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Comparison of midterm results for the Talent and Endurant

stent graft
Yannick W. ‘t Mannetje, MD,a,b Philippe W. M. Cuypers, MD, PhD,a Ben R. Saleem, MD,a

Aron S. Bode, MD, PhD,a Joep A. W. Teijink, MD, PhD,a,b and Marc R. H. M. van Sambeek, MD, PhD,a

Eindhoven and Maastricht, The Netherlands
ABSTRACT
Objective: Stent graft evolution is often addressed as a cause for improved outcomes of endovascular aneurysm repair for
patients with an abdominal aortic aneurysm. In this study, we directly compared the midterm result of Endurant stent
graft with its predecessor, the Talent stent graft (both Medtronic, Santa Rosa, Calif).

Methods: Patient treated from January 2005 to December 2010 in a single tertiary center in The Netherlands with a
Talent or Endurant stent graft were eligible for inclusion. Ruptured abdominal aortic aneurysms or patients with previous
aortic surgery were excluded. The primary end point was the Kaplan-Meier estimated freedom from secondary
interventions. Secondary end points were perioperative outcomes and indications for secondary interventions.

Results: In total, 221 patients were included (131 Endurant and 90 Talent). At baseline, the median aortic bifurcation was
narrower for the Endurant (30mmvs 39mm; P< .001). Median follow-upwas 64.16 37.9months and 59.26 25.3months for
Talent and Endurant, respectively. The estimated freedom from secondary interventions at 30 days, 1 year, 5 years, and
7 years was 94.3%, 89.4%, 72.2%, and 64.1% for Talent and 96.8%, 89.3%, 75.2%, and 69.2% for Endurant (P ¼ .528). The
indication for secondary interventions does differ; more patients required an intervention for a proximal neck-related
complication (type Ia endoleak or migration) in the Talent group (18.2% vs 4.8%; P ¼ .001), whereas more interventions
for iliac limb stenosis were seen in the Endurant group (0.0% vs 4.8%; P¼ .044). In a binomial regression analysis, suprarenal
angulation, infrarenal neck length, and type of stent graft were independent predictors of neck-related complications.

Conclusions: Evolution from the Talent stent graft into the Endurant has resulted in significant reduction of infrarenal
neck-related complications; on the other hand, iliac interventions increased. The overall midterm secondary intervention
rate was comparable. (J Vasc Surg 2017;66:735-42.)
Since the first endovascular aneurysm repair (EVAR),
reported by Parodi et al and Volodos et al independently
of each other, materials and techniques have changed
tremendously.1,2 Early physician-made grafts were
rapidly replaced by commercially produced stent grafts,
allowing the majority of aneurysm patients to be treated
by EVAR.
To allow all abdominal aortic aneurysm (AAA) patients

to be treated by EVAR, some anatomic challenges,
particularly the infrarenal neck and iliac artery
morphology, have to be overcome. Therefore, stent graft
development has focused on reducing the sheath
profile, increasing graft flexibility, and optimizing deploy-
ment precision. Stent graft evolution resulted in more
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liberal instructions for use (IFU) and an overall improve-
ment of short-term technical and clinical outcomes.3-5

However, studies on stent graft evolution compared
large groups of different manufacturers.3,6 By combining
data into stent graft eras, the cause of differences is
difficult to determine; evolution, natural selection, or
operator experience can be responsible for the results.3,6

A randomized controlled trial, comparing various manu-
facturers over time, would be preferred; however, this
kind of study is subjected to a high number of stent graft
and introducer variations. Consequently, the outcomes
are nearly impossible to analyze specifically. Therefore,
our aim was to directly compare two widely used stent
graft systems, the Endurant AAA Stent Graft and the pre-
decessor Talent Abdominal Stent Graft (both Medtronic,
Santa Rosa, Calif). A previous study by Mensel et al
showed encouraging 30-day results in a small popula-
tion.7 In this study, we present midterm data to deter-
mine if durability in addition to short-term outcomes
has improved as this remains one of the major draw-
backs of EVAR.

METHODS
Stent design. The Talent and Endurant stent grafts are

both a two-piece design with a nitinol-based wireframe
covered with a polyester fabric. There are several design
features fundamentally different between the grafts.
Proximal anchoring pins are added to the suprarenal
735
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ARTICLE HIGHLIGHTS
d Type of Research: Retrospective single-center
controlled study

d Take Home Message: Use of the newer generation
Endurant stent graft compared with the older Talent
(both Medtronic, Santa Rosa, Calif) resulted in fewer
proximal neck complications but increased iliac
limb stenosis and similar secondary intervention
rates.

d Recommendation: The authors suggest that new
stent graft modifications improve aspects of older
designs but sometimes introduce new vulnerabilities.
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stent to increase proximal stability of the Endurant stent
graft. Furthermore, the main body is constructed of
smaller and closely positioned M-shaped stents,
increasing flexibility and conformability of the Endurant.
Longitudinal connecting rods in the iliac limbs were

removed, further increasing flexibility and reducing the
risk of kinking. The amplitude of the iliac stents was
reduced and they were positioned closely together. The
introducer mechanism remained similar, but profile
size was reduced from 22F to 18F for a bifurcated graft.
The Talent stent graft was suitable for infrarenal necks

of $10 mm and an angulation of #60 degrees. The
Endurant IFU were slightly adapted to an infrarenal
neck $10 mm with an infrarenal angulation of #60
degrees and suprarenal angulation of #45 degrees. For
proximal necks of $15 mm, an infrarenal angulation of
#75 degrees and suprarenal angulation of #60 degrees
is accepted.

Study population. A retrospective study included
patientswhowere treatedwith either a Talent Abdominal
Stent Graft or an Endurant Stent Graft System in a single
tertiary referral hospital in The Netherlands. Patients
treated for a nonruptured aneurysm, including symptom-
atic, from January 2005 to December 2010 were eligible.
The stent grafts were used alongside each other for a
short period; the first Endurantwas implanted in February
2008, and the last Talent was used in September of that
year. Patients with ruptured AAAs, fistulas, or treated as
part of a secondary intervention were excluded. If only
an iliac limb was implanted, patients were also excluded.
Patients treated later than 2010 were not included to
ensure sufficient follow-up in both groups. Stent graft
selection was at the operator’s discretion.

Data collection. The local EVAR database was con-
sulted to identify patients and to collect demographics,
preoperative characteristics, comorbidities, and proced-
ure details. The data were retrospectively completed.
Three-dimensional sizing software (3mensio; Pie Medi-
cal Imaging BV, Maastricht, The Netherlands) was used
for aortic measurements. All procedures were performed
by or under the direct supervision of four vascular
surgeons; all operators had previously obtained a mini-
mum of 5 years of EVAR experience. Retrospective
“patient’s files” research is not in the scope of the Dutch
WMO (Wet Mensgebonden Onderzoek: law human
bound research), and Investigational Review Board
approval was therefore not required. As a consequence,
informed consent of the patients was not obtained.
Patients’ data were analyzed anonymously.
Routine follow-up was performed at 1 month, 6 months,

and 1 year and yearly thereafter. At 1-month follow-up,
computed tomography angiography (CTA) was routinely
performed, followed by duplex ultrasound examination
by specialized vascular technicians or CTA at subsequent
follow-up visits. Referring physicians were contacted to
collect follow-up data. The date of death was retrieved
from hospital records or, if absent, from the municipal
personal records. Patients who were not registered in
The Netherlands were censored at last date of follow-up.

Outcomes. Technical success was defined as a success-
ful introduction and deployment and the absence of a
type I or type III endoleak at completion angiography.
Assisted technical success was defined if an endoleak
resolved with an additional procedure at the time of
implantation. Secondary interventions were defined as
any intervention, surgical or endovascular, required to
resolve stent graft complications. A type Ia endoleak or
proximal migration was registered as an infrarenal
neck-related complication. Displacement of the stent
graft >10 mm or requiring any intervention was defined
as migration. Type II endoleaks that caused aneurysm
sac expansion were considered for treatment. Obstruc-
tive iliac complications, stenosis or occlusion, were
diagnosed on the basis of clinical signs of ischemia.
Aneurysm-related mortality included 30-day mortality

and death caused by a rupture or resulting from a
secondary intervention.

