiological Protection-ICRP (7,8)] regarding radia-
tion protection in medicine. Those actions have been carefully fol-
lowed and counted with the active collaboration of the European
Societies representing the health professionals directly involved in
the medical procedures using ionizing radiation.
One of the most significant topics is the importance of the devel-
opment and implementation of an effective patient dose monitor-
ing and recording system, allowing to track patient dose during his/
her lifetime, independently of where the exposure took place and in
what modality. The development of such a system will benefit sev-
eral stakeholders:
« the society in general, by contributing to the increase of “health
literacy”;
- the health authorities, by providing relevant information for plan-
ning and development of medical imaging departments;
the regulators and health authorities, by facilitating the process
of determination of population dose exposure due to medical
exposure;
the hospital managers, by assisting in the justification process and
in the clinical decision support;
the medical imaging departments, by providing support in the
development of an optimization process and benchmark tools;
the patient, by allowing a real-time dose exposure tracking, and
therefore keeping it below the levels defined by the international
organizations; and
the research community, by creating patient dose exposure data
centers, with relevant information, for the development of a har-
monized metric system for patient exposure.
These are some of the aspects that, combined with the engagement
of the medical imaging equipment manufacturers, will contribute
for the implementation of a real patient safety (8-11) culture, the
main reason why dose monitoring and recording is essential.
However, the risk of ionizing radiation is one of the many risks
of patients in medicine but by far not the highest. Following the
arguments of the previous pro speaker, it seems that patient dose



monitoring and recording is essential. Generally spoken, this state-

ment is true but ... :

« We invest a lot of time and money into the process of monitoring,

recording, and tracking of patient doses, especially in radiography

where the risk of an exposed patient is comparable to the natural
background radiation. The dose of many radiological procedures is
in the range of, or below the “noise” of; risks of daily life like smok-
ing a few cigarettes, driving a car, performing various sports activ-
ities, and others. We record, store, and monitor the dose of a sin-
gle PA chest radiography, which is equivalent to 3 days of natural

background radiation without being worried about the other 120

annual “natural chest exams.” On the other hand, dose recording

of modalities with higher patient exposure like CT or angiography
is essential for examinations with deterministic risks, in children
and young adults, and in women with unknown pregnancy.

Following the ALARA principle, the dose of a justified examina-

tion must be optimized and not minimized. Reporting of doses to

patients and referrers involves the risk of unwanted side effects.

Assuming that neither patients nor referrers have sufficient knowl-

edge about the link between dose, image quality, and diagnos-

tic information, reporting of doses may be used for unintended
benchmarking, e.g., “which radiologist performs my examination
with the lowest dose?”

A lifelong dose tracking of patients is a challenge with question-

able benefit. Assuming an acute disease in a patient, in which a

radiological procedure is justified, the first question should be “do

we have reports or images of prior examinations?” and not “do we
know the dose history?” To simplify, justification of medical expo-
sure means to do more good than harm in an individual situation.

Dose history should have only a limited impact on this decision

and cannot be used to reject a justified procedure.

Without any doubt, as laid down in the new Directive 2013/59/

Euratom (12), we have to fulfil the requirements of our competent

authorities to record medical exposures for an estimate of the med-

ical population exposure and to derive diagnostic reference levels

(13-15). All additional efforts in dose recording, storage, tracking, and

processing should be limited to procedures with high doses, such as

CT or interventional procedures with deterministic risks (16-18).

In summary, patient dose monitoring and recording should help to

minimize the risk of ionizing radiation in medicine. As long as other

risks to patients such as surgery, chemotherapy, anesthesia, and can-
cer by far exceed the risk of medical exposure, radiation protection
is not a primary concern.
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Patient dose monitoring and recording is essential: con

R.W.R. Loose', G. Paulo?;

TInstitut fuer Radiologie Nord, Klinikum Nuernberg Nord,
Nuremberg, Germany, 2Radiologia, Instituto Politécnico de Coimbra,
ESTESC-Coimbra Health School, Coimbra, Portugal

Please refer to abstract 304.5 for the collective abstract of Dr. Paulo
and Prof. Loose:
Patient dose monitoring and recording is essential: pro & con

Fundamental Course
Basic principles of biliary intervention

901.1

Biliary interventions for stone disease

E. Brountzos
2nd Radiology Department, University General Hospital “Attikon”,
Athens, Greece

Learning Objectives

1. To learn imaging strategies for diagnosing biliary strictures/
stones

2. Tolearn about different treatment strategies for anastomotic or
iatrogenic biliary strictures
To learn about treatment strategies when dealing with intrahe-
patic and common bile duct stones

Benign biliary strictures are less frequent than malignant stenoses.

The commonest causes are as follows:
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Postoperative injury after cholecystectomy, gastrectomy, or hepa-
tectomy.
Liver transplantation: anastomotic strictures, intrahepatic, or diffuse
(ischemic cholangiopathy).
Blunt or penetrating trauma.
Lithiasis, pancreatitis, primary sclerosing cholangitis.
Abdominal ultrasonography, computed tomography, and MRI are
highly sensitive for depicting the dilatation of the bile ducts and the
location and cause of the obstruction.
MR cholangiopancreatography is ideal for depicting the anatomy of
the bile ducts, the site of the stenosis, and its cause.
Benign biliary strictures can be treated by surgery or interventional
radiology (IR).
The indications for IR treatment include high surgical risk, surgery
failure, purulent cholangitis, and patient’s preference.
Contraindications include uncorrectable coagulopathy and ascites.
The intervention begins with percutaneous transhepatic cholangi-
ography (PTC). The stricture is located, crossed by a guide wire, and
dilated with an angioplasty balloon. Because recurrence of the stric-
ture occurs in 30%-60% of the patients, a plastic catheter or stent is
left in place for a period of 2-6 months.
Because of the high recurrence rate, stents and stent grafts have
been tried with moderate results. Some authors have reported on
retrievable stents; however, the main problem is the inflammatory
process, which may be triggered by the foreign body presence and
may result in recurrent stenosis.
Major complications include septic shock (1%), septicemia (5%), and
hemorrhage (4%).
Biliary stones
Percutaneous treatment of biliary stones concerns three patients
groups:
1. Patients with symptomatic gallstones, very high risk for
cholecystectomy.
2. Patients with bile duct stones, who have failed or deemed not
suitable for endoscopic management.
3. Patients with intrahepatic bile duct stones.
For group 1 patients, the intervention starts with percutaneous cho-
lecystostomy. For group 2 and group 3 patients, the intervention
starts with PTC and placement of a biliary drainage catheter.
A combination of angioplasty balloons and baskets is usually used
to fragment the stones, which are subsequently extracted through
the percutaneous tract or pushed through the ampulla into the duo-
denum. In many cases, the use of lithotripters (ultrasonic or laser) is
required to fragment the stones. These devices can be combined
with the use of a flexible choledochoscope.

IR treatment results in complete gallstone removal in 90% of

patients with a 6% major complication rate.

Similarly, 90% success rate has been reported for bile duct and intra-

hepatic bile duct stone removal, with a 10% complication rate.
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901.2

Biliary interventions in bile duct malignancy

H.-U. Laasch
Dept. of Radiology, The Christie NHS Foundation Trust, Manchester,
United Kingdom

Learning Objectives

1. Tolearn imaging strategies for diagnosing malignant biliary
obstruction

2. Tolearn about different treatment strategies for malignant
biliary strictures

3. Tolearn about follow-up and re-intervention strategies in
patients with malignant biliary obstruction

The cornerstones to safe and successful percutaneous biliary inter-
vention are preparation and close collaboration with the interven-
tional endoscopists.
Adequate pre-procedure imaging with ultrasound and CT is essen-
tial, and MRCP helps planning difficult cases.
The puncture site should be chosen to allow drainage of at least 4 of
the liver segments. Unless the prognosis is poor, multiple punctures
should be considered in case of complex hilar strictures, but over-
ambitious procedures may result in permanent external drainage.
Patients must be well resuscitated, particularly in cases of sepsis.
Intravenous fluids and antibiotics must be administered aggressively,
and the team needs to be prepared for sepsis precipitated by increase
in biliary pressure during the procedure. In case of suspected infection,
the procedure should be staged and minimally invasive external drain-
age performed at the first attendance only. Where internal/external
drainage is appropriate, this is preferable in order to conserve bile and
limit fluid loss. Vascular access sheaths allow multiple exchanges, reduce
trauma to the track and biliary leakage, allow contrast injection with a
catheter or stent in situ, and facilitate track embolisation on removal.
Designs of self-expanding metal stents and their characteristics vary
considerably. It is essential that interventionists understand the dif-
ferences and use them to their advantage. Covered stents are pref-
erable to achieve long-term patency, but must not be so placed that
they occlude side branches or the cystic duct. Where possible, stents
should be placed with the lower end across the papilla to optimise
biliary drainage. The role of fenestrated stents or stents with a “large
cell” design allowing bilateral stenting from a single puncture and
the role of stents with anti-reflux valves still need to be established.

Currently, the greatest challenge is the increasing survival of pallia-

tive patients, requiring increasing numbers of repeat procedures.

Consideration must be given not only to the current procedure but

also to “the next time” when the stent has failed.

The presentation will illustrate basic principles of biliary access;

the differences between laser-cut, braided, and knitted stents; and

additional measures to optimise outcomes such as intra-ductal
biopsy, intraluminal radiofrequency ablation, and transhepatic track
embolisation.

References

1. Kozarek R, Baron T, Song HY (eds.) Self-expandable stents in the
Gl-tract. Springer Verlag, Arlington, 2012. ISBN 978-1-4614-3745-1

2. www.springer.com/gp/book/9781461437451.

3. British Society of Interventional Radiology. Biliary Drainage
and Stent Audit Report. Dendrite Clinical Systems, Henley-on-
Thames, 2009.

4. www.e-dendrite.com/files/13/file/Pages%20from%20
BDSR%202009.pdf.

5. Cassanil, Lee JH. Management of malignant distal biliary
obstruction. Gastrointest Interv 2015 (in press), DOI: 10.1016/j.
gii.2015.02.001.

6. Jang SI, Lee DK. Stents with specialized functions: drug-eluting
stents and stents with anti-reflux devices. Gastrointest Interv
2015 (in press),

7. DOI: 10.1016/j.9ii.2015.03.004.



901.3

Biliary leak and iatrogenic bile duct injury management

O.M. van Delden
Department of Radiology, Academic Medical Center, University of
Amsterdam, Amsterdam, Netherlands

Learning Objectives
1. Tolearn imaging strategies for diagnosing biliary leak and iatro-
genic bile duct injury
2. Tolearn about different treatment strategies for biliary leak after
lap chole
3. Tolearn about appropriate strategies for definitive treatment of
patients with iatrogenic bile duct injury
PTBD plays a vital role in the treatment of biliary leak and iatro-
genic bile duct injury. Biliary leak may occur as the result of a vari-
ety of operations such as laparoscopic cholecystectomy, bilioenteric
anastomosis for malignant or benign conditions and bile duct injury
during non-biliary operations. PTBD can diagnose the exact loca-
tion and the extent of biliary injury, including anatomic variations,
which may be difficult to clarify with MRCP in patients with leakage
and non-dilated bile ducts. It can be used as the sole treatment in
conjunction with ERCP as a rendezvous procedure or as a measure
to prepare the patient for reconstructive bile duct surgery. The pres-
ence of one or more biliary drainage catheters may also guide sur-
geons during complex operations while creating bilioenteric anas-
tomosis. PTBD catheters may not only drain the bile ducts them-
selves but can also be positioned through the site of the bile leak
into the peritoneal cavity, thereby draining the biloma very close to
the hilum of the liver.
PTBD also plays an increasing role in the treatment of leakage of the
duodenum or proximal jejunum, which can be very difficult to treat
surgically.
In addition to this, the presence of transhepatic biliary access may
be used to serve as the route for a feeding tube into the jejunum,
which can be used for feeding and/or for restoring bile flow into the
gut.
PTBD in these often sick patients in whom there usually is no dilata-
tion of bile ducts can be very challenging, and a proper technique is
required using ultrasound guidance and thin needles for obtaining
bile duct access. Deep procedural sedation with the help of anaes-
thesiology nurses can greatly facilitate these difficult procedures.
Complications include sepsis, arterial or portal venous bleeding
and drainage catheter dislocation, with subsequent intra-abdomi-
nal bile leakage. Interventional radiologists should not only perform
the PTBD procedure but should also be continuously involved in
catheter management as these patients will require numerous tube
changes and repeat imaging to assess the progress of the treatment
of the leakage.

901.4

Biliary interventions in liver transplant patients

J.H. Peregrin
Dpt. of Diagnostic and Interventional Radiology, IKEM, Prague,
Czech Republic

Learning Objectives

1. To learn imaging strategies for diagnosing biliary complications
in liver transplant patients

2. To learn about different treatment strategies for biliary compli-
cations in liver transplant patients

3. Tolearn how to diagnose and manage other associated compli-
cations

Biliary complications (biliary strictures and/or leak) are considered

‘Achilles heel’ of orthotopic liver transplantation (OLT) because of

their high frequency, need for long-term repeated treatment and

potential detrimental effects on graft and patient survival. Recent

improvement in surgical techniques, immunosuppression and organ

preservation have reduced their incidence from originally 30%-50%

to 10%-20% at present (1,2, 3,4, 5, 6).

Biliary strictures:

« Anastomotic stenosis (incidence, 5%-25%; higher in grafts from
living donors): they differ according to type of anastomosis.
Choledochocholedochoanastomosis (CCA) is most commonly
used, while choledochojejunoanastomosis (CJA) is usually used in
patients with bile duct stenosis or other pathology, graft reduc-
tion, re-transplantation and PSC or after biliary surgery. They usu-
ally occur within the first year after transplantation (7, 8).

+Non-anastomotic stenosis (incidence, 0%-25%): They are most
often caused by ischaemic fibrotic scarring caused by hepatic
artery stenosis/thrombosis (9, 10). Hepatic artery revascularisation
(usually PTA/stenting) increases the patency rate after dilatation up
to 70%-90% (11).

The diagnosis is in recent years made by MRCP. Original surgical

therapy is currently replaced by endoscopic or percutaneous tech-

niques. The method of choice is ERCP with repeated stenting (using
plastic stents) with or without balloon dilatation. Percutaneous
approach is reserved for patients for whom endoscopy has failed
or is not feasible (usually in patients with CJA), although it may be
technically challenging as bile ducts are usually not dilated because
transplantation impairs biliary innervations (12). Balloon dilatation

(often repeated) is employed followed by long-lasting external-

internal drainage (9). In patients with CJA with short hepatic duct,

a kissing balloon technique can be used (balloons introduced from

both left and right bile ducts).

Biliary leakage:

The incidence of biliary leakage is 6%-10%; it usually occurs within

the first months after OLT. There are three different entities in bili-

ary leakage: leakage from anastomosis, leakage from the cut surface
of the partial graft and leakage after (T) drain removal. A majority
of leakages can be managed by prolonged abdominal drainage or
endoscopic or percutaneous drainage. The strategy and technique
of the therapy is similar to the stricture treatment. If the leak is com-
bined with biliary obstruction, the treatment of obstruction is essen-

tial for leakage management (13).
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Special Session
How to improve acute stroke management: new
horizons

902.1

How can imaging improve patient selection for mechanical
thrombectomy or IV thrombolysis?

P. Michel
Service de Neurologie, CHUV Lausanne, Lausanne, Switzerland

Learning Objectives

1. To learn about the importance of imaging in patient selection
for acute stroke treatment

2. Tolearn about new imaging parameters in patient selection

3. Tounderstand how these new parameters could improve the
right patient selection

No abstract available.

902.2

New generation stent retrievers

T. Andersson
Neuroradiology, AZ Groeninge, Kortrijk, Belgium

Learning Objectives

1. To learn about new generation stent retrievers

2. Tounderstand the technical differences of new retrievers

3. Tolearn what improved about new generation stent retrievers
Approximately 5 years since the more or less incidental finding that
the detachable Solitaire® stent could be used to remove intracra-
nial thromboemboli, there has been a steady development of “stent
retrievers” or “stentrievers.” At present, many alternatives such as
Solitaire®, Trevo®, and Revive® are available in the market, most of
them with similar basic construction. They all depend on the radial
force to make the stent partially penetrate the thrombus and then to
snare and hold it within the mesh, which has different configuration
in various devices. The newly developed Embotrap® is different in a
way that it instead traps and captures the thromboembolus and has
an inner flow channel aimed at instant reperfusion plus breaking of
the blood stream pressure gradient acting on the clot.

The stent retrievers are preferably used in conjunction with a bal-
loon guide catheter placed in the proximal internal carotid artery
with or without a so-called intermediate catheter positioned as
close as possible to the thromboemboli. The latter technique is par-
ticularly useful in patients with carotid stenosis or even occlusion
caused by atherosclerosis or acute dissection.

In the recently published randomized controlled studies on intrave-
nous thrombolysis followed by thrombectomy against thrombec-
tomy alone (MR CLEAN, ESCAPE, and EXTEND-IA), stent retrievers
were consistently utilized with preponderance for Solitaire FR®. In
addition, in the presented but not yet published SWIFT PRIME study,
Solitaire FR® was used exclusively. In conclusion, all these studies
showed superiority of stroke patient outcome by adding endovas-
cular treatment with stent retrievers in the treatment of large ves-
sel occlusions.

In this presentation, modern stent retrievers will be discussed with a
focus on studies, technique, and future development.
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902.3

MR guidance in endovascular acute stroke intervention with
new magnetically-assisted, remote-controlled catheters

S. Hetts
Radiology, UCSF, San Francisco, CA, United States of America

Learning Objectives
1. Tolearn the basic principles of MR guidance in acute stroke
treatment
2. Tolearn how the technique could be applied with remotely
controlled catheters
3. Tounderstand the future of this approach with increased
computational power
Magnetic resonance (MR) imaging guidance of endovascular inter-
ventions affords a wealth of physiological and structural informa-
tion, and it can be used for the delivery of local therapy without the
use of ionizing radiation. The promise of endovascular MR-guided
procedures remains unrealized in part because of the lack of
MR-compatible catheters and guidewires that the user can safely
navigate and track efficiently in real time. Maneuverability and steer-
ing performance of an endovascular catheter from a remote access
site to pathologic targets is of paramount importance because it
affects procedural time and efficiency.
We have used an electromagnetic microcoil on the microcatheter
tip to deflect the catheter and assist endovascular navigation. When
energized inside the MR imaging unit bore, the magnetic moment
created by the microcoil will align itself with the direction on BO,
causing the catheter tip to deflect. By controlling the direction of
the current, the interventionalist can control the direction of deflec-
tion thus allowing the catheter tip to be more easily steered into the
desired vessel branch. The operating system, deflection capability,
and safety with the use of several generations of prototypes in vitro
and in vivo will be described.
Translation of endovascular catheter and guidewire technologies to
allow real-time MR guidance of endovascular therapy for acute isch-
emic stroke would enable intraprocedural, repeated evaluation of
the viability of the brain parenchyma through the use of diffusion-
weighted imaging. Having such gold-standard physiological data
available at any point during ischemic stroke interventions would
permit the optimal selection of therapy by directing the physician
to open occluded arteries supplying the viable brain, while leaving
arteries to the dead brain closed thus lowering the risk of reperfu-
sion hemorrhage. Imaging and catheter-based tools that enable
MR-guided acute stroke interventions are now undergoing a revolu-
tion based on improved computing power and manufacturing tech-
nigues; these technologies are on the cusp of clinical translation.
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IA stem cell therapy in stroke patients

S. Banerjee

Department of Stroke Medicine, Imperial College Healthcare
National Health Services Trust, St. Mary’s Hospital Campus, London,
United Kingdom

Learning Objectives

1. To briefly learn the background of stem cell treatment

2. Tounderstand how stem cell treatment could be applied in
acute stroke patients

3. Tolearn about the initial results of this treatment

Stem cell therapy is an emerging therapeutic modality in the treat-

ment of stroke. lts basis stems from the observation that cer-

tain parts of the adult brain are capable of regeneration. While the

regenerative capacity of certain parts of the brain has been demon-

strated, it is clear that this endogenous repair process is unable to

overcome the devastating damage to the brain tissue that occurs

after acute, severe stroke.

Cell-based therapies have the potential to open up new avenues of

treatment in this arena. Targets for stem cell therapy include neu-

roprotective approaches, which are aimed at protecting the at-risk

tissue during the acute phase of stroke, as well as neuroreparative

approaches, which may involve direct replacement of damaged

brain tissue or, alternatively, promote endogenous repair processes

of the brain.

Broadly speaking, clinical approaches to stem cell therapy can be

divided into ‘endogenous’ and ‘exogenous’ approaches:

The endogenous approach aims to stimulate the mobilisation of

stem cells, which are already present within the individual.

The exogenous approach involves transplantation of a patient

with stem cells delivered locally (e.g. direct intracerebral implanta-

tion) or systemically (e.g. intravenous or intra-arterial), and it may

involve in vitro culture of cells for the expansion of cell numbers

prior to administration. There is a large body of pre-clinical data

and data from the current clinical trials that have utilised exogenous

approaches to stem cell therapy for stroke.

In this lecture, | will discuss the latest evidence for stem cell ther-

apy in ischaemic stroke focusing on exogenous delivery methods, in

particular intra-arterial delivery.
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Special Session
Embolic agents for microcatheters

903.1

Microcoils

L. Defreyne
Department of Vascular and Interventional Radiology, University of
Ghent, Ghent, Belgium

Learning Objectives

1. Tolearn about the types and specific properties of micro coils

2. To learn about specific indications for the use of micro coils

3. Tolearn tips and tricks for deploying micro coils, as well as
pitfalls

No abstract available.

903.2

Microparticles

K. Osuga
Diagnostic and Interventional Radiology, Osaka University Graduate
School of Medicine, Suita, Osaka, Japan

Learning Objectives
1. Tolearn about the types and specific properties of micropar-
ticles
2. To learn about specific indications for the use of microparticles
3. Tolearn tips and tricks for deploying microparticles, as well as
pitfalls
Overview
Particle embolization has been widely applied for various indica-
tions such as tumor devascularization and tumor-related symp-
tom control, including hemorrhagic conditions. Because of signif-
icant progress in microcatheter technology, selective emboliza-
tion has become the standard practice in any organ or location. The
choice of embolic agents is essential according to individual pathol-
ogy, anatomy, and flow dynamics; a variety of microparticles, either
spherical or nonspherical, are currently available.
Since the 1970, gelatin sponge (GS) and polyvinyl alcohol (PVA) par-
ticles have been widely used as conventional particulate agents.
However, the occlusion level of these conventional materials is
unpredictable because of their irregular shape and size variability.
In general, they tend to aggregate in vessels more proximally than
intended, but their tiny fragments can also migrate into the capillary
beds. Therefore, it is difficult to achieve the target embolization of
intratumoral vessels by using these agents.
Since the 1990, spherical embolic agents or microspheres have
been developed to improve the limitations of conventional embolic
agents. Because they are spherical and homogeneously calibrated
in size, microspheres tend to occlude more distal vessels, and the
occlusion level is predictable by selected particles size. Furthermore,
drug-eluting beads (DEB) have been introduced for transarterial
chemoembolization (TACE) to treat primary and secondary liver
tumors. DEB can achieve controlled, sustained drug release from
microspheres and enrich the indication of oncological embolization.
Nonspherical particles
PVA particles have been the most popular conventional agents.
Their size ranges from 50 to 1200 um, and the particle suspension
is prepared by mixing with diluted contrast media. Although PVA
particles are usually calibrated in approximately 200-pm incre-
ments, the occlusion level is not correlated with the given particle
size because they tend to aggregate in proximal vessels due to their
irregular shape. PVA particles can even aggregate inside the micro-
catheter and may occlude it, especially when dense suspension

is rapidly injected. In embolized vessels, PVA particles create the
intravascular lattice, and vessel occlusion is completed with plate-
let aggregation and thrombus formation among the particles.
Therefore, recanalization can occur through the organized throm-
bus, although PVA is regarded as a permanent embolic agent. PVA
was first used to treat uterine cancer and vascular tumors of the liver
and the head and neck in the 1970, it has since been widely used for
various tumors and hemorrhages, such as gastrointestinal bleeding
and hemoptysis, for long years.

GS has been the other most popular conventional agent. Small
cubes or pledgets are made by hand cutting of sheets, and their
sizes are operator dependent. Smaller slurry can also be prepared
by pumping syringes to crush the pledgets. Since 2006, porous gela-
tin particles (Gelpart®; Nippon Kayaku) have been available in Japan
as a ready-to-use product. Porous gelatin particles have 1-mm and
2-mm labeled sizes, although their actual sizes are inhomogeneous,
especially after microcatheter passage. As gelatin is biodegradable,
GS is regarded as absorbable or as a temporary embolic agent. In
animal studies, GS is typically absorbed within a few weeks. Thus, GS
has been preferred for organ traumas and postpartum hemorrhage
and in combination with a mixture of lipiodol and chemotherapeu-
tic agents for liver tumors because preservation of arterial patency
and organ function is considered. However, GS can also induce per-
manent vessel occlusion by residual organized thrombi or fibrotic
change of the vessel as well as by chemical damage caused by toxic
drugs in chemoembolization.

