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Abstract:

Background-Aim: The Nellix EndoVascular Aneurysm Sealing (EVAS) system is a novel approach to abdominal aortic
aneurysm (AAA) endovascular repair whereby two PTFE stents deployed infrarenally, are used to exclude the aneurysm
and biocompatible polymer is employed to fill and seal the AAA sac. The aim of this study was to assess the preliminary
results of the Nellix stent-graft system and compare them with those obtained in patients treated with a well-established
endograft of the same material and infrarenal fixation as the Excluder stent-graft.

Methods: A retrospective analysis of prospectively collected data from September 2014 to December 2018 identified 41
elective AAA patients treated with the Nellix endograft, in comparison to a matched group of 82 patients treated with
the Excluder stent-graft. Endpoints included technical and clinical success, freedom from any secondary intervention,
any type of endoleak and aneurysm related death.

Results: Primary technical success was achieved in all patients with null 30-day mortality. There was one limb thrombosis
during the second postoperative day in the EVAS group. The Nellix group had lower levels of radiation burden, contrast
media and duration of the procedure when compared to the Excluder group. During a median follow-up period of 23
months (range 1-53 months) there were no differences in clinical success, freedom from reintervention and aneurysm
related death. One type Ib endoleak (2.4%) and three migrations (7.3%) were observed in the Nellix group requiring two
reinterventions (4.9%). There were also six type Il endoleaks, all in the Excluder group (7.4%), during the follow-up peri-
od (log rank=0.01). Five type Il endoleaks resolved spontaneously, while in one patient the endoleak remained without
any change in aneurysm sac diameter.

Conclusion: The initial experience with the Nellix stent graft system in the present cohort is quite promising, with suc-
cessful aneurysm sealing and acceptable mid-term results, despite the current controversies. Further and larger studies
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are needed to fully evaluate the long-term results of this particular endograft.

INTRODUCTION

Endovascular aneurysm repair (EVAR) has gained wide accept-
ance as the primary treatment choice in patients with favora-
ble anatomy.! Even though a marked benefit in perioperative
mortality has been demonstrated in randomized controlled
trials, such benefit decreases or even lost over time.? Aneu-
rysm related adverse events such as endoleak and migration
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still occur consisting a challenge not only for the intervention-
ists but also for the stent-grafts. Especially, type Il endoleak
(ETN) after EVAR seem a common finding and despite its usual
benign course may sometimes lead to a worse outcome?. En-
dografts’ manufacturers are constantly designing new devices
to eliminate or even prevent complications related to EVAR.

In 2011, a novel concept of endovascular abdominal
aortic aneurysm (AAA) treatment was introduced in clinical
practice’. Endovascular Aneurysm Sealing (EVAS) technique,
is characterized by obliteration of the aneurysmal sac by pol-
ymer-filled endobags, while maintaining the normal flow to
lower extremities with two balloon expandable stent frames
covered with expanded polytetrafluoroethylene. Its design
aims mostly to reduce the rate of type Il endoleaks, by using
the filling of the aneurysm sac with the endobags to provide
positional stability of the endograft and sealing of side branch
flow. The single-piece conformation of the stents eliminates
the threat of component separation and type Ill endoleaks.
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Other benefits of the system include reduced procedure times
and radiation dose, respect to well established aortic stent
grafts.>” The early results of Nellix device where encouraging
showing a high aneurysm exclusion rate and low frequency
of endoleak and migration rates, even when used outside the
original 2013 IFUs.>®Despite this, in response to observations
of device failure made in some early registries, the endog-
raft’s IFUs where progressively refined. In 2016, the new de-
vice’s IFUs, narrowed considerably the range of morphological
characteristics that render an aneurysm suitable for on-label
EVAS.° Nevertheless, published data regarding safety and du-
rability of the Nellix stent graft deployment in the long-term,
still missing.

The aim of this study is to assess the early and mid term
results of the Nellix stent graft system in terms of safety and
durability and compare them with those of a well-established
endograft as the Excluder (Gore & Associates, Flagstaff, AZ,
USA).

MATERIALS AND METHODS

Study design

We conducted a case control study in order to evaluate the ef-
ficacy and safety of EVAS using the Endologix Nellix device. Be-
tween September 2014 and December 2018 472 patients with
infrarenal AAA were operated. 41 (8.68%) of them were elec-
tively treated with EVAS using the Endologix Nellix device. The
operations were conducted at the University General Hospital
of loannina and the University General Hospital of Larissa. The
patients’ data were prospectively collected and inserted in a
dedicated database including demographics, preoperative risk
factors, operative time, contrast media use, patient outcomes,
length of stay and complications.

All of the patients had AAAs with morphological charac-
teristics suitable for endovascular repair. An informed consent
was signed before the procedure.. Sizing and planning before
the endovascular procedure were performed using a 3Mensio
(Medical Imaging BV, Bilthoven, The Netherlands) dedicated
reconstruction software.

The procedures were performed with bilateral femoral ar-
tery exposure under general anesthesia, or with ultrasound
guided percutaneous catheterization. All interventions took
place in an adequately equipped operating room using a BV
Pulsera 12” mobile fluoroscopic C-arm unit (Philips Health-
care, Best, The Netherlands) and a radiographic carbon table
equipped with side-table shielding (Varay Laborix, Bourges,
France). The post-operative follow up protocol of the patients
included physical examination and imaging control with a
computed tomography angiography and/or a color duplex
scanning at 1, 6, 12, and yearly after the procedure.

Technical aspects of the Nellix device

Nellