Endovascular aortic aneurysm repair:
association between anatomical fixation
and outcomes using the Powerlink® device

Endovascular, catheter-based alternatives to open surgery for repair of abdominal aortic aneurysm have
emerged over the last two decades using stent graft devices largely designed to mimic surgical grafts.
These devices have similar characteristics, including relatively short main bodies, one long integrated limb,
separate modular limb component(s) for assembly in situ, and requirement for fixation in the proximal
infrarenal neck using a combination of radial force, infrarenal or suprarenal placement, with or without
hooks and barbs. A unibody bifurcated device that obviates contralateral gate cannulation is the only
endovascular device available that naturally inhibits migration forces with fixation at the aortoiliac
bifurcation and concomitant proximal sealing with an aortic extension if needed to accommodate patient
anatomy. Inherent to this anatomical fixation technique is the preservation of the patient’s bifurcation
for future peripheral arterial intervention, an important consideration in maintaining the vascular health
of these patients. This technology and fixation technique has undergone investigation in prospective,
multicenter trials, the results of which have been published in peer-reviewed literature and led to
international regulatory approvals. The emergence of endovascular repair and various stent graft devices
has resulted in increased preferential adoption over open surgery, extending to more challenging access
vessel, proximal neck and aneurysm anatomies than previously studied. Moreover, the development of a
totally percutaneous approach to endovascular repair facilitating the usage of local anesthesia is an
attractive option, particularly in patients who are at high risk for open repair. Further technological
advances and the corresponding clinical trials in challenging anatomies, including those involving juxtarenal
and pararenal aneurismal disease, will define the expanded role of this endovascular option.
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Since the first endovascular repair of abdomi-
nal aortic aneurysm (endovascular aneurysm
repair [EVAR]) was reported in 1991 [1], this
less invasive approach has steadily increased
in prevalence among vascular specialists who
treat these patients. Randomized trials have
demonstrated significant perioperative benefits
versus open surgical repair, including increased
survival, reduced morbidity, significantly bet-
ter clinical utility outcomes and faster time to
recovery [2-4]. Among recent reports involving
meta-analysis or population-based observational
analysis, these findings are replicated; interest-
ingly, although long-term all-cause mortality
is not different among treatment groups, endo-
vascular repair was found to yield reduced long-
term aneurysm-related mortality [5] or reduced
laparotomy-related interventions compared with
open surgery [6]. Yet it is estimated that approxi-
mately 25-40% of patients with abdominal
aortic aneurysm are not suitable candidates for
EVAR owing to anatomical challenges such as
limited access vessel availability, a narrow distal
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aorta, or complex proximal neck characteristics
such as severe angulation, short length, irregular
shape, significant thrombus, or competing angles
in the suprarenal and infrarenal segments (7).
As experience with EVAR has progressed, so
have the device technologies and techniques.
Initially, bifurcated stent grafts were designed
to parallel surgical grafts, having short bodies
and long limbs. This design requires that the
devices are hung in the proximal infrarenal
aorta to achieve both fixation and seal using
a combination of radial force and either infra-
renal or suprarenal placement, with or without
penetrating hooks or barbs. The main device
is modular in structure, meaning the repair
requires cannulation of the contralateral gate
and implant/attachment of the stent graft limb
on that side. Other components are then added
to complete the repair. Although devices have
improved over time, an increasing incidence of
postoperative complications can occur in chal-
lenging anatomy, such as thrombosis, modu-
lar component separation, stent fracture or
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dislodgement, distal migration and endoleaks
with the potential for aneurysm enlargement.
The most prevalent and concerning are migra-
tion, defined by the Society for Vascular Surgery
(8] as device movement of greater than 10 mm, or
lesser device movement necessitating secondary
intervention, and type I endoleak, owing to the
increased risk of aneurysm rupture. Migration
has a reported incidence of up to 45% [9-11], and
has been shown in biomechanical analyses to
be the result of both persistent downward flow
upon the stent graft bifurcation (affecting neck
fixation), and transverse forces, resulting in
device lateral movement (affecting neck fixation,
component stability and iliac fixation) [12]. These
forces are substantially magnified with increas-
ing proximal neck diameter. This is particularly
illustrated in the 17.5% migration rate within
2 years for a commercially available proximal
fixation device intended to treat proximal necks
up to 32 mm in diameter [10]. Newer proximal
fixation device designs are being introduced to
attempt to further mitigate this risk [13]. Type I
endoleak is closely associated with migration,
and is certainly the most significant predictor
of aneurysm increase, risk of rupture, and need
for secondary intervention or conversion to open
repair. In their recent analysis of patients with
type I endoleak following endografting that
could not be satisfactorily repaired endovas-
cularly, researchers at the Cleveland Clinic
report a 19% mortality rate subsequent to open
repair [14]. Clearly is it essential to implement
devices, methods and techniques that increase
resistance to migration and prevent endoleak in
patients undergoing endovascular repair.

In analyses of EUROSTAR Registry out-
comes, the most prevalent predictors of stent
graft migration and type I endoleak are angu-
lated and short aortic necks, larger neck diam-
eter, neck thrombus and complicated iliac artery
anatomy [15,16]. The presence of a calcified proxi-
mal neck or severe thrombus in the implantation
site, specifically at the intended seal zone, com-
promise the area and reduce the effectiveness
of stent graft proximal fixation anchoring and
apposition, thereby increasing the potential for
migration and sequelae. In the late postoperative
period, predominantly reported causes of stent
graft migration include aortic neck dilation,
aneurysm remodeling leading to longitudinal
changes and attendant stent graft lateral move-
ment, and stent compression secondary to initial
presentation (short, angulated neck) with blood
flow between the stent and the aortic wall, caus-
ing stent graft instability and migration [17.18).
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As the EVAR approach has expanded, phy-
sicians have sought to achieve ever better out-
comes in the increasingly difficult and complex
patient population. This led to an evolution in
thinking beginning in 2000 that challenged the
conventional wisdom at the time of modeling
endografts after surgical grafts. It was then thata
Powerlink® (Endologix, Inc., CA, USA) unibody
bifurcated stent graft device was made available
in Europe and began widespread clinical study
in the USA. This device design made contra-
lateral gate cannulation unnecessary and elimi-
nated the distal component separation failure
mode. Capitalizing on the columnar strength
afforded by the long main body of this device
with integrated limbs, physicians implanted the
device at the aortoiliac bifurcation to naturally
prevent distal migration and the associated
sequelae, and coined this technique ‘anatomical
fixation”. Completion of the repair with proxi-
mal sealing below the renal arteries involved
placement of an aortic extension as needed to
accommodate patient anatomy. Prospective
clinical trial results have served to validate the
concept and to objectively characterize the out-
comes in both standard and challenging anat-
omy patient groups. Owing to the integrated 19
French (Fr) introducer sheath and contralateral
9Fr percutaneous access, bilateral percutaneous
EVAR with the use of suture mediated closure
devices is readily facilitated by this device and
technique. The first prospective, randomized,
multicenter trial of this approach is underway.
In addition, further expansion of the anatomical
fixation technique to more complex aneurysms is
made possible by the use of the bifurcated device
as the foundational platform. The addition of
an off-the-shelf fenestrated proximal extension
stent graft and compatible covered renal stents
permits the timely endovascular repair of more
complex juxtarenal and pararenal aneurysms.
Clinical evaluations of this integrated system are
beginning in 2011.

Endologix Powerlink system

The Powerlink main body device is a unibody
bifurcated endovascular graft consisting of
a fully supported, high density, low porosity
expanded polytetrafluoroethylene graft with
an endoskeleton constructed as a single-wire,
cobalt—chromium alloy body with limbs. The
graft is attached to the stent only at the proxi-
mal and distal ends using surgical suture, a fea-
ture that results in excellent resistance to stent
fracture or fatigue. Accessory proximal exten-
sions are constructed in a similar manner, with
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both infrarenal configuration and suprarenal
PowerFit™ configurations available (Ficure 1).
Accessory limb extensions in straight, stepped,
flared and tapered configurations are available
to permit customization to patient anatomy as
needed. Device availability permits the treatment
of patients with proximal aortic neck diameters
of 18-32 mm and distal iliac sealzone diameters
of 10-23 mm. The low profile 19Fr delivery
system introducer requires only one surgically
exposed femoral artery for deployment. Unique
to this device, contralateral access is obtained
percutaneously (9Fr) through a precannulated
contralateral limb. These features enable use of
the device in patients with one small or severely
diseased iliac access vessel, where with available
proximal fixation devices, this is not possible.
The Powerlink design and access flexibility thus
increases the number of patients that can be elec-
tively treated endovascularly. Moreover, the use
of the integrated introducer sheath for accessory
delivery and deployment and ancillary device
introduction reduces the need for exchanges,
thereby minimizing the potential for vessel
intimal injury.

Endovascular aneurysm repair with
the Powerlink system

Stent graft selection is based on preoperative
and intraoperative measurements of aortic
nonaneurysmal neck diameter, aortic length
from the most caudal renal artery to the aortic
bifurcation and length from the aortic bifur-
cation to the hypogastric arteries. Procedures

are performed in suitably equipped operating
rooms or endovascular suites with operating
room availability. Proper fluoroscopic imaging
equipment and tools include a mobile C arm,
automated contrast injector, intraoperative
angiography and, if preferred, intravascular
ultrasound. Bifurcated and, as needed, proxi-
mal extension stent graft models are chosen
per established sizing algorithms to preserve
at least one hypogastric artery, while achieving
proximal seal and fully lining the infrarenal
aorta. After angiography and aortic length
verification with a marker catheter, the bifur-
cated stent graft delivery system contralateral
guidewire is placed and the integrated 19Fr
introducer sheath is advanced over the stiff
guidewire into the aorta. Under fluoroscopic
visualization, the introducer sheath is retracted
to expose the constrained bifurcated stent
graft. The constrained device is then placed
upon the aortoiliac bifurcation, after which
the main body and each limb of the device are
deployed using a simple yet metered control
cord mechanism. This results in implantation
of the device at the aortoiliac bifurcation (i.e.,
anatomical fixation). Based on the patient
anatomy and intraoperative angiography,
an accessory proximal extension is placed as
needed to achieve adequate overlap with the
bifurcated device and seal in the proximal
neck (Freure 2). Limb extensions can similarly
be placed as needed to accommodate patient
anatomical needs. Balloon dilatation may be
performed if desired.

Figure 1. The Powerlink® endografts. Shown from left to right are the unibody bifurcated and PowerFit aortic extension stent grafts,
and limb extension stent grafts (straight, tapered, flared and stepped configurations).
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Figure 2. Image of the anatomically fixed Powerlink® implant. Full aortic relining and proximal
seal are completed with the PowerFit proximal extension.

