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Achilles'	  Heel	  of	  EVAR	  

! 	  Reinterven&ons	  
! 	  	  Ongoing	  risk	  of	  rupture	  

•  Endoleak	  	  
•  AAA	  sac	  enlargement	  	  
•  Migra&on	  
	  
	  



Neck	  angula&on	  (α	  and	  β)	  

Neck	  length	  

Associated	  thrombus	  

Tapered	  configura&on	  

Complex	  morphology	  

	  

Hos&le	  Neck	  Anatomy	  



Reinterven&on	  Rates	  	  -‐	  Neck	  Anatomy	  

Favorable	  Neck	  	  
353	  pts	  
mean	  F/U:	  49	  m	  

Hos&le	  Neck	  	  
199	  pts	  
mean	  F/U:	  49m	  2,8%	  

5,0%	  
6,0%	  

8,0%	  

10,0%	  

12,0%	  

5,0%	  

7,0%	  

9,0%	  
10,0%	  

15,0%	  

20,0%	  

30d	   1Y	   2Y	   3Y	   4Y	   5Y	  

Reinterven&on	  Rates	  :	  
Hos&le	  vs.	  Favorable	  Neck	  Anatomy	  

FN	   HN	  
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Neck	  Morphology	  and	  Gender	  	  	  

-‐	  Only	  50%	  of	  women	  and	  70%	  of	  men	  have	  suitable	  neck	  	  	  
	  	  	  criteria	  for	  poten&al	  treatment	  with	  EVAR	  
	  
-‐	  Women	  are	  8	  &mes	  more	  likely	  to	  have	  an	  infrarenal	  
	  	  	  neck	  length	  	  <	  10	  mm	  and	  angula&on	  >	  45	  °	  	  
	  
>	  	  The	  two	  main	  factors	  driving	  ineligibility	  are	  both	  	  	  
	  	  	  	  	  infrarenal	  neck	  length	  and	  angula&on	  	  



GREAT	  Registry	  (n=	  400	  :	  C3	  Excluder)	  

Verhouven EG et al. EJVES  2014 

Neck Length <1.5cm 32/396(8.1%) 

Neck Angulation > 60 47/380(12.4%) 

Neck Angulation > 90 7/380(1.8%) 

Nek Length <1.5 cm and Neck Angulation >60 11/378(2.9%) 

Neck Length <1.5 cm and Neck Angulation >90 3/378(0.8%) 

Significant Calcification at Landing Zones 67/398(16.8%) 

Significant Thrombus at Landing Zones 44/398(11.1%) 



How	  to	  Achieve	  Effec&ve	  EVAR	  in	  	  
Challenging	  Proximal	  Necks?	  



Innova&ve	  device	  design:	  
Reposi4onable	  C3	  Excluder	  	  



C3	  Excluder	  Reposi&oning	  

! 	  is	  for	  level	  and	  orienta&on	  in	  challenging	  neck	  
anatomies	  

! allows	  rota&on	  for	  reloca&on	  of	  contralateral	  gate	  
and	  cannula&on	  

	  
! adapts	  of	  length	  of	  ipsilateral	  limb	  



Literature	  -‐	  Clinical	  data	  



Verhouven	  E	  et	  al	  EJVES	  2014,	  58	  (August):131-‐37	  
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WHAT THIS PAPER ADDS
The C3 Gore Excluder stent-graft has a redesigned deployment mechanism that allows for multiple reposi-
tioning, both for level and orientation, prior to final deployment. One of the modules of the GREAT registry was
designed to monitor the “real-world” performance of the C3 Gore Excluder. The present report presents the
combined experience of 13 European centers with the use of the C3 Gore Excluder on 400 patients. The early
results show that repositioning before final stent-graft deployment is feasible, safe, and useful in “real-life”
conditions, contributing to precise proximal deployment. Longer follow-up will show whether more precise
proximal deployment results in better EVAR durability and reduced need for reintervention.

