Endurant® stent graft: a new-generation
device for complex endovascular aortic
aneurysm repair

Endurant® stent graft is a new-generation device developed with the aim of expanding the indications
for endovascular aortic aneurysm repair. The wide use of Endurant stent graft in clinical practice in Europe
and in the rest of the world, and its first encouraging results in patients with complex aortic anatomy
proves the fact that vascular surgeons are empowered by endovascular techniques to better serve the
patient with abdominal aortic aneurysm; this supports the idea that the continuous development of the
materials in the endovascular field could establish the disappearement of open vascular surgeons in favour

of a new-generation vascular specialist.
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endurant stent graft

Since its introduction in 1991 [1], endovascular
aortic aneurysm repair (EVAR) has played an
increasing role in the management of abdominal
aortic aneurysm (AAA). Accordingly, well-
known randomized, controlled trials [2-5] have
been designed to describe the early and long-term
results of early aortic endografts.

These trials demonstrated that EVAR decreases
perioperative morbidity and mortality, blood loss
and the length of the stay at the intensive care
unit and in hospital. In addition, endovascular
techniques make it possible to treat patients
whose comorbidities make conventional open
repair difficult or risky.

For these reasons, many physicians feel
that high-risk patients with AAA should be
preferentially treated by EVAR. However, the
first- and second-generation devices showed
well-recognized limitations and their use has
been limited to patients with specific anatomic
selection criteria: proximal aortic neck longer than
15 mm; proximal aortic infrarenal angulation less
than 60°; adequate diameters of the iliofemoral
axis (=7 mm); absence of circumferential
iliac calcifications; and absence of severe iliac
tortuosity.

In particular, severe infrarenal aortic neck
angulation is strongly associated with subsequent
proximal Type I endoleak [6] and dilatation of
the proximal aortic neck represents a clear risk
factor for endograft migration [7]. In patients
with angulated or dilated proximal aortic necks,
proximal graft sealing still remains a challenge
and EVAR using a flexible stent graft seems to be
feasible in patients with significantly angulated
necks [8].
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Furthermore, access-related difficulties,
mainly due to tortuous, small and calcified
iliac vessels, also continue to represent a major
problem for EVAR [9]. Several strategies have
been reported in the literature to overcome access
problems and limit arterial access complications
(10,11]; however, the main factor to allow the safe
passage of the graft through the iliac vessels
is generally considered to be the diameter and
traceability of the delivery system.

Endurant® stent graft (Medtronic Cardio-
vascular, CA, USA) was recently developed with
the aim of overcoming some of these limitations
and to expand the indications for EVAR [12]. The
graft appears to be efficacious and safe for the
endovascular management of AAAs in patients
with hostile anatomy of the proximal aortic neck
and iliac arteries [13-18].

Endurant stent graft

The Endurant stent graft is comprised of
polyester graft material externally supported
by an electropolished nitinol stent structure.
The Endurant stent graft offers a variety of
components and sizes to treat several different
anatomies. Endurant is comprised of abdominal
tubes, aortic extension stent grafts, bifurcated
stent grafts, contralateral limbs and iliac
extensions.

The graft is a woven structure of multi-
filament polyester yarn, which can be woven
into shape to avoid the use of longitudinal
seams. A double seam is present on the flared
ipsilateral limbs of the bifurcated devices.

The

bifurcated devices have universal

docking gates, which works with all sizes of Medicine veror
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the contralateral limb for a simplified sizing
matrix. The aortic sections of the bifurcated
stent graft components should be oversized by
approximately 10-20% in relation to the actual
measured vessel diameter. The contralateral
limb and iliac extension component should be
oversized by approximately 10-25% in relation
to the vessel diameter.

The suprarenal stent is laser cut with
anchoring pins near the proximal end as a
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Figure 1. Endurant® stent graft: radiopaque markers.

part of the nitinol structure. The remaining
part of the stents are formed from nitinol
wire. The wire-formed M-shaped body stents
provide conformability and flexibility during
deployment. The nitinol is attached to the graft
material by sutures. To ensure the contralateral
gate is accessible in angulated situations, the
limbs are sewn together between the first stents
of the stub and iliac.

Radiopaque markers are sewn onto the stent
graft to aid visualization and to facilitate accurate
placement of the device. The radiopaque markers
are placed at the proximal and distal ends of all
stent graft segments, as well as at the bifurcation
of the bifurcated stent grafts, indicating the
edges and locations of the stent grafts (Ficure 1).
The nitinol stents may also be visualized under
fluoroscopy.