Spherical particles or microspheres

Microspheres are made of inert elastic polymer with a smooth sur-
face, and the spherical shape allows narrow calibration of the parti-
cle size. Microspheres can be easily injected through a microcathe-
ter, and they travel distally to vessels corresponding to the particle
size. In histology, a single particle tends to occupy entirely a vessel
lumen, and the diameter of embolized vessel and the particle size
are well correlated. However, the final location of microspheres does
not only depend on the particle size but is also influenced by each
mechanical property, injection techniques, and blood flow volumes.
For example, softer microspheres with less elastic recovery are more
deformable, and they may migrate distally from vessels correspond-
ing to the original particle size. Another concern is particle redistri-
bution that can occur after the injection of a dense suspension of
microspheres. Here, numerous microspheres may once aggregate at
the vessel bifurcation, but soon or later, they scatter distally and the
blood flow resumes. To avoid such a false angiographic endpoint, it
is essential to dilute the microsphere suspension adequately to inject
it very slowly under free-flow condition and to wait for 5-10 minutes
after stop injection to confirm the intended angiographic endpoint.
Trisacryl gelatin microsphere (TGMS) (Embosphere®; Merit Medical)
is the first commercial bland microsphere with the following size
ranges: 40-120, 100-300, 300-500, 500-700, 700-900, and 900-
1200 pm. TGMS was first used for head and neck tumors and AVMs
in the 1990. Since the US-FDA approval in 2000-2002, TGMS has
been widely used for liver tumor embolization and uterine fibroid
embolization. In liver tumor bland embolization, the main goal is
“targeted embolization” using smaller microspheres of 40-120 um
and 100-300 pum to achieve intratumoral vessel occlusion until near
stasis of the parent artery. In uterine fibroid embolization, the con-
cept of “limited embolization” has been proposed to target peri-
fibroid plexus using larger particles ranging from 500 to 900 pm in
size and to minimize the ischemic damage of the normal myome-
trium. Recently, TGMS has been additionally approved for prostatic
embolization to relieve lower urinary tract symptoms associated
with benign prostatic hyperplasia. Following the wide acceptance of
TGMS, PVA-based microspheres (Contour SE®; Boston Scientific and
Bead Block®; Biocompatibles) were introduced in 2003-2004. They
have size ranges similar to those of TGMS, which are as follows: 100-
300, 300-500, 500-700, 700-900, and 900-1200 pm. In histology,
PVA microspheres travelled more distally than TGMS of comparable



size range because they are softer and more deformable than TGMS.
Therefore, operators should consider choosing a larger particle
size for PVA microsphere than that for TGMS. In 2007, polyphosp-
hazene-coated polymethylmethacrylate microsphere (Embozene®;
CeloNova) was introduced. Embozene® microspheres are more pre-
cisely calibrated in narrower size range than others: 40, 75, 100, 250,
400, 500, 700, 900, 1100, and 1300 um. The coating of polyphospha-
zene (Polyzene-F®) is expected to act as an antithrombogenic and
anti-inflammatory material. Such a property might be an advantage
when particles persist for a long period in patients with a benign
conditions such as uterine fibroid or meningioma.
Finally, the recent drug-delivery technology has introduced drug-
eluting microspheres or DEBs. Besides being calibrated micro-
spheres for targeted embolization, DEB can load a specific drug and
release the drug locally within the target tissue over a prolonged
period. Three commercial products have been approved to treat
liver cancers: PVA-based microspheres (DC-Bead®; Biocompatibles),
superabsorbent polymer (SAP) microspheres (HepaSphere®; Merit
Medical), and (Oncozene®; CeloNova). In these DEBs, microspheres
can load a positively charged drug, such as doxorubicin and irino-
tecan, by ion exchange mechanism. Exceptionally, HepaSphere®
microspheres can also load noncharged drugs, such as cisplatin, by
the reservoir effect. The goal of TACE using DEB is to deliver a high
concentration of chemotherapy to the entire liver tumor with the
embolization of intratumoral to peritumoral vessels. To consider the
deeper penetration of the particles, each DEB product offers smaller
size ranges: DC-Bead M1¢, 70-150 um; HepaSphere®, 30-60 pm; and
Oncozene®, 40+10, 75£15, and 100+£25 um. Compared with lipiodol,
in conventional TACE, intravascular behavior of DEBs is less visible on
fluoroscopy monitoring. To avoid nontarget embolization by reflux
as well as the proximal aggregation of DEBs in the feeding artery,
the suspension of DEBs should be adequately diluted in half-diluted
contrast media, and injection must be very slow (e.g., 1 cc/min).
Future direction
There is growing interest to improve the visualization of microspheres
to monitor the behavior of microspheres during injection and to eval-
uate the intralesional deposit of microspheres after the procedure.
Investigation of radiopaque or MR-detectable microspheres is under-
way. Permanence of embolic effect by nonresorbable microspheres
has also become controversial because it may prolong organ ischemia
beyond necessity. Thus, the development of resorbable microspheres
has been initiated. Ideal characteristics of resorbable microspheres
remain unclear, and investigations are underway to optimize chemical
components, mechanical properties, biocompatibility, drug charge-
ability, and resorption time as well as the degree of vessel recanaliza-
tion. In DEBs, a combination of microspheres with molecular targeting
or antiangiogenic agents has been investigated.
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Ethylene vinyl alcohol

W.A. Wohlgemuth
Department of Radiology, University Medical Center Regensburg,
Regensburg, Germany

Learning Objectives
1. To learn about specific properties of ethylene vinyl alcohol
2. Tolearn about specific indications for the use of ethylene vinyl
alcohol
3. Tolearn tips and tricks for using ethylene vinyl alcohol, as well
as pitfalls
Main indication for liquid agents is their ability to deeply penetrate into
the vasculature, leading to a complete, permanent occlusion. At present,
three agents are commonly used: liquid ethanol, histoacryl (n-butyl cya-
noacrylate; NBCA), and Onyx (ethylene-vinyl alcohol copolymer).
Onyx is a liquid embolic agent consisting of ethylene-vinyl alco-
hol copolymer dissolved in various concentrations of dimethylsulf-
oxide (DMSO). Onyx is opacified with micronized tantalum powder,
which is very radiopaque. The physicochemical characteristics per-
mit a very controlled application. The simultaneous performance of
control angiographies during Onyx application proves to be bene-
ficial, while embolizing large lesions due to embolization-induced
changes in flow characteristics. Using the “plug-and-push” tech-
nique, it is possible to apply Onyx against the direction of blood
flow. Disadvantages are high costs. Furthermore, the solvent DMSO
requires special catheter material, is toxic to the endothelium, and
causes pain during Onyx application.
Currently, Onyx is mainly used for embolotherapy of endoleaks after
endovascular aortic aneurysm repair in the treatment of acute arte-
rial bleeding and arterio-venous malformations.
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Learning Objectives

1. To learn about specific properties of acrylic glue

2. To learn about specific indications for the use of acrylic glue
3. Tolearn tips and tricks for using acrylic glue, as well as pitfalls

No abstract available.

Special Session
Venous Forum II: Deep vein thrombosis

904.1

Trials update and current evidence

S. Kee
Interventional Radiology, UCLA Medical Center, Los Angeles, CA,
United States of America

Learning Objectives

1. To present DVT trial results

2. To comment on the various DVT trials

3. Torecommend treatment strategies based on trial results
Anticoagulation prevents PE, fatal PE, and clot extension. Recurrent
ipsilateral DVT increases PTS risk, and non-therapeutic INR increases
PTS risk. —Prandoni P et al. Ann Intern Med 1996; 125:1-7. —Prandoni P
et al. Ann Intern Med 2004; 141:249-256. -Van Dongen et al. J Throm
Haemost 2005; 3:939-942. New oral anticoagulants are equally effec-
tive (PTS unknown), at least as safe, and more convenient. Pros: 1-2x
daily oral; no INR, interactions, diet Cons: no antidote, renal fail-
ure, missed dose Dabigatran, trade name Pradaxa, target factor II,
half-life 12-14 hours, renal clearance 80%, administered twice daily,
use heparin first: Yes Rivaroxaban, trade name Xarelto, target fac-
tor Xa, half-life 9-13 hours, renal clearance 66%, administered once
daily, use heparin first: No Apixaban, trade name Eliquis, target fac-
tor Xa, half-life 8-15 hours, renal clearance 25%, administered twice
daily, use heparin first: No Edoxaban, trade name Savaysa, target fac-
tor Xa, half-life 8-10 hours, renal clearance 35%, administered once
daily, use heparin first: Yes CAVENT: CDT prevents PTS? Major bleeds:
N =209, CDT arm = 3.2%, control arm = 0, NS PTS (Villalta): N = 189,
CDTarm=41.1%, controlarm =55.6%, p=0.047 VTEover2years:N=189,
CDT arm = 11%, control arm = 18%, NS Bleeds: no ICH-death, one sur-
gery, one transfusion -Enden T et al. Lancet 2012; 379:31-38 CAVENT:
QOL Minimally significant ~Enden T et al. BMJ Open 2013; e002984
Bernutiful Study: ultrasound-assisted CDT (EKOS) Thrombus reduc-
tion: ultrasound = 55%, no ultrasound = 54%, NS Need for PTA/stent:
ultrasound = 80%, no ultrasound = 83%, NS Complications: ultra-
sound = 12%, no ultrasound = 8%, NS Patency: ultrasound= 100%,
no ultrasound = 96%, NS Villalta PTS: ultrasound = 3.0, no ultrasound
= 1.9, NS 48 patients had CDT with 20-mg t-PA over 15 hours with
EkoWave, randomized 1:1 to have US turned on -Engelberger RP
et al. Circ Cardiovasc Interv 2015 ATTRACT study 692 subjects fully
enrolled as of 12/2014. Patients had proximal DVT; prior to random-
ization, had initiation of anticoagulation. Randomized 1:1 to con-
trol arm, heparin to warfarin, and PCDT arm. In the PCDT arm, they
underwent pharmacomechanical thrombolysis using t-PA and
devices, Angiojet, and Trellis. All patients on warfarin for 3 months
and ECS. Endpoint is assessment of PTS at 24 months. Study is fully
enrolled, but not all subjects have completed 24 months yet. Real-
world use of CDT National inpatient sample 2005-2010 (n= 90,618)
Propensity-matched patient subsets (n= 7,188) Death: CDT 1.2%, no

CDT 0.9%, NS Intracranial bleed: CDT 0.9%, no CDT 0.3%, p = 0.03
Blood transfusion: CDT 11.1%, no CDT 6.5%, p < 0.001 PE: CDT 17.9%,
no CDT 11.4%, p < 0.001 LOS: CDT 7.2 days, no CDT 5.0 days, p < 0.001
Charges: CDT $ 85,094, no CDT $ 28,164, p < 0.001 -Bashir R et al.
JAMA 2014; 174(9):1494-1501. What is the state of aggressive DVT
treatment in 20157 In cases of increased clinical severity, CDT is rec-
ommended. In cases of extensive anatomic disease and iliofemo-
ral involvement, CDT is recommended. If symptoms have persisted
despite anticoagulation for >28 days, CDT is recommended. Take
care in patients with increased bleeding risk, and not-recommended
for chronically non-ambulatory patients.
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Patient selection and treatment: upper limb DVT

V. Bérczi
Department of Radiology and Oncotherapy, Semmelweis
University, Budapest, Hungary

Learning Objectives

1. To describe the entity of Paget-Schroetter syndrome

2. Todescribe the technique of endovascular therapy

3. To describe results of thrombectomy and thrombolysis
Introduction and background

Upper extremity deep venous thrombosis has an incidence of
2%-10% of all deep venous thromboses. Primary upper extremity
deep vein thrombosis (UEDVT) is defined as spontaneously devel-
oped thrombosis without any clinically apparent risk factors or after
strenuous exercise (effort thrombosis). Screening for occult cancer
should be performed in idiopathic thrombosis, while effort throm-
bosis (Paget-Schrotter syndrome; PSS) typically occurs in young and
physically active patients due to repetitive injury to the vein due to
the tight thoracic outlet and the frequently repetitive use of arms
above the shoulder level. Secondary UEDVT is far more common
than the primary form, it develops in the setting of central venous
catheter, pregnancy, malignancy, recent surgery, or recent trauma.
The incidence of UEDVT is increasing, partly due to an exponential
growth in the use of central venous catheters and the increasing
placement of permanent cardiac pacemaker or defibrillator devices.
Risk factors for catheter-related thrombosis include malignancy,
chemotherapy, increased age, diabetes, obesity, and thrombophilia.
Paget-Schrotter syndrome

PSS, first described in 1875, is the venous component of thoracic
outlet syndrome, with only 4% of all thoracic outlet syndrome cases.
Usually, the dominant arm is affected. Its annual incidence is two
cases per 100,000 persons. The subclavian vein can be compressed
when the arm is externally rotated or abducted at extreme degrees.
Differential diagnosis includes arterial and neurogenic TOS, rotator
cuff disorders, Pancoast tumor, vasculitis, infections, and inherited
or acquired thrombophilias.

The most common signs and syndromes include unilateral arm
swelling, heaviness of the affected upper limb, erythema, discom-
fort, dilated superficial veins, low-grade fever, dyspnea, and supe-
rior vena cava syndrome. Recent studies showed that D-dimer has a
negative predictive value of 98% and 93% for upper extremity deep
thrombosis and superficial venous thrombosis, respectively.

The main complication of effort UEDVT thrombosis is the post-
thrombotic syndrome (venous distension, swelling of the arm, blue
discoloration, and pain with exercise). UEDVT thrombosis, especially
the secondary form carries a substantial risk of pulmonary embolism



(3%-12%). Symptomatic PE with lower limb DVT was three times
more frequent compared with UEDVT in the RIETE registry (29%
vs. 9%); however, 3-month mortality rate was higher in the UEDVT
group (11% vs. 7%). Recurrence rate is smaller in UEDVT than lower
limb DVT.

Imaging

Plain radiography

This may be useful in identifying cervicothoracic osseous abnormali-
ties (e.g., abnormal first rib).

Ultrasound

On B-mode imaging, echogenicity may vary in acute thrombosis. As
usual, noncompressibility defines the presence of DVT. Obviously,
this evaluation technique cannot be used either for the centrally sit-
uated veins (i.e., brachiocephalic veins and superior vena cava) or for
the medial segment of subclavian veins near the clavicle. Absence of
flow and the normal biphasic pattern on pulsed wave Doppler can
also suggest DVT (75% sensitivity; 100% specificity). A recent guide-
line suggests the use of compressions and Doppler US (“Combined
modality US”) as the initial diagnostic test.

Contrast venography (CV)

Earlier, it has been the reference standard for suspected lower limb
DVT. Contrast medium is injected into the distal vein of the upper
extremity. Thrombus is identified as a filling defect present in more
than one view. However, interobserver agreement on venogram
interpretation in suspected DVT is only 70%-80%. This technique is
reserved when initial noninvasive imaging is insufficient for a con-
clusive diagnosis or is negative in case of high-clinical suspicion of
DVT. CV visualizes veins at the thoracic outlet. However, it requires
radiation exposure and intravenous contrast, and is technically
demanding. CO, venography has been used in small studies with
acceptable results (97% sensitivity and 85% specificity against stan-
dard 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 were scarce. Obvious disadvantages of CTV include
ionizing radiation and 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 publications investigating lower extrem-
ity. Pooled sensitivity and specificity of CE-MRV was 91% and 95%,
respectively, against CV as the reference standard in lower limb
veins. TOF-MRYV is also promising. Magnetic resonance direct throm-
bus 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
in two measurements with a difference in time of at least 24 hours.
Acute phase therapy is for 3 months. Complication rate of anticoag-
ulation therapy includes 2%-4% of major bleeding. A retrospective
analysis reported increased symptomatic resolution (48% vs. 70%).
Indications of anticoagulation therapy beyond 3 months are uncer-
tain; provoked situations (e.g., cancer and central venous catheter)
or UEDVT with tight thoracic outlet (not corrected surgically) may
justify long-term anticoagulation treatment. In case of PSS, if com-
pressive forces are not eliminated, then benefits of anticoagulation
may be limited.

Endovascular therapies

Thrombolysis and thrombectomy

Systemic thrombolysis has been largely replaced by catheter-
directed thrombolysis in the lower limb DVT due to the smaller num-
ber of bleeding complications and better rates of valvular compe-
tence. Catheter-directed thrombolysis (CDT) uses a multiport cathe-
ter placed directly into the thrombus using image guidance. The risk

of bleeding is directly proportional to the volume and duration of

CDT. For lower limb treatment, typical regimen consists of continu-

ous high-volume drip regimen with dilute thrombolytics and con-

comitant unfractionated heparin. Clearance rates are 70%-90%.

Clots older than 2 weeks are generally less susceptible for thrombol-

ysis. Most common complications are typically access site bleeding

(major bleeding rate is approximately 10%). Appropriate case selec-

tion is challenging. Thrombolysis can be followed by elective tho-

racic outlet decompression procedure. There are only scarce data on
percutaneous mechanical thrombectomy for the upper limb DVT.

Angioplasty and stenting

Limited data are available in the literature. Stent placement for cen-

tral and peripheral limb obstruction in 65 patients showed a clinical

success 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 stents in all patients with Paget-Schrotter syndrome.

Angioplasty has higher failure rate if attempted before decompres-

sion. 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. Currently, SCV filter has little role in the

management of UEDVT.

Conclusions

The combination of clinical decision score, D-dimer testing, and

ultrasonography can safely and effectively exclude UEDVT. The cor-

nerstone of UEDVT treatment is anticoagulation. Angioplasty has
higher failure rates if attempted before decompression; stenting
may be indicated if PTA fails and decompressive forces are elimi-
nated. The long-term benefit of thrombolysis and thrombectomy
is currently unclear; selective patients with acute thrombosis hav-
ing severe syndromes and low-bleeding risk may be considered.

Placement of superior vena cava filter may only be considered in

patients with contraindications for anticoagulation therapy and pul-

monary embolism. Clear indications for endovascular therapies war-
rant data from larger-scale studies or randomized trials.
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Learning Objectives

1. Toreview the indications, pre-procedural imaging and clinical
evaluation

2. To describe the technique of endovascular therapy

3. To compare the results of various therapeutic approaches:
medicamentous, endovascular, and surgical therapy

Acute deep vein thrombosis (DVT) in the region between the popli-

teal vein termination and the confluence of the common iliac veins is

usually treated by anticoagulation (AC) with bed rest and compres-

sion stockings [1]. However, almost 90% of patients with DVT will

have relevant symptoms; and despite AC, 15% of these will develop

stasis ulcers due to venous hypertension that results from residual

venous obstruction and valve incompetence [2]. This chronic venous

insufficiency, most commonly manifesting as postthrombotic syn-

drome (PTS), occurs in up to 75% of patients with proximal DVT [3]

and is more severe in those with iliofemoral DVT. These late post-

thrombotic complications of DVT are common but often unrecog-

nized by those responsible for the initial management.

lliac vein occlusion (IVO) rarely recanalizes, resulting in persis-

tent iliac obstruction and increased ambulatory venous pressures.

In contrast to femoropopliteal occlusion by DVT, which can access
alternative venous channels, sudden venous outflow obstruction
of IVO may cause both “white” and “blue” phlegmasia. It is impor-
tant to differentiate, that phlegmasia alba dolens, or white, painful
thrombosis, is not due to arterial obstruction, as the color suggests,
but rather to arterial spasm in response to the marked increase in
outflow obstruction caused by the venous thrombosis [1]. Thus, in
the acute setting of suprapopliteal DVT, a threatened limb (phleg-
masia) requires aggressive and urgent intervention to avoid limb
loss.

Long-term AC is an essential treatment component to prevent prop-
agation of any persisting clot, helps to relieve symptoms, and pre-
vents pulmonary embolism, although if used alone it yields just 6%
complete DVT lysis at 10 days [4].

Surgical thrombectomy with calf massage and intravenous heparin
is a method to remove bulk thrombus. Including a temporary surgi-
cal arteriovenous fistula formation has been successfully performed
in order to preserve valve function and reduced the rate of PTS [5].
Although surgical thrombectomy is more effective than AC alone,
it is rarely performed, in part because of the relatively high recur-
rence rates as compared to catheter-directed thrombolysis (CDT).
Furthermore, the indication for operative thrombectomy during
acute DVT in the absence of phlegmasia cerulean dolens is still not
well defined [6].

As early as 1933, Tillett and Garner reported successful fibrinolysis
using streptokinase [7]. However, the risk of allergy and high inci-
dence of antibody formation reduced its effectiveness, thus other
direct tissue plasminogen activators, including alteplase, increased
the effectiveness and specificity of thrombolysis. So far, systemic
thrombolysis results in three times better lysis compared to AC
alone but four times the increased risk of major bleeding [8].

As a result of complications related to systemic thrombolysis and the
limited results of surgical thrombectomy in DVT, localized treatment
techniques using catheter-based (pharmaco)mechanical-assisted
thrombectomy devices were developed to treat acute and early ilio-
femoral DVT [2, 3, 8-32].

Interventional techniques

Most promising techniques of thrombus removal include CDT,
pulse-spray technique, and mechanical devices (table 1). CDT uses a
thrombolytic infusion through an end-hole catheter into the throm-
bus, usually followed by aspirating the loosened fragments of clots.
The pulse-spray technique increases penetration of the thrombus
by a lytic agent using a multiple side-holed catheter placed through
the thrombus. Then the lytic drug is intermittently sprayed over
several hours until adequate results are shown by repeat venogra-
phy. Mechanical devices aim to macerate clots either by a spinning
metallic helix or by a rotating wire between the balloons and to aspi-
rate fragmented thrombus from the vein. These systems may use
burst-sprayed saline with or without thrombolytic to further macer-
ate thrombus. In particular in patients who have relative contraindi-
cations to thrombolysis, these maceration/aspiration systems may
be considered [23].

Table 1. Devices for catheter-directed (pharmaco)mechanical
thrombolysis

Mechanical devices:

Aspiration thrombectomy: large bore aspiration catheter (7F or
larger) and negative syringe pressure for mechanical clot removal.
AngioVac (Angio Dynamics, Latham, NY): removal of soft, fresh
thrombi or emboli utilizing extracorporeal bypass.

Arrow Trerotola PTD (Arrow, Reading, PA, USA): macerates clot with a
spinning metallic helix and aspirates it from the vein.

Aspirex S Catheter (Straub Medical, Wangs, Switzerland): macerates
clot with a spinning metallic helix and aspirates it from the vein.

Clot Buster Amplatz Thrombectomy (ATD, Minneapolis, MN): macer-
ates clot with rotating helix device.




Pharmacomechanical devices:

AngioJet (Possis, Minneapolis, MN): burst-sprayed power pulse
thombolysis + thrombectomy by Venturi effect.

Ekos EndoWave system (Ekos, Bothell, WA): ultrasound-assisted
thrombolysis to exposes additional plasminogen receptor sites to
the thrombolytic agent.

Trellis (Bacchus Vascular, Santa Clara, CA): thrombus fragmentation
by rotating sinusoidal wire + local thrombolysis + aspiration with
embolic protection by two inflated balloons.

Evidence for interventional therapy

There is level Il intervention evidence that earlier, more complete
removal of thrombus will result in reduced DVT recurrence and its
subsequent complications, including PTS, and will improve the qual-
ity of life [2, 23]. Despite interesting case series and small single-cen-
ter studies, there is still a lack of prospective, randomized data regard-
ing the safety, efficacy, and cost of thrombolytics versus anticoagu-
lants (including the acute procedure, ongoing treatments, and man-
agement of complications). Clinical benefit end points in several series
are also poorly defined, which makes direct comparison difficult [33].
CDT with local delivery of thrombolytic to the thrombus produces
more favorable results than systemic thrombolysis, with almost dou-
ble the venous patency rate at 1 year and an approximately 80%
overall success rate [8]. Manual aspiration thrombectomy [20] cou-
pled with inferior vena cava (IVC) filter insertion and optional bas-
ket clot fragmentation provided successful clot lysis in nearly 90% of
patients; however, in cases when the aspiration technique was inad-
equate or failed, CDT was included.

Using the Clot Buster Amplatz Thrombectomy Device (ATD,
Minneapolis, MN) complete lysis in 44% of patients was achieved
as early as in 2001 [9]; however, patients experienced transient arte-
rial desaturation which might be caused by micropulmonary emboli
induced by the device. The incidence of PE in these cases seems to
be similar to the significant incidence of PE as reported with the
pulse-spray technique, evident in 18% of patients who underwent
treatment for thrombosed dialysis grafts using plasminogen acti-
vator but increasing to 64% when heparin alone was used [1]. This
data indicates that the incidence of PE is reduced by adding a plas-
minogen activator. One approach is to speed drug dispersion within
the thrombus by loosening fibrin strands. However, as shown in the
Bernutiful trial, the addition of the EKOS system during CDT did not
facilitate thrombus resolution [31].

Another approach is the pharmacomechanical thrombolysis using
thrombolytic agents and mechanical maceration or disruption of
clot, that offers easier and more complete thrombus aspiration [11,
14, 16, 19]. Using the AngioJet system episodic reports of hemoly-
sis, resulting in decreased white blood cell and platelet counts in
porcine models indicate the need of a carefully and cautious appli-
cation of this system [18]. Nevertheless, a major advantage of phar-
macomechanical thrombolysis vs. the original CDT technique is the
shorter duration (26h vs. 48h), a lower amount of lytic agent used (2.6
vs. 5.6 mU), the higher lysis rate (>90% vs 73%) and the lower costs,
whereas no difference in major complication was observed [1, 16, 34,
35]. Recently, routine venous stenting after CDT has been associated
with patency rates >90% and a low rate of PTS [23, 24, 36, 37].

Patient selection

Considering the current evidence, the most favorable outcome is
achieved by selecting patients with large suprapopliteal clot bur-
den, younger age, iliac vein compression syndrome, a low risk of
bleeding, < 2 weeks from onset of symptoms, an acceptable life
expectancy (all evidence 2A), and limb-threatening venous ischemia
(phlegmasia) due to iliofemoral DVT (evidence 1A), [1]. Immediate
thrombus removal should be attempted since this population has
the highest risk to develop PTS [8]. Nevertheless, after acute AC
long-term heparin, or warfarin (international normalized ratio 2-3)
for at least 3-6 months up to 2 years is still recommended thereaf-
ter, and patients should wear long leg compression stockings for 6
months [1, 38, 39].

Acute DVT induced by the formation of venous spurs and synechiae

due to a typically left-sided compressed proximal left common iliac

vein (May-Thurner syndrome) is a rewarding indication for thrombec-
tomy, thrombolysis, and subsequent stent placement, since recur-

rence of untreated acute left iliofemoral DVT is as high as 73% [40].

