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Foundation Course
Postpartum haemorrhage

101.1

Aetiology, common causes and when to embolize

J.-P. Pelage;
Department of Radiology, Hopital Ambroise Paré, Boulogne, France.

Learning Objectives:

1. To understand the arterial anatomy relevant to post partum
haemorrhage

2.To describe the etiology and common causes of post partum
haemorrhage

3. To describe the indications for embolization in post partum
haemorrhage

No abstract available.

101.2

Placement of prophylactic occlusion balloons: why, when, how?

A.-M. Belli;
Dept. of Radiology, St. George’s Hospital, London, United Kingdom.

Learning Objectives:
1. To understand the rationale for the use of occlusion balloons in
the management of post partum haemorrhage
2. To describe the indications for prophylactic occlusion balloons in
the management of post partum haemorrhage
3. To describe the technique of prophylactic balloon occlusion in
post partum haemorrhage including results and complications
The incidence of placenta praevia and accreta is increasing in pro-
portion to the rise in caesarian deliveries (1). Traditionally these were
treated by caesarean hysterectomy. As placenta preavia and pla-
centa accreta may be diagnosed before childbirth, prophylactic bal-
loon occlusion is being used increasingly.
Prophylactic placement of occlusion balloons seems a good idea
but the evidence in favour of this technique is slow to emerge, and
like many interventions can cause harm to the mother and foe-
tus (2,3). Placement of occluding balloons should be performed in
Radiology and | recommend that the epidural catheter is inserted
before the patient comes to Radiology so that patient movement is
minimised after placing the occluding balloons. The tips of the cath-
eters should not be in the uterine arteries but are inserted so that
they are just into the anterior division of the internal iliac or just into
the internal iliac above the anterior/posterior bifurcation. The bene-
fit of the latter approach is minimal manipulation and avoidance of
spasm in the uterine arteries. Movement of the patient when they
go to the obstetric theatre could dislodge the catheters from the
internal iliac and so their position should be checked. The occlu-
sion balloons are inflated immediately after delivery of the baby and
deflated just before skin closure. If haemorrhage occurs emboliza-
tion may be performed in theatre. If it is feasible, with the balloons
inflated, the patient should be transferred to the IR suite for emboli-
sation. Arterial sheaths are usually left in situ for a further 24 hours in
case further embolization is required.
Recent studies have shown that women with placenta accreta who
had occlusion balloons placed before CS had 40% less blood loss
and 52% less volume of blood transfused than women without
occluding balloons (4). However, it is unclear whether the need for
caesarean hysterectomy is reduced and if hysterectomy is under-
taken whether blood loss during this procedure is reduced as there
are several studies reporting conflicting results (5,6,7,8).

Every effort must be made to ensure women at high risk of post-par-
tum haemorrhage are identified before delivery and prophylactic
options are considered. More and larger series of patient outcomes
are required to evaluate how effective prophylactic balloon occlu-
sion +/embolization is in preventing massive blood loss and reduc-
ing the need for caesarian hysterectomy.
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101.3

How to embolize postpartum haemorrhage:
embolics and technique

A.C. Roberts;
Department of Radiology, UCSD Medical Center, Thornton Hospital,
La Jolla, CA, United States of America.

Learning Objectives:

1. To describe logistical challenges of embolization in post partum
haemorrhage

2. To describe the technique of embolization in post partum
haemorrhage

3. To review the embolic materials used for embolization in post
partum haemorrhage

Postpartum hemorrhage remains one of the most common causes

of maternal mortality. It can be categorized into hemorrhage occur-

ring early or late, and has different causes and may be treated differ-

ently. Early postpartum hemorrhage occurs within the first 24 hours

following delivery, and late postpartum hemorrhage occurs more

than 24 hours and less than 6 weeks after delivery.

Early postpartum hemorrhage is more common and is the cause of

more blood loss. It is most frequently caused by uterine atony, but

can also be caused by retained placental fragments, lower geni-

tal tract lacerations, uterine rupture, uterine inversion, or invasive

placenta. Because there tends to be massive blood loss, this type

of hemorrhage needs to be approached with rapidity. Ideally the

patient is referred quickly to interventional radiology prior to the

development of severe hypotension, potential myocardial ischemia,
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and disseminated intravascular coagulopathy.

In most cases the bleeding will be from the uterus, either because of
uterine atony, retained placental fragments, or an invasive placenta.
A low abdominal aortogram is usually performed to evaluate the
vascularity, and then selective and if possible supraselective cathe-
terization is performed to evaluate the branches of the internal iliac
artery. The uterine arteries are usually still large and can be catheter-
ize, usually without the need for microcatheters. In most cases with
placement of a 5 French catheter, a Gelfoam slurry or large Gelfoam
pieces can be administered. A Gelfoam slurry can be produced by
placing cut up pieces of Gelfoam in a 10 ml syringe and attached
to a 3-way stopcock with another syringe containing contrast. The
Gelfoam-contrast solution is passed back-and-forth until the pieces
are broken down into a slurry and then the slurry is injected with
small syringes through the catheter into the artery. This solution
is injected until the artery is occluded. Then the opposite artery is
catheterized and occluded. Gelfoam can also be cut into larger par-
ticles (torpedoes) and injected individually through the catheter
until stasis is achieved. Although coils, PVA, and cyanoacrylate glue
have all been used in postpartum hemorrhage, there is no reason
in most cases to use these materials since just being able to tempo-
rarily slow down the uterine blood flow is the primary requirement
of the embolization. Gelfoam slurry or pledglets have the potential
for recanalization which is ideal in women who may desire future
pregnancies.

In some cases the bleeding may be coming from vaginal or cervi-
cal branches due to lacerations from the delivery. Occasionally deep
lacerations may cause a retroperitoneal hematoma, which can allow
substantial blood loss leading to shock. In these cases catheteriza-
tion of the more proximal uterine artery with embolization with a
Gelfoam slurry can be performed, or a microcatheter may be used
to more selectively embolize the bleeding vessel. Usually Gelfoam
is most appropriate as an embolic, but potentially a small amount of
particulate agent, or a microcoil could be used for the embolization.
If bleeding is occurring because of an invasive placenta, it is possible
that the cervix, vagina, pelvic sidewalls and bladder may be involved
in a placenta percreta. This may require supraselective embolization
or less selective anterior division embolization if there are multiple
bleeding sites.

If a hysterectomy has been performed, then bleeding maybe com-
ing from an uterine artery (potentially a slipped ligature) but maybe
coming from other branches of the internal iliac artery. Uterine
artery supply can also rarely originate from a branch of the dis-
tal external iliac artery, or from the round artery that can originate
from the inferior epigastric artery. In addition, it is possible that in
the course of the postpartum hysterectomy that the ovarian artery
has been damaged or there has been the development of collater-
als from the ovarian artery. Since bleeding from this artery will not
be identified on a pelvic angiogram it is important to have a high
level of suspicion if the patient continues to show evidence of bleed-
ing when no bleeding is identified on the internal iliac injections or
following embolization. Bleeding can occur along the course of the
ovarian artery since it may be caused by retractor injury.

In some cases extravasation of contrast may not be evident.
Extravasation is more common if there is a vaginal or cervical lacera-
tion. Usually embolization is performed at least of the uterine artery
even if bleeding is not identified. In some cases the arteries may be
so small because of vasoconstriction due to hypotension, that it may
not be possible to access the uterine artery and proximal anterior
division embolization may be required. In these cases one should
avoid embolizing the superior gluteal artery since buttock ischemia
has been described as a complication of embolization for postpar-
tum hemorrhage. Both uterine arteries, or anterior divisions should
probably be embolized. If the superior gluteal arises as a very early
branch and it is a risk for embolization, then there could be consider-
ation of placing a proximal coil in the artery to prevent embolization
of the buttock area.

Late postpartum hemorrhage, which by definition occurs more than
24 hours after the delivery, may still be caused by genital lacerations
that manifest late, or retention of products of conception. These can
usually be treated by Gelfoam just as if they were within the early
time period. In addition, the bleeding maybe caused by the devel-
opment of an AV fistula or a pseudoaneurysm that develops in the
myometrium. Embolization in these cases is usually less emergent,
as the bleeding is less. Embolization materials are different in these
cases. The AV fistula may appear more like an AV malformation as it
recruits multiple feeding vessels. In these cases a permanent emboli-
zation material is required. Depending on the flow patterns a partic-
ulate agent is not appropriate because of the arterial venous shunt-
ing. Cyanoacrylate glue or Onyx is a better choice because of the
permanent nature of the embolization, and the ability to penetrate
more distally. Since a pseudoaneurysm is usually more distally in the
uterine artery, it is also usually better treated by glue embolization
which allows the embolization to occur more distally. However, if
the pseudoaneurysm is more proximal it might be embolized with
a coil, again a permanent embolic agent. Both uterine arteries need
to be evaluated in these conditions. It is not unlikely that both uter-
ine arteries might require treatment because of the cross collateral
nature of the blood flow in the uterus.

Recurrence after embolization can occur. In some cases there is
recanalization. In other cases, ovarian collaterals have developed. If
there is a recurrence, the first approach would be to study the inter-
nal iliac branches, but if there is no evidence of bleeding then evalu-
ation of the ovarian arteries needs to be performed.

Complications of embolization can occur but with careful technique
they should be minimized. Ischemic complications that have been
reported include uterine necrosis, vaginal fistula, muscle pain, but-
tock ischemia, neurological damage (primarily sciatica) and perfo-
ration or occlusion of the external iliac artery. Post-procedural fever
can also occur, but this seems to be more likely either a consequence
of endometritis from previous manipulations, or a post-emboliza-
tion syndrome.

101.4

Is embolization always successful? - How to avoid failure

M. Szczerbo-Trojanowska;
Department of Interventional Radiology, Medical University of
Lublin, Lublin, Poland.

Learning Objectives:

1. To review results of embolization in post partum haemorrhage

2. To discuss complications of embolization in post partum haemor-

rhage
3. To understand how to maximise outcome of embolization in post
partum haemorrhage and reduce complications

Pelvic arterial embolization is a reliable and safe procedure for post-
partum haemorrhage (PPH) in haemodynamically stable patients.
Success of the pelvic arterial embolization is defined as an arrest of
a haemorrhage with no subsequent need for surgical or other treat-
ment. The overall embolization success rate in patients with a nor-
mal clotting system ranges between 80% and 100%. The reinterven-
tion rate is reported to be necessary in 5% to 20% of cases and is
usually satisfactory. The factors associated with ineffective emboli-
zation are related to technical aspects, arterial anatomy, course of
haemorrhage, clinical status of the patient and mode of delivery.
Technical failure of arterial embolization is rare. It is mainly due to
unfavourable arterial anatomy, which makes catheterization of uter-
ine arteries impossible. The uterine arteries are often prone to arte-
rial spasm; however, that risk can be avoided using microcatheter
technique. There are other arteries besides pelvic, such as ovarian
arteries, which can contribute to bleeding, therefore examination
should also include an abdominal aortogram. The different causes of
PPH influence the outcome of embolization which is highly effective



in uterine atony, whereas vaginal and cervical tears show a tendency
towards lower success rate. PPH following vaginal delivery is more
readily controlled with embolization than that after caesarean deliv-
ery. This is mainly attributed to different causes of PPH after caesar-
ean and vaginal delivery. Caesarean delivery is rarely complicated by
uterine atony, compared with vaginal delivery. On the other hand,
haemorrhages after caesarean are often due to abnormal placenta-
tion but only indecently after vaginal delivery. In patients with coag-
ulopathy resulting from severe hemorrhage and multiple trans-
fusions, embolization may fail to be effective. Likewise, patients in
shock respond less favourably to embolization. Complication rates
after embolization of pelvic arteries or balloon occlusion of iliac
arteries are low, occurring between 5 and 10%. Most complica-
tions are minor such as groin hematoma, dissection or pseudoaneu-
rysm and are mainly related to arterial puncture. Ischaemic compli-
cations are usually associated with non-target embolization. Single
cases of bowel, uterine, vaginal and bladder wall necrosis have been
reported. Lower extremity ischaemic complications are due to reflux
of embolic material to the external iliac arteries. Delayed complica-
tions are rare and include ovarian failure, infection, buttock numb-
ness. Complications after balloon occlusion of iliac arteries are usu-
ally due to an oversized balloon which can cause intimal damage
and can contribute to thrombosis.
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Special Session
Aorto-iliac disease

102.1

How should we manage stenosis involving the aorta
and the aortic bifurcation?

S. Miiller-Hiilsbeck, M. Preif3, H. Preufs;
Dept. of Radiology, Ev.-Luth. Diakonissenanstalt zu Flensburg,
Flensburg, Germany.

Learning Objectives:
1. To learn about the specific problems of iliac stenoses involving
the aortic bifurcation
2.To learn about the incidence of recurrent stenoses in this location
3. To learn the possible concepts of treating these lesions
Aortic occlusion begins with atherosclerotic disease at and around
the aortic bifurcation. As this process becomes progressive, the aor-
tic stenosis, slow flow, and turbulence promote thrombus formation
that completes the occlusion proximally as far as a significant out-
flow branch, often the inferior mesenteric or renal arteries (1). Thus,
the aortoiliac occlusion is a combination of juxta-bifurcation aortic
wall plaque and organized thrombus. This extensive aortic wall dis-
ease with heavy thrombus burden presents a particularly difficult
challenge for any catheter-based reconstruction and requires both,
high operator skill levels and state-of-the-art endovascular tools.
Therefore, at many institutions the traditional approach to revascu-
larization in aortoiliac disease is still surgical.
Aortobifemoral bypass grafting was established over four decades
ago as the intervention of choice for patients with aortoiliac occlu-
sive disease (2). In patients fit enough to tolerate laparotomy, aorto-
bifemoral bypass is the operation of choice. Patients at greater surgi-
cal risk are candidates for axillofemoral bypass grafting with accept-
able patency rates, a less stressful procedure with a shorter recovery
time (3,4).
The rise of endovascular treatment techniques for revascularization
has resulted in innovative applications of this new technology to
provide less invasive options for this patient population. In 1995 it
was still stated after publishing initial experience with endovascular
graft repair of complex arterial lesions that the obtained results jus-
tifies further use and careful evaluation of this technique for major
arterial reconstruction (5) and some years later first data reporting
primary stent implantation with the kissing balloon technique is safe
and effective for the treatment of aortoiliac obstructions involving
the aortic bifurcation as a true endovascular alternative to surgery
became available (6). Today, there are no differences between the
aortofemoral bypass and aortoiliac stenting groups with respect to
long-term rates of mortality, amputation, or revision procedures (7).
Looking closer to data obtained from endovascular treatment,
which should be nowadays kept in mind as an optional first treat-
ment approach, technical success rates and cumulative patency
rates are encouraging for a successful and lasting revascularization.
Martinez et al published their results of aortic stenting in 24 patients,
6 of whom had total aortic occlusion (8). At 5-year follow-up, they
had a cumulative patency of 100%. Stoeckelhuber et al had a smaller
series with longer follow-up, also demonstrating 100% patency (9).
Either the use of self-expanding stents or balloon-expandable stents
is described.
A recent article comparing outcomes of covered kissing stent place-
ment compared with bare metal stent placement in the treatment
of atherosclerotic occlusive disease at the aortic bifurcation could
prove that the use of covered balloon-expandable kissing stents for
atherosclerotic aortic bifurcation occlusive disease provides superior
patency at 2 years as compared with bare metal balloon-expand-
able stents (10).
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Although there have been previous descriptions of endoprostheses
for the treatment of aortoiliac disease (11,12). Even the reconstruc-
tion of the totally occluded aortoiliac bifurcation in patients suffer-
ing from Leriche syndrome by endoluminal means was shown to
be feasible and safe and associated with excellent mid-term clinical

outcomes (13).

In opposite to the conventional kissing stent technique, T-stenting

may serve as an alternative with small protrusion technique (TAP-

stenting) for stenosed aortoiliac bifurcations with small abdominal
aortas. This technique is described as follows: a large, self-expand-
ing stent was implanted from the lower aorta to one iliac branch, fol-
lowed by deployment of a balloon-expandable stent in the contra-

lateral iliac artery such that its proximal edge protruded a few milli-

metres through the struts of the self-expanding stent into the aorta

[TAP (T And Protrude)-stenting technique] (14).

In case of dissections involving the aortic bifurcation or failures to

get in to the true lumen at the level of the aorta can be handled

today using so-called re-entry devices. The technical success rate is
possible 100%, facilitated by the use of the Outback™ catheter for

accurate wire re-entry (15).

When managing stenoses involving aorta and aortic bifurcation,

repair of the concomitant femoral occlusive disease is often needed

regardless of open or endovascular treatment and infrainguinal dis-
ease negatively affects the durability of the procedure and patient
survival (16). Long-term data after aortoiliac kissing stent procedures
showed in multivariate analysis, age <50 years and presence of iliac
occlusion were identified as risk factors for reduced primary and
assisted primary patency; a crossed configuration of kissing stents
was identified as a risk factor for reduced primary patency (17). Last
but not least, failure of kissing stents in the aortic bifurcation may be
significantly increased by the overlap of the free proximal stent ends

in the distal aorta (18).

Keeping this in mind endovascular management of stenoses involv-

ing aorta and aortic bifurcation is a suitable, less invasive alternative

to aortofemoral bypass surgery for the treatment of aortoiliac occlu-
sive disease. However, one has to keep in mind, these patients suffer

from a high overall mortality due to other cardiovascular causes (19).
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102.2
Should IRs treat TASC C and D lesions?

T. Jahnke;
Diagnostic and Intervenional Radiology, Friedrich-Ebert-
Krankenhaus, Neumuenster, Germany.

Learning Objectives:
1. To learn about the specific features of TASC C and D lesions
2.To learn about the result after endoluminal treatment of TASC C
and D lesions
3. To learn about the surgical results in this type of lesions
Percutaneous interventional treatment of iliac atherosclerotic
obstructions shows favourable results, with most studies report-
ing technical success of >90%, and five-year patency rates ranging
from 54% to >93%. In a review of ~2,000 cases of iliac angioplasty
mean primary patency 5 years after treatment was 72% (1). While
focal disease in the common and external iliac artery responds well
to balloon angioplasty alone, results for treatment of long steno-
ses, tandem lesions, or occlusions are less encouraging (2-5). Long
segmental disease, chronic total occlusions and/or failure of angio-
plasty are widely considered as indications for stent placement in
the iliac arteries. Today in many institutions, however, the thresh-
old for stents is low even for shorter lesions. Clinical data seem to



support this notion, because stenting has shown to improve tech-
nical results without increasing the complication rates. Bosch et
al. reported a 4-year success rate for iliac angioplasty of 44-65%,
increasing to 53-77%, after stent placement (6). While most of the
available studies do not stratify results according to lesion severity,
even older reports have indicated that extensive iliac disease can be
treated effectively by endovascular means. The TASC Il document
from 2007 categorizes iliac lesions according to their complexity,
defines anatomic indications for percutaneous or surgical treatment
and provides treatment recommendations that are based on clini-
cal data available at that time. Briefly, for treatment of TASC A and B
lesions endovascular therapy is recommended, while for TASC C and
D lesions surgery is considered the first option (7). Because the TASC
document is based on older clinical data and does not incorporate
recent advances in recanalization techniques and balloon-/ stent
technology; however, these recommendations seem outdated. With
the availability of dedicated CTO devices (special wires, microdissec-
tion tools, reentry catheters) and stentgrafts, most experienced IRs
do not see limitations for interventional treatment of the majority
of iliac lesions. Newer clinical data support this view: Sixt et al. con-
ducted a retrospective analysis of 375 symptomatic patients who
underwent 438 interventions for aortoiliac arterial obstructions.
Lesions were stratified according to the TASC Il classification: 259
(59%) procedures involved TASC A/B lesions, while 113 (26%) were
for TASC C and 66 (15%) for TASC D lesions. Acute treatment suc-
cess was 100%, 96%, 93%, and 100% for TASC A, B, C, and D lesions,
respectively. The primary 1-year patency rate was 86% for the entire
study cohort. It was similar for all TASC classifications (89%, 86%,
86%, 85% for TASC A to D lesions, respectively). The 5-year event-
free survival (70%) was not significantly better in the TASC A/B
cohort compared to the C/D cohort (57%, p=0.124). Clinical outcome
improved significantly in all TASC subgroups and was maintained up
to 1 year. Stenting was an independent predictor for lower restenosis
rates (p=0.008) (8). In another study with 436 patients, Koizumi et al.
found differences in the initial success rates for Type-B and Type-D
lesions when compared to endovascular treatment of Type-A lesions
(P<0.05). Patency rates at 3, 5 and 10 years were significantly lower
for advanced disease (Type-C/D lesions) when patients were treated
by angioplasty alone. However, patency after stenting did not differ
significantly between Type-C/D and A/B (9).
In the 2007 TASC Il document it is stated that “patient’s comorbid-
ities, fully informed patient preference and the local operator’s
long-term success rates” must be considered when making deci-
sions for iliac artery treatment. Thus, in many institutions consid-
erable experience in treating more advanced iliac artery lesions
has accrued. Recent data in the literature also suggest that success
rates of interventional therapy are independent of the TASC Il clas-
sification scheme. Technological advances in endovascular ther-
apy have allowed excellent results and high safety, and today even
class D lesions can be performed with sustained long-term out-
come. Although differences in durability remain to be determined,
endovascular treatment does not prevent later surgery, which is why
it should be regarded as the first line treatment modality for most
patients with advanced iliac disease.
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Learning Objectives:

1. To learn about the results of the available data in the literature
2.To learn about the role of surgery in these types of lesions

3.To learn about proper patient selection for IR and surgery

The major risk factors for atherosclerosis include age, smoking, dia-
betes, hypertension, hyperlipidaemia, elevated homocysteine, and
raised C-reactive protein. Whilst some of these determine the dis-
tribution of disease the principal determinant is the presence of
low wall shear stress. Atherosclerosis truly limited to the aorto-iliac
region is only present on 5-10% of patients. However, aorto-iliac dis-
ease is a common component of the more frequent widespread dis-
ease pattern and as such plays a major role in the development of
critical limb ischaemia (CLI) as well as claudication.

The decision to intervene always follows the management of the risk
factors as this will delay the development of cardiovascular death,
Ml and stroke. Once as decision to intervene upon aorto-iliac disease
has been taken the reasonable alternatives are conventional surgery
or endovascular therapy.

Bypass surgery

The preferred surgical procedure for aorto-iliac disease is an aorto-
bifemoral bypass graft. The handling characteristics of Dacron make
it the material of choice for the prosthetic in the majority of cases.
The mortality from the procedure is around 4-5% (1-4). Clearly this is
dependent upon the basic health of the patient such that in a young
claudicant the mortality would be expected to be 0-1%. Other pro-
cedural complications are well recognised including haemorrhage
(2%), acute limb ischaemia (1-3%), renal failure (1-8%), intestinal isch-
aemia (2%) and spinal cord ischaemia (0.25%) (1, 4). Overall 16% will
have a systemic complication and local complication from surgery of
6% (2). A recent report reviewed the complications of surgery with
contemporary anaesthetics but in patients who were not treatable
by modern endovascular techniques. There was still a 3.7% mortality
and 34% major complication rate (5).

The long-term patency of the aorto-bifemoral graft is excellent and
remains the gold-standard for vascular intervention. The primary
patency at 5 and 10 years is around 85% and 60%, respectively (1,
3, 4). However, 2 other factors need to be taken into consideration.
There are long-term problems with the aorto-bifemoral graft. 21% of
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long-term survivors will suffer a major complication which includes
re-occlusion, false aneurysm (usually at the femoral anastomosis),
infection and buttock and thigh claudication (6, 7). Many of these
patients (perhaps 30-50%) will have had sexual dysfunction before
surgery, it is estimated that up to 25% will have problems related
to the surgery. In addition, the life expectancy of these patients is
restricted compared to an age-matched control. At 5 and 10 years,
25% and 50% of patients will be dead (1, 4).

Extra-anatomical reconstruction has not found favour because of
limited patency and higher infection rates. However, in sick patients
and those with hostile abdomen there may be no alternative.
Femoro-femoral bypass may be used when there is good inflow to
the contralateral femoral artery. The surgery is fairly well tolerated
with 30-day mortality of around 0-6% (4, 8-10). However, critical
investigation demonstrates that other complications affect recovery
in 22% of patients, in particular graft occlusion, re-operation, bleed-
ing, wound infection, lymph fistula, femoral nerve numbness, penile
swelling, DVT, M|, chest infection and stroke (11). Primary patency
at 1, 3 and 5 years is around 90%, 75% and 70%, respectively (8-10).
Graft infection remains a persistent concern occurring in around 6%
of patients. Most patients will be treated for CLI and in this group
40% will be dead at 5yrs.

The donor iliac system frequently has significant disease. Whilst
there is some debate as to whether donor iliac endovascular inter-
vention affects patency of the graft, it is likely that if the disease is
short segment (less than 5cm) then angioplasty probably does not
affect outcome. However, where there is more lengthy disease then
patency is expected to be reduced (12).

Axillo-bifemoral procedures are generally performed when noth-
ing else is possible. Most patients will have been treated for CLI or
infected intra-abdominal grafts. The 30-day mortality is reported as
2-18% with a 3-year patency of between 40 and 70% (10).
Endovascular intervention

From the early days of Interventional Radiology endovascular inter-
vention upon the aorta and iliac arteries has been recognised as an
attractive alternative to surgical intervention. Endovascular inter-
vention is safe and the majority of patients can be treated as a day
case. The BIAS registry reviewed 4295 cases of iliac intervention and
demonstrated that in the UK the overall procedural mortality is 2%,
but only 0.2% in claudicants. Other complications were rare includ-
ing distal embolisation (0.5-0.8%), groin haematoma (1.2%) and un-
planned surgery (0.7%). There were only 2 iliac artery ruptures (13).
Infra-renal aortic stenosis is uncommon and tends to occur in over-
weight heavy smoking short women. For a long time this has been
treated with angioplasty or stent placement but, because the lesions
are uncommon, the number of reported cases is small. Patency is
high; 70-90% at 4 years (14).

Simple angioplasty for short iliac stenoses is a simple procedure
with almost 100% technical success. The long-term patency at 1,
3 and 5 years is 75-95%, 60-90% and 60-80%, respectively (15-19).
Whilst there are no randomised data to show that stents confer ben-
efit over simple angioplasty when treating stenoses, a meta-analysis
did show that stents improve the technical success rate, have a sim-
ilar complication rate (also demonstrated by the BIAS registry) and
have a 39% reduction in the risk of long-term failure (20).

Bilateral common iliac stenoses cause concern regarding the use of
kissing balloon angioplasty or kissing stents. The incidence of pro-
lapse of the atheroma from one iliac artery to another is actually
very low but since both sides would probably require treatment
anyway a kissing technique is probably required. Since there are no
good data to show benefit of stents over simple angioplasty it is this
author’s preference to use kissing angioplasty. However, if kissing
stents are to be used then the long-term data are also excellent with
patencies at 1, 3 and 5 years of around 76-97%, 58-86% and 63-82%
(21).

The Dutch lliac Stent Trial is worthy of mention (22). Patients with
claudication and predominantly iliac stenoses were randomised to

either primary stent placement or angioplasty and subsequent stent
placement if there was a residual gradient. Neither arm had clinical
benefit but selective stenting was cheaper. The trial was based upon
the premise that a residual gradient produces a worse long-term
outcome and requires placement of a stent. Unfortunately there are
no data to confirm that premise and therefore this was largely a trial
of stent versus PTA.
Until stents became routinely available iliac occlusions were treated
by simple angioplasty. Two large series show similar clinical and
patency outcomes as when treating occlusions but there was a
high rate of distal embolisation. When stents suitable for iliac arter-
ies were developed they became routine use in occlusions with the
hope of scaffolding back the bulk of disease and improving patency.
There were, however, no good supportive data. Non-randomised
data show a primary success of 92-97% and primary patency at 2
and 5 years of 75-87% and 75-65% (23-25). A number of factors have
been demonstrated to adversely affect long-term patency, in par-
ticular CLI rather than claudication, external iliac occlusions, and
female sex (20, 23, 24, 26-29). Since external iliacs are small and
women have smaller arteries than men | suspect that the outcome
is principally affected by the clinical presentation and size of artery
treated.

The results of the STAG trial were released at CIRSE 2010. This trial

randomised patients with iliac occlusions to either primary stent or

angioplasty with stent placement only if there was no flow following
deflation of the balloon. The study showed;

1. higher major complication rate following angioplasty alone, largely

due to distal embolisation,

2. better long-term patency following stent placement (93% at 2 years),

3. the same clinical outcomes.

Because of the efficacy and safety of using endovascular tech-

niques to manage simple disease (TASC A and B) practitioners have

extended the range to include very complex disease (TASC C and

D) (30). A recent systematic review has demonstrated that even in

extreme disease the mortality ranges from 0 to 6.7% and the pri-

mary patency at 4 and 5 years are reported as 60 to 86% (31).

Despite the reduced patency rates compared to aorto-bifemo-

ral grafts in complex patterns of disease endovascular intervention

remains popular because;

1. Patency rates remain acceptable.

2. The procedural and long term complications are markedly reduced

compared to open surgery.

3. Treatment can generally be done as a day case.

Recommendations

1. In general, patients with peripheral arterial disease are frail and

carry a high co-morbidity. It makes sense therefore to treat patients,

where possible, using endovascular techniques since these have a

low procedural complication rate and acceptable patency rate when

compared to open surgery.

2. Stents should be routinely used in iliac and aortic occlusions.

3. An aorto-bifemoral graft should be at least considered in the rel-

atively young and healthy with a disease pattern that is difficult to

manage with endovascular techniques, e.g. aortic occlusion, bilat-
eral iliac occlusions, women with small arteries and diffuse disease.

4. Extra-anatomic surgery should be restricted to critical limb isch-

aemia when other treatment options have been exhausted.
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Learning Objectives:
1. To learn about the incidence of iliac aneurysms
2.To learn about the indication for treatment
3.To learn the technical aspects of treatment, results and most
important complications
Although isolated iliac artery aneurysms (IAA) are relatively uncom-
mon, comprising less than 2% of all aneurysmal disease, they are
associated with significant risk of rupture and death. The incidence
of this disease in the general population is believed to be about
0.03% (1). IAAs typically found in elderly men. An IAA is present if
the common iliac artery measures >1.85 cm for a man and >1.5 cm
for a woman (2). The vast majority (>70%) of isolated IAAs primar-
ily involve the common ilic artery (CIA). Approximately 20% of aneu-
rysms principally affect the internal iliac artery (IlA). For reasons not
clearly understood, external iliac artery (EIA) aneurysms are exceed-
ingly rare (1).
lliac aneurysms may occur in multiple locations and on either side.
Approximately two thirds of IAAs reportedly involve two or more
segments of the iliac arterial pedicle, and in one-third of these cases,
occur bilaterally. The vast majority of iliac artery aneurysms result
from degenerative atherosclerosis. Other less common causes of
IAAs include vasculitis like Behget's disease, infection, trauma, iatro-
genic injury, collagen vascular disease, and fibromuscular dysplasia.
Clinical presentation depends on the etiology, size and location of
the IAA. Most |AAs are asymptomatic and diagnosed at the time of
imaging for a different indication. Symptoms, when present, result
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from compression or erosion of surrounding structures and rupture.
Unlike the well-documented progression of aortic aneurysms, there
are no large-scale prospective studies that have investigated the
natural history of IAAs. In the most comprehensive retrospective
review of the natural history of IAAs, expansion rates were found
to be slow for IAAs smaller than 3 cm (0.11 mm/year) and signifi-
cantly greater and similar to the rate of expansion for AAA in that
size range for IAAs 3 to 5 cm (26 mm/year) (1). The average size of
the aneurysms at the time of discovery is 5 to 6 cm (1). As with aortic
aneurysms, size appears to be the most important rupture determi-
nant. In large series, the average size of ruptured IAA has been esti-
mated to be 5.6 cm (3). Mortality from emergent repair for rupture
in reports from the last 20 years is approximately 28%; ranging from
0% to 60%. In the same series, mortality for elective repair is approx-
imately 5%: ranging from 0% to 50% (1). Based on the available data
on the natural history of IAAs, aneurysms that are 3 to 3.5 cm should
be carefully followed with ultrasound or computerized tomographic
(CT) scanning at 6-month intervals, whereas elective repair should
be considered for IAAs 3.5 cm or larger. Symptomatic IAAs and those
larger than 5 cm should be expeditiously repaired (1).

Diagnosing isolated iliac artery aneurysms can be difficult.
Frequently, the physical examination is unrevealing. Occasionally,
abdominal and pelvic X-rays will reveal the calcified wall of an
aneurysm in the lower abdomen. Abdominal and pelvic ultraso-
nography is an excellent non-invasive imaging modality to dem-
onstrate iliac artery aneurysmal disease. The clinical utility of ultra-
sound is decreased in the presence of overlying bowel gas or iliac
arteries located deep in the pelvis. Computed tomography angiog-
raphy (CTA) and digital subtraction angiography are used widely to
establishing the diagnosis and anatomical extent of the iliac artery
aneurysms.

Open surgery has represented the traditional therapy for iliac aneu-
rysms. An aorto-bi-iliac or aorto-bi-femoral interposition graft may
be performed to treat patients with bilateral common iliac aneu-
rysms. Operative treatment of patients with an isolated internal iliac
artery aneurysm may consist of proximal ligation only, proximal plus
distal ligation, aneurysmectomy with graft interposition, or endoan-
eurysmorrhaphy (2).

Endovascular repair of common iliac artery aneurysms has become
increasingly popular and has been shown to be safe and durable at
mid-term follow-up. Endovascular repair typically involves a combi-
nation of branch vessel coil embolization and aneurysm exclusion
using a stent graft.

Before endovascular repair, a CTA of the aortoiliac vessels is obtained
to measure the length of the proximal and distal neck, aneurysm
size, degree of iliac artery tortuosity, and to determine the patency
of the hypogastric arteries.

The specifics of the procedure are adapted based on anatomical
considerations of aneurysm location and maintenance of adequate
pelvic blood flow. Sakamoto et al. and Fahrni et al. each have pro-
posed a working classification that combines anatomical character-
istics and endovascular treatment options (4,5). For example, a com-
mon iliac artery aneurysm <2 cm from the aortic bifurcation (Fahrni
Type Ib; Sakamoto Type IV) may be treated with a bifurcated stent
graft or a combination of stent graft extending from aorta to non-
aneurysmal iliac artery, coil embolization of the contralateral hypo-
gastric artery, ligation of the contralateral external iliac artery, and
a femoro-femoral crossover graft to preserve pelvic blood flow. In
contrast, for unilateral common iliac artery aneurysm involving the
hypogastric artery that has an adequate proximal neck (Fahrni Type
la; Sakamoto Type lll), the ipsilateral hypogastric is coil embolized
and a stent graft deployed in the ipsilateral common and external
iliac artery (2).

The reported technical success for elective interventional repair is
100%. Primary patency rates at 2 years vary from 81 to 95% and at
3 years from 86 to 97.5% (6). Reintervention for endoleak and graft/
kinking occlusion varies from 0 to 26% (6).

Elective interventional treatment of asymptomatic IAAs is associated

with an overall 0-5.5% mortality rate (6). The overall incidence of

perioperative and delayed complications varies from 12 to 20%. The
most common complication is buttock claudication, which resolves
with time.

In conclusion isolated IAAs, while uncommon, require treatment

when the aneurysm measures >3.5cm. Imaging with CTA is essen-

tial to determine the extent of disease and treatment planning.

Endovascular treatment has evolved as the first choice treatment

option with good mid-term results, for the patients with suitable

anatomy.
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Learning Objectives:

1. To describe state-of-the-art techniques for liver tumour imaging

2.To discuss staging protocols

3. To analyse the results of the different modalities in detection,
characterization and staging of HCC

Hepatocarcinoma represents the fifth most common cancer in the

world and the third most common cause of cancer-related mor-

tality. Its incidence is higher in the developing countries and its ris-

ing in Europe and United States equal that observed in Japan is

expected in 20 years.

Cirrhosis is the main risk factor, and is clearly associated with hepati-

tis B virus chronic infection in Asia and Africa and hepatitis virus C in

Western countries.

More recently, the metabolic NASH (non-alcoholic steato-hepa-

titis) related to diabetes and obesity has been considered to be an

increasing risk factor for HCC in developed countries.

In the last three decades, surveillance programs and improvement

in diagnosis have enabled clinicians to identify tumours at early

stage when effective treatment is available and improvement in sur-

vival can be reached.

Early HCC was defined as tumours less than 3 cm . EASL and AASLD

established that nodules larger than 2 cm which are hypervascular

on any imaging method may be regarded as HCC and if two imaging

techniques show hypervascularity in nodules between 1 and 2 cm it

is also regarded as HCC.

But some nodules larger than 2 cm are not hypervascular and 10

percent of HCC are iso- or hypovascular. Otherwise some hypervas-

cular nodules larger than 1 ¢cm are not HCC. So recent studies have



used sequential imaging and biopsy of indeterminate small nodules
to show that a substantial proportion of HCCs of fewer than 2 cm are
missed when EASL criteria are applied.
Which technique for early HCC diagnosis?
US is less sensitive than CT and MRI, although there is some evi-
dence that combining CT and US increases sensitivity.
Gd-enhanced MRI is superior to either CT as US. In addition to tech-
niques relying on the parameter of arterial hypervascularity, other
indicator of functional assessment using intracellular contrast
agents in MRI (EOB-DTPA) was added. Some recent studies recom-
mend to change the main diagnostic modality for HCC smaller than
2 cm from CT arterioportal angiography (considered as a standard)
to CEUS and Gd-EOB-DTPA MRI with combined sensitivity as high as
94%.
HCC is two diseases in one, tumour and cirrhosis in most instances,
so extent in underlying liver disease should be carried out.
Child-Pugh system is traditionally used but it considers only cirrhosis.
Different staging systems have been developed to combine cancer-
related parameters and the extent of cirrhosis: Cancer of the Liver
Italian Program index (CLIP) used in Western countries or Chinese
University Prognosis index in East Asian countries. The main lim-
its of these systems are the lack of reproducibility in different eth-
nic populations and the lack of correlation with the treatment strat-
egies available. The Barcelona Clinic Liver Cancer (BCLC) staging sys-
tem published in 1999 by Llovet stratifies patients affected by HCC
according to the extent of disease, performance status and underly-
ing cirrhosis assessed by Child-Pugh score. So different stages (early,
intermediate, advanced or terminal stages) are defined for which an
appropriate treatment can be administered.
In conclusion, the topic of this lecture is 1) to review and summarize
the state of the art imaging techniques used for detection of small
HCC and 2) to indicate and explain the actual staging principles of
this disease according to most popular staging method and espe-
cially BCLC staging which permits to stratify patients according to
the best actual treatment.
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Segmental transcatheter approach to the early tumour
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Learning Objectives:

1. To present options of intra-arterial transcatheter therapy for early
HCC

2. To discuss results of intra-arterial therapy in the early HCC

3. To understand the role of intra-arterial transcatheter therapy with
respect to other surgical and ablative therapies

Early stage HCC can be curably treated or well controlled with

local therapies like radiofrequency ablation (RFA) and transcathe-

ter intra-arterial therapy. As the transcatheter intra-arterial therapy,

both transcatheter arterial chemo-embolization (TACE) and hepatic

arterial infusion chemotherapy (HAIC) are options can be selected.

However, for the treatment of early stage HCC, the superselective

TACE using a microcatheter system is the best way because of its

stronger power to small lesions comparing with HAIC.

For good TACE, “The complete embolization of the entire tumor”

must be needed. To achieve “The complete embolization of the

entire tumor”, techniques and knowledge as follows are needed.

The first is to confirm the main feeding artery of the tumor. For this,

we should limit the potential feeding arteries from angiogram via

proximal side with stepwise manner. Immediate insertion of micro-
catheter system into a small artery without confirmation should be
avoided. Also, angio-CT helps easing and smoothing the procedure.
The second is to recognize that arterial blood to the tumor is never
supplied via single artery. If the blood supply from the main feed-
ing artery is stopped, the tumor must receive arterial blood via other
small arteries. So, we should know the tumor is floating on the vas-
cular network. This phenomenon occurs easily in hepatic segments
border and bare area. Because of this, right sized embolic materials
reaching intra-tumor vessels should be infused slowly to avoid mak-
ing bigger cluster in proximal site before tumor vessels. Also, we
should avoid the arterial occlusion or spasm caused by the inserted
catheter.
When the superselective catheterization is impossible, there is
another way to perform the superselective embolization. If arte-
rial branches except the target artery are embolized with tempo-
rary embolic materials, we can infuse the embolic materials only into
the target artery. For this, the gelatin sponge block adjusted for the
proximal size of vessel should be used to avoid the peripheral embo-
lization of the non-tumorous part. A permanent embolic material-
like steel coils should not be used, because there is some possibility
of artery to start feeding blood to the tumor in the future.
Confirming “The complete embolization of the entire tumor” just
after TACE is another important issue to get the good outcome. For
this, volume image like CT is more useful than DSA image. On CT, we
must check any defect of lipiodol accumulation or contrast media in
the tumor. With defects, the TACE is incomplete, then, we must seek
other feeding arteries. The accumulation of lipiodol in the portal
vein branches around the tumor means lower recurrence rates than
its absence. Also, we should know the importance of not only com-
plete embolization via the arterial side but also the complete block-
age of blood supply to the tumor, because the tumor sometimes
survives with blood supply via the portal vein when arterial supply
is stopped.

Reported CR ratio of definitely hypervascular HCC are around

30-60% by superselective TACE with lipiodol for hypervascular HCC

less than 5 cm. According to a nationwide survey by the Liver Cancer

Study Group of Japan (LCSGJ), overall 5-year survival rate was 26%

in patients with HCCs not indicated for surgery or RFA. From these

data, we should recognize that hypervascular early stage HCC is the
good candidate for superselective TACE, but non-hypervascular HCC
is not good candidate for this treatment option.

With respect to other surgical and ablative therapies, the impor-

tant point is that RFA and superselective TACE easily can be repeated

because of their limited invasiveness. Therefore, RFA and TACE are
good candidates for patients with potential to occur multiple lesions
after local treatment. The selection of RFA and superselective TACE
should be decided based on the tumor vascularity, location and size.

When hypervascular HCC locates in difficult places for percutaneous

RFA, TACE is the most suitable option.

In summary, the indication of superselective TACE should be

decided by tumor vascularity and the difficulty of percutaneous RFA.

The most important technical point to perform superselective TACE

for early stage HCC is understanding of the feature of blood supply

to the tumor and the arterial network of the liver, using adequate
techniques and the confirmation of our procedure completion.
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How to ablate - current options
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Learning Objectives:

1. To describe techniques and devices used in ablation of HCC

2. To discuss results and limitations of ablation in the treatment of
HCC

3. To understand the role of ablation with respect to surgical treat-
ments in HCC

No abstract available.
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Update on recent trials
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Learning Objectives:
1. To discuss design of recent multicenter clinical trials on HCC
2. To present results of recent trials on HCC
3. To understand the role of new therapies or combination of
therapies in the management of HCC
The term “image-guided tumor ablation” is defined as the direct
application of chemical or thermal therapies to a specific focal
tumor (or tumors) in an attempt to achieve eradication or substantial
tumor destruction. Although tumor ablation procedures can be per-
formed at laparoscopy or surgery, most procedures aimed at treat-
ing HCC are performed with a percutaneous approach. Hence, sev-
eral authors refer to these procedures as “percutaneous therapies”.
The concept of image guidance is stressed in the title to highlight
that image guidance is critical to the success of these therapies.
Over the past 25 years, several methods for chemical or thermal
tumor destruction have been developed and clinically tested. More
recently, new options that use novel, non-chemical non-thermal
ablative techniques have started clinical investigation. The seminal
technique used for chemical ablation of HCC has been percutane-
ous ethanol injection (PEI). RFA has been the most widely assessed
alternative to PEI for local ablation of HCC. Five randomized con-
trolled trials (RCTs) have compared RFA versus PEIl for the treatment
of early-stage HCC. These investigations consistently showed that
RFA has higher anticancer effect than PEl, leading to a better local
control of the disease. However, even in small tumors, the ability of
RFA to achieve a complete tumour eradication appears to be depen-
dent on tumor location. Histological studies performed in liver spec-
imens of patients who underwent RFA as bridge treatment to trans-
plantation showed that the presence of large (3 mm or more) abut-
ting vessels result in a drop of the rate of complete tumor necrosis to
less than 50%, because of the heat loss due to perfusion-mediated
tissue cooling within the area to be ablated. MWA is emerging as a
valuable alternative to RFA for thermal ablation of HCC. However,
only one RCT has compared the effectiveness of MWA with that of
RFA so far. It has to be pointed out, however, that MWA technology

has evolved significantly since the publication of this trial. Newer
devices seem to overcome the limitation of the small volume of
coagulation that was obtained with a single probe insertion in early
experiences. To date, few data are available concerning the clinical
efficacy of laser ablation, as the treatment has been adopted by few
centers worldwide. In particular, no RCTs to compare laser ablation
with any other treatment have been published thus far. Cryoablation
also had limited application in HCC. There are currently no RCTs that
support the use of hepatic cryoablation for HCC treatment. New,
non-chemical non-thermal image-guided ablation techniques are
currently undergoing clinical investigation. These include irrevers-
ible electroporation (IRE) and light-activated drug therapy. These
techniques promise to overcome some of the limitations of chemi-
cal and thermal-based techniques in the treatment of HCC. IRE is a
method to induce irreversible disruption of cell membrane integrity
resulting in cell death without the need for additional pharmacolog-
ical injury. IRE is administered under general anesthesia with admin-
istration of atracurium, cis-atracurium, pancuronium or an equiv-
alent neuromuscular blocking agent to prevent undesirable mus-
cle contraction. IRE creates a sharp boundary between the treated
and untreated area in vivo. This would suggest that IRE has the abil-
ity to sharply delineate the treatment area from the non-treated,
and that treatment planning can be precisely performed according
to mathematical predictions. In addition, IRE can effectively create
tissue death in micro- to millisecond ranges of treatment time com-
pared to thermal ablation techniques, which require at least 20 min-
utes to hours. Moreover, because IRE is a non-thermal technique,
there appears to be complete ablation to the margin of blood ves-
sels without compromising the functionality of the blood vessels.
Therefore, issues associated with perfusion-mediated tissue cool-
ing or heating (a significant challenge with thermal methods) are
not relevant. Preclinical investigation focused on HCC has shown
promising results. Light-activated drug therapy uses light-emitting
diodes to activate talaporfin sodium, a small drug molecule which
is synthesized from a chlorophyll derivative. Talaporfin sodium has
the capacity to concentrate in tumors when administered intrave-
nously. It is then activated by a thin light emitting activator which
is percutaneously inserted intratumorally under imaging guidance.
The drug is capable of absorbing long wavelength light resulting in
singlet oxygen that causes apoptotic cell death through oxidation
and permanent tumor blood vessel closure. Experimental studies
suggest that singlet oxygen causes the destruction of all cells within
the kill zone. Potential advantages of light-activated drug therapy
with talaporfin sodium include the accurate prediction of the size of
the kill zone by illumination time and fluence, the independency of
treatment effect from tumor histotype and tumor location and the
ability to treat large or multiple tumors in a single session requiring
only mild sedation.
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Occupational radiation protection in IR: joint guidelines
of CIRSE and SIR

E. Vano;
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Complutense University, Madrid, Spain.

Learning Objectives:
1. To understand the importance of radiation dose management in
interventional radiology



2.To learn how to measure radiation during procedures, to
categorise them according to radiation dose
3.To be able to execute common procedures that constitute good
radiation management and to advise support staff on how they
can limit exposure to patients and to themselves
CIRSE and SIR published in 2010, a Joint Guideline on Occupational
Radiation Protection in Interventional Radiology [1]. Prior to its
publication, the CIRSE Executive Committee and the SIR Executive
Council endorsed the document.
The benefits of interventional radiology to patients are extensive
and beyond dispute, but many of these procedures also have the
potential to produce patient radiation doses high enough to cause
radiation effects and occupational doses to interventional radiolo-
gists high enough to cause concern. The guideline on occupational
radiation protection (RP) is a complement to the existing on patient
radiation management [2] and it is intended to help minimize occu-
pational radiation dose. The radiation dose received by interven-
tional radiologists can vary by more than an order of magnitude for
the same type of procedure and for similar patient dose. Recently,
there has been particular concern regarding occupational dose to
the lens of the eye in interventionalists [3].
Occupational RP is especially important for image-guided medical
procedures and requires both the appropriate education and train-
ing for the interventional radiologist and the availability of appro-
priate protection tools and equipment. Occupational RP are neces-
sary for all individuals who work in the interventional fluoroscopy
suite. This includes not only technologists and nurses, who spend
a substantial amount of time in a radiation environment, but also
anesthesiologists.
Measurement of Occupational Exposure
Dose limits to workers are expressed in terms of equivalent dose in
an organ or tissue (HT) for exposure of part of the body and effective
dose (E) for whole-body exposure. The Sl unit for both quantities is
the sievert (Sv). Equivalent dose and effective dose cannot be mea-
sured directly. They must be calculated from other, simpler quanti-
ties that can be measured with personal dosimeters. A typical per-
sonal dosimeter provides two values, Hp(0.07) and Hp(10). These
represent the dose equivalent in soft tissue at 0.07 and 10 mm below
the surface of the body, respectively, at the location of the dosim-
eter. Hp(0.07) from the collar dosimeter worn over protective gar-
ments (apron, thyroid shield) provides a reasonable estimate of the
dose delivered to the surface of the unshielded skin and to the lens
of the eye. Hp(10) from the dosimeter worn on the anterior chest
inside protective garments is assumed to be a good estimate of the
operator’s effective dose. A single under-lead dosimeter does not
provide any information about eye dose.
Uncertainties in Occupational Dosimetry
All formulas used to estimate E from dosimeter readings are based
on certain assumptions about the wearer’s radiation protective gar-
ments. Inaccurate dosimetry results arise from mistakes or omissions
made by those involved in the overall logistical chain of events of
the monitoring program. These include wearing the dosimeter inap-
propriately or in the wrong location on the body and leaving the
dosimeter in a radiation environment. Individuals may also forget
to wear or purposely not wear their dosimeter. These actions result
in an incorrect value for E and make it impossible to determine the
user’s true occupational risk.
Dosimeter Use
Monthly monitor replacement is recommended for operators con-
ducting interventional procedures. The International Commission
on Radiological Protection (ICRP) recommends that interventional
radiology departments develop a policy that staff wear two dosim-
eters, one under the apron and one at collar level above the lead
apron [4]. Hand doses may also be monitored, using an additional
dosimeter. For pregnant workers, fetal dose is usually estimated
using a dosimeter placed on the mother’s abdomen, under her radi-
ation protective garments.

Dose Limits

Dose limits for occupational exposures are expressed in equivalent
doses for deterministic effects in specific tissues and as the effec-
tive dose for stochastic effects throughout the body. The limit for
effective dose is 20 mSv per year, averaged over defined periods of
5 years. For women who may be pregnant, the ICRP recommends
that the additional dose to the embryo/fetus does not exceed about
1 mSv during the pregnancy. The current limit for the annual equiva-
lent dose to the lens of the eye is 150 mSv. This limit is under review
by the ICRP. The annual limit for the hands and feet is 500 mSv.

Risk Estimates

Effective dose (E) is intended to be proportional to the risk of radi-
ation-induced cancer. Interventional radiologists are unavoidably
irradiated in the performance of their duties. However, a busy inter-
ventional radiologist who takes all appropriate radiation safety pre-
cautions is unlikely to have an E exceeding 10 mSv/year and is more
likely to have an E of 2-4 mSv/year.

Personal Dose Records

The information in a personal dose record will vary depending on
the number, type, and location of personal dosimeters used. This
record will contain information on the effective dose E, assessed
from the readings of one or two dosimeters worn on the chest or
abdomen under and/or over the lead apron, and may contain infor-
mation on the equivalent dose to the lens of the eye from the dosim-
eter worn at the collar level over the apron or thyroid collar and
the equivalent dose to the hand from a ring or bracelet dosimeter.
Copies of these dose reports should be sent to each department and
individual at least every year. The facility’s Radiation Safety section
or Medical Physics Service should review the personal dose records
of individual workers regularly. The World Health Organization
(WHO) recommends investigation when monthly exposure reaches
0.5 mSv for effective dose, 5 mSv for dose to the lens of the eye, or
15 mSv to the hands or extremities [5]. When changes to work prac-
tices are implemented, it can be helpful for the individual to wear a
realtime dosimeter to provide frequent feedback of radiation dose
levels.

Radiation Protection Tools

Radiation exposure in the work place mandates the use of protec-
tive tools in order to limit occupational radiation dose to an accept-
able level. There are three types of shielding: architectural shield-
ing, equipment mounted shields, and personal protective devices.
Equipment-mounted shielding includes protective drapes sus-
pended from the table and from the ceiling. Properly placed shields
have been shown to dramatically reduce operator eye dose. Lens
injuries have been reported in both operators and staff when sys-
tems which lack ceiling-suspended shields are used for complex
interventional procedures [6-7]. Personal protective devices include
aprons, thyroid shields, eyewear, and gloves. The vest/skirt config-
uration is preferred by many operators in order to reduce the risk
of musculoskeletal/back injury [8]. Transmission of 70- to 100-kVp
X-rays through 0.5-mm lead is approximately 0.5%-5%. Substantial
operator eye doses can be reached in unfavorable circumstances
(large patient, high-dose fluoroscopy/fluorography, gantry angu-
lation), underscoring the importance of proper protection, particu-
larly for the eyes.

Practical Advice to Reduce or Minimize the Occupational
Radiation Dose

Decreasing patient dose will result in a proportional decrease in
scatter dose to the operator. Therefore, techniques that reduce
patient dose will generally also reduce occupational dose. Some of
the key advices to reduce occupational doses are: Minimize fluo-
roscopy time, review the last-image-hold for study, use fluoroscopy
loop recording to review dynamic processes, use the virtual collima-
tion feature, minimize the number of fluorographic images, use a
stored fluoroscopy loop instead of a fluorographic acquisition if the
image quality is adequate to document the findings, use available
patient dose reduction technologies (low-fluoroscopy-dose-rate
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settings, low frame-rate pulsed fluoroscopy, spectral beam filtra-
tion, etc.), use of good imaging-chain geometry position the patient
support so that the patient is as far as possible from the X-ray tube,
place the image receptor as close as possible to the patient, position
yourself in a low-scatter area, use protective shielding, adjust col-
limator blades tightly to the area of interest, use all available infor-
mation to plan the interventional procedure, use power injectors for
contrast material injections when feasible, and step out of the pro-
cedure room during fluorographic acquisitions (digital subtraction
angiography) and obtain appropriate training in RP.
Management Responsibilities
Management should provide an appropriate level of resources, such
as staff, facilities, and equipment, to ensure that radiation dose is
adequately controlled. Facilities and equipment include, but are not
limited to, shielding, radiation monitoring instruments, and protec-
tive clothing. Quality assurance is an essential component of any
monitoring program. Occupational doses should be analyzed by
each department; high doses and outliers should be investigated.
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Guidelines for patient radiation protection in the angio suite
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Learning Objectives:
1. To review the radiation risk for patients undergoing IR procedures
2.To answer to the radiation risk in patients
3. To learn what technological features are effective at limiting
radiation dose
Interventional radiologists and cardiologists are among the most
intensive users of X-rays in the medical profession. However, some of
them are unaware that they may be exposing patients to relatively
high levels of radiation during interventional procedures. While
staff protection is definitely important, there are more serious issues
of patient protection in interventional procedures using X rays.
Despite being among the most active users of X-rays, many inter-
ventionalists and especially cardiologists have either no training or
inadequate training in radiation protection [1]. When fluoroscopic-
guided interventions began, specialist clinicians such as cardiolo-
gists became increasingly involved in performing such procedures;
however, adequate training in radiological physics and radiation

protection was not implemented. The International Commission on
Radiological Protection (ICRP) states that interventional procedures
are complex and demanding and tend to be operator dependant,
thus it is particularly important that individuals performing the pro-
cedure is both in clinical techniques and knowledge of radiation pro-
tection [2]. In 2009, CIRSE Standards of Practice Committee and SIR
Safety and Health Committee have published “Guidelines for Patient
Radiation Dose Management” [3]. Recently, the American College
of Cardiology/American Heart Association/American College of
Physicians (ACC/ AHA/ACP) Task Force on Clinical Competence and
Training published a report clearly delineating the need for the radi-
ation safety knowledge base for cardiology staff [4]. In compliance
with EC requirements, similar guidelines for specific training in radi-
ation protection were developed in Europe [5]. The International
Atomic Energy Agency (IAEA) has prepared educational material in
the form of electronic presentations entitled “IAEA Training material
on Radiation Protection in Cardiology” which is available for down-
loading at http://rpop.iaea.org/.

Guidelines for patient radiation protection

The basic principles of minimizing radiation exposure to the patient
during interventional procedures include [3, 4, 6, 71:

Minimize beam-on time, both for fluoroscopy and acquisition.
The fluoroscopic beam should be on only when the dynamic infor-
mation from the fluoroscopy image is being actively utilized. Never
irradiate the patient unless the primary operator’s eyes are on the
monitor. The last image hold feature can be used to study many ana-
tomic details without the need for ongoing radiation exposure. The
number of acquisition runs should be held to the minimum consis-
tent with accurate diagnosis and effective conduct of a therapeutic
procedure.

Use optimal beam collimation. Collimation should be used
actively to limit the X-ray beam size to the minimum area needed for
effective procedure conduct. Fluoroscopy with the collimator leaves
wide open delivers unnecessary radiation to both the patient and to
clinical personnel.

Position the X-ray source and image receptor optimally. The
X-ray system should be positioned so that the distance from the
patient to the image detector is minimized. It is usually clinically
desirable to position patient’s area of interest near imaging system's
isocenter. Having patient’s area of interest in the isocenter facili-
tates keeping it at the center of the field despite changes in angu-
lated views, without the need for prolonged fluoroscopy to adjust
patient’s position with each change in angiographic projection.
Another benefit of having the patient positioned correctly straight
on the table is that certain cardiovascular structures can be reliably
found with respect to skeletal and tracheobronchial landmarks with
minimal trial and error or wasted fluoroscopy. Given this constraint,
the distance between the X-ray tube and patient should be practica-
bly maximized (some designs permit the independent control of this
distance, while others do not).

Do not use fluoroscopy to make changes to the patient/table
position or collimators/shields. The patient should be moved first
to the approximate desired location, then fluoroscopy should be
used very briefly to check the position, followed by further patient
adjustment, rather than using fluoroscopy constantly during patient
movement. This is especially important when the patient needs to
be moved by an assistant during the case (e.g., to reposition the
arms in a different fashion). Do not apply fluoroscopy while the assis-
tant is manipulating the patient. Many units have “virtual” mark-
ers that enable the positioning of collimators and partial thickness
shields without the need for fluoroscopy by indicating their location
on the screen. Even in units that do not have virtual markers, the col-
limators should still be moved first and checked for position with
brief fluoroscopy; they should not be positioned during constant flu-
oroscopic visualization.

Use the least degree of image magnification required for accu-
rate interpretation. For X-ray systems that use conventional image



intensifiers, the dose generally increases substantially with increas-
ing magnification. Depending on operating parameters, flat-panel
detector systems may have a smaller dose increment with magni-
fication. The least degree of image magnification that is consistent
with accurate interpretation should be used.
Understand and utilize the X-ray dose-reduction features pro-
vided by the X-ray unit. Employing a sophisticated unit’s dose-
reduction features can substantially reduce dose. Use the slowest
fluoroscopy pulse rate and the lowest fluoroscopy dose rate that will
produce satisfactory images. Use high-dose fluoroscopy only when
the enhanced image quality it provides is absolutely necessary. Use
the slowest acquisition frame rate that is adequate for diagnosis.
Employ beamhardening filters whenever feasible.
Vary the site of the radiation entrance port. During procedures
that require long fluoroscopy times, if clinically feasible, change the
radiographic projection so as to minimize the dose to any particular
portion of entrance port skin.
Record the estimated dose delivered to the patient. Current
X-ray systems provide calculated estimates of entrance port doses.
The dose at the interventional reference point (IRP) is a measure of
deterministic risk. The DAP delivered to a patient during a procedure
is both a measure of stochastic risk and a potential quality indica-
tor. Physicians should be made aware of the exposures they deliver
to their patients and how they compare to established norms. For
older units that do not provide this function, the total fluoroscopy
and acquisition times should be recorded. The purchase of acces-
sory dose monitors should also be considered for such equipment.
Maintain X-ray equipment in good repair and calibration. A
qualified medical physicist should periodically check equipment
calibration (both radiation levels and image quality factors). Patient
input doses for both fluoroscopy and acquisition should be set at
the lowest values that are consistent with satisfactory image quality.
A qualified medical physicist should periodically verify dose and
image quality performance for fluoroscopy and acquisition as part
of the laboratory’s quality assurance program. These settings will
produce images with detectable noise. Operators should recog-
nize that a good image contains a degree of noise and should not
request calibrations that produce completely smooth images. Aging
image intensifiers have reduced light output for a given X-ray input
dose. Thus, an aging image intensifier will automatically require the
X-ray system to deliver an increased dose. Such image intensifiers
should be replaced.
Select X-ray units with sophisticated dose-reduction and mon-
itoring features. The International Electrotechnical Commission
(IEC) has published a standard22 defining the minimum necessary
safety equipment for interventional fluoroscopes. At the time of this
writing, the FDA has proposed adding most of these elements to all
newly manufactured fluoroscopic units. Additional radiation and
other patient or staff safety components may be available. Their use
is encouraged.
Operators should be well-experienced and well-rested. Efficient
minimisation of radiation exposure in invasive cardiology requires
both adequately experienced and well-rested interventionists.
Radiation exposure to patients resulting from PCl is influenced
by fatigue and significantly roses - due to more and longer radio-
graphic runs - after the cardiologists workload amounts to more
than 6 h. As a consequence, elective PCl should be scheduled for the
first 6 h of workload whereas diagnostic interventions may be safely
scheduled later.
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104.3

Paediatric interventions: how to deal with radiation exposure
risk?

G. Bartal;

Medical Imaging and Interventional Radiology, Meir Medical Center,
Kfar Saba, Israel.

Learning Objectives:
1. To evaluate potential risk from radiation exposure in a paediatric
patient
2.To answer to the radiation risk in patients before IR
3.To learn about the different techniques (passive and active) to
reduce the patient’s radiation exposures
Dose management in pediatric population varies depending on the
age of the child. In fact, it is more about the size and is very different
from the dose management in adults. Pediatric interventional radi-
ology specializes in minimally invasive diagnostic or interventional
procedures using imaging guidance, in children. Interventional pro-
cedures in children should be absolutely justified and radiation
exposure in young children must be lower than in adults (1).
Newborns are estimated to be 10 to 40 times more sensitive to radi-
ation than adults. Mortality risk in newborn males is about 0.12% to
0.15% /10 mSv. Females are more vulnerable due to greater breast
and thyroid tissue sensitivity. In addition, because of smaller body
size, a greater portion of a child’s radiosensitive tissues is in close
proximity to the X-ray beam during fluoroscopy-guided interven-
tions (2). Small body size is of some advantage as radiation pene-
trates small children more readily, keeping relatively low dose rates.
The risk of inducing a cancer in a child following prolonged proce-
dure with very long fluoroscopy time (60 minutes) and from an inter-
ventional cardiovascular procedure that delivers 60 min of fluoros-
copy and equal dose from fluorography is very high between 0.1
and 1% reliant on the angiography system dose efficiency.
Variety of image-guided interventional procedures can be per-
formed in children vascular and non-vascular. Vast majority is flu-
oroscopy-guided and some are CT guided. Clearly preprocedural
imaging that does not require use of ionizing radiation, like ultra-
sound or MRI (MRA) should be preferred in all cases.
Good and well controlled sedation or general anesthesia should be
a routine not only regarding the pain and anxiety management but
also the dose management. Well controlled relax patient requires
less fluoroscopy and less retakes during DSA runs. There was no cor-
relation found between fluoroscopy time and measured entrance
dose, but strong correlation between cumulative skin dose and
patient weight (3,4).
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Justification of Fluoroscopy and CT-guided interventions in children

The use of IR procedures in children is likely to expand and become

more complex and time consuming. They should always be individ-

ually justified and accurately planned.

Clinically justified balance between the risk and the benefit is neces-

sary. It is important to have a history of previous procedures. IR has

to determine that the procedure is necessary relying on the natural
history of the disease, and the risks and benefits of other available

therapeutic options (5).

Whenever possible the US guidance should be preferred, especially

in access and various drainage procedures, fluoroscopy should be

kept to a necessary minimum.

Image gently campaign is aimed to change the IR practice by

increasing awareness of the opportunities to lower the radiation

dose in children (6).

Optimization (Passive and Active radiation protection)

We usually divide the radiation protection methods to passive and

active. This terminology can be valid for both patient and staff

protection.

Passive protection is about the available X-Ray system. Each angi-

ography system used for pediatric patients necessitates appropri-

ate settings and dedicated protocols for pediatric acquisitions in flu-
oro and cine/DSA imaging, like “virtual collimation” functionality, an
option to archive fluoro runs in DICOM format and more.

Active radiation protection is based on the passive protection tools

and requires adapting our behavior to the “hostile” environment in

the fluoroscopy room. It obligates comprehensive knowledge and
routine implementation of the basic protection rules and seeking
for the measures to reduce the patient and personnel exposure.

Active protection tools for the personnel include protective drapes

suspended from the table and from the ceiling. Table-suspended

drapes hang from the side of the patient table, between the under-
table X-ray tube and the operator. They should always be employed,
as they have been shown to substantially reduce operator dose.

Pediatric patients like small children generate less scatter than ado-

lescents or adults and consequently less exposure to the staff.

Active patient protection tools

« IR has to select the proper fluoroscopy and acquisition mode.

« Begin with low fluoroscopy mode and not medium or high.

« Select pediatric and not the adult protocol.

« Set the fluoro or DSA runs as short as possible according to the tar-

get pathology.

« Maintain the image intensifier (ll) or the flat detector as close as

possible to the patient.

» Maintain a minimum distance from the X-ray tube focus to the

patient’s skin.

o Critical in biplane systems or in lateral projections.

+ Accurate collimation is extremely important as it significantly

reduces patient exposure and improves image quality.

o Some IR’s might believe that the collimation is performed auto-

matically by the system, which is not the case.

Summary

There is an increased radiation risks for pediatric patients.

Number of pediatric interventional procedures is increasing.
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104.4

Estimation of the radiation risk of diagnostic CT procedures

M. Wucherer;
Institut fir Medizinische Physik, Klinikum Nirnberg, Nirnberg,
Germany.

Learning Objectives:
1. To review the radiation risk for patients undergoing IR procedures
inCT
2. To review the radiation risk for the operator during CT fluoroscopy
3. To compare CT fluoroscopy exposure to 3D cone beam CT
exposure
CT contributes about 50% in industrial countries of the medical radi-
ation exposure. CT enables today a very fast 3D online imaging. The
estimation of radiation risk in medicine has to be combined with the
benefit for the patient. In the case of interventional procedures (IR) a
risk-benefit calculation can be more easily done, but a critical med-
ical indication has to be considered. Dose estimations are based on
the fundamental two dose units for CT — the computed dose index
(CTDIVO|, measured in a PMMA phantom) and the dose length prod-
uct. Both units are representative for an exposure of the PMMA
phantom (diameter 32 cm, body, or 16 cm, head). Using conversion
factors you can estimate local or effective dose, but the values need
further corrections.
The radiation risk for patients undergoing complex IR procedures is
mostly twice. The risk to be damaged by deterministic effects and to
get high statistical risk of receiving radiation-induced tumors. For CT
interventions the normal state is that the dose length product is not
extraordinary high due to the fact of short scan length. The stochas-
tic effects are mostly not the problem. But the repetition of scans at
the same body section can cause high local doses in some cases up
to the range of some Gy. In the next future it will be mandatory that
CT scanner will indicate the accumulated dose during one examina-
tion/procedure. In this way the radiographer or the radiologist will
be primed to exceed tolerance doses.
The high dose rate of a CT can be especially a problem for the fin-
gers of the radiologist during CT fluoroscopy. Depending on the
type of scanner and the scan parameters the dose rate in the x-ray
field of a CT can be in the range of 1 to 15 mSv per minute! If a radi-
ologist has the fingers in the scan area, erythema is possible within
some minutes. The annual dose limits of 500 mSv exceeded within 1
to 2 minutes CT fluoroscopy. This has to be considered in respect of
some dozen examinations per year. Modern CT has possibilities to
blank out the radiation. If the fingers are nearby the x-ray field the
direct radiation and also the scattered radiation can be reduced very
effectively. Radiation protection education, experience to use spac-
ers and the optimal position of the fingers, the dose awareness and
the individual dosimetry are basic skills for optimization radiation
exposure of the radiologist. The necessity, if a radiologist has to stay
in the examination room or if not is in many cases differentially con-
sidered. Ring-dosimeters should be used if CT fluoroscopy is a com-
mon procedure in the radiological department in the same way like
in angiographic examination rooms.
The big difference between CT and digital volume tomography
(DVT) cone beam CT is the examination or scan time. CT x-ray tubes
are rotating in less than 1 second, whereas DVT needs about 10 sec-
onds. So the dose rate is a factor 10 to 100 lower for DVT at the skin
of the patient. The dose for the patient undergoing a DVT examina-
tion can be similar or a little bit higher to CT referred to image qual-
ity. But the possibility to get 3D information, e.g. internal bleedings,



during a fluoroscopic intervention can be a great advantage for the

patient. During a rotation angiography the radiologist should have a

distance to the isocentre of the C-arm of more than 1 m.
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Foundation Course
The role of IR in the trauma unit

201.1

Polytrauma imaging: how to do it and what to look for

P. Vilares Morgado;
Department of Radiology, Hospital S. Jodo - Porto, Porto, Portugal.

Learning Objectives:
1. To review the technique of CTA including contrast and timing
2. To understand what the IR needs to know about the mechanism
of injury
3. To recognise the top 3 killer injuries relevant to the IR - solid
organ, pelvic and aortic
The management of polytrauma patients has become a very rel-
evant issue and one of the major challenges in the western coun-
tries. In the assessment of polytrauma patients, since the last two
decades, radiological imaging tools have been increasingly used
in order to provide a quick and thorough survey of cranial, cere-
bral, cervical, abdominal, pelvic and limb traumatic injuries. Among
imaging modalities, conventional radiographs (CR) have precise and
narrow indications. In many European hospitals, ultrasonography
(US) represents the method of choice for patients referred follow-
ing blunt abdominal trauma, namely in unstable patients, of women
of fertile age and of pediatric patients. Multislice computed tomog-
raphy (MSCT) evolved as a primary investigation tool as it provides
a fully comprehensive assessment of their injuries and allows for
their categorization according to the severity of traumatic injuries.
Following advancements in CT technology, many emergency radiol-
ogy departments are now equipped with multiple row detector CT
scanners that allow for very rapid imaging and increased through-
put of patients referred from the emergency room after polytrauma.
Moreover, in many centers whole-body MSCT exams are becoming
an important tool in the treatment decision algorithm. Availability
and proximity of fully equipped radiological units to the ER, with-
out interfering with scheduled outpatients is mandatory for an ade-
quate imaging and management of traumatized patients. The main
task of the emergency radiologist is to decide which imaging modal-
ity is most appropriate after initial patient presentation. Imaging
algorithms for trauma patients should consider injury prevalence,
radiation dose exposure and costs as relevant factors. CTA algo-
rithm, including time and contrast parameters will be focused. CT
features about the top 3 killer injuries relevant to the IR - solid organ,
pelvic and aortic injuries will be addressed. Improved imaging tech-
nigues and advances in interventional radiology have led to a better
selection of patients who are amenable to nonoperative manage-
ment, namely transcatheter embolization and endovascular repair.

201.2

Thorax and supra-aortic vessels

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

Learning Objectives:

1. To understand the relevant anatomy and mode of injury

2.To review the potential and results for stent graft in large and

medium vessel trauma

3. To review the indications for embolization in smaller vessels using

target vessel occlusion

The reduced physiological insult of interventional radiology (IR)
techniques, along with high rates of bleeding control, has led to
them becoming the treatment of choice for most thoracic and
supra-aortic vessel injuries. Stent-grafts (SG) of 3mm to 46mm are
now widely available to treat vessels ranging from the vertebral
artery to the thoracic aorta and have become the dominant device
for injuries in this territory.
Thoracic aortic injury (TAl) is the leading cause of death within
15 minutes of blunt and penetrating injuries. TAl occurs due to a
complex of compression, horizontal shear and hydrostatic forces.
Untreated the 10-20% pre-hospital survivors have a poor prognosis.
The commonest injury site is at the aortic isthmus distal to the left
subclavian artery but injuries to the aorta at the diaphragmatic hia-
tus should be looked for. A ductus diverticulum has obtuse angles
and is readily distinguished from TAl. Great vessel injures may be
coincident with TAI. Multislice CT has revealed the wide spectrum of
injuries seen including intimal flaps, circumferential out-pouching
(the group at highest risk of rupture), pseudo-coarctation and dis-
section. Not all require intervention. Even when intervention is indi-
cated it should occur after control of other sites of active bleeding
[1]. TAl is a potential site of catastrophic haemorrhage but rarely the
cause of haemodynamic compromise in polytrauma patient. Young
and female patients may have femoral arteries which are too small
for SGs and iliac or abdominal aortic conduits may be necessary.
Injuries to the iliac arteries on removal of SG systems are a signifi-
cant cause of morbidity and mortality. Access for rapid balloon con-
trol must be available in every case. In lower risk TAl intervention can
be delayed until the next working day if interval aggressive blood
pressure control can be achieved this is not suitable for patients with
traumatic brain injury who require augmentation of cerebral perfu-
sion [2].
Smaller vessel injuries include active extravasation, pseudoan-
eurysms, dissection, complete transection with or without active
bleeding, embolisation of metallic fragments and arterio-venous fis-
tulation. The over-riding consideration for most great vessel injuries
is to preserve ante-grade flow to vital structures whilst excluding the
section of injured vessel from the circulation. SGs are the mainstay of
endovascular treatment. Small subclavian branches and pulmonary
arterial injuries can be treated by embolization. Uncovered stents
may be used to treat occlusive dissections. Balloon tamponade may
be used to control bleeding prior to IR or surgical treatment.
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201.3

Abdominal solid organ trauma

C. De Vries, J. Janse van Rensburg;
Dept. of Radiology, Universitas Hospital, Bloemfontein, South Africa.

Learning Objectives:
1. To review the indications and results of embolization in splenic
trauma
2. To review the indications and results of embolization in liver
trauma
3. To review the indications and results of embolization in renal
trauma
The management of abdominal solid organ trauma has changed
over the years, with the majority of these injuries now being man-
aged nonoperatively!, and endovascular embolization employed
as a minimal invasive adjuvant in the nonoperative management
(NOM) of these patients.
Solid organ injuries are routinely graded according to the AAST
criteria.
Embolization in splenic trauma:
Thompson3 proposed additional grading criteria based on CT find-
ings related to major vascular findings associated with splenic inju-
ries. According to Thompson3 three findings correlated with the
need for intervention: (a) devascularization or laceration involv-
ing 50% or more of the splenic parenchyma (AAST Il - V), (b) active
extravasation of intravenous contrast or pseudo aneurysm forma-
tion, and (c) a large haemoperitoneum.
NOM of splenic injuries in the hemodynamic stable patient has
reduced the need for splenectomy?. The AEST report a NOM failure
rate of 4.8% for grade |, 9.5% for grade Il, 19.6% for grade Ill, 33% for
grade IV and 75% for grade V injuries® (without the use of endovas-
cular embolization). With the aid of endovascular intervention the
success rate of NOM could be improved to 80% for grade IV and V
splenic injuries, with a splenic salvage rate of 87%%.
Embolization in liver trauma:
Monnin? suggested a classification, and subsequent management
of patients, according to their hemodynamic status: (1) patients with
unresponsive shock despite aggressive resuscitation underwent sur-
gery without CT imaging, (2) haemorrhagic shocked patients who
improved after high volume resuscitation (>2litre/hour) and (3)
patients who were haemodynamically stable underwent CT scan-
ning prior to further management.
Endovascular embolization was employed if the CT scan demon-
strated active bleeding or where initial surgery failed to control the
bleeding’.
The success rate for arterial embolization in hepatic injuries vary
between 85 and 100%7 8. Embolization is not useful for venous inju-
ries but there are a few case reports of venous reconstruction with
stent grafts.
Embolization in renal trauma:
Kansas® proposed grouping together AAST grade 1 and 2 injuries
as low grade, AAST 3 and 4 nonvascular injuries as intermediate and
group IV with vascular injuries and group 5 as high grade. Isolated
renal injury is rare9 and the degree of haematuria does not corre-
late with the degree of injury10. The low and intermediate group
requires delayed endovascular treatment only if hematuria persists.
In the acute setting bleeding can be controlled with arterial emboli-
zation in 91% of cases'! with an 82% clinical success rate.
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201.4

Pelvic bleeding: who needs treating and how to do it

W. Jaschke;
Universitatsklinik fir Radiologie, Medizinische Universitat,
Innsbruck, Austria.

Learning Objectives:
1. To understand the CT findings in pelvic trauma
2. To discuss the indications and results of embolization and stent
grafts in pelvic trauma
3. To discuss the complications of embolization in pelvic trauma
Traumatic pelvic fractures can result in significant hemorrhage that
can be associated with significant morbidity and mortality. Patients
with pelvic fractures that cause hemodynamic instability have a
mortality rate that exceeds 50% in several series. Thus, hemody-
namic instability indicates a poor prognosis, especially if it persists
for a longer time period. Bleeding from pelvic fractures can be gen-
erated from several sources including arterial and venous injury,
and bleeding from fractured cancellous bone within the pelvis.
Bleeding from fractured bone within the pelvis can be controlled
with prompt stabilization of the fracture, which also can tampon-
ade and control venous bleeding. However, arterial bleeding can-
not be controlled using these measures. Although the risk of sig-
nificant arterial hemorrhage after pelvic fracture is clear, the inci-
dence and predictors for needing therapeutic arterial embolization
remain in debate. Criteria exist for obtaining pelvic arterial angiogra-
phy in patients with severe pelvic fracture based on the presence of
hemodynamic instability or the need for ongoing blood transfusion.
However, early therapy avoiding massive transfusions, prolonged
hemodymamic instability and abdominal compartment syndrome
would be desirable. Contrast-enhanced MSCT during the arterial
and venous phase provides important information allowing early
indication for treatment. Predictors for massive arterial bleedings
are: instable pelvic fracture with pelvic hematoma; contrast extrava-
sation during MSCT in the arterial phase; drop of blood pressure and
hemodynamic instability. Arterial embolization is indicated if arte-
rial contrast extravasationcaused by fractured bone is demonstrated
on CT. In hemodynamically instable patients, treatment has to be



performed on an emergency basis. Transarterial embolization (TAE)
is highly effective (85-100%), repeat embolization to control hemor-
rhage has to be performed in less than 10%. The complication rate
is low (4-8%). Stent grafts are very rarely indicated to control bleed-
ing since most bleedings sites are located in the internal iliac terri-
tory. The common and external iliac artery are very rarely involved
in pelvic trauma. If one of these arteries is lacerated, rapid control
of bleeding by balloon tamponade and secondary repair (stentgraft,
surgery) is frequently indicated.
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Special Session
Renal artery disease

202.1

Indications for renal PTA/stenting after recent trials
O. Pellerin;

Cardiovascular Radiology, Hopital Européen Georges Pompidou,
Paris, France.

Learning Objectives:

1. To overview recent trials for renal revascularization

2. To understand the pathophysiology of renovascular hyper-
tension, ischemic nephropathy and other pathologies associated
with RAS

3. To critically select cases for successful revascularization

No abstract available.

202.2

Technique and outcomes for transplant renal artery stenoses

M.S. Hamady;
Radiology, St Mary's Hospital, London, United Kingdom.

Learning Objectives:

1. To review the incidence and clinical signs of RAS in transplanted
kidney

2. To review the technique and results of angioplasty and stenting

3. To discuss the incidence and management of restenosis

No abstract available.

202.3

Renal angioplasty in children

D.J. Roebuck;
Department of Radiology, Great Ormond Street Hospital, London,
United Kingdom.

Learning Objectives:
1. To explain the basic pathophysiology and incidence of infantile
renovascular disease
2.To describe the technique and materials used for renal inter-
vention in children
3. To overview clinical results
Anatomical considerations in paediatric renovascular
hypertension
Although arterial disease is a relatively unusual cause of raised blood
pressure in children, it is important to recognize because the alter-
native is life-long antihypertensive medication and the gradual
accumulation of complications of either or both of the hypertension
and its treatment. The distribution of disease is different to adults,
with much more involvement of segmental or accessory arteries. It
is currently impossible to exclude these lesions with non-invasive
imaging, and therefore diagnostic angiography (with selective renal
artery injections) remains an important part of the work-up of chil-
dren with hypertension. In addition, a significant number of patients
have midaortic syndrome (MAS) and/or cerebrovascular disease.
Pathogenesis
Atherosclerosis in children is essentially non-existent, but many
known arterial diseases may cause hypertension, including neuro-
fibromatosis type 1 (NF1), Takayasu's arteritis, Williams' syndrome
and post-surgical stenosis (especially in renal allografts) (1). In most
patients, however, no specific histological diagnosis is made. These
children are usually said to have fibromuscular dysplasia (FMD),
although the anatomical distribution and other features are often
quite different to those of FMD in adults.
Other differences between adults and children
There are many other important differences, but most of them are
obvious. Children are by definition immature, and this has many
consequences. Most will require general anaesthesia for angio-
plasty. They have a longer life expectancy, and so have a longer time
in which to develop radiation-induced malignancy. Crucially, the
aims of treatment may be different from that in elderly patients with
a short life expectancy. The inevitability of patient growth means
that surgical options may not be as durable as in adults, and that
angioplasty with the intent of delaying surgery (rather than cure) is
sometimes a good idea.
Indications for renal angioplasty in children
All of these considerations mean that the indications and techniques
for renal angioplasty are somewhat different to those in adults.
Paediatric renal angioplasty is best performed in hospitals where
there is considerable experience in managing children with complex
medical conditions. A wide range of angioplasty balloons and stents
should be available, including covered stents. An experienced sur-
geon should be on stand-by in case emergency surgery is required.
Technique for renal angioplasty
Nearly all procedures can be performed from a femoral approach.
Careful angiography is essential, to show the abdominal aorta and
its other branches, including selective angiography of all renal arter-
ies in at least two projections.
There are three main technical options for angioplasty. A single long
4-French sheath is appropriate in some cases, especially in small
children, where adequate post-angioplasty aortography can often
be performed through the sheath or a small catheter introduced
through the sheath alongside the guidewire (2, 3). Where this is not
possible a pigtail catheter can be advanced to the abdominal aorta
after a contralateral femoral puncture (the “2-sheath” technique). In
larger children, a 6-French sheath and guiding catheter (2) or a long
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5-French sheath may be used (3). This makes renal angioplasty much
easier. Puncture site complications are extremely rare in children,
but in certain unusual circumstances (for example, post-angioplasty
treatment with both anticoagulation and antiplatelet agents) we
have used closure devices. The 6-French Angioseal (St. Jude Medical,
Minnetonka, MN) can be used in arteries as small as 4 mm (4). The
diameter of the femoral artery should be measured at the time of
arterial access if the use of a closure device is anticipated.
Axillary access is rarely required (5). In our practice we electively
adopt this approach when the angle of origin of the renal artery is
particularly acute, especially in patients with MAS.
We increasingly use coronary angioplasty balloons (with 0.014-inch
guidewires), which are available in all relevant sizes. A wireless pres-
sure-measuring guidewire (Aeris, RADI, Sweden) is particularly use-
ful in children. Cutting balloons may be used if conventional bal-
loons fail to dilate a tight stenosis (6).
Indications for stenting
We avoid stenting wherever possible, especially in small children,
because small stents are particularly likely to develop neointimal
hyperplasia. There are certain clear indications: irrecoverable arte-
rial occlusion or near-occlusion (for example post-angioplasty dis-
section or re-thrombosis following successful recanalization of a
complete occlusion), or persistent extravasation requiring a covered
stent. We do not recommend stenting for recoil following angio-
plasty, unless there is a flow-limiting dissection, because the rela-
tionship between angiographic appearances and clinical response is
unpredictable in children. Early recurrence following apparently suc-
cessful angioplasty is probably an indication for repeat angioplasty
rather than stenting, at least in the first instance. Stenting may also
be considered for kinked transplant renal arteries with a significant
pressure gradient.

Results of renal artery intervention

The published results of renal angioplasty are very variable, prob-

ably reflecting different referral patterns and patient selection.

In general, most patients will have a useful improvement in blood

pressure control. Angioplasty may be repeated if the first proce-

dure is unsuccessful or if hypertension returns after an interval. Even
if endovascular treatment eventually fails, postponing definitive

surgery until the child is as close as possible to adult size may be a

worthwhile goal in itself.

References:

1. Tullus K, Brennan E, Hamilton G, et al. Renovascular hypertension
in children. Lancet 2008;371:1453-1463.

2. McLaren CA, Roebuck DJ. Interventional radiology for reno-
vascular hypertension in children. Tech Vasc Interv Radiol
2003;6:150-157.

3. Marshalleck F. Pediatric arterial interventions. Tech Vasc Interv
Radiol 2010;13:238-243.

4. Roebuck DJ, McLaren CA, Brew S. Preliminary experience with
arterial closure devices in children [abstract]. Pediatr Radiol
2009;39:5280.

5. Roebuck DJ, Vendhan K, Barnacle AM, Brew S, McLaren CA.
Ultrasound-guided transaxillary access for diagnostic and
interventional arteriography in children. J Vasc Interv Radiol
2010;21:842-847.

6. Towbin RB, Pelchovitz DJ, Cahill AM, et al. Cutting balloon angio-
plasty in children with resistant renal artery stenosis. J Vasc
Interv Radiol 2007;18:663-669.

202.4

How to manage non-atheromatous renal artery stenosis

M.J. Lee;
Department of Radiology, Beaumont Hospital, Dublin, Ireland.

Learning Objectives:

1. To describe the indications, techniques and devices for non-ather-
omatous renal artery stenosis

2. To describe follow-up and main complications for non-athero-
matous renal artery stenosis

3. To discuss, with clinical cases, tips and tricks in non-atheromatous
renal artery stenosis
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Special Session
Intermediate-advanced HCC

203.1

Current approaches in TACE in HCC

J.B. Karani;
Dept. of Radiology, Kings College Hospital, London, United
Kingdom.

Learning Objectives:
1. To define techniques used for TACE in HCC
2. To discuss indications and contraindications of TACE in HCC
3. To analyse the results of trials on TACE with respect to other
therapies
Chemoembolisation is the standard of care in the treatment par-
adigm of the majority of patients presenting with hepatocellular
carcinoma. Meta analysis of the early studies of chemoembolisa-
tion, even from a literature limited by a variance in technique and
patient selection, has confirmed a survival benefit. However, the last
five to ten years have allowed hepatologists, surgeons and interven-
tional radiologists to understand more clearly its importance in dif-
fering and defined classes of patients. Its value is established as a
bridge in the treatment pathway of potential transplant candidates
and those listed for transplantation in an era of limited organ avail-
ability. Furthermore, there is increasing recognition of how it may
potentially downstage tumours to allow curative liver resection and
may be used in conjunction with ablation techniques and biological
agents with curative intent.
It is one of the interventional oncological treatments where patient
selection is perhaps more important than the technique. The vast
majority of these tumours arise in the presence of cirrhosis where
the histological cascade that results in the development of hepato-
cellular carcinoma and field change disease is well described. The
imaging characteristics of transformation to hepatocellular dem-
onstrated on computed tomography or magnetic resonance imag-
ing of enhanced arterialisation with portal venous washout can be
exploited by any embolisation technique. The aims of chemoem-
bolisation are to achieve complete tumour necrosis by embolisation
but at the same time to deliver a high concentration of a chemother-
apeutic agent to the tumour. Embolisation results in reduced intra-
tumoural flow obstructing arterial and portal venous flow through
the peribiliary plexus, creating ischaemia and increasing contact
time between the chemotherapeutic agent and the tumour cells.
Tumour cell ischaemia causes changes in the cell membrane result-
ing in increased retention of the chemotherapeutic agent. However,
at the same time the technique should ensure accurate targeting of
the tumour so as to reduce the risk of global ischaemia to the cir-
rhotic liver and hepatic decompensation that may occur.
The introduction of drub eluting beads as a development in the



technique is now being supported by an evidence base for their
use in selected patients. Pharmacokinetic studies have shown that
beads deliver a sustained slow release of doxorubicin for a period of
up to 14 days post-delivery, and result in an increased level of doxo-
rubicin and cell necrosis with lower systemic levels of doxorubicin
depending on the bead size. Lower systemic levels reduce the che-
motherapy-induced morbidity of this technique.

The most important contraindications revolve around measures of
synthetic function with rising Childs Pugh, MELD or BCLC being the
key determinants of appropriate patient selection. As a general prin-
ciple the subset of patients that will not benefit from chemoemboli-
sation is established. In broad categories these are Childs C patients
with small tumours of less than 4 cm where the standard of care
is liver transplantation. Chemoembolisation carries a high risk of
decompensation and although neo-adjuvant therapy has the poten-
tial to keep an individual patient within transplant criteria, tumour
progression outside criteria may also be a measure of unfavourable
biology. The other groups are those patients with extrahepatic dis-
ease. However, combination therapies with chemoembolisation and
biological agents particularly sorafenib are now under trial evalua-
tion. A final group of patients are those with significant cardiac or
renal comorbidities which may adversely impact on survival.

This presentation will review the current status of this technique
placing a particular emphasis on the combined clinical and radiolog-
ical decisions that dictate the therapeutic pathway.
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Is radioembolization the IR solution to the problem?

T.F. Jakobs;
Department of Radiology, Krankenhaus der Barmherzigen Briider
Miinchen, Munich, Germany.

Learning Objectives:
1. To describe the main technical aspects of radioembolization
2.To analyse the indications and the role of radioembolization with
respect to other therapies
3. To report the results from the available literature and from
personal experience
Hepatocellular carcinoma (HCC) claims half a million lives across the
globe each year. It is the sixth most common cancer in the world
and is the third most common cause of cancer-related mortality. The
incidence of HCC varies considerably across geographic regions with
some areas reporting cases as high as 20/100,000 per annum.
In patients diagnosed with this lethal malignancy, less than 15%
are candidates for surgical procedures. A survival benefit has been
observed in patients that meet the rigorous criteria for curative
resection or transplantation. For the remaining majority, various
treatment options have become available without universal agree-
ment on which treatment option offers the greatest survival benefit
with the least toxicity.
The use of external beam irradiation has historically played a limited
role in the treatment of HCC due to the radiosensitive nature of nor-
mal hepatic tissue. Investigators have shown that liver exposure to
radiation doses greater than 40 Gy may result in a clinical syndrome
characterized by ascites, anicteric hepatomegaly, and elevated
liver enzymes weeks to months following therapy, called Radiation
Induced Liver Disease (RILD). Given this limitation and the need for
higher doses to inflict lethal injury to malignant tissue, minimally
invasive intra-arterial devices have emerged. These devices, loaded
with radioactive Yttrium-90 microspheres, can deliver very high
tumoricidal doses without the development of RILD.
Yttrium-90 intra-arterial radiotherapy, also known as radioemboli-
zation, is a minimally invasive catheter-based therapy that delivers
internal radiation via the arterial vessels that feed tumors. “Radio”
refers to the radiation that is imparted to tissue; “embolization”
refers to the microembolic effect. This technology takes advantage

of the dual blood supply to the liver. Normal hepatic tissue derives
greater than 70% of its blood supply by way of the portal system
whereas malignant tissue is preferentially supplied by the arterial
system. There are currently two commercially available Yttrium-90
microsphere devices. TheraSphere® (MDS Nordion, Ottawa, Ontario,
Canada) is made of glass and SIR-Spheres® (Sirtex Medical, Sydney,
Australia) is made of resin. These two devices are different in a
number of important respects. TheraSphere® is a device consist-
ing of 20-30 micron particles with higher specific activity (2500 Bq)
and lower number of spheres (1.2 million microspheres/3 GBqQ).
Conversely, SIR-Spheres® are consisting of 20-60 micron particles,
with lower specific activity (50 Bq), and greater number of spheres
(approximately 40-80 million spheres/3 GBq).
Clinical investigations into the use of radioembolization for the pal-
liative treatment of unresectable hepatocellular carcinoma appear
promising. This therapy potentially offers survival benefit with a low
toxicity profile, making it an attractive tool in the battle against a
uniformly fatal disease. In addition, investigators have shown favor-
able survival outcomes in patients with limited hepatic reserve and
portal vein thrombosis. These patients were previously excluded
from most therapeutic options. Furthermore, this therapy has suc-
cessfully been used to bridge and downstage patients to resection,
ablation or transplantation. Although phase Il paradigms have pro-
vided useful data, there is a need to carry out randomized controlled
trials comparing radioembolization to those accepted as standard
of care for this patient population. These studies will then establish
the role of radioembolization within the framework of other univer-
sally accepted first line therapies for inoperable disease. Finally, the
development of targeted therapies at the molecular level represents
the beginning of a new era in the treatment of HCC. Clinical inves-
tigations into combining the cytotoxic effect of radioembolization
with the cytostatic mechanism of targeted therapies are currently in
progress and will provide valuable safety and toxicity data that may
translate into improved clinical outcome and overall survival.
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203.3

How to deal with tumours supplied by collateral arteries?
How to treat hypovascular tumours?

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

Learning Objectives:
1. To describe some challenging cases
2. To discuss imaging findings and indications of therapeutic
approaches in intermediate-advanced HCC
3. To learn tips and tricks of therapies in intermediate-advanced HCC
How to deal with tumours supplied by collateral arteries?
Collateral supply from extrahepatic collaterals is more frequently
seen in patients after a series of chemoembolization - with or with-
out patency of the proper hepatic artery, patients with large tumors
in the superior liver surface, or close contact with abdominal wall
and liver capsule infiltration.
Safety
Selective catheterization is mandatory for the uncomplicated embo-
lization of collateral supply to HCC. The rate of infusion should be
slow to avoid turbulent flow and reflux and the endpoint of embo-
lization is safer to be interruption of intratumoral blush instead of
flow stasis in the feeding vessel to minimize reverse of flow. Coils
or gelfoam may be used to occlude and protect the territory of the
normal distal branches. Non-target embolization may complicate
embolization of collateral branches; skin ischemia with itching, ery-
thema, and necrosis may arise when skin branches are inadvertently
embolized in cases of lower intercostals, internal mammary or lum-
bar artery embolization. Gastrointestinal erosion, ulceration, or per-
foration can be caused by gastric, omental, and colic branch artery
embolization. Paraplegia may result from the inadvertent emboliza-
tion of spinal branches arising from intercostal or lumbar collaterals.
Embolization of the cystic artery may cause cholecystitis or gallblad-
der infarction while inferior phrenic artery embolization may result
in shoulder pain, pleural effusion, with or without basal atelectasis,
and diaphragmatic paralysis (usually unilateral).
Hemodynamics
Distal branches of adjacent extrahepatic collateral territories are
anastomosed to each other and may need combined embolization
of two territories and require attention because this may contribute
to reverse flow and subsequent inadvertent embolization. In addi-
tion, in the long run, a recurrent tumor may be supplied from the
adjacent territory in the follow up. Spasm in collaterals is often and
can be managed with vasodilators.
Efficiency
There are no studies that present strong evidence that chemoembo-
lization of the collaterals assists in prolongation of survival or qual-
ity of life.
The most common collaterals include:
Inferior phrenic artery (IPA)
It is the most common extrahepatic collateral that supplies HCC.
Phrenic arteries usually originate from the celiac trunk or directly
from the aorta as a common trunk or independent or separately.
Other origins include renal or left gastric or hepatic arteries. Inferior
phrenic can be seen in the arterial phase at CT in which the verti-
cal segment can be identified especially if hypertrophied. On the
right side most commonly this artery supplies HCC located in S7 in
contact with the right hemidiaphragm, while on the left side HCC
located in S2 or S3 can be supplied from the left inferior phrenic artery.

Omental branch

The omental branch (from the gastroepiploic artery or rarely from
the dorsal pancreatic) is the second most common collateral vessel.
Although normally this vessel is of small caliber when it serves as an
HCC feeder it is hypertrophied and easily identified.