Statistical analysis. Categorical variables are presented
as frequencies with percentages. Continuous variables
are presented as mean 6 standard deviation or as
median and interquartile range (IQR) in case of skewed
data. The c2 or Fisher exact test was used for categorical
variables, depending on sample size. For continuous
variables, a t-test or a Mann-Whitney U test in case of
skewed data was performed. Statistical difference for
Kaplan-Meier curves was tested by means of log-rank. A
P value < .05 was considered statistically significant. Risk
factors for complications were determined with a bino-
minal logistic regression analysis that included all uni-
variate significant factors. Only patients with a full set of
morphologic data were eligible for analysis. Statistical
analyses were performed using SPSS version 21 for Mac
(IBM Corp, Armonk, NY).



Table I. Baseline characteristics

Variables
Talent
(n ¼ 90)

Endurant
(n ¼ 131) P value

Age, years 73.0 6 7.4 72.6 6 8.0 .680

Male 93.3 (84/90) 85.5 (112/131) .071

Risk factors

Tobacco use 43.3 (39/90) 30.0 (39/130) .042

Hypertension 81.1 (73/90) 80.9 (106/131) .971

Hypercholesterolemia 56.7 (51/90) 45.7 (59/129) .111

Diabetes 13.3 (12/90) 13.0 (17/131) .939

History of cancer 21.1 (19/90) 16.8 (22/131) .417

Cardiac disease 66.7 (60/90) 63.8 (83/130) .666

Carotid disease 28.9 (26/90) 20.3 (26/128) .144

Pulmonary disease 30.0 (27/90) 24.8 (32/129) .394

Renal insufficiency 36.7 (33/90) 23.8 (31/130) .040

ASA class .312

1 1.1 (1/88) 6.1 (8/131)

2 68.2 (60/88) 66.4 (87/131)

3 26.1 (23/88) 24.4 (32/131)

4 4.5 (4/88) 3.1 (4/131)

ASA, American Society of Anesthesiologists.
Values are reported as mean 6 standard deviation or frequencies (%)
(n/N).

Table II. Morphologicdatawhenapreoperative computed
tomography angiography (CTA) study was available

Variable
Talent
(n ¼ 55)

Endurant
(n ¼ 118) P valuea

Proximal neck length,mm 39 6 12.8 32 6 13.7 .183

Proximal neck
diameter, mm

23 6 2.6 23 6 3.2 .505

Distal neck diameter, mm 24 6 3.0 24 6 3.7 .652

>32 mm (n) 1 2

Suprarenal angulation,
degrees

20 (14-28) 20 (14-35) .565

Infrarenal angulation,
degrees

48 6 21.1 47 6 25.3 .699

AAA diameter, mm 58 (54-65) 57 (53-62) .354

Bifurcation diameter, mm 39 (30-47) 30 (23-38) .000

Right CIA max,b mm 17 (14-21) 16 (13-19) .047

Left CIA max,b mm 15 (13-19) 15 (13-18) .141

Right EIA, mm 9 (9-10) 9 (8-10) .089

Left EIA, mm 10 (8-11) 9 (8-10) .199

Infrarenal neck outside
IFUc (n/N)

18.2% (10/55) 16.1% (19/118) .733

<10 mm 2 1

10-14 mmd 1 2

>15 mme 7 16

AAA, Abdominal aortic aneurysm; CIA, common iliac artery;
EIA, external iliac artery; IFU, instructions for use.
Values are reported as mean 6 standard deviation or median (inter-
quartile range [IQR]).
aThe t-test if mean 6 standard deviation are presented; Mann-Whitney
U test if median and IQR are presented.
bLargest common iliac artery diameter measured.
cIFU of the Endurant stent graft.
dInfrarenal angulation >60 degrees or suprarenal angulation >45
degrees.
eInfrarenal angulation>75degreesor suprarenalangulation>60degrees.
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RESULTS
Between 2005 and 2010, a Talent or Endurant stent

graft was implanted in 264 patients. A total of 221 (90
Talent, 131 Endurant) patients met the inclusion criteria,
accounting for 63.3% of all electively implanted endog-
rafts. Other devices were used during the study period;
graft selection was not based on aneurysm morphology.
Baseline characteristics, depicted in Table I, are similar

for both groups.
Preoperative CTA was analyzed in 173 patients (55

Talent, 118 Endurant); for 47 patients, no imaging was
available as they were referred. For one patient, only a
magnetic resonance imaging data set was available
that could not be assessed in 3mensio. The results of cen-
tral lumen line measurements are reported in Table II.
The aortic bifurcation of patients in the Endurant group
was significantly smaller (30 mm vs 39 mm; P < .001).
Procedural characteristics are depicted in Table III.

Initial technical success was comparable (90.1% for
Talent vs 93.8% for Endurant; P ¼ .313). After additional
procedures, the assisted technical success increased to
93.3% for Talent and 97.7% for Endurant (P ¼ .116). In
addition to procedures to resolve endoleaks, 11.8%
required an iliac intervention either to allow device
implantation or to optimize the end result on comple-
tion angiography. Rates were not significantly different
between Talent and Endurant (15.6% and 9.2%, respec-
tively; P ¼ .202). In total, five patients were not treated
by EVAR; two procedures were aborted, and three
patients were directly converted to open repair. Iliac
access was the reason for failure in four cases; the fifth
case was converted because of unintended renal
coverage.
More bifurcated grafts were implanted in the Endurant

group, and in general the procedure was quicker. When
focusing only on bifurcated grafts, the difference in
median procedure time was 127 minutes (IQR, 110-168
minutes) vs 94 minutes (IQR, 80-116 minutes; P < .001)
for Talent and Endurant.
Thirty-day mortality was 0.0% (0/90) for Talent and 1.5%

(2/131) for Endurant. One patient died of a perforated
gastric ulcer and the secondas the result of cardiac failure.

Follow-up and secondary interventions. Follow-up was
available for 214 patients (126 Endurant and 88 Talent,
excluding 30-day mortality and no-implant). Overall
mean follow-up was 61.2 6 31.1 months. The follow-up
for Talent and Endurant was 64.1 6 37.9 months and
59.2 6 25.3 months, respectively.
During follow-up, a total of 80 secondary interventions

were performed on 55 patients. Fig 1 shows the Kaplan-



Table III. Procedural details

Variable
Talent
(n ¼ 90)

Endurant
(n ¼ 131) P value

Symptomatic AAA 15.6 (14/90) 13.0 (17/131) .588

Duration of procedure,
minutes

136 (110-182) 95 (80-119) <.001

Anesthesia .165

General 26.7 (24/90) 38.9 (51/131)

Regional 72.2 (65/90) 60.3 (79/131)

Local 1.1 (1/90) 0.8 (1/131)

Planned stent graft
configuration

.004

Bifurcated 83.3 (75/90) 95.4 (125/131)

AUI 16.7 (15/90) 3.8 (5/131)

Tube 0.0 (0/90) 0.8 (1/131)

Distal sealing EIA 11.1 (10/90) 15.3 (20/131) .375

Procedural outcome

Technical success 90.0 (81/90) 93.1 (122/131) .403

Assisted technical
success

93.3 (84/90) 97.7 (128/131) .106

No implant 2.2 (2/90) 2.3 (3/131) d

Type Ia endoleak 4.4 (4/90) 0.0 (0/131)

30-day mortality 0.0 (0/90) 1.5 (2/131) .515

AAA, Abdominal aortic aneurysm; AUI, aortic-uni-iliac; EIA, external iliac
artery.
Values are reported as frequencies (%) (n/N) or median (interquartile
range [IQR]).
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Meier curve representing freedom from secondary inter-
ventions. The Kaplan-Meier freedom from secondary
interventions estimate at 30 days, 1 year, 5 years, and
7 years is 94.3%, 89.4%, 72.2%, and 64.1% for the Talent
and 96.8%, 89.3%, 75.2%, and 69.2% for the Endurant
(log-rank, P ¼ .528).
The indications for secondary interventions are

displayed in Table IV. Significantly more Talent patients
required a secondary intervention for proximal neck
complications (P ¼ .001), either migration or a type Ia
endoleak. This difference remains significant if it is
adjusted for time in a Kaplan-Meier curve (Fig 1). More
patients in the Endurant group required an intervention
for a stenosis (0% vs 4.8%; P ¼ .044); when combining
patients with either a stenosis or an occlusion, no differ-
ence was recorded (3.4% vs 7.9%; P ¼ .172).
To identify influencing factors for the risk of proximal

complications, all 168 (55 Talent, 113 Endurant) patients
with both a full morphologic data set and follow-up
were included. A total of 15 of these patients had prox-
imal neck complications. Off-label use, type Ia endoleak
on completion angiography, infrarenal neck length, and
suprarenal angulation were significantly different in
addition to the type of stent graft. Binomial logistic
regression analyses showed that the Talent stent graft
(odds ratio [OR], 6.727; 95% confidence interval [CI],
1.653-27.382), suprarenal angulation (OR, 1.036; 95% CI,
1.001-1.071), and infrarenal neck length (OR, 0.943; 95%
CI, 0.982-0.997) were statistically significant predictors
of proximal neck complications.
Overall survival and AAA-related survival of patients

after stent implantation are depicted in Fig 2. In case
no stent graft was implanted, patients were censored
at the day of discharge. The Kaplan-Meier estimate of
the overall survival at 1 year, 5 years, and 7 years is
94.3%, 62.9%, and 53.6% for Talent and 93.0%, 72.7%,
and 65.6% for Endurant (P ¼ .119).
In the Endurant group, three AAA-related fatalities were

recorded, two within 30 days and one after ruptured AAA
due to a type III endoleak. Six AAA-related deaths
occurred in the Talent group; one was the result of a
ruptured AAA, and the other five were related to a
secondary intervention. Of the secondary interventions,
two were performed endovascularly; the other three
patients required a laparotomy. The AAA-related survival
estimates at 30 days, 1 year, 5 years, and 7 years are 100%,
98.9%, 93.1%, and 91.3% for Talent and 98.4%, 98.4%,
97.6%, and 97.6% for Endurant (P ¼ .104).

DISCUSSION
Stent graft evolution is often addressed as an argument

as to why results of previous research cannot be applied
to today’s devices. However, there is little evidence to
show that changes in stent graft design, independent
of other factors, resulted in improved outcomes. In this
study, we showed that there is no significant difference
in the rate of secondary interventions between the
groups, but vulnerabilities (such as infrarenal neck-
related complications) have been successfully addressed.
First, this study shows no overall reduction in the

secondary intervention rate after the introduction of a
new stent graft. In accordance with our results, studies
that compared graft generations reported no significant
difference in secondary intervention rates.3,4,8 Other
papers that studied both stent grafts showed similar
freedom from secondary intervention rates.9-11 On the
other hand, comparisons of the Talent and Endurant
showed that the performance of the latter appears to
be better.7,12 The results of the U.S. regulatory pivotal
trials of the Endurant and Talent were compared,
showing favorable outcomes for the Endurant.12,13

Although both these trials are similar in design, they
are divided by a 5-year inclusion gap and have different
participating centers. Furthermore, the strict inclusion
criteria limit the applicability of the trial results to a
real-world population. It is likely that design changes
do improve performance in a well-controlled population,
but they are not directly translated to the average AAA
patient.
One important indication that evolution does improve

treatment results in our population is a shift in the
indication for secondary interventions. The most signifi-
cant change is a reduction of infrarenal neck-related



Fig 1. Freedom from secondary interventions and freedom from infrarenal neck-related interventions.
AAA, Abdominal aortic aneurysm; SE, standard error.
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complications, migration or proximal endoleaks, in
comparable infrarenal necks. Binomial regression anal-
ysis showed that the type of stent graft significantly
influences the risk of infrarenal neck-related complica-
tions. The risk of proximal complication with the Talent
is significantly higher (6.727; 95% CI, 1.653-27.382)
compared with its successor. One explanation for this
improvement comes from research in cadaveric models
that demonstrated more force was required to dislocate
a stent graft with fixation pins as opposed to a device
without.14 Whether the changed wireframe design
contributes to the described reduction is unclear.
Current wireframe designs vary greatly between devices;
consequences of these differences are elucidated.
Benefits of improved proximal stability appear to be