Routine IVC filter insertion may be unwarranted and necessary only

in particular cases such as reduced cardiopulmonary reserve or free-

floating thrombus [1].

However, in patients with recent internal bleeding, severe hyperten-

sion, or recent cardiovascular accident, thrombolysis of the suprap-

opliteal DVT is contraindicated and should only applied after careful

consideration of the overall benefit-to-risk profile [1, 2].

Proximal lower extremity DVT

A proximal lower extremity DVT (pDVD) is defined as a constant and

incompressible intraluminal deep venous defect at or above the

popliteal vein. When thrombus extends above the popliteal vein, it
may involve the iliac veins or the inferior vena cava and potentially

fatal pulmonary embolism will develop in 10% of these patients [23].

However, isolated femoropopliteal DVT is treated by conventional

AC therapy since data does not support early thrombus removal

(evidence 1C) [41].

Deep calf vein thrombosis

Controversy still persists as today whether deep calf vein thrombosis

(cDVT) should be treated with AC or observed with duplex surveil-

lance. In a systematic review of the literature Masuda et al assessed

whether data could support either approach [28]. So far, data shows
that cDVT will propagate in 8-15% into the popliteal vein or higher.

In two studies of moderately strong methodology, AC reduced the

propagation of cDVT into higher veins. Recent surgery, trauma, and

malignancy was associated with an increased risk of propagation
and advocates AC for this high-risk group. Pulmonary emboli (PE)
with unassigned treatment were strikingly lower than the historical
reports. It seems that recurrence of cDVT is lower than in thigh DVT,

and data suggest that in low-risk groups with transient risk factors, 6

weeks of AC may be sufficient. Studies of PTS reported that patients

with cDVT had fewer symptoms than their thigh DVT counterparts.

The authors concluded that no study of strong methodology was

found to resolve the controversy of optimal treatment of cDVT.

Further, no data supports the use of thrombolytic drugs in localized

infrapopliteal venous thrombosis [1].

Conclusion

In patients with iliofemoral DVT, early thrombus removal can be

safely and effectively performed as a first-line therapy by percuta-

neous catheter-based techniques (2C). Pharmacomechanical throm-
bolysis may be considered over catheter-directed pharmacologic

thrombolysis (2C) alone if expertise and resources are available [41].

There is increasing evidence that this preserves venous valve func-

tion [42], reduces longer-term venous hypertension, and lowers the

incidence of PTS.

Solitary minor pDVT, or ¢DVT, can be safely treated with compres-

sion stockings and AC without the need for urgent intervention,

such as CDT or mechanical thrombectomy, given the associated low

morbidity and mortality [1, 28, 43].

Open surgical thrombectomy may be suitable in selected patients

who are candidates for AC but in whom thrombolytic therapy is con-

traindicated (2C).
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Learning Objectives
1. To review the indications, pre-procedural imaging and clinical
evaluation
2. Todescribe the technique of endovascular therapy
3. To compare the results of various therapeutic approaches:
medicamentous, endovascular, and surgical therapy
The incidence of deep venous thrombosis (DVT) in the literature is
about 3/1000 per year in the adult population. In the two years fol-
lowing DVT, between 30% and 60% develop a post-thrombotic syn-
drome (PTS), with 10% developing severe PTS, resulting in disabil-
ity and a severe impact on the quality of life. Moreover, the socio-
economic impact is significant. In the vast majority, PTS is caused by
chronic iliofemoral obstructive venous disease due to suboptimal
recanalization after conservative anticoagulative therapy. Treatment
for chronic deep venous disease has also been characterized by the
sole use of conservative modalities. Open surgical or endovascular
approaches were only reserved for the most severe cases. In recent
years, however, the treatment options in chronic deep venous
obstructive disease have changed dramatically. Endovascular treat-
ment, by use of percutaneous transluminal angioplasty (PTA) and
stenting, has become the standard of care in a great number of spe-
cialized centers worldwide. Due to low morbidity, absence of mor-
tality, and excellent short- and long-term results, worldwide interest
in this type of treatment is quickly increasing and more and more
centers are starting to offer this treatment. Technical success rates
of endovascular venous recanalization described in the literature are
well above 90%, generally approaching 100% depending on studies
and patient population. Secondary patency rates are high and gen-
erally exceed 90% after 5 years. Clinical outcome is also encouraging
with pain relief, reduction in leg swelling, and ulcer healing in the
vast majority of cases.
We identify three groups of indications for deep venous stenting.
First, venous compression syndromes seem to be best treated by
stenting. May-Thurner syndrome, in the most classic form, is caused
by compression of the left iliac vein by the right common iliac artery.
The pelvic anatomy harbors multiple potential compression sites,
however, and several locations have been identified in iliac veins
bilaterally. Malignancy comprises another category of compres-
sion syndromes, with superior vena cava syndrome as the most dev-
astating. Second, DVT-related venous obstructions are nowadays
generally accepted as a good indication for stenting. In the acute
phase, however, stenting has no place. Awaiting the results of ran-
domized controlled trials (ATTRACT, CAVA), the primary treatment
for DVT seems to move towards endovascular thrombus removal.
It becomes more evident, however, that in a majority of cases, a
cause for DVT can be found in the underlying compression of the
iliac vein, which should be stented to prevent recurrent DVT. Chronic
vein obstructions caused by unsuccessful recanalization after con-
ventional measures should be treated primarily by stenting. Over
the last two decades, iliofemoral stenting proved feasible with very
high patency rates. This does not mean, however, that all obstructed
venous segments can be readily stented. Stenting unilateral iliac
vein obstructions show the highest patency and usually succeed
without complications. Bilateral iliocaval chronic occlusions show
lower success rates and long-term patency. Even worse outcome is
seen when stents are positioned below the inguinal ligament, more
specifically below the femoral vein confluence, and should therefore
be avoided. Third, congenital disorders, mostly located at the level
of the inferior vena cava (IVC), can result in venous flow obstruc-
tion. Subsequently, patients might suffer from venous hypertension

or secondary DVT caused by a sudden decompensation in blood
outflow patterns. After successful thrombolysis, recanalization and
stenting of the IVC should be performed to relieve complaints and
reduce the risk of recurrent DVT.

The recanalization procedure is performed under local analgesia
in some cases of sole external vein compression (i.e., MTS) or gen-
eral anesthesia in most cases of post-thrombotic disease. In con-
trast to arterial obstructions, PTA alone is never enough to recan-
alize the vein completely; stenting with self-expandable stents is
always necessary to permanently push away the fibrotic trabecu-
lations and webs. Principally, stenting should be performed from
healthy to healthy, i.e., all diseases venous segments have to be
covered by stents. In cases of extensive obstruction in the com-
mon femoral vein (CFV), insufficient inflow into iliac segments can
be expected; in these cases, it is advised to perform an endophle-
bectomy (surgical desobstruction) of the CFV with or without an
AV fistula to improve patency during follow-up. The stenting pro-
cedure itself encompasses access to the femoral vein under ultra-
sound guidance. A 5-10-F sheath is then introduced, and angiogra-
phy is performed to assess the extent and localization of the venous
obstruction. In total iliac occlusive disease, it is important to visu-
alize collateral pathways, which helps to determine the anatomi-
cal route for recanalization. Therefore, angiography in multiple pro-
jections is helpful. By use of hydrophilic guidewires, the obstruc-
tion can be passed in most cases. In difficult cases of extensive post-
thrombotic disease, CTO wires and catheters might be used to opti-
mize technical success. Following the crossing of the obstruction,
the affected vein segments are pre-dilated with non-compliant bal-
loons. Over-dilating the obstructed veins facilitate complete stent
deployment since significant recoil is seen after initial PTA. The risk
of vein rupture and subsequent bleeding is very small, and pre-dila-
tion till 16-14 mm can safely be performed in the iliac veins down
to the level of the inguinal ligament. Stent sizing is fairly standard
in occlusive disease, with 14-mm stents in the iliac veins and 12-mm
stents over the inguinal ligament into the CFV. Stent migration
in this entity is non-existent. However, the risk of stent migration
increases in compressive disease since the vein wall is still smooth in
most cases and does not have enough hold on the stent. Oversizing
the stent is therefore advised. In most cases, 16-mm stents will suf-
fice; however, specific patients with particularly large veins some-
times need diameters up to 18-20 mm. Following stent placement,
the treated segments are dilated again for optimal deployment and
wall apposition. Completion angiography is then performed to eval-
uate flow through the stented segments and the absence of collat-
erals. Stagnant flow within the stents should further be evaluated,
and residual stent compression has to be excluded. However, an
indication of significant flow obstruction on anteroposterior projec-
tion might be nothing more than a minimal line of contrast on lat-
eral projection and therefore needs no further action. In the situa-
tion of significant flow obstruction without stent compression, the
degree of inflow might be the prominent limiting factor. Principally,
the femoral vein and the deep femoral (profunda) vein are the
prominent outflow veins of the leg and are significant for long-term
patency of the stented iliac veins. When post-thrombotic disease is
limited to the CFV, an exclusive endovascular approach is possible
because stents can be extended down to the femoral vein conflu-
ence. However, when trabeculations extent into one or both fem-
oral veins, inflow into the stents is hampered and might be wors-
ened by placing stents distal to the femoral confluence. The bet-
ter alternative is considered to be surgical desobstruction of the
femoral outflow vein orifices and adding an AV fistula to further
increase flow. The fistula can be electively closed after 6-8 weeks
to prevent focal restenosis. Another factor that might limit patency
can be found in stents and stent design. For a long time, veins
were treated with stents designed for arterial disease. Stent speci-
fications were determined based upon the nature of the disease,
i.e., atherosclerotic. High radial force or crush resistance has never
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been the predominant feature of vascular stents before. However,
in external compressive and post-thrombotic disease, higher hoop
strength is necessary to maintain sufficient stent lumen. Moreover,
stents placed into the iliac veins are continuously forced into multi-
ple curves and should therefore be flexible. Rigid stents have a ten-
dency to straighten and might change venous anatomy and ham-
per the integrity of the vein. The awareness of this philosophy con-
tinues to increase among venous specialists, and currently there is
shift towards dedicated venous stent design. First experience with
dedicated venous stents indicates that stent-related complications
decrease and patency rates improve.

If venous flow is uncompromised and optimal stent configuration
is confirmed, the most important factor for short-term patency is
coagulability. After PTA and stent placement, a clear hypercoagula-
bility state exists. Therefore, it is advised that patients are anticoagu-
lated post-operatively for at least 5 days with LMWHs, during which
anticoagulation with vitamin K antagonist is started. This is contin-
ued for at least 6 months, aiming at an INR of 2.5-3.5. Recently, new
oral anticoagulants, i.e., rivaroxaban and dabigatran, have been sug-
gested as alternatives to coumarins in some patients. Patients are
generally discharged within 24 hours after endovascular interven-
tion and 48 hours after hybrid intervention when duplex evaluation
does not show any complications. The first visit to the outpatient
clinic should be planned no later than 2 weeks after the interven-
tions, since cases of early re-thrombosis are clearly better treatable
within this timeframe.

In conclusion, endovascular treatment of iliocaval obstructions is
generally accepted and technically feasible in virtually all cases and
shows very high patency rates. Dedicated venous materials and
availability of flow-increasing techniques further optimize long-term
results.

Fundamental Course
Basic principles of biopsy and drainage procedures

1001.1

Percutaneous biopsy of easy and difficult lesions in the lungs
and mediastinum

P.A.M.S. Almeida
Radiology, H S Teotonio, Viseu, Portugal

Learning Objectives

1. Tolearn about the indications and contraindications for lung
and mediastinal biopsy

2. To learn about techniques including new tools for image
guidance for lung and mediastinal biopsy

3. Tolearn about results and complications of lung and medias-
tinal biopsy, including their treatment

The decision to biopsy a lesion should be taken after careful anal-

ysis of the clinical history and images following a discussion about

the indication with our clinical partner in order to avoid unnecessary

procedures and/or “pseudolesions.”

Considering an effectiveness/accuracy ratio, CT remains proba-

bly the best cross-section multi-plane imaging method to guide a

biopsy.

Regarding specifically the thorax, CT still is the only method that

allows a fast, accurate, and safe positioning of a biopsy needle.

Whenever possible, the shortest distance to the lesion should be

selected, avoiding as many pleural structures (surface/fissures) as

possible that have to be traversed during breathhold.

Prone position should be preferred, and strict horizontal or perpen-

dicular path allows an easier targeting of the lesion, diminishing the

number of passes and avoiding vessels, bubbles and bullae.

Whenever possible, the use of a tru-cut 20G needle is advised in

order to obtain a sample for histology.

Ensure that the needle enters the lesion before triggering the
device. This avoids pushing forwards or laterally the lesion namely
encapsulated ones and not getting the sample.

Cavitated lesions should be punctured peripherally targeting its

wall.

If it is predictable the necessity of multiple passes (small lesion), then

should be considered the use of a coaxial cannula or the tandem

technique.

Puncturing the mediastinum requires a careful planning and

demands some skill even more if a small lesion is the case.

Anatomical structures are placed very closed. Guided injected saline

creates an “effusion” separating the limits of the organs.

The use of the tandem technique is strongly advised, advancing the

needles in a “step-by-step” way.

CT fluoroscopy may be helpful if one has to choose an oblique

pathway.

After a biopsy, the patient should always be placed laying in lat-

eral position, the punctured side facing downwards (approx. for 60

minutes).

The most frequent complication is the pneumothorax often due to

emphysematous lung and/or lack of cooperation by the patient.

A hypertensive or a major one has to be drained with simple aspi-

ration (with an 8-Fr pigtail drain) or with the placement of a chest

tube.

Haemoptysis due to parenchymal hemorrhage or bronchial effusion

along the needle path can also occur and should not be of concern.

The patient must be kept calm, positioned correctly, and some oxy-

gen should be applied.

Pulmonary blood flow is of low pressure and coagulation occurs

usually in a few minutes.
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1001.2

Percutaneous treatment of empyema, lung abscess and
mediastinal abscess

M. Diix
Zentralinstitut f. Radiologie und Neuroradiologie, Krankenhaus
Nordwest, Frankfurt, Germany

Learning Objectives

1. Tolearn about clinical management and indications for IR treat-
ments of empyema, lung abscess and mediastinal abscess

2. Tolearn about techniques for puncture and drainage of
empyema, lung abscess and mediastinal abscess

3. Tolearn about results and complications of IR treatments for
empyema, lung abscess and mediastinal abscess, including how
they are treated

No abstract available.



1001.3

Percutaneous biopsy of easy and difficult lesions in the
abdomen and pelvis

0. Akhan
Radiology, Hacettepe University, Ankara, Turkey

Learning Objectives

1. Tolearn about the indications and contraindications for
abdominal and pelvic biopsy

2. Tolearn about techniques including new tools for image
guidance for abdominal and pelvic biopsy

3. Tolearn about results and complications of abdominal and
pelvic biopsy, including how they are treated

Image-guided percutaneous biopsy, which is the most commonly
performed procedure, has already become an integral part of daily
work in interventional radiology units. According to the indica-
tions, we can perform either “fine-needle aspiration biopsy” or “core
biopsy.” Complications during or after biopsy are very rare. Although
percutaneous biopsy of most of the abdominal masses are easily
and safely performed under the guidance of ultrasonography (US)
and/or computerized tomography (CT), biopsies of some lesions
might be technically difficult due to several reasons such as small
lesion size, risky locations including lesions next to the main vessels,
organ motion, intervening structures, and hardly visible lesions by
imaging modalities. We use different techniques to perform biopsy
procedures, which are accepted as “technically difficult biopsy.” The
difficulties may be overcome by several techniques such as real-time
guidance by US or CT fluoroscopy, changing patient position, trans-
organ punctures, organ displacement techniques, breath-hold of
patients, and image fusion technologies. High rate of success for the
biopsy of difficult abdominal masses is closely related to the expe-
rience of interventional radiologists who are familiar with problem-
solving techniques.
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1001.4

Percutaneous management of abdominal and pelvic fluid
collections

M.J. Lee
Radiology, Beaumont Hospital, Dublin, Ireland

Learning Objectives

1. To learn about clinical management and indications for IR treat-
ments of abdominal and pelvic abscess

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

3. Tolearn about results and complications of IR treatments for
abdominal and pelvic abscess, including how they are treated

No abstract available.

Special Session
State-of-the-art vascular malformation
management

1003.1

Diagnosis and treatment: low-flow malformations

B. Peynircioglu
Radiology, Hacettepe University, Ankara, Turkey

Learning Objectives
1. Toreview the best imaging techniques to characterise low-flow
AVMs
2. Tolearn about embolisation techniques and the results of
embolisation in low-flow AVMs
3. Toreview the results and complications of embolisation in
low-flow AVMs and how to minimise them
Vascular malformations (VMs) are now described according to the
widely accepted guidelines, and the principle of proper treatment
is becoming clear. An appropriate classification scheme for vascular
anomalies and definite indications for treatment are important for
an overall successful treatment. Findings from noninvasive imaging
(mostly Doppler ultrasound with magnetic resonance imaging (MRI)
and CT for high-flow malformations) in association with clinical find-
ings are critical for establishing the diagnosis, evaluating the extent
of malformation, and planning appropriate treatment.
In most cases, conservative treatment is recommended; however,
when a patient suffers clinical complications (e.g., ulceration, pain,
hemorrhage, cardiac failure, organ dysfunction, and unacceptable
cosmetic consequences), the nidus sclerotherapy/embolotherapy
becomes mandatory. A multidisciplinary approach is needed in the
treatment of any VM, and a dedicated team approach is necessary
for appropriate management in most cases.
Surgical excision, which includes excision of lesions, offers an
attractive solution in theory. However, the infiltrating nature of
VMs increases the possibility of recurrence and complications.
Embolization and sclerotherapy procedures as percutaneous man-
agement techniques offer a superior alternative and/or compli-
mentary treatment choices with increasingly recognized safety
and efficacy. Embolization is the intentional occlusion of the nidus
and feeder vessels of a VM via a foreign material (e.g., n-butyl cya-
noacrylate (NBCA) or ethylene-vinyl alcohol copolymer derivatives),
whereas sclerotherapy is the obliteration of a VM via an aggressive
sclerosing agent (e.g., alcohol, polydocanol, and bleomycin). Utility
of embolization technique in low-flow VM is generally reserved for
cases that are to be surgically resected not only to achieve better
hemostasis during surgery but also to serve as a roadmap for the
surgeon to better delineate the extent of VM filled with embolic
agent inside. The combination of embolization and sclerotherapy
can potentially serve as a treatment method in cases with relatively
large VM to obtain a curative result at the end with surgical resec-
tion. All of these embolization and sclerotherapy procedures can
be performed under ultrasound and/or fluoroscopy guidance in an
interventional radiology unit. General anesthesia may be needed in
cases of alcohol sclerotherapy or for any treatment in the pediatric
population.
Currently, there is no consensus on the selection of an appropriate
agent for percutaneous treatment options. Lymphatic or venous
nature of the lesion, location (deep vs. superficial), operator expe-
rience, presence of an adjunct surgery plan, patient expectations,
cost, and availability are the main factors that influence agent selec-
tion. For the percutaneous technique in the treatment of low-flow
VM following the appropriate sterile preparation and draping of the
puncture site, again a 19-23-G butterfly needle(s) or 21-G micro-
puncture needle(s) may be placed into the VM (mostly under US
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guidance), and diluted contrast was injected into the VM to depict
the vascularity and venous drainage of the VM. Only after that, the
chosen embolization or sclerotherapy agents were injected under
the guidance of fluoroscopy/US. Additional punctures may be per-
formed when needed during the therapy. In both techniques
(embolotherapy/sclerotherapy), complete obliteration of the VM is
the goal; for diffuse, large VMs, additional treatment sessions are to
be scheduled at 4-6 week intervals. While dose limitations are one
important reason for doing session by session treatment for select
agents (such as alcohol, lipiodol, and polidocanol), staying in the
safe side with more limited sclerotherapy is another vital reason to
do so for large lesions to avoid potential complications. Periodic (1-3
months) follow-up evaluations were performed based on physical
examination, using gray scale and/or color Doppler US and MRI, as
needed.
In general, low-flow VM lesions are rare and present challenges in
both diagnosis and management. Percutaneous management with
sclerotherapy can be effectively used alone or with surgery for the
treatment of PVM lesions, provided that the lesion is correctly clas-
sified and an appropriate agent is selected. To achieve better out-
comes for these potentially complex lesions, interventional radi-
ologists and plastic surgeons must work together beginning with
the diagnosis and continuing throughout treatments so that these
lesions can be treated aggressively and patiently, yielding excel-
lent outcomes with an acceptable rate of complications. Choice of
the embolization/sclerotherapy route and embolic agent plays an
important role in the management of these lesions and requires
significant experience and expertise in all kinds of imaging-guided
embolizations.
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1003.2

Diagnosis and treatment: high-flow malformations

M. Kécher
Department of Radiology, University Hospital Olomouc, Olomouc,
Czech Republic

Learning Objectives

1. Toreview the best imaging techniques to characterise high-flow
AVMs

2. Tolearn about embolisation techniques and the results of
embolisation in high-flow AVMs

3. Toreview the results and complications of embolisation in
high-flow AVMs and how to minimise them

Peripheral vascular malformations are true structural anomalies

resulting from errors in vascular morphogenesis, and they are pres-

ent at birth and grow commensurately with the child.

Vascular malformations are categorized into low-flow malforma-

tions (venous, capillary, lymphatic, and mixed) and high-flow malfor-

mations (AV malformations, congenital AV fistulae, acquired AV fistu-

lae, and mixed).

From the treatment point of view, exact differentiation according to

predominant vascular structures is not essential, but differentiation

according to flow characteristics into low-flow and high-flow lesions

is necessary. From imaging methods, it is expected to distinguish

between low-flow and high-flow lesions, localization, volume and

range of lesion, and relationship to the surrounding tissues and organs.

Magnetic resonance (MR) offers a good differentiation between
high-flow and low-flow lesions, good evaluation of the volume and
extent of lesion, and good interpretation of anatomical relationship
to the surrounding tissues and organs. Angiography is part of the
therapeutic procedure only.

Endothelial cells in the AVM retain the embryonic growth poten-
tial. Sclerotherapy, which leads to the destruction of endothe-
lial cells and subsequent thrombosis and fibrosis, has the poten-
tial for complete cure of AVM. Permanent (curative) effect of sclero-
therapy by ethanol is given by complete damage of endothelial
cells. Incomplete endothelial damage after the treatment by other
embolic material or procedure is responsible for angiogenesis, neo-
vascularization, and recanalization, and it has palliative effect only.
Technique and tactics of sclerotherapy varies by the type of AVM.
The results are classified into four stages: cure, partial remission,
no remission, and aggravation. Cure and partial remission are con-
sidered to be successful therapeutic outcomes, and this result can
be expected in 70-89%. The best therapeutic outcome is for type Il
AVMs.

Complications of sclerotherapy of AVM by ethanol can be observed
in 10-30%.

Minor complications are blister, skin necrosis, and temporary nerve
injury. Major complications include necrosis of surrounding organs,
permanent nerve injury, PE, stroke, hemoglobinuria, and circulatory
collapse.

1003.3

Diagnosis and treatment: large visceral vascular malformations

J.E. Jackson
Imaging, Hammersmith Hospital, Imperial College Healthcare NHS
Trust, London, United Kingdom

Learning Objectives
1. Tolearn about proper imaging technique in order to achieve the
best pre-treatment evaluation
2. Todescribe different methods of treatment, and where and how
to use the different types of embolic material available
3. Toreview problems and challenges encountered when treating
large 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, particularly those involving the
viscera. Many of these visceral lesions are only picked up as an inci-
dental finding during the investigation of unrelated symptoms, and
they remain quiescent throughout life; others, however, may pres-
ent with life-threatening complications, particularly haemorrhage.
Cardiac failure, an oft-quoted complication of high-flow arteriove-
nous malformations (AVMs), is remarkably rare, but it is most com-
monly seen when there is diffuse involvement of the liver, usu-
ally associated with the autosomal dominant condition hereditary
haemorrhagic telangiectasia (HHT). Although pulmonary AVMs,
which are associated with HHT in more than 90% of individuals, are
also classified as visceral AVMs, they will not be discussed in this pre-
sentation as their management differs from that of the systemic
AVMs, which 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 they are best managed by surgical resec-
tion as they respond poorly to embolisation. Gastrointestinal tract



low-flow lesions are very common in HHT, and if the cause of trans-
fusion-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 embolisation. As is the case with high-flow mal-
formations involving other body parts, the most important aspect
of embolisation of visceral AVMs is an understanding of the anat-
omy of the vascular communications within them as these have a
bearing both upon the method of vascular occlusion and upon the
final result. Regardless of their anatomy, however, the general prin-
ciple is that occlusion is performed at the site of the abnormal arte-
riovenous shunts and not in the vessel proximal to this point. The
embolisation of arterial feeding vessels, which was performed for
many years with metallic coils or particulate matter such as absorb-
able 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 arte-
rial inflow vessels have been occluded. If, however, the embolisa-
tion is directed at the arteriovenous communications themselves
from an arterial approach, via a direct percutaneous puncture or ret-
rogradely 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 with the use of agents that are directed at arte-
riovenous shunts rather than at proximal feeding vessels.
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1003.4

Diagnosis and treatment: paediatric vascular malformations

A.M. Barnacle
Radiology, Great Ormond St Hospital for Children, London, United
Kingdom

Learning Objectives

1. To review the clinical and anatomical features specific to paedi-
atric vascular malformations

2. Toreview the indications and techniques for embolisation of
paediatric vascular malformations

3. Toreview the results, complications and follow-up strategy
post-embolisation of paediatric vascular malformations

The general principles of sclerotherapy and embolisation apply to

childhood lesions as much as they do to adult lesions, but there are

a few important factors to consider in paediatrics including com-

plexities of imaging young children, careful case selection tailored

towards symptom control and not expectations, sclerosant dose
limits and radiation dose reduction principles. In addition, there
are some conditions that present in childhood, but are very rarely
encountered in adult populations and complex syndromes that
require intensive multi-disciplinary input in childhood to ensure that
the physical and psychological development of the child is as nor-
mal as possible.

Most radiologists would consider MRI to be the imaging modal-
ity of choice for all but the simplest of malformations. In small chil-
dren, cross-sectional imaging usually necessitates sedation or gen-
eral anaesthesia; therefore, ultrasound plays a more central role, cer-
tainly, in the initial triaging of lesions and in post-treatment follow-
up. It is important that the sonographer is both skilled in scanning
children and experienced in diagnosing vascular anomalies so that
as much information as possible is gathered in a short span of time.
In skilled hands, it is possible to get detailed information even from
hard-to-reach areas, such as the orbit, without upsetting the child.
A majority of vascular malformations are superficial, and childhood
body habitus tends to mean ultrasound is easier compared with
large adults. It is important to remember that these are often chil-
dren who will need repeat imaging and interventions over many
years; therefore, scans should only be undertaken if really necessary
and only by experienced operators. An experienced multi-disciplin-
ary team is invaluable for deciding imaging strategies for complex
cases.

Multi-disciplinary teams play a key role not only in the diagnostic
work-up of complex cases but also in terms of deciding when and
how to treat children and for managing the long-term sequelae of
their condition. Paediatric cases often bring associated complexi-
ties, such as parental anxiety and high expectations, genetic impli-
cations (including genetic counselling for subsequent pregnancies),
effects on skeletal development, psychological consequences of dis-
figurement or just ‘being different’, effects on schooling and sports
and the development of independence. Perhaps far more than in an
adult setting, the inclusion of geneticists, psychologists and physio-
therapists in the multi-disciplinary team is essential.

The choice of sclerosing agents for slow-flow malformations in chil-
dren is not different to that in adults. For venous malformations, a
dose limit of 0.5 ml/kg of sodium tetradecyl sulfate (STS; 3%) applies,
but the dose limit in young children should probably be kept lower
than this. Young patients are likely to be dehydrated due to pre-
anaesthesia starvation regimes, and operators should consider
active rehydration pre- and/or intra-operatively to avoid renal tox-
icity if high doses of STS are used. Doxycycline is often used as the
first-line agent for lymphatic malformations. It is usually diluted to
10 mg/ml with saline and/or a water-soluble contrast agent. Most
operators use a maximum single-session dose of 1 g, but they are
cautious when using above 500 mg of doxycycline per session in
infants. Doxycycline can cause hypoglycaemia, and some centres
advocate post-operative blood glucose monitoring for small chil-
dren. Tetracyclines are associated with (usually reversible) stain-
ing or discolouration of adult dentition and are not recommended
in children under 8 years of age. Doxycycline instilled into a lym-
phatic cyst is unlikely to result in high serum levels of the drug, but
some operators have concerns about effects on dentition and there-
fore include this risk in the consent process. Commonly, bleomy-
cin is increasingly used for slow-flow malformations, and it appears
to have better outcomes for microcystic lymphatic malformations
than other agents. It is an attractive agent to consider in areas where
swelling, skin breakdown or nerve injury risks are high such as the
orbit and the tongue. Dose limits are not well documented, but
most centres advocate a maximum of 15,000 IU per session, with a
total cumulative dose of 20,000-30,000 1U/kg in children (note that
1 USP = 1,000 IU). Documented side effects of bleomycin sclero-
therapy include skin, nail and hair changes and lung fibrosis. The
risk of systemic effects is probably higher when the agent is used to
treat venous malformations. Careful intra-operative precautions are
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recommended including the avoidance of high inspired oxygen lev-
els during general anaesthesia and the avoidance of any drapes or
monitoring equipment being stuck to the skin. Pre- and post-expo-
sure respiratory surveillance should be considered.
A significant proportion of children present with a constellation of
lesions labelled as a syndrome. This aspect of the study of vascu-
lar malformations is rapidly evolving, and the genetic basis of many
syndromes is now far better understood. Clinicians need to move
away from many of the older names for syndromes, which are poorly
defined and often no longer relevant. Families often find syndrome
labels helpful but are then exposed to incorrect information from
websites, outdated literature and ill-informed clinicians, with the
potential for ineffective or damaging intervention. Detailed discus-
sion of most syndromes is beyond the scope of this lecture, but some
aspects of treatment for patients with limb overgrowth and vascular
malformation merit attention. Klippel-Trenaunay syndrome (KTS) is
one of the names used most commonly and often inappropriately
to label patients with limb overgrowth and an associated slow-flow
malformation. Patients may have one or more of the following: cap-
illary or port-wine stain of the skin, fatty overgrowth of parts of the
limb, lymphatic malformation and/or anomalous, dysplastic venous
drainage of the limb. This last feature usually comprises a variant of
the embryonic or the lateral/marginal vein. Patients with this con-
stellation of features can lie anywhere on a wide spectrum of dis-
ease, and symptoms vary from minimal leg length discrepancy to
very disabling overgrowth, bleeding and infection. The malforma-
tion often extends into the pelvis. Some children present with hae-
maturia or bleeding per rectum. Gastrointestinal involvement usu-
ally requires a surgical approach, but lymphatic malformations of
the bladder can be sclerosed very effectively under cystoscopic con-
trol. Thromboembolism is well recognised in association with this
condition, and sudden death from pulmonary emboli is reported.
There is much debate on whether caval filters are merited for these
patients. Recently, a few centres have reported endovenous laser
ablation of the lateral marginal vein as a means of controlling pro-
liferation/dilatation of dysplastic veins, ablating anomalous drain-
age to the IVC and encouraging normal development of the deep
venous system; very early intervention may be advantageous.
Finally, it is worth mentioning fibro-adipose vascular anomaly
(FAVA), a previously unrecognised condition recently described
by Alomari et al. It appears to present most commonly in primary
school age children but has been documented in adults. It com-
prises a dense, fibrofatty, infiltrative lesion affecting one or more
muscle groups within an extremity, most commonly the forearm
or calf. There is associated phlebectsia, and patients are often ini-
tially labelled as having a venous anomaly. Many are diagnosed after
repeated sclerotherapy attempts that give little symptomatic relief.
The striking features are pain and contractures that would be out of
proportion to the size of the lesion if it were a venous malformation.
Sclerotherapy appears to have no role to play. Surgical resection or
debulking is possible in smaller lesions, although recurrence rates
are as yet unknown.
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Special Session Controversy
Controversies in arterial intervention

1004.1

Renal denervation is dead: pro

J.A. Reekers
Department of Radiology, Academic Medical Centre, Amsterdam,
Netherlands

Several unblinded studies and small RCTs have suggested that
catheter-based renal artery denervation reduces blood pressure in
patients with resistant hypertension. However, it has been known
from older pharmacological studies regarding the treatment of
hypertension that external circumstances can have a substantial
influence on treatment results. Not only the so-called “white coat”
hypertension but also other external factors can influence treatment
results. Hypertension treatment is sensitive to placebo. The only way
to deal with this problem is to perform a prospective, single-blind,
randomized sham-controlled trial. The SYMPLICITY HTN-3 trial ran-
domized 535 patients in a 2:1 ratio. This blinded trial did not show a
significant reduction of systolic blood pressure in patients with resis-
tant hypertension 6 months after renal artery denervation as com-
pared with the sham control.

The only conclusion is that with the current technology, renal dener-
vation is not useful as a treatment option for patients with treat-
ment-resistant hypertension.

1004.2

Renal denervation is dead: con

M.R. Sapoval
Interventional Radiology, Hopital Européen Georges Pompidou,
Paris, France

The history of interventional radiology is full of inventions that cre-
ated a lot of enthusiasm in the beginning and underwent a very hec-
tic development before being finally accepted.

We are facing the same “ups and downs” with renal denervation but
with a much higher magnitude. Because hypertension is the num-
ber one “silent killer,” the opportunity to treat patients with cathe-
ter-based technology has created an enormous hope in the medical
community after the publication of the first-in-man results in 2009
(1,2). Immediately after the publication of the first RCT in the Lancet,
Medtronic acquired the company in late 2010 (3).

From 2010 to late 2013, some countries in Europe became “RDN
addict” and behaved as if they had found the golden egg, treating
thousands of patients outside the appropriate research context. A
press release from the American Heart Association even touted renal
denervation as a potential “cure” for mild hypertension (4).

In the meantime, the community of hypertension specialists raised
concern about the unknown efficacy of the technique and the inap-
propriate design of ongoing and previously published trials (5).
The initially positive trials overstated the efficacy of the technology
because of poor design and multiple methodological limitations:
lack of ABPM measurements and lack of control of medical treat-
ment were the 2 most powerful mistaken approaches. In an effort to
control the widespread misuse of the technology, several countries
created transdisciplinary group to define the appropriate guidelines
(6,7). Other major industrial players and a few start-ups developed
alternative catheters based either on RF ablation or focused ultra-
sound, while Medtronic improved its Symplicity to Symplicity Flex
and now to Symplicity Spyral.

In order to obtain FDA clearance and reimbursement for RDN in
the US, Medtronic sponsored a large RCT including a sham arm,
so-called HNT 3, that turned out to be a dramatic failure for several



reasons (see below). Consequently, in January 2014, a huge disap-
pointment transpierced the whole community of stakeholders of
RDN, including interventionalists, industry, and investors.

In a few months, all efforts of clinical research were stopped in sev-
eral countries, mostly under the influence of Medtronic that was
forced to abruptly revise its internal strategy; some companies
(Cordis, Covidien) even completely stopped their program. Only a
few teams recognized that the disappointment should not stop all
research efforts and should only stress the need for appropriate clin-
ical research (8).

Today, it is reasonable to recognize that RDN is not dead but needs
more efforts to become an accepted technique.

1. Why can an inappropriate trial design or inappropriate tech-
nique mask the actual potential of RDN?

The negative results of HTN 3 can lead to an understanding of why
the trial was negative.

Many explanations have been proposed regarding the design of the
study and the technique of denervation. Regarding the trial design,
lack of a defined protocol to exclude patients with secondary HTN
and lack of precise medical treatment control were the most impor-
tant. Among the technical questions, it should be noted that the
experience of the interventionalist with RDN was very limited,
and this was not compensated for by the presence of well-trained
field specialists for each case. The number of ablation points was
likely too small, on an average, resulting in less-than-optimal nerve
ablation.

2. How can appropriate clinical trial design unveil the real effi-
cacy of the technology?

We and other teams have underlined since the beginning that the
design of the trials are of primary importance to demonstrate the
real effect of antihypertensive treatment (5). Validating a device is
just like validating a new antihypertensive drug.

The next step in recent months has been publication of several neg-
ative trials even in randomized design with or without sham control.
Only a single trial, which we designed, was able to counter-balance
this negative wave by actually demonstrating better results for RDN
compared to medical therapy for resistant hypertension for the first
time.

The Renal Denervation for Hypertension (DENERHTN) trial was a pro-
spective, open-label, randomized controlled trial with blinded end-
point evaluation in patients with resistant hypertension. Eligible
patients aged 18-75 years received indapamide (1.5 mg), ramipril (10
mg) or irbesartan (300 mg), and amlodipine (10 mg) daily for 4 weeks
to confirm treatment resistance by ambulatory blood pressure mon-
itoring before randomization. Patients were then randomly assigned
(1:1) to receive either renal denervation plus SSAHT regimen (renal
denervation group) or SSAHT alone (control group). For SSAHT,
after randomization, a predefined escalation protocol to control
blood pressure by adding on the top of each other various classes
of drugs, from months 2 to 5 in both groups if home blood pressure
was >135/85 mmHg; 106 patients were randomly assigned to treat-
ment (53 patients in each group, intention-to-treat population), and
101 were analyzed.

The mean change in daytime ambulatory systolic blood pressure
at 6 months was —15.8 mmHg (95% Cl, —19.7 to —11.9) in the renal
denervation group and —9.9 mmHg (-13.6 to —6.2) in the SSAHT-
alone group, with a baseline-adjusted difference of —5.9 mmHg
(p=.033) (9).

3. What are the next hurdles?

First of all, there are a lot of remaining technical questions and a
lot of progress that can be made in the RDN technology. Several
authors underlined the fact that the Simplicity catheter is not the
optimal tool; a recent case report mentioned post-mortem con-
trol of a patient who underwent RDN and in whom pathologi-
cal evidence showed that the sympathetic nerves had not been
adequately destroyed (10). The current RF-based catheters share
some similar limitations: inability to reach the deepest layers of the

peri-adventitial space where most of the nerves are, limitation in
energy delivery because of the need to preserve the arterial wall,
absence of feedback on the actual denervation (has the interven-
tion been technically successful?), duration of intervention, very
large catheters that prevent using radial approach or doing proce-
dures as a day case. It is of interest to note that various companies
are exploring alternative technology among which is ultrasound-
based ablation by external or internal endovascular approach, while
some other researchers are exploring the feasibility and efficacy of
percutaneous perirenal delivery of alcohol. Among them, the most
advanced technology is probably

the Radiance catheter (ReCor Medical) that has the advantage of

addressing some of these limitations and allowing complete dener-

vation while preserving the arterial wall. Unfortunately, there is not
enough clinical data to support its use; an FDA-controlled trial will
need to be performed.

The next step will be to better understand the best ablation tar-

get, be it the renal artery branches, ostium, or whole arterial length.

Some authors recently showed that ablating into the branches

would result in better efficacy, at least with the Simplicity catheter

(11).

In terms of clinical trial design, we are now at a very important turn,

a period of “restart.” All companies have conducted extensive dis-

cussions with the FDA to find a common ground for the appropri-

ate clinical trial design. There is no doubt that they will all come to a

common or neighboring position in randomized trials versus sham

in various level of hypertension.

Research is ongoing, both in the academic setting, in the ENCOReD

consortium, and industry sponsored, and the next 2 or 3 years will

be a great period of clinical research; all stakeholders have finally
understood that the field is complex and needs a lot of effort, but
has potential for rewarding results. An interventional radiologist
should participate in multidisciplinary research efforts. Should these

trials yield positive results, the field of RDN will again become a

major part of our future clinical activity.

As declared by Messerli, “the time has come to turn the page on

renal denervation for hypertension, but by all means, let’s not close

the book.” (12).
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Reports of isolated popliteal artery (PA) angioplasties are scarce.
Technical success rates (residual stenosis of <30%) are as low as 71%
[1], and 12-month primary patency rates are as low as 30% for PA
occlusion [2].

Stent implantation after angioplasty or primary stent implantation
has two goals; first, to achieve technical success (to enable healing
in critical limb ischemia patients) and second, to prolong or improve
patency rates (for an economic and potentially cost-effective treat-
ment approach in patients with claudication). Unfortunately, the PA
is considered an even more hostile vascular territory for stents than
the superficial femoral artery (SFA). Limitations of PA stent place-
ment are largely due to conformational changes of the PA. The PA
shortens during the flexion of the knee, with fixation points at the
adductor hiatus and anterior tibial artery at the interosseus mem-
brane pass-through [3]. When a longitudinal rigid stent is implanted
in the PA, the unstented PA has to undergo an even greater flexion
to compensate for the stented portion leading to intimal hyperpla-
sia. However, there is still a relevant mechanical load on the stent,
which potentially leads to stent fracture. Depending on the stented
length and the rigidity of stents used, the more pronounced is the
effect [4-10].

Until 2013, the lack of positive trials with clinical success of PA stent
placement could have been considered as the lack of proof or suc-
cess in this field.

Studies including the treatment of shorter lesions and the use of
new-generation, more flexible nitinol stents have addressed the
issue of stent fracture; good, long-term primary patency rates were
reported in two trials [11-14].

Published in 2013 [13], a single-center registry data proved that PA
obstructions could be treated with similar clinical and angiographic
success to those associated with SFA. Between January 2008 and
April 2010 in a single-center registry study, 125 implantations were
performed in the PA with the Supera stent (Abbott), a closed-end,
braided, self-expanding stent made of interwoven nitinol (nickel-
titanium alloy) wire material. The mean stent length was 84.4 + 45.1
mm, and the mean lesion length was 58.5 + 34.2 mm. Procedural
success defined as 30% residual stenosis was 98%. Twelve-month
follow-up demonstrated 87.7% =+ 3.7% of primary patency. The stent
fracture rate (51 patients were available at mean follow-up of 15.2
months) was 0%. Twenty-four-month patency rates were still com-
parable to the SFA with approximately 70% of primary patency [14].
The results for the Supera stent were corroborated by Leon et al. [15]
in a series with 34 patients and a stented length of >100 mm in the
PA. Twelve-month primary and secondary patency rates were 79.2%
and 93%, respectively.

Published in 2013 [12], the ETAP trial was a prospective, randomized

multicenter trial (RCT) that compared primary nitinol stent place-

ment with angioplasty in patients with de novo lesion in the PA in

246 patients. The studied stent was the Lifestent (CR Bard), a flexi-

ble, tubular, nitinol mesh prosthesis with a helical design. The mean

target lesion length was 42.3 mm. Angioplasty was considered suc-
cessful when it resulted in residual stenosis of <30% of vascular
lumen diameter by visual estimation. If residual stenosis of >30%
or flow-limiting dissection occurred, patients underwent an addi-
tional, 5-minute PTA. If these conditions persisted after prolonged
and repeated PTA, patients underwent selective stenting. Twenty-
five percent of patients in the angioplasty group needed provisional
stenting to achieve a similar 100% procedural success rate to that of
patients in the primary stent group. Twelve-month primary patency
rates were 67.4% for the primary stent group and 65.7% for the
angioplasty with selective stenting group (P = 0.92). Twenty-four-
month patency rates were 64.2% for the primary stenting group vs.

56.1% for the angioplasty with selective stenting group (P = 0.44)

[11]. Target lesion length of >60 mm was an independent predictor

of restenosis (OR, 1.77). Seven stents (4.6%) demonstrated fractures;

two (2.6%) were classified as type Ill and IV fractures, respectively.

No correlation could be found between stent fracture incidence and

either restenosis or target lesion revascularization.

In the MISAGO registry, the Misago stent (Terumo), a flexible, spine-

less nitinol stent, was used to treat femoral and popliteal obstruc-

tions. In a subgroup analysis, 57 PA lesions were treated. The aver-
age lesion length was 54 mm, and 49.1% of the treated lesions
were occlusions. No primary patency rates were obtained, but the

12-month TLR rate was only 9.4% [16].

There are no available data (RCTs or larger registry studies) to evalu-

ate the performance of stent grafts in the treatment of isolated PA

obstructive disease.

In summary, it seems that the PA is not a hostile location for stent

placement, but lesion selection and the use of new-generation niti-

nol stents results in good procedural success and high patency rates
in the PA.
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Anatomy and specificity:

Each part of the femoro-popliteal artery presents its own challenges.

The popliteal artery is short but is located in a highly flexible seg-

ment at the knee joint.

The popliteal artery is divided into 3 segments:

- Segment P1: from the adductor canal to the superior aspect of the
patella.

- Segment P2: between the superior aspect of the patella and the
knee joint.

- Segment P3: from the knee joint to the origin of the anterior tibial
artery.

The popliteal artery gives origin to the important perigeniculate

collaterals. These are typically numerous and can be responsible

for maintaining a limb that may have extensive proximal or distal

occlusions.

The popliteal artery conformation is dynamic and responds to flex-

ion/extension at the knee joint with length changes averaging of

32mm, twisting of 61°, and the formation of more than 2 flexion

points of 15° or more.

Anomalous tibial artery origin is present in less than 5% of the popu-

lation; the anterior tibial or posterior tibial artery arises from the ret-

rogeniculate popliteal artery.

Popliteal artery disease may be focal, involving one segment or sev-

eral segments of the popliteal artery. Popliteal disease may also be

diffuse and may be combined with contiguous superficial femoral

artery disease or tibial artery disease, or both.

When popliteal arteries were evaluated at 90° flexion of the knee and

hip, stented popliteal arteries demonstrated 11% longitudinal compres-
sion, versus 14% for native-non-stented popliteal arteries. This suggests
that stent placement diminishes the capacity of the popliteal artery to
respond to changes in leg position that are associated with common
behavior. The artery is somewhat fixed proximally, due to the adduc-
tor canal, and in its mid-segment, due to the perigeniculate collaterals.
Stents fractures in the femoral-popliteal arteries have been associated
with positioning in the adductor canal and the popliteal artery. For this
reason, the popliteal artery is considered hostile to stents.
There is an implication in the TASC Il guidelines that a popliteal
artery lesion substantially increases the challenge of repair. The pres-
ence of popliteal artery stenosis, length not specified, automatically
qualifies as TASC B and D if lesions include popliteal artery occlu-
sion that extends to tibial vessels and also if SFA lesion is >20cm and
extends into the popliteal artery.
Studies
The ETAP Trial evaluated PTA (with bailout stent) versus primary
stent for popliteal artery lesions using the LifeStent (Bard). P1 and P2
segments were involved in 47% of patients, P2 and P3 in 47%, and
only 7% had involvement of P1, P2, and P3. The patency rate at 12
months was 67.4% for primary stent placement and 44.9% for PTA.
Freedom from TLR, amputation, death, and MI was significantly bet-
ter in the primary stent group than in the PTA group (p<0.0001);
but when primary stent was compared with PTA/selective stent (as
treated), there was no significant difference. This concludes that rou-
tine stent placement confers no significant advantage over selective
stent placement.
Another results of an alternative new stent design, the Supera stent
and the publication of the Popliteal Registry stenting using this stent
without a control group and no randomization. The lesion length
described in this registry was 58mm and stented length 84mm.
Primary patency at 12 months was 87.7%.
Conclusion
PTA and selective stent is a viable option for isolated popliteal artery
lesions and for lesions associated with SFA or tibial disease. If SFA
disease is being treated, whatever stent is required for the SFA dis-
ease can be extended into the popliteal artery. Avoiding a stent
when possible leaves all treatment options preserved for later
usage, if needed. Modified balloons (drug-coated balloons) or dedi-
cated stents (Supera stent) in the future may change the options for
popliteal revascularization.

References

1. Stent placement vs. balloon angioplasty for popliteal artery
treatment: two-year results of a prospective, multicenter,
randomized trial. Rastan A, Krankenberg H, Baumgartner |,
Blessing E, Miiller-Huilsbeck S, Pilger E, Scheinert D, Lammer J,
Beschorner U, Noory E, Neumann FJ, Zeller T. J Endovasc Ther.
2015 Feb;22(1):22-7.

Stent placement versus balloon angioplasty for the treatment of
obstructive lesions of the popliteal artery: a prospective, multi-
center, randomized trial. Rastan A, Krankenberg H, Baumgartner
I, Blessing E, Miiller-Hiilsbeck S, Pilger E, Scheinert D, Lammer

J, Gibler M, Noory E, Neumann FJ, Zeller. T. Circulation. 2013
Jun;127(25):2535-41.

3. Clinical outcomes using aggressive approach to anatomic
screening and endovascular revascularization in a veterans
affairs population with critical limb ischemia. Shah AP, Klein AJ,
Sterrett A, Messenger JC, Albert S, Nehler MR, Hiatt WR, Casserly
IP. Catheter Cardiovasc Interv. 2009 Jul;74(1):11-9.

4. Assessment of self-expanding nitinol stent deformation
after chronic implantation into the femoropopliteal arteries.
Nikanorov A, Schillinger M, Zhao H, Minar E, Schwartz LB.
Eurolntervention. 2013 Oct;9(6):730-7.

5. Fracture of self-expanding nitinol stents stressed in vitro under
simulated intravascular conditions. Nikanorov A, Smouse HB,
Osman K, Bialas M, Shrivastava S, Schwartz LB. J Vasc Surg. 2008
Aug;48(2):435-40.