Internal mammary artery (IMA)

It may give collaterals to HCC when the lesion is located at the supe-
rior liver surface in contact with the diaphragm or abdominal wall.
It arises from the medial segment of the subclavian giving branches
to the anterior costophrenic sulcus and diaphragm and gives ante-
rior intercostal branches (pericardiophrenic, anterior mediasti-
nal, pericardial, and sternal). At the level of the manubrium it gives
the musculophrenic and superior epigastric. The musculophrenic
goes through the diaphragm and gives lower anterior intercostal
branches (7th to 9th) and anastomoses with the inferior phrenic.
The superior epigastric artery forms diaphragmatic branches that
extend into the falciform ligament of the liver and anastomose with
the hepatic artery. On the left side HCCs located in S8 or S4 are fed
by the right IMA whereas HCC located in the left lateral segment
are fed by the left IMA mainly through the pericardiophrenic or the
musculophrenic branch.

Adrenal

HCC in the inferior surface of the liver can be supplied by adrenal
arteries. The superior adrenal originates from the inferior phrenic,
the middle directly from the aorta and the inferior adrenal from the
renal artery. The normal adrenal gland blushing is triangular shaped
and should be differentiated from tumor hypervascularity.

Renal and capsular

HCC in the inferior surface of the liver can be supplied by renal and
renal capsular arteries. The superior capsular artery usually arises
together with the inferior adrenal artery from the renal artery or may
originate from arcuate and interlobular arteries.

How to treat hypovascular tumours?

The majority of HCC is highly hypervascular. However, there is a
10-18% of embolization naive HCC that presents diminished vas-
cularity while a significant proportion of HCC will present reduced
intratumoral vascularity after several courses of chemoembolization.
Hypovascularity has been identified as an independent parameter
of poor response. It clearly presents a difficulty for localization of the
lesion and selective catheterization to better target the administra-
tion of the chemoembolization material (conventional chemoembo-
lization or drug eluting beads), and in addition the diminished vas-
cularity is an inadequate “road” to curry the material into the intra-
tumoral vessels.

For the localization acquiring cross-sectional and 3Dimages during
endovascular or procedures with high spatial and contrast resolu-
tion is now feasible with flat panel technology. The resulting angio-
graphic CT (ACT) produces CT-like images are suitable to check if the
area supplied by the vessel that is catheterized corresponds to the
intended embolization territory.

Intraprocedural sonography (unenhanced and CEUS) performed
before and during the procedure is a very good alternative if flat
panel technology is not available. As Moschouris et al have shown
the initial unenhanced US scan is performed after the placement of
the catheter (or microcatheter) in the segmental or subsegmental
tumor feeder. One or two scans can be performed in between the
initial injections of the embolic suspension. In questionable cases a
diluted contrast for ultrasound or bubble injection may easily assist
in confirmation of the right vessel selection. For radiation protection,
intraprocedural US is not performed during injection of the embolic
agent. Newly appearing, high-level echoes, with or without acoustic
shadow, are considered a sonographic change induced by (chemo)
embolization (this method was performed with chemoemboliza-
tion with DC Bead). This “echogenic alteration” (EA) confirms the
right distribution of the embolic material. Increased EA score is asso-
ciated with extended tumor necrosis. However, because the echoes
that constitute EA are often ill defined and accompanied by multiple



artifacts, EA cannot accurately estimate the degree of the necrosis.
A reliable differentiation between complete and almost complete
necrosis cannot be based on EA. In contrast, a weak or moderate EA
score does not preclude a good embolization result, as shown by
the discordance between intraprocedural US and intraprocedural
CEUS in five of the studied tumors. Intralesional hypoechogenicity
is another “immediate” change detected on unenhanced intrapro-
cedural US.

Intraprocedural CEUS is a feasible and safe method for rapid, on-site
assessment of the right territory choice and the effect of TACE. The
additional value of intraprocedural CEUS to selective angiography
reflects the higher sensitivity of the latter in depicting tumor (micro)
vascularity.

CEUS is useful during treatment of small and/or hypovascular
tumors, selection of the appropriate tumor feeder. In such cases, the
emergence of a strong echogenic response within the tumor could
serve as a sign of successful embolization.
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Current status of combined treatments

L. Crocetti;

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

Learning Objectives:
1. To describe synergies in interventional approaches in HCC
2. To analyse the results of trials using combination strategies
3. To understand the role of combined therapies in the
management of HCC
Hepatocellular carcinoma (HCC) is the sixth most common can-
cer and the third leading cause of cancer-related death. Despite the
widespread implementation of surveillance programs, more than
half of the patients with HCC are diagnosed late, when curative
treatments cannot be applied. In addition, in a high proportion of
cases the disease recurs after a radical therapy. For patients present-
ing with multinodular HCC and relatively preserved liver function,
absence of cancer-related symptoms, and no evidence of vascular
invasion or extrahepatic spread - i.e., those classified as intermedi-
ate-stage according to the BCLC staging system - transcatheter arte-
rial chemoembolization (TACE) is the current standard of care.
The recommendation for TACE as the standard-of-care for interme-
diate-stage HCC is based on the demonstration of improved sur-
vival compared with best supportive care or suboptimal therapies in
a meta-analysis of six randomized control trials. However, there was
considerable heterogeneity between the individual study designs
(including inpatient populations and TACE technique) as well as
the study results, with only two of the six individual studies that
reported 2-year survival showing a statistically significant improve-
ment compared with conservative management.
In fact, intermediate-stage HCC includes a heterogeneous popu-
lation of patients, as suggested by a classification that can include
patients varying widely in terms of tumour burden and liver func-
tion (Child-Pugh A or B). It has been therefore suggested that - while
TACE improves survival for the intermediate-stage HCC class as a
whole - not all patients with intermediate-stage HCC will derive sim-
ilar benefit from TACE, and that some intermediate-stage patients
may benefit from treatments other than or in combination with
TACE.
Investigation of the combination of targeted agents with TACE with
antiangiogenetic properties is important, because there is a ratio-
nale for potential synergy between these therapies. Systemic ther-
apy with a multi-kinase inhibitor, sorafenib, is presently considered
the therapy of choice for patients with advanced HCC. In two RCTs,
this multi-kinase inhibitor with antiangiogenic and antiprolifera-
tive properties has been shown to prolong median overall survival

and median time to radiological progression compared to pla-
cebo. In a study of tumor specimens from patients with HCC treated
with TACE, the production of the proangiogenic vascular endothe-
lial growth factor was higher than in samples from patients treated
with surgery alone. Furthermore, in an experimental tumor model,
hypoxia, caused by embolization of liver tumors, activated hypoxia-
inducible factor 1-alpha, a transcription factor that, in turn, regulates
other proangiogenic factors. Given the known antiangiogenic prop-
erties of sorafenib and the better tolerability of drug-eluting beads

TACE (DEB-TACE), the combination of TACE with sorafenib holds

promise and clinical trials investigating this therapeutic approach

are ongoing (Sorafenib or Placebo in Combination with Transarterial

Chemoembolization for Intermediate-stage HCC [SPACE] trial;

ClinicalTrials.gov identifier, NCT00855218). Preliminary data analy-

sis of a Phase Il trial of sorafenib combined with DEB- TACE shows

promising results in term of safety and efficacy (95% disease control
rate according to EASL criteria).

Selected categories of patients classified as advanced stage HCC

according to BCLC present with a limited disease. These include

patients who have a branch vein tumoral invasion or those who have

a limited extrahepatic disease. It is debatable if patients bearing vas-

cular invasion limited to a venous branch, should be denied to intra-

arterial treatments that are technically feasible and could represent

a valuable option. This represents another important field of inves-

tigation and two phase Il RCTs studies of sorafenib or placebo in

combination with TACE, including patients with limited portal vein
thrombosis, are ongoing (ClinicalTrials.govidentifier, NCT01004978;

EudraCT: 2008-005073-36).
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Special Session
Strategic plan for IR

204.1

Challenges of IR in European countries

D. Vorwerk;
Diagnostic and Interventional Radiology, Klinikum Ingolstadt,
Ingolstadt, Germany.

Learning Objectives:
1. To analyse the role of IR in the European medical community
2. To identify the most competitive specialties and define the
overlap with IR
3. To project the chances of IR and how to make it irreplaceable
Interventional radiological procedures have become a standard in
most European countries. Both vascular and nonvascular procedures
are inevitable for standard-of-care diagnostic work-up and treat-
ment. They replaced many open surgical procedures such as aorto-
bifemoral bypass in most iliac artery obstructions, challenge estab-
lished procedures such as hysterectomy for myomas and undermine
current concepts of care such as interventional oncology.
As the future for interventional radiology looks bright, it does not
so for interventional radiologists. Because the procedures become
more and more in use, other specialities are trying - partly very suc-
cesssfully - to get their share of the cake. The timing and the field of
expertise differ from one country to another but is found in more or
less all member countries.
While in Germany, for example, interventional uroradiology started
in radiology, it now more or less disappeared into urology at least for
nonvascular procedures. Biliary interventions have been frequently
overtaken by gastroenterologists and biopsies are performed by
merely everyone at least by ultrasound. Neurointerventions are - in
some countries - predominantly performed by neurosurgeons, vas-
cular interventions are partly in the hands of vascular surgeons in
others such as Belgium, France and Italy.

Vascular interventional radiology is probably the largest field in
many institutions and deals not only with recanalization of obstruc-
tions but also with embolization techniques which are especially
required in emergency situations. Interventional treatment of stroke
becomes more and more in larger hospitals but needs to be avail-
able 24 hours at 7 days. Proper training requires a minimum of pro-
cedures to train doctors in an adequate fashion and numbers; and
recanalization procedures and diagnostic angioghraphic proce-
dures are predominantly these procedures which give even trainees
the chance to get in touch with standard tricks and techniques in a
relatively safe environment. As now, many different specialities try
to be involved into the field of vascular interventions, there is a risk
of atomization of knowledge and experience putting a hospital in
the risky situation that nobody is experienced enough to cover all
situations adequately. Moreover, there is the chance of a significant
cost rise as many different specialities needed to be available day
and night to cover their interventional segment.
Safeguards to prevent wild and uncontrolled experimental inter-
ventional radiology by non-radiologists mainly deal with radia-
tion safety regulations but are very different from one country to
another. Also, standards for qualification are rarely regulated.
As money and influence give always a strong motivation for doctors
to take over new inventions and techniques, lack of proper training
is not a reason for them to stay away.
Interventional radiologists need to make sure that they are the best
trained people in the field, have outstanding clinical and technical
standards and offer their services in an independent decision mak-
ing surrounding that allows the patient to trust on an unbalanced
recommendation. Thus, establishment of cooperative vascular units
and also business models are mandatory for interventional radiolo-
gists to survive. Diagnostic radiologists should become aware of the
fact, that without interventional radiology, their survival as a clinical
hospital-based entity will be questionable in the future and telera-
diological take-overs become more likely.
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204.2

Challenges of IR outside Europe

J.F. Benenati;
Peripheral Vascular Laboratory, Baptist Cardiac and Vascular
Institute, Miami, FL, United States of America.

Learning Objectives:
1. To analyse the role of IR in the American medical community
2. To identify the most competitive specialties and define the
overlap with IR
3. To project the chances of IR and how to make it irreplaceable
Interventional radiology (IR) in the United States is growing and
prospering; however, there are a number of specific challenges fac-
ing IR that must be addressed in order for the specialty to remain
viable.
Challenges to IR can be parceled into three categories:
- Challenges related to health care reform.
- Economic challenge-related IR.
- Competition from other medical specialties.
Health care reform in the United States presents an ideal opportu-
nity for IR because the less invasive nature of our specialty allows
us to provide services that are potentially less expensive while hav-
ing outcomes that are excellent. The safety profile of our procedures
allows IR to often legitimately claim that IR procedures are safer as
well. The major problem with these claims is that although most
IRs recognize these claims to be true we do not have enough data
driven outcomes to prove to payers and health care experts that this
is in fact true. We are challenged in the US to improve data driven
decision making and this requires doing more trials and to have bet-
ter follow-up of our patients. Achieving this with a slumping econ-
omy and a growing uninsured patient population is very difficult.
National registries for data collection must be instituted in order to
track outcomes and monitor morbidity and mortality. Inferior vena
cava filter placement using optional filters is a prime example of a
procedure that is currently be scrutinized for over usage and with-
out the data to support implantation of these devices government
regulatory agencies may step in to limit usage.
In the United States we are also realizing a loss in clinical research
because it is often cheaper and easier for device companies to do
work overseas. The regulatory environment which is designed to
ensure patient safety has had a secondary effect of slowing down
research and delaying device approval. While intellectual property
for new devices and IR-related ideas is at an all time high, much of
the work to prove efficacy is now being done abroad. This may serve
to deter the innovative nature of our specialty.
There are a variety of economic challenges that IR is facing includ-
ing decreasing reimbursement for procedures being performed.
The methods of reimbursement for surgical and IR procedures is cur-
rently changing and we are seeing more and more codes bundled
into single codes for procedures. Ultimately, this may serve to pre-
vent over utilization and abuse but it also serves to decrease reim-
bursement for physicians. Overcoming this is a steep obstacle for
IR physicians. Using physician extenders and mid level practitio-
ner has become common place in the US. These extenders allow
for increased volume of cases and take significant burdens from the
interventionalist on a daily basis.
New practice paradigms are being developed in IR and we are see-
ing a growing percentage of physicians breaking ranks from tradi-
tional hospital radiology groups. IR physicians are increasingly work-
ing in free standing facilities, multispecialty clinics or with other spe-
cialists including vascular surgeons, cardiologists and oncologists.
These models are viable and often efficient models for IR practice
but they present an array of new challenges including equity in sala-
ries, case distribution and quality of outcomes.
Competition with other specialties (turf) has been a long standing
issue with IR. This will continue to be a major issue as long as clinical

training lags behind other specialties. The SIR has addressed this
and has taken very proactive and meaningful actions to correct this
issue with training programs and the fruits of these efforts are being
realized. Areas of particular concern are the areas of PAD, venous
interventions, dialysis interventions, spine and pain management
interventions and stroke. New training requirements and possibly
even a new board credential are serving to improve clinical compe-
tence and allowing IR to compete on equal ground with other clini-
cal specialties.

Overall, despite the concerns discussed above the future for IR is
bright and robust. New growth areas include

- Venous diseases

- Stroke

- Critical limb ischemia

- Women'’s health

- Interventional oncology

- Pediatric IR

204.3

The pathway towards an IR training curriculum and certificate

R.A. Morgan;
Department of Radiology, St. George’s Hospital, London, United
Kingdom.

Learning Objectives:

1. To explain the need of a dedicated IR training curriculum and
certificate

2. To report on existing pathways of IR training in UK and Europe

3. To depict the political and structural benefit of certifications in
medicine

The European Board of Interventional Radiology (EBIR) is the

European qualification in Interventional Radiology.

The EBIR is organized by CIRSE and has the endorsement of the

UEMS and the ESR.

The EBIR represents a recognized qualification in IR and should assist

IRs in the promotion of their skills and experience in IR when dealing

with other clinical colleagues and with the general public.

1. INTRODUCTION

1.1. The basis for the examination is the CIRSE interventional radiol-

ogy syllabus (current Version 0.1 / 2008)

1.2. The examination consists of written and oral components

1.3. The certificate is particularly aimed at junior interventional

radiologists

2. ENTRY CRITERIA

2.1. A logbook of IR experience

All candidates must present a logbook with a total record of their

IR experience in the previous 24 months. The logbook should pres-

ent the candidate’s IR experience in Vascular and Non-vascular

Interventional Radiology.

The candidate must have experience as first operator or first assis-

tant in at least 150 IR procedures. (At least 25 procedures as first

operator).

- Vascular - Experience as first operator or first assistant in at least

100 procedures.

- Non-vascular - Experience as first operator or first assistant in at

least 50 procedures.

The logbook must be signed by the applicant and the candidate’s IR

programme director.

2.2. A completed EBIR registration form

A completed EBIR registration form must be submitted to the CIRSE

office.

A letter of support from the candidate’s IR programme director

The application must be accompanied by a letter of support from

the candidate’s IR programme director. This may be the head of

the radiology department or the chief interventional radiologist in

charge of the candidate’s training.

C/ RSE



2.3. A curriculum vitae

The CV should include a record of previous training posts in radiol-
ogy and IR as well as all scientific and educational activities.

An application fee of €500

2.4. European residency is required (Only European radiologists
residing within the boundaries of Europe as determined by the EBIR
Board can apply.)

2.5. CIRSE Membership (Full or Junior) (in the year of the
examination)

ESR Membership (in the year of the examination)

Applicants must register and provide documentary evidence of
fulfilment of all entry criteria for the exam no later than 3 months
before the exam. No refunds will be provided if an applicant with-
draws his/her application. If a candidate cannot provide all entry
criteria by the deadline, his/her registration for the exam will be
cancelled.

Candidates judged to have satisfied the entry criteria will be eligible
to take the examination.

From 2011 the exam will take place at least twice a year, the first
exam will take place early in the year and the second, during or prior
to the CIRSE annual congress.

2.6. Entry criteria for senior IRs, who wish to take EBIR:

a. The IR must have completed their IR training at least 10 years
previously.

b. The IR must have been working as a trained IR for at least 10 years.
¢. Alogbook of experience is desirable but not mandatory.

d. An application fee of 500 euros.

e. Curriculum Vitae.

f. A supporting letter of reference from a Fellow of CIRSE.

g. The final decision regarding acceptance is at the discretion of the
Examination Panel.

3. THE EXAMINATION

The examination will consist of written and oral components. The
maximum score for the two parts will be 100%.

The MCQ examination will contribute 50% of the total score for the
exam.

The oral examination will contribute 50% of the total examination
score and will consist of an oral exam in two IR topics (25% each).
The pass mark threshold for the overall exam is 75%.

(It should be noted that candidates who do not attain a pass mark
for the MCQ exam or the oral examination will be unlikely to pass
the overall EBIR examination.)

All participants will take the full exam irrespective of their written
exam scores.

3.1. The written exam

This will consist of 60 multiple choice questions.

- Single best answer format - (i.e. only 1 out of 4 possible answers
correct).

- No negative marking for incorrect answers.

- The exam will last 90 minutes.

All candidates will be tested in

- Angiography/CT/MRI anatomy and diagnosis

- Clinical practice

- Pathology

- General interventional knowledge (Materials etc.)

- Image guidance

3.2.The oral exam

This will consist of two 30 minute oral examinations.

Candidates may choose two topics from the following list:

- General IR

-Vascular

- Non-vascular

-Oncology

Candidates will be asked to select their two topics at the time that
they submit their application to take the exam.

Each candidate will be examined by a CIRSE Fellow, who will hold
the EBIR diploma..

The examiners will show each candidate a series of cases relevant to
the topic selected.

The examiners will test the candidate’s knowledge of all aspects of
the cases under discussion — diagnosis, procedural details, equip-
ment selection, outcomes, complications, etc.

Results

The results will be sent in writing to the participants. The results and
consequent feedback will be not open to discussion. The results will
be issued as Pass or Fail only, no percentage or score will be pro-
vided. CIRSE will publish anonymous statistics on the exam.
Participants may make four attempts to pass the examination.

3.3. Examiner’s meeting

At the completion of the exam, an examiners meeting will be held.
At this meeting, the results of both components of the exam will
be added together to produce a total score for the examination for
each candidate.

The scores for each candidate will be reviewed and potential fail
candidates will be discussed. At the end of the meeting, a list of pass
and fail candidates will be produced. Candidates will be notified of
their results by email within five working days.

3.4. Awarding certificates

Successful candidates will be awarded a certificate and may add
EBIR (European Board of Interventional Radiology) to their name.
Only European radiologists residing within the boundaries of Europe
as determined by the EBIR Board can apply for CIRSE fellowship and
EBIR.

Disclosure

1. Member of Medical Advisory Board for Navilyst Medical

2. Consultant for W. Cook, Europe.

204.4

Do we want to become a clinical subspecialty? Pros and cons

A. Adam;
Radiology, St. Thomas’ Hospital, London, United Kingdom.

Learning Objectives:
1. To overview the clinical and financial role of IR in general
radiology
2. To project the political meaning of separating IR from general
radiology
3.To critically analyse the financial and structural autonomy of IR as
a subspecialty
Interventional Radiology discipline has taken great strides in the
last four decades and has replaced much of traditional surgery.
However, it faces many challenges and frustrations, including ero-
sion by other specialties. Happily, there are still areas of substan-
tial growth in our practice, including tumour ablation, vertebro-
plasty and embolization procedures. These are fields of activity in
which competition is either weak or non-existent. However, there
are also areas from which interventional radiologists are largely
excluded, which involve procedures that we can perform perfectly
well, but are prevented from doing so by others, who may be less
skilled, but have access to the relevant patients. Examples of such
areas are the fields of tracheobronchial and gastrointestinal inter-
vention, which, in most hospitals, are carried out by chest physi-
cians and gastroenterologists. This is frustrating because, although
endoscopy is useful in making the initial diagnosis, it is unneces-
sary in the performance of the therapeutic procedure, and simply
increases the cost. Four factors determine who does what in prac-
tical disciplines: in ascending importance these are research activ-
ity, skills and training, the numbers of practitioners and, most impor-
tant of all, clinical control of patients. Research is difficult to mea-
sure accurately but there are indications that the research activity
of radiologists, in general, and interventional radiologists, in par-
ticular, is less than that of many clinical disciplines. Skills and train-
ing are our strength; interventional radiologists are well trained and



very skilled in the procedures they perform. In addition, they have
a strong record of practical innovation. It is generally recognized
that the numbers of interventional radiologists is small in compar-
ison with most other disciplines. This has substantial implications
for the way we practice, particularly in relation to out-of-hours care.
The clinical control of patients is very important for the future of our
discipline. Clinical practice has great benefits for individual inter-
ventional radiologists, as it allows us to consent our patients prop-
erly, to prepare them for procedures appropriately and to deal with
complications more effectively. It also increases our credibility and
secures our referral base. In the UK, Interventional Radiology is
now a recognized subspecialty of Radiology, with its own curricu-
lum. However, access to patients remains a problem. In order to gain
access patients, Interventional Radiologists must demonstrate their
ability to care for patients as their primary physicians. In order to
do this it is necessary to have clinical knowledge extending beyond
technical skills. For example, interventional radiologists engaged in
the field of Interventional Oncology will have to acquire a rudimen-
tary understanding of chemotherapy and radiotherapy, as well as
diagnostic imaging and interventional procedures. If Interventional
Radiology remains a technical discipline, its identity will continue to
be ill defined. Furthermore, there will be more erosion by other clin-
ical disciplines and continuing pressure to develop new procedures
in order to survive. Partnerships with organ-based clinical specialties
have advantages, including diffusion of conflict, increased referrals
to Interventional Radiology, increased opportunities for research,
and greater support for clinical activity. However, such partnerships
must be based on equality. There is no going back for image-guided
intervention. The essentials of interventional radiology are imaging
and sophisticated technology and both of these are growing rap-
idly. In fact, imaging is becoming the major determinant of patient
flow through modern hospitals, and this will benefit Interventional
Radiology greatly. Our identity may have to change, but image-
guided intervention has a very bright future.

Foundation Course
Haemoptysis

301.1

Imaging of haemoptysis
M.-F. Carette, A. Khalil;
Radiology, AP-HP Tenon Hospital, Paris, France.

Learning Objectives:

1. To review the results of CTA in haemoptysis

2. To discuss the role of imaging pre angiography and embolization
3. To describe the main pathological features on CT

CTA in haemoptysis is able to precise the localization of haemop-
tysis showing alveolar condensation with/or ground glass opacity,
the best around the aetiology (bronchiectasis, active or non active
tuberculosis, fibrosis, carcinoma, aspergilloma). Visualization of sys-
temo-pulmonary shunting or bronchial leakage is unusual. The
extension of alveolar condensation can be prognostic, number of
lobe involved been correlated to potential death. Differential diag-
nosis, as alveolar haemorrhage, can be eliminated when CT shows
diffused regular ground glass opacities keeping clear subpleural
spaces.

The main information before interventional radiology is to know the
mechanism of the haemoptysis, leading in prime intention to pul-
monary vasoocclusion (10% of cases) if pulmonary pseudo-aneu-
rysm is observed or suspected on an underlying necrotic aetiology
(active tuberculosis, abscess, necrotic tumour) or disease responsi-
ble for pulmonary aneurysm (Behget disease) or pulmonary arterio-
venous malformation (PAVM).