Objectives: The European C3 module of the Global Registry for Endovascular Aortic Treatment (GREAT) provides
“real-world” outcomes for the new C3 Gore Excluder stent-graft, and evaluates the new deployment mechanism.
This report presents the 1-year results from 400 patients enrolled in this registry.
Methods: Between August 2010 and December 2012, 400 patients (86.8% male, mean age 73.9 ! 7.8 years)
from 13 European sites were enrolled in this registry. Patient demographics, treatment indication, case planning,
operative details including repositioning and technical results, and clinical outcome were analyzed.
Results: Technical success was achieved in 396/400 (99%) patients. Two patients needed intraoperative open
conversion, one for iliac rupture, the second because the stent-graft was pulled down during a cross-over
catheterization in an angulated anatomy. Two patients required an unplanned chimney renal stent to treat partial
coverage of the left renal artery because of upward displacement of the stent-graft. Graft repositioning occurred
in 192/399 (48.1%) patients, most frequently for level readjustment with regard to the renal arteries, and less
commonly for contralateral gate reorientation. Final intended position of the stent-graft below the renal arteries
was achieved in 96.2% of patients. Thirty-day mortality was two (0.5%) patients. Early reintervention ("30 days)
was required in two (0.5%) patients. Mean follow-up duration was 15.9 ! 8.8 months (range 0e37 months). Late
reintervention (>30 days) was required in 26 (6.5%) patients. Estimated freedom from reintervention at 1 year
was 95.2% (95% CI 92.3e97%), and at 2 years 91.5% (95% CI 86.8e94.5%). Estimated patient survival at 1 year
was 96% (95% CI 93.3e97.6%) and at 2 years 90.6% (95% CI 85.6e93.9%).
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in the native external iliac artery. An additional two iliac
limb-graft stenoses (1 due to twisting, 1 due to kinking)
were treated with preventive stenting. One reintervention
was carried out to treat a femoral artery pseudoaneurysm.
One patient with an inadequate proximal seal due to neck
dilatation, but without clear proximal endoleak, was
admitted with a rupture after being involved in a road
traffic accident as a passenger. He was treated with a cuff in
the acute situation, and later with another cuff with three
chimneys, and is still alive. In the last patient, the stent-graft
main body collapsed in an angulated neck. This was treated
with a Palmaz stent. Estimated freedom from reintervention
at 1 year was 95.2% (95% CI 92.3e97%), and at 2 years
91.5% (95% CI 86.8e94.5%) (Fig. 2).

DISCUSSION

Since the introduction of EVAR, stent-graft manufacturers
have been improving device technology with the aim of
improving long-term durability, but also to expand anatomic
eligibility. To evaluate new devices, randomized controlled
trials, although providing the highest scientific level of evi-
dence, do present disadvantages including slow patient
recruitment, prolonged study period, and often poor
generalizability and clinical relevance of the findings. High-
volume observational studies in the form of registries may
better reflect the real-world performance of new devices.16

This is the reason why W.L. Gore have sponsored a registry
with the new C3 Gore Excluder stent-graft in Europe.

Early outcomes of the first 400 patients of the European
C3 module of GREAT reveal excellent real-world perfor-
mance of the new C3 Gore Excluder stent-graft, with a very
low surgical mortality and high technical success. Proximal
trunk repositioning was performed in almost half of the

patients, mostly for level readjustment in relation to the
renal arteries. This resulted in a high rate (96.2%) of accu-
rate proximal deployment of the stent-graft and low use
(4.8%) of unplanned proximal cuff-extenders, which was
lower than older EVAR series.17,18 Long-term follow-up will
show whether more accurate proximal positioning also
leads to better long-term results.

