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Welcome to CIRSE 2014, and  
welcome to Glasgow! CIRSE is 
delighted to return to the UK once 
more, and is sure that the atmos-
pheric charms of Glasgow will set 
the stage for yet another meeting 
to remember. 

This year’s scientific programme 
offers a wide range of topics for all 
levels of experience, and we invite 
you to waste no time in diving in 
and discovering the cutting-edge 
scientific data and hot debates 
that await you!
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While physicians generally agree that revascu-
larisation of the superficial femoral artery in 
peripheral arterial disease offers great potential 
in reducing morbidity and restoring patients’ 
quality of life, opinions on specific aspects of 
the procedure vary drastically.
  
One particularly contentious topic is the value 
of bioabsorbable stents, made of resorbable 
polymers or metals with or without anti-pro-
liferative drug elution. Heralded by some as 
offering all the advantages and none of the 
complications of conventional stents, others 
caution against what they view as premature 
exuberance about this new technology.

For one set of debates at this year’s Contro-
versies Sessions, which provide a forum for 
spirited discussions on controversial issues that  
divide the IR community, two renowned ex-
perts in the field will square off on the merits 
of such stents. Prof. Andrew Holden, Director 
of Interventional Radiology at Auckland City 
Hospital, will explain why he believes that bio-
absorable stents have a future. Dr. Timothy 
Clark, Director of Interventional Radiology at 
Penn Presbyterian Medical Center, will outline 
why he remains strongly skeptical of that claim.

Prof. Holden notes that bioabsorbable stents 
have been extensively studied in the coronary 

circulation, with the first bioabsorbable vascu-
lar scaffold used clinically in 1998, and demon-
strating long-term safety and feasibility. The 
design of the most dominant stent in this area 
now incorporates anti-proliferative drug elu-
tion, and recent trials looking into its efficacy 
and safety have been promising. Prof. Holden 
posits that similarly positive experiences are 
likely with respect to the use of such stents in 
the tibial arteries. 

He acknowledges that stent resorption without 
adverse effects on the artery remains a serious 
challenge, noting that inflammation associated 
with the resorption process does lead to neo-
intimal hyperplasia and re-stenosis. However, 
Prof. Holden is confident that, even in the age 
of drug-eluting balloons, scaffolds will always 
be needed for purposes of optimising results 
when intervening in the challenging SFA envi-
ronment, and believes that current drawbacks 
tied to the devices will soon be surmounted. 

Dr. Clark does not necessarily reject the notion 
that bioabsorbable stents may very well one 
day play a transformational role in the treat-
ment of many vascular conditions, including 
coronary artery disease. He notes that major 
industry players have strongly invested in these 
devices, that clinical experience is developing 
with respect to their use in coronary and  

particular non-coronary applications, and that 
this is resulting in noticeable technological 
refinements.  

However, Dr. Clark also recalls discussing the 
challenges of using such stents with colleagues 
as early as 1997, noting that the complex bio-
mechanics of the SFA and the popliteal arteries, 
and the challenges these vessels place on  
materials used for stent construction, constitute  
serious obstacles. He observes that, despite the 
Herculean efforts made to overcome these, the 
reality remains that an SFA bioabsorbable stent 
has not yet reached the mainstream, and posits 
that much remains to be done before these de-
vices can be used as a mainstay endovascular 
therapy in the SFA. 

Don’t miss your chance to listen to the best 
arguments on both sides of this fascinating 
issue, as well as to two other excellent debates 
targeting other controversies in SFA treatment!  
You will also be able to contribute your own 
opinions by way of hand-held e-voting devices 
both immediately before and after the debates. 

For a more detailed examination of  
Prof. Holden and Dr. Clark’s arguments,  
please see pages 8 and 9.

Embracing Controversy:  
SFA Debate Scrutinises the  
Value of Bioabsorbable Stents

Welcome to the 
world’s largest 
IR meeting!

One of the key issues in modern IR is the build-
ing of a solid evidence base. Case series have 
shown that the image-guided therapies under 
discussion here at CIRSE offer safe and effective  
treatment options for a wide variety of patients.  
However, in order to best serve patients, more 
robust data is needed – both to ensure optimal 
patient safety, and to convince our colleagues 
of the benefits offered by IR. 

While registries provide valuable information,  
randomised controlled trials are the gold  
stan dard. However, such level 1 evidence is 
hard to gather – funding for such studies is dif-
ficult to come by, and the nature of the proce-
dures and pathologies often make meaningful 
comparisons challenging. Nonetheless, several 
of our members are leading the way.

To find out what they have discovered, a spe-
cial Free Papers session will take place today, 
during which members of the research teams 
will present their results thus far.  

Join us at 16:15 in Auditorium 10 to find out 
what evidence has been gathered, and what it 
might mean for the future of these therapies!

For a description of the trials that will be  
addressed in the presentation, please see  
page 20.

Free Papers: 
Randomised Trials 
in IR

Controversies in SFA treatment
Special Session Controversy
Saturday, September 13, 11:30-12:30
Main Auditorium

Don‘t miss it ! 

e-voting
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Opening and Awards Ceremony – 14:30, Main Auditorium

Welcome to CIRSE 2014, and yet another 
round of first-rate lectures, workshops 
and debates on the ever-evolving IR sub-
specialty. With prominent researchers and 
clinicians coming together from all over the 
globe to present the very best the field has 
to offer, there is much to celebrate! 

Please join us for the Opening and Awards 
Ceremony, which starts today at 14:30 in the 
Main Auditorium. The event provides an ideal 
opportunity to highlight the achievements 
of select physicians and researchers who 
have made exceptional contributions to in-
terventional radiology. Entertainment will be 
provided by the Reel Time Band, an energetic 
group with a very unconventional approach to 
traditional Scottish folk music.

Welcome Address
Anna-Maria Belli, CIRSE President
Jon Moss & Raman Uberoi, CIRSE 2014 Local Host 
Committee Co-Chairpersons
Patrick Haage, CIRSE 2014 Scientific Programme 
Committee Chairperson

Excellence and Innovation in IR

Sponsored by the R.W. Guenther Foundation, 
the Award of Excellence and Innovation in IR 
rewards exceptional research in the field of  
interventional radiology. 

This year, the award will go to a team of IR re -
searchers from Utrecht, the Netherlands, for  
their innovative work in developing Holmium- 
166 microspheres, the first radioactive micro-
spheres that can be visualised in vivo on  
multimodal imaging. 

While radioembolisation using Yttrium-90 (Y-90)  
microspheres has proven effective for treating  
patients with unresectable colorectal liver meta-
stases, the procedure remains complex and  
entails significant limitations, namely, that cur-
rent imaging modalities cannot visualise the 
microspheres in vivo. Visualisation of micro-
spheres during and after their administration 
would significantly simplify the procedure. 
Holmium-166 microspheres offer that  
possibility.  

Holmium-166 microspheres are comparable to  
Y-90 microspheres in that they emit beta- 
par ticles with radiotherapeutic properties 
appro priate for therapy. However, in addition, 
they also emit gamma radiation, which permits 
nuclear imaging (PET-SPECT). Moreover, they 
are paramagnetic, which allows visualisation by 
way of MRI. 

This characteristic could help physicians both 
personalise and improve patient treatment. 
The innovation permits the radioembolisation 
team to administer a scout dose of the micro-
spheres, assess SPECT and MRI results to calcu-

late a specific, image-based treatment dose, 
and adjust the dose to ensure that the tumor-
ous tissue receives the highest possible dose 
without exceeding the maximum radiation 
dose tolerated by healthy liver tissue. Similarly, 
the actual dose distribution could be assessed 
shortly after the treatment, facilitating better 
follow-up care. The microspheres could also be 
administered under real-time MRI guidance, 
enabling peri-treatment dosimetry. 

The new microspheres, which have been paten-
ted in Europe, were developed by a team at the  
University Medical Center Utrecht that includes 
both physicians and physicists. The team will 
be represented at CIRSE 2014 by Prof. Maurice 
van den Bosch, Chairman of the Department 
of Radiology & Nuclear Medicine; Dr. Johannes 
Frank Nijsen, Holmium group leader and asso-
ciate professor at UMC Utrecht; and Dr. Marnix 
Lam, a nuclear medicine physician.

Continuing Excellence: Update on the 2013 
Award Winners 

Last year’s winners, a team of IR researchers 
from Montreal, Canada, represented by Prof. 
Gilles Soulez and Prof. Sophie Lerouge, recently 
shared an exciting update on their research. 
The team was awarded for their work in devel-
oping a radiopaque gel combining occlusive 
and sclerosing properties for the treatment of 
endoleaks, vascular malformations and venous 
disease.

According to Prof. Soulez, they and their uni-
versities (the University of Montreal and the 
École de Technologie Supérieure) are in the 
process of signing a licensing agreement with 
Cook Medical for the development and  
commercialisation of the innovative gel. 

Prof. Soulez notes:
“This agreement will be instrumental for purpo ses  
of performing phase II clinical testing before com -
mercialisation, and to continue our pre-cli ni  cal 
work on optimising the gel for clinical appl i   ca-
tions other than endoleaks, such as AVM, ven  ous 
malformation, and portal and venous embo lisation.

“Clearly, the CIRSE prize served as a strong  
advocate for our technology, and we really 
want to thank the Guenther Foundation and 
CIRSE for giving us this opportunity.

“This kind of translational link between aca-
demic research, scientific societies like CIRSE, 
and industry partners plays an instrumental 
role in guaranteeing and promoting the future 
of interventional radiology. We hope this tech-
nology will be accessible to interventional radi-
ologists and their patients in the near future.”

This year’s lively musical entertainment – the 
Reel Time Band – promises to be particularly 
engaging. Playing traditional Scottish folk 
music with a funky twist, the band features 
both bagpipes and an electric guitar, and will 
be joined by traditional ceilidh dancers for the 
grand finale. 

The band has performed at a wide range of 
functions all over Europe, bringing their unique 

sound to audiences from Athens to Frankfurt. 
In Scotland, the musicians appear regularly at 
festivals and a variety of other celebrations, 
including the prestigious Burns Night at Stirling 
Castle and the international press launch of the 
hit Disney/Pixar movie Brave.

With their dancers joining them onstage for the 
grand finale, their performance will undoubt-
edly be a Scottish experience to remember!

Reel Time Band CVIR Editor’s Medal Award
This award keeps getting more competitive! 
For this year’s Editor’s Medal, an impressive  
39 articles were nominated. Two submissions 
were recognised with an equal number of 
votes, so we have two winners this year:

Randomised trial of the SMART stent versus 
balloon angioplasty in long superficial  
femoral artery lesions: the SUPER study.
N. Chalmers, P.T. Walker, A.M. Belli, A.P. Thorpe, 
P.S. Sidhu, G. Robinson, M. van Ransbeeck,  
S.A. Fearn
Cardiovascular Intervent Radiol. 2013 Apr; 
36(2):353-61. doi: 10.1007/s00270-012-0492-z. 
Epub 2012 Oct 16.

Randomized comparison of uterine artery 
embolization (UAE) with surgical treatment  
in patients with symptomatic uterine  
fib roids (REST trial): subanalysis of 5-year 
MRI findings.
G. Ananthakrishnan, L. Murray, M. Ritchie,  
G. Murray, F. Bryden, S. Lassman, M.A. Lumsden,  
J.G. Moss
Cardiovascular Intervent Radiol. 2013 Jun; 
36(3):676-81. doi: 10.1007/s00270-012-0485-y. 
Epub 2012 Oct 16. 

This year’s winning team: (l-r) R. de Roos, M. Lam, J. Prince, L. Verkooijen, F. Nijsen, A. van den Hoven, M. van den Bosch
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Laudation: Dierk Vorwerk 

Prof. Peregrin is the Head of the Department 
of Diagnostic and Interventional Radiology 
at the Prague-based Institute for Clinical and 
Experimental Medicine (IKEM). He is a recog-
nised authority on renal interventions.

As a young physician, he pursued a career in 
diagnostic radiology, and soon developed a 
keen interest in cardiovascular and interven-
tional radiology, then just a newly emerging 
subspecialty. He began to perform not only 
diagnostic angiography and peripheral balloon 
angioplasty, but was also involved in coronary 
angiography and angioplasty. He trained sever-
al Czech interventional cardiologists who later 
became prominent experts in the field, but 
eventually decided to quit cardiology to fully 
concentrate on both vascular and non-vascular 
interventional radiological procedures. 

Prof. Peregrin was appointed full Professor at  
Charles University in Prague in 2008. He served 
as an external lecturer at the Faculties of Medi -
cine of Charles University in Prague and in  
Hradec Králové from 1993 to 1987. He also 
taught at the Medical Faculty at the University 
of Kuwait from 1984 to 1987, and was among 

the first doctors to perform peripheral  
angioplasty in the country.

A keen supporter of IR education, Prof. Peregrin 
is a regular faculty member for CIRSE and ESIR 
courses. Between 1994 and 2002, he organised 
the eight Prague International Workshops on 
Interventional Radiology in collaboration with 
the Dotter Institute. Prof. Peregrin has been in-
strumental in achieving subspecialty status for 
IR in the Czech Republic, and currently serves 
as the chief examiner for the board  
examination.

Prof. Peregrin is the author and co-author of 
more than 200 scientific and educational pa-
pers and book chapters, as well as the author 
of numerous papers presented at scientific 
and educational congresses. He has been a 
CIRSE Member since 1985, and has held several 
positions within the CIRSE Board since the late 
1990s. In 1999, Prof. Peregrin was the local or-
ganiser of the CIRSE Annual Meeting in Prague. 
In 2005, he was elected Treasurer of CIRSE, 
served as Vice-President of CIRSE between 
2007 and 2009, and finally as the Society’s 
President from 2009 to 2011.
 

Gold Medallist Distinguished Fellow
Jan Peregrin 

Laudation: Robert Morgan

Dr. Dake is the Thelma and Henry Doelger Pro-
fessor in Stanford University’s Department of  
Cardiovascular Surgery and the Medical Direc  tor  
of the Stanford Catheterization and Angio gra phy  
Laboratories. He joined Stanford as sec  tion chief  
of Cardiovascular and Interven tion  al Radiology 
and co-director of the Cathe terization and 
Angiography Laboratories in 1990.

Dr. Dake’s current research focuses primarily 
on endovascular device development, vascular 
biology and molecular imaging. Recent notable 
investigative work from his laboratory includes 
published reports on in vivo vascular tissue  
engineering research. 

He is a graduate of Harvard College and of 
Baylor College of Medicine in Houston, where 
he completed an internship, residency and 
chief residency year in internal medicine. He 
pursued fellowship training in pulmonary 
diseases and a residency and chief residency 
in radiology at the University of California San 
Francisco, and completed subspecialty train-
ing in vascular and interventional radiology at 
UCSF. 

Notable firsts recorded by the IR team he led 
while at Stanford include: the first published 

report of endovascular treatment (catheter-
directed thrombolysis and stents) of patients 
with iliofemoral venous obstruction; publica-
tion of the first report of carotid artery stent 
placement; initial publication detailing the 
use of venous stents for treatment of benign 
intracranial hypertension; first aortic stent-graft 
performed in the US; report of the first series 
of thoracic aortic stent-grafts for management 
of thoracic aortic aneurysms and subsequently, 
acute aortic dissection; first report of stent-
graft management of isolated iliac artery aneu-
rysms; first report of stent-graft use in patients 
with femoropopliteal arterial disease; and first 
paper to describe the placement of an aortic 
stent-graft within an elephant trunk graft to 
complete repair of a thoracic aneurysm. 