If bronchial artery embolisation is required (90% of cases), CTA

shows, hypertrophic bronchial arteries well seen through the hilum,
and potentially involved systemic arteries (internal mammary artery,
inferior phrenic artery and/or triangular ligament artery). For bron-
chial arteries, it shows their origin in, typical (descending aorta at
the level of the main left bronchus), atypical (floor or the aortic arch)
or ectopic position (arising from other position but going through
the hilum), which can help, especially in older patients. Anastomoses
between bronchial arteries or bronchial to systemic arteries can be
difficult to visualize. Coronary-CT can be useful for coronary arter-
ies anastomoses. Dorsal anterior spinal cord artery arising from the
right broncho-intercostal trunk, and oesophageal artery, which can
arise from a left bronchial artery, are not yet detectable at CTA.

Considering the main pathological features: *In bronchiectasis,

which diagnosis is perfectly seen on CT, sometimes with the help

of MiniMIP; broncho-systemic hypertrophy is often very important,
with bronchial artery aneurysm and bronchial to pulmonary shunt-
ing in reverse flow. *In non-active tuberculosis, broncho-systemic
hypertrophy most often includes trans-pleural vessels, especially
if cavities are complicated by aspergilloma. * in active tuberculosis,

bleeding can be due to broncho-systemic hypertrophy but also to a

Rasmussen pseudo-aneurysm seen as a circumscribed area of con-

trast media inside a necrotic area as for abscess. * In carcinoma, it

could be only a moderate bronchial artery hypertrophy, without any
shunting, or a pulmonary erosion in contact with a necrotic tumour
area.
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301.2

Bronchial artery angiography: relevant anatomy

A. Buecker;
Diagnostic and Interventional Radiology, Saarland University
Hospital, Homburg/Saar, Germany.

Learning Objectives:

1. To review the anatomy of the bronchial arteries

2. To review the possible anatomical variants of the bronchial artery

supply

3. To review the possible systemic branch supply of pulmonary

pathology that may cause haemoptysis

Bronchial artery anatomy and its variants play a major role for inter-
ventional radiology and for thoracoscopic surgery. Computed
tomography, magnetic resonance imaging and catheter angiogra-
phy all are able to depict bronchial arteries. Surgeons can be helped
by the a priori knowledge of the bronchial artery's position in the
mediastinum, especially in relation to the esophagus. Interventional
radiologists need to know the different possible origins in order to
perform selective catheter angiography of the vessels. There is a
wide variance of origins of the bronchial arteries coming from the
aorta. The right bronchial artery usually arises in a common intercos-
tobronchial trunk; mainly it is located to the right lateral or antero-
lateral surface of the aorta. The left bronchial artery originates most
often directly from the anterior aspect of the thoracic aorta. Being
located at the aortic arch selective catheterization can become chal-
lenging. Sometimes there is a common trunk giving of the left and
right bronchial artery. Most of the time the bronchial artery origin
is located at the level T5 or T6. There are different classifications
(Caldwell, Botenga, Uflacker) which describe up to 10 different types
of aortic origins. Furthermore, the thyrocervical and brachiocephalic
trunk, the subclavian, internal thoracic and phrenic artery - to name
but a few - can give rise to a bronchial artery. A higher incidence of
aberrant bronchial artery origins have been reported in patients
with cystic fibrosis, but this might also be true for other chronic
inflammatory diseases. In addition, variants in the form of collater-
als to different vascular territories do exist and should be thoroughly
checked for. In case of planned embolisation procedures collater-
als to the anterior spinal artery (Adamkiewics; mainly from the right
bronchial artery) and to the coronaries are those most important not
to miss. But it has to be stressed that there are numerous other col-
lateral pathways to the mediastinum, spine, neck and head. Four dif-
ferent types of venous drainage of the bronchial arteries have been
described by Tanaka et al. (pulmonary vein, pulmonary artery with
ante- or retrograde flow, bronchial vein), which can become impor-
tant during particle embolisation of the bronchial arteries.
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Bronchial artery embolization: how I do it

K. Malagatri;
2nd Dept. of Radiology, University of Athens Medical School,
Athens, Greece.

Learning Objectives:

1. To review technique of bronchial artery embolization

2. To review the results of bronchial artery embolization

3. To review outcome and complications of bronchial artery emboli-
zation

Anatomy

Bronchial arteries arise directly from the descending aorta as single

right bronchial artery with two left bronchial arteries in 41%. Up to

20% may have an aberrant origin and in up to 10% they originate

from the curvature of the aortic arch. Aberrant origins include sub-

clavian, brachiocephalic, internal mammary, phrenic and coronary,

or chest wall. A spinal artery may originate from a bronchial artery

in up to 5% of patients with right side being more common than the

left side.

Which arteries are considered pathologic?

Hypertrophied arteries/those presenting a vascular blush/or arte-

riovenous shunting/helical or lobulated morphology with or with-

out microaneurysms or diameter larger than 3-4 mm. Abnormal sys-

temic feeders (non-bronchial systemic collaterals) may arise from the

internal thoracic artery, thyrocervical trunk, lateral thoracic artery

subclavian and internal mammary arteries or intercostal branches.

Procedure

Selective catheterization with curved catheters (Cobra, Simmons 1or

2, Hink, or Judkins) of 5F in diameter. Microcatheters are useful to

advance the catheter to a safe and distal position.

Embolic materials

The most commonly used is polyvinyl alcohol (PVA). Spherical

embolic agents (Embozene - Celonova; Embospheres-Biosphere,

Rockland, MA; Bead block - Biocompatibles-Terumo) are also used

but there is no general consensus. Liquid agents are dangerous due

to risk of small artery embolization while coils are absolutely contra-

indicated since they result in proximal embolization and preclude

further embolization sessions in the future.

Size of particles

Most centers use particles of 250 to 750 microns — mostly PVA. The

ideal size would be the same diameter with the distal ramification of

the bronchial arteries. The large diameters are unlikely to penetrate

through collaterals to the spinal circulation. Barben et al in young

patients with cystic fibrosis have used polyvinyl alcohol particles of

150 to 550 pm. Bouchy et al showed that in dogs the use of micro-

spheres of less than 100 um in diameter induced hind leg paralysis

while the use of larger particles induced only transient neurological

symptoms.

Results

Immediate success is reported in 77%-95%. Rebleeding depends

on successful embolization and underlying disease. Late rebleeding

occurs in CF in 37-55% with a median time between embolizations

ranging from 4 to 61 months.

Complications

The most severe complication is spinal infarction and paraplegia

resulting from embolization of a spinal artery. Brown Sequard’s syn-

drome without sequelae has also been reported. Minor adverse

events include transient chest pain, fever, and dysphagia.
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Pulmonary artery embolization: how I do it

F.S. Keller;

Department of Vascular and Interventional Radiology, Oregon
Health Sciences University, Dotter Interventional Institute, Portland,
OR, United States of America.

Learning Objectives:
1. To review the etiology of haemoptysis secondary to lesions of the
pulmonary artery
2. To review the indications and technique of pulmonary artery
embolization
3. To review results and complications of pulmonary artery emboli-
zation
Pulmonary artery vascular lesions are responsible for only a small
fraction of patients who present with hemoptysis. The majority of
patients with hemoptysis bleed from lesions supplied by the bron-
chial or other systemic collateral arteries. The most frequent indi-
cation for embolization of the pulmonary arteries is for patients
with hereditary hemorrhagic telangiectasia (HHT). We perform pro-
phylactic embolization of these lesions to prevent complications
of stroke, brain abscesses, hemoptysis and hemothorax. We also
embolize pulmonary AV fistulas to relieve the symptoms of the asso-
ciated right to left shunt such as hypoxemia and decreased exercise
tolerance. Since the saccular aneurysms associated with pulmonary
AV fistulas are often located close to the pleural surface occasionally
they rupture into the pleural space causing a hemothorax.
Other lesions for which we embolize the pulmonary arteries are
Rasmussen aneurysms and pseudoaneurysms usually due to iatro-
genic trauma. Rasmussen’s aneurysm originally referred to an aneu-
rysm of the small to medium pulmonary artery branches developing
in the vicinity of a caseating necrotic lesion or a cavity from tuber-
culosis. However, any destructive lung process, irrespective of its
pathogenesis, can destroy adjacent lung, weaken the arterial wall, or
erode any vessel in its vicinity. Other causes of mycotic aneurysms
are septicemia, bronchiectasis, lung abscess, and other inflam-
matory conditions. Aneurysms involving the lobar or segmental
branches of the pulmonary arteries occur in Behcet’s and Hughes-
Stovin syndromes. These lesions often have dual blood supply from
both pulmonary and bronchial arteries. Frequently it is necessary to
embolize the bronchial supply in addition to the involved pulmo-
nary artery. latrogenic traumatic pulmonary pseudoaneurysms are
complications of over inflated Swann-Ganz pulmonary artery cath-
eters or lung surgery.
An unusual lesion that often requires pulmonary artery emboliza-
tion is a systemic artery to pulmonary artery fistula. These lesions
most often have an aneurysm at the site of the fistula. They may be
fed by several systemic arteries including the internal mammary
artery, bronchial artery and phrenic artery. Principles for endovascu-
lar treatment of these include occlusion of both the systemic artery
inflow and the pulmonary artery outflow.
Large vessel occluders are used for embolization of the pulmonary
arteries. These include coils, Amplatzer vascular plugs and where
available detachable balloons. The choice of the embolic mate-
rial depends on the anatomy and blood supply to the lesion to be
embolized and the goal of embolization. With proper procedural
planning and performance, interventional treatment will achieve
successful results in the majority of these cases.

Special Session
EVAR
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Review of new EVAR devices: pros and cons

H. Rousseau;
Radiology, CHU Rangueil, Toulouse, France.

Learning Objectives:

1. To discuss new devices

2.To describe how they are better compared with previous devices
3. To present the pitfalls of new devices

Endovascular techniques have driven the evolution of the manage-
ment of thoracic aortic disease, enabling minimally invasive repair
even in high-risk patients who are unfit for open surgery. The indi-
cations are expanding and the complexity of cases is increasing.
The individual anatomy and pathology of the thoracic aorta alone
and in combination create specific difficulties in stent graft delivery,
deployment, and fixation.

Currently there are several commercially approved devices for tho-
racic aortic disease, including Gore TAG (Gore), Valiant-Captivia
(Medtronic), Zenith TX1 or TX2 (Cook), Relay (Bolton Medical),
Endofit (Endomed), E-Vita (Jotec), ranging between 20 and 50 mm,
enabling the treatment of aortic sizes between 18 mm and 44 mm
in diameter.

Most of these devices are composed of a preloaded stent-graft
made of a polyester or e PTFE graft built onto a self expanding niti-
nol or stainless steel alloy skeleton. Each of these devices has dif-
ferent proximal and distal configurations, with or without barbs.
Longer lengths, with a maximum of 250 mm, have been designed to
minimize device exchange during deployment and to avoid type lll
endoleaks with multiple stent-grafts.

Modifications have been made to improve trackability, conform-
ability, and deployment. The connecting bar has been removed or
changed in the last device for improved conformability, especially in
the arch. The number of bare springs at the proximal and distal ends
of the device has been increased to improve circumferential force
distribution and fixation along the aortic wall.

The aim of this paper is to briefly discuss the different concepts
regarding design and deployment.

Regarding design, devices with proximal bare stents and non-bare
stents do exist. The idea of bare stents has been enhancing stabiliza-
tion of the prosthesis. However, adverse events associated with bare
stents such as retrograde type A dissection have been reported. If
this association is causal or observational bias has to be left open. To
date there is no evidence that one or the other concept is superior.
Regarding deployment, there are devices with and without a tip-
capture system on the market. It is without doubt that the avail-
ability of a tip capture increases safety as blood-pressure or anat-
omy-dependent migration or displacement of the prosthesis during
deployment is prevented. As such a system with a tip capture, the
more proximal the deployment is intended (arch and cranial ascend-
ing aorta) as well as in difficult anatomies where stretching and
bending may occur and lead to displacement during deployment
could be recommended.

The assessment of these new grafts is difficult, due to the chang-
ing indications for their use and a lack of large-scale clinical trials.
Although all devices are at risk, some failures are more specific to
one device over another and can only be remedied with improve-
ments in design and construction. Therefore, research and devel-
opment in this therapy must be encouraged in both fronts. More
sophisticated design as curved prostheses, branched or fenes-
trated stent grafts, which addresses the specific anatomic needs of
each individual patient, is an exciting possibility which may reduce
complications.
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It is beyond the scope of this paper to address all manufacturers as
well as their advantages and drawbacks.

Disclosure

Consultancy GORE, Medtronic, Bolton

302.2

What do the long term results of randomized controlled trials
teach us?

J. Lammer;
Cardiovascular and Interventional Radiology, MedUniWien, Wien,
Austria.

Learning Objectives:

1. To present the long term results

2.To compare the results vs. surgery

3. To learn how the results of the RCTs affect our practice

In the EVAR 1 trial 1252 patients with abdominal aortic aneurysms
(=5.5 cm in diameter) were randomly assigned to undergo either
endovascular aneurysm repair (EVAR) or open surgical repair (OSR).
To each group 626 patients were assigned. Patients were followed
for rates of death, graft-related complications, reinterventions, and
resource use. The mean time of follow up was 6 years. The mean age
of the patients was 74 years and the mean diameter of the aneu-
rysm was 6.4 cm. About 42% of the patients had a history of car-
diac disease. The 30-day operative mortality rate was 1.8% in the
EVAR group and 4.3% in the OSR group (adjusted odds ratio for
endovascular repair as compared with open repair, 0.39; 95% con-
fidence interval [Cl], 0.18 to 0.87; P = 0.02) (1). The total numbers of
patients who died during hospitalization for aneurysm repair were
14 of 614 patients (2.3%) in the EVAR group and 36 of 602 patients
(6.0%) in the OSR group (adjusted odds ratio, 0.39; 95% Cl, 0.20 to
0.76; P = 0.006) (2). At the end of follow up 42% of the patients were
dead in both groups. Aneurysm-related death was observed in 5.7%
vs. 6.3% in the EVAR vs. OSR groups, respectively. Graft-related
complications were observed in 282/626 (12.6 %) patients in the
EVAR group and 78/626 patients (2.5%) in the OSR group. However,
endoleaks were counted as a complication in the EVAR group. Any
other complication such as wound complications (delayed heal-
ing, infection, seroma, hernia) were not reported in the OSR group
(2). During 8-year of follow-up, the total average cost of aneurysm-
related procedures in the EVAR group was £3,019 ($4,568) more than
in the open-repair group (mean costs, £15,303 [$23,153] and £12,284
[$18,586], respectively) (2).

In the DREAM trial 178 patients were randomly assigned to undergo
OSR and 173 to undergo EVAR. The mean age of the patients was 70
years, 44% had concomitant cardiac disease (3). The median follow-
up was 6.4 years. The 30-day mortality rate was 1.2% versus 4.6% in
the EVAR versus OSR group, respectively. Severe complications were
observed in 4.7% versus 9.8% the EVAR versus OSR group, respec-
tively. Six years after randomization, the cumulative survival rates
were 69.9% for OSR and 68.9% for EVAR (difference, 1.0 percentage
point; 95% confidence interval [Cl], —8.8 to 10.8; P = 0.97). The cumu-
lative rates of freedom from secondary interventions were 81.9% for
OSR and 70.4% for EVAR (difference, 11.5 percentage points; 95% Cl,
2.0 to 21.0; P = 0.03). After OSR the most frequent reintervention was
correction of an abdominal incisional hernia, whereas EVAR reinter-
ventions were most often performed because of an endoleak and
endograft migration (4).

In a third randomized, multicenter clinical trial (OVER) of 881 US vet-
erans with abdominal aortic aneurysms were treated by either EVAR
or OSR. Mean follow-up was 1.8 years. The mean age was 70 years,
the mean aneurysm diameter was 5.7 cm. Perioperative mortal-
ity (30 days or inpatient) was lower for EVAR vs. OSR (0.5% vs 3.0%;
P=.004) (5). Patients in the EVAR group had reduced median pro-
cedure time (2.9 vs 3.7 hours), blood loss (200 vs 1000 mL), transfu-
sion requirement (0 vs 1.0 units), duration of mechanical ventilation

(3.6 vs 5.0 hours), hospital stay (3 vs 7 days), and intensive care unit
stay (1 vs 4 days). There were no differences between the 2 groups
in major morbidity, procedure failure, secondary therapeutic proce-
dures, aneurysm-related hospitalizations, health-related quality of
life, or erectile function. There was no significant difference in mor-
tality at 2 years (7.0% vs 9.8%, P=.13). The aneurysm-related mor-
tality rate was 1.4% in the EVAR group and 3.0 % in the OSR group.
Post-repair aneurysm-related interventions were observed in 108
EVAR patients and 86 OSR patients. The 61 secondary therapeutic
procedures in the EVAR group included 42 endovascular procedures,
3 explantations of the graft with conversion to open repair, 9 other
arterial procedures with an open component, 5 groin wound pro-
cedures, and 2 amputations (both legs of 1 patient). The 55 second-
ary therapeutic procedures in the OSR group included 24 incisional
hernia repairs, 7 aortic graft procedures, 4 procedures for wound
complications, 4 amputations (1 toe, 1 leg, and below and above
knee on same leg), 4 laparotomies for bowel obstruction, 2 lapa-
rotomies for hematoma, 2 procedures to relieve claudication, and 8
miscellaneous minor procedures. Incisional hernia was reported in
30 patients who had open repair, resulting in secondary therapeu-
tic procedures in 21 patients (4.9%), all of whom had undergone an
anterior surgical approach in the original open repair (5). In the EVAR
group, there were 134 endoleaks in 110 patients (25%), resulting in
21 secondary therapeutic procedures in 18 patients (4.1%) (5).
In the EVAR Il trial 404 patients that were considered to be physi-
cally ineligible for OSR with large abdominal aortic aneurysms (=5.5
cm in diameter) were randomly assigned to undergo either EVAR
or no repair (6). The mean age was 76.8 years and the mean aneu-
rysm diameter was 6.7cm. Patients were followed for rates of death,
graft-related complications and reinterventions, and costs. The
30-day operative mortality was 7.3% in the EVAR group. Of the 207
patients who were assigned for non-intervention 70 (34%) had later
an aneurysm repair after a mean follow-up of 244 days. The over-
all rate of aneurysm rupture in the no-intervention group was 12.4
(95% confidence interval [Cl], 9.6 to 16.2) per 100 person-years. The
overall aneurysm-related mortality was 3.6 deaths per 100 person-
years in the endovascular-repair group and 7.3 deaths per 100 per-
son-years in the non-intervention group (adjusted hazard ratio, 0.53;
95% Cl, 0.32 to 0.89; P = 0.02) (7). This advantage did not result in
any benefit in terms of total mortality (adjusted hazard ratio, 0.99;
95% Cl, 0.78 to 1.27; P = 0.97). A total of 48% of patients who sur-
vived EVAR had graft-related complications, and 27% required rein-
tervention (mostly endoleaks) within the first 6 years. During 8 years
of follow-up, EVAR was considerably more expensive than no repair
(cost difference, £9,826 [U.S. $14,867]; 95% Cl, 7,638 to 12,013 [11,556
to 18,176])(7).
In summary, all 3 randomized trials which compared EVAR and OSR
demonstrated a significantly lower 30-day or in hospital mortal-
ity rate after EVAR. However, this survival benefit was lost after 2-6
years of follow-up. The aneurysm-related mortality rate during the
follow-up for up to 6 years was low 1.4%-5.7% for EVAR and 3.0%-
6.3% for OSR. Reinterventions were observed in the EVAR group pri-
marily because of endoleaks and graft migration. The most com-
mon cause of reintervention in the OSR group was incisional hernia.
In the EVAR 2 trial in which patients not fit for OSR were randomized
to EVAR versus observation placement of an endovascular graft led
to a significant reduction in aneurysm-related mortality, primarily
through prevention of late aneurysm rupture.
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Trials update for small AAAs and ruptured AAAs

C.D. Liapis, K.G. Moulakakis;
Department of Vascular Surgery, Attikon University Hospital,
Medical School of Athens, Athens, Greece.

Learning Objectives:

1. To review the previous data for the treatment of small AAAs.

2. To review the current data for EVAR for ruptured AAA

3. To report on ongoing and future trials and trends

TRIALS UPDATE FOR SMALL AAAs

In the era of decision making the diameter of an abdominal aor-
tic aneurysm (AAA) is considered the most important variable pre-
dicting rupture. The UK Small Aneurysm (UK) Trial and the VA's
Aneurysm Detection and Management (ADAM) Trial have dem-
onstrated that there is no benefit from early surgery versus regular
ultrasound or CT scan surveillance for AAAs that are < 5.5 cm1.23,
These trials demonstrated a 30-day operative mortality for elec-
tive open repair ranging from 2.7% in the USA up to 5.5% in the UK
and both indicated that the rupture rate of small AAA was very low,
less than 1% per annum. The findings of these two trials were sum-
marized in a recent Cochrane review (at 6 years HR 1.11 [95%Cl 0.91-
1.34]), showing the safety and hence benefits of a policy of surveil-
lance for aneurysms 4.0-5.5 cm in diameter?.

The evolution in the endovascular area has influenced the manage-
ment of AAA. A reasonable controversy arising is that much of our
present decision making is based on studies comparing open repair
to surveillance. The efficacy of endovascular repair (EVAR) compared
with open surgical repair (OR) has been tested in four randomized
trials, the EVAR I, the DREAM, the OVER and the ACE trial>6.7.8.
Three of these trials had similar results and showed an initial sur-
vival advantage in the endovascular technique (30-d mortality rates
after EVAR compared with ORX EVAR I: 4.7% vs. 1.7%, DREAM: 4.6%
vs. 1.2%, and OVER: 3% vs. 0.5%)>6.7. The 8- and 6-year follow-up
results of the EVAR | and DREAM trials demonstrated similar survival
rates between patients treated with OR and EVAR, but patients with
EVAR in long-term follow-up were associated with increased rates of
graft-related complications and reinterventions>6. The Anevrysme
de l'aorte abdominale: Chirurgie versus Endoprothese (ACE) trial

was recently published after several years of delay, due to financial
difficulties related to stent graft approval for the EVAR procedure.
Interestingly, the trial showed that there was no difference in-hos-
pital mortality (0.6% vs 1.3%; P = 1.0) and survival between the two
groups. The authors concluded that in patient with low to interme-
diate risk factors, open repair of AAA is as safe as EVAR and remains a
more durable option.

The early lower mortality rate observed after EVAR has also
reopened the threshold of AAA diameter for recommending surgi-
cal repair. EUROSTAR data cited evidence that patients with smaller
aneurysms following EVAR may be associated with a reduced long-
term mortality and graft complication rates®. Two randomized trials,
the CAESAR trial and the PIVOTAL trial, have investigated whether
EVAR might be justified in patients with small aneurysms1011, A
difference between these two studies was that the PIVOTAL trial,
focused only on the 4.0-5.0 cm diameter range (CAESAR: 4.0-5.5 cm
diameter range). The two trials had clearly defined intervention poli-
cies for the surveillance groups in addition to reaching the threshold
diameter. Both studies in a follow-up of three years concluded that
there is no benefit to early endovascular repair of small abdominal
aortic aneurysms in comparison to surveillance917,

ESVS AND SVS GUIDELINES FOR ANEURYSM SURVEILLANCE
Published guidelines from the Society for Vascular Surgery (SVS),
emphasize that surveillance is recommended for most patients
with a fusiform AAA in the range of 4.0 cm to 5.4 cm in maximum
diameter (Level of recommendation: Strong, Quality of evidence:
Moderate)'2. Recently reported guidelines by the European Society
for Vascular Surgery (ESVS), taking in account the results of CAESAR
and PIVOTAL trials, highlight that a policy of ultrasonographic sur-
veillance of small aneurysms (4.0-5.5 cm) is safe and advised for
asymptomatic aneurysms (Level 1a, Recommendation A)13.

An issue for debate is whether surgical intervention is justified
in case of females with small AAAs or in subsets of younger low-
risk patients, with long life-expectancy. In the UK trial, the esti-
mated adjusted hazard ratios were in the direction of greater ben-
efit of early surgery for younger patient, but this benefit did not
reach a statistical significance2. Females appear more likely to suf-
fer AAA rupture at smaller aortic diameters and three or four times
more likely to rupture whilst under surveillance than males!14,
Unfortunately, none of the randomized trials was designed and
powered to detect differential effects for older or younger cohorts
and female patients. In the absence of individual patient data meta-
analysis, the ESVS guidelines suggest that aneurysm repair should
be considered at a maximum aneurysm diameter of 52 c¢m in
females (Level 3b, Recommendation C)13. The SVS guidelines sug-
gest that young, healthy patients, and especially women, with AAA
between 5.0 cm and 5.4 cm in maximum diameter may benefit from
repair (Level of recommendation: Weak, Quality of evidence: Low)'2.
TRIALS UPDATE FOR RUPTURED AAAs

Case series and Trials for emergency EVAR (eEVAR)

Rupture of an abdominal aortic aneurysm (AAA) carries a high mor-
bidity and mortality despite vast improvements in the care of criti-
cally ill patients over the past two decades. The overall mortality rate
of patients is still extremely high ranging from 70 to 90%'>. Mortality
rates from open repair of ruptured AAAs have not improved sig-
nificantly. Endovascular treatment of ruptured AAA has recently
become popularized due to its minimally invasive approach.