Anatomical fixation trial results

The results of the multiple prospective, multi-
center US trials of the Powerlink stent graft
system in 315 patients demonstrate safety and
durability for aneurysm exclusion [19-23]. In 192
eligible and consenting patients in whom the
device was implanted with a proximal fixation
technique (82%) or an anatomical fixation tech-
nique (18%) [19.20], results through 5 years demo-
nstrated 97.9% freedom from aneurysm-related
mortality, stable or significantly reduced sac
diameter (=5 mm reduction) in 93% of patients
and a migration rate of 4.2%. Subgroup analysis
found that all migrations and aneurysm-related
deaths were in the proximal fixation group. This
led to the design and completion of additional
trials to specifically test the anatomical fixation
technique with this unibody bifurcated device
with concomitant placement of a large diameter
aortic extension [21] or a suprarenal extension [22].
Independently, each trial demonstrated 100%
freedom from aneurysm-related mortality and
migration beginning at the primary end point
follow-up (1-year) and continuing to 5 years.
The combined experience with anatomical
fixation and this device system in 157 patients
was consolidated into an analysis published
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recently [23]. Pooling of these data were justi-
fied by the authors owing to the use of a com-
mon protocol among study sites; implantation
of the same Powerlink bifurcated device in all
patients, and rigorous monitoring of the study.
The results provide not only proof of concept
in terms of procedural outcomes (Tasie 1), but
also safety and durability for long-term aneu-
rysm exclusion, even in the presence of hostile
neck anatomy (Box 1). Patient selection by trial
investigators resulted in a substantial number
of patients reported by the core laboratory with
challenging proximal neck characteristics. A
short sealzone, angulated neck, severe thrombus
or a reverse taper was found in 83% of patients.
This is in contrast to the lower rate of such
challenging anatomy (59%) in the Powerlink
proximal fixation group, substantiating that the
anatomical fixation cohort was at higher risk
for endovascular repair. In terms of challeng-
ing distal anatomy, a narrow distal aorta was
predominant in the cohort, presumably because
this is not a procedural challenge for a unibody
main device that is anatomical fixed. Conversely,
this is a known significant challenge for proxi-
mal fixation devices which require that both
limbs fit into the bifurcation without kinking or
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obstruction. All patients received the Powerlink
bifurcated device via anatomical fixation at the
aortoiliac bifurcation. Of the cohort, 50% had
a wide aortic neck (up to 32 mm in diameter)
and received a Powerlink XL proximal exten-
sion to complete the repair. Approximately one
third of the patients received a proximal exten-
sion with a suprarenal configuration, with the
remaining patients either receiving an infrarenal
extension or requiring only the bifurcated device
for the repair. Procedural technical success was
99.4%, with one patient requiring femoral-to-
femoral bypass due to inadvertent limb damage
intraprocedurally. All patients were discharged
with complete aneurysm exclusion at a mean of
2.6 days. Within 30 days, no mortality occurred
and 3.2% of patients were identified with a
serious adverse event requiring medical treat-
ment. After 30 days, patients continued in the
trials with follow-up at 6 months, 1 year and
annually for 5 years. The all-cause mortality
rate observed within 1 year was 7.0%, with a
similar annual rate subsequently. Independent
adjudication of causation determined none were
aneurysm-related but were related to comorbidi-
ties (i.e., primarily cardiac and cancer related).
No conversion to open surgery, aneurysm rup-
ture, migration, or type III (junctional) endoleak
has been observed. Core laboratory evaluations
of contrast-enhanced computed tomography
angiography (CTA) scans at 30 days and at each
subsequent follow-up have been performed and
have verified significant aneurysm sac shrinkage
through 5 years, with any individual sac increase
attributable to refractory type II endoleak
(Ficure 3). In addition, the majority of patients
are observed with neck straightening relative to
the aneurysm sac. This appears to be a finding
unique to the Powerlink device that is consist-
ently observed over multiple trials and may
potentially be attributed to the device’s colum-
nar strength with full relining of the abdominal
aorta (Ficures 4 & 5). Further follow-up and ana-
lysis is warranted to investigate this relationship
and to establish the absence of aortic neck dilata-
tion as a contributing factor. These findings may
be important to endovascular durability and
the avoidance of late complications. As noted
above, others who have studied proximal fixation
devices describe neck shortening and attendant
endograft kinking, buckling or lateral move-
ment as a risk factor for graft occlusion, endoleak
and separation of endograft components [17). It
seems intuitive that an endograft configuration
having a balance between longitudinal column
strength and flexibility is more likely to maintain

DEVICE EVALUATION

Table 1. Key baseline patient characteristics and procedural

outcomes following EVAR using an anatomical fixation technique

(n = 157).
Baseline patient characteristic Result
(% or mean = SD)
Age, years 72 9.1
Aneurysm sac diameter, cm 56+09

Proximal neck diameter, mm

Hostile neck prevalence, % 83

Distal aortic diameter, mm 21+ 71
Outcome measure

Conversion to open repair, % 0
Mortality, % 0
Technical success, % 994
Aneurysm exclusion, % 100
Procedure time, min 132 + 58
Fluoroscopy time, min 25+ 17
Time to hospital discharge, days 26+22

26 £ 3.6 (proximal)
29 + 0.4 (distal)

EVAR: Endovascular aneurysm repair.

its properties over time and resist migration
under aortic flow conditions. Type I proximal
endoleak was identified and repaired endovas-
cularly in five patients, all of whom had at least
two proximal neck hostile characteristics that are
known risk factors for endoleak. In addition, two
patients (0.6% of limbs) were identified with a
limb occlusion and underwent successful repair.
This low rate of secondary intervention in light
of the challenging anatomy treated compares
very favorably to rates for proximal fixation
devices with similar patient characteristics. In a
recent analysis of Powerlink patient serial CTA
scans over 5 years, it was found that the low rate
of secondary interventions was strongly corre-
lated to the first (1 month) CTA scan results [24].