Dr. Dake is the author or co-author of over 
250 peer-reviewed articles, and holds 25 US 
patents. He is editor of Abrams’ Angiography, 
the current standard reference text in the field. 
He has been recognised with many honours 
and awards, including Magna and Summa Cum 
Laude RSNA Scientific Exhibit Awards and a 
Doctor Honoris Causa by the French Republic 
and the Université de la Méditerranée (Aix-
Marseille). In 2009, he was named CIRSE’s Josef 
Roesch Honorary Lecturer. 

Laudation: Jim A. Reekers

Prof. Moss is a consultant interventional radio-
logist at the Greater Glasgow and Clyde Health 
Board, which he joined 22 years ago. His acade-
mic and research expertise was formally recog-
nised by the University of Glasgow with an 
honorary chair in radiology in 2007.

After undertaking five years of surgical training 
and becoming a Fellow of the Royal College of 
Surgeons of Edinburgh, he specialised in radiol-
ogy and became a Fellow of the Royal College 
of Radiologists in 1989. Between 1991 and 
1992, Professor Moss completed a fellowship in 
interventional radiology under Julio Palmaz at 
the University of Texas, San Antonio, Texas. 

Prof. Moss’s clinical practice includes vascular 
and non-vascular interventional radiology. His 
research interests focus primarily on renovascu-
lar disease, vascular access and uterine fibroids. 
He has been involved in a number of grant-
funded pivotal studies, e.g. REST and ASTRAL 
trials, and is currently joint grant-holder of the 
FEMME (UAE) trial and chief investigator of the 
CAVA (venous access) trial. 

A past secretary of the British Society of 
Interventional Radiology (BSIR), Prof. Moss has 

been instrumental in developing the BSIR na-
tional registries, including BIAS, a performance 
indicator registry for iliac interventions. He will 
be awarded with the BSIR Gold Medal 2014 for 
his exceptional contributions. 

Prof. Moss has served on numerous panels and  
committees, including the UK Working Party 
for Vascular Access for Dialysis Patients, the 
Interventional Radiology in Obstetrics & 
Gynaecology Working Party, the  
National Renal Audit Vascular Access Imple-
men tation Group and the Data Monitoring 
Committee of the Improve Trial (EVAR for  
rup tured AAA). He is currently on the Inter-
ven tional Procedures Panel for the National 
Institute for Health Research (UK) and the 
Interventional Procedures Advisory Committee 
for NICE. 

Prof. Moss has written 19 book chapters, 70 pub-
lications and has delivered many presentations  
and lectures at national and international 
meetings. He is on the editorial board of CVIR, 
and is serving on CIRSE’s Executive Committee 
in his capacity as co-chair of the Local Host Com-
mittee for CIRSE 2014. Prof. Moss delivered the 
Andreas Gruentzig Honorary Lecture in 2011. 

written multiple book chapters and abstracts, 
and has delivered over 200 lectures at national 
and international scientific meetings.
 
Considered a pioneer in below-the-knee endo-
vascular treatment, Prof. Siablis published the 
first BTK DES study in 2005, and has contribut-
ed to numerous publications in this field. He 
was twice awarded the CVIR Editor’s Medal 
for his research, and has served as editor of 
the Journal of Endovascular Therapy for several 
years. 

Prof. Siablis was appointed Chairman of the  
Committee of Subspecialisation in Interven-
tional Radiology and Neuroradiology by the 
Central Health Council of Greece in 2009. The 
Committee completed its work in 2011, when 
the two subspecialties were officially recog-
nised within Greece. During his tenure, Prof. 
Siablis was also appointed chairman of the ex-
amination committee that awards subspecialty 
certification to Greek interventional radiolo-
gists. He currently serves as Vice-President of 
the Hellenic Society of Interventional Radiology 
and Neuroradiology and as a Member of the 
Hellenic Society of Radiology. 

Distinguished Fellow
Jonathan Moss

Distinguished Fellow

Laudation: Andy Adam

Prof. Siablis began his clinical and academic  
career at the University Hospital of Patras, 
where he led the Interventional Radiology Unit,  
which has remained under his close guidance 
and supervision throughout his entire career. In 
2005, he was both named full professor and  
appointed Chairman of the Radiology Depart-
ment, a post he served in until September 2013. 

After specialising in radiology at St. Andrew’s 
General Hospital in Patras, he was appointed 
consultant radiologist at the hospital in 1983. 
In 1988, Prof. Siablis attended a 3-month train-
ing course in IR at the Vienna General Hospital 
(Allgemeines Krankenhaus der Stadt Wien) in 
Austria. In 1996, he was further trained in  
innovative IR methods as a research fellow in 
the Department of Interventional Radiology at 
Guy’s & St. Thomas’ Hospital in London.

Prof. Siablis developed a special interest in 
research, particularly on the endovascular 
treatment of peripheral arterial disease. He led 
many pilot projects and clinical studies on the 
topic, participated as principal investigator in 
multi-centre clinical trials and authored or co-
authored over 130 papers in international peer-
reviewed journals. He has also written or co-

Dimitrios Siablis

Michael D. Dake

C  RSE

C  RSE

Jan H. Peregrin
Gold Medallist 
2014



Have fun and do good! 
Take part in the

Saturday, September 13 at 19:00
Scotstoun Stadium

CHARITY RUN
FOOTBALL CUP 

&

CIRSE supports compliance with ethical standards. Therefore, CIRSE emphasises that the pre-
sent invitation is directed to participants of CIRSE 2014, and recommends that participants  
who want to take part in the BTG Charity Run and/or Football Cup bear any and all costs in  
this context (including donations) themselves. Kindly note that participation in the BTG Charity 
Run and/or Football Cup is NOT included in the CIRSE 2014 registration fee!

Joining the fun couldn’t be easier! Sign up by sending a short email with your name 
and the number of attendees to hinnerth@cirse.org, or register directly on site.

Shuttle busses will take you from the SECC to the stadium (journey time approx.  
20 minutes) and will drop you off at various central locations after the event. 
Changing rooms and showers are available on site.

A delicious buffet will be provided from 19:45 until the end of the Football Cup.

The event supports the Austrian Childhood Cancer Organisation, an independent charity 
that helps families struggling with childhood cancer. For more information, please visit 
www.kinderkrebshilfe.at.

C  RSE
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Fluorine-18 fluorodeoxyglucose (18F-FDG)  
positron emission tomography CT (PET/CT) 
combines imaging of the metabolic character-
istics of malignant tumours apparent on PET 
and the anatomical detail of CT. This provides 
an attractive image-guidance technique for 
metabolically active targets that are incon-
spicuous, difficult to visualise or not detected 
at all by CT, sonography (US) or MRI. In addition,  
the need to target the metabolically active 
portion of complex lesions containing areas of 
necrosis that can be seen in anatomic imaging  
is possible with the use of PET. This is parti-
cu larly important in the era of personalised 
medicine and targeted therapies that rely on 
accurate evaluation of biomarkers and target 
molecules in viable cancer tumours, and espe-
cially those that are refractory to, or recur after 
chemotherapy. Fusion or registration of pre-
viously acquired PET scans with the CT images 
obtained during the IR procedure is limited by 
challenges in accurate image registration, espe-
cially because images during the procedure are 
often obtained with the patient in positions 
and respiratory phases that differ substantially 
from prior diagnostic PET examinations. These 
differences can significantly impact accurate 
needle positioning in the target tumour and 
can substantially complicate the procedure. 
Real-time PET acquisition during the IR proce-
dure overcomes problems of fusion, increases 
accuracy of targeting the metabolically active 
tumour and has an acceptable radiation safety 
profile, as we have shown in prior work. 
 
The use of metabolic imaging during therapeu-
tic image-guided procedures is even more 
promising. One of the most significant challen-
ges to image-guided tumour ablation with  
curative intent is to ensure that the tumour is 
completely treated with sufficient margins at 
the time of (and certainly upon completion of) 
the procedure. Unlike surgery, where patholog-
ic examination of the resected specimen docu-
ments adequate resection with clear margins 
(R0) or identifies positive tumour margins dur-
ing the operation that may allow the surgeon 
to extend the resection as necessary, there is 
no similar live feedback during image-guided 
tumour ablation. Once the ablation protocol 
has been completed, the only evaluation of 
tumour eradication relies on imaging without 
pathologic confirmation of complete ablation 
with sufficient margins (A0). Contrast-enhanced 
CT after ablation is currently the most com-
monly used method to assess the ablation zone  
and detect residual disease. This method is,  
however, often limited by the expected post- 
ablation changes. Contrast-enhanced ultra-
sound is under investigation with interesting 
initial results. MR thermometry has been inve-
stigated as an indirect marker of successful 
ab lation, but it also fails to directly determine 
cell viability. We have extensively studied tissue 
changes after tumour ablation and have identi-
fied biomarkers such as Ki67 and OxPhos AB 
that correlate with local tumour progression  
after ablation of liver tumours, as well as pa-
tient survival after ablation of liver and lung 
malignancies. It is, however, extremely challen-
ging to find reliable markers of tumour viability 
that could be used in real time for treatment 
monitoring and intra-procedural feedback. 

Routine clinical practice detects residual disease 
with imaging that occurs several weeks, or 
even months, after ablation when the tumour 
has grown substantially and can be seen on 

sequential imaging. Such late identification of 
residual tumour can be too late for an effec-
tive loco-regional treatment. Recently we used 
modified PET imaging during tumour ablation 
in an effort to assess whether such metabolic 
imaging could be used as an image biomarker 
of complete ablation with sufficient margins 
(A0) or detect residual tumour in the ablation  
zone. It is well known that FDG-PET used 
months after the ablation has a high sensitivity 
in detecting recurrent cancer, often significant-
ly earlier than contrast-enhanced CT or MRI, for 
FDG-avid tumours such as colorectal or breast 
cancers. Although tissue that is growing and 
demonstrates increasing FDG activity has been 
a hallmark of residual or recurrent tumours, a  
number of different PET imaging findings have  
been described after ablation that may con-
found interpretation of PET findings in the 
detection of early cancer recurrence. Common 
findings include circumferential areas of low ac-
tivity around the treated target assumed to be 
post-ablation inflammation. In other instances, 
focal areas of increased activity that may over-
lap with findings seen in unsuccessfully treated 
tumours have been described. This overlap of 
findings limits the use of FDG-PET as a reliable 
tool for treatment assessment in the early post-
ablation period. Relatively early (1-4 days) post-
ablation, PET imaging may avoid some of the 
confounding issues regarding reactive inflam-
mation; however, prior investigations showed 
no correlation between clinical outcomes and 
early PET activity, since inflammatory changes 
were documented as early as 24 hours after 
ablation. Attempts to use FDG-PET at the time 
of the ablation to assess treatment adequacy 
were not helpful because FDG administered 
before the ablation remained localised within 
the ablated tumours, making evaluation of the 
ablation zone impossible. We therefore applied 
a modified dual-dose PET acquisition: a 4 mCi 
(148 MBq) or 1/3 of the diagnostic dose of FDG 
was administered before ablation for localisa-
tion and placement of the electrode into the 
tumour under PET-CT guidance. Upon com-
pletion of the ablation, the remaining 8 mCi 
(296 MBq) or 2/3 of the diagnostic FDG dose 
was administered and new PET acquisition 
was obtained to assess the ablation zone. The 
imaging findings of the second PET acquisition 
were correlated with subsequent imaging dur-
ing follow-up in an effort to evaluate whether 
the PET acquisition immediately after ablation 
can be used as a reliable predictor of complete 
ablation with sufficient margins. Our initial re-
sults demonstrated that residual SUV activity at 
the ablation zone was biopsy-proven residual 
tumour. For those deemed completely ablated, 
93% remained recurrence-free during a median 
follow-up of 155 days. This provided encourag-
ing initial results regarding the value of PET as 
a possible reliable surrogate image biomarker 
of A0. Further investigation and correlation 
with pathologic findings and clinical outcomes 
is certainly needed and is underway.

Biopsies of the ablation zone could provide 
real-time feedback regarding treatment ad-
equacy and can also validate surrogate image 
biomarkers such as PET. Biopsies can also 
address enhancing non-malignant tissue at 
the margin of the ablation zone or can detect 
non-enhancing viable tumour due to post-
procedural oedema, injury or vasoconstriction. 
Examples of both false-negative and false- 
positive results are known when CT-enhance-
ment characteristics are used to predict ablation  

adequacy. Already described surrogate indica-
tors used after ablation include measurement 
of the ablation defect and the minimal margin 
on post-ablation images and correlation with 
pre-procedure images, as well as identification 
of viable tissue adherent to the radiofrequency 
electrode after tumour ablation. The described 
two-dose FDG-PET/CT for tumour targeting 
and evaluation of the effectiveness of ablation 
may be a step towards improving ablation  
effectiveness resulting in better local tumour 
control in selected patients with FDG-avid pri-
mary and metastatic disease. This is different 
from studies using a complete FDG dose up 
front and looking for changes immediately 
after ablation [1] and from other groups that 
used pre-procedure fused PET to guide the 
ablation [2]. Both of these approaches had limi-
tations regarding accurate assessment of the 
ablation zone. In the dual-dose PET acquisition 
at the time of the second injection of FDG, 
minimal residual activity remains from the  
initially injected low-activity dose, due to the 
relatively short half-life of the tracer. At the 
time of post-procedure imaging however, the 
activity from the second injection exceeds 
the residual activity from the first dose by 
an estimated factor of 10. Therefore, images 
generated from the second acquisition almost 
exclusively represent signals from the second 
FDG injection and portray the metabolic state 
of the ablation zone.

A potential limitation of this technique might 
arise from decreased perfusion surrounding 
the ablation zone due to oedema. This can be 
demonstrated on conventional imaging as an 
area of reduced enhancement on CT. This area 
of reduced perfusion may contain potentially 
viable tumour cells that may not be sufficient ly  
perfused for accurate visualisation with stand-
ard intravascular contrast agents. PET imaging  
may be much less susceptible to these chang-
es, as seen in high-grade gliomas treated with 
anti-angiogenic agents such as bevacizumab, 
where contrast-enhanced MR images may 
show reduced enhancement suggesting tu-
mour response; whereas PET can still visualise 
uptake in viable tumour. Another limitation of  
PET is the inability to detect microscopic resi-
dual disease. Similarly to an R1 resection with 
microscopic residual disease, this could be 
con sidered as an “A1 ablation” with residual 
disease below the threshold of FDG-PET detec-
tion. Using biopsies, we prospectively assess 
the centre and margin of the ablation defect  
as seen in the second PET acquisition and we  
correlate these findings with the contrast- 
enhanced CT imaging of the ablation zone,  
as well as with subsequent imaging every  
2-4 months for the subsequent 3 years. This 
evaluation performed within an NIH-funded 
R21 study will allow us to better understand 
pathological and corresponding imaging 
changes after tumour ablation. Our aim is to 
develop reliable biomarkers and corresponding 
imaging biomarkers that can be used for im-
mediate assessment of the ablation zone that 
could provide real-time feedback to the treat-
ing physician. This would translate into signifi-
cant improvement of oncologic outcomes. 

In conclusion, PET-CT in the IR suite is valuable  
and can improve the diagnostic yield in biop-
sies of FDG-avid tumours and facilitate molecu-
lar targeting and therapeutic planning. Perhaps 
more importantly, PET and metabolic imaging 
show promising initial results as a platform 
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for further development of reliable surrogate 
image biomarkers of A0 and successful IR-
guided loco-regional therapies. 
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Studies on image-guided patient selection for  
acute interventional stroke therapy

Even though three recently-performed random-
ised studies did not prove any advantages to 
choosing intra-arterial stroke treatment over 
traditional stroke therapy with systemic throm-
bolysis [1-3], mechanical thrombectomy has 
become a well-established treatment concept 
in many stroke units. Thanks to an improved 
technique and experience, recanalisation rates 
of > 80% are reported by most authors [4]. 
How ever, despite these encouraging technical 
and angiographic success rates, good clinical 
outcomes (defined as a modified Rankin scale 
after 3 months) are reported in only 48-60% of 
patients [4,5]. This means that the intervention, 
while technically successful, is futile in at least 
30% of patients. Optimising patient selection 
should make it possible to reduce the rate of 
interventions that do not achieve the desired 
clinical benefit, thus avoiding exposing pa-
tients to unnecessary, invasive procedures. 

The goal of intra-arterial stroke treatment is the  
quick and effective recanalisation of major intra- 
cranial arteries such as the middle cerebral  
artery, the internal carotid or basilar artery. With  
successful recanalisation, irreversible damage 
to brain tissue at ischaemic risk, the so-called 
penumbra, may be prevented. The “penumbra 
concept” differentiates between two regions 
within an ischaemic infarct area. The infarct 
core is an area where the brain tissue is irrevers-
ibly damaged. This area of “dead” brain is sur-
rounded by the “penumbra”. In the penumbra 
region, the perfusion is significantly reduced 
compared to normal brain tissue, leading to  
severe functional impairment of brain function.  
However, perfusion is sufficient to keep the 
brain tissue alive. With urgent reperfusion of 
the penumbra region, brain function can be 
reactivated, thus minimising the neurological 
deficit. The volume of the penumbral area is 
determined by the degree of collateral flow. 
However, the extent of the penumbral region 
at a given point in time (the time of imaging) is 
not the only important factor; the stability of 
the penumbra over time also seems to be an 
important factor influencing the final clinical 
outcome after revascularisation.

The deficit of brain perfusion in ischaemic 
stroke can be shown and quantified either with 
MR or CT perfusion studies. With both modali-
ties, perfusion parameters like cerebral blood 
flow (CBF), cerebral blood volume (CBV), mean 
transit time (MTT) and time to peak (TTP) can 
be determined. It has been shown that, in the 
penumbra, MTT and TTP are reduced while 
CBV and CBF remain sufficient, whereas in the 
infarct core, CBV and CBF are insufficient in  
addition to reduced MTT and TTP [6]. 

In most centres, CT and CT-angiography (CTA) 
are the primary imaging modalities used in the 
evaluation of patients with acute ischaemic 
stroke. Non-enhanced CT is the modality of 
choice to exclude intra-cranial haemorrhage, 
but has also been proven to be a valid tool for 
displaying early infarct signs. The “1/3 rule”, 
meaning early infarct signs in more than 1/3 of  
the affected medial artery territory, has become  
a well-accepted criterion for excluding patients 
both from intra-venous thrombolysis and from  
intra-arterial treatment. With the ASPECT score,  
a more standardised method has been intro-
duced to categorise the extent of already irre-
versibly-damaged brain tissue [7]. However, 
inter-observer variability in the calculation of 
the ASPECT score is high. A rough impression 
of the collateral flow and thus the extent of 
the penumbra can be quite simply derived 
from the source images of the CTA. It has been 
shown that a good clinical outcome correlates 
with the amount of arterial branches seen in 
the affected vascular territory [8]. We were also 
able to prove this observation in a sub-group 
of our patients. 

However, dedicated CT-perfusion studies pro-
vide much more detailed information, with the 
possibility of quantitatively estimating CBV, 
CBF, MTT and TTP. Several clinical studies have 
evaluated the validity of perfusion CT (PCT). In 
a recent retrospective analysis of 165 patients 
with acute stroke evaluated by PCT, it was 
shown that PCT is an independent predictor of 
clinical outcome [9].

The same is true for MR-perfusion. The DEFUSE 
study has shown that patients with a perfusion/ 
diffusion mismatch have a higher chance of a 
favourable outcome in case of successful recan-
alisation compared to patients without such a 
mismatch [10]. However, patients were treated 
with i.v. tPA in the DEFUSE study, and the study 
was not designed to demonstrate the efficacy 
of treatment. 

Despite encouraging results in numerous  
studies applying multi-modal CT and MRT for  
penumbra imaging [9,11], no prospective ran-
domised trial has yet been able to provide the  
evidence needed to prove this concept. In fact, 
the only prospective randomised trial publish ed  
in this field so far did not reveal a treatment 
benefit for patients with a favourable penum-
bral pattern [3]. However, several critical issues 
with that study may explain this negative  
re sult. It is reasonable to expect that what has 
been seen so far in non-randomised trials will 
soon be proven by newer randomised studies 
featuring a better and more precise study de-
sign than that of the MR-Rescue trial. I person-
ally am convinced that multi-modal stroke  
imaging will soon be considered an indispen-
sable tool in patient selection for stroke treat-
ment. Every interventionalist who performs 
stroke treatment therefore has to be familiar 
with these imaging tools. 
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Bioabsorbable stents will likely play a transfor-
mational role for many vascular conditions, not  
the least of which is in the treatment of corona-
ry artery disease. Multiple major medical device 
companies have made substantial investment 
in the development of bioabsorbable stents, and  
clinical experience is gradually emerging for 
the use of these devices in coronary and certain  
non-coronary applications. As refinements in 
polymer technologies continue, we may see 
broader applications for bioabsorbable stents.  
But as for using these devices as a mainstay 
en dovascular therapy in the superficial femoral 
artery, a lot of obstacles will need to be overcome.

I vividly recall the moment I first saw a bioabsorb-
able stent designed for the superficial femoral 
artery. It was shown to me by Constantin Cope, 
MD, Professor of Radiology and Surgery at the 
University of Pennsylvania, while I was a fellow 
under his training. Dr. Cope explained that he 
was working with a team of bioengineers and 
polymer chemists from a start-up device com-
pany developing a better solution for the SFA. 
The stent was made of poly L-lactic acid (PLLA). 
It looked and felt something like a Wallstent – 
flexible, conformable, and made of shiny white 
filaments woven together. But it was very, very 
flimsy. Dr. Cope shrugged and said, “If only we 
could make this stronger”.

Why recount this story? Because it occurred in  
1997. In the 17 years since then, an SFA bioab sorb -
able stent has yet to reach mainstream cli ni cal  
practice. Most of the reasons for this can be 
found in the complex biomechanics of the SFA and
popliteal arteries, and the challenges these ves-
sels place on materials used for stent construction.
The superficial femoral and popliteal arteries are  
subject to extreme torsional, compressive, flex-
ional and axial forces not seen by vessels in other  
parts of the body. The dominant forces in the 
SFA are compression, whereas the domi nant 
force in the popliteal artery is flexion [1]. The SFA 
experiences levels of compressive force simi lar to 
those within a myocardial bridge in the coro-
nary system, which can reach up to 300 mmHg 
of compression [2]. These forces are why metal 
stents in these locations are subject to higher 
rates of intimal restenosis and mecha nical fati-
gue including kinking and fracture (Fig. 1) [3].

The biodegradable polymers currently used 
for bioabsorbable stent construction, synthetic 

aliphatic polyesters such as polyglycolic acid 
and polylactic acid, are extremely challenging 
to confer sufficient properties to withstand the 
demands of the SFA and popliteal arteries.  
These polymers initially degrade through a 
process known as scission, whereby passive 
hydrolysis of polymeric bonds occurs through 
cleavage of ester linkages by absorbed water. 
This is followed by polymer erosion, a more 
complex process involving a combination of 
surface erosion and bulk erosion. These pro-
cesses are known to produce surface cracks, 
macropores and micropores, which expose 
more polymeric chains available for hydrolysis 
into monomers and oligomers. These process-
es drastically alter the mechanical properties of 
the crystalline structure of the stent [4].

The problem with current polymers used for 
stent construction is that their degradation 

balloon to set the polymer at the time of im-
plantation, so the extent to which this resteno-
sis was in part secondary to thermal injury to 
the vessel remains unknown.

Combinations of polymers for bioabsorbable 
stents may hold promise over single polymer 
scaffolds, as may composite formations of cur-
rent polymers with other agents. A laser-cut 
stent made from a combination of poly(L-lactic 
acid) and poly(4-hydroxybutyrate) has shown 
feasibility in porcine iliac arteries, but still pro-
duced higher thrombogenicity, inflammatory 
changes and neointimal hyperplasia compared 
to control animals receiving bare metal stents [8].

Absorbable metal stents are another potential 
platform for a biodegradable stent for the SFA 
and popliteal arteries. Biocorrodable iron stents 
were initially found to produce similar degrees 

of neointimal reaction compared to stainless 
steel stents in a porcine model, although the 
rate of degradation was too slow and unpre-
dictable to warrant further evaluation for  
clinical applications [9].

Magnesium alloys have a much faster and pre-
dictable degradation time course (60-90 days) 
than iron, and showed initial promise as a plat-
form for bioabsorbable stents. In early clinical 
trials in the coronary system, magnesium stents 
produced inferior results to drug-eluting stents. 
The DREAMS device has shown some promise 
within the coronary system [10]; subsequent 
feasibility studies within infrapopliteal vessels 
have shown inferiority to conventional balloon 
angioplasty [11].

So where do the larger industry entities see 
bioabsorbable SFA stents? Apparently not as 
the next promising solution for the SFA. Abbott 
Vascular is making a substantial investment in 
the development of a coronary drug-eluting 
bioabsorbable stent. But for the SFA market the 
company appears to have adopted an entirely 
different strategy altogether – as illustrated 
through its recent acquisition of iDev’s Supera 
superwoven nitinol stent technology for $310M 

accelerates with increasing static and dynamic 
loading. The effects of mechanical loading on 
the rate of polymeric degradation is an escalat-
ing process, whereby local loading conditions 
in the SFA create spatially dependent areas of  
strain on the stent. This strain further acceler-
ates degradation, which will accelerate the 
most in areas with higher strain. The stent then  
loses its uniformity of radial force, as certain 
areas which experience greater strain (and 
therefore degradation) are now less stiff. This 
results in a new state of strain within the im-
plant, with accelerated degradation in those 
areas, with even faster deterioration of the me-
chanical properties of the stent and eventual 
loss of structural integrity (Fig. 2). The resultant 
changes in the mechanical behavior of stents 
means that in the SFA and popliteal arteries 
the time course of polymer fibre degradation 
remains very much an unknown [4,5].

In clinical studies of poly (L-lactic acid) stents, 
bioabsorbable device were also prone to greater  
elastic recoil than bare metal stents. In a trial  
which evaluated the Abbott Vascular everolimus- 
eluting ABSORB BVS coronary stent (see Fig. 1  
opposite), incomplete strut apposition or mal-
apposed struts were present in 10% of patients, 
and 13% had discontinuity of the struts [6]. The 
implications of these discontinuous or mal-
apposed stents remain unknown, but can be  
reasonably expected to be an undesirable attri-
bute of these devices when applied in the SFA. 

Limited data describing bioabsorbable stents 
in the SFA include the Igaki-Tamai stent (the 
first-in-man device for the coronary arteries), in 
which high rates of restenosis were observed at 
12 months despite initial technical success [7]. 
This device also requires the use of a heated 

[12]. The Supera stent is engineered to overcome  
the lack of sufficient radial force and fracture 
risk associated with currently available nitinol 
stents in the SFA. As far as biomechanical pro-
perties go, the Supera stent could not be more 
dissimilar to current bioabsorbable stents 
under development. Bard Vascular, another 
large entity in this space, appears to be invest-
ing its research and development resources in 
drug-coated balloon technology.

So here we are in 2014 with a handful of 
smaller, early stage companies pursuing the 
elusive goal of conquering a highly challenging 
biomechanical environment – the SFA – using 
polymer and absorbable metal platforms that 
are largely unchanged from those available  
20 years ago. Will bioabsorbable stents have a 
role in the SFA in the near future? Perhaps. But 
don’t hold your breath [13].
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Fig. 1: Here’s the problem: this is an incredibly chal-
lenging environment for a bioabsorbable stent.  
The SFA and popliteal arteries experience local 
conditions of mechanical loading not seen else-
where in the body. (a) within 8 months of im  plan-
ta tion, the SFA-popliteal stent in this patient has  
fractured and sheared resulting in SFA occlusion; 
(b) magnified view showing site of stent damage.

a b

Fig. 2: The cycle of local loading conditions, strain and degradation which can lead to bioabsorbable 
stent failure in the SFA. (Adapted from Moore et al. [4])
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Bioabsorbable stents in the SFA have a bright future

fibroelastic remodelling of neointimal hyper-
plasia as extra-cellular matrix is resorbed. The 
possibility of this arterial “re-paving” treating 
vunerable plaque (including non-stenotic  
lesions) is currently being investigated.

In the SFA, restenosis has been problematic, per -
haps related to the challenging anatomy and also  
the volume of scaffold needing to be re   sorb ed.  
It is clear that an anti-restenosis strategy is vital. 
The drug-eluting scaffold used in the Esprit Trial  
achieved a commendable binary restenosis rate 
of 12.9% at 12 months. The SPRINT Trial, using 
the paclitaxel-eluting version of the 480 Bio-
medical STANZA scaffold has also commenced. 

One final advantage of bioresorbable stents 
is the ability to assess the performance of the 
scaffold both intravascularly with optical coher-
ence tomography (OCT) and non-invasively 
with Doppler ultrasound and MR angiography 
(Fig. 4). The ability to surveil patients without 
radiation is a major advance.

To conclude, even in the age of drug-eluting 
balloons, there will always be a need for a 
scaffold to optimise results when intervening 
in the challenging environment of the SFA. A 
permanent implant should ideally be avoided, 
especially in the claudicant population, likely 
to live a longer and more active life. We already 
have bioresorbable scaffolds designed specifi-
cally for the SFA that can match the acute per-
formance of a stent. Long-term patency with 
these devices remains a challenge. However, 
I’m sure we’ll soon be able to utter similar 
words to my famous countryman, Sir Edmund 
Hillary, when he returned from first climbing 
Mount Everest and said “we knocked the  
bastard off”! 

Controversies in SFA treatment
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Fig. 1: The Absorb bioresorbable vascular scaffold 
(BVS) from Abbott Laboratories

Fig. 2: The Stanza bioresorbable vascular scaffold 
(BVS) from 480 Biomedical

Fig. 4: Left SFA stenosis treated with a drug-eluting  
BVS (SPRINT Trial). A contrast-enhanced MR 
angiogram at 6 months shows no restenosis

Fig. 3: The STANCE first-in-man trial – acute results in a 25-patient cohort

%
 D

ia
m

et
er

 S
te

n
o

si
s

100

90

80

70

60

50

40

30

20

10

0

Baseline

81.8

34.6

10.0

PTA Stanza

e-voting

An effective bioresorbable stent has often been  
de scribed as the “holy grail” of treatment stra te-
gies for superficial femoral artery (SFA) disease,  
the device to revolutionise treatment particu-
larly for that large claudicant population. The 
desire to optimise the acute results after angio-
plasty but leave no permanent implant has mo-
tivated extensive research in these devices. For 
all the great advances in stent development, 
there still remains a significant incidence of 
stent-related complications, including resteno-
sis, fracture and late thrombosis. But in order to 
evaluate whether bioresorbable stents have a 
future, we need to answer a few questions:
· How have bioresorbable stents performed in 

other vascular beds?
· Do we need a stent at all in the SFA?
· Can a bioresorbable stent perform acutely 

like a metal stent?
· Can a bioresorbable stent resorb without 

adverse effects on the artery?

How have bioresorbable stents performed 
in other vascular beds?

Bioresorbable stents have been extensively 
studied in the coronary circulation. The Igaki-
Tamai device was the first bioresorbable vascu-
lar scaffold used clinically in 1998. Although 
device design has greatly evolved since then, 
the cumulative rates of target lesion revascular-
isation were 18% at 5 years and 28% at 10 years 
with a 4% incidence of late-stent thrombosis. 
This demonstrates long-term safety and  
feasibility of a bioresorbable coronary scaffold. 

The Absorb bioresorbable vascular scaffold 
(BVS) from Abbott Laboratories (Fig. 1) has 
been the dominant bioresorbable stent in the 
coronary circulation and is the first device to 
incorporate anti-proliferative drug elution into 
its design. Absorb is made of PLLA, producing 
a polymer scaffold of similar radial force to a 
balloon-expandable metal stent. This is coated 
with poly-D,L-lactide to incorporate and elute 
everolimus. The PLLA scaffold completely re-
sorbs by 24 months, whereupon it cannot be 
detected by imaging or histologically. 

The ABSORB COHORT B Trial using the current ly  
available scaffold showed the lowest 2-year in- 
scaffold late lumen loss in any PCI trial! Binary 
restenosis in the 2-year cohort was 0% and 
there was no scaffold thrombosis in 99 patients  
followed to 4 years. Propensity score analysis 
has indicated the clinical safety and effective-
ness of Absorb BVS is similar to the Xience 
drug-eluting stent. The prospectively random-
ised ABORB III and IV Trials aim to prove this.
  

Another vascular bed that bioresorbable stents  
show early promise in is the tibial arteries. We 
know from the Destiny, Achilles and Yukon 
Trials that drug-eluting stents provide superior 
long-term tibial artery patency than angio-
plasty and bare metal stents, just as they did 
in the coronary arteries. It’s likely that the posi-
tive experience with bioresorbable stents in 
the coronary arteries will be replicated in the 
tibial arteries. Abbott are likely to be working 
through the CE approval process for ABSORB in 
the tibial arteries in the next year or so.

Do we need a stent at all in the SFA?

The long and mobile femoro-popliteal arterial  
segment is a challenging environment for 
endovascular intervention. For more complex 
lesions, a scaffold will always be required to 
treat residual stenosis and flow-limiting dissec-
tion. The incidence of “bail-out” stenting after 
angioplasty depends in part on how residual 
stenosis is defined. In the Thunder drug-eluting 
balloon trial the indication for bail-out stenting 
was not clearly defined and the incidence was 
only 4% and in the recently presented In.Pact 
SFA Trial, bail-out stenting was 7.3% in the 
drug-coated balloon arm. However, most drug-
coated balloon trials eliminated patients who 
had unsuccessful pre-dilatation. In the Resilient 
bare-metal stent and Zilver PTX drug-eluting 
stent trials, where a residual stenosis after  
angioplasty > 30% required a stent, the bail-out  
stent rate was 40% and 50% respectively. Even 
the strongest advocates for angioplasty alone 
will admit there will always be a need for a 
scaffold, particularly for long, complex lesions. 
In a recent drug-eluting balloon versus drug-
eluting stent trial (Zeller, Charing Cross LINC 
2014), the bail-out stenting rate for lesions with 
a mean length of 19 cm was still 18.3%. In the 
Leipzig Real World DEB Registry for extensive 
SFA lesions treating a mean lesion length of  
24 cm, the stenting rate was 23.3%.

An anti-restenosis strategy is necessary, 
parti cularly in claudicants where long-term 
patency is vital. While one-year results are 
important, longer term results will ultimately 
determine if a treatment strategy is clinically 
and cost-effective. Drug-eluting balloons are 
highly promising but have only been studied 
in relatively short lesion lengths (up to 7-8 cm) 
and there has been a lack of patency data at 
2 years and beyond. In the In.Pact SFA Trial, a 
mean lesion length of 8.94 cm was treated with 
a drug-eluting balloon, achieving a primary 
patency of 82.2% at 1 year. Drug-eluting stents 
have shown satisfactory patencies in interme-
diate length lesions with a 4-year patency in 
the Cook Zilver PTX randomised controlled trial 
of 67.6%, dropping to 61.7% for lesions > 7 cm. 
Covered stents have the advantage of patency 
being independent of lesion length with the 

Viastar Clinical Trial using the heparin-bonded 
Viabahn endoprosthesis with a mean lesion 
length of 190 mm reporting a primary patency 
on per protocol analysis of 69.6% and intent-to-
treat analysis of 63.3%. The long-term benefits 
of alternative approaches such as combination 
atherectomy and drug-coated balloon angio-
plasty have yet to be established.
 
Can a bioresorbable stent perform acutely 
like a metal stent?

A stent is used during SFA revascularisation to  
optimise the acute procedural result – specifi-
cally to manage residual stenosis due to flow-
limiting dissection and vessel recoil. It is clear 
that bioresorbable scaffolds can achieve stent- 
like acute performance in the SFA. In the 
Abbott Esprit Trial, a PLLA everolimus-eluting 
balloon expandable bioresorbable scaffold was 
used to treat predominantly SFA lesions in  
35 patients. The acute performance was excel-
lent with in segment diameter stenosis reduc-
ing from 80% to 14% acutely. However, the 
mean lesion length was only 35.7 mm.

Critics will state that a short, balloon-expand-
able stent is not the appropriate platform for the 
hostile environment of the SFA where longer 
flexible, long and self-expanding stents are nor-
mally used. The 480 Biomedical Stanza bio re sorb -
able stent has a composite structure of PLGA 
fibres with an elastomer coating achieving a  
flexible self-expanding stent available in lengths  
up to 100 mm (Fig. 2). In the STANCE first-in-
man trial, a mean SFA lesion length of 68.3 mm 
was treated with excellent acute per for  mance – 
96% procedural success and in segment diame-
ter stenosis reducing from 82% to 10% (Fig. 3).

Can a bioresorbable stent resorb without 
adverse effects on the artery?

This remains the greatest challenge for bioresorb-
able stents in the SFA. As the scaffold resorbs, 
inflammation associated with the process leads 
to neointimal hyperplasia and re-stenosis.

Returning to the coronary experience, it ap-
pears that bioresorbable stents not only fully 
resorb by 2 years with superb maintenance of  
the treated lumen, there are additional and  
unimagined benefits of these devices. Observa-
tions from the Absorb series of trials included 
the finding that many treated arteries showed 
adaptive vascular remodelling – a growth in 
lumen area with time. In the COHORT B Trial, 
IVUS measured lumen area increased from  
6.36 mm2 at 6 months to 6.85 mm2 at 2 years. 
Other observations include restoration of vaso-
active function to exogenous agents in the 
treated segment, “jailed” side-branches return-
ing to full patency after dissolution, physical 
reduction in atheromatous plaque volume and 





Fig. 2: 54-year-old female with symptomatic METs (GI-tract NET) 
(a) PET-CT showing tracer uptake, and 
(b) contrast-enhancement in the MRI (arterial phase) in one of three METs in the right liver lobe
(c) Overview angiogram with a 4 Fr. sidewinder catheter in the celiac trunk shows the tumour blush of the 
METs in segment 6
(d) Superselective catherisation of segment 6 and DEB-TACE with 4.5 ml Tandem 75 µm (Embozene, 
CeloNova Bioscience) loaded with 34 mg doxorubicin till stasis 
(e) Contrast-enhanced MRI after 6 weeks showing complete devascularisation and shrinkage of the 3 METs

Chemoembolisation and bland embolisation of  
liver-metastatic neuroendocrine tumours 

Introduction

The term neuroendocrine tumour (NET) de-
scribes an inhomogeneous group of slow- 
growing tumours arising from various endo-
crine organs, which, due to their ability to 
secrete biologically active substances, can be 
with or without tumour mass, tumour disease 
and tumour-specific symptoms (e.g. hypo-
glycaemia by insulinomas or Zollinger-Ellison 
Syndrome by gastrinomas) [1-3]. The predomi-
nant sites of NETs are the GI tract and the lungs,  
with a global incidence of gastro-entero or  
pancreatic NETs of approximately 3-65 cases/ 
100,000 [4-7]. The predominant organ of NET 
metastases is the liver, with hepatic metastases 
detectable at the initial diagnosis in a high rate  
of 13 to 46% [4, 5, 8-10], which is associated 
with a poor 5-year survival rate of 0 to 54% 
(probably 20-25%), compared to a rate of 75-99% 
for patients without hepatic metastases [5, 7, 8, 
10]. Analyses of NET subgroups show that up to 
75% of patients with GI (small bowel) NETs, and 
30-85% of those with pancreatic NETs, suffer 
from liver metastases (METs) at the initial  
diagnosis or develop them later on [5, 8, 11].

Minimally-invasive therapies for METs include 
transvascular embolisation and percutaneous 
ablation. These become a palliative option for  
patients who are symptomatic due to tumour  
bulk and/or hormonal excess, if systemic somato -
statin analog therapy, systemic chemotherapies,  
radiation, resection, and liver transplantation are  
either not possible due to refractory or recurrent  
disease, or are technically not feasible [1, 2, 12]. 

Embolisation Techniques 

Transarterial embolisation techniques aiming  
to kill tumour cells are similar to those used to 
treat hepatocellular carcinoma (HCC), given 
that, like HCC, METs obtain their main blood 
supply (80-90%) from the hepatic artery. There-
fore, transarterial embolisation (TAE, or bland 
embolisation) induces selective ischaemic 
necroses of the METs [9, 13]. It was assumed 
that adding an intra-arterial chemotherapeutic 
agent (most commonly doxorubicin and strep-
tozocin, alone or in combination with cisplatin, 
5-FU and mitomycin-C) to the embolisation 
(transarterial chemoembolisation or TACE) 
might increase the tumour response rate com-
pared to bland embolisation alone [14]. TACE, 
however, might also involve a higher rate of 
complications than bland embolisation due to 
chemotherapy-related toxicities.

In our centre, we perform super-selective, se-
lective or lobar embolisation of METs depend-
ing on the number, size and distribution of the 
lesions (unilobar vs. bilobar). To avoid liver fail-
ure, we do not perform bilobar embolisation in 
one treatment session. The length of the inter-
vals between treatment sessions is determined 
based on liver function, post-embolisation syn-
drome and the tumour burden. We routinely 
perform between 2 to 4 treatment sessions 
se parated by intervals of 2 to 4 weeks. Whether 
early as opposed to late embolisation influenc-
es response rates and/or survival is still under 
debate, but does not appear to be the case, 
including in my experience [15, 16]. Gupta et al. 

evaluated prognostic factors for progression-
free survival after TAE or TACE in 69 patients 
with carcinoid tumours and 54 with pancreatic 
NET, and found 3 predictors for poor survival: 
a persistent primary tumour; more than 75% 
liver involvement; and bone metastases [15]. 
Post-embolisation syndrome occurred in nearly 
all cases, and major complications were docu-
mented in about 15%, most of them with large-
volume liver involvement [15]. 

TAE vs. TACE

An analysis of the many published retrospec tive  
mono-centre studies on TAE and TACE by Gupta  
and the data from 2014’s Recommendations for 
management of patients with neuroendo crine 
liver metastases show a tumour response  
in imaging of 25-95% (6-63 months), symptom 
relief of 50-100% (10-55 months), progression- 
free survival of about 18 months, and 5-year 
survival rates between 13.7 and 83% [7, 9]. 

To evaluate the respective results of TAE and 
TACE without the availability of a prospective 
randomised study, I want to highlight a retro-
spective comparison, published in 2007 by  
A.T. Ruutiainen et al., between 23 patients after  
TAE with PVA-particles (±lipiodol) and 44 pa-
tients after TACE with cisplatin, doxorubicin, 
mitomycin-C, lipiodol and PVA [1]. In this study 
cohort, TACE was more effective in the treat-
ment of METs when measured in terms of 
freedom from progression at 1, 2, and 3 years, 
with rates of 49%, 49% and 35% after TACE, 
and of 0%, 0% and 0% after TAE, but only the 
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Fig. 1: 70-year-old male with a fast progression of 
the hepatic metastases (GI-tract NET) after three 
Dotatoc-therapies: 
(a, b) Contrast-enhanced MRI showing diffuse 
bilobar metastases in the arterial phase
(c) Superselective catherisation of the right liver 
artery and chemoembolisation of the right lobe  
using 2.5 ml spherical particles 250 µm (Embozene, 
CeloNova Bioscience), 75 mg doxorubicin and  
20 ml of Lipiodol
(d) Control MRI after 4 weeks showing almost 
complete devascularisation of the MET in the 
treated right liver lobe
(e) Super-selective catherisation of the left liver 
artery with embolisation of the left lobe using  
0.75 ml spherical particles 250 µm, 50 mg doxo-
rubicin and 10 ml of Lipiodol
(f) Control MRI after 4 weeks showing almost 
complete devascularisation of the biggest METs in 
both liver lobes, but still vital METs central

difference for the subgroup of carcinoids was 
statistically significant. Patients experienced 
symptom relief for an average of 15 months 
after TACE and for 7.5 months after TAE (n.s). 
Survival rates at 1, 3, and 5 years were 86%, 
67%, and 50% after TACE, and 68%, 46%, and 
33% after TAE (n.s.). Contrary to expectations, 
toxicity rates were similar in both study groups, 
including in terms of post-embolisation syn-
drome (most commonly in up to 90%) and the 
length of patient hospital stays (1,5 days), which 
is a valuable clinical indicator for low systemic 
toxicity [1]. The 30-day mortality rate for both 
TACE and TAE (with a total of 219 embolisation 
procedures) was low (1.4%), which accounts for 
a low tumour burden in this study [1]. 

Various other published papers [17] did not 
find relevant advantages in response rates with 
TACE as opposed to with TAE, or even found 
other disadvantages with TACE [18]. For exam-
ple, S.C. Pitt et al., who performed a multi-cen-
tric retrospective study on 100 patients treated 
with TACE or TAE, found no statistically signifi-
cant differences between the two techniques 
in terms of morbidity, mortality, symptom im-
provement and median overall survival [19]. 

X.D. Dong et al. published 3-, 5- and 10-year 
survival rates after embolisation of unresect-
able METs of the GI tract in 123 patients, report-
ing rates of 59%, 36% and 20%, respectively, 
and a mean survival rate of 3.3 years [20]. They 
concluded that TACE was useful for tumour size 
reduction and symptom palliation, and that it 
was associated with prolonged survival.

The role of drug-eluting beads for METs cannot 
yet be determined, as there is no evidence of 
any relevant advantages compared to TAE and 
(conventional) TACE. However, the first pub-
lished monocentre studies from T. de Baere et 
al. and S.K. Gaur et al. show promising efficacy 
and safety, and this new option should be fur-
ther evaluated [21, 22]. An important difference 
with DEB-TACE for METs as opposed to for HCC 
is the absence of liver cirrhosis in patients with 
metastastic disease. B. Guiu et al. evaluated 
liver/biliary injuries following DEB-TACE in  
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cirrhotic livers due to HCC versus non-cirrhotic 
livers due to METs and found biloma/liver in-
farcts strongly associated with both DEB-TACE 
and NETs. This suggests caution is advisable  
regarding DEB-TACE in the non-cirrhotic liver, 
and raises questions about the optimal tech-
nique (volume to be embolised and end-point) 
[23].

TACE for carcinoids and islet tumours 

The findings of Ruutiainen et al. regarding the  
carcinoid sub-group’s superior tumour response  
rate after TACE compared to TAE are in line with  
the findings of another group [6], which show ed  
a better tumour response of carcinoids where 
systemic chemotherapy was combined with 
ligation or embolisation of the hepatic artery,  
compared to ligation/TAE alone (60%). Excel lent 
results were also presented by M. Bloomston 
et al. in 122 patients after TACE, with a tumour 
response in 82% of carcinoids, disease stabilisa-
tion in 12%, and symptom relief with a median 
duration of 13 months in 92% [24]. 