C RSE



1004.5

ICSS long-term data will lead to resurgence of CAS: pro

A.H. Mahnken
Dept. of Diagnostic and Interventional Radiology, Marburg
University Hospital UKGM, Marburg, Germany

Atherosclerosis is a systemic disease that commonly affects carotid
arteries. There are roughly 1,000,000 stroke-related events per year
in the US alone. Subsequent stroke is a leading cause of death and
long-term morbidity. Approximately 10%-15% of all strokes are due
to atherosclerotic stenosis of the internal carotid artery. Carotid end-
arterectomy is a long known standard of reference for lowering the
risk of stroke in patients with symptomatic carotid artery stenosis.
Over the last decades, carotid artery stenting evolved as a treatment
alternative without the discomfort of anesthesia and neck incision.
Endovascular treatment is also known to reduce the risk of myocar-
dial infarction, cranial nerve injury, and neck hematoma.
However, several studies raised safety issues with carotid artery stent-
ing as there was an increased rate of stroke after carotid artery stent-
ing. In 2010, meta-analyses of three trials [EVA-3S, SPACE, and Internal
Carotid Stenting Study (ICSS)] comparing endarterectomy versus
angioplasty in patients with symptomatic carotid stenosis confirmed
higher periprocedural risk of stroke and death after carotid artery
stenting than endarterectomy (8.9% vs. 5.8%) [1]. However, there was
significant heterogeneity between different age groups, with a sig-
nificant difference in early strokes or death recorded between carotid
artery stenting and carotid endarterectomy in patients older than 70
years (12.0% vs. 5.9%; p=0.0053), whereas this difference could not
be proven in patients younger than 70 years (5.1% vs. 4.5%; p=n.s.).
Although this trend was present in all studies, the wide 95% confi-
dence interval did not exclude a difference in either direction [1,2].
These data were based on the interim analysis of the ICSS. Only recently,
long-term outcomes of the trial were published, thereby revealing an
interesting development over time [3]. The risk of disabling stroke or
death decreased from the interim analysis at 120 days after random-
ization (4.0% vs. 3.2%; HR, 1.28; p=0.34) [4] to the long-term analysis at
5 years after randomization (6.4% vs. 6.5%; HR, 1.06; p=0.77) [3]. Most
importantly, the initial significantly higher all-cause death rate after
carotid artery stenting (2.3% vs. 0.8%; HR, 2.76; p=0.017) [4] showed a
catch up for the carotid endarterectomy group, and the long-term
data failed to confirm a significant difference (17.4% vs. 17.2%; HR, 1.17;
p=0.19) [3]. However, there is still a significant higher risk for any stroke
after carotid artery stenting, which is mostly attributed to a higher risk
of contralateral and vertebrobasilar events. Considering these poten-
tially unrelated locations, there might be a chance effect as even the
authors of the study feel unable to explain this particular finding [3].
A more detailed analysis of the ICSS data confirms the previous find-
ings that an excess in procedural stroke is limited to patients older
than 70 years. Moreover, center and an interventionalist’s experi-
ence appear to play a major role. Correspondingly, results in cen-
ters including 50 or more patients had better outcomes than smaller
centers. Most interestingly, the preprocedural presence of white
matter lesions played a major role in the risk of stroke after stenting,
while there was no such association after endarterectomy [5].
Considering these facts, stenting may re-emerge for a well-selected
group of patients younger than 70 years, with limited age-related
white matter lesions and treated in high-volume centers. While we
are not yet there, long-term data from the ICSS study show a way
towards the resurgence of carotid artery stenting.
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1CSS long-term data will lead to resurgence of CAS: con

B.T. Katzen
Baptist Hospital of Miami, Miami Cardiac and Vascular Institute,
Miami, FL, United States of America

There will not be a resurgence of carotid stenting as a result of the
long-term outcomes of the International Carotid Stenting Study
(ICCS) for a number of reasons. While this is a landmark study,
which is prospective and randomized, the authors’ conclusions
(that carotid stenting and carotid endarterectomy were equivalent
because long-term disabling stroke and functional outcomes were
similar and not statistically different) are marred by the higher inci-
dence of minor strokes, similar to what was identified in the CREST
trial earlier. It does appear that both procedures provide equal pro-
tection against major strokes in the long term, a finding that has
been shown repetitively in various clinical trials. While this data cer-
tainly supports the use of carotid stenting in symptomatic patients,
resurgence implies growth in volume and mainstream acceptance.
The ICCS does not provide separation in quality between proce-
dures but claims equivalence. Given the involvement of multiple dis-
ciplines, the presence of political turf, and procedural competition,
resurgence will require more than equivalence. There are multiple
other barriers and factors that will prevent the resurgence of carotid
stenting; these will be presented and used to support this position
against the proposition.



Special Session
Palliation in cancer: alleviation strategies

1005.1

Plexus block for pain management

J. Garnon', G. Tsoumakidou?, A. Gangi3;

TInterventional Radiology, University Hospital of Strasbourg,
Strasbourg, France, 2Non-Vascular IR, University Hospital of
Strasbourg, Strasbourg, France, 3Imagerie Interventionnelle, NHC,
Strasbourg, France

Learning Objectives
1. Tolearn about patient selection
2. Tolearn about the principles of plexus blocks
3. Tolearn specifically about celiac block
An interventional radiologist can propose several interventions to
manage pain related to cancer. Besides thermal ablation, cemen-
toplasty and embolisation, percutaneous nerve blocking is prob-
ably one of the most efficient procedures to alleviate pain due to
advanced cancers.
Technique
Nerve blocks were initially performed under fluoroscopic guidance,
but the incidence of complication was quite high mostly because of
the wrong position of the needle. CT guidance (and more recently
MRI) offers a higher precision, thereby increasing the efficacy and
safety of the procedure.
The injection of a neurolytic agent is the cheapest and most wide-
spread technique to perform nerve blocks. Typically, a 22- or 20-G
needle is advanced close to the sympathetic chain, and after verifica-
tion of the proper position of the needle with injection of the contrast
medium, 5-15 ml of a neurolytic agent is injected. Ethanol and phenol
are both neurolytic agents, with ethanol reported to be more efficient
but more painful. The interventional radiologist should pay attention
to the proper repartition of alcohol in order to avoid complications.
Another way to perform neurolysis is to use radiofrequency ablation
(RFA), with the same machine as that for facet joint denervation. RFA
produces a small and predictable ablation, thereby avoiding untar-
geted ablation that may occur with alcohol injection. However, RFA
has higher cost and requires a very close contact with the sympa-
thetic chain to be efficient. It is therefore not always easy to perform
as sympathetic nerves are punctured based on anatomical land-
marks because they are not visible with current imaging.
Recently, cryoablation has also been proposed for the same pur-
pose. Main advantage of cryoablation is the clear visualisation of the
zone of ablation, owing to the monitoring of the iceball with imag-
ing. Cryoablation is also less painful than RFA, although both tech-
niques are feasible under local anaesthesia. Major drawback of cryo-
therapy is the high cost of the procedure.
Indications
Nerve blocks can be proposed in a palliative setting to patients who
present intense ill-defined deep pain related to locally advanced
cancers. The procedure should be proposed if pain is refractory to
level 3 analgesics or if the dose of analgesics cannot be increased
because of side effects. Informed consent about the goal and risks
of the procedure is mandatory.

The site of nerve blocking depends on the location of the cancer:

- The stellate ganglion block is indicated when a cancer invades the
stellate ganglion with upper arm pain and Horner’s syndrome. The
target point is the stellate ganglion, which is located in front of the
neck of the 1strib and transverse process of C7 just behind the ori-
gin of the vertebral artery.

- The upper thoracic chain block is indicated for neoplasms which
are invading the paravertebral gutter. The target point is the tho-
racic chain, which is located laterally to the middle part of the ver-
tebral body.

- The coeliac plexus block is discussed in the next paragraph.

- The lumbar ganglia block is indicated for retroperitoneal tumours
invading paravertebral gutters. The target point is the lumbar gan-
glia located in the prevertebral space from L1 to L3.

- The hypogastric plexus block for rectal, left colon, bladder, prostate
and gynaecological cancers. Approach to the plexus may be ante-
rior or posterior.

- The impar ganglion block for cancers of the anus, distal urethra,
vulva and distal third of the vagina. The neurolysis should be per-
formed in front of the sacrococcygeal joint.

Coeliac block

Most frequent indication of coeliac nerve block is the manage-

ment of pain secondary to advanced pancreatic cancer. Patients

usually present with a transfixing epigastric pain resistant to opi-
oid analgesics. Several approaches have been described in litera-

ture: coeliac block with an anterior approach, coeliac block with a

posterior approach, splanchnic nerve block requiring a posterior

bilateral approach, and combination of the two latter approaches.

Splanchnic neurolysis seems to be more effective than other coe-

liac nerve blocks. Coeliac nerve blocking is very effective but is asso-

ciated with some frequent adverse effects such as diarrhoea and
orthostatic hypotension.

In conclusion, the interventional radiologist involved in oncolog-

ical treatments should be able to perform nerve blocks, especially

the coeliac block that is the most effective block that helps to alle-
viate pain related to advanced pancreatic cancers. The interven-
tional radiologist can propose several interventions to manage
pain related to cancer. Besides thermal ablation, cementoplasty and
embolisation, percutaneous nerve blocking is probably one of the
most efficient procedures to alleviate pain due to advanced cancers.

1005.2

Gl obstruction

T. Sabharwal

Department of Radiology, Guy’s and St. Thomas’ Hospital, London,
United Kingdom

Learning Objectives

1. To learn about technique

2. Tolearn about the role of endoscopy
3. Tolearn about patient selection

No abstract available.

1005.3

Long-term drainage of malignant pleural effusion and ascites

K.E. Wilhelm
Dept. of Radiology, Johanniter Krankenhaus, Bonn, Germany

Learning Objectives

1. To learn about tunneled catheter and ports
2. Tolearn about technical tricks

3. Tolearn about patient selection

No abstract available.
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Lymphatic leaks

W. Prevoo
Radiology, Netherlands Cancer Institute-Antoni van Leeuwenhoek
Hospital, Amsterdam, Netherlands

Learning Objectives

1. Tolearn about non invasive measures: e.g. parenteral nutrition

2. Tolearn about the technique

3. Tolearn about patient selection

Chylous leakage from the lymphatic system is a complex problem
that usually results from inflammation, injury, or abnormalities of the
lymphatic system. Loss of chyle can be life threatening due to the
significant loss of fluid, plasma protein, fats, and immunoregulatory
lymphocytes, and manifests clinically as severe malnutrition, hypo-
albuminemia, acidosis, hypokalemia, and susceptibility to infection.
Leakage of lymph from the lymphatic ducts causes chylothorax or
chylous ascites. A particular form of chyle leakage is chyluria.
Primary leakage can be found in specific hereditary lymphatic
anomalies like fetal chylothorax, Noonan syndrome, and Costello
syndrome.

Chylothorax is usually caused by pathology or damage of the tho-
racic duct. Non-traumatic causes of thoracic chyle effusion are very
rarely seen in hepatic cirrhosis, lymphomas, or lymphangioleiomyo-
matosis. Thoracic duct trauma is regularly seen after head and neck
surgery (radical neck dissections), thoracic surgery (lobectomies), or
esophageal/gastric surgery. Post-operative chylus leak ranges from
0.5% to 5%.

In most cases, clinical presentation of non-traumatic chylothoraces
is comparable with other types of pleural effusion. It presents with
dyspnea due to intra-pleural space-occupying chyle, thereby lead-
ing to incomplete compliance of the affected lung.

After surgery, the most common presentation of a chylothorax is
chyle leakage (milky substance) in the thoracic drains without other
physical complaints. Diagnosis is performed by conventional X-ray
of the thorax and microbiologic analysis of the pleural effusion. To
prevent pulmonary distress, initial treatment with drainage of the
pleural effusion is always indicated. Thoracic drainage of chyle will
lead to loss of protein, fat, and lymphoid cells.

Primary chylous ascites is very uncommon and is closely corre-
lated to lymphatic-lymphonodal dysplasia that does not involve
a single visceral district alone. Secondary chylous ascites is usually
caused by neoplasia (NHL), trauma, inflammation, and abdominal
surgery (aortic surgery, pancreaticoduodenectomy, nephroureter-
ectomy, and retroperitoneal lymph node dissections) and usually
occurs as a result of operative trauma to the thoracic duct, cisterna
chyli, or its tributaries. Post-operative incidence varies from 0.03%
to 11%. Chylous ascites usually presents with abdominal disten-
sion. US-guided punction reveals a milky fluid. True chylous ascites
is defined as the presence of ascitic fluid with high fat (triglyceride)
content, usually higher than 110 mg/dL, and cholesterol higher than
200 mg/dL. Drainage of the fluid may be necessary, but then loss of
protein, fat, and lymphoid cells introduce new risks and require care-
ful replacement.

Treatment of choice is conservative: low-fat diets with MCT and par-
enteral nutrition decrease fluid production while allowing adequate
nutritional input. If lymph leakage does not stop, secretion inhibi-
tors like somatostatin or octreotide are prescribed, although there
is only weak evidence of their benefits. The loss of this protein-rich,
calorie-rich fluid can cause serious complications including dehy-
dration, malnutrition, and immunosuppression. Nutritional sup-
port is vital and leads to spontaneous leak closure in many cases.
Nutritional management options include total bowel rest with par-
enteral nutrition, enteral feeding with specialized formula, and oral
diet with supplementation. At present, there is no consensus regard-
ing which approach is superior. In reality, most patients with chyle

leaks are managed with a combination of oral and enteral feeding.
Treatment success is assessed by monitoring of drain production
(chylothorax) or monitoring of bowel distension and US of the abdo-
men to evaluate ascites.
When conservative treatment fails, treatment options are surgical or
radiological intervention. The sequence is then first to visualize the
leak by lymphography.
The number of conventional lymphographies has declined mark-
edly since the introduction of cross-sectional imaging techniques.
Nevertheless, lymphography has a high potential as a reliable
method to visualize and directly occlude lymphatic leaks, which
other imaging modalities, such as lymphoscintigraphy or MR lym-
phography, cannot do.
The mechanism remains unclear. The suggestion is that Lipiodol has
an inflammatory and granulomatous reaction during extravasation.
When used as a distinct radiological procedure with the intention
to treat, this application can be described as therapeutic lymphog-
raphy. In case of persisting chylothorax, and thus failure of conser-
vative treatment, thoracic duct embolization (TDE) through the cis-
terna chyli by transabdominal approach is nowadays the first alter-
native. TDE is not applicable in case of chyloascites.

Surgical treatment is considered in resistant cases, for instance, para-

centesis with a continuous low-pressure drainage system in cases of

chyle leakage or clipping of the thoracic duct in case of chylothorax.

In this lecture, clinical presentation, diagnostics, decisive algorithm,

and treatment options will be discussed.
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Advanced image modelling of abdominal aortic aneurysm:
impact on EVAR management

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

Aneurysm maximal diameter (Dmax) and growth rate are the most
important predictive factors for AAA rupture. The indications for
a procedure are Dmax >=5.5cm (men) and >=5cm (women), AAA
growth = 7mm in 6 months or 1cm in 1 year, and symptomatic AAA.
Standardization and automation of Dmax measurement and growth
over time still needs to be implemented in our clinical routine.

AAA segmentation is the first step before AAA modeling. CT scanner
is the modality of choice for AAA evaluation before and after endo-
vascular repair (EVAR). AAA lumen segmentation is easily performed
after contrast injection, but thrombus segmentation is more chal-
lenging. Computer modeling has raised the possibility of patient-
specific risk prediction based on AAA geometry. Advanced AA met-
rics such as detection of focal growth, bulge location, computa-
tional flow dynamics, or finite element analysis have been proposed.
However, addition of these new indices in a predictive model has
not been yet clinically validated on a large scale. The evaluation of
AAA wall inflammation with PET-CT is under investigation, and pre-
liminary results are still controversial.

AAA modeling is a necessary step for EVAR planning and stent selec-
tion. This AAA model can be registered with fluoroscopy to improve
guidance during EVAR procedure and minimize fluoroscopy time
and contrast injection. This 2D/3D roadmap is more valuable for
advanced EVAR procedures (fenestrated, branched stent-grafts). To
increase the accuracy of image fusion, new approaches of elastic
registration are under development to correct the vessel deforma-
tion induced by endovascular devices. In the near future, modeling
of AAA will be combined with finite element analysis to enable EVAR
rehearsal.

Regarding EVAR follow-up, considering the incidence of renal failure
in this population, follow-up with unenhanced CT is a good alterna-
tive. AAA segmentation on unenhanced CT can now be achieved
with a high reproducibility. This opens the door to patient follow-
up with low-dose unenhanced CT to evaluate Dmax or AAA volume
progression over time.

Ultrasound (US) follow-up is more used for EVAR follow-up, but its
sensitivity for endoleak detection is still suboptimal and Dmax mea-
surement less reproducible compared to CT. Contrast-enhanced US
improves endoleak detection but is difficult to integrate to our clini-
cal routine. We are currently evaluating the potential of US elastog-
raphy to detect endoleak and characterize thrombus organization.
Detection of organized (fibrous) versus soft (liquid) thrombus could
be a useful information to assess AAA healing after EVAR and rule
out endotension.

Hot Topic Symposium
Aortic intervention — quo vadis?

1302.1

Thoracic aortic trauma

H. Rousseau
Service de Radiologie, CHU Toulouse Rangueil, Toulouse, France

Thoracic aortic injury (TAl) is, after brain injury, the second most
common cause of death in blunt trauma patients. With improved
rescue processes and rapid detection of TAl, patients who initially
survive are more likely to undergo successful repair.
Rapid deceleration results in torsion and shearing forces at relatively
immobile portions of the aorta, such as the aortic isthmus, in up to
90% of cases. Computed tomography is quick and reproducible,
with sensitivity and specificity close to 100% for TAI. A classification
scheme for TAl has been proposed: Type | (intimal tear), Type Il (IMH),
Type lll (pseudoaneurysm), and Type IV (rupture).
The appropriate timing of treatment in patients with TAl is still con-
troversial. Patients with free aortic rupture or large periaortic hae-
matoma should be treated as emergency cases. For all other condi-
tions, the intervention may be delayed for up to 24 hours to allow for
patient stabilization and the best possible conditions for the aortic
intervention. An initial conservative management, with serial imag-
ing, has been proposed for patients with minimal aortic injuries (inti-
mal tear/Type | lesions), as most lesions remain stable or resolve.
As a whole, available data indicate that TEVAR, in suitable anato-
mies, should be the preferred treatment option in TAI. A recently
published review, including 7768 patients enrolled for TAl, found a
significantly reduced mortality for TEVAR when compared with OR
(9% vs 19%; p < 0.07). In the same study, no significant difference in
event rate across the two groups was noted for stroke, whilst the risk
of spinal cord ischaemia (SCI) and end-stage renal disease (ESRD)
were higher in OR (9% vs 3%; p = 0.01 for SCl and 8% vs 5%; p = 0.01
for ESRD). OR was also associated with an increased risk of graft and
systemic infection, whilst endovascular repair was associated with
an increased need for secondary procedures (5.4%; p = 0.07), mostly
due to endoleak (60%), followed by stent collapse (11%).
Long-term surveillance by CT is currently considered the standard
imaging modality for follow-up; however, given the frequent young
age of patients with TAI, concerns arise with regard to cumulative
exposure to radiation and iodinated contrast medium. For these rea-
sons, MRI is the best alternative for surveillance when magnetic res-
onance-compatible stent grafts are employed.
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Complicated acute type B dissection

R.G.J. Gibbs
Division of Vascular Medicine and Vascular Surgery, St Mary’s
Hospital, Imperial College NHS Trust, London, United Kingdom

No abstract available.
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Malperfusion syndromes in acute aortic dissection

J.-P. Beregi', M. Midulla2;
'Radiology, CHU Caremeau, Nimes, France, 2Radiology, CH de
Valenciennes, Valenciennes, France

State of the art. Patients with aortic dissection (AoD) do not die
from the presence of an intimal tear and two channels into the
aorta; they die because of two complications: rupture and malper-
fusion syndromes. Principles of the management are to detect and
to treat these complications before it becomes too late. If rupture of
the aorta is relatively easy to diagnose in the acute phase (< 2 weeks
from initial onset of symptoms), malperfusion syndromes are rela-
tively new entities.
Definition. Malperfusion syndrome is a complication of AoD, encoun-
tered in 25% to 50% of patients, defined as end-organ ischemia
caused by branch-vessel involvement and resulting in clinical symp-
toms and functional impairment in a wide range of arterial beds that
spans a spectrum between mid-dysfunction to tissue necrosis, result-
ing in organ damage. Symptoms related to the heart (coronaries, myo-
cardial infarct), brain (supra-aortic vessel, stroke), spine (paraplegia),
bowel (ischemia, necrosis, death), kidneys (renal failure, anuria, refrac-
tory hypertension), and lower limbs (ischemia, claudication) are some
of the possible symptoms of the malperfusion syndromes.
How to detect malperfusion? Because of improvements in tech-
nology, a complete thoraco-abdomino-pelvic CT scan of the aorta
is now mandatory. Aorta should be considered as an organ, and lim-
ited thoracic analysis should be avoided (analysis of only 50% of the
organ), leading to insufficient information and mistreatment algo-
rithm. Detection of AoD is not sufficient, and radiologists have to
describe the location of AoD on the aorta and its branches, entry
tears, possible ruptures, organ ischemia, mechanism of the malper-
fusion, thrombi, ....
Impact on treatment. Diagnosis of malperfusion syndrome evi-
denced the remaining mortality after classical AoD management.
Because complications were observed and because of improve-
ments of endovascular tools (fenestration, TEVAR, peripheral stents)
to repair the arteries, patients could be suitable for an alternative
strategy compared to the classical medical or surgical approach.
Classification for management. If De Backey or Stanford classifica-
tion is well known, AoD management should be performed depend-
ing of the presence or absence of complications. If a complication is
present, it should be treated first before performing the preventive
treatment, regardless of the location of AoD on the aorta.
And now? The main challenge remains to understand the mech-
anism of the malperfusion and to adapt the best treatment.
Questions of when and how to treat patients depend on CT scan
analysis, which in turn depends on the quality of the acquisition pro-
tocol and the experience of the radiologist.
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Ruptured abdominal aortic aneurysm

F.J. Veith
Division of Vascular and Endovascular Surgery, NYU Langone
Medical Center, New York, NY, United States of America

Ruptured abdominal aortic aneurysms (RAAAs) are a catastrophic
condition with high morbidity and 30-day mortality when treated
by open surgical repair (OSR) procedures. The introduction of endo-
vascular graft repair (EVAR), first performed in 1994, combined
with other endovascular adjuncts, offered the possibility of better
outcomes.

Numerous single-center reports, population-based studies, and the
collected world experience with the use of EVAR for RAAAs demon-
strated better early outcomes after EVAR than after OSR. Some of
these reports emphasized the importance of several strategies and
adjuncts in achieving these better outcomes. These included having
a protocol or system for managing RAAAs, fluid restriction or hypo-
tensive hemostasis prior to and during repair, properly performed
use of supraceliac aortic balloon control for hemodynamic collapse,
and open abdomen treatment for abdominal compartment syn-
drome when detected (1).

However, the superiority of EVAR over OSR for the treatment of
RAAAs remains controversial. This controversy is sustained by sev-
eral reports of controlled studies showing no better outcomes for
EVAR than for OSR with RAAAs and the claim that reports of bet-
ter outcomes for EVAR were based on case selection with patients
treated by EVAR having more favorable anatomy, being more hemo-
dynamically stable, and less risky.

Recently, 3 randomized controlled trials comparing EVAR and OSR
for the treatment of RAAAs have been published or presented.
These are the AJAX, EVAR, and IMPROVE trials, all of which dem-
onstrated no better 30-day mortality with EVAR than with OSR. All



these trials have serious flaws that render them misleading (2). In
addition, one report has demonstrated the ability to treat all RAAAs
seen at 2 centers with EVAR, provided some adjuncts like chimney
grafts are employed (3). A low 30-day mortality (24%) and turn-down
rate (4%) were observed. It can therefore be concluded that EVAR is
better than OSR for the treatment of RAAAs, provided EVAR capabil-
ity exists in an institution and an EVAR procedure can be performed.
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Fundamental Course
Basic principles of transcatheter embolisation in
the trauma patient

1701.1

Treatment of extremity trauma

S.J. McPherson
Radiology, Leeds General Infirmary, Leeds, United Kingdom

Learning Objectives

1. To understand the relevant anatomy and types, causes and
symptoms of injury

2. Todescribe remodeling and embolisation principles of
treatment

3. Toreview potential failure and complications

No abstract available.

1701.2

Treatment of parenchymatous bleeding in abdominal cavity

J. Urbano
Vascular & Interventional Radiology, Jiménez Diaz Foundation
University Hospital, Madrid, Spain

Learning Objectives
1. Toreview the indications and results of embolisation in splenic

trauma

2. To review the indications and results of embolisation in liver
trauma

3. Toreview the indications and results of embolisation in renal
trauma

Trauma is the leading source of death under 45 years in developed
countries. When a trauma patient arrives into the emergency room,
during the initial resuscitation procedures, a first diagnostic sur-
vey must be done with total body CT whenever possible to iden-
tify those major injuries. Abdominal haemorrhage due to blunt
trauma is life-threatening. Key signs to recognise are the presence
of blood/haematoma in the abdomen, sentinel clot or active con-
trast extravasation from solid organs. It is crucial to decide whether
the optimal therapy is surgery or IR. The decision should be based
on which treatment is able to control haemorrhage most rap-
idly with minimum sequelae. IR has a role in many cases, particu-
larly if there is arterial bleeding. For the subgroup of patients who
are haemodynamically stable without signs of peritonitis, embolisa-
tion is currently considered a first line of treatment by the American

Association for the Surgery of Trauma (AAST). When the indication is
appropriate, embolisation is associated with a lower rate of compli-
cations, earlier discharge and lower cost. Although any solid intra-
abdominal organ can be injured after an abdominal trauma, spleen
is the most commonly involved, followed by liver and kidney.
To treat splenic trauma, there are two options: proximal and distal
embolisation. In terms of effectiveness in bleeding control, the dif-
ference between these techniques has not been demonstrated.
When a focal bleeding is identified, distal embolisation is recom-
mended; and for patients with multiple bleeding sites or challeng-
ing anatomy, proximal embolisation may be the best option. When
proximal embolisation is chosen, it should be done distal to the ori-
gin of the pancreatic branches.
In liver trauma when there is a massive portal bleeding, surgery is
mandatory. When the source of bleeding is arterial, embolisation is
an appropriate treatment. Unlike in spleen, a proximal embolisation
is not indicated in the liver. A superselective embolisation should be
done limited to the devascularised area.
Embolisation is a nephron-sparing technique for renal trauma.
Expanding perirenal haematoma and corticomedullary lacera-
tion are indications for superselective microcatheter embolisation.
Patients with avulsion of the renal pelvis, injuries in the vascular ped-
icle and life-threatening haemodynamic instability need surgery.
References
1. Chakraverty S, Flood K, Kessel D, McPherson S, Nicholson
T, Ray CE Jr, Robertson I, van Delden OM. CIRSE guidelines:
quality improvement guidelines for endovascular treatment
of traumatic hemorrhage. Cardiovasc Intervent Radiol. 2012;
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1701.3

Treatment of pelvic haemorrhage

W. Jaschke
Radiology, Medical University Innsbruck, Innsbruck, Austria

Learning Objectives
1. Todiscuss suitable candidates
2. Tounderstand the relevant anatomy and examine embolisation
techniques
3. Toreview potential failure and complications of embolisation
Traumatic pelvic fractures can result in significant haemorrhage that
can be associated with significant morbidity and mortality. Patients
with pelvic fractures that cause hemodynamic instability have a
mortality rate that exceeds 50% in several series. Thus, hemody-
namic instability indicates a poor prognosis, especially if it persists
for a longer time period. Bleeding from pelvic fractures can be gen-
erated from several sources, including arterial and venous injury and
bleeding from fractured cancellous bone within the pelvis. Bleeding
from fractured bone within the pelvis can be controlled with
prompt stabilization of the fracture, which also can tamponade and
control venous bleeding. However, arterial bleeding cannot be con-
trolled using these measures. Although the risk of significant arterial
haemorrhage after pelvic fracture is clear, the incidence and predic-
tors for needing therapeutic arterial embolization remain in debate.
Criteria exist for obtaining pelvic arterial angiography in patients
with severe pelvic fracture based on the presence of hemodynamic
instability or the need for ongoing blood transfusion. However,
early therapy, avoiding massive transfusions, prolonged hemody-
namic instability, and abdominal compartment syndrome, would be
desirable. Contrast-enhanced MSCT during the arterial and venous
phase provides important information allowing early indication for
treatment. Predictors for massive arterial bleedings are as follows:
instable pelvic fracture with pelvic hematoma; contrast extravasa-
tion during MSCT in the arterial phase; drop of blood pressure; and
hemodynamic instability. Arterial embolization is indicated if arterial
contrast extravasation caused by fractured bone is demonstrated on
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CT. In hemodynamically unstable patients, treatment has to be per-
formed on an emergency basis. Transarterial embolization (TAE) is
highly effective (85-100%); repeat embolization to control haemor-
rhage has to be performed in less than 10%. The complication rate
is low (4-8%). Stent grafts are very rarely indicated to control bleed-
ing since most bleedings sites are located in the internal iliac terri-
tory. The common and external iliac arteries are very rarely involved
in pelvic trauma. If one of these arteries is lacerated, rapid control of
bleeding by balloon tamponade and secondary repair (stentgraft or
surgery) is frequently indicated.
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1701.4

Role of stent grafts in large vessel trauma

F. Wolf
Department of Biomedical Imaging and Image-guided Therapy,
Medical University of Vienna, Vienna, Austria

Learning Objectives

1. To discuss when to embolise and when to use a stentgraft

2. To examine suitable stent grafts and techniques for implan-
tation

3. Toreview potential failure and complications of stent graft
insertion and embolisation

Especially in patients after a high-speed trauma, a ruptured/dis-

sected thoracic or abdominal aorta is relatively common.