The new C3 deployment mechanism provides several
options for readjustment of the Excluder stent-graft, which
can be used in different scenarios.13,19 The ability to repo-
sition the device for proximal level enables accurate
deployment in relation to the renal arteries as shown
above. This proves beneficial both for inexperienced users
(second and third chance for accurate deployment), and for
experienced users in cases with challenging neck anatomy.
The option to adjust the orientation of the contralateral
gate could be used to facilitate catheterization. The ipsi-
lateral limb deployment is a separate step, which may allow
the limb to be pushed upwards during slow, controlled
deployment. This could avoid inadvertent overstenting of
the hypogastric artery.19 This maneuver is not described in
the IFU and should be performed with caution.

The IFU advises a maximum of two repositionings, but
the registry data show that repositioning was safely
repeated up to four times. No device-related failure, aortic
tear, dissection, or distal embolization was recorded in 192
patients with 279 repositioning maneuvers. Nevertheless,
risks associated with excessive repositioning are inherent.
Reconstraining the stent-graft and upward level reposi-
tioning may be difficult in narrow, long, and/or angulated
neck anatomy due to increased friction. In this type of
adverse anatomy, the stent-graft should be deployed

Figure 2. KaplaneMeier estimate of freedom from reinterventions
during follow-up. The grey area above and below the centerline
represents the 95% CI.

Figure 1. KaplaneMeier estimate of cumulative patient survival
during follow-up. The grey area above and below the centerline
represents the 95% CI.
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Freedom	  from	  Reinterven&on	  @	  1	  year	  
	  

95.2	  %	  

Cumula&ve	  pa&ent	  survival	  
	  

96	  %	  
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WHAT THIS PAPER ADDS
The C3 Gore Excluder stent-graft has a redesigned deployment mechanism that allows for multiple reposi-
tioning, both for level and orientation, prior to final deployment. One of the modules of the GREAT registry was
designed to monitor the “real-world” performance of the C3 Gore Excluder. The present report presents the
combined experience of 13 European centers with the use of the C3 Gore Excluder on 400 patients. The early
results show that repositioning before final stent-graft deployment is feasible, safe, and useful in “real-life”
conditions, contributing to precise proximal deployment. Longer follow-up will show whether more precise
proximal deployment results in better EVAR durability and reduced need for reintervention.

Objectives: The European C3 module of the Global Registry for Endovascular Aortic Treatment (GREAT) provides
“real-world” outcomes for the new C3 Gore Excluder stent-graft, and evaluates the new deployment mechanism.
This report presents the 1-year results from 400 patients enrolled in this registry.
Methods: Between August 2010 and December 2012, 400 patients (86.8% male, mean age 73.9 ! 7.8 years)
from 13 European sites were enrolled in this registry. Patient demographics, treatment indication, case planning,
operative details including repositioning and technical results, and clinical outcome were analyzed.
Results: Technical success was achieved in 396/400 (99%) patients. Two patients needed intraoperative open
conversion, one for iliac rupture, the second because the stent-graft was pulled down during a cross-over
catheterization in an angulated anatomy. Two patients required an unplanned chimney renal stent to treat partial
coverage of the left renal artery because of upward displacement of the stent-graft. Graft repositioning occurred
in 192/399 (48.1%) patients, most frequently for level readjustment with regard to the renal arteries, and less
commonly for contralateral gate reorientation. Final intended position of the stent-graft below the renal arteries
was achieved in 96.2% of patients. Thirty-day mortality was two (0.5%) patients. Early reintervention ("30 days)
was required in two (0.5%) patients. Mean follow-up duration was 15.9 ! 8.8 months (range 0e37 months). Late
reintervention (>30 days) was required in 26 (6.5%) patients. Estimated freedom from reintervention at 1 year
was 95.2% (95% CI 92.3e97%), and at 2 years 91.5% (95% CI 86.8e94.5%). Estimated patient survival at 1 year
was 96% (95% CI 93.3e97.6%) and at 2 years 90.6% (95% CI 85.6e93.9%).
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percutaneous) in 42/400 (10.5%) of patients. A surgical
conduit for access was needed in two (0.5%) cases. Median
procedure duration was 120 minutes (range 50e667
minutes).