Regarding the entity of islets tumours, the 
group from the MD Anderson Cancer Center in  
Houston showed statistically significant inferior 

results for islets tumours compared to carcinoids  
after embolisation, including: lower radiological  
response rates (35.2 vs. 66.7%), shorter median  
progression-free survival (16.1 vs. 22.7 months) 
and shorter overall survival (23.2 vs. 33.8 months)  
[15]. Regarding the choice between TAE and 
TACE, S. Gupta et al. published personal  
ex pe riences from 2013, in which TACE of islets 
tu   mours showed a trend (n.s.) of better radio   lo-
gical responses (50 vs. 25%) and longer survival 
(31.5 vs. 18.2 months) compared to TAE [9, 15]. 
These results are even more remarkable when 
compared with the median survival rate of only 
20 months for patients with islet tumours in the 
study of B.K. Eriksson et al. [16].

Limitations of this analysis

It is still unclear whether the shown discrepan-
cies and missing significance in the evaluation 
of TACE and TAE for METs are due to the in-
homogeneity of the NET tumour group and its 
patient demographics (mainly due to extra- 
hepatic spread, tumour burden and tumour 
differentiation) or to the lack of standardisation 
of TACE. These questions cannot be answered 
without prospective randomised studies  
comparing TAE, cTACE, DEB-TACE and SIRT.
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Percutaneous direct jejunostomy and gastrojejunostomy

Percutaneous radiological gastrostomy,  
gastrojejunostomy (GJ) and jejunostomy (PRJ) 
are radiological feeding techniques that can be 
used in patients who need enteral feeding for a 
prolonged period (usually more than 6 weeks) 
due to a swallowing dysfunction or obstruction 
of the upper digestive tract.

Percutaneous radiological gastrostomy is the 
technique that should primarily be used, be-
cause feeding through the stomach is more 
physiological and may be associated with  
better digestion than feeding through the  
jejunum. In addition, it is technically easier to 
insert a feeding tube into the stomach than 
into the smaller and mobile bowel.

Gastrojejunostomy should be considered in 
patients who suffer from gastroesophageal re-
flux or aspiration, and who need enteral feed-
ing. It should also be considered in patients 
who develop reflux or aspiration following 
gastrostomy placement. Finally, the technique 
should be used for patients who require enteral 
feeding and who have too little space left for a 
feeding tube after undergoing partial resection 
of the stomach; and in diabetic patients with a 
gastric paresis.

Jejunostomy is the only option for patients 
whose stomach cannot be used, for example  
due to diffuse stomach cancer; or whose 
stomach has been removed, which is often 
encountered after surgery of the oesophagus 
for cancer.

duced over the guidewire into the stomach. 
The position of the sheath is controlled with a 
small injection of contrast material. The pylorus 
is passed into the jejunum with the combina-
tion of a 5 Fr. vascular catheter and a 0.035 inch 
hydrophilic guidewire, and when the ligament 
of Treitz is reached, the hydrophilic guidewire 
is exchanged for a 0.035 inch stiff guidewire. 
Subsequently, a feeding tube (such as a 60 cm-
long 12 Fr. pigtail) is inserted over the guide-
wire into the jejunum. The final position of the  
catheter is again controlled with a small injection  
of contrast material. 

PRJ technique

A nasojejunal tube (such as a 5 Fr. PIER, MPA 
or vertebral catheter) is introduced, under 
fluoroscopic guidance, as far into the jejunum 
as possible. Lukewarm saline is introduced into 
the jejunum in order to enlarge and visualise 
the lumen of the bowel. The lumen of the 
jejunum is punctured under ultrasonographic 
guidance with an 18-gauge needle preloaded 
with a Cope anchor (T-fastener). The position 
of the needle is controlled with a small injec-
tion of contrast material. Under fluoroscopic 
guidance, the anchor is carefully pushed into 
the jejunum with a stiff 0.035 inch guidewire. 
While applying slight traction to the anchor, 
the tract into the bowel is dilated with a 10 Fr. 
vascular tapered dilator. Subsequently, a 10 Fr. 
feeding tube (such as a 10 Fr. pigtail catheter) 
is inserted into the jejunum. The final position 
of the tube is controlled with an injection of 
contrast material.

The feeding tubes and anchor are affixed to the  
skin with sutures. The feeding tubes are drain ed  
externally overnight in order to minimise intra-
peritoneal leakage. The next morning, a saline 

infusion is applied to the feeding tubes for  
several hours and, in uneventful cases, is fol-
low ed by enteral feeding. In case of abdominal 
pain, the feeding is postponed or interrupted, 
the position of the tube is controlled with a  
contrast injection under fluoro scopy, and ente-
ral feeding is continued once the pain has dis-
appeared. In case of prolonged pain, feeding is 
postponed and a CT scan may be considered. 
On CT, the route and position of the feeding 
tube and the presence of free fluid or abscesses 
can be assessed. The anchor and sutures are 
removed after 10 days.

Results

The technical success rates of both GJ and PRJ 
are as high as 90%. PRJ insertion is technically 
more demanding and requires better ultra-
sonographic skills and equipment than percu-
taneous radiological gastrostomy and GJ do. 
Complications may occur in 5-10% of cases. The 
most important complications include leakage, 
peritonitis, wound infection, catheter obstruc-
tion and catheter dislodgement.

Peritonitis may be minimised by avoiding feed-
ing patients who complain of abdominal pain, 
which may be caused by bowel content leakage.  
Obstructions of catheters can be avoided by 
refraining from administering ground tablets 
through the catheter.

Hans Van Overhagen (EBIR) 
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including bronchial embolisation, critical limb 
ischaemia, stroke and abcess drainage.
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Fig. 2: Percutaneous radiologic jejunostomy
(a) Jejunum punctured with 18 G needle, injection 
of contrast
(b) Anchor pushed into jejunum with stiff  
0.035 inch guidewire 
(c) After dilatation, insertion of 10 Fr. catheter  
fitted on a stylet
(d) Injection of contrast to confirm catheter  
position

Fig. 1: Conversion of percutaneous gastrostomy 
into gastrojejunostomy
(a) Gastrostomy catheter in situ
(b) Transpyloric catheterisation 
(c) Gastrojejunostomy catheter in situ

a

b

c

a c

b d

Contraindications are generally the same for all 
three techniques: ascites, uncorrectable bleed-
ing disorders and a limited life expectancy.

Patient preparation is also the same for all 
three techniques. Patients should fast for at 
least 12 hours and an IV drip should be insert ed.  
Prophylactic antibiotics are routinely admin-
istered for gastroenterological feeding proce-
dures, and are recommended by some manu-
scripts on radiological feeding techniques. 
During the procedure, patients should receive 
analgesics such as intravenous fentanyl 0.05- 
0.1 mg and lidocaine 1% locally, or mild  
sedation.

Alternative feeding techniques such as paren-
teral feeding, percutaneous endoscopic gastro-
stomy and surgical gastrostomy or jejunostomy 
should be considered. 

GJ technique

A nasogastric tube such as a 5 Fr. PIER, MPA  
or vertebral catheter is introduced into the  
stomach under fluoroscopic guidance. The 
stomach is inflated with air and, under ultra-
sonographic guidance, punctured with an  
18-gauge needle preloaded with a Cope anchor  
(T-fastener), in the direction of the pylorus. 
The position of the needle within the stomach 
is controlled with a small injection of contrast 
material. The anchor is pushed into the stomach  
with a 0.035 inch stiff guidewire, the needle is 
removed and an 8 Fr. vascular sheath is intro-



Special Edition / CIRSE 2014 - Glasgow

Saturday, September 13, 2014Advertisement14

Advertorial Combining proven tools: Passeo-18 Lux Drug Releasing Balloon and 
Pulsar stent – individually excellent, together outstanding?

Passeo-18 Lux Peripheral Drug Releasing Bal loon 
(DRB) from BIOTRONIK is a novel com bi na tion 
device for treating de novo and restenotic  
le sions in the lower limb arteries. Its design is 
based on the proven Passeo-18 balloon cathe-
ter, combined with the Lux coating technology 
– a matrix of anti-proliferative paclitaxel (PTX) 
and a biocompatible hydrophobic excipient 
Butyryl-Tri-Hexyl-Citrate (BTHC). It is also feat-
ures an innovative ‘Insertion Aid’ – a unique 
tool pre-mounted on the balloon catheter de-
signed to improve ease and safety of handling.

At the launch during the LINC Leipzig Interven-
tional course 2014, in January, Passeo-18 Lux 
DRB had already proven safety and clinical effi-
cacy in both SFA and Below-The-Knee (BTK)  
lesions, respectively in the BIOLUX P-I and 
BIOLUX P-II, European multicenter, 1:1 ran dom-
ized, first-in-man clinical trials, and is now chal-
lenging complex clinical situations to become  
a new standard of care and expanding therapeu-
tic opportunities with innovative approaches.

BIOLUX P-I (n = 60) six-month primary endpoint 
data, evaluated by an independent core lab,  
do cumented significantly reduced angiogra-
phic late lumen loss (LLL) (p = 0.033) in the 
Passeo-18 Lux arm (LLL = 0.51 ± 0.72 mm) versus  
the uncoated PTA catheter (LLL = 1.04 ± 1.00 mm).  
At 12 months, Kaplan-Meier estimates demon -
strat ed a freedom from Target Lesion Revascula-
ri zation (TLR) rate of 84.0% for patients treated 
with Passeo-18 Lux versus 47.1% of patients 
treated with an uncoated balloon catheter  
(p = 0.020)1. 

BIOLUX P-II (n = 72) further confirmed the clini-
cal performance of Passeo-18 Lux, also in BTK  
arteries, with high Target Lesion Primary Paten-
cy despite the high-risk patient group (72.2% 
being Rutherford Class 5). Six-month follow-up 
data showed positive results for the BIOTRONIK 
Passeo-18 Lux Drug Releasing Balloon. The 
primary safety endpoint was Major Adverse 
Events (MAE), a composite of all cause death, 
major amputation of target extremity, Target 
Lesion Revascularization (TLR), Target Vessel 
Revascularization (TVR), and target lesion 
thrombosis. The 30-day MAE rate was 0.0% in 
the DRB group compared to 8.3% in the PTA 
group (p = 0.239). Six-month primary perfor-
mance endpoint documents a target lesion pri-
mary patency of 82.4% in the DRB group versus 
75.9% in the PTA group (p = 0.452).

Evidence to support the efficacy of Pulsar-18 4F  
self-expanding stent has been shown in mul-
tiple studies including the 4EVER trial2 that 
investigated both the acute and long-term 
performance of 4F-compatible devices in SFA 
lesions. The study examined the efficacy of 
Pulsar stents and the feasibility of treating pa-
tients with BIOTRONIK 4F devices. Twenty four-
month data from 4EVER for the full cohort of  
120 patients showed 72.3 % primary patency  
rate and a freedom from Target Lesion Re vascu -
larization (TLR) rate of 82.7 % with no significant  
difference in primary patency (p = 0.485) bet-
ween calcified and non-calcified lesions. These  
results were reproduced in the PEACE I All-
Comers registry in similar lesion lengths. The 
TASC D4 study further confirmed the efficacy  
of Pulsar-18 stent in the treatment of longer  
(24.5 cm) and more complex lesions.

Results of a novel therapeutic combination 
using the Passeo-18 Lux DRB and the Pulsar-18 
were presented at both LINC and Euro PCR 
2014. DEBAS-I is a prospective, single center, 
investigator-initiated study conducted by Prof.  
Patrice Mwipatayi, Royal Perth Hospital, Uni ver-
sity of Western Australia, Perth, Australia, meas-
uring primary patency at 12 and 24 months, as  
primary endpoint, enrolling up to 100 patients.  
All patients received a Pulsar-18 stent, follow ed  
immediately by Passeo-18 Lux. Reported aver age  
lesion length in DEBAS-I for the first 45 treat ed  
patients is 18.7 cm, and all patients were in 
Rutherford Class 3 or higher. Prelimi nary data at  
12 months reported promising 90% primary pa-
tency, 90% freedom from clinically driven TLR  
and 100% freedom from major amputation rates. 

The combination therapy of Pulsar stent plus 
Passeo-18 Lux is also being investigated in the 
BIOLUX 4EVER study, a multicenter, investiga-
tor-initiated study of 120 patients to evaluate 
the short- and long-term (up to 24 months) 
outcome of treatment with Pulsar-18 stent im-
plantation followed by Passeo-18 Lux in symp-
tomatic (Rutherford 2-4) femoropopliteal arte-
rial lesions, with Dr. Marc Bosiers MD, Head of 

the Department of Vascular Surgery, St. Blasius 
Hospital, Dendermonde, Belgium as principal 
chief investigator, that will further contribute 
shaping this novel therapeutic approach. 

“Studying these two devices in combination is  
a novel idea,” explained Dr. Marc Bosiers. “Pre-
vious studies of each device have yielded en-
couraging results, but we wanted to go one step  
further. Now, patients will be treated with both 
the Pulsar-18 stent followed by Passeo-18 Lux, 
hopefully pushing the results off the charts.”

In addition to these highly valuable studies, the 
BIOLUX P-III all-comers registry will generate 
data and strengthen Passeo-18 Lux’s clinical 
evidence by investigating the use of the device 
in a real world all-comers patient population. 
Enrolment in BIOLUX P-III should begin in the 
fourth quarter of 2014.

Passeo-18 Lux has emerged as a safe and effec-
tive therapy option for both femoropopliteal 
and Below-The-Knee arterial disease and both 
physicians and patients are benefiting from this  
proven technology. The novel combination 
with Pulsar-18 could help define a new treat-

ment approach for lower limb disease and  
optimize patient treatment even further.

About BIOTRONIK 

One of the world’s leading manufacturers of  
cardio- and endovascular medical devices,  
BIOTRONIK is headquartered in Berlin, Germany,  
and represented in over 100 countries by its 
global workforce of more than 5600 employees.  
Several million heart patients around the world 
have received BIOTRONIK implants designed 
to save and improve the quality of their lives, 
or have been treated with BIOTRONIK coronary 
and peripheral vascular intervention products. 
Since its development of the first German 
pacemaker in 1963, BIOTRONIK has engineered 
many innovations, including BIOTRONIK Home 
Monitoring® in 2000, the world’s first 4F com-
patible 200mm peripheral stent in 2010, Orsiro, 
the industry’s first hybrid drug-eluting stent, in 
2011, and the world’s first implantable cardio-
verter-defibrillators and heart failure therapy 
devices with ProMRI® technology in 2012. 

For more information, visit:  
www.biotronik.com

1 As-treated patient population
2  Bosiers M, et al. 4-French-compatible endovascular material is 

safe and effective in the treatment of femoropopliteal occlu-
sive disease: results of the 4-EVER trial. J Endovasc Ther. 2013 
Dec;20(6):746-56.

3  Lichtenberg M, et al. PEACE I All-Comers Registry: Patency 
Evaluation After Implantation of the 4-French Pulsar-18  
Self-Expanding Nitinol Stent in Femoropopliteal Lesions.  
J Endovasc Ther. 2014 Jun;21(3):373-80.

4  Lichtenberg M, et al. Superficial femoral artery TASC D Registry:  
twelve-month effectiveness analysis of the Pulsar-18 SE nitinol 
stent in patients with critical limb ischemia. J Cardiovasc Surg 
(Torino). 2013 Aug;54(4):433-9.

·  What do the studies on Passeo-18 Lux tell us?
·  What is the technology supporting these results?
·  What is the clinical significance of stent Chronic Outward Force?
·  Is there a superadditivity effect from a combination therapy using 

Passeo-18 Lux and Pulsar stent together?

An international faculty aim to address these questions with evidence 
from the latest clinical studies investigating BIOTRONIK’s Pulsar stent and 
Passeo-18 Lux Drug Releasing Balloon.
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Hypersplenism is a common complication in 
liver cirrhosis. Thrombocytopenia and leuco-
cytopenia caused by hypersplenism often be-
come problems for patients who receive inter-
feron therapy or chemotherapy, or under  go  
radiofrequency ablation or surgery. Trans cathe-
ter splenic embolisation was first reported by  
Maddison et al. [1]. However, there were prob-
lems with severe complications of splenic ab-
scesses due to total splenic infarction. Spigos et  
al. developed partial splenic embolisation (PSE),  
which remarkably reduced complications [2].  
PSE has several advantages over splenecto my: 
use of local anaesthesia, shorter procedure 
times, no need for blood transfusions, and, most  
importantly, the preservation of function al sple-
nic tissue to safeguard against severe infection.

The main role of PSE for hypersplenism is pre-
venting platelet and leukocyte sequestration in 
the large spleen. Its efficacy has already been 
proven. Platelet and leukocyte counts rise soon 
after PSE, peak at 1-2 weeks, then stabilise 
around 2 months. Theses counts are usually 
approximately 2 times higher than before PSE. 
The long-term outcomes have also been dem-
onstrated, showing that platelet and leukocyte 
counts were still higher 3 years after PSE [3]. In 
addition, several studies have reported that PSE 
improved liver function. Although the mecha-
nism underlying these functional changes in 
the liver has not yet been fully explained, it 
may be related to increases in superior  
mesenteric blood flow following PSE.

To date there is no consensus regarding PSE 
techniques. These techniques are roughly 
divided into two types: non-selective and 
selective embolisation. In non-selective PSE, 
particles are injected near to the splenic hilum 
via the splenic artery, and, as a result, the peri-
pheral area of the spleen is infarcted (Fig. 1). In 
selective PSE, several branches of the splenic 
artery are selectively catheterised and embo-
lised with various embolic materials, particles, 
coils or glue. As a result, segmental areas of the 
spleen are infarcted (Fig. 2). These two proce-
dures have several advantages and drawbacks. 
Selective segmental embolisation can predict 
the infarction volume using volumetry. Long 
procedure times and high costs are problems 
if using coils or glue. Non-selective peripheral 
embolisation is a simple technique with short 
procedure times. However, estimates of the  
embolisation volumes and determinations 
of the endpoints of the injected particles are 
vague. Estimating the embolisation volume 

Interventional management of hypersplenism

largely depends on the operator’s experience 
with non-selective PSE.

Regarding the selection of embolic materials in  
clinical practice, gelatin sponge (GS) or poly-
vinyl alcohol (PVA) particles and coils are fre-
quently used. A randomised controlled trial 
in dicated that 300-500 µm PVA achieved signi-
ficantly higher platelet and leukocyte values 
after PSE compared with 2 mm GS [4]. Recently, 
we compared GS particles with coils. Our results 
indicated that there were no significant differ-
ences in the efficacy of using GS particles and 
coils for PSE [5]. Spherical microspheres and the  
embolic agent Onyx could be promising new 
materials. A previous report showed that Onyx 
entailed the advantage of less post-embolisa-
tion syndrome, pain and fever due to less in-
flammatory reaction [6]. Further investigation of 
what constitutes the optimal embolic material 
for PSE is still needed.

There are several factors that contribute to the 
success of PSE procedures: 
1) The upper branch of the splenic artery is  

usually left untreated to avoid pleural  
effusion after PSE; 

2) The left gastroepiploic artery and many short 
gastric arteries connect to the splenic arteries 
at multiple points. Therefore, when coils are 
used, the distal branches beyond the points 
connected to the gastric arteries should be 
embolised to achieve complete infarction of 
the targeted areas; 

3) In non-selective PSE, particles should be 
inject ed beyond the orifice of the pancreatic 
branches; 

4) In cases in which large and high-flow short 
gastric arteries are present, these should be 
embolised using coils before particle injec-
tion. However, in many cases, particles do 
not migrate into the gastric wall, because the 
blood flow via the left gastric and the right 
gastroepiploic artery becomes dominant 
after splenic arterial embolisation has begun. 

Splenic abscess, bacterial peritonitis, portal 
vein thrombus, and large pleural effusion and 
ascites have been reported as complications of 
PSE. Among these, splenic abscess is the most 
critical. There are several possible causes of 
splenic infection: anaerobic bacterial growth in 
the hypoxic tissue, percutaneous contamination  
by exogenous bacteria, and retrograde trans-
port of enteric pathogens via a reversed portal  
flow. Large splenic infarction volume and in-
farction ratio are obvious risk factors for compli -
cations. Previous reports indicate that a splenic  
infarction ratio lower than 50% results in re-
lapse of hypersplenism, whereas a ratio higher 
than 70% increases the frequency of complica-
tions [7, 8]. Based on these results, the optimal 
range of infarction ratio could be considered 
to be between 50 and 70%. In addition, a 
Japanese group recently published a more de-
tailed report focusing on optimal embolisa tion 
volume. Their results indicate that an embolisa-
tion volume of over 540 ml is a risk factor for 
complications, whereas a minimum volume of  
388 ml is needed for a sufficient increase in the 
platelet count. Therefore, in cases with splenic 
volume of less than 400 ml (a small spleen), 
splenectomy is recommended, whereas in cases 
with a splenic volume of more than  
700 ml (a very large spleen), PSE should be  
conducted in 2 sessions [9-11].

The necessity of prophylactic intra-arterial anti-
biotics in PSE has not been confirmed since  
Spigos et al. recommended the use of GS par-
ticles suspended in an antibiotic solution [2]. 
Re cently, we conducted a retrospective com pa  -
rative study to examine whether the intra-arte-
rial antibiotics would be effective for reducing 
the inflammatory changes [5]. The group re-

ceiving GS with intra-arterial antibiotics had re-
markably lower serum C-reactive protein le vels  
than the group receiving GS without intra-arte  rial  
antibiotics at 3 days and at 2 weeks after PSE.  
These results might indicate that intra-arterial 
antibiotics could be effective against bacterial 
contamination and retrograde transported 
enteric pathogens. We used flomo xef sodium, 
which is a broad-spectrum, second-generation 
cephalosporin, and is effective against bacterial 
flora on the skin, enteric bacteria and anaerobic  
bacteria. Previous re ports indicated that the 
common pathogens of the splenic abscess were 
Staphylococcus epidermis, Enterobacter cloaca 
and Bacteroides fragilis. Flomoxef sodium is  
effective against these bacteria.

Progress made in image-guided intervention 
allows interventional radiologists to estimate 
the infarction volume. Previously-reported es-
timates, which were based on the diameter of 
the splenic arteries on digital subtraction angio-
graphy and CT arteriography, showed only mild  
correlation between estimated and actual in-
farction volumes [12, 13]. Currently, cone-beam 
C-arm CT can be used for estimates. CTs can be  
obtained immediately before embolisation, 
during the arterial injection of contrast via the 
splenic branches. These can estimate the embo-
lisation volume via the corresponding branches 
(Fig. 3). Recently, we developed a new system 
using computed volumetric analysis software 
for a quantitative estimate of the splenic infarc-
tion ratio before PSE. Using the Voronoi diagram  
method, CTs obtained before PSE were analysed  
(Fig. 4). Our initial results indicate a strong cor-
relation between the estimated and the actual 
infarction ratios.

Regarding the necessity of vaccination after PSE,  
in the 1970s and ‘80s, several investigators used 
pneumococcal vaccines to prevent pneumonia. 
However, in recently reported-cases, vaccinations  
were not used, and the complication of pneumo-
nia was nonetheless quite rare. Our insti tute has  
never used vaccinations, and yet never experienc -
ed the development of pneumonia after PSE. In 
essence, PSE can preserve the spleen’s immuno-
logical function to safeguard against infection.

In conclusion, PSE is a useful technique for 
managing hypersplenism. The splenic reduc-
tion volume and ratio are the most important 
factors for effective PSE and to avoid complica-
tions. Current image-guided IR and software 
configuration can predict the infarcted volume, 
which makes it possible to tailor embolisation 
for patients with hypersplenism. 
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Fig. 1: Non-selective PSE: Gelatin sponge particles 
were injected via the splenic artery near to the 
splenic hilum, and CT after PSE showed that the 
peripheral area of the spleen was infarcted.

Fig. 2: Selective PSE: Coils were placed into several 
branches of the splenic artery, and CT after PSE 
showed that the segmental areas of the spleen 
were infarcted.

Fig. 3: Volume measurements during PSE procedure:  
(a,b) DSA and CT volumetry before PSE, (c-e) A micro- 
catheter was inserted into the splenic branches and  
CTs during contrast injection were obtained. The 
infarcted volume could be estimated by measuring 
volumes of the enhanced areas. (g) DSA after PSE.

Fig. 4: Quantitative estimation of the splenic in  farc-
tion ratio before PSE: (a) 3-D arteriography which  
was reconstructed from intravenous en hanced CT.  
(b) Splenic arteriography. (c) Using a 3-D image ana-
lysis system, the volume of the area supplied from  
each splenic branch was calculated based on the  
Voronoi Diagram. (d-f) The estimat ed infarction vo -
lume was defined by the total sum of the volume supp  -
lied from each embolised branch. (g) DSA after PSE.
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Metastatic bone disease is a very common clini-
cal occurrence in cancer patients. A pathologic 
fracture can result in significant pain and loss 
of function. Prophylactic fixation before a frac-
ture occurs is an issue of utmost importance. 
In addition, insufficiency fractures can occur in 
cancer patients because of osteoporosis, which 
may be primary (related to the age) or second-
ary (related to the use of steroids, radiation of 
pelvic malignancies, etc.).

Percutaneous osteosynthesis is a very new 
technique that consists of inserting screws into 
bone structures through a very small skin inci-
sion (of less than 10 mm). This technique was 
initially developed by orthopaedic surgeons to 
stabilise non-displaced bone fractures during 
open surgery. The technique is now ready to be 
performed percutaneously by interventional 
radiologists thanks to the development of can-
nulated screws that can be inserted co-axially 
over a guide pin, and thanks to the level of ac-
curacy possible with CT- or flat panel-guidance. 

The procedures can be performed under  
general anaesthesia or conscious sedation, by  
an interventional radiologist, either in an inter-
ventional CT-room or in an angio-suite equip ped  
with a cone-beam CT. The interventional radio-
logist first drills a Kirschner wire across the  
fracture/the tumour under CT-fluoroscopy 
guidance or under cone-beam CT guidance, 
using dedicated guidance-software. A 3D 
image must then be obtained via CT or cone-
beam CT to assess the proper direction of the 
track and to measure the appropriate length 
of the screw to be inserted. Ideally, the screw 
should be long enough to reach the distal sub-
chondral bone. The 8 mm cannulated self-drill-
ing tapping screw (Asnis III cannulated screws; 
Stryker, Montreux, Switzerland) is placed over 
the Kirschner wire and slid down to the bone 
cortical with the use of a cannulated screw 
driver (Fig. 1). Once the proper positioning of 

Percutaneous osteosynthesis in bone cancer patients

the screw is confirmed by a new 3D acquisition, 
the Kirschner wire is withdrawn and the skin 
entry point is sutured.

The indications for percutaneous osteosynthesis  
are twofold: firstly, it is a palliative technique 
for patients suffering from pathological or  
non-pathological non-displaced fractures and, 
secondly, it provides prophylactic consolidation,  
in association with cementoplasty, for patients 
with impending pathological fractures due to 
osteolytic metastases.

Palliation of pathological or  
non-pathological fracture

For patients suffering from pathological or 
non-pathological fractures, the goal of perc-
taneous osteosynthesis is to achieve stabi-
lisation of the fractures, which will result in 
pain palliation. Ideally the fracture should be 
non-displaced as it is not possible to provide a 
percutaneous anatomic reduction of fracture 
fragments. However, in certain cases, namely 
in non-surgical patients, stabilisation of a dis-
placed fracture was performed without reduc-
tion. Technically, the screws must be inserted 
perpendicularly to the fracture and across the 
fracture. Typically, fractures that can be fixed 
using percutaneous osteosynthesis are located 
in the sacrum [1-3], the iliac crest [4], the  
acetabulum roof [5-6], the pubic ramus [7-9], 
(Fig. 2) and the proximal femur [10-12]. We  
currently do not perform cementoplasty in  
association with fracture stabilisation because 
there is a risk of cement leakage through the 
fracture line, and because the mechanical 
property of the cement is not appropriate in 
locations submitted to torsion forces. However, 
in certain cases, small amounts of cement were 
injected through a second puncture in order to 
improve the screw tip’s anchorage (Fig. 3).

Prophylactic consolidations of  
osteolytic metastases

For patients with impending osteolytic metas-
tases, the decision to perform percutaneous 
osteosynthesis plus cementoplasty instead of 
cementoplasty alone is driven by the fact that 
the strengthening properties of the cement 
are strong in compression but weak for tensile 
or shear stresses. This explains why cemento-
plasty alone is only appropriate for the consoli-
dation of osteolytic metastases located in the 
cotyle and in the vertebrae. Technically, we in-
sert the screws across the osteolytic metastases 
first and then inject the cement into the osteo-
lytic metastases. For good consolidation, the 
screws must enter a strong bone cortical and 
their tips must be advanced as far as possible, 
ideally reaching the distal sub-chondral bone. 
We then use a dedicated cementoplasty needle 
for injecting cement. This needle is inserted 
through the same track of the screws, parallelly. 
We start the injection close to the tips of the 
screws and continue the injection during the 
removal of the needle. We always try to fill the 
entire osteolytic metastases. Typically, the  
impending osteolytic metastases that can be 
consolidated using percutaneous osteosyn-
thesis plus cementoplasty are located in the 
iliac crest (Fig. 4) and in the proximal femur 
(Fig. 5) [13].
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Fig. 1: The cannulated screw (black arrows) is 
advanced through a small incision via a Kirschner 
wire (white arrows) with a cannulated screwdriver 
(black arrow heads).

Fig. 2: Palliation of a non-pathologic fracture of 
the pubic ramus in a patient suffering from  
prostate cancer. VAS score decreased from 8 to 0 
on day 3.

Fig. 4: Impending pathologic fracture of the pelvis 
secondary to large osteolytic metastasis of the iliac  
crest (A) consolidated by percutaneous osteosyn-
thesis (B1 and B2) plus cementoplasty C1 and C2).  
No fracture has occurred until now (6-month 
follow-up).

Fig. 5: Impending pathologic fracture of the proxi-
mal femur secondary to osteolytic metastasis of 
the femoral neck consolidated by percutaneous 
osteosynthesis plus cementoplasty. No fracture 
has occurred until now (2-year follow-up).

Fig. 3: Palliation of a post-ablation insufficiency 
fracture of the sternum (A1 and A2) stabilised by  
percutaneous osteosynthesis (B1 and B2). Cemen to  -
plasty was performed in association at the end of  
the procedure to improve the screw’s anchorage (C1  
and C2). VAS score decreased from 9 to 1 on day 2.

In conclusion, percutaneous osteosynthesis 
provides pain palliation for pathological and 
non-pathological fractures, as well as prophy-
lactic consolidation of osteolytic metastases in 
bone cancer patients. The technique must be 
considered as part of the therapeutic arsenal 
of interventional radiologists for two main 
reasons. First, because it is a minimally invasive 
procedure that avoids extensive surgical expo-
sure, and second, because the accuracy made 
possible by CT or flat panel guidance results in 
high technical success rates and very low  
complication rates for screw placement.
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Bariatric gastric artery embolisation: a leap forward?

Bariatric embolisation is the first image-guided 
transvascular procedure targeting obesity. By 
anatomically and functionally isolating a speci-
fic portion of the stomach via particle emboli-
sation, bariatric embolisation has the potential 
to provide a minimally invasive alternative to 
bariatric surgery [1]. In today’s session, a series 
of arguments will be provided in support of 
bariatric embolisation.

Argument 1: The benefits of bariatric surgery 
derive from the change in metabolic profile 
of obesity hormones – the basis for bariatric 
embolisation
(See Fig. 1)

Numerous studies suggest that bariatric surgical  
treatments are effective not only because of sto-
mach volume reductions, but also because of  
alterations in multiple hormones related to hun-
ger and satiety [2, 3]. In fact, one of the most  
dramatic effects of bariatric surgery is the signi-
ficant glucose lowering and reversal of dia  betes 
that is seen within days of surgery prior to any 
ef  fective weight loss [4]. Thus, an alteration in hor -
monal production is an area of intensive re search 
for non-surgical interventions to treat obesity.

With hunger signals, there is only one hormone,  
ghrelin, which has been shown to stimulate food  
intake (i.e. orexigenic). Discovered by Kojma et al.  
ghrelin was shown to induce growth hor mone 
release by acting on the growth hormone secre-
tagogue receptor (GHS-R) in the hypotha lamus 
or anterior pituitary [5]. Multiple studies to date  
have shown that the disruption of ghrelin stim-
ulation is responsible for the beneficial effects 
of bariatric surgery [6, 7].

With satiety signals, four main hormones ap-
pear to play a central role in this process. Leptin,  
an adipocyte hormone, reflects energy stores, 
and acts centrally to reduce food intake and in-
crease energy expenditure. Peptide YY (PYY),  
Glucagon-like Protein 1 (GLP-1), and cholecysto -
kinin are released from the gastrointestinal tract  
and pancreas in response to nutrient in  take 
and lead to a decrease in food intake. These 

hormones, among others, serve to counter the  
effects of ghrelin [2, 8-10].

With dieting (which is physiologically analogous  
to starvation) the neurohormonal system shifts 
to up-regulate hormones that promote eating  
(ghrelin) and to down-regulate hormones that  
suppress satiety (GLP-1, PYY, Leptin) [11]. How-
ever in the fed state or after bariatric surgery, 
the hormonal profile is shifted to down-regu late  
ghrelin levels and up-regulate the hormones of 
satiety. Interestingly, in obese patients, foods 
fail to suppress systemic ghrelin levels, which 
is believed to impair postprandial satiety and 
initiate/promote over-eating [2, 3, 6, 12]. 

Argument 2: Bariatric embolisation  
suppresses the hunger hormone, ghrelin

In several hallmark studies our group has dem-
onstrated a direct link between gastric artery 
embolisation and lowering of systemic levels of 
ghrelin. Using a variety of embolic agents (from 
liquid sclerosants to calibrated spheres), we 
have shown consistently that selective delivery 
of embolic agents to the vessels supplying the  
gastric fundus leads to a 50-80% suppression of  
ghrelin and reduces weight gain in immature 
swine [13-16]. In addition, immunohistochemical  
analysis shows that ghrelin-immunoreactive 
cell density in the fundus after embolisa tion 
was significantly reduced without up-regu-
lation in the duodenum (a known second,  
lesser site of ghrelin production) [15]. Additio-
nally, in a similar preclinical study in beagles, 
left gastric artery (LGA) embolisation with poly-
vinyl alcohol particles resulted in weight loss,  
decrease in systemic ghrelin levels, and a re-
duction in subcutaneous fat [17]. Thus, there is 
a clear and direct link between gastric artery 
fundal embolisation and the suppression of the 
hunger hormone, ghrelin.

Argument 3: Bariatric embolisation has a 
global affect upon the stomach
 
In addition to the targeted reduction of ghrelin, 
embolisation of the fundus of the stomach also 
appears to have an impact upon the stomach’s 
function globally. In immunohistochemical 
ana lysis of the embolised fundus, the popula-
tion of gastrin-secreting cells (which produce 
acid) in the antrum (not embolised) was re duc-
ed and fibrosis was seen in the gastric fundus 
[15]. More recent animal data being presented 
at CIRSE 2014 confirms that bariatric embolisa-
tion causes elevation of the hormone GLP-1 
(the pivotal hormone implicated in the reversal 
of diabetes). Thus, bariatric embolisation ap-
pears to impact gastric motility, absorption,   
gastric acid production, and even the pro duc-
tion of the other related non-ghrelin hormones 
of obesity/diabetes. This consistent altered pro -
file of obesity hormones after bariatric embo-
lisation resembles the post-bariatric surgical 
state / the fed state.

Argument 4: Early clinical data emerging  
supports a prospective clinical trial

The feasibility of bariatric embolisation for 
treating obesity is further strengthened by the 
long history of left gastric artery (LGA) embo-
lisation for the treatment of bleeding ulcers. 
Indeed, while preclinical studies have shown 
that a minority of animals develop mild gastric 
ulceration, Kipshidze et al. presented data at 
the American College of Cardiology showing 
no complications and significant weight loss 
after LGA embolisation with calibrated spheres 
in five obese patients from Tblisi, Georgia [18]. 
Additionally, a retrospective study of LGA  
embolisation to treat gastrointestinal bleeding  
in 15 patients presented by Gunn et al. at the  
Radiological Society of America in 2013 demon-
strated significant weight-loss in these patients 
compared to age-matched controls. In light 
of this early clinical and extensive pre-clinical 
data, the first prospective clinical trials have 
now begun enrollment in the United States to 
demonstrate the safety of LGA embolisation in 
obese patients [19]. 

Conclusions

As with the evolution of all successful surgical 
the rapies, there is a tremendous interest in at-
tempting to create a minimally invasive alterna-
tive. As such, bariatric embolisation represents 
the next evolution in bariatric intervention as 
this procedure aims to directly modulate the 
neurohormonal axes of hunger and satiety. 
With further refinements of this procedure, 
the opportunity now exists to develop the first 
image-guided therapy targeting obesity. The 
successful development of such techniques 
would have enormous bearing on healthcare 
costs and delivery worldwide. 
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Piedmont Radiology
Atlanta, GA/USA
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To hear Dr. Robert Stuart’s counter-arguments, and other embolic debates,  
join us in Auditorium 2 at 10:00!
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Drug-coated balloon (DCB) angioplasty ver-
sus conventional angioplasty for the treat-
ment of the superficial femoral artery (SFA) 
and PI segment in PAD patients: first interim 
results of the FREERIDE study
K.-L. Schulte1, B. Fernandez-Tresguerres2,  
R. Langhoff1; 1Berlin/DE, 2Bonn/DE

Purpose: Paclitaxel DCB during percutaneous 
transluminal angioplasty (PTA) for femoropop-
liteal lesions in PAD patients might result in a 
significantly reduced restenosis rate. Thus, the 
FREERIDE study investigates the inhibition of 
restenosis by the FREEWAY DCB versus standard  
balloon (POBA) in the treatment of de-novo 
occluded, stenotic lesions or re-occluded and 
restenotic lesions in SFA and popliteal arteries 
(PI segment).  
 
Results: So far, 71 patients have been enrolled; 
51 of them completed the 6-month follow-
up, and 3 were not available for follow-up. 
At 6-month follow-up, posi tive trends were 
observed for the TLR rate (6.6% vs. 9.5% after 
POBA; p=0.7) and MAE (6.7 % vs 14.3 % after 
POBA; p=0.36). Furthermore, there are positive 
trends in the patency rate and improvement 
of Rutherford classification after FREEWAY PTA 
vs. POBA. 

Conclusion: The first interim results indicate 
that FREEWAY DCB might provide an advantage  
for angioplasty in SFA and PI segment lesions. 
DCB might overcome the existing limitations in 
the treatment of PAD.

BIOLUX P-II: a randomized clinical trial of 
Passeo-18 Lux DRB vs. POBA for the treat-
ment of infrapopliteal artery lesions

K. Deloose1, T. Zeller2, M. Brodmann3, M. Bosiers1,  
P. Peeters4, K.-L. Schulte5, D. Scheinert6, U. Beschorner2, 
E. Pilger3; 1Dendermonde/BE, 2Bad Krozingen/DE, 
3Graz/AT, 4Bonheiden/BE, 5Berlin/DE, 6Leipzig/DE

Purpose: Drug-releasing balloons have shown 
promising results in femoropopliteal disease; 
however, adequate evidence demonstrating 
improved outcomes in infrapopliteal arteries 
is currently lacking. BIOLUX P-II assesses the 
safety and performance of the Passeo-18 Lux 
paclitaxel-releasing balloon (DRB) vs. the un-
coated Passeo-18 balloon (POBA) in the treat-
ment of infrapopliteal lesions. 

Results: 72 subjects, 79.2% men, mean age 
71.3±9.7 years were randomized 1:1  
at six European sites. At baseline, subjects pre-
sented with hypertension (86.1%), hyperlipi-
demia (68.1%), diabetes (66.7%), and critical 
limb ischaemia (77.8%). At 30 days, MAE were 
0.0% for DRB vs. 8.3% for POBA (p=0.239). At  
6 months, target lesion primary patency 

showed a trend in favour of DRB (84.3%) vs. 
POBA (75.9%; p=0.330), and major amputations 
were 3.3% for DRB vs. 5.7% for POBA (p=0.655). 
Clinical improvement at 6 months, reflected by 
improvement in Rutherford class, was 59% for 
DRB vs. 47% for POBA, with 0% DRB subjects 
worsening vs. 6% POBA subjects (p=0.326). 
Clinical improvement in Rutherford 5 subjects 
was significant in the DRB group (p=0.002) 
compared with the POBA group (p=0.058). 

Conclusion: DRB, as compared to POBA, is asso-
ciated with favourable functional and clinical 
outcomes and results in significant clinical 
improvement of Rutherford 5 subjects in the 
treatment of infrapopliteal artery lesions.

Fibered platinum coils vs vascular plugs in 
pelvic varices embolization for the treat-
ment of pelvic congestion syndrome:  
1-year follow-up randomized study

A. Laborda, M. Sanchez Ballestin, I. De Blas,  
M.A. de Gregorio; Zaragoza/ES

Purpose: To compare the safety and efficacy of 
two embolic agents for the treatment of pelvic 
congestion syndrome: Nester coils (NS; Cook 
Medical) and Amplatzer vascular plugs (AVP;  
St. Jude Medical).  

Results: In both groups, all veins were success-
fully embolised with no differences. The mean 
number of coils per case was 17.82±1.39 (NC) vs 
4.18±0.48 (AVP). There were 6 re-embolisations 
due to no improvement in NC and 2 in AVP. At  
1-year follow-up, there were no significant dif   fe-
rences in clinical success (complete disap pear -
ance or improvement of symptoms 89.3% vs  
92.6%) or in subjective improvement self-assess-
ment (by VAS). Two coils migrated in the NC 
group and were retrieved without compli ca tions. 
Procedure time (45.24±3.89 vs 32.55±7.00 min), 
fluoroscopy time (33.71±8.83 vs 21.13±7.08 min) 
and radiation dose (PDA 348.66±81.84 Gycm2 
vs 199.31±183.64 Gycm2) were significantly 
higher in the NC group (all p<0.0001). 

Conclusion: AVP embolisation is as safe and 
efficient as NC embolisation. AVP significantly 
reduces procedure and fluoroscopy time and 
radiation dose. Device migration and incom-
plete embolisation is more frequent with NC, 
but larger studies would be necessary.

Randomised controlled trial of Particles 
used in Uterine fibRoid Embolisation (PURE) 
– non-spherical polyvinyl alcohol (Contour 
PVA; Boston Scientific, USA) versus calibrat-
ed hydrogel microspheres with polyzene 
coating (Embozene; CeloNova Biosciences, 
USA): interim results

R. Das, I. Manyonda, A.-M. Belli; London/UK

Purpose: The PURE study is a randomised con-
trolled trial designed to evaluate clinical, MRI 
and technical outcomes between two embolic 
agents in uterine artery embolisation (UAE): 
non-spherical polyvinyl alcohol (ns-PVA) and 
calibrated hydrogel microspheres (Embozenes). 

Results: Forty patients have currently enrolled 
in the study and the full 6-month follow-up 
with interim comparative statistical analysis will 
be complete for CIRSE congress in September 
2014. Analysis of volumes of embolic agent has  
demonstrated a statistically significant diffe-
rence with a mean volume of 5.5 syringes 
(range, 1-12) of Embozenes used versus 3.8 vials 
of ns-PVA (range, 2–8) (p=0.05). No significant 
difference was detected with respect to  
fluoroscopy time or radiation dose. 

Conclusion: The study involves comprehensive 
clinical and MRI outcome assessment to evalu-
ate two contemporary and widely used particu-
late embolic agents. The PURE study will guide 
IR practitioners regarding the relative efficacy 
of embolic agents in UAE.

Pre-procedure and post-procedure admin-
istration of Oxycodone improves pain man-
agement after uterine fibroid embolization

G.M.G. Freire, J.M. Motta-Leal-Filho,  
R.N. Cavalcante, B.D. Fina, R.D. Rocha,  
M.D.L. Messina, I.D.P. Posso, M.D. May,  
M.L. Pinheiro Oliveira, F.L. Galastri, B.B. Affonso,  
F. Nasser; São Paulo/BR

Purpose: To evaluate if standard anaesthesia 
in combination to pre- and post-procedure 
administration of controlled-release oxycodone 
(CRO) improves pain control and decreases the 
amount of required post-procedure opioids in 
uterine fibroid embolisation (UFE). 

Results: A significant difference was seen in 
pain scores at 24 hours (p=0.029), with less pain 
in the CRO group. Morphine was administered 
at higher levels (p=0.130) and in more patientes 
in the C group (p=0.017). Pruritus was lower in 
the CRO group (p=0.029). No correlation was 
seen between leiomyoma volume and pain 
levels over 24 hours. Hospital stay duration was 
not different between the two groups. 

Conclusion: The addition of CRO to standard 
analgesia for UFE provides better analgesia 
with lower pain scores in 24 hours, use of a 
lesser amount of morphine, and decreased  
incidence of pruritus.

DENER-HTN trial: a prospective randomized 
control trial of the efficacy of renal artery 
denervation in resistant hypertension

M.R. Sapoval, M. Monge, H. Pereira, A.  
The DenerHTN investigators, M. Azizi; Paris/FR

Purpose: The DENER-HTN trial is a multicentre, 
prospective, open, randomised, controlled 
study with blind end-point evaluation of the 
efficacy, safety, and cost-effectiveness of 
renal denervation (RDN) using the Symplicity 
Catheter System in addition to standardised  
optimal medical treatment (RDN group) com-
pared with standardised optimal medical treat-
ment alone (control group) in patients with  
resistant hypertension (RH). The primary out-
come is change in SBP assessed by ABPM at 6 
months. Cost-effectiveness evaluation is per-
formed at 1 year. We will report the 6-month 
results. 

Results: From June 1, 2012 to October 15, 2013, 
106 were randomised at visit 1 after 4-week 
standardised triple therapy regimen. The clini-
cal and biological characteristics of the two 
groups did not significantly differ at baseline. 
The 6-month results will be presented. 

Conclusion: The patients included in the 
DENER-HTN trial had confirmed essential RH. 
This superiority trial aimed at showing a  
10-mmHg difference in dASBP with a 17-mmHg 
SD, an alpha risk of 5%, and a beta risk of 20%.

Randomised trial comparing Hickman lines 
with ports for chemotherapy: a pilot study 
to inform a larger trial

J.G. Moss, R. Kasthuri, J. Paul, O. Wu, E. McCartney, 
M. Ritchie, J. Dixon; Glasgow/UK

Purpose: Centrally inserted venous access de-
vices are commonly used for chemotherapy. It 
is unclear which is most effective from a clinical 
or cost perspective. 

Results: 73 patients received a Hickman line, 
and 24 received a port. The study arms were 
well matched at baseline. Outcome data were 
available for the 97 patients receiving a device; 
no patients were lost to follow-up. Thirty-five 
(47%) Hickman patients and seven (27%) port 
patients suffered one or more complication (p 
= 0.044). The most frequent complication in the 
Hickman arm was bloodstream infection (BSI) 
accounting for 23 (46%) of 50 complications. 
There were no BSIs in the port arm. Line occlu-
sions were the most common complication in 
the port arm, accounting for 9 (64%) of 14 com-
plications. Of the devices removed, 17 (32%) 
and 1 (9%) were removed due to complication 
in the Hickman and Port arms, respectively. A 
pilot device-specific questionnaire indicated 
favourable results for 12 of 16 questions. The 
EQ-5D data from a health economic perspec-
tive showed ports to be associated with lower 
costs but fewer QALYs than Hickman lines. 

Conclusion: Ports appear to be more cost  
effective. A larger trial is needed to confirm 
these preliminary findings.

Randomised trials in IR
Free Paper Session
Saturday, September 13, 16:15-17:15
Auditorium 10

To hear the preliminary results of these trials being discussed in more detail,  
please join us in Auditorium 10 at 16:15!
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AprioMed’s Morrison Steerable NeedleTM is the 
first steerable fine-needle aspiration (FNA)  
needle enabling active guidance around objects  
inside the body. During image guidance, the 
needle can be steered with live feedback allow-
ing precise needle placement. The 21-gauge 
FNA needle enables soft tissue biopsy as well 
as aspiration and injection. With the needle’s 
enhanced control it is possible to:

·  Make major adjustments around bones,  
organs or other structures

·  Make minor adjustments near target
·  Make multiple adjustments as the needle  

is advanced

www.apriomed.com

Morrison Steerable FNA Needle

APRIOMED

Trellis™ Peripheral Infusion SystemCordis introduces SABER™ PTA 
Dilatation Catheter

Treatment for DVT Redesigned to Improve 
Thrombus Isolation, Lytic Drug Delivery and 
Removal of Blood Clot  
http://www.covidien.com/trellis/pages.aspx
Post Thrombotic Syndrome (PTS) is a long-term 
effect of deep vein thrombosis (DVT). PTS oc-
curs in almost half of patients within two years 
after DVT,1 and up to 33% of patients with PTS 
develop ulcers and skin deterioration.2 
The Trellis™ system provides a way for physicians  
to dissolve acute thrombus and intervene on DVT1  
before it advances to PTS2. The system is compos ed  
of: an over-the-wire catheter with two occlu sive 
balloons to close off the treatment area and block  
the release of the drug to other areas of the body. 
Compared to the pre vious version, the latest 
Trellis™ system features enhanced drug delive ry  
a 129% larger aspiration window, which allows for  
better removal of the drug and the dispersed clot.

Cordis is proud to introduce the new SABER™ 
PTA Balloon Dilation Catheter. 

Developed to complement the Cordis Leg 
Solutions Portfolio as a next-generation, high-
performance workhorse .018” PTA balloon, the 
SABER™ Balloon Catheter is approved to dilate 
stenoses in iliac, femoral, ilio-femoral, popliteal, 
infrapopliteal, and renal arteries as well as for 
the treatment of obstructive lesions of native 
or synthetic arteriovenous dialysis fistulae. The 
Catheter is also indicated for post-dilation of 
balloon-expandable and self-expanding stents 
in the peripheral vasculature. 

The SABER™ Catheter is available in diameters 
of 2-10 mm and lengths of 20-300 mm. It com-
bines a durable dual-layer hydrophilic coating 
with a low-profile body and new molded tip 
design to enhance crossability. In addition, 
this new Catheter has exceptional rated burst 
pressures – up to 18atm – and low compliance 
due to its construction with Cordis’ proprietary 
DURALYN® Balloon Material.

COVIDIENCORDIS

The Emprint™ ablation system with Thermo-
sphere™ technology provides clinicians three 
kinds of spatial energy control – thermal, field 
and wavelength – to create predictable and 
spherical ablation zones regardless of target 
location, tissue type, or changes in tissue  
properties during a procedure1.

Come and learn more about the Emprint™ 
ablation system with Thermosphere™ technol-
ogy and planning for powerful predictability 
at booth number 3, at the symposium on 
Monday, September 15th at 11.30, Auditorium 3 
and in the Covidien learning centre.

COVIDIEN

Emprint™ Ablation System and 
Emprint™ Procedure Planning:  
The future of ablation from Covidien

In 2013 Covidien funded the project ORCA as 
an answer to a request from the market, that 
preferred a new formulation of PV Onyx™ liquid 
embolic systems, a formulation that gives less 
artifacts on CT scanning follow up. Artifacts 
on follow up CT scanning after treatment with 
PV Onyx™ liquid embolic system represent a 
challenge for the physician in identifying ana-
tomical structures, especially after treatment 
of Endoleaks Type I and II and large peripheral 
AVMs. The new formulation of Onyx™ 34L 
liquid embolic system has less streak arti-
facts on CT compared to the current version 
of Onyx™ liquid embolic system1

Next generation of Onyx™ 34  
liquid embolic system has received 
CE mark 

COVIDIEN

Magellan™ Robotic Catheter 6Fr – 
Robotic Control in Smaller Vessels

HANSEN MEDICAL

The Magellan™ Robotic Catheter 6Fr extends 
the benefits of robotic precision, stability and 
control to peripheral vascular procedures in 
smaller vessels.

Designed to deliver:

·  Independent control of dual bending  
sections

·  Lower profile and smaller diameter access 
site

·  Streamlined procedural workflow
·  Remote navigation, away from radiation

Discover the next big Intravascular thing at 
www.HansenMedical.com/StayAhead. 
Visit booth #47 for a test drive. 

BOSTON SCIENTIFIC

Boston Scientific releases new data  
and launches next-generation Vessix™  
Renal Denervation System at CIRSE 
2014
Boston Scientific announces release of latest 
data of REDUCE-HTN study* demonstrating a 
significant reduction in ambulatory and office-
based blood pressure at 18 months in patients 
treated with the Vessix™ Renal Denervation 
System. This is one of the largest Renal Dener-
vation data sets collected to date using  
ambulatory blood pressure monitoring.
The data release coincides with the launch of the  
next generation 7F (2.67 mm) Vessix™ Reduce™ re  -
nal dener vation system. “The Vessix System is the  
only technology designed to combine bipo lar 
energy and a balloon-based platform, enab ling  
consistent and complete renal denervation treat-
ment across a variety of anatomies,” said Dierk  
Scheinert, MD, Director, Center of Vascular Medi  -
cine, Angio logy & Vascular Surgery at Park Kranken-
haus in Leipzig, Germany. “The new Vessix Reduce 
Catheter, Ge nerator and Guide Sheath offer an out-
standing operator experience and take what was al- 
  ready an exceptional system and make it even better.”

1 Kahn, S. et al. Determinants and Time Course of Postthrombotic 
Syndrome After Acute Deep Vein Thrombosis, Annals of Internal 
Medicine. 2008: 149: 698-707.2

1 Kahn, S. et al. The post-thrombotic syndrome: current knowl-
edge, controversies, and directions for future research, Blood 
Reviews. 2002; 155-165 doi: 10.1016/S0268-960X(02)00008-5

Indications, contraindications, warnings and instructions for use can be  
found in the product labeling supplied with each device. All claims and  
descriptions are for CE regulated countries. Availability of these pro-
ducts may vary in countries outside EU. ™ Trademark of a Covidien  
com pany. EU-14-0595-9

1 Covidien “In Vivo Performance Testing of the Emprint Micro-
wave Ablation System in a Porcine Model” – R0043973 Rev A; 
Emprint Instructions for Use (IFU).

Indications, contraindications, warnings and instructions for use 
can be found in the product labeling supplied with each device. All 
claims and descriptions are for CE regulated countries. Availability 
of these products may vary in countries outside EU. COVIDIEN, 
COVIDIEN with logo and Covidien logo are US and internationally 
registered trademarks of Covidien AG. ™ Trademark of a Covidien 
company. EU-14-0595-10

1 CT artifact Validation in vitro using a water phantom tank to 
simulate body tissue and synthetic vessel  
Document TR_NV 11300 RevA 2013-08-20

Indications, contraindications, warnings and instructions for use 
can be found in the product labeling supplied with each device. All 
claims and descriptions are for CE regulated countries. Availability 
of these products may vary in countries outside EU. COVIDIEN, 
COVIDIEN with logo and Covidien logo are US and internationally 
registered trademarks of Covidien AG. ™ Trademark of a Covidien 
company. EU-14-0562- 15

* Schofer J, MD. REDUCE-HTN Clinical Study Interim12- and 
18-month Data. Presented at EuroPCR; May 2014.

All cited trademarks are the property of their respective owners. 
CAUTION: The law restricts these devices to sale by or on the order of  
a physician. Indications, contraindications, warnings and instruc  tions  
for use can be found in the product labeling supplied with each 
device. Information for the use only in countries with applicable 
health authority product registrations.  PI-256613-AA  JUL2014

To find out more about the products being 
officially launched during CIRSE 2014, 
please visit the company booths in the 
Exhibition Hall. A full list of exhibitors and  
a floor-plan can be found in your  
pocket guide. 

Information can also be found on our website:
www.cirse.org/cirse2014

Product Launches at CIRSE 2014
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TERARECON

iNteract+ is TeraRecon’s new ‘ingeniously 
informed’ image viewer that works in combi-
na tion with any of TeraRecon’s medical image 
viewers and image sharing and storage solu-
tions to provide unmatched intelligence,  
powerful interoperability and simplified  
integration capabilities. 
iNteract+ solutions enhance the clinical end-
user experience provided by PACS, VNA, EMR 
and other mission-critical image processing 
and image acqui-sition systems. Often, it can 
eliminate the need for many disparate image 
transport, viewing and storage systems while 
facilitating a smooth transition toward centra-
lized administration of imaging resources. 
From the sharing time-sensitive imaging data, 
to expanding the clinical tools available when 
and where physicians are working. iNteract+ 
stands alone as the only solution capable of 
also achieving collaborative remote access with 
image sharing, DICOM and non-DICOM viewing 
and incorporation of relevant clinical  
information all within one viewer.

iNteract+

New Product Launches

PROGREAT® Double Marker

PROGREAT® Double Marker Micro  
Catheter system

New! TERUMO is pleased to announce the 
launch of PROGREAT double marker, available 
in 2.4Fr and 2.8Fr version. PROGREAT double 
marker has the unique navigability and  
torquability of the usual PROGREAT, plus two 
markers that provide excellent visibility. 
PROGREAT is now available in an extensive 
range, to allow a perfect match to your needs: 
PROGREAT 2.0Fr simple marker, PROGREAT 2.4Fr  
with double marker, PROGREAT 2.7Fr coaxial,  
PROGREAT 2.8Fr coaxial simple marker, 
PROGREAT 2.8Fr double marker. PROGREAT are 
available in 130 cm or 150 cm.
By matching PROGREAT double marker with 
AZUR detachable coils, TERUMO Peripheral 
Coiling Solution offers you the precision of 
neuroradiology procedures in the peripheral 
vessels.

TERUMO

AZUR® CX

TERUMO

AZUR® CX Peripheral Detachable Coil system

New! TERUMO is pleased to announce the 
launch of AZUR CX. This soft .018” detachable 
coil has been optimized to deliver Best-in-Class,  
cross-sectional coverage. It is a complex-
shaped, bare platinum coil with an inner core 
of hydrogel that expands from the inside out. 
The unique design creates a solid coil without 
any open spaces in the center. The three- 
dimensional shape with variable diameter 
loops creates a stable anchor and promotes 
conformity to different morphologies. 
AZUR CX is excellent as a first coil – it provides 
a stable stopper for control in high flow areas 
and subsequent coil placement. The detach-
ment system delivers precise positioning and 
placement. 
By matching PROGREAT double marker with 
AZUR detachable coils, TERUMO Peripheral 
Coiling Solution offers you the precision of 
neuroradiology procedures in the peripheral 
vessels. 

MISAGO® 5mm

TERUMO extended the size mix of the 
MISAGO® SX stent system with a 5mm ver-
sion for the treatment of fem-pop vessels. 

The clinically distinguished MISAGO Nitinol 
Stent Portfolio (6Fr, 0.035’’) has been expanded 
to include a 5mm diameter stent. Like the other 
sizes of the MISAGO stent, they offer optimal 
flexibility, long-term patency and excellent 
durability for femoral-popliteal lesions due 
to “spineless” stent architecture. The versatile 
Rapid Exchange delivery system with an ergo-
nomic one-hand delivery handle can be used 
with short and with long wires to facilitate  
accurate and successful stent implantation.

Features:
MISAGO is available in stent diameters of 5.0-
10.0 mm and lengths of 40-150 mm. Clinically 
proven patency rates, exceptional balance 
between flexibility and radial force, and the 
industry’s lowest fracture rates provide reliable 
clinical results. Three radiopaque gold-markers 
at each stent edge provide full deployment 
control and post-procedural visibility.

TERUMO

The ROADSAVER® Carotid Artery Stent 
System for Sustained Embolic Protection

The ROADSAVER Carotid Artery Stent, a double 
layer micromesh stent is indicated for use in 
patients with carotid arterial atherosclerotic 
disease, by combining these unique features:

·  It is made of a dual-layer micromesh scaffold 
with the smallest cell size. The ROADSAVER 
is designed to sustain embolic protection, 
much like a metallic covered stent, allowing 
for side branch patency.

·  The braided Nitinol design allows the stent 
to adapt to most carotid anatomies.

·  The very flexible stent delivery system can 
recapture up to 50% deployment length and 
can be repositioned for accurate placement. 
Due to its flexibility the stent delivery system 
perfectly tracks through tortuous anatomies 
towards the lesions, minimizing the risk of 
access sheath/guide catheter dislodgement.

 
These features set ROADSAVER apart as the 
latest technology and establish ROADSAVER as 
the next generation in carotid artery stents.

TERUMO

ROADSAVER®

TERUMO

TERCROSS™

TERUMO introduces a new workhorse PTA 
Balloon (0.014’’, OTW) for BtK vessel treatment

TERCROSS is the name of TERUMO’s recently 
launched 0.014’’ OTW PTA-Balloon catheter that  
offers enhanced pushability, kink resistance and  
fast deflation time for BtK lesions due to extreme  
support of the OTW seamless polymer shaft. 
Available in a variety of broad sizes with long 
shaft design, TERCROSS enables the treatment of  
a wide range of BtK lesions. Additionally, TERCROSS  
has two crossing sizes of 1.25 and 1.5 mm balloon 
diameters, designed specifically to facili tate the 
passage of extremely tight subocclusive lesions.

Features:
TERCROSS is available in balloon diameters of 
1.25-4.0mm and lengths of 20-200mm. The 
lowest balloon crossing profile and the hydro-
philic coating provide reliable crossability. With 
an exceptionally high RBP of 20 atm. and fast 
deflation times it matches all requirements for 
an efficient and successful recanalization. Two 
different shaft lengths of 100 and 148cm enable 
antegrade and contralateral approaches.
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