The presentation will start with imaging prerequisites in order to

diagnose a traumatic aortic pathology in the right way. Moreover,

radiologists have to decide according to the images if an interven-

tional treatment is possible. If a treatment is indicated and techni-

cally possible, intervention and material selection has to be planned.

A precise treatment planning is crucial in order to ensure successful

and fast treatment.

The following part of the presentation will deal with the different

ways to treat aortic traumatic pathologies - when, where, how, and

which device should be implanted.

The last part of the presentation will present the literature data

about the outcome of endovascular treatment possibilities of trau-

matic aortic pathologies.

Special Session
Venous Forum lll: Pulmonary embolism and IVC
filters

1702.1

PE: patient assessment and selection for treatment

M.K. Glynos
Interventional Radiology, Hygeia Hospital, Chalandri, Greece

Learning Objectives

1. Tolearn about the pulmonary embolism severity index (PESI)

2. Tolearn about the imaging criteria, including normal heart function
3. Tolearn about important lab findings

Acute pulmonary embolism (PE) is a common and potentially fatal
disease. With an incidence rate of 1-1.5 per thousand, PE is impli-
cated in over 300,000 deaths annually in Europe (1). Contemporary
diagnostic and therapeutic armamentarium, including IR proce-
dures, contribute to the increased detection of PE as well as to
decreased mortality. In general, when left untreated, PE is associ-
ated with an overall mortality of up to 30%, compared with that of
2%-11% in those treated with anticoagulation (2,3).

Following an acute PE episode, the resolution of pulmonary thrombi
is frequently incomplete, as shown in lung perfusion scintigraphy,
despite marked improvement of pulmonary vascularization (4). After
PE treatment, the incidence of chronic thromboembolic pulmonary
hypertension (CTEPH) is about 1.5% (5).

PE usually presents with symptoms of dyspnoea at rest or exertion,
pleuritic pain, cough, orthopnea, DVT symptoms, wheezing, and
hemoptysis. On clinical examination, prominent signs may include
tachypnea, tachycardia, rales, decreased breath sounds, jugular
vein distention, and fever, which mimic pneumonia. In central (sad-
dle or main branches) PE, chest pain may have a typical angina char-
acter. Indeed, massive PE may lead to RV failure as a consequence
of PE-induced vasoconstriction and anatomical obstruction, which
increase pulmonary vascular resistance. Mechanical and neurohu-
moral sequences result in desynchronization of cardiac ventricles,
leftward bowing of the interventricular septum, right bundle branch
block, impedance of LV, and reduction of cardiac output. Finally, sys-
temic hypotension and hemodynamic instability occur.

Patients with suspected acute PE should therefore be assessed as
hemodynamically unstable or hemodynamically stable. Hypoxemia
is considered a typical PE finding, but up to 40% of the patients have
normal O, saturation at presentation. CXR, ECG (S1Q3T3 pattern,
RBBB), BNP, and troponin levels may be useful, but they are of lim-
ited diagnostic value unless used in combination with clinical suspi-
cion. D-dimer testing has a high-negative but low-positive predic-
tive value.

Assessment of clinical probability is based on a combination of find-
ings, clinical judgement, and prediction rules. Both Geneva and
Wells score tables are of value.

Diagnostic strategy then starts after the evaluation of patients with
suspected PE as being hemodynamically unstable or not. For those
who were hemodynamically unstable, initial support should focus
upon restoring perfusion with IV fluids (500-1000 ml of N/S), vaso-
pressors, and oxygenation with possible intubation while awaiting
imaging (CTPA). If CTPA is not readily available, echocardiography
could check for RV overload.

Catheter-directed procedures are reserved for CTA positive with RV
overload patients. Tables 2 and 3 indicate the proposed diagnostic
algorithms by European Society of Cardiology guidelines. In case of
uncertainties, additional testing such as V/Q scan may be useful.
Prognostic assessment of patients with confirmed PE is equally
important as several parameters are associated with high risk of
early death or with an unfavorable short-term prognosis. Acute RV



failure, arterial hypotension, syncope, and tachycardia as well as pre-

existing comorbidities should be evaluated in order to categorize

patients for further monitoring and treatment options.

PE severity index (PESI) and its simplified version, sPESI, are the most

validated scoring systems to date. Some authors propose a combi-

nation of sPESI with troponin or BNP | levels.

PESI affects therapeutic strategy as patients of intermediate-high

risk should be closely monitored and considered as potential candi-

dates for rescue reperfusion, while those with intermediate-low risk
could stay hospitalized on anticoagulation.
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1702.2

Treatment options for pulmonary embolism

P.M. Paprottka
Department of Clinical Radiology, University of Munich, Munich,
Germany

Learning Objectives

1. To learn about the different endovascular treatment options
2. Tolearn about the outcomes of different treatment options
3. Tolearn about different strategies (uni- vs. bilateral, etc.)

No abstract available.

1702.3

Current evidence on IVC filter placement

M.-F. Giroux, G. Soulez;
Radiology, Université de Montréal, Montreal, QC, Canada

Learning Objectives

1. To learn about the absolute and relative IVC filter indication

2. Tolearn about IVC filter complications

3. Tolearn about the differences between permanent and optional
filters

In general, the indications for IVC filter placement are to provide an

alternative to anticoagulation because of anticoagulation failure,

complications, or non-compliance. It can also be considered as a

stand-alone or adjunctive treatment in severe thromboembolic dis-

ease or in a prophylactic setting.

The benefit of an IVC filter placement always has to be weighed
against the risks, as this procedure is not without complications.
The complications can be divided into immediate and delayed.
Immediate complications at placement include technical prob-
lems such as access site failure and thrombosis, anatomical issues,
clot dislodgment, as well as filter non-deployment, misplacement,
migration, and tilting. Delayed complications include filter migra-
tion, thrombosis, tilting, perforation, exhaustion, and infection, as
well as recurrent embolism.
We now have the choice between permanent and optional filters,
which have similar indications and complications. However, the
optional filters require a slightly different though process when it
comes to deciding on the indication, as there will be a possibility of
filter removal. Nevertheless, these optional filters also show a differ-
ent palette of complications, such as impossibility of filter removal
and increased fracture rate.
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1702.4

Challenging placements and retrievals

C.A. Binkert
Interventional Radiology, Kantonsspital Winterthur, Winterthur,
Switzerland

Learning Objectives

1. Tolearn about access site selection

2. Tolearn about different retrieval techniques

3. Tolearn when to stop a retrieval

In general, IVC filter placements and retrievals are quite straightfor-
ward. However, in certain circumstances, there can be some chal-
lenges, which will be discussed in the lecture. The importance of a
correct indication for IVC filter placement as well as retrieval should
be emphasized.

Challenging access:

With the wide availability of ultrasound guidance and the smaller
profiles of IVC filter delivery systems, the complication rates at the
venous access site have dropped markedly. While for most IVC fil-
ters, a femoral or a jugular delivery system is available, only one
approach for retrieval is generally possible. Therefore, the appropri-
ate type of filter should be chosen if either the femoral or the jugu-
lar route is not available for retrieval. Most filters are removed from a
jugular approach. The Optease filter is the most suitable choice for a
femoral retrieval.

Location of placement:

The most common implantation site for IVC filters is the infrarenal
IVC with the idea that in case of a thrombosed filter the outflow of
the renal veins is not impaired. However, a suprarenal position can
be chosen without any major drawbacks in case of a challenge in the
infrarenal location. There are different situations to consider:
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If there is thrombus extending into the IVC, the filter has to be posi-
tioned above any thrombus, because if a filter is placed into throm-
bus there is a chance of incomplete opening, insufficient filtration,
and also migration.

If there is a narrowing or a tortuosity of the infrarenal IVC, a fil-
ter placement in that area could be less than optimal because of
incomplete expansion or tilting. In such a circumstance implanta-
tion in a straight non-obstructed area is preferable.

If there is an anatomical variant, for example a duplicated IVC,
either one filter can be placed in the suprarenal position or one fil-
ter can be placed in either IVC. The latter possibility is more expen-
sive due to two devices needed.

Another consideration is the size of the IVC. Because most fil-
ters depend on oversizing, the size of the IVC should be less than
described by the IFU of a given filter. The maximum diameter is
commonly 28mm or 30mm. For larger IVC's a smaller area could
be chosen such as the intrahepatic IVC or two filters can be placed
into the common iliac veins. Alternatively, a Bird’s Nest filter which
is approved for IVC's up to 40mm can be placed. Unfortunately, the
Bird’s Nest filter is not as easy to place as the current devices and it is
a permanent device.

Challenging retrievals

Arguably, the biggest challenge is to make sure patients are fol-
lowed and are evaluated for possible retrieval. A retrieval should be
attempted when the initial indication is no longer present and when
the patient is likely to benefit from the retrieval: long enough life
expectancy (at least > 1 year) and a low chance of a repeated risk for
a pulmonary embolism which would require another IVC filter.

In addition, a filter should not be retrieved if there is more than
just a little thrombus in the filter. There is no standardized imaging
workup. Some perform an ultrasound, others a CT and others move
directly to a venogram if there is no clinical suspicion. In any case, if
there is a substantial amount of clot in the filter, the retrieval should
be postponed and anticoagulation continued for 1-3 months. In
case of massive thrombus extending beyond the filter a second filter
above the first one can be necessary. One factor however should be
considered when postponing retrieval: the maximum possible dwell
time which varies among different filter designs. As a rule of thumb:
the larger the contact areas of the filter to the IVC wall, the shorter is
the time till a filter cannot be safely removed.

The most common technical problem is a tilted filter with the filter
tip against the IVC wall. In such cases, the standard retrieval tech-
nigues often do not work anymore. Before doing anything else the
indication for retrieval should be critically reassessed again because
all current retrievable filters are so called “optional” filters meaning
they could stay in permanently if needed. The risk for any retrieval
should be lower than the risk of a filter complication in case the fil-
teris left in place.

In the literature, many different ways to overcome a tilted filter are
described, including use of deflecting wires to center the tip, angio-
plasty balloons from different access points to push the tip away
from the wall, different loop-snares formed around the tip of the fil-
ter to pull the filter away from the wall, forceps to free-up the tip, and
laser technology to remove tissue around the tip. The latter is espe-
cially helpful if the tip is not just tilted but also grown into the caval
wall. A thorough knowledge of the different devices is important to
not run into problems during these off-label retrieval maneuvers.

In summary, a thorough planning and careful placement can min-
imize the need for challenging retrievals. During any time of a
retrieval procedure, the option of leaving the filter in place should
be kept in mind, especially when off-label techniques are used.

Special Session
State-of-the-art SFA interventions

1703.1

Trials update

S. Miiller-Hiilsbeck
Department of Diagnostic and Interventional Radiology / Neuroradi-
ology, Ev.-Luth. Diakonissenanstalt zu Flensburg, Flensburg, Germany

Learning Objectives

1. Tolearn about onging trials on SFA interventions

2. Tolearn how to make decisions on when to stent and when not

3. Tolearn about the outcome analysis of trials

An interventional procedure consists of four elementary interven-

tional treatment steps followed by an adequate follow-up of the

patient: 1. lesion access, 2. lesion crossing, 3. lesion treatment, and

4. vascular closure. Once a lesion, either a stenosis or an occlusion, is

crossed successfully with a guide wire, different endovascular treat-

ment algorithms are possible such as PTA, BMS, DEB, DES, and others
like laser and atherectomy. A recent Cochrane analysis could dem-
onstrate that there was a short-term gain in primary patency and
there was no sustained benefit from primary stenting of lesions of
the superficial femoral artery in addition to angioplasty (1). In addi-
tion, it is reported that quality of life showed no significant differ-
ence between participants treated with PTA alone or PTA with stent
insertion at any time interval (1). In this context, latest trial data will
be presented, mostly focusing on in PubMed published data. From
current perspective, these indicate enhanced primary patency rates
and reduced TLR rates under ideal and selected trial conditions for

DCB technology (2), BMS (3), combination of BMS and DCB (4), and

DES (5). Latest data will be presented during the meeting.
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1703.2

Techniques and complication management

M.A. Ruffino
Vascular Radiology, Citta’ della Salute e della Scienza - San Giovanni
Battista Hospital, Turin, Italy

Learning Objectives
1. Tolearn about the indications for recanalisation
2. To learn about different materials and techniques available for
recanalisation
3. To learn about the outcomes of recanalisation
Lower limb peripheral artery disease (PAD) is a common manifesta-
tion of systemic atherosclerosis. The superficial femoral artery (SFA)
is often involved in atherosclerotic lesions occurring as a site of sin-
gle stenosis, segmental obstruction, or diffuse condition involving
multiple arterial segments.
Single stenosis alone generally causes limited impairment of lower
limb and intermittent claudication, while a more diffuse condition
also involving other arterial vessels can lead to severe clinical impair-
ment such as critical limb ischemia (rest pain, ulcer, gangrene, and
necrosis).
Surgery represents the gold standard for complete SFA obstruc-
tion or concomitant involvement of common and profunda femo-
ral arteries, but endovascular techniques for occlusive SFA disease
in the last decades had become a reliable alternative treatment to
open surgery. Most recent guidelines in literature recommended
endovascular techniques as a safe approach in highly symptomatic
patients (Rutherford 4 to 6) with complex femoropopliteal lesions
(TASC Cand D) (1).
Potential advantages of this continuously evolving treatment are
short hospitalization, ability to perform procedures under local
anesthesia, and low perioperative morbidity rates.
Endovascular revascularization of SFA is particularly challenging as
manifestations of the disease can differ from short, focal stenosis to
long, diffuse obstruction.
Several endovascular techniques have been proven to be effective
in the treatment of SFA lesions:
intraluminal angioplasty (by balloon catheter, cutting balloon, scor-
ing balloon, and drug-coated balloon)
subintimal angioplasty
debulking techniques (such as atherectomy and cryoplasty)
stenting (using bare metal stent, covered stent, drug-eluted stent,
and absorbable stent).
After assessment of the arterial occlusive disease, an endovascular
specialist can decide on the type of endovascular revascularization.
Percutaneous transluminal angioplasty (PTA) with balloon catheter
is the gold standard among percutaneous techniques in the treat-
ment of PAD. It can be used alone or in association with other endo-
vascular procedures (stent, stent-graft, and debulking techniques).
An important issue in endovascular revascularization is the selec-
tion of an appropriate vascular access by means of a direct punc-
ture (according to Seldinger technique) or surgical vessel exposure
(graft in the puncture site, obesity, and hybrid procedure). For SFA
revascularization, the endovascular approach to the artery can be
antegrade or retrograde; standard access is common femoral artery
approached retrograde (in case of proximal contralateral SFA dis-
ease) or antegrade (in case of ipsilateral distal SFA lesion). In this lat-
ter case, common femoral artery puncture may be performed below
the groin crease because of the lower risk of retroperitoneal hemor-
rhage caused by external iliac artery puncture. Other alternatives are
the retrograde approach using direct puncture of popliteal or pedal
arteries (2) and the combined antegrade and retrograde approach
(“Safari” technique) (3), particularly in case of the inability to cross
the SFA occlusion.
After arterial access and positioning of the sheath, intra-arterial hep-
arin is given as a matter of routine between 2500 and 5000 IU, and

the diagnostic arteriogram is performed. The angiography pro-
vides the basis for selecting guidewire and balloon catheters and for
defining the PTA technique. This involves the use of a balloon cath-
eter to dilate the arterial segment affected by the obstructive dis-
ease. Balloon width should be selected equal to the caliber of a nor-
mal vessel adjacent to the arterial lesion in order to avoid overdilata-
tion of the artery, with risk of arterial rupture and flow-limiting dis-
section. PTA is an effective technique in the treatment of SFA steno-
sis of a noncalcified plaque or short occlusion, but it can have a poor
effect in arterial long occlusion or in the arterial stenosis of calci-
fied plague. In the latter case, the critical point is to pass the arterial
lesion with the guidewire. Arterial revascularization may be affected
by intraluminal or intentional subintimal technique.

In the first case, the guidewire is advanced into the initial segment
of the occlusion until resistance is encountered. The degree of resis-
tance is an indication of the severity of the disease. If the resistance
is high, it could sometimes be necessary to use a straight catheter
to give further support to the guidewire. The injection of a small
amount of contrast medium should be ensured in the lumen of the
vessel and not in the subintimal space. After the occluded segment
is passed, a balloon catheter can be positioned over the guidewire
and inflated. To reduce the risk of complications (arterial rupture and
peripheral embolism), a predilation with balloon catheter of a small
diameter can be performed. Since the intraluminal PTA with bare
balloon catheter is characterized by a high rate of restenosis, the use
of drug-eluted balloon has been recently proposed. These balloon
catheters have shown a significant reduction in late lumen loss and
target lesion revascularization (4).

In case of intentional subintimal angioplasty, the goal is to intention-
ally go into the subintimal space at the origin of the occlusion. The
presence of a disease-free segment distal to artery occlusion allows
intraluminal return of the guidewire. Extensively diseased distal seg-
ments beyond the occlusion represent a contraindication for this
technique. Through an angulated catheter, a hydrophilic guidewire is
directed towards the wall of the artery at the level of the occlusion.
The guidewire is manipulated into a loop, which is then used to dis-
sect the entire length of the occlusion. The catheter is then advanced
into the arterial wall. Distal re-entry of the guidewire in the arterial
lumen is the most critical and difficult part of this technique. Once
re-entry has been achieved, the catheter is substituted for a bal-
loon catheter and the dissection is dilated (5). When performing PTA,
there is no absolute standard for inflation time or the number of rep-
etitions. During inflations, patients may experience pain. Pain that
persists after deflation is a warning of possible arterial rupture.
Technical success of PTA is defined as the achievement of a residual
diameter stenosis of <30% at the end of the procedure. If the resid-
ual stenosis is of >30% or if it appears to be a flow-limiting dissec-
tion, it is necessary to repeat inflation or to consider stent implanta-
tion (secondary stenting). Stent can fixate the residual defect against
the arterial wall and prevent elastic recoil and postprocedural arte-
rial restenosis. The stent more commonly used in SFA are nitinol self-
expandable stent, which have great longitudinal flexibility into tor-
tuous vessels and recover from deformation secondary to flexion
and extension.

In addition to bare stent, the industries are proposing bioabsorb-
able (6) and drug-eluted stents (7). The rationale for the use of these
stents is to reduce the long-term stimulus for neointimal hyperplasia
and to decrease in-stent restenosis. Polytetrafluoroethylene (PTFE)-
covered stents are now used to treat long-segment occlusive dis-
ease aiming at decreasing in-stent restenosis and improving vessel
patency (8). Compared with conventional stents, stent-grafts may
combine the radial resistance of the stent with a mechanical barrier
to prevent restenosis.

A debulking strategy prior to balloon angioplasty is warranted in
many cases. Removal of obstructive material can facilitate the cross-
ing of total occlusions, thereby transforming an occlusion into a
more easily balloonable stenosis.
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Several techniques have been developed to remove the endolu-
minal occlusive material such as laser ablation and atherectomy
devices (rotational atherectomy, orbital atherectomy, and excisional
atherectomy). All seem to work, but their superiority over PTA is still
under debate (9). Nevertheless, these techniques have a reported
0.8% risk of perforation (10). Under these conditions, as in all cases of
arterial-contained rupture or rupture after endovascular revascular-
ization, covered stent can be deployed to exclude the lesion.
Acute in situ thrombosis and distal embolization during SFA revas-
cularization can occur. Their incidence and outcomes have not been
well defined in the literature (11).
In the first condition, pharmacological therapy can be utilized in an
effort to reopen the lumen. Tissue-type plasminogen activator (tPA)
can be infused according to different protocols (bolus infusion on
the table, placement of an infusion catheter across the lesion, infu-
sion for 12-24 hours, and use of a rheolytic catheter with or without
subsequent infusion of tPA for 12-24 hours) with or without subse-
quent PTA and/or stenting.

In case of distal embolization, open embolectomy through femo-

ral, popliteal, and tibial approaches can be performed, but several

endovascular techniques have been proposed for the restoration of
outflow vessels such as wire passage, bolus tPA injection, balloon
angioplasty, atherectomy, and aspiration catheter.
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Are stent grafts the best option?
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Cardiovascular and Interventional Radiology, Medical University of
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Learning Objectives

1. Tolearn about the different materials for SFA treatment
2. Tolearn about stent grafts and how to use them

3. Tolearn about available outcome data on stent grafts

No abstract available.
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Treatment options and cost effectiveness

P. Reimer
Institute for Diagnostic and Interventional Radiology, Klinikum
Karlsruhe, Karlsruhe, Germany

Learning Objectives
1. To learn about the cost associated with peripheral artery disease
2. Tolearn about the standard treatment options: medical -
intervention - surgery
3. Tolearn about the quality of life associated with SFA treatment
Do we know the cost associated with peripheral artery disease?
Several cost analyses for lower extremity peripheral arterial dis-
ease (PAD) are available. PAD is associated with high rates of myo-
cardial infarction, stroke, amputation, and death. PAD-related treat-
ment costs were calculated in the elderly, non-disabled US Medicare
population. The cost analysis relied on the 5% control population for
the linked SEER-Medicare data and on Medicare claims for the cal-
endar year 2001 identifying PAD cases based on diagnosis and pro-
cedure codes. Costs were aggregated separately for inpatient and
outpatient treatments and estimates were adjusted to reflect the
Medicare population. A total of $4.37 billion was spent on PAD-
related treatment, and 88% of expenditures were for inpatient care.
Medicare program outlays totaled $3.87 billion, while enrollees (or
their supplemental insurance) spent the remaining $500 million. In
total, 6.8% of the elderly Medicare population received treatment
for PAD. Treatment increased with age at rates of 4.5%, 7.5%, and
11.8% for individuals aged 65-74, 75-84, and >85 years, respectively.
PAD-related costs accounted for approximately 13% of all Medicare
Part A and B expenditures for the PAD-treated cohort and 2.3% of
the total Medicare Part A and B expenditures. In conclusion, the US
national PAD-related costs are high, which are associated with inpa-
tient care and increase with age. PAD is treated at rates lower than
those of the known PAD prevalence as only approximately one-
third of the population with known PAD had detectable PAD-related
healthcare costs in our analysis. The potential impact of earlier PAD
detection and the use of outpatient preventive strategies on total
national PAD healthcare costs are unknown (http://www.ncbi.nlm.
nih.gov/pubmed/18687757; accessed on April 4, 2015).
Within the international prospective REACH Registry [REduction of
Atherothrombosis for Continued Health (REACH) Registry], patients
at risk of atherothrombosis caused by established arterial disease
or with the presence of >3 atherothrombotic risk factors were fol-
lowed. Two-year rates of vascular-related hospitalizations and asso-
ciated costs in US patients with established PAD across patient sub-
groups were compared. One- and cumulative 2-year follow-up data
were available for 2137 (82%) and 1677 (64%) US REACH patients,
respectively, with either symptomatic or asymptomatic PAD. At 2
years, mean cumulative hospitalization costs per patient were $7445,
$7000, $10430, and $11693 for patients with asymptomatic PAD,
those with a history of claudication, those with lower-limb ampu-
tation, and those who underwent revascularization, respectively



(p=0.007). A history of peripheral intervention (lower limb revascu-
larization or amputation) was associated with higher rates of subse-
quent procedures at both 1 and 2 years.

Stable patients with asymptomatic PAD have high annual costs,
largely because of high rates of cardiovascular events and hospi-
talizations; costs escalate in the more symptomatic PAD catego-
ries because of high rates of leg revascularization and other vascu-
lar-related procedures and hospitalizations. High rates of recurring
rehospitalizations and repeat revascularization procedures dur-
ing the 2 years after peripheral revascularization suggest that nei-
ther patients and physicians nor healthcare systems should assume
that a first admission for lower extremity PAD procedure serves as
the permanent resolution of the underlying condition. Prospective
studies of the effectiveness and cost effectiveness of secondary pre-
vention strategies aimed specifically at reducing PAD-related events
seem to be warranted because effective interventions may curb
the otherwise impending clinical and economic burden of PAD in
the aging US population (http://circoutcomes.ahajournals.org/con-
tent/3/6/642.full; accessed on April 4, 2015).