The literature has become enriched with cohort studies and case
control studies reporting significant benefits associated with eEVAR
compared to open surgery. Rayt et al. in a meta analysis reported
an operative mortality rate of 28% after treatment with EVAR for
rAAAs'6. Karkos et al. in his systematic review represent the largest
collective experience of endovascular repair for rAAAs in the litera-
ture and documents the pooled mortality from 29 published series
with 897 patients who underwent endovascular repair. The pooled
mortality after endovascular repair for rAAA was 24.5%!17. A total of
19 studies provided mortality data for contemporary open repair
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during the same period with a mortality of 44.4%7.

The majority of observational studies have revealed improved out-
comes after emergent EVAR for ruptured AAA than those tradition-
ally reported in the literature for open repair. However, these values
should be balanced through the understanding that in these stud-
ies there were publication bias and significant patient selectivity
according to hemodynamic instability, suitability for EVAR and sur-
geon’s preference. Another factor for these favorable results might
be the differences in operative technique and experience. Also,
the open surgery group for rAAA is likely to contain more complex
cases, such as those with pararenal diseases and more unstable
patients, unfit for imaging delay.

Randomized Controlled Trials

The first randomized control trial (Nottingham Trial) on emergency
EVAR (eEVAR) failed to complete and was suspended due to slow
recruitment and over-optimistic power calculation'®. On an inten-
tion to treat basis the 30-day mortality rate was 53% in the EVAR
group and 53% in the open repair group, failing to support superi-
ority of EVAR over open repair of ruptured abdominal aortic aneu-
rysms (RAAAs).

Three RCTs comparing EVAR with Open Repair for ruptured AAAs
are currently in progress: the Amsterdam Acute Aneurysm Trial
(AJAX Trial), the French Endovascular versus Conventional Aneurysm
Repair Trial (ECAR Trial), and the Immediate Management of the
Patient with Rupture: Open vs Endovascular Repair (IMPROVE
Trial)19-21,

The AJAX trial started recruitment in 2004 randomizing stable
patients following a CT scan to decide anatomic suitability!9. The
proposed EVAR protocol included local anesthesia, controlled hypo-
tension and a simple aorto-unilateral system. The primary endpoint
of the study is combined mortality and severe morbidity. While the
initial target was 80 patients, due to new power calculations, in 2009
the protocol was amended to increase recruitment to 120 patients.
The enrollment phase was extended and final analysis is awaited by
the end of 2011.

The ECAR trial started recruitment on January 2008 randomiz-
ing stable patients following a CT scan to decide anatomic suitabil-
ity, similar to the AJAX trial20, The trial investigators plan to recruit
a total of 160 patients (80 to each group). The primary outcome is
mortality at 1 month. Results on mortality/morbidity are not yet
available.

The IMPROVE trial has started to recruit patients from 2009.
Compared to AJAX and ECAR, this trial will attempt to compare
an endovascular repair first to an open repair first strategy2!. Non-
moribund patients with varying degrees of hemodynamic stability
will be randomized to the endovascular or open arm once a clinical
diagnosis is made. Then those randomized to the endovascular arm
will undergo urgent CT scanning to determine anatomic suitabil-
ity followed by endovascular repair if possible, with open repair as
the default option: CT scanning is optional in the open repair arm. A
total of 600 patients will be enrolled in the study. The study will also
address whether an endovascular first strategy with a CT-scan intro-
duces unacceptable delays into the patient pathway with adverse
clinical sequence.

Guidelines for the treatment of ruptured AAAs

Regarding the role of EVAR for ruptured AAAs, the ESVS guidelines
emphasize that there is lack of evidence to support its superiority
than open repair in an unselected population of patients who pres-
ent with rAAA. EVAR should be considered as a treatment option
for ruptured AAA, provided that anatomy is suitable, the centre is
appropriately equipped and the team experienced in emergency
endovascular aneurysm procedures (Level 2b, Recommendation
B)13. There is evidence for the need of a multidisciplinary approach
and a standardized protocol to treat effectively the critical condi-
tion (Level 2C, Recommendation A)13. The United Kingdom National
Institute for Clinical Excellence (NICE), in its consensus document
published in February 2009, stated that EVAR was not recommended

for rAAA, except in the context of research22, Further, more robust
evidence is required to convince this independent national guid-
ance organization.
Conclusions
According to the available data, surveillance remains the pre-
ferred policy for small aneurysms 4.0-5.5 cm in diameter. Young,
fit patients, and especially women, with AAA between 5.0 cm and
5.4 cm in maximum diameter may benefit from repair. The decision
making depends on the balance of risks and benefits and medical
advice for the treatment of an abdominal aortic aneurysm should be
individualized. The role of EVAR in the management of rAAAs is still
obscure. High standards of organization are needed from special-
ized centers to manage the urgent nature of rAAAs. EVAR in emer-
gency settings requires a dedicated and readily available multidis-
ciplinary staff with trained experience as well as dedicated specific
technology. Results from the ongoing randomized trials will proba-
bly elucidate the role of EVAR in ruptured aneurysms.
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Imaging follow-up: what modality, how often,
do we still need it?

F. Fanelli;
Radiological Sciences - Vascular and Interventional Radiology Unit,
Sapienza - University of Rome, Rome, Italy.

Learning Objectives:

1. Which is the best follow-up modality?

2.ls ultrasound better than CT?

3. What is the role of MRI?

Endovascular aneurysm repair (EVAR) is a well-established tech-
nigue for the treatment of abdominal aortic aneurysms (AAA). It can
reduce perioperative mortality, complications and hospitalization
but patient surveillance and early complication detection are crucial
to determine long-term performance of EVAR devices.

Consensus guidelines by Chaikof recommend obtaining a computed
tomographic angiogram (CTA) every 5 years for open surgical repair
of an abdominal aortic aneurysm while EVAR requires yearly surveil-
lance for endoleaks and device migration. During the first postoper-
ative year, CTA - the current gold standard - at 1 month and 1 year is
recommended unless an endoleak is detected. If a type Il endoleak
is discovered, CTA at 6-month intervals is suggested. In case of no
endoleak and of no aneurysm sac expansion, yearly duplex ultra-
sound can be considered sufficient.

The best way to keep the situation under surveillance, in terms of
imaging modality and follow-up time, has been discussed for long

and is still being discussed.

After stent-graft implantation contrast-enhanced CT is generally
considered the gold standard in patients’ follow-up because it has
shown high sensitivity to endoleak detection, the most frequent
complication of EVAR, with a sensitivity of 92% and specificity of
90%. In addition, CTA allows a clear picture of graft integrity and
morphologic evaluation of the aneurysm.

The European Collaborators on Stent/graft Techniques for Aortic
Aneurysm Repair (EUROSTAR) Registry recommends a follow-up
consisting of CTA examinations performed at 1, 6, and 12 months
after the procedure and subsequent annual investigations, unless
complications develop. However, the lifelong requirement for
patient surveillance accentuates certain drawbacks of CT angiog-
raphy, including ionizing radiation burden and nephrotoxic con-
trast agent load. As recently reported, and also suggested by the
American College of Radiology, the dose of unnecessary radiation
needs to be reduced in diagnostic imaging.

Following these issues and using safer and more reliable new gen-
eration stent-grafts can surely optimize the follow-up protocol after
EVAR.

Several authors have pointed out the usefulness of other imaging
techniques, such as magnetic resonance angiography (MRA), color
duplex ultrasound (CDUS) and contrast-enhanced ultrasonography
(CEUS).

MR examination is based on the use of T1 and T2 weighted imag-
ing followed by a contrast enhanced sequence using either stan-
dard Gadolinium contrast agent or blood pool agents. Advantages
are the absence of radiation and contrast-induced nephrotoxicity,
disadvantages are higher costs and artifacts due to the metal skel-
eton of the stent-graft. Moreover, nephrogenic systemic fibrosis can
be induced by the use of Gadolinium contrast agent.

Recent studies have demonstrated that MR shows a sensitivity
higher than CTA in the detection of endoleaks.

A number of articles in the literature has indicated that color duplex
ultrasound (US) can be used for post-EVAR surveillance. Ultrasound
follow-up regimen speaks of decreased cost, lower radiation expo-
sure and similar rates of endoleak detection as benefits of ultra-
sound versus CTA.

Non-contrast-enhanced US correlates with CT angiography in deter-
mining a change in AAA sac size over time but it shows low sensitiv-
ity and positive predictive value in endoleak detection when com-
pared with CTA.

Sonographic contrast agents enhance the capability of color duplex
imaging to detect endoleaks. Second-generation contrast agents
consist of stabilized microbubbles of sulphur hexafluoride gas,
which is eliminated through the respiratory system, surrounded by
a phospholipid shell. These microbubbles improve blood flow echo-
genicity by resonating with low-intensity US which increases back-
scatter and consequently the detected signal. Bubble destruction
during imaging is minimized and real-time scanning is possible for
several minutes. No adverse events, such as nephropathy, have been
reported.

The clinical applicability of US investigation may be limited by oper-
ator-dependent variability as well as by patient-related limitations
such as obesity.

In the detection of endoleaks the sensitivity of contrast-enhanced
ultrasound (CEUS) can considerably vary from 42.9% to 97% pre-
sumably because results depend not only on the skill and experi-
ence of the operator but also on the patient’s habitus and level of
cooperation.

CEUS imaging significantly improves the diagnostic performance of
CDUS imaging in endoleak detection in patients with endovascular
aortic stent grafts. Its sensitivity and negative predictive value are
similar to multislice CTA (97.5% and 97.3%, respectively). Its speci-
ficity and accuracy are satisfactory (81.8% and 89.3%) but not ideal
because the false-positive rate is nearly 10%.

The use of US as the preferred imaging modality in the follow-up of
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patients can reduce the biologic hazards associated with CT angi-
ography. First, the EVAR procedure and lifelong annual CT follow-
up carry, in fact, a substantial ionizing radiation burden: patients
receive a total effective dose of approximately 60 mSv within the
first year after EVAR, taking into account procedure-related fluoros-
copy and follow-up CT angiography. The mean effective dose of CT
angiography for EVAR follow-up is approximately 15 mSv. The sto-
chastic risk of a fatal radiation-induced tumor is estimated to be 5%/
Sv radiation. Therefore, the risk of cancer induction of one CT angi-
ography procedure is approximately 1 in 1,500, indicating the rel-
evance of reliable alternatives to annual CT angiography for post-
EVAR follow-up particularly in younger patients. Second, CT angi-
ography requires the administration of iodinated contrast agents,
which are associated with nephrotoxic effects. Renal dysfunction is
a comorbidity found in 80% of patients with aneurysms and is the
most important risk factor for contrast agent-induced nephrotox-
icity. No major side effects, including nephrotoxic ones, have been
reported for US contrast agents.
To reduce false-positive diagnoses an accurate baseline US examina-
tion before contrast medium injection should be performed, mainly
to assess the morphology of the aneurysmal sac.
Recent data suggest that CEUS imaging is more specific than CTA in
endoleak classification thanks to longer duration of enhancement,
lack of metallic artifacts and angio-dynamic evaluation of the leak
during the dynamic phase.
On the other hand, CEUS imaging has also some limitations. Patient’s
habitus (obesity) and bowel gas can interfere with imaging, US
results are operator-dependent and good quality images presume
training and specific skills.
As CTA provides superior information related to graft anchoring
and integrity, aneurysm morphologic changes or visceral vessels
patency (renal arteries), CEUS could replace CTA at 6-month follow-
up and annually thereafter.
In fact the rationale of post-EVAR follow-up at 1-month and
12-month follow-up should be not only to detect endoleaks but
also to evaluate intraprocedural and periprocedural complications
related to stent graft anchoring and visceral vessels patency as well
as postprocedural complications related to stent-graft migration
and integrity, visceral vessels patency and aneurysm morphologic
changes.

On the basis of this opinion, a suggested follow-up after EVAR is

based on CTA at 1 and 12 months and CEUS imaging performed at

6 months and annually thereafter, if no complications are detected.
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Special Session
Colorectal hepatic metastases

303.1

Techniques and results of ablation in liver disease

R.-T. Hoffmann;
Inst. u. Pk. f. Radiologische Diagnostik, Medizinische Fakultaet Carl-
Gustav-Carus an der TU Dresden, Dresden, Germany.

Learning Objectives:
1. To describe techniques and devices used in ablation of colorectal
hepatic metastases
2. To discuss indications and results of ablation in hepatic metas-
tases
3. To understand the role of ablation with respect to surgical and
medical treatments in colorectal liver metastases
The liver is a common site for primary malignancy and hematoge-
nous metastasis. Although surgical resection of metastatic hepatic
tumors is generally regarded as first-line therapy, the majority of
patients with hepatic malignancy have disease that is not amena-
ble to surgical resection because of tumor location, poor hepatic
reserve, or medical comorbidities. This has led to significant inter-
est in the development of nonsurgical image-guided therapies,
including radiofrequency ablation (RFA). Percutaneous thermal abla-
tion is an emerging treatment option for many tumors in patients
which are no candidates for conventional treatments — mostly sur-
gical resection. During a thermal ablation procedure, an electrode,
antenna or an applicator with a small diameter is put into the target
tumor under imaging guidance. Most often CT fluoroscopic guid-
ance is used; however, ultrasound and even MRI guidance is applied
by different groups. Beside radiofrequency, there are various energy
sources which can heat biological tissues. Microwaves, laser light
and ultrasonic waves are the most common other techniques used
for tumor destruction. During RF ablation, alternating electrical cur-
rent of a high frequency (~500 kHz) produces ionic agitation and
therefore frictional heating around the interstitial electrode. In
monopolar systems skin surface electrodes (ground pads) has to be
used to complete the electrical circuit, while in bipolar systems both
poles are on the same needle. Depending on the time, the current is
applied, tissue temperatures can rise to cytotoxic levels (above 60 °C)
and can create ablation volumes of up to 5 cm in each direction. RF
ablation is used for nearly 20 years, with good results for local tumor
control, extended survival and low complication rates. However,
there are some drawbacks in RF. The ablation volume is hampered
by local blood flow (so called heat sink effect) and high electrical
impedance tissues. The advent of microwave ablation can alleviate
some of these problems by producing faster, volumetric heating.
In microwave ablation the heat is caused by a fast rotation of water
molecules and is therefore less influenceable by large vessels. To cre-
ate larger or conformal ablations, multiple microwave antennas can
be used simultaneously while most RF systems available on the mar-
ket require sequential placement, which limits their efficiency. Early



experiences with microwave systems suggest efficacy and safety
similar to, or better than RF devices. An alternative to heat is to
freeze tumors. The so-called cryoablation freezes the target tissues
to lethal levels (-20 to -40 °C). Percutaneous cryoablation has been
shown to be effective against RCC and many metastatic tumors, par-
ticularly colorectal cancer, in the liver. Thermal tumor ablation can
be performed at open surgery, laparoscopy or using a percutane-
ous approach. When performed percutaneously, the ablation proce-
dure relies on imaging for diagnosis, planning, applicator guidance,
treatment monitoring and follow-up. Ultrasound is the most popu-
lar modality for guidance and treatment monitoring worldwide, but
computed tomography (CT) and magnetic resonance imaging (MRI)
are commonly used as well. Contrast-enhanced CT or MRI are typi-
cally employed for diagnosis and follow-up imaging.

303.2

Techniques and results of Irinotecan drug eluting beads

W.S. Rilling;
Vascular and Interventional Radiology, Medical College of
Wisconsin, Milwaukee, WI, United States of America.

Learning Objectives:

1. To present technical details of chemoembolization with Irinotecan

2. To discuss indications of chemoembolization with Irinotecan in
colorectal metastases

3. To analyse results from the literature and from personal
experience

No abstract available.

303.3

Radioembolization for colorectal metastasis

N.P. Tait;
Dept. of Imaging, Hammersmith Hospital, London, United Kingdom.

Learning Objectives:
1. To describe the main technical aspects of radioembolization of
colorectal metastases
2.To analyze the indications and the role of radioembolization with
respect to other therapies
3. To report the results from the available literature and personal
experience
Radioembolisation of colorectal liver metastases involves the endo-
vascular delivery of microspheres labeled with Yttrium 90 into the
hepatic arterial circulation (usually via a radiologically inserted arte-
rial catheter).
Loco-regional therapies are attractive in the treatment of colorec-
tal liver disease. It is unclear why liver is often the only site of met-
astatic disease. Any treatment that relies totally on imaging for tar-
geting can only be considered a local treatment. Surgery, exter-
nal beam radiotherapy and radiofrequency ablation are local treat-
ments applicable only to visible disease. The proportion of micro-
metastases increases disproportionately (? exponentially) with
increase in number of visible metastases. Even in the best surgical
cases (<3-4 metastases) patients are likely to relapse and usually in
the liver. Even with the addition of chemotherapy, in the best oper-
able cases, 50% of patients relapse by 18mths and usually in the liver
(1). Thus, combination treatments are attractive particularly if they
combine systemic treatments with loco-regional therapies (hepatic
arterial chemotherapy, drug-eluting beads, and radioembolisation).
External beam radiation therapy has an established role in the treat-
ment of primary rectal carcinoma where it has a synergistic effect
with chemotherapy. Normal liver tissue, however, is very sensi-
tive to radiation. Radiation-induced liver disease occurs 3 weeks to
3 months post-irradiation and presents with detoriation in hepatic

function and ascites. Thus, targeted delivery of radiation therapy is
mandatory, external beam or the endovascular injection of radio-
labelled particles.

Tumour angiogenesis results in increased blood flow to liver
tumours. Tumours greater than 2cm in diameter obtain 80% of
their blood supply from the hepatic artery. Intra-arterial injection
of radiolabelled microspheres means that they are preferentially
deposited in the tumour microvasculature. Yttrium emits (3 radiation
with limited penetration. Thus, high radiation doses to liver tumours
of the order of 200Gy are achieved whilst limiting the dose to sur-
rounding normal liver (order of 20Gy) (2).

Suitable patients have unresectable liver disease, no or stable/lim-
ited extra-hepatic disease and normal liver, renal and haematologi-
cal function.

Preparation prior to treatment involves cross-sectional imaging,
Positron Emission Tomography (PET) studies and visceral angiogra-
phy to assess and prepare the hepatic arterial circulation. The arte-
rial circulation may require manipulation to allow safe delivery of
the radiolabelled material. Awareness of the arterial anatomy vari-
ations is prerequisite (3, 4). Radiolabelled macro aggregated albu-
min is injected at this time to allow a nuclear medicine scan to be
performed to measure the liver to lung shunt. A shunt over 20%
precludes treatment. Injection of the therapeutic material usually
takes place a week later. The dose delivered depends on the shunt
study and the degree of liver involvement. Following the therapeu-
tic injection a further Nuclear Medicine scan is performed to assess
the Bremsstrahlung radiation emitted by the inter-reaction between
the B radiation and the liver tissue to obtain an indication of the ana-
tomical distribution of the injected material.

Potential complications include hepatic failure/portal hypertension,
pancreatitis, pneumonitis, gastro-intestinal ulceration or bleeding,
cholecystitis, infection/abscess. Radiation dermatitis in a peri-umbil-
ical distribution is possible if microspheres get deposited in this ana-
tomical area via a patent falciform artery.

High risk patients are those with limited hepatic reserve, high or low
tumour load, previous liver resection, previous biliary intervention
or endovascular therapy. Increased toxicity is potentially possible
with co-existent treatment with certain chemotherapeutic agents
(Capecitibine. Gemcitibine).

Assessment of response is with cross-sectional imaging and PET.
Tumour response can be difficult to assess on cross-sectional imag-
ing. PET appears to provide a more sensitive indication of response
(5).

Best results appear to be obtained in conjunction with chemother-
apy (6). Response on PET imaging is also an indicator of survival (7).
Improved survival or disease control (time to progression or objec-
tive response rates) have been demonstrated in the first line setting
(6, 8, 9), after second or third line chemotherapy (10, 11) and in the
salvage setting (7, 12, 13). Even in advanced disease it can be pos-
sible to downstage patients so that they become resectable (9, 12).
Further, larger randomised studies are in progress. The FOXFIRE
study is a randomised phase 2 design of radioembolisation in con-
junction with chemotherapy (Oxaloplatin) against chemotherapy
alone.
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Combination therapy

F. Orsi, G. Bonomo, P. Della Vigna, L. Monfardini;
Unit of Interventional Radiology, European Institute of Oncology,
Milan, Italy.

Learning Objectives:
1. To describe synergies in interventional approaches in colorectal
liver metastases
2.To analyse the results of trials using combination strategies
3. To understand the role of combined therapies in the management
of colorectal liver metastases
Introduction
Colorectal cancer (CRC) is one of the most common causes of can-
cer death in the Western world. In the case of colorectal cancer
metastatic disease, the liver is the only metastatic site in 20%-30%
of patients. Therefore, the liver involvement becomes a life-threat-
ening factor. Surgical resection has long been considered the only
treatment able to offer prolonged survival to patients with hepatic
tumors. Unfortunately many patients are not candidates for surgery
because of the extent and/or distribution of the malignancies or the
underlying chronic liver disease. The role of image-guided locore-
gional therapies in the management of patients with liver cancer
has vastly spread in the last decade. Such therapies, which rely on
imaging guidance for tumor targeting, include various percutane-
ous and catheter-based ablative techniques. Radio-frequency ther-
mal ablation (RFA) produces a coagulative necrosis via an alternating
high-frequency electric current, which is delivered through an elec-
trode placed in the centre of a lesion. However, RFA is inherently lim-
ited by the volume of tumor that can be effectively ablated. In small
lesions (<3 cm), complete necrosis can be achieved in more than
80% of patients, but local failure rates increase rapidly as the tumor
diameter exceeds 3 cm. For lesions with a diameter between 3 and
5 cm, the percentage of complete necrosis varies between 50 and
70%. The inability to reliably creating adequate volumes of coagu-
lation necrosis reduces the technical indications for RFA in treating
large hepatic tumors. The cooling effect coming from the liver blood
flow (the so-called “heat sink effect”) usually affects the radial heat
distribution, reflecting the biophysiological limitations in achiev-
ing large volume of heat-induced coagulation necrosis. Liver neo-
plasms, both primary and metastases, are supplied almost entirely
by the hepatic arteries, and the abundant arterial blood flow within
and outside tumors, leading for the cooling effect, may reduce the
effectiveness of RFA in treating large tumors. Several Authors have
been able to increase RF-induced coagulation necrosis volume by
occluding blood flow to the liver during ablation procedures in ani-
mal models. Transcatheter arterial embolization (TAE) consists of
the intrarterial administration of embolic microparticles in order to
obtain the blood flow shut down. TAE may therefore reduce hepatic
arterial blood flow, attenuating the heat sink effect during liver RFA.
Recently, many clinical studies have shown that combination of
RFA and TAE is effective on large hepatocellular carcinoma (HCC).
However, current literature is mainly focused on HCC rather than on
liver metastases.
Our 5-year experience at European Institute of Oncology demon-
strated that combination of TAE (performed with very-small spher-
ical microparticles) and percutaneous RFA, both performed during
the same session, is really feasible, well tolerated and effective even

in treating patients affected by liver metastases technically or clini-
cally unresectable.

Material and methods

From May 2006 to April 2011, 41 patients affected by single or mul-
tiple (not more than two stable lesions) unresectable liver lesions
underwent a combined treatment with TAE followed by RFA, in the
same session, for a total of 55 treated lesions. Among these lesions
17 were metastases from colorectal cancer (size ranged between 18
and 70mm- average 35mm) in 16 patients.

All cases were previously discussed within a dedicated tumor board.
Patients previously received chemotherapy, and in some cases mul-
tiple liver surgical resections and developed progressive liver only
disease not eligible for further surgery.

Preliminary routine physical examination, laboratory tests and
image studies including unenhanced and contrast medium-
enhanced three-phase Computed Tomography (MDCT) were per-
formed before treatment in all patients.

