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Anaconda™ AAA Stent Graft System
for Challenging AAA Anatomy

How endograft platforms perform in infrarenal neck angulations up to 90°.

BY ROBERT H. GEELKERKEN, MD, PuD; ROLAND J. BEUK, MD, PHD;

AND ROBBERT MEERWALDT, MD, PuD

endovascular aneurysm repair (EVAR) with tradi-

tional open surgical repair (OSR) in elective infra-
renal abdominal aortic aneurysm (AAA) treatment point
out that in the first years after treatment, EVAR gives rise
to better outcomes. After this initial finding, stent graft
migration, ephemeral sealing between the vessel wall and
the stent graft, stent breakage, stent component discon-
nection, prosthetic tearing, and limb occlusion were the
causes of increased EVAR failure. Learning from the expe-
rience with the first-generation endografts and due to
technological advances, there has clearly been improve-
ment in the next generation of commercially available
stent grafts. It is fairly reasonable to assume that the
present generation of stent grafts allows a more durable
outcome in the same circumstances, compared to the
first generation used in the randomised clinical trials of
the 1990s.

| ~ he large randomised clinical trials’> comparing

Figure 1. The Anaconda™ AAA Stent Graft System with
ONE-LOK™ platform is composed of a three-piece modular
track design.
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THE ROAD TO THE ANACONDA™ ONE-LOK™
DESIGN

The Anaconda™ AAA Stent Graft System (Vascutek
Ltd.) has been designed with the intention of address-
ing the failure modes observed in the 1990s designs.
The first experiences with the Anaconda™ AAA Stent
Graft System were encouraging; migration and type
| or lll endoleak were rarely observed.®’ In 2009, the
Anaconda™ AAA Stent Graft System’s design was
upgraded to the ONE-LOK™ platform, which addressed,
among other things, the relatively increased chance
of early leg occlusion observed when smaller bodies
were combined with larger legs. This version of the
Anaconda™ ONE-LOK™ had a three-piece modular
track design. The body with two short legs was char-
acterised by two independent proximal sealing rings
composed of multiple turns of fine nitinol, active fixa-
tion on the second ring due to four independent pairs
of nitinol hooks, and zero body column strength in
combination with additional body supporting ring stents
(Figure 1). During placement, the proximal rings of the
body were reconstrainable, allowing multiple rotational
and upstream or downstream repositioning. The contra-
lateral gate was preloaded with a magnet-bearing wire,
which made contralateral limb cannulation quite simple.
The legs were constructed of six to 10 individual turns
of nitinol wires in a vacuum cleaner hose of tapered,
straight, or flared design creating flexibility and kink resis-
tance. The design of this system creates a convenient
platform for challenging cases such as ruptured AAAs
(rAAAs) with severely angulated infrarenal necks.

A CASE ON THE FRONTIER OF RAAA
TREATMENT

In 2010, an 84 year old man who appeared to be very
healthy visited our outpatient department, presenting
with a 50 mm asymptomatic AAA. After shared deci-
sion making and discussing the option of elective AAA
repair, a watchful waiting approach was chosen. The



Figure 2. A 3D reconstruction of the proximal AAA anatomy
(A) and distal AAA anatomy (B). Due to low flow, two separate
CTAs were necessary.

patient did not attend regular visits, including recom-
mended abdominal ultrasound examinations. In 2016,
the patient was still living independently. His family
doctor admitted him to our emergency department
with increasing pain in his back and a painful pulsating
abdominal mass.

At admission, the patient was conscious, but his
blood pressure dropped to 90/60 mm Hg. He noted
that if he was eligible, he preferred EVAR over OSR. An
emergency CTA revealed a contained rupture of a 104
to 107 mm rAAA with an infrarenal neck diameter of
20 mm, neck length of 14 mm, and angulation of 75°.
Furthermore, both common iliac arteries (CIAs) were
very elongated, and the left CIA measured 51 mm in
diameter (Figure 2).
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Using CT fusion imaging (Discovery IGS 740, GE
Healthcare) in our hybrid operating room, we per-
formed ruptured EVAR (rEVAR). The main body deliv-
ery system was raised up to the level of the renal arter-
ies, and the body of the Anaconda™ AAA Stent Graft
System was released close to the origin of the lowest
right renal artery (Figure 3). Thereafter, with three leg
components on the left side and two leg components
on the right side, the rAAA and the left CIA aneurysm
were sufficiently excluded (Figure 4). The patient was
admitted to the intensive care unit. He recovered well
and was discharged on post-operative day 11 to a reha-
bilitation centre to prepare for his return home.