Within a consulting company report, it was described that PAD
costs more than other major chronic diseases, including diabetes
and coronary disease. The bill for PAD is two to three times the dol-
lar amount spent on all cancers in the US. Cardiovascular events,
such as heart attacks and strokes, and related treatments account
for over 40% costs adding significantly to the total. Hidden cost fac-
tors, with ischemic diabetic foot ulcers (DFU) and functional decline
being major factors, increase the total so that the real economic bur-
den of PAD is actually even higher than $164-$290 billion in the US.
PAD remains underestimated, underdiagnosed, undertreated, and
under-researched. This highly prevalent, costly, and deadly disease
continues to be largely ignored, resulting in unnecessary mortal-
ity, morbidity, and amputations. Early diagnosis is believed to be a
key factor in reducing costs of PAD. If diagnosed in the early stages,
PAD patients can be treated with appropriate lifestyle modifica-
tions and drug therapies to reduce risks of heart attack and stroke
or with exercise therapy to reduce the pain of claudication or with
minimally invasive revascularization technologies if blockages are
more severe. However, if the disease is not diagnosed until critical
ischemia (CLI) occurs, interventional therapy is more costly. If gan-
grene is so severe that the limb cannot be salvaged, the patient
must undergo amputation, which is the most costly procedure
(http://www.businesswire.com/news/home/20140908006428/en/
Recognition-National-Peripheral-Artery-Disease-PAD-Awareness#.
VR_mT2bO_7c; accessed on April 4, 2015).

What is the spectrum of treatment options?

Treatments for peripheral arterial disease include lifestyle changes,
medicines, and surgery or interventional procedures. The overall
goals of treating PAD include reducing symptoms, improving qual-
ity of life (QoL), and preventing complications. Treatment is based
on one’s signs and symptoms, risk factors, and results from physi-
cal examinations and tests (http://www.nhlbi.nih.gov/health/health-
topics/topics/pad/treatment; accessed on April 4, 2015). These treat-
ments can also help reduce one’s risk of developing other types of
cardiovascular diseases (CVD) such as coronary heart disease, stroke,
and heart attack. In addition to exercising and stopping smoking,
there are a number of other lifestyle changes that one can make to
reduce one’s risk of developing other forms of CVD. Different med-
ications (statins, antihypertensives, antiplatelets, and naftidrofu-
ryl oxalate) can be used to treat the underlying causes of PAD while
also reducing one’s risk of developing another CVD (http:/www.
nhs.uk/Conditions/peripheralarterialdisease/Pages/Treatment.aspx;
accessed on April 4, 2015)

Data on QoL associated with SFA treatment

While there are a number of treatments for PAD, there have been
few previous studies that have examined treatment patterns for PAD
or sought to systematically identify opportunities to improve care.
Most importantly, there have been no rigorous studies examining

the impact of the disease from patients’ perspectives, such as their
symptoms, functions, and QoL, as a function of different patient
characteristics and treatments. Currently, the Portrait study is
designed to systematically document treatments and outcomes of
240 patients from two centers to address these gaps in knowledge.
It will illuminate whether disparities in treatment or outcomes exist
as a function of patients’ gender, race, and socioeconomic or psy-
chological characteristics. The Portrait study will substantially ele-
vate the field and identify critical gaps in the manner in which PAD is
currently managed to improve the quality of care (https://clinicaltri-
als.gov/ct2/show/NCT01419080; accessed on April 4, 2015).

Available data mainly focus on the comparison of techniques, such
as Qol, after balloon angioplasty versus primary stenting. In one
study, 104 patients were randomly assigned to primary stent implan-
tation (n=51) or balloon angioplasty (n=53), with optional stenting
for a suboptimal angioplasty result (17 of 53). QoL was measured by
the SF-36 questionnaire at baseline and at 3, 6, and 12 months pos-
tintervention. QoL was significantly improved postintervention and
up to 12 months in both treatment groups. Significant inverse asso-
ciations were observed between QoL parameters and restenosis. On
comparing primary stenting (n=51) versus balloon angioplasty with
optional stenting (n=53) by the intention to treat, no significant dif-
ferences in QoL were observed. However, analysis of stented patients
(n=68) versus balloon angioplasty (n=36) patients demonstrated sig-
nificantly improved measures of QoL after stenting. Endovascular
revascularization of SFA disease improves Qol, and restenosis neg-
atively affects QoL outcomes. After stent implantation, whether pri-
mary or secondary, QoL was significantly ameliorated compared with
that after balloon angioplasty alone (http://www.ncbi.nim.nih.gov/
pubmed/17696615; accessed on April 4, 2015).

Special Session
Management of renal malignancies
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Triage of the renal cancer patient
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Learning Objectives

1. To know about the role of observation in RCC patient

2. To know the role of biopsy in a renal mass

3. Toknow about the imaging pattern of the most common renal mass
The incidence of renal cell carcinomas (RCCs) has increased over
the past years, with about 200,000 new RCCs diagnosed per year.
Many RCCs are early detected thanks to improvement of imaging.
Ultrasound is often used as a detection tool. CT also detects many
tumors and also helps to better characterize most of them. For com-
plex cases such as low-fat-content angiomyolipomas, oncocytomas,
and atypical cysts MRl is particularly helpful.

Small renal masses correpond to tumors less than 4 cm in diameter.
Their natural average growth rate is about 2-5 mm/year. However,
60% are indolent and 20-25% grow rapidly. Despite earlier detection
and improved treatments, overall mortality rates of RCCs continue
to increase. This paradox could be explained by the fact that early
detection may concern mainly indolent tumors.

According to the international urology guidelines, surgery remains
the gold standard to treat RCCs if patients can tolerate surgery. For
small renal masses (SRM), partial nephrectomy shows similar onco-
logical outcomes with better preservation of renal function. Thermal
ablation with radiofrequency or cryoablation offers a less invasive
alternative for poor surgical candidates; the rate of recurrence seems
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to be slightly higher with thermal ablation compared to surgery.
However, renal function is better preserved with ablationthan with
surgery.

In some reported series, up to 42% SMR may be benign; thus, biopsy
should systematically be performed before renal ablation. Renal
biopsy is a safe procedure, and its overall accuracy is about 90% for
all renal masses (small and large).

Up to 23% of resected renal masses are benign; thus, biopsy should
also be considered before surgery in selected doubtful cases.

Active surveillance may also be a valid option for elderly patients
or patients with limited life expectancy due to severe comorbid-
ities. Indeed, competing causes of mortality rise with increasing
age. Cardiovascular disease remains the leading cause of death for
patients aged 75 years or older. Thus, for weak patients, follow-up
imaging may be performed to better estimate the capacity of the
tumor to grow and to metastasize.

In conclusion, small RCCs in patients with long life expectancy and
linear tumor growth should be treated promptly; on the other hand,
active surveillance should be first considered for patients with lim-
ited life expectancy/comorbidities and slow tumor growth.
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Ablation vs. nephron-sparing surgery: the evidence

D.J. Breen
Department of Radiology, University Hospital Southampton,
Southampton, United Kingdom

Learning Objectives
1. To know efficacy, survival and complications of ablation
techniques
2. To know about the efficacy, survival and complications of
nephron-sparing surgery
3. Tounderstand the best indications for the ablation of a renal mass
The management of renal cell carcinoma (RCC) is shifting. We are
undoubtedly seeing more smaller, indolent renal tumours, detected
incidentally at imaging, often for unrelated symptomatology.
However, in the background, the incidence of this disease is also
increasing along with life expectancy as mortality from cardiovascu-
lar and cerebrovascular disease continues to decline. Undoubtedly,
there is a clear role for active surveillance (AS) in case of small renal
tumours in very elderly individuals. The natural history of these
tumours and current practice trends would suggest that this thresh-
old currently lies at about 20-25 mm in patients who are approxi-
mately 80 years of age and over, dependent on their comorbidities.
However, AS does require repeated radiological follow-up and many
patients - the European Association of Urology (EAU) reckons on
~40% [1] - seek to default to definitive management.
T1a (sub 40 mm) renal tumours are increasingly prevalent and can
even make up the bulk of a urological renal cancer referral practice.
The EAU guidelines [1] accept that image-guided radiofrequency
ablation (RFA) and cryoablation (CRA) have a role in the manage-
ment of this disease in patients unfit for surgery and in those with
significant comorbidities, but there is now a wider scope for the
adoption of these techniques when comparison is made with cost,
complications and ipsilateral renal functional implications of open
(OPN), laparoscopic (LPN) or even robot-assisted laparoscopic partial
nephrectomy (RALPN).
Meta-analyses of the past few years [2] were distorted by selec-
tion bias in favour of partial nephrectomy and by the often poorly
acknowledged issue that image-guided thermal ablation, both
device and technique, was still in evolution in the early 2000s. More
recent analysis [3] has indicated that disease-specific survival is not
different between surgery and ablation, complications were less
(p = 0.04) and eGFR was better protected by IGA (p = 0.03). In addi-
tion, the overall rate of complications has shown a decreasing trend
in recent years. Increasing experience among |Os has shifted the

practice towards CT-guided procedures along with an increase in
the adoption of CRA over RFA in recent years, certainly for tumours
with a diameter of >35 mm [4]. Probably similar to a more recent
result, larger meta-analyses [5] have indicated little or no difference
in cancer-specific or overall survival between ablation and radical or
partial nephrectomy.
However, it is important that IGA outcomes do not hide behind the
relative indolence of small RCC, which can help to obscure differ-
ences between therapeutic techniques. In such a setting, costs and
complications of active treatment options take on a critical signifi-
cance. Here again, cost analyses from both surgical [6] and radiolog-
ical [7] author groups suggest a clear benefit of IGA over resection.
This will become increasingly important as hospital managers look
in depth at these procedures in the setting of a patient group, some-
times unhappy to settle for AS. This particularly appears to be the
case on comparing with the costs of RALPN.
It will be essential that IGA case series and matched-cohort studies
only detail biopsy-proven cancers, and that due diligence is under-
taken to absolutely minimize sub-total treatments and the require-
ment for re-intervention. It remains the case that all recent trends
suggest that IGA is set to play an increasingly vital role in the man-
agement of small RCC.
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Ablation: what’s new?
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Learning Objectives

1. To know about new technologies in ablation

2. To know about advanced techniques for large tumours

3. To know about the benefits of new technologies

Hyperthermal (radiofrequency and microwave) and hypothermal
(cryotherapy) ablation for percutaneous renal tumor ablation are
highly developed and established in clinical routine. Some new
technical aspects on tissue dissection (carbon dioxide vs. saline) and
pain control (cryoablation under local anesthesia) were published.
The latest developments like focused ultrasound (FUS) and irrevers-
ible electroporation (IRE) are still anecdotal, and clinical investiga-
tions have not been published until recently. However, the number
of clinical studies concerning outcome and survival data is increas-
ing, pushing percutaneous ablation of small renal masses more and
more towards first-line therapy. Reliable results in large renal tumors
(> 5 cm) are still limited.



There is an increasing interest on tumor imaging details predicting

the nature of small renal masses and differentiation of atypical angio-

myolipoma, as well as monitoring the ablation process and postinter-

ventional control by contrast-enhanced US, MR, and CT. Further, new

studies highlight the role of needle biopsy before therapy and sug-

gest biopsy to become standard even in presumably typical cases.

This presentation will summarize the latest studies on technical and

clinical aspects of renal tumor ablation, pre- and postinterventional

imaging, and the role of tumor biopsy.
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Is there any role for intra-arterial therapies?
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Learning Objectives

1. To define the role of intra-arterial therapies in non-operable RCC

2. To know about the role of embolisation in the palliative setting

3. To know about the role of intra-arterial therapies in combination
with ablation

The initial indications for renal artery embolization (RAE), developed
in the 70s, were limited to palliation for metastatic renal cancers and
symptomatic hematuria. At present, intra-arterial renal therapies are
widely used in a broad range of urological, renal, and vascular condi-
tions. Renal malignancies and benign renal lesions can benefit from
an endovascular therapy. Even if the role of pre-surgical renal embo-
lization is controversial in the treatment of renal malignancies, RAE is
useful if combined with percutaneous ablation techniques, achieving
a lower risk of bleeding and a more effective thermal damage. With
technical advances and growing experiences, the indications for intra-
arterial treatments have broadened to include conditions such as
benign lesions (@angiomyolipomas), vascular malformations, and oth-
ers. With current techniques and development of new materials, RAE
is well tolerated and provides a valid support in the management of
renal malignancies and in other renal and urological conditions.
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Basic principles of transcatheter embolisation in
thoracic haemorrhage
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Treatment of bronchial artery bleeding
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Learning Objectives
1. Tolearn about the indications for this procedure including the
role of pre-angiography imaging
2. Tolearn how to perform this procedure
3. Tolearn about the complications and expected outcomes
Life-threatening hemoptysis is one of the most serious emergencies
in medicine. Hemoptysis when severe and untreated has a mortality
rate of more than 50%.
The most common causes of massive hemoptysis are as follows:
bronchiectasis secondary to tuberculosis or chronic infections,
tuberculosis, chronic bronchitis, cystic fibrosis, aspergillosis, and
bronchogenic carcinoma.
In 90% of patients, bronchial arteries are the source of bleeding.
They originate from the descending thoracic aorta between the
level of 5th and 6th thoracic vertebrae. In about 30% of cases, bron-
chial arterial origin is aberrant.
Preliminary investigations in hemoptysis include plain X-ray, CT, and
angio CT of the chest. CT can demonstrate underlying disease and
localize the site of bleeding in 65%-100% of patients. Angiography
nowadays is performed usually in patients considered for treatment
with bronchial artery embolization (BAE). Typical symptoms indicat-
ing the bleeding site are as follows: hypertrophy and tortuosity of
the bronchial arteries, shunting to pulmonary arteries or veins, pseu-
doaneurysms, parenchymal blush, and contrast extravasation.
BAE is considered as an emergency treatment of choice for massive
hemoptysis. After the selective catheterization of the bleeding ves-
sel, embolization is performed manually in a controlled manner. The
particles with a size of 350-500 um are the most commonly used
embolic material. Embolization is terminated when antegrade flow
stagnates. Liquid materials are not routinely used because they can
cause tissue necrosis. Metallic coils are not the preferred emboliz-
ing material because they can lead to proximal vessel occlusion and
loss of subsequent access to the bleeding site. However, they can be
used to embolize large arteriovenous malformation.
Immediate control of bleeding is achieved successfully in 80%-94%
of cases. Hemoptysis can recur with a frequency of up to 20%, espe-
cially in cases with chronic tuberculosis, aspergilloma, and neopla-
sia. Recurrent bleeding in the first months after embolization is usu-
ally due to undetected bronchial or systemic collaterals caused by
diffuse pulmonary disease. Late recurrent bleeding is usually due to
disease progression.
The most common complication of BAE is transient chest pain.
Dysphagia, which can occur secondary to embolization of the
esophageal branches, usually resolves spontaneously.
Subintimal dissection of bronchial arteries or the aortic wall has
been reported in less than 6% of patients. Rare complications of BAE
include bronchoesophageal fistula, aortic and bronchial necrosis,
pulmonary infarction, and pericarditis. Nontargeted embolization of
anterior spinal arteries leading to spinal cord ischemia is the most
serious complication occurring in a range of 1.5%-6.5%.
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Treatment of pulmonary artery aneurysms

J.A. Vos
Interventional Radiology, St. Antonius Hospital, Nieuwegein,
Netherlands

Learning Objectives

1. Tolearn about the aetiology of pulmonary artery aneurysms

2. To learn about the indication for treatment

3. Tolearn about the interventional treatment options
Introduction

Any segment of a pulmonary artery (PA), either focal or diffuse,
which is dilated to more than 1.5 times its normal diameter is called
pulmonary artery aneurysm (PAA). If the PAA is contained by all lay-
ers of the vascular wall, it is considered to be a true aneurysm; if one
or more wall layers are absent, it is called as a false aneurysm.
Epidemiology

PAA is a very rare condition. It is reported in about 1:14000 autopsies.
Most PAAs are secondary and associated with, for instance, Hughes-
Stovin or Behget’s disease. Behget’s disease is a connective tissue
disease affecting mainly young men in the eastern Mediterranean.
Other fairly common causes of secondary PAA are syphilis, iatro-
genic, and traumatic.

Rupture risk of a PAA is not well known, but may be very limited
for small and incidentally discovered PAA. However, if rupture does
occur, mortality rate is likely to be very substantial.

Treatment

Follow-up imaging

As the natural history of PAA may be quite benign, a strategy of
“watchful waiting” appears to be appropriate, at least in cases of
incidentally discovered PAA.

Underlying disease

If treatment is considered, the first-line of defense should naturally
be the treatment for any underlying disease. In Behget's disease, this
entails high doses of corticosteroids. This treatment has been shown
to be efficacious in a great number of Behcet-related aneurysms as
well as in thrombosing and subsequently obliterating PAA.
Endovascular

Endovascular treatment should only be considered if there is a doc-
umented growth of PAA or if it is symptomatic. Treatment may con-
sist of coil embolization of the aneurysm sac or plug/coil emboliza-
tion of the aneurysm neck. If possible, occlusion of the entire seg-
mental branch PA should be avoided not only because it may lead to
the loss of viable pulmonary tissues but also because it might lead
to collateral perfusion of PAA. In selected cases, a covered stent may
be a treatment option.

Surgical

Surgical treatment may be considered in selective cases but carries
a considerable risk of rupture, which may be very difficult to control
surgically. Therefore, surgery should probably be reserved for very
severe cases in which endovascular treatment is unsuccessful.
Several cases will be discussed during the oral presentation.

1801.3

Treatment of thoracic wall and aortic arch branches
haemorrhage

T. Sabharwal
Department of Radiology, Guy’s and St. Thomas’ Hospital, London,
United Kingdom

Learning Objectives

1. To learn about the indications for this procedure including the
role of pre-angiography imaging

2. Tolearn how to perform this procedure

3. Tolearn about the complications and expected outcomes

No abstract available.
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Thoracic duct embolisation

W. Prevoo
Radiology, Netherlands Cancer Institute-Antoni van Leeuwenhoek
Hospital, Amsterdam, Netherlands

Learning Objectives
1. To learn about the indications for this procedure including the
role of pre-procedural imaging
2. Tolearn how to perform this procedure
3. Tolearn about the complications and expected outcomes
Chylothorax is an uncommon type of pleural effusion, and its etiology
can be classified as nontraumatic or traumatic. Nontraumatic causes
are congenital, neoplastic, infectious, and mechanic. Traumatic etio-
logy is mostly after thoracic surgery or penetrating trauma.
Chylothorax results in metabolic and immunologic disorders, with
mortality rate reaching to 50%. Interventions are used to treat only
leaks unresponsive to medical management or those with an out-
put exceeding 1 L/day. Low-output chylothoraces usually respond
well to conservative management. High-output chylothoraces are
more likely to require surgical or interventional treatment. A medium-
chain triglyceride diet or TPN is useful to treat chylothorax by redu-
cing chyle flow.



Surgical management can be technically difficult due to high inci-
dence of variant anatomy and high-risk patient population. Thoracic
duct embolization (TDE) has rapidly developed and evolved in the
past 17 years to represent a successful minimally invasive, image-
guided treatment compared with the more invasive nature of sur-
gery (including VATS), with higher morbidity up to 38.8% and mor-
tality of 2.1%. Percutaneous therapies provide a range of treatment
options despite difficult or variant anatomy, with reported high suc-
cess rates (75%-100%) and low morbidity (0%-2%).
Mainstay of a successful TDE is lymphography for visualizing the lym-
phatic system including abdominal lymphatic ducts, cisterna chyli,
thoracic duct, and leakage site. Lymphography is performed by inject-
ing lipiodol in the lymphatic system by (bi)pedal access or by (bi)ingui-
nal node access. Embolization of chylothorax can be performed using
local anesthesia, with the patient under conscious sedation.
Embolization is performed by image-guided (fluoroscopy and CT flu-
oroscopy) transperitoneal needle access to the cisterna chyli. Despite
transgression through several abdominal structures, the morbidity
is acceptable. Once a catheter is inserted into the cisterna, the tho-
racic duct is opacified with nonionic contrast medium. After the iden-
tification of the leak, embolization of the duct is performed with
microcoils and glue. In cases in which catheterization of the cisterna
chyli has failed, a disruption of the cisterna chyli can be performed.
Percutaneous therapies are evolving to provide a range of treat-
ment options despite difficult or variant anatomy and are associ-
ated with high success rates coupled with low morbidity and mor-
tality. However, surgical repair is continued to be considered as the
best option for the treatment of chylothorax, and in some papers,
percutaneous treatment is not even mentioned as an option for
treatment.

In this presentation, TDE techniques will be discussed. Furthermore,

our NCI-AvL data and a proposal for treatment algorithm will be

presented.
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Special Session
State-of-the-art visceral artery aneurysm and
pseudoaneurysm management

1802.1

Epidemiology, clinical presentation and imaging

P. Vilares Morgado
Department of Radiology, Hospital S. Joao - Porto Medical School,
Porto, Portugal

Learning Objectives
1. Toreport the incidence of visceral aneurysms and pseudo
aneurysms
2. To explain the physiopathology, focus on high-flow aneurysm,
the difference between aneurysms and pseudoaneurysms and
the technical consequence for endovascular treatment
To learn about imaging strategies for aneurysms and pseudoa-
neurysms
Visceral artery aneurysms (VAAs) are generally defined as aneu-
rysms that involve the branches of the celiac, superior mesenteric,
inferior mesenteric, or renal arteries. VAAs are rare with a reported
incidence of 0.01 to 0.2% on routine autopsies. However, VAAs are
clinically important and potentially lethal; 22% of all VAAs present
as clinical emergencies, and 8.5% result in death. VAAs include both
true aneurysms, limited by all three layers of the arterial wall, which
undergo progressive dilation and wall thinning, and pseudoaneu-
rysms (VAPAs), where there is a tear of the vessel wall and a periar-
terial hematoma, corresponding to a contained rupture of the artery
that is lined by adventitia or by perivascular tissues. Most VAAs
are secondary to vessel wall degeneration and demonstrate defi-
ciency or the arterial media with loss and/or fragmentation of elastic
fibers and reduced smooth muscle. Arteriosclerosis, congenital syn-
dromes, fibromuscular dysplasia, gestational alterations, and colla-
gen disorders are other possible causes of VAAs. Pseudoaneurysms
can develop as a result of blunt or penetrating trauma, inflamma-
tion, infection, vasculitis, and iatrogenic trauma secondary to surgi-
cal, endoscopic, and radiological procedures. As a result of improve-
ments in cross-sectional imaging technology, including ultrasound
(US), multidetector computed tomography (MCDT), and magnetic
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resonance imaging (MRI), VAAs are diagnosed with increased fre-
quency. The main indication for treatment is the size of the aneu-
rysm. Because of the lack of data on natural history of untreated
aneurysms, there is debate regarding the size criteria for interven-
tion vs. surveillance. The general consensus is that when a true
aneurysm is 2 cm or larger, irrespective of the anatomical site, the
rupture risk is probably sufficient to indicate treatment. Aneurysms
smaller than 2 cm are generally monitored closely by serial imaging.
Other indications for treatment include symptomatic patients and
documented evidence of growth of the aneurysm. In addition, most
interventionalists treat smaller true aneurysms (1-2 cm or even less)
in women of childbearing age, pregnant women, and liver trans-
plant recipients; rupture of splenic artery aneurysms in pregnant
women is associated with maternal and fetal mortality. Although
the decision to intervene on a true aneurysm may depend on a size
threshold above which the potential for rupture increases, it is gen-
erally advised that all pseudoaneurysms should be treated, what-
ever their size or location. In contrast to splenic artery aneurysms,
which are historically the most common VAAs, hepatic artery aneu-
rysms have been the most frequently reported VAAs during the past
two decades, owing to the growing use of percutaneous biliary pro-
cedures, liver transplantation, and nonoperative management of
blunt abdominal trauma. True splenic artery aneurysms (SAAs) are
the most common type of VAAs, accounting for up to 60% of all
VAAs, with an estimated prevalence of less than 0.1%. They may be
associated with other mesenteric aneurysms (3%) and with renal
artery aneurysms (4%). SAAs are 3-4 times more common in women
than in men and are associated with multiparity. Pseudoaneurysms
of the splenic artery are generally caused by inflammation, infec-
tions including pancreatitis, and trauma. Pseudoaneurysm size does
not correlate with risk of rupture. Indications for treatment of SAAs
are symptomatic aneurysms (LUQ pain radiating to the left shoul-
der), aneurysms with more than 2 cm diameter, smaller aneurysms
in women of childbearing age, and patients with SAA who are candi-
dates for liver transplantation. Hepatic artery aneurysms (HAAs) are
the second most common true VAA. True HAAs are more common
in men than in women (ratio of 3:2), occur mainly in patients aged
between 60 and 70 years, and are commonly associated with hyper-
tension in up to 72% of patients. Up to 31% of patients with HAA
have VAAs at other sites, but most HAAs are solitary and are due to
atherosclerosis. Other etiologies include connective tissue diseases
like polyarteritis nodosa, fibromuscular dysplasia, and mycotic aneu-
rysms. True HAAs are 4 times more frequent in the extrahepatic
than the intrahepatic arteries. Fifty percent are the result of per-
cutaneous biliary interventions. The main risk factors for HAA rup-
ture are the presence of multiple HAAs and nonatherosclerotic eti-
ology. Mortality rates of up to 21% have been reported for ruptured
HAA. The majority of HAAs are found incidentally on axial imaging.
Rapidly expanding aneurysms may manifest with back or abdominal
pain. When rupture occurs, hemorrhage is more common into the
biliary tree than to the peritoneum, and it may present with jaundice,
biliary colic, and upper gastrointestinal hemorrhage. The indications
for HAAs are similar to those for all VAAs. True aneurysm of the celiac
artery (CAAs) are rare (approximately 4% of all VAAs), although true
and false aneurysms involving the branches of the celiac artery are
more common. True CAAs are usually atherosclerotic in etiology.
Most CAAs are asymptomatic and are found incidentally on cross-
sectional imaging. Symptomatic CAAs may mimic acute pancreatitis.
CAA:s are strongly associated with other aneurysms, including aortic,
renal, femoral, and popliteal aneurysms. True and false aneurysms of
the SMA (SMAAEs) are rare. They usually involve the most proximal 5
cm of the SMA. Underlying etiologies include atherosclerosis, colla-
gen vascular disease, cystic medial dysplasia, polyarteritis nodosa,
and infection. SMAAs may be incidental finding on axial imaging
or may present with abdominal pain and bleeding. True gastrodu-
odenal aneurysms (GDAs) and pancreaticoduodenal aneurysms
(PDAs) are relatively uncommon but well described in the presence

of celiac artery stenosis or occlusion. Gastroduodenal and pancreat-
icoduodenal pseudoaneurysms are much more common. They usu-
ally have an inflammatory or infectious etiology like pancreatitis and
as with all pseudoaneurysms, they should be treated irrespective of
size. Renal artery aneurysms (RAAs) account for 22% of all VAAs. The
main causes are atherosclerosis, filboromuscular dysplasia, and arte-
ritides. The indications for treatment are similar for VAAs elsewhere:
aneurysm size 2 cm or larger and symptomatic aneurysms (hyper-
tension, hematuria, and flank or abdominal pain). Pseudoaneurysms
are often associated with trauma, but they may be due to dissec-
tion and should in general be treated. Surgical and endovascu-
lar treatment of VAAs share the common goal of preventing aneu-
rysm expansion and rupture. Treatment of VAAs, either by surgery
or endovascular procedures, should be individualized depending
on the location of the aneurysm, regional vascular anatomy, and
associated or coexisting conditions. High-resolution multiplanar
cross-sectional imaging answers questions concerning access ves-
sel pathology, vessel tortuosity, suitability of a particular treatment
strategy, and collateral blood flow and may reveal any other aneu-
rysms. Operator ability to treat VAAs requires knowledge of vascu-
lar anatomy and collateral pathways, training in the catheterization
of visceral arteries, familiarity with various interventional tools, and
experience in complex embolization and stenting procedures. Many
of the embolic agents used to treat VAAs, such as coils and liquid
agents like Onyx (ethylene vinyl alcohol copolymer), create radio-
graphic artifacts on follow-up imaging and may mask VAA reper-
fusion or aneurysm sac growth. As a result, there is no agreed pro-
tocol for imaging after endovascular treatment. Possible follow-up
imaging may include magnetic resonance angiography (MRA), com-
puted tomography angiography (CTA), Doppler ultrasound (DUS), or

a combination of these. Scan intervals at 1, 3, and 6 months or, more

frequently, annual intervals are recommended, according to loca-

tion and body profile.
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Current evidence and patient triage