All interventions were performed under general anaesthesia. With
right transfemoral artery access, superior mesenteric and hepatic
arteriography was obtained, in order to assess all the arteries feed-
ing to the tumor. After a stable selective catheterization of tumor
feeders was obtained, small calibrated (100 m) microspheres
(Embozene™; Color-Advanced Microspheres Celonova BioSciences)
were injected until blood flow was arrested. Then percutaneous
embolization was performed by mean of RFA multitined expand-
able electrode (Le Veen needle) sized according to tumor size and
shape. Percutaneous electrodes were then connected to the genera-
tor (RF 3000, Boston Scientific) and RF energy was applied till roll-off
was acheived.

In two patients, after TAE, underwent RFA ablation under ultrasound
(US ) guidance within the angio room; two patients underwent TAE
in the angio-room, then were transferred in the operating room,
where RFA was performed with laparoscopic approach under US
guidance; seventeen patients were treated in a dedicated CT room,
using simultaneously a CT scan (Hi-Speed; General Electric) coupled
with a portable digital C-arm (Moon Ray; Simad). In these cases TAE
was performed by inserting the microcatheter into feeding arter-
ies under fluoroscopy, then CT scans were acquired during intrarte-
rial contrast media injection, in order to confirm the appropriateness
of the catheter position for the right embolization. Again in these
cases the RFA needle was inserted under US guidance, and its cor-
rect position was confirmed by CT. The day after the interventions,
all patients underwent a MDCT scan, in order to assess preliminary
results. Once discharged, patients were evaluated both clinically and
with MDCT on regular basis at 30 days, three months, and every six
months after treatment.

The early treatment efficacy was defined by assessing the extension
ablated area. Complications were classified according to the Society
of Interventional Radiology (SIR) Standards of Practice.

Results

Technical success, intended as the completion of both TAE and
RFA, was achieved in all patients. Non-enhancing hypodense areas
at MDCT, performed 24 hours after treatment, ranged from 37 to
104 mm in maximum axial diameter, measured at the correspond-
ing MDCT slide of the pre-treated lesion maximum diameter. Safety
margins, calculated as the difference between the maximum diam-
eter after and before treatment divided by two, MDCT images,
ranged from 2 to 30.5 mm (average 16 mm). Follow-up (MDCT) aver-
age is 19.6 mos. No patients have been lost at follow-up. Complete
response (CR) intended as the complete devascularization at MDCT
follow-up controls of the treated lesions has been obtained in all
patients, in a maximum follow-up period of 12 months. Indeed, in
a patient, with a single CRC liver metastasis, at one year follow-up
MDCT, tumor relapse was observed. One patient died six months
after treatment for an unusual neurologic, Alzheimer's like, dis-
ease induced by previous chemotherapy. Three patients devel-
oped extra-hepatic disease during follow-up, and they are under



chemotherapy. Nine patients affected by liver metastases are dis-
ease free after treatment with a follow-up ranging from 1 to 32
months.

Two major complications have been observed: one sub-capsular
hematoma and a biliary injury.

Discussion

Surgery is considered the only treatment that offers the prospect of
cure for CRC liver metastases. Until recently, only far less than 20%
of these patients were considered suitable for attempted curative
resection; the remaining patients being offered palliative and symp-
tomatic therapies.

Thus in very well selected patients, new forms of minimally invasive
treatments aimed to improve survival are needed. Promising mini-
mally invasive techniques include laser-induced thermotherapy,
RFA, microwave ablation, or cryoablation.

When compared with other ablative techniques, RFA emerged as
the best option because of its better overall survival rate and its
lower morbidity and mortality. Indeed, RFA is very effective in small
tumors (i.e. diameter of 3 cm or less), but in intermediate tumors
(i.e. diameter of 3 to 5 cm) the percentage of complete necrosis falls
down to 50% to 70%. The main reason leading to these poor results
in intermediate and large lesions is probably the so-called “heat
sink effect”, i.e. the cooling effect of parenchymal blood flow, which
reduces the lethal heat diffusion to the periphery of the lesion.
Based upon many other similar published studies, the hepatic artery
has long been considered the predominant source of blood sup-
ply for CRC liver metastases. However, targeted therapies based on
arterial blood supply to the tumor have been usually disappointing.
Local tumor control is rare, and the impact on survival is minimal.
Recurrences eventually occur at the tumor periphery.

In some series reporting the treatment of huge HCC, it has been well
demonstrated how the association of TAE/TACE with RFA increased
dramatically local results achieving larger ablated areas and reduc-
ing peripheral recurrence. The arterial blood flow shut down to
the liver area, where the lesion is located, may probably reduce the
“heat sink effect”, allowing for a better heat diffusion in the liver
parenchyma previously embolized. The synergistic effect of the two
treatments may lead for a bigger treated volume of the embolized
area with a shorter exposure time to RFA and a possible reduction of
the applied energy, as already demonstrated in animal models.

In our experience, we observed huge complete treated areas after
the combined approach in all patients. MDCT non-enhanced hypo-
dense areas were always biggest than the diameter of the employed
electrodes. Our goal was to obtain a disease free margin around the
treated lesion properly as recommended surgery resection. Indeed,
conventional teaching advocates a margin of at least 10mm clear of
microscopic disease and this approach is supported by the results
from several series which document a statistically significant poorer
overall and disease-free 5-year survival in patients with margins less
than 10mm. Authors demonstrated that there is no significant differ-
ence in patient survival rates up to 10 years between patients with
resection margins of 10mm or greater and those with margins of
just 0-9 mm. Recently, a 2mm minimum margin has been proposed
but in appropriate circumstances an even narrower margin may be
acceptable.

In our series we obtained complete devascularisation of all the
treated lesion, with an average safety margin of 13,6 mm at MDCT.
The shape of non-enhanced area at MDCT, as a result of heat diffu-
sion in both the lesion and its surrounding parenchyma, reflects the
morphology beads distribution during TAE.

In our experience we did not use any drug and TAE has been carried
out only with very small microparticles (100 mm); RFA was then per-
formed immediately after TAE, in order to avoid that hypoxic effect
could be reduced by the opening of collateral feeding arteries to the
lesion.

Conclusions

Results from our series demonstrate that single-session combined

therapy is an effective and safe treatment for liver metastases
not available for surgical resection. This approach provided good
local tumor control and did not increase complications. Additional
advantages of the single-session therapy include the ability to treat
tumors that are not feasible for stand-alone RFA. However, our expe-
rience, like the series reported in literature, is limited to few patients
and further prospective studies should verify efficiency, safety,
and cost-effectiveness of single-session combined therapy for liver
metastases.
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Special Session
Ongoing research in IR

304.1

Intra-arterial delivery of stem cells:
a new treatment for chronic diseases

S. Sharma;
Dept of Cardiac Radiology, All India Institute of Medical Sciences,
Delhi, India.

Learning Objectives:
1. To understand the potential of stem cell therapy
2.To explain the technique and indication of stem cell delivery
3. To overview recent results of stem cell therapy and future indica-
tions
Background: Stem cells have a remarkable potential to develop into
many different cell types in the body. When a stem cell divides, each
new cell has the potential to either remain a stem cell or become
another type of cell with a more specialized function, such as a mus-
cle cell, red blood cell, or brain cell, among others. The broad cat-
egories of stem cells in clinical or experimental use include embry-
onic stem cells, those derived from blastocysts, cord blood cells and
adult stem cells, which are found in adult tissues. As these grow in
damaged, hypoxic tissues, they gradually become stimulated by the
surrounding cells and environment to become new cells similar to
those cells they come in contact with. As they grow and become
specialized, they are able to transform into new blood vessels, neu-
rons, muscle, eye, pancreas, kidney, liver, bone marrow among oth-
ers, depending on the local tissue influences. The animal and human
studies using human umbilical cord or autologous bone marrow-
derived stem cell treatments in various clinical disease states have
shown encouraging early results.
Purpose: We have evaluated the safety and efficacy of endovascular
delivery of bone marrow-derived stem cells in treating patients with
disease states, including critical limb ischemia, diabetes mellitus,
cerebral palsy, chronic renal failure, muscular dystrophies, dilated
cardiomyopathy and spinal cord injury, among others.
Materials/Methods: We treated 353 patients (245 males, 108
females), mean age, 37 (1-72) years over a 40-month period. Ethical
clearance from Institute board and informed written consent were
obtained. The group included patients with critical limb ischemia,
cerebral palsy, chronic renal failure; muscular dystrophies, dilated
cardiomyopathy, diabetes mellitus and spinal cord injury, in all of
whom conventional medical and/or surgical management had
failed to provide relief of symptoms or was contra-indicated. Bone
marrow aspiration was done from the iliac crest from the individual
patient. The stem cells were isolated under aseptic conditions and
were injected into the same patient on the same day. Each patient
received injections of a pre-determined dose of stem cells intra-arte-
rially at the site of disease, such as the occluded arterial segment in
critical limb ischemia, in the pancreatico-duodenal artery in diabe-
tes mellitus, in the spinal artery in spinal cord injury, in the coronary
artery in dilated cardiomyopathy, in the extremity artery in muscu-
lar dystrophy, in the renal artery in chronic renal failure and in the
distal internal carotid artery in cerebral palsy in addition to the opti-
mal medical and/or surgical treatment. Follow-up was done at 1, 3
and 6 months with pre-determined end points. As an example, the
end-points in patients with critical limb ischemia included healing
of ulcer, relief of rest pain, safety of treatment, pain free walking dis-
tance, imaging evidence of collateral vessel formation, and quality-
of-life assessment.
Results: All procedures were technically successful, without com-
plication. No problem was encountered at the site of bone mar-
row aspiration, at the site of arterial access or at the site of stem
cell injection in any patient. In addition, no systemic side-effect of

this therapy was observed in any patient, thereby, establishing the
safety of this treatment method, irrespective of the underlying dis-
ease state or the site of stem cell delivery. All patients were followed
for a minimum period of 6 months for adverse effect evaluation.
Clinical outcomes were variable in different disease states. As an
example, clinical and angiographic improvement was seen in 78%
patients with critical limb ischemia with avoidance of amputation in
most situations. Improvement in control of diabetes was observed in
majority of patients with a significant decline in the dose of insulin
required for control of blood sugar levels in the short term. However,
the response was not encouraging in patients with muscular dystro-
phy and variable in patients with chronic renal failure and cerebral
palsy. It was observed that patients under 12 years of age with cere-
bral palsy responded better to this therapy than the older patients.
Beneficial response to this therapy was also seen in some patients
with chronic neurological deficits due to spinal injury.

Conclusion: Intra-arterial delivery of bone-marrow derived stem
cells is safe irrespective of its site of injection and produces no del-
eterious effects at the site of aspiration or injection in the interme-
diate term. This form of therapy has the potential to produce strik-
ing clinical response in some disease states, such as critical limb isch-
emia, diabetes mellitus and chronic spinal injuries, even in situations
where conventional medical surgical therapies have failed or are
contra-indicated. It remains to be established whether the immedi-
ate clinical benefit is sustained over time at long-term follow up.

304.2

Anti-angiogenic drugs and resorbable microspheres:
what is the promise?

J.-F.H. Geschwind;
Vascular and Interventional Radiology, Johns Hopkins University
School of Medicine, Baltimore, MD, United States of America.

Learning Objectives:
1. To overview modern methods of cytotoxic therapy in IR
2. To explain differences between pharmacologically and mechani-
cally induced apoptosis
3. To report on recent studies and results in antiangiogenic therapy
and resorbable microspheres
The fundamental role of angiogenesis in tumor progression was
first suggested by Folkman et al in a classic study describing that
tumors cannot grow beyond 1 or 2 mm without the formation of
new blood vessels. This complex process facilitates tumor progres-
sion and eventually tumor metastatic spread. Several factors, includ-
ing tumor hypoxia, growth factors, cytokines, oncogene activation,
and other mutations interact to stimulate angiogenesis. Therefore,
targeted inhibition of angiogenesis can be achieved at any of these
levels with various treatments designed to bind growth factors with
monoclonal antibodies (mAbs), inhibit the downstream signaling
from tyrosine kinase receptors, or disrupt the interaction between
proliferating endothelial cells and matrix components.
Theoretically, following anti-angiogenic treatment, the tumor vas-
culature may undergo morphologic changes, whereby imma-
ture blood vessels are pruned, blood vessel tortuosity and dilation
decrease, and a closer association between pericytes and endothe-
lial cells is induced. As a result, tumor blood vessel leakage, vascu-
lar permeability, and interstitial fluid pressure decrease. If chemo-
therapy is administered after anti-angiogenic drug-induced vascu-
lar changes, it can be quite advantageous since it would result in
increased intra-tumoral drug delivery as well as an increase in the
number of tumor cells that are sensitive to chemotherapy. A recent
study showed that there is improved penetration of the chemother-
apy into the tumor upon vessel normalization.
Until recently, there was no standard systemic therapy for unre-
sectable hepatocellular carcinoma (HCC). The introduction of anti-
angiogenic therapy such as the multikinase inhibitor sorafenib has



changed the management algorithm of patients with advanced dis-
ease. As antiangiogenic drugs are generally cytostatic rather than
cytotoxic, combinations involving conventional cytotoxic chemo-
therapies with anti-angiogenesis drugs may be useful for maxi-
mizing therapeutic efficacy. Moreover, given that HCC presents as
hypervascular tumor(s), combining therapies that inhibit angiogen-
esis on a molecular and mechanistic level seems particularly attrac-
tive. Finally, given the fact that TACE directly causes angiogene-
sis through activation of the hypoxia-mediated pathway (hypoxic
changes in the tumor directly up-regulate angiogenesis via VEGF)
thereby potentially limiting its efficacy, it was logical to combine
TACE with agents that directly counteract this angiogenic activity.
The administration of anti-angiogenic therapy in conjunction with
locally delivered chemotherapy can help improve penetration of the
chemotherapy into the tumor upon vessel normalization.

One of the most critical and specific factors for blood vessel forma-
tion is vascular endothelial growth factor (VEGF). VEGF is an endo-
thelial cell mitogen that regulates proliferation, permeability and
survival of endothelial cells through inhibition of apoptosis. HCC
is one of the most vascular solid cancers, associated with a high
propensity for vascular invasion and a high expression of VEGF.
Upregulation of VEGF has been correlated with increased tumor
invasion, intratumoral microvessel density, disease recurrence, and
poor prognosis. One approach to inhibit angiogenesis is to use
monoclonal antibodies directed at VEGF.

Bevacizumab is such a humanized monoclonal antibody that
through its binding to VEGF prevents the interaction of VEGF with
its receptors on the surface of endothelial cells. When unblocked,
this interaction may lead to endothelial cell proliferation and new
blood vessel formation. VEGF expression is known to play an impor-
tant role in the development of HCC and the degree of its expres-
sion is reported to be associated with tumor size and histologic
grade. Several studies have explored the potential therapeutic role
for bevacizumab in patients with HCC. The results of the first US
Phase Il study combining anti-angiogenic therapy with TACE were
recently presented. Tumor response and safety of concurrent bev-
acizumab and TACE were evaluated in 26 patients with unresect-
able HCC (ECOG status 0-2, Childs-Pugh stage A-B, BCLC B-C). These
patients received bevacizumab 10 mg/kg every two weeks, in addi-
tion to TACE, in a 6-week cycle (on average, 1-3 cycles). Primary end-
point was tumor response, assessed by MR imaging at baseline, and
3 weeks post-TACE, using size (RECIST), and contrast-enhancement
(EASL). Secondary endpoints included safety and survival. On fol-
low-up imaging, index lesions had a mean decrease in size of 13%
(p < 0.0005). Using RECIST, eight (35%) achieved partial response, fif-
teen (65%) had stable disease. Targeted tumors demonstrated mean
decrease in contrast enhancement of 69% (p < 0.0005). By EASL cri-
teria, fourteen (60%) patients had complete or partial response, and
nine (39%) had stable disease. The disease control rate was 100%
using either criteria while undergoing treatment. Median overall
survival was 13.5 months with 10 patients still alive. Fifteen (58%)
patients experienced grade 3/4 toxicities possibly related to either
therapy with most toxicities resolving within 2 months of therapy.
Overall, the combination therapy of bevacizumab and TACE was rea-
sonably well tolerated in unresectable HCC patients, with 100% dis-
ease control rate by imaging criteria and median overall survival of
13.5 months.

The rationale for combining anti-angiogenic drugs with TACE is
abundantly clear. If this combination is proven to be safe and found
to increase time to tumor progression, it is very likely that it will
become common clinical practice. The data have so far been prom-
ising. It should, however, be stressed that further research is neces-
sary to demonstrate a clear survival benefit. This new prospective in
the management of patients with unresectable HCC has opened the
door for translational studies in order to identify potential predictive
markers of response to this combination therapy and guide patient
selection. By the end of 2011, we should have the results of several

clinical trials that are currently underway that will hopefully lead to a
more effective treatment for this highly lethal cancer.

Disclosure

Consultant: Biocompatibles, Bayer HealthCare, Guerbet, Nordion
Grant Support: Biocompatibles, Genentech, Bayer HealthCare,
Philips Medical,Nordion, Context Vision, CeloNova and RSNA.
Founder and CEO PreScience Labs, LLC.

304.3

Bioabsorbable and cell-coated stents

T. Schmitz-Rode, S. Jockenhével;
RWTH Aachen University & University Hospital, Institute of Applied
Medical Engineering, Aachen, Germany.

Learning Objectives:
1. To describe the need and potential benefits of bioabsorbable and
cell-coated stents
2.To explain physical prerequisites of bioabsorbable and cell-coated
stents and mechanical considerations
3. To report on recent results and explain the possible role of
bioabsorbable and cell-coated stents in future
Stent implantation has revolutionized angioplasty and is well estab-
lished for coronary and peripheral arteries. Stenting is an effec-
tive measure to treat elastic recoil and dissection following bal-
loon angioplasty. As bare-metal stents revealed to create relatively
high rates of restenosis due to intimal hyperplasia, the drug-elut-
ing stent was developed. Drug-eluting stents are coated by a thin
polymer layer, containing an antiproliferative drug. Gradual release
of the drug successfully prevents restenosis, which led to a wide-
spread implementation of this technology. A disadvantage, associ-
ated with reduced cell proliferation, is the prolonged ingrowth of
the stent mesh into the arterial wall, which, in turn, may be responsi-
ble for subacute and late stent thrombosis. At least, late stent throm-
bosis remains a concern, despite prolonged antiplatelet therapy. In
addition, some coating and carrier polymers of drug-eluting stents
may cause chronic vessel inflammation. Furthermore, arterial stent-
ing may cause other possible long-term disadvantages. Due to pos-
itive remodeling of the vessel a mismatch in diameter might result.
Arterial side branches may be partially occluded by stent struts.
Consecutive bypass graft surgery may be hindered, especially in
stented coronary arteries. Non-invasive coronary artery imaging of
the in-stent lumen by computed tomography and magnetic reso-
nance imaging is often impaired due to artifacts.
All that is reason enough to inspire R&D for searching for better
solutions.
In order to address the initial advantages of a metal/polymer-coated
stent, regarding sealing of intimal dissections, prevention of elastic
recoil and additional delivery of pharmacological agents to prevent
restenosis in the first six months, and in order to avoid the above
mentioned medium and long-term shortcomings, the concept of a
bioabsorbable stent appears attractive. Bioabsorbable stents might
provide all of the features of a metallic stent but disappear from the
artery once “their job is done”, obviating the need for long-term
antiplatelet therapy. In recent publications the term “bioabsorb-
able stent” is eventually replaced by “bioresorbable scaffold”, which
might be more appropriate and better differentiates these new
approaches from conventional stent technology.
Requirements of an ideal bioabsorbable stent (or bioresorbable scaf-
fold) are adequate radial force to prevent early elastic recoil, a cer-
tain scaffolding ability to avoid constrictive late vessel remodelling
and restenosis, biocompatibility of material to prevent vessel inflam-
mation, and especially for coronary application, reduction of arti-
facts, to allow for noninvasive imaging modalities such as CT or MRI.
In addition, the stent or scaffold may also be used as a vehicle to
deliver antiproliferative agents to suppress neointimal hyperplasia.
Current bioabsorbable stents/bioresorbable scaffolds are made
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from polymer or magnesium. Most polymeric bioabsorbable stents
are composed of poly-L-lactic acid (PLLA). In comparison to metal-
lic stents, the radial strength of PLLA is lower and may result in early
recoil post-implantation. The bioabsorption rate is relatively slow
and may still result in restenosis. In addition, PLLA stents are radio-
lucent, which may impair accurate positioning using fluoroscopic
guidance. In contrast, magnesium stents have higher radial strength
due to their favourable Young'’s modulus.

Several bioabsorbable stents/bioresorbable scaffolds are currently
undergoing preclinical and clinical trials, following the pioneering
Igaki-Tamai PLLA Stent. Among them are the Abbot Vascular evero-
limus-eluting bioresorbable vascular scaffold (BVS, Abbott Vascular,
Santa Clara, CA, USA), the REVA Poly (lodinated Desaminotyrosyl-
Tyrosine Ethyl Ester) Carbonate Stent (REVA Medical, Inc, San Diego,
CA, USA), the IDEAL Poly (Anhydride Ester) Salicylic Acid Stent
(Bioabsorbable Therapeutics, Inc. Menlo Park, CA, USA), and, as the
only metal stent concept, the balloon-expandable AMS-1, -2 and -3
(Biotronik, Berlin, Germany). The AMS-1 is composed of 93% magne-
sium and 7% rare earth metals. The newest generation (AMS-3) com-
prises a modified magnesium alloy, reduced strut thickness, and a
bioresorbable matrix for the controlled release of an antiprolifera-
tive drug.

Preliminary results indicate clinical advantages of the new technol-
ogy over currently available drug-eluting stents, but this has to be
confirmed in further investigations. Furthermore, arteries treated
by bioabsorbable stents have demonstrated the recovery of the
responsiveness to vasoactive agents such as nitroglycerin. However,
a potential shortcoming of bioresorbable polymer scaffolds may be
the occurrence of strut fractures.

The cell-capture stent represents an alternative approach to over-
come the shortcomings of the drug-eluting stent technology. After
the discovery of endothelial progenitor cells (EPCs), the GenousTM
EPC capture stent (OrbusNeich, Florida, USA) was developed which
provides a proprietary coating, containing antihuman CD34 anti-
bodies. These antibodies are supposed to capture circulating
EPCs, aiming at rapid recellularisation of the artificial stent surface.
Nevertheless, the porous nature of stent structures is still enabling
the ingrowth of myofibroblasts to the luminal side.

A novel concept of a cell-coated stent (“BioStent”) is based on the
complete embedding of a self-expanding stent into a tissue engi-
neered vascular graft. The aim of this concept is the complete exclu-
sion of the thrombogenic atherosclerotic plaque by a solid tissue
layer on the one hand and the luminal coating with a functional
endothelial cell layer on the other hand to guarantee a physiologi-
cal hemocompatibility and to protect the underlying cell layer with
regard to uncontrolled cell proliferation.

The creation of the BioStent follows the principles of tissue engineer-
ing and starts with the harvesting of autologous tissue (fatty tissue,
venous tissue, e.g. great saphenous vein). The endothelial cells and
the vascular smooth muscle cells (vSMC) are cultured to a sufficient
number. In parallel, the components for an autologous fibrin-gel are
isolated from the patient’s blood. An injection moulding technique
based on a cell suspension of vSMC in fibrin-gel allows the complete
integration of the self-expanding stent structure into a viable tissue,
followed by a luminal endothelial cell lining. After a pre-condition-
ing of the seeded cells within a custom-made bioreactor system at
physiological flow, pulse and pressure conditions, the newly formed
tissue withstands the force of crimping and release without a signifi-
cant damage of the endothelial layer.

The BioStent concept presents a platform technology. By exchang-
ing the embedded and luminally seeded cell types, e.g. the combi-
nation of fibroblasts with urothelial cells for stenting of ureter and
urethra, the use of respiratory epithelium for endo-bronchial stent-
ing or the lining with mucosa cells for a gastrointestinal applica-
tion. Due to the production time of up to 6 weeks the BioStent is not
available for emergency interventions. The autologous cell lining
is strictly limited to an individual patient. Nevertheless, the

cell-coated, “personalized” stent structure offers a novel opportu-

nity for the treatment of lesions with high risk of restenosis in the

future.
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Islet cell transplantation
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Learning Objectives:

1. To summarize the path