Intraoperative stent-graft repositioning and need for
proximal cuff extender

Two hundred and seventy-nine repositioning maneuvers
were performed in 192/399 (48.1%) patients. The most
frequently reported (69%) reason for repositioning was
level readjustment with regard to the renal arteries, fol-
lowed by contralateral gate reorientation (17%). Other less
frequently reported reasons for repositioning (14%) mainly
included intentional initial deployment above the renal ar-
teries to facilitate catheterization of the contralateral gate
within a previous stent-graft, and intentional twisted limb
positioning after successful catheterization of the contra-
lateral gate. The mean number of repositionings performed
per case was 1.5 ! 0.7. One repositioning maneuver was
performed in 123/192 (64%), two in 54/192 (28.1%), three
in 12/192 (6.3%), and four in 3/192 (1.6%) patients. The
exact final position, according to the implanting physician,
was achieved in 96.2% of patients, and within 5 mm of the
intended position in an additional 1.5% of patients. Table 2
summarizes stent-graft repositioning data.

Adjunctive proximal cuff extender implantation was
required in 21/398 (5.3%) patients. In 19 (4.8%) patients,
implantation of the proximal cuff was unplanned. The main
reason for unplanned proximal cuff use was treatment of
type I endoleak (n ¼ 9), increase of sealing zone (n ¼ 5),
increase of radial force (n ¼ 3), and extension of landing
zone (n ¼ 2).

Perioperative outcome

Technical success was achieved in 396/400 (99%) patients.
Two patients needed intraoperative open conversion, one
for iliac rupture, the second because the stent-graft was
pulled down during a cross-over catheterization in an
angulated anatomy. Two patients required an unplanned
chimney renal stent to treat partial coverage of the left
renal artery due to stent-graft upward displacement. In one
patient the stent-graft was displaced upwards due to
excessive upward readjustment of the ipsilateral limb to
preserve the hypogastric artery. In the second patient, the

stent-graft migrated proximally during advancement of an
iliac limb. There were no intraoperative deaths.

The thirty-day mortality was 2 (0.5%) patients. One pa-
tient died of respiratory failure, and one due to cardiac
failure. The intensive care unit (ICU) admission rate was 96/
400 (24%). Median hospital stay including a preoperative
admission day was 5 days (range 1e53 days). Peri-operative
procedure-related serious adverse events were noticed in
29/400 (7.3%) patients (Table 3). There was one (0.3%)
device-related serious adverse event: an ipsilateral limb-
graft appeared to be twisted after extensive reorientation
during the procedure for contralateral gate cannulation,
which resulted in an asymptomatic stenosis. The limb was
stented preventively after 2 months. Early (#30 days)
reintervention was required in two (0.5%) patients. Both
patients had a significant stenosis of an iliac limb-graft due
to extreme kinking of the common iliac artery and under-
went prophylactic stent relining. No stent-graft migration
was observed within 30 days of the procedure.

Follow-up

Mean follow-up duration was 15.9 ! 8.8 months (range 0e
37). Twenty-eight patients died during follow-up: 26 due to
aneurysm unrelated causes and two due to unknown cause.
Cumulative patient survival as estimated by KaplaneMeier
was 96% (95% CI 93.3e97.6%) and 90.6% (95% CI 85.6e
93.9%) at 1 and 2 years, respectively (Fig. 1). No patients
required conversion to open repair during follow-up. No
stent-graft migration was noticed in any patient during
follow-up.

Aneurysm sac shrinkage (>5 mm) during follow-up was
noticed in 36% of the patients, stable aneurysm diameter
($5 to þ5 mm) was seen in 59%, and aneurysm sac growth
in 5%. Overall, the mean aneurysm diameter decreased
from 59.9 ! 11.4 mm to 53.7 ! 10.3 mm (p < .001).