Box 1. Major findings from the Endologix Anatomical Fixation trials.

= Evidence-based validation of the anatomical fixation technique using a unibody
bifurcated device in both standard and challenging aneurysm anatomies

= Decreased aneurysm sac diameter and straightening of the neck in follow-up are
hallmarks of this treatment algorithm

= Exceptional safety profile, with no aneurysm-related mortality, conversion to open
repair, migration, type Il or IV endoleak, or aneurysm rupture

= Aortoiliac bifurcation is preserved for future peripheral intervention, a major
concern in patients with aneurismal disease

= Addresses an unmet need for patients with unilateral or limited access

= Provides the ability to treat patient anatomies not selected in modular
device trials (narrow distal aorta, bilobe or saccular aneurysms, challenging
neck characteristics)

= Low rate of secondary interventions to 5 years, predominantly for type Il endoleak.

= Very low rate of limb occlusion or thrombosis

= A first Powerlink® postoperative computed tomography angiography with no
abnormal findings (endoleaks or limb ischemia) is a strong indication for future
surveillance using duplex ultrasound
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Figure 3. Aneurysm sac shrinkage following anatomical fixation
endovascular aneurysm repair with the Powerlink® device.

*p > 0.1 versus baseline.
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This means that if the first Powerlink postop-
erative computed tomography has no abnormal
findings (endoleaks or limb ischemia), future
long-term surveillance could be performed
using duplex ultrasound. This specific find-
ing has not been replicated with other devices.
Others evaluating proximal fixation device out-
comes have found that absence of endoleak at
the 1 month and 1 year time points are highly
predictive of long-term freedom from aneurysm
related mortality [25].

A B

International single-center results in relatively
unselected patients provide further confirmation
of these controlled trial results. Following this
implantation algorithm in 79 patients who were
evaluated for an average of 3 years, researchers
in Italy observed no migration, aneurysm rup-
ture or late conversions [26]. It should be noted
that these authors also reported on 126 patients
who received a bifurcated device alone without
proximal sealing with a proximal extension
(i.e., contrary to the anatomical fixation algo-
rithm). Results were not as favorable using this
suboptimal technique, with a 6.3% migration
rate at a mean of 45 months. Using the proper
anatomical fixation technique, our 7-year expe-
rience with this device found no migration in
consecutive patients receiving the Powerlink
System [27]. These findings are favorable com-
pared with migration rates between 3.0 and 17%
reported within 4 years for proximal fixation
endografts relying on combinations of radial
force or penetrating hooks or barbs applied
at the infrarenal or suprarenal segment [9-12].
Interestingly, in more recent reports, the impor-
tant role of distal fixation in realizing long-term
stability and freedom from migration has been
emphasized [2829]. By anatomically fixing the
unibody stent graft at the aortoiliac bifurcation
with placement of an aortic extension as needed
to achieve proximal seal, the issues related to
achieving proximal and distal fixation are
removed, leaving for consideration the proper
device sizing to achieve proximal and distal seal.

Cc

Figure 4. Core laboratory computed tomography reconstructions illustrating
post-anatomical fixation endovascular aneurysm repair sac diameter decrease and neck
angle straightening over time. (A) Pre-op SD = 6.6 cm, NA = 56°, with wide, reverse tapered,
thrombus laden neck; (B) 1-year SD = 5.7 cm, NA = 45°; (C) 3-year SD = 5.1 cm, NA = 40°.

NA: Not applicable; SD: Standard deviation.
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Figure 5. Angiographic images pre- and post-anatomical fixation endovascular aneurysm
repair with the Powerlink® device. Relining of the abdominal aorta is seen. Sealing of some
collateral vessels is made possible by the ability of the graft along the long body to move away from

the stent.