The Endurant stent graft is loaded inside
the Endurant delivery system, which facilitates
the placement of the stent graft via the arterial
vasculature (e.g., femoral arteries), ranging
from 18 to 20 F for the main body and from
14 to 16 F for the iliac extensions. Using
fluoroscopic guidance, the Endurant delivery
system is properly positioned within the patient’s
vasculature and the stent graft is deployed from
the Endurant delivery system.

The Endurant delivery system consists of a
single use, disposable catheter with an integrated
handle to provide the user with accurate and
controlled deployment. The catheter assembly
is flexible and compatible with a 0.035 inch
guidewire.

The Endurant delivery system is constructed
of four concentric single lumen shafts (an outer
polymer graft cover sheath with a hydrophillic
coated graft cover, a polymer middle member
shaft, a stainless steel spindle-tube shaft and
a nitinol inner member guidewire lumen). A
stent stop is attached to the distal end of the
middle member shaft to ensure the Endurant
stent graft position during deployment. The
Endurant delivery system features a tip-
capture mechanism to ensure the accurate
control-release deployment of suprarenal stents.

A polymeric, atraumatic tapered tip is
attached at the distal end of the inner member
to facilitate tracking through tortuous and
calcified vessels. Attached to the polymeric tip is
a metallic sleeve that constrains the suprarenal
stent onto the spindle. The polymeric tapered
tip, stent stop and marker on the distal end
of the graft cover are radio-opaque and aid
in fluoroscopic visualization. Hemostasis is
maintained by various components within the
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delivery system, preventing blood loss during
the procedure. Retraction of the graft cover
while the suprarenal stent is held in place by
the spindle allows for accurate deployment of
the covered stent graft portion.

Postdeployment, the physician needs to reseat
the tip of the delivery system before returning
the tip to the graft cover and removing the
delivery system from the body.

Clinical results

The design of stents and the delivery system
allows the treatment of more complex proximal
aortic necks, overcoming some strict limitations
of prior devices. The manufacturer’s instructions
for use (IFU) recommend a proximal aortic
neck 215 mm in length with <75° infrarenal
angulation or a proximal aortic neck 210 mm
with <60° infrarenal angulation.

In our first published multicenter
experience [13], the Endurant stent graft allowed
us to treat AA As with very short necks (<10 mm),
guaranteeing good outcomes in the early term.
In a second published report [14], a third of
patients had a neck <10 mm and approximately
40% of patients had a severely angulated neck
(>60°); in this series, we achieved excellent

outcomes both in the early (1.3% Type I
endoleak rate) and mid-term periods (96.9% of
freedom from Types I/III endoleak at 2 years).
Furthermore, our analysis of factors affecting
the long-term incidence of Types I/III endoleak
found that angulation was not a risk factor.
Rather, an aortic neck <10 mm, neck thrombus
and use of a chimney technique affected the
rate of Types I/I1I endoleak during follow-up.
In this series, the key factor for the durability
of the procedure was not the angulation but the
shortness of the proximal aortic neck.

Recent studies have also demonstrated the
feasibility of the Endurant stent graft in off-
label conditions (Ficure 2) [19.20]. In particular,
Bastos Gongalves et a/. demonstrated that the
Endurant stent graft has similar early results in
terms of Type I endoleak, major complication
and survival in patients with or without severe
proximal aneurysm neck angulation [20].
However, in our last published experience
we demonstrated that the applicability of the
Endurant stent graft in off-label conditions
was good in terms of survival, morbidity or
reinterventions, even if its use outside the IFU
was responsible for a higher risk of Type I
endoleak [20]. Therefore, a word of caution

Figure 2. Endurant® stent graft in a patient with a severe angulated neck. (A) Pre- and (B) post-procedural CT scan in a patient
with a severe angulated neck.
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should be given regarding the application of
EVAR outside the IFU, because in selected
patients in those centers with a great experience
in aortic endovascular procedures, it remains a
risky procedure.

Finally, the use of low-profile endograft
delivery systems seems to be associated with a
lower rate of access-related complications [9].
Furthermore, in some published experiences
the Endurant stent graft seems to reduce limb
graft complications, increasing indications for
EVAR also in cases with small/calcified/tortuous
iliac vessels [14,15]. In particular, van Keulen ez al.
reported a rate of 3% of limb occlusion during a
follow-up of 1 year [15]. Tase 1 resumes the results
of Endurant stent graft reported in the published
series.