countered by iliac challenges. In our population, 5.6%
of Endurant patients had an iliac occlusion and 4.8%
had a stenosis. This is fairly higher than the 3.4% occlu-
sion and 0.0% stenosis rates in the Talent group. In other
studies, occlusion rates between 2.7% and 4.0% for the
Endurant stent graft have been reported.9,15-17 Known
risk factors for iliac complications are narrow iliac arteries,
tortuous vessels, and a landing zone in the external iliac
artery.16,18 In the IFU of stent grafts, iliac access is
addressed only with regard to diameters and minimum
sealing length. There is no widely accepted technique
to assess iliac complexity, hampering research, objective
comparisons, and specifying IFU limitations. Increasing
applicability, by reducing stent graft profile and
increasing flexibility, stimulates the implantation in nar-
row and tortuous iliac arteries.8,19 In addition to patient
factors, increased stent graft flexibility increases the risk
of compression.15 The longitudinal rod in Talent iliac
limbs has the tendency to kink but also enhances the vis-
ibility of kinking on fluoroscopy.18 Therefore, it is likely
that challenging iliac situations were avoided or quickly
addressed. A more aggressive intraoperative and postop-
erative intervention strategy is suggested to improve
stent graft patency if there is a suggestion of iliac
compression in modern devices.17 Performing the final



Table IV. Total number of individual interventions and number of affected patients

Variable Talent patients (interventions) Endurant patients (interventions) P value

Secondary interventions 28.4% (25/88) 23.8% (30/126) .449

Independent interventions

Type Ia 10 (12) 6 (6) .071

Type Ib 2 (2) 3 (3) 1.000

Type II 0 4 (4) .145

Type III 1 (1) 3 (3) .645

Graft migration 7 (8) 0 (0) .002

Limb dislocation 2 (2) 1 (1) .570

Occlusion 3 (3) 7 (7) .531

Stenosis 0 (0) 6 (10) .044

Marginal sealing 3 (3) 5 (5) 1.000

Other 7 (9) 1 (1)

Intervention for proximal necka 18.2% (16/88) 4.8% (6/126) .001

Intervention for iliac limbb 3.4% (3/88) 7.9% (10/126) .172

Endovascular interventions 68.4% (32/40) 90.0% (36/40)
aIntervention for either graft migration or type Ia endoleak.
bIntervention for either stenosis or occlusion.

Fig 2. Overall survival and freedom from abdominal aortic aneurysm (AAA)-related mortality, intention-to-treat
basis. SE, Standard error.
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two-directional angiography after removal of stiff guide-
wires and measuring iliac pressure can aid in improving
recognition of stenosis.17 Other techniques, like duplex
ultrasound and intravascular ultrasound, can be applied
to quantify a stenosis. For the new-generation Endurant,
Endurant Evo, the design of the iliac limbs has changed.
The current stent rings are replaced by a helical stent
design for the iliac limbs.20 Expanding EVAR suitability
is associated with a risk of iliac complications and there-
fore requires vigilance, in both planning and surgery.
A validated technique to assess iliac complexity, similar
to infrarenal neck measurements, can assist in
comparing outcomes and planning of treatment.
One of the implications of our results is that different

stent grafts have specific vulnerabilities. However,
proposed follow-up regimens and imaging modalities
are the same for all grafts, regardless of manufacturer
or model.21,22 A review by Wilt et al showed that second-
ary intervention rates range from 3.8% to 55%, and there
are large differences in endoleak rates between grafts.23

Although reviews are influenced by large study varia-
tions, it is clear that complications differ between stent
grafts.6,8,23,24 Cost-effectiveness of EVAR is widely
debated, and follow-up is a significant contributor to
the costs. Several studies have attempted to base
follow-up on the risk of complications; the type of stent
graft was not included in these models.25,26 Therefore,
large cohorts with a substantial number of different
grafts are needed to determine a device-specific compli-
cation profile required to design an efficient and
evidence-based surveillance.
A retrospective study of consecutive stent grafts has

several limitations. Because patients were included
during a 5-year period, the more recent patients could
have benefited from increased experience. However, all
operators had extensive EVAR experience before 2005,
and the deployment systems of the Endurant and Talent
are similar. Nevertheless, initial results and specific
complications of a new device are included that might
be avoided in the future. A relatively low rate of second-
ary interventions makes it difficult to determine specific
risk factors for each complication.
CONCLUSIONS
Evolution of the Talent stent graft into the Endurant has

resulted in a significant reduction of infrarenal neck-
related complications in similar morphology. Improved
handling likely encouraged application in more chal-
lenging iliac anatomy, not reducing the overall midterm
intervention rate because of an increased rate of iliac
complications.
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