L.P. Lawler
Department of Radiology, Mater Misericordiae University Hospital,
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Learning Objectives
1. Tolearn about the rupture risk regarding size number and location
2. Tolearn how to select patients on a regular basis and in
emergency situations
Visceral artery aneurysms (VAAs) are a regular feature of most inter-
ventional practices. The majority are incidental findings found dur-
ing routine cross-sectional imaging for other pathologies. Splenic
are by far the most prevalent, followed by hepatic, renal and coeliac/
mesenteric/GDA. In the acute setting, visceral aneurysms most com-
monly arise from the GDA in the setting of pancreatitis. Other vis-
ceral aneurysms present acutely if there are particular patient risk
factors such as pregnancy, anticoagulation or trauma. The presenta-
tion will review the incidence, prevalence and distribution of VAAs.
Proper triage requires a full 3D CT angiogram with review of the
approach, stability of access and optimal exclusion technique. The
imaging must be contextualized to the patient factors and local
resources available. Most are managed according to anatomic con-
figuration rather than their true/false nature and aetiology. We shall
address outcomes based on the nature of the aneurysm.
Elective management of visceral artery aneurysms centre on a 2-cm
dimension that is an arbitrary cut-off that appears to have served
us well over the decades. One could debate whether a maximum
dimension from an axial 2D CT suffices or should be replaced by
3D multidimensional measurements that include volume. However,
I think it unlikely that any single centre will have a large enough
patient cohort to usefully conclude such measurements. Clearly,
regardless of size, any dynamic interval change such as increase in
dimension requires therapy. Some patients and their caregivers will
elect for treatment of sub-2-cm aneurysms as leads to closure rather
than life-long anxiety and imaging follow-up.
Up to 20% of VAA have been reported to present acutely.
In the acute setting of VAA rupture, it would be standard practice
to consult IR in the first instance. Haemodynamic stability is the key
issue in selecting an endovascular therapy over surgery. Even in the
best interventional hands, bleeding control will be achieved faster
by surgical intervention than by endovascular approach. Although
we can achieve an endovascular therapy, patient safety demands
that it only be applied where suitable. Minimally invasive is not
always safer.
Most approaches apply a prothrombotic technique of direct coil-
ing, thrombin or exclusion through flow diverters. Most sites have
access and financial support for pushable or detachable coils, and
the efficacy of this approach is well established. The best procedure
depends on anatomic configuration and what the operator is most
comfortable with. Outcomes in 2015 show 90% technical success
(though two therapies may be required), partial organ infarction in
30-50% and uncommon complications of abscess formation or non-
target embolization. Surgical conversion would be highly unusual.
The literature reports mortality up to 5% post-VAA therapy, but this
number strikes me as high unless there are significant comorbidities.
In conclusion, you do not need a trial to show that jumping out of an
airplane without a parachute is unwise. Similarly, there is now a well-
established practice of endovascular and percutaneous therapy
of VAA that is safe and efficacious, though it lacks a large evidence

base. We probably do err on the side of overtreatment of elective

VAAs, and we should remember we are not always the best special-

ists to treat the hemodynamically crashing patient.
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Stentgrafts and embolisation: technique

M.S. Hamady
Interventional Radiology, Imperial College-London, London, United
Kingdom

Learning Objectives

1. Outline the endovascular materials available for the procedure
2. Describe the strategy between embolisation and stentgrafting
3. To define the desired goal for a complete treatment

Several techniques and material are used to treat visceral aneurysms
(VA).

The most common material used is coils. These can be macro- (0.35")
or micro-coils (0.18” or 0.14"), either pushable or detachable. The main
advantage of the latter is precision. Some of the new coil designs
allow for 3D shaping, which is particularly useful in aneurysms with a
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wide neck. Other coils are basically used for packing of the sac.
Covered stents are alternative material that can be useful in certain
circumstances such as a wide neck. Those stent grafts can be self-
expandable or balloon-expandable. The main downsides of this
material are the relative rigidity and high profile that could preclude
the use of the stent in tortuous anatomy.

Liquid embolic material is useful to achieve complete filling of the
aneurysm sac and thereby reduce the risk of recurrence.
Flow-diverting stents use the hemodynamic alteration of blood flow
to promote stagnation and subsequent thrombosis.

Occlusion devices are quite thrombogenic material and are easy to
use when the anatomy is suitable. They have proved to be quick and
cost effective.

The ultimate goal of treating the VA is complete exclusion from the
rest of circulation and prevention of recurrence.

Stent graft is a straightforward option when the artery is not tor-
tuous and there is suitable proximal and distal landing zone. Coil
embolization is an alternative option when the aneurysm is distal
or vessel diameter is small. Liquid embolics are good option if the
catheter can achieve a secure position to avoid non-target emboli-
zation. For VA with challenging anatomy such as wide neck or bifur-
cated lesions, stent assisted coiling, Y stenting, or balloon remodel-
ing are useful adjuncts.

The final choice of material and approach depends largely on the
anatomy of the inflow and outflow vessels, width of aneurysm neck,
location, size, and operator’s experience.

Comprehensive understanding of imaging anatomy and procedure
planning are essential prior to intervention.
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Periprocedural care and patient follow-up

P.P. Goffette

Radiologie Interventionnelle et Vasculaire Neuroangiographie
Thérapeutique, Cliniques Universitaires Saint-Luc-UCL, Brussels,
Belgium

Learning Objectives

1. To learn about the results and complications of embolisation
stenting

2. Tolearn about the elements of ideal medical periprocedural
care (blood pressure control, antibiotics, anticoagulation)

3. Tolearn about follow-up

No abstract available.

Special Session
State-of-the-art BTK interventions
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Trials update

H. van Overhagen
Department of Radiology, Haga Teaching Hospital, Leyenburg,
The Hague, Netherlands

Learning Objectives

1. Tolearn about the currently published trials

2. What are the immediate and long-term technical and clinical
outcomes

3. Tounderstand if any technique or technology is superior

Critical limb ischemia (CLI) is a limb- and life-threatening condition

with a yearly incidence of around 220 new cases per million popu-

lation. Infrapopliteal arterial occlusive disease is a leading source of

CLI. Especially in patients with diabetes, the risk of peripheral arte-

rial disease is 3- to 4-fold higher and CLI tends to be more aggressive

than in patients without diabetes, with a major amputation rate 5-10
times higher.

Primary goals of CLI treatment are relief from ischemic pain, healing
of neuroischemic ulcers, prevention of limb loss, and improvement
of patient function and quality of life. Some kind of revasculariza-
tion, first endovascular and sometimes surgical, is usually necessary
to achieve these goals. Treatment should also be directed towards
pain control, infection control, atherosclerosis control, anticoagula-
tion, and cardiovascular management.

Patients with CLI should receive cardiovascular risk reduction ther-
apy. Antithrombotic drugs, statins, and antihypertensive drugs
should be administered to reduce cardiovascular events, to pre-
vent periprocedural complications, and to increase post-procedural
patency rates. Aggressive blood glucose lowering is recommended
in all patients with types 1 and 2 diabetes to reach glucose levels as
close to normal as possible. Acetylsalicylic acid (aspirin) is the stan-
dard antiplatelet therapy in CLI. Although there is not enough evi-
dence, some authors recommend dual antiplatelet therapy of clopi-
dogrel (75 mg/day) and aspirin (100 mg/day). During the procedure,
3000-5000 U of heparin is administered intra-arterially.

At present, percutaneous transluminal angioplasty (PTA) is the pri-
mary technique to consider in treatment of infrapopliteal occlu-
sive disease. Technical success rates of infrapopliteal PTA are
reported to be as high as 80-100%. Limb salvage rates after PTA
vary, and depend on the clinical and anatomical extent of the dis-
ease. There are no prospective randomized trials comparing endo-
vascular treatment and bypass surgery in patients with CLI and infr-
apopliteal occlusive disease. In a meta-analysis of infrapopliteal PTA
for chronic CLI, results of PTA were compared with those of a meta-
analysis of popliteal to distal vein bypass grafts. Primary patency of
PTA at 6 months (65£7.0%) and 12 months (58.1£4.6%) was signifi-
cantly lower than those of bypass surgery (85.8+2.1%, p<0.05, and
81.5+£2.0%, p<0.05, respectively), but there was no significant differ-
ence between limb salvage at 6 months (88.2+4.4% vs. 90.9+1.9%)
and 12 months (86.0+2.7% and 88.5 +2.2%). By preferentially using
PTA for CLI and bypass surgery for patients not suited for PTA, 2-year
primary cumulative patency rates and limb salvage rates of 60% and
76% were reported for 32 limbs with mainly TASC D classification
that underwent infrapopliteal PTA. In the 82 limbs that underwent
infrapopliteal bypass surgery, primary cumulative patency was 53%
and limb salvage 57%. At 30 days, mortality and complication rates
were higher for all patients undergoing bypass than those under-
going PTA. A propensity score analysis of 1023 patients, of whom
262 underwent PTA and 761 surgical bypass, reported similar 5-year
results for leg salvage (75.3 vs. 76.0%), survival (47.5 vs. 43.3%), and
amputation-free survival (37.7 vs. 37.3%).

Drug-eluting balloons (DEB) have recently been introduced as local
drug delivery-assisted angioplasty systems that are an alterna-
tive to drug-eluting stents. Theoretical advantage of these DEB is
that they offer anti-proliferative effect of local drug elution without
leaving a metallic platform behind on the arterial wall. This could
reduce restenosis rates and facilitate future interventions espe-
cially at anatomical sites such as the infrapopliteal bifurcations and
the distal tibial arteries where stenting is not recommended. The
first data regarding BTK treatment with a paclitaxel-eluting balloon
were encouraging. A single-centre study investigating 104 patients
(82.6% of whom had CLI) reported clinical improvement in 91.2%
and complete wound-healing in 74.2% of patients. One-year tar-
get lesion revascularization and limb-salvage rates were 17.3% and
95.6%, respectively. The 3-month restenosis rate was significantly
lower than that in the historical control group treated with con-
ventional PTA (27.4 vs. 69%, respectively). In the DEBATE-BTK trial,
results of DEB were compared with those of non-eluting balloons
in 132 patients with 158 lesions. Binary restenosis occurred in 27%
of lesions in the DEB group and in 74% of lesions in the PTA group
(P<0.001). Target lesion revascularization in 18% vs. 43% (P=0.002)
and target vessel occlusion in 17% vs. 55% (P<0.001). Only one



amputation occurred, in the PTA group (P=0.9). However, in the

IN.PACT Deep trial, use of the IN.PACT Amphirion DEB did not result

in a different treatment result for patients with below-the-knee CLI

compared with the use of a standard PTA balloon. Clinically driven

TLR at 12 months was 9.2% with DEB vs. 13.1% with PTA. Late lumen

loss was 0.61+£0.78mm vs. 0.62+0.78mm, respectively. At 6 months,

all-cause mortality, major amputation and clinically driven TLR was

17.7% for the DEB group and 15.8% for the PTA group of patients.

Use of bare metal stents in the infrapopliteal arteries is generally

reserved for patients with residual stenosis, flow-limiting dissections

or elastic recoil after PTA. A small single-centre prospective random-
ized study with 38 limbs in 35 patients with CLI found no statistically
significant difference in survival (69.3 vs. 74.7%), limb salvage (90 vs.

91.7%) or primary (66 vs. 56%) and secondary (79.5 vs. 64%) patency

at 1-year follow-up after PTA or primary stenting.

Enthusiastic results have been reported regarding the use of drug-

eluting stents (DES), especially sirolimus-eluting stents in infrapopli-

teal arteries. In the industry-initiated DESTINY trial, 140 patients with

CLI were randomized to receive either a bare metal stent or an everoli-

mus-eluting stent below the knee. Primary arterial patency was signifi-

cantly higher after treatment with the everolimus vs. bare stents (85 vs.

54%), but was only obtained in 46% of patients at follow-up. There was

no difference in pain relief or limb salvage between both groups. The

major amputation rate was only 3% at 12 months, which may be due
to the selection of patients. Other randomized trials that investigated
the use of DES BTK are the industry-initiated ACHILLES trial (sirolimus-
eluting stent vs. PTA in patients with CLI and intermittent claudication).

A systematic review of infrapopliteal drug-eluting stents, involving the

ACHILLES, DESTINY and YUKON-BTX trials with a total of 501 patients,

reported that at 1 year there was superiority of DES compared with

control treatments in terms of higher primary patency (80.0 vs. 58.5%),

improvement of Rutherford classification (79 vs. 69.6%), decreased TLR

events (9.9 vs. 22.0%), improved wound healing (76.8 vs. 59.7%) and
better overall event-free survival (72.2 vs. 57.3%). Another systematic
review by a different group of authors, however, reported equal effi-
cacy of DES vs. PTA and also equal efficacy for DES vs. bare metal stents.

Thus, the use of DES below the knee in patients with CLI remains con-

troversial. Finally, 6- and 12-month results of the PADI trial, PTA with bail-

out bare metal stenting vs. DES in infrapopliteal arteries in patients with

CLI, an investigator-initiated trial in 137 patients will be presented.
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1803.2

Techniques and complication management

L.M. Palena
Interventional Radiology Unit, Policlinico Abano Terme, Abano
Terme, Italy

Learning Objectives

1. Understand the basic technique used and the alternatives

2. What specialist equipment and devices are required

3. Tolearn about the major complications and how to treat them

No abstract available.

1803.3

Wound care and patient follow-up

K.N. Katsanos
Interventional Radiology, Guy’s and St. Thomas’ Hospitals, London,
United Kingdom

Learning Objectives

1. Understand the basic principles of venous/arterial ulcer care

2. Evidence for ulcer healing with different techniques

3. Tolearn about drug therapies and diabetic control for
prevention and healing

No abstract available.

1803.4

Bioresorbable vascular scaffolds

T.W.I. Clark
Radiology Department, Penn Presbyterian Medical Center,
Philadelphia, PA, United States of America

Learning Objectives

1. Tolearn about the available stents

2. Basic technique of deployment and adjunctive procedures

3. To learn about the technical and clinical outcomes, short- and
medium-term in comparison to other techniques

No abstract available.
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Special Session
Credibility and value for money: the keys to
success

1805.1

Cost effectiveness in medicine: what is it, and how do you
measure it?

P. McCrone
Centre for the Economics of Mental and Physical Health, King’s
College London, London, United Kingdom

Learning Objectives

1. To learn what cost effectiveness means in medicine

2. To learn about the potential of cost effectiveness in IR
3. Tolearn how cost effectiveness in IR can be measured

No abstract available.

1805.2

Quality assurance and value for money: how IR can prove its worth

L.M. Kenny
Cancer Care Services, Royal Brisbane and Women'’s Hospital,
Brisbane, Australia

Learning Objectives
1. To learn about the requirements for quality assurance systems
in medicine
2. Tolearn about quality assurance systems in interventional
radiology
3. Tolearn how quality assurance systems can be cost-effective
Interventional Oncology (I0) has a tremendous opportunity to dem-
onstrate its worth to the cancer community. It has the potential to
be equivalent to other local treatments with less short and long-
term morbidity and less cost than open procedures.
It must however be able to demonstrate that it can do so.
Randomized controlled trials are unlikely to be designed and com-
pleted satisfactorily. The creation and maintenance of sophisticated
databases that incorporate appropriate cancer outcome measures is
a priority and these should include:
« The appropriateness of the choice of treatment
- Appropriate measure of local control/cure within a quality
framework
« Overall economic burden to the patient and the syste
« Quality of life and other relevant patient reported outcome
measure
10 must strive to prove its worth in this comprehensive manner in
order to become part of mainstream cancer care.

1805.3

Comparative effectiveness research: IR states its case

R. Lencioni
Division of Diagnostic Imaging and Intervention, University of Pisa,
Pisa, Italy

Learning Objectives

1. To learn what comparative effectiveness research is in medicine

2. To learn what comparative effectiveness research is in IR

3. Tolearn how comparative effectiveness research can and should
be usedin IR

Comparative effectiveness research is designed to inform health-

care decisions by providing evidence on effectiveness, benefits,

and harms of different treatment options. Evidence is generated

from research studies that compare drugs, medical devices, tests,

surgeries, and ways to deliver healthcare. There are two ways in
which this evidence is found: (1) researchers look at all of the avail-
able evidence about benefits and harms of each choice for differ-
ent groups of people from existing clinical trials, clinical studies, and
other researches, and these are called research reviews because they
are systematic reviews of existing evidence; (2) researchers conduct
studies that generate new evidence of effectiveness or comparative
effectiveness of a test, treatment, procedure, or healthcare service.
Comparative effectiveness research requires development, expan-
sion, and use of various data sources and methods to conduct timely
and relevant research and to disseminate results in a form that is
quickly usable by clinicians, patients, and policymakers as well as
health plans and other payers. In this presentation, the available
data on the comparative effectiveness of interventional radiology
treatments will be reviewed and issues involved in the design of clin-
ical trials will be discussed.

1805.4

Next important steps for IR

A.Adam
Radiology, 15t Floor Lambeth Wing, St. Thomas’ Hospital, London,
United Kingdom

Learning Objectives

1. Tolearn about factors defining succes for IR

2. To learn about future strategies for advancing IR

3. Tolearn how quality improvement advances IR

Interventional procedures have been used for the treatment of
patients with cancer for several decades. At the beginning, these
were mainly palliative techniques such as percutaneous biliary
drainage and percutaneous nephrostomy. These methods made
a significant contribution to the quality of life of cancer patients.
However, as they were seen as adjuncts to other oncological treat-
ments, interventional radiologists who performed them provided a
largely technical service. Consequently, it was unnecessary for them
to have a detailed understanding of the malignant conditions that
they were treating as the decisions were largely taken by others.

The advent of potentially curative interventional radiological tech-
niques, particularly thermal ablation and cryotherapy, has com-
pletely changed the role of interventional radiologists in the treat-
ment of cancer patients, and this has created a new discipline of
interventional oncology (I0). Imaging-guided therapy is a step
change in the local treatment of tumours. Although modern imag-
ing has provided the surgeon with very accurate methods of local-
isation of tumours, when the surgeon operates on a solid organ,
he or she is still like a person who has the floor plan of a house but
enters it in darkness and has to find the way to a particular room. In
contrast, the interventional radiologist is like a person who in addi-
tion to the map, has a torch to find his way to the target.

There are two sets of future developments in 10. The first one con-
sists of scientific and technological advances. As interventional radi-
ologists are by nature innovative people, these developments are
inevitable, and | am sure that we shall see excellent progress in these
areas. The second set is more difficult, as there is no individual gain
involved; professional and educational developments require strate-
gic thinking and collective political will from organisations such as
CIRSE and SIR.

Scientific and technological developments

Imaging guidance for interventional radiological procedures is
improving rapidly. The fusion of functional and structural imaging
and greater computing power providing ‘instant’ 3D images increase
the accuracy of tumour targeting. Ablation technology is getting
ever more sophisticated and powerful; combined approaches with
chemotherapy and radiotherapy promise improved clinical out-
comes and lower recurrence rates.



Ablation improves vascular permeability and increases tumour sen-
sitivity to chemotherapy. In addition, chemotherapeutic agents
increase the area of coagulation after thermal ablation. There have
been some excellent animal researches in these areas, which is now
being followed by early clinical studies. For example, the combina-
tion of radiofrequency ablation and brachytherapy seems to be an
effective method of treatment of early non-small cell lung cancer.
Professional and educational developments

The future of 10 will depend, to a significant extent, on the credibil-
ity of this discipline within the oncological community. It will also be
influenced by the acquisition of infrastructure necessary for inter-
ventional oncologists to practise as clinicians and by ensuring that
interventional radiological procedures are funded appropriately.
Cancer is complicated. We used to think that malignant tumours
consisted of a relatively homogeneous population of cells. We
now know that this is far from being correct; mutations take place
within tumours, giving rise to different cell populations. Each of
these groups of cells may give rise to metastases that are very dif-
ferent from the primary tumour and from each other. This process is
repeated within each metastasis, thereby giving rise to many differ-
ent types of secondary tumours.

Other factors contributing to the complexity of cancer are the gra-
dient of acidity and hypoxia within tumours, which depend on the
distance from tumour vessels. These can have a profound influence
on the response to treatment. For example, we know that doxorubi-
cin depends on free radical formation for its action, and that hypoxia
inhibits this process.

Credibility within oncology will depend on the following factors:
a) Education: it is important that future interventional oncologists
are trained appropriately, and that a curriculum to ensure that this
happens is created; this should include a basic understanding of
chemotherapy and radiotherapy as well as knowledge of the ele-
ments of tumour biology.

b) Presence: interventional oncologists should be present at multi-
disciplinary meetings where cancer patients are discussed in order
to have an opportunity to contribute their knowledge and to partici-
pate in decisions related to the management of patients.

c) Clinical pattern of practise: interventional oncologists should
practise as clinicians rather than as technicians; they should conduct
ward rounds and outpatient clinics as well as follow up their own
patients.

d) A robust quality assurance system for IO: this is a very important
development; this will ensure that the processes we use are fit for
purpose and will increase the safety of patients.

10 and radiation oncology are natural partners; both rely heavily
on imaging, undertake local tumour treatment and have common
potential research themes such as studies on the combination of
radiotherapy and thermal ablation. Also, some procedures such as
brachytherapy for cholangiocarcinoma rely on skills from both dis-
ciplines. Therefore, there are great potential opportunities from col-
laboration between radiation oncology and |O. There could be joint
appointments of interventional oncologists in departments of radi-
ology and radiation oncology. These would provide great opportu-
nities for clinical practise and greater access to patients.

CIRSE, SIR and other organisations involved in the training of inter-
ventional radiologists should create a curriculum for training in 10,
set up a credible quality assurance system in this discipline and
encourage clinical practise.

Fundamental Course
Men’s health — basic principles of BPH treatment

2501.1

Indication for treatment - patient triage

M.R. Sapoval', N. Thiounn2, G. Amouyal3, O. Pellerin3;

Dept. of Cardiovascular Radiology, Hopital Européen Georges
Pompidou, Paris, France, 2Service d'Urologie, Hopital Européen
Georges Pompidou, Paris, France, 3Interventional Radiology, Hopital
Européen Georges Pompidou, Paris, France

Learning Objectives
1. To learn how to select patients for BPH treatment
2. Tolearn about pre-treatment imaging requirements and urody-
namic assessment
3. To describe other non-endovascular options, including medical
and surgical treatments currently available
1- Understand lower urinary tract symptoms (LUTS)
Benign prostatic hyperplasia (BPH) is the primary cause of LUTS,
which affects more than 50% of men >60 years of age (1). Many men
with LUTS are not bothered enough by their symptoms to need
drug treatment or surgical intervention. All men with LUTS should
be formally assessed prior to any allocation of treatment.
Itis important to understand that there are many other causes of LUTS
such as neurological disease, urogenital infection, urinary inconti-
nence, urethral stones, and malignant disease of the urinary tract.
2- What is the standard of care?
Men with mild-to-moderate so-called “uncomplic