TIPS AND TRICKS FOR USING THE
ANACONDA™ AAA STENT GRAFT SYSTEM
IN CHALLENGING ANATOMY

Our first recommendation is to perform EVAR proce-
dures in a hybrid operating room equipped with a CT fusion
imaging system. This technique assists in better understand-
ing of the images, simplifies the procedure, and, consequent-
ly, significantly reduces radiation and contrast exposure?
When using this system in AAAs with challenging anatomy,
one must be aware of some additional tips and tricks that
may be helpful in introducing and placing the stent graft. In
cases with severe infrarenal neck angulation, it can be ben-
eficial to aim for a relatively higher oversizing of the body in
relation to the infrarenal neck diameter because the release
of the body exactly perpendicular to the central lumen line
is not achieved in all cases.

Figure 3. Panel A shows challenging left iliac access. Panel B shows two stiff wires on the left side (1), Check-Flo large introducer
sheath (Cook Medical) (2), delivery device (3), and body of the Anaconda™ AAA Stent Graft System (4). Panel C shows a second
stiff wire on the left side (1), a stiff wire on the right side of the body delivery system (2), and a straight flush catheter (3).
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Figure 4. Completion angiogram (A), anteroposterior view of the six components (B), and
lateral view (C).

Implantation starts with the routine technique of
achieving access in both common femoral arteries
by surgical cutdown or by a percutaneous Seldinger
approach. Anticoagulation therapy is administered in
accordance with the local standard for endovascular
procedures. On both sides, one or two stiff wires are
introduced up to the aortic arch. To stretch the iliac
and aorta angulations further, starting on the contra-
lateral iliac side or on both iliac sides, an 18 or 24 F
(inner diameter), 20 to 25 cm long introducer sheath is
placed up to the level of the AAA. Next, place the body
juxtarenal in a rotated position with no legs in an inner
or outer position in relation to the infrarenal angula-
tion (in most cases, one of the legs is situated behind
the other in an anteroposterior view). This prevents the
outer leg from compressing the inner leg at the level of
the neck angulation.

Next, access to the contralateral gate with the mag-
net wire system is achieved. In up to 95% of cases,
contralateral gating is achieved within a few minutes.?
The contralateral guiding catheter is pushed forward,
up to the level of the visceral arteries, and the mag-
net wire is interchanged for one or both stiff wires. If
there is still a sharp angulation, the contralateral 18 F
introducer sheath is pushed forward, up to the level of
the infrarenal neck. Through the contralateral guiding
catheter or a regular angiography catheter, digital sub-
traction angiography is performed to visualise the renal
artery orifices. The body of the Anaconda™ AAA Stent
Graft System could be repositioned upstream or down-
stream, if indicated.

The marker ring at the top of the contralateral guiding
catheter is then placed at the level of the flow splitter 8
marker on the Anaconda™ body, and the length of the
contralateral leg is defined using the pull-back technique
to the expected level of the CIA bifurcation. The contra-
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lateral guiding catheter is
removed, and the delivery
device with the appropri-
ate contralateral leg is
introduced up to the level
of the renal arteries. The
release wires of the body
are pulled out, and the
delivery device of the body
is removed. The delivery
device with the chosen

leg on the ipsilateral side
is introduced. The large
introducer sheaths are
simultaneously withdrawn
up to the level of both
CIA origins, and both legs are released (similar to the
kissing stent technique) with the proximal markers of
both legs just below the second body sealing and fixa-
tion ring. At the level of the ClAs, the introducer sheaths
are withdrawn ahead of the releasing legs. The body and
both legs are gently ballooned, and final angiography

is performed to assess the patency of the renal arteries,
endograft, internal iliac arteries, as well as any early or
late endoleaks.

OUTCOMES OF VARIOUS STENT GRAFT
SYSTEMS IN CHALLENGING ANATOMY
Anatomical characteristics of AAAs are the most
critical factors in achieving successful EVAR outcomes.
Challenging anatomy is characterised by > 60° infrarenal
angulation or > 90° iliac axis tortuosity, short (< 15 mm)
infrarenal neck, or reversed conical and bell-shaped necks.
Of these, severe proximal aortic neck angulation has the
greatest potential for fixation failure, a situation that may
lead to complications including type | endoleak and late
rupture. Bench test studies identified that the relative stiff-
ness of a stent graft was responsible for its inability to con-
form to neck angulation, therefore creating leaks through
gaps between the stent graft and the neck. Several pub-
lications have discussed the application of endografts in
challenging anatomies.