Further anatomical considerations

Considering these exceptional results follow-
ing anatomical fixation of the unibody stent
graft in the context of challenging aortic neck
anatomy, it is becoming increasingly clear that
anatomies that may otherwise pose challenges
for proximal fixation treatment approaches may
benefit substantially from this approach. For
example, proximal fixation devices artificially
elevate the bifurcation into the aorta, requiring
contralateral limb cannulation some distance
from the patient’s aortoiliac bifurcation. In the
presence of a narrow distal aorta or bilobe or sac-
cular aneurysms, such maneuvers can be chal-
lenging or unachievable. An example of this is
highlighted in a recent report regarding a newer
device, where the distal aortic diameter averaged
33 mm in enrolled patients, more than 50%
increased over that of patients enrolled in the
Powerlink anatomical fixation trials. Even with
this large distal diameter, intraoperative limb
stenosis requiring stenting occurred in 11% of
patients, with intervention within 30 days for
limb occlusion or thrombosis performed in
2.2% of patients [13], leading the authors to sug-
gest prophylactic intraoperative limb stenting. It
is not known if the long-term rate of limb kink-
ing/occlusion will be similar to the 4.3% rate
reported for other currently available devices [30].
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Interestingly, endografts having fully supported
limbs (e.g., Excluder and Powerlink) appear to
have greater resistance to intraoperative steno-
sis and kinking and the lowest reported rates of
limb kinking or occlusion through long-term
follow-up (1.7 (31) and 1.2% [23]). Because the
Powerlink device includes a precannulated con-
tralateral limb requiring only 9Fr percutaneous
access, anatomical fixation implantation elimi-
nates the cannulation concern. This is further
relevant to patients with limited vascular access,
prevalent in this population. In a multinational
registry analysis of patients presenting with coro-
nary artery disease, cerebrovascular disease or
peripheral arterial disease, patients with abdo-
minal aneurysms were found to have a threefold
increased incidence of peripheral arterial disease
compared with those without abdominal aneu-
rysms [32]. One cannot deny that preserving
the aortoiliac bifurcation after EVAR to enable
future peripheral interventions is an important
consideration. The anatomically fixed Powerlink
device relining the abdominal aorta offers the
opportunity for such subsequent peripheral
interventions post-EVAR (Ficurs 6).

Total percutaneous aneurysm repair

Several single-center published sources describe
the development, feasibility and initial safety
of a bilateral percutaneous approach to EVAR.
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Figure 6. Angiographic image at peripheral crossover intervention
postendovascular aneurysm repair with the Powerlink® device.
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Two comprehensive reviews of the literature
available are published [33,34]; however no multi-
center randomized trials, or for that matter non-
randomized trials, have yet been completed.
The primary impetus for the development of
a percutaneous endovascular aneurysm repair
(PEVAR) approach is to further reduce surgi-
cal wound and lymphatic complications and
the associated morbidity and attendant patient
discomfort in standard EVAR procedures.
Among the potential benefits of a percutaneous
approach are improved clinical utility measures
(i.e., shorter procedure time, time to ambulation
and time to hospital discharge), reduced wound
complications and increased patient satisfaction.
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Conversely, the success of percutaneous EVAR is
highly dependent upon appropriate patient selec-
tion and meticulous physician technique follow-
ing an extensive learning period in the applica-
tion of both EVAR and percutaneous methods.
Although the closure devices add to the proce-
dural cost, it may be justified if total costs could
be reduced owing to shorter procedure time,
hospital stays and reduced wound complications.
In addition, PEVAR facilitates the usage of local
anesthesia, which is of particular importance to
the treatment of EVAR patients with prevalent
comorbidities that are recognized risk factors for
general anesthesia. In the largest comparison of
EVAR outcomes in patients treated with local
or general anesthesia within the EUROSTAR
Registry, Ruppert and associates found the local
anesthesia group to have significantly reduced
procedure time (116 vs 133 min, p < 0.0001),
hospital stay (3.7 vs 6.2 days, p < 0.0001) and
systemic complications (6.6 vs 13%, p = 0.0015)
compared with the general anesthesia group [35].
Accurate vessel targeting, proper closure device
placement, minimization of sheath size and
avoidance of sheath exchanges are important
for avoiding potentially serious complications.
The availability of the unibody bifurcated device
delivered with an integrated 19Fr introducer
sheath has led physicians to initiate a formal
validation of the bilateral percutaneous tech-
nique in EVAR. In a single-center experience in
114 access sites using this endovascular system,
a technical success rate of 98% was achieved
with a low incidence of postoperative complica-
tions [3¢]. The authors attributed this to the low-
profile delivery system and to the avoidance of
exchanges afforded by the integrated sheath. The
first prospective, multicenter, randomized con-
trolled trial of percutaneous EVAR (the PEVAR
Trial) is underway using the Powerlink device
and is expected to complete within the next year.