Late reintervention (>30 days) was performed in 26
cases. Sixteen reinterventions were performed for endo-
leak. These included 12 type II endoleaks treated with coil/
onyx embolization, two type Ia endoleaks (both in outside
IFU necks) treated with proximal cuff implantation, and two
type Ib endoleaks treated with limb-graft extension. Two of
six chimney stents needed reintervention, one for stenosis
treated with stent extension and one for acute occlusion
treated with recanalization and stenting. Three iliac occlu-
sions were treated, two within the iliac limb-graft, and one

Table 2. Summary of proximal trunk repositioning data.
Number of patients reporting trunk
repositioning

192/399
(48.1%)

Reasons for repositioning
Positioning closer to renal arteries 67%
Contralateral gate positioning 19%
Other 14%

Mean (SD) repositions per case 1.5 (0.7)
Number of repositions per case

1 123 (64%)
2 54 (28.1%)
3 12 (6.3%)
4 3 (1.6%)

Table 3. Summary of perioperative serious adverse events.
Number of subjects enrolled 400
Any serious event 29 (7.3%)
Lower limb ischemia 3 (0.8%)
Pulmonary complications 4 (1%)
Pulmonary embolism 2 (0.5%)
Cardiac complications 2 (0.5%)
Device related adverse events 1 (0.3%)
Ischemic stroke 1 (0.3%)
Renal complications 6 (1.5%)
Post procedural hemorrhage 2 (0.5%)
Other 8 (2%)
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Current	  device	  capabili&es	  :	  
Implanta&on	  Strategy	  for	  Challenging	  Necks	  

•  Choose	  ipsilateral	  side	  for…	  
–  “C”	  shape	  not	  “S”	  

•  Orientate	  the	  Excluder	  …	  
–  flexible	  plane	  accommodates	  the	  
angula&on	  

•  Beware	  of	  
–  tortuous	  iliacs	  which	  may	  disrupt	  
rota&onal	  control	  

–  x-‐leg	  configura&on	  
–  avoid	  helicoptering!	  



Threatened	  renal	  vessel	  

•  Moderate	  coronal/
saggital	  angula&on	  

•  Correct	  for	  LRA	  
•  Posi&on	  of	  deployment	  
threatened	  RRA	  

“Hypotenuse Effect” 
 

Effective 
repositioning  
 



Effect	  of	  Neck	  Angle	  on	  Sealing	  Zone	  

In	  highly	  angulated	  aor&c	  necks,	  
centerline	  is	  	  not	  a	  good	  indicator	  of	  
the	  actual	  sealing	  zone	  



Future	  device	  capabili&es	  :	  
C3	  Conformable	  Excluder	  (CECX)	  

Reposi&onable	  AND	  Modifiable	  !	  



Deployment	  Steps	  

Future device capabilities : 
C3	  Conformable	  Excluder	  (CECX)	  



Summary	  
"  Proximal	  neck	  anatomy	  con&nues	  to	  be	  the	  major	  determinant	  

for	  suitability	  of	  pa&ents	  for	  EVAR	  
	  
"  Current	  device	  capabili&es	  e.g.	  reposi&oning	  provide	  accurate	  

placement	  and	  allows	  ini&al	  aggressive	  deployment	  

"  Literature	  shows	  promising	  results	  for	  C3	  Excluder	  as	  an	  
example	  of	  a	  innova&ve	  new	  genera&on	  device	  design	  

	  
"  Future	  device	  capabili&es	  e.g.	  new	  confomable	  Excluder	  (CECX)	  

with	  modifiable	  body	  has	  poten&al	  to	  widen	  IFU	  and	  improves	  
results	  

"  Clinical	  data	  and	  &me	  line	  is	  not	  yet	  available	  



Innova&ve	  device	  design	  and	  
delivery	  sytems	  –	  

exploring	  current	  and	  future	  device	  
capabili&es	  
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