Anaconda™ AAA Stent Graft System

Freyrie et al'® published a series of 44 AAA patients
treated with the Anaconda™ AAA Stent Graft System.
All patients had severe angulation of the proximal aortic
neck (> 60° angulation) and/or of the iliac arteries (> 90°
angulation). Primary technical success was achieved in
100% of patients. At 24 months, survival, primary clinical
success, and assisted clinical success rates were 94.2%,
88.2%, and 91.3%, respectively. Two year iliac limb paten-



cy in severely angulated iliac axes was 96.7%. Only one
proximal type | endoleak was noted.

In a prospective multi-centre cohort study, Rodel
et al"! evaluated the midterm outcomes of using the
Anaconda™ system for treating infrarenal AAAs with
angulated necks. In a 5 year period, a total of 36 AAA
patients with a mean infrarenal neck angulation of 82°
were included. Primary technical success was achieved in
30 of 36 patients (83%). Four year primary clinical success
was 69%. There was no aneurysm-related mortality. Four
patients required conversion to open AAA exclusion. In six
of the 36 patients, one or more reinterventions were indi-
cated; five were due to occlusion of one leg or the com-
plete body. The investigators concluded that using the
Anaconda™ system to treat AAAs with severely angulated
infrarenal necks is feasible, but comes with side effects.

The Anaconda™ ONE-LOK™ platform is also feasible for
the management of short-neck infrarenal and juxtarenal
aortic aneurysms with fenestrated EVAR (FEVAR). The
first Dutch experience including 23 patients who were
treated for juxtarenal aneurysms and two patients with
short-neck AAAs were reported by Dijkstra et al.’”> A
total of 56 fenestrations were incorporated, and 94.6%
were successfully cannulated and stented. On comple-
tion angiography, three type | endoleaks and seven
type Il endoleaks were observed. At 1 month follow-up,
all endoleaks had spontaneously resolved. There were no
aneurysm ruptures or aneurysm-related deaths and no
reinterventions. Primary patency at 1 month of cannu-
lated and stented target vessels was 96%.

Aorfix Stent Graft

Sbarzaglia et al' reviewed the available data in the
literature regarding the Aorfix stent graft (Lombard
Medical, Inc.). They concluded that the high perfor-
mance of the Aorfix stent graft did not present any
significant difference between necks > 60° and < 60°,
and in a personal series of 27 patients, they reported
a primary technical success rate of 96.3% and an assisted
primary technical success rate of 100%.

Powerlink Stent Graft

Experience using the Powerlink stent graft
(Endologix, Inc.) has been reported by Qu et al." In
a single-centre study, 519 patients underwent EVAR
using the Powerlink endograft. There were 54 cases in
the short neck group, with lengths of 11 to 15 mm,
and 26 cases involving very short necks, with lengths
=< 10 mm. Angulated necks (37 patients) were defined
as = 60° between the longitudinal axis of the infrarenal
aorta and the aneurysm. The technical success rate in
these 177 challenging anatomy cases was 97.4%. Intra-
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operative complications included three conversions due
to delivery access problems and six proximal type | endole-
aks. The 30 day mortality rate was 1.7%. During follow-up,
four proximal type | endoleaks were revised with a proxi-
mal cuff and/or Palmaz stent (Cordis Corporation). Limb
occlusion occurred in two cases, and the total reinter-
vention rate was 5.3%. There were no stent graft distal
migrations, and no post-EVAR ruptures. The investiga-
tors concluded that the Powerlink stent graft platform
proved safe and effective in treating AAAs with short
and angulated necks.

Zenith Endovascular Graft

Forbes et al'® reported their 5 year, single-centre out-
comes in relation to neck length after elective placement
of a Zenith endovascular graft (Cook Medical) in 318
patients. They concluded that patients with shorter infra-
renal necks (4-15 mm in length) can be treated as effec-
tively as those with longer necks using the Zenith endo-
vascular graft, unless the necks are angulated or dilated.