Technological advancement in
complex aneurysm repair

The complexity of abdominal aortic aneurysm is
commonly characterized based on location and
involvement of visceral vessels. Infrarenal aneu-
rysms generally involve the infrarenal aorta and
may involve the aortoiliac vasculature. A subset
of infrarenal aneurysms extend up to the level of;
but do not involve, the renal arteries (juxtarenal
aneurysms) or extend further to involve one of
both of the renal arteries (pararenal aneurysms).
As noted previously, a substantial proportion of
infrarenal aneurysms are not suitable for endovas-
cular repair owing to unfavorable proximal neck
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anatomy (e.g., highly angulated, dilated, short or
encroaching on or involving the renal arteries).
In regulatory studies of endovascular infrarenal
aneurysm repair, patients were carefully selected
to ensure neck length and angulation require-
ments were met in order to optimize outcomes.
Shorter lengths or greater angulation have been
reported since the original trials to increase the risk
of migration and type Ia endoleak and associated
need for intervention [37,38].

Owing to the increased risk of renal com-
plications, mesenteric ischemia and other com-
plications following open repair of juxtarenal
or pararenal aneurysms compared with infra-
renal aneurysms [39], researchers have sought
to extend a totally endovascular technique to
repair of these aneurysms. In this treatment, it
is essential to maintain the patency of the renal
arteries and other visceral vessels. Up to now,
only homemade or customized fenestrated stent
grafts with the use of commercially available
uncovered or covered vascular stents have been
used for the repair of juxtarenal aneurysms. The
key limitation to this approach is the need to
customize the design and manufacture of each
stent graft to a particular patient anatomy. This
requires a lengthy period of time for planning,
manufacture and delivery of the device, and is
very costly. As a result, physicians have begun to
seek other options, such as hybrid debranching
techniques or chimney techniques. However,
these options remain suboptimal. The concept
of an off-the-shelf alternative to customization
has been postulated; however, this has yet to
be realized [40]. More recently, an off-the-shelf
fenestrated stent graft system has been devel-
oped based on the Powerlink stent graft. Integral
to this system are the bifurcated stent graft, ana-
tomically fixed at the aortoiliac bifurcation, a
fenestrated proximal extension with proprietary
design and compatible covered renal stents. All
devices are constructed from cobalt—chromium
alloy for exceptional durability and have a high
density polytetrafluoroethylene covering. Initial
estimates suggest this system will be applica-
ble to 80% or more of patients with juxtarenal
or pararenal aneurysm, without need for cus-
tomization. Initial clinical experience will be
available by the end of 2010. Multicenter clini-
cal trials are expected to commence in 2011
and if successful, would significantly increase
the numbers of patients who could be treated
endovascularly, significantly reduce the time
from diagnosis to treatment and would represent
significant improvement in cost—effectiveness
over the currently available options.
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Conclusion

Endovascular abdominal aortic aneurysm repair
methods have developed steadily over the last
decade. The technique of anatomical fixation
using a unibody device has emerged to address
key failure modes associated with modular prox-
imal fixation devices, namely distal migration
and associated sequelae. Clinical trials using this
device and technique have demonstrated its per-
formance and utility in challenging anatomies
involving access vessels, aneurysm morphology
and proximal neck characteristics. Randomized
trial validation of percutaneous approaches to
endovascular aneurysm repair is on the near
horizon. An off-the-shelf endovascular option
to permit endovascular repair of juxtarenal and
pararenal aneurysms using an anatomical fixa-
tion technique is expected to overcome current
challenges with customized stent grafts and is in
early stages of clinical investigation.