Conclusion

After assessing the literature, the authors feel
that EVAR with Endurant stent graft is feasible
and effective in patients with both normal and
complex anatomy of the proximal aortic neck.
However, the expansion of the indications for
EVAR even in patients considered ‘off-label’ is
responsible for a higher risk of Type I endoleak,
although the early and mid-term results in
terms of survival, major complications and
reintervention rates were similar to those
observed in patients operated on according
to the indications of the manufacturer. This
could also justify a cautious application of
EVAR in patients outside device-specific IFU.
Finally, further studies are needed to evaluate
the long-term results of this new-generation
device in normal and complex morphological
situations.

Future perspective

Over the last few years, endovascular procedure
volume has rapidly increased and endovascular
procedures have become the first-line treatment

Study (year) Cases (n) Follow-up
(months)

Verhagen et al. (2009) 40 1

Torsello et al. (2010) 45 8

Troisi et al. (2010) 156 9

van Keulen et al. 100 12

(2011)

Rouwet et al. (2011) 80 12

Torsello et al. (2011) 177 6

Bastos Goncalves et al. 45 1

(2011)
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for many vascular diseases [21]. Concomitantly,
open vascular surgery is becoming more
challenging; in particular, open repair for EVAR
often requires suprarenal cross clamping, renal
vein division, and management of associated
iliac aneurismal and occlusive disease [22].

In such cases, adjunctive endovascular
procedures (chimney technique and management
of hypogastric involvement) or alternative, more
complex endovascular procedures (fenestrated/
branched stent grafts) have been proposed [23.24].
These techniques have obvious advantages,
but they are feasible only in selected centers,
where skilled endovascular specialists have
comprehensive experience with aortic procedures.

Young physicians in vascular training lack
the experience required to successfully perform
these kinds of procedures and they therefore
require devices that are more easily utilized in
complex cases. In this field, the Endurant stent
graft represents an adjunctive weapon in the
armamentarium of young vascular specialists.

In fact, the graft has a low-profile delivery
system to overcome complex access vessels, an
easy control-release deployment of the device,
and a partial repositionability of the suprarenal
stent to ensure an accurate sealing above the
renal arteries, even in patients with challenging
aneurysm neck.

The wide use of the Endurant stent graft in
the clinical practice and its first encouraging
results even in patients with complex aortic
anatomy, empowered vascular surgeons to
better treat patients with AAA. The Endurant
is one example of the continuous development of
endovascular technologies, which enable vascular
surgeons to treat more complex vascular diseases.
In the future, vascular surgeons’ competence
will experience a further expansion in the field
of endovascular procedures and hence lead to
the establishment of a new-generation vascular
specialist [25.26].

Type | endoleak/ Graft Ref.
migration (%) thrombosis (%)

0 0 [12]
2.2 2.2 (13]
1.9 1.9 (14]
2 3 [15]
2.5 1.2 [16]
1.7 2.2 (19]
0 - (20]
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Executive summary

Background

= New-generation devices are being developed with the aim of providing safe and effective alternative approaches to treating the unmet
clinical need that clinicians face on a daily basis.

= The stent graft appears to be efficacious and safe for endovascular management of abdominal aortic aneurysms in patients with hostile
anatomy of the proximal aortic neck and iliac arteries.

= The device is a valued alternative for vascular specialists in Europe, as well as all over the world.

Endurant stent graft

= The graft is a woven structure of multifilament polyester yarn supported by an electropolished nitinol stent structure.

= The suprarenal stent is laser cut with anchoring pins near the proximal end as a part of the nitinol structure.

= The wire-formed M-shaped body stents provide conformability and flexibility during the deployment.

= The graft is loaded inside a delivery system, ranging from 18 to 20 F for the main body and from 14 to 16 F for the iliac extensions.

= The delivery system features a tip-capture mechanism to ensure the accurate control-release deployment of suprarenal stents.

Clinical results

= Excellent outcomes both in the early (1.3% Type | endoleak rate) and mid-term periods (96.9% of freedom from Types I/lll endoleak at
2 years).

= Similar early results in terms of Type | endoleak, major complication and survival in patients with or without severe proximal aneurysm
neck angulation.

Future perspective

= Endurant stent graft represents an adjunctive weapon in the armamentarium of young vascular specialists.

= Vascular surgeons’ competence will experience a further expansion on the field of endovascular procedures.
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