Endurant Stent Graft System

The Endurant stent graft system (Medtronic) is also part
of the next-generation systems designed to expand the
applicability of EVAR in challenging anatomy. Verhagen
et al’® and Baston Goncalves et al'’ presented the pre-
liminary results on the Endurant stent graft platform.
Technical success was achieved in 90.3% of the patients.
No device-related serious adverse events and no device-
related deaths were seen during the early follow-up peri-
od. Their results support the adequacy of the Endurant
stent graft system in the face of adverse neck anatomy.
Neck length was the most relevant anatomical limitation
for EVAR.

OUTCOMES IN CHALLENGING CASES

In a series of 439 patients treated with EVAR, the
observed occlusion rate was 8.8% for those treated with
Endurant, 5.8% for Zenith, 2.7% for the Anaconda™ sys-
tem, and 2.2% for the Excluder endoprosthesis (Gore
& Associates), with no statistical differences between
these rates.™ Significant angulation and excessive calci-
fication were independent predictors of leg occlusion.

In the last 50 years, OSR for rAAA has a mortality
rate of up to 50% despite rapid hospital transportation,
early diagnosis, resuscitation, and improvements in
anaesthesia and intensive care treatment.'?! Evidence
was raised in several cohort studies that treating
patients with rAAAs, including rEVAR whenever pos-
sible, achieved good results.???*> Three randomised clini-
cal trials including rAAAs were published?®?; however,
the mutual agreement between these trials was that
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rEVAR does not improve survival. Remarkably, there
was a prominent variance in 30 day mortality in these
three trials between 18% to 53% in the rEVAR cohort
and between 24% and 53% in the OSR cohort. It seems
quite self-evident that study design, patient selection,
and 24/7 presence of an experienced EVAR team are
the drivers of this huge difference in 30 day mortality
between the randomised clinical trials.

A recent systematic review concluded from the avail-
able data that there is no difference in the outcomes
between rEVAR and OSR, but extrapolation to daily prac-
tice is limited by the paucity of data.?’ In the last decade,
several vascular centres reported their results of treating
patients with rEVAR whenever possible. Our experience
with rEVAR is reflected in the publication by Rodel et al.*°
During a 4 year enrolment period, all 117 consecutive
patients presenting with infrarenal rAAAs were assessed
for preferential rEVAR treatment. Patients with challeng-
ing anatomy (infrarenal neck length < 15 mm and neck
angulation > 60°) were included as part of a “damage
control” concept. Thirty-five patients (33% of all admit-
ted rAAA patients) were treated with rEVAR; 42% of
them were considered haemodynamically unstable
(systolic blood pressure < 100 mm Hg), and 30% had
challenging AAA anatomy. The 30 day mortality in the
rEVAR group was 17%. After a median follow-up of
3.4 years, mortality in the rEVAR cohort was 34%. All
deaths were non AAA related. Our study shows that
rEVAR is feasible in challenging AAA anatomy regard-
less of haemodynamic condition and that it is associ-
ated with relatively low mortality rates.

Nevertheless, six to seven out of 10 patients remain
unsuitable for rEVAR because of inappropriate anato-
my. Our preferential rEVAR treatment is also supported
by other institutions. Ten Bosch et al*' concluded that
in EVAR-suitable rAAA patients, an absolute peri-oper-
ative mortality reduction of 25.5% with rEVAR versus
OSR was achieved, which was still present at 6 months
follow-up. In 2013, the nationwide Dutch Surgical
Aneurysm Audit was started.>? At the end of 2015, a
total of 9,357 patients were included, with 15% rAAAs
among them. Roughly 35% of the rAAAs were treated
with rEVAR, and the 30 day mortality rate was approxi-
mately 26%.

CONCLUSION

The case presented and the literature discussed in
this article underline the suitability of the Anaconda™
ONE-LOK™ platform in challenging anatomies. But
using FEVAR in these cases challenged the EVAR team
in more than one way. Dedicated endovascular skills
were needed to compensate geometrical difficulties
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during stent placement. The operative procedures
were customised to the patient in nearly every indi-
vidual case. The features of the Anaconda™ AAA Stent
Graft System including the repositionability of the two
proximal ring stents during deployment, the unsup-
ported and therefore more flexible main body, the
three-piece modular platform, and the magnet system
all expand the applicability of EVAR in challenging cir-
cumstances. B
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