Future perspective

The field of EVAR has matured in recent years
and is progressing into ever more challenging
anatomy than treated in early trials. The prob-
lems of distal migration or endoleak remain,
particularly in the more challenging anatomies.
Clearly, utilization of the aortoiliac bifurca-
tion as a strong foundation on which to place
the Powerlink bifurcated stent graft followed
by achievement of proximal seal with an aor-
tic extension if needed is a simple yet elegant
way of mitigating the risk of migration and
endograft destabilization. The anatomically
fixed bifurcated stent graft combined with a
well-designed off-the-shelf proximal extension
and visceral branch grafts, starting clinical
evaluation at this time, has strong potential to
address a significant unmet clinical need and
to address global demands for a cost-effective
endovascular treatment option. Furthermore,
the prospective clinical validation of a total
percutaneous approach to EVAR will serve
to advance this technique and its use in prop-
erly selected patients. Other proximal fixation
devices are in development or available in some
regions that feature lower-profile delivery sys-
tems and enhanced proximal fixation attach-
ment mechanisms. A novel sac anchoring
endovascular prosthesis (the Nellix device) is in
final stages of regulatory review in Europe. This
technology obliterates the aneurysm sac with a
polymer-filled endobag and paving endoframe
lumens. Although it has the potential to sig-
nificantly reduce or eliminate the incidence of
any endoleak, and thus reduce the surveillance
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necessary with other endovascular prostheses,
broader, longer term study will be necessary to
validate this fully [41]. The next horizon yet to
be addressed is the thoracic aorta, particularly
the ascending aorta, where no adequate endovas-
cular options yet exist. Although in final propri-
etary development at this time, a novel endog-
rafting approach utilizing a thoracic anatomical
fixation technique with 7z situ fenestration and
branch preservation is on the horizon.
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Executive summary

= Modular stent graft devices mimic surgical grafts that have historically been used for open repair.

aortic aneurysm repair.

Endologix Powerlink® system

for exchanges.

patient anatomies.

aneurysm repair.
Comparisons with modular devices

modular devices.
Future perspective

horizon as a clinically validated approach.

investigation and is on the horizon.

= Proximal modular device fixation and anatomical unibody device fixation are the two current endovascular approaches to abdominal

= Anatomical challenges posed by limited access, narrow distal aortas, and difficult aneurismal and proximal necks have been successfully
addressed with the anatomical fixation technique using a unibody device.

= The bifurcated stent graft is delivered via an integrated, hydrophilically coated, low-profile introducer sheath ipsilateral and a
9Fr percutaneous sheath contralaterally. Completion of the repair is achieved through the introducer sheath, without the need

= Trial experience to date demonstrates safety and effectiveness for abdominal aortic aneurysm repair in both standard and challenging
= Clinical proof-of-concept data for endovascular repair of juxtarenal and pararenal aneurysm using an off-the-shelf anatomical fixation

system will be available over the next several months.
= This is the first endovascular stent graft technology and technique to undergo a prospective, randomized trial for percutaneous

= Anatomical fixation with the unibody device permits treatment of patients with narrow distal aortas, bilobe or saccular/angulated
aneurysms and hostile neck characteristics that are otherwise challenging or unaddressable by modular devices.
= Limb occlusion and thrombosis are far less frequently observed with an anatomically fixed, fully supported unibody device than with

= Percutaneous endovascular aneurysm repair with concomitant local anesthesia, particularly in patients at high risk for surgery, is on the
= An off-the-shelf totally endovascular approach to juxtarenal and pararenal aneurysm repair based on anatomical fixation is under clinical
= Future comparisons focusing on cost—effectiveness and long-term performance in reducing the need for secondary procedures will likely

be made among endovascular devices, rather than in comparison to open repair.
= A thoracic anatomical fixation endografting approach with branch vessel preservation is on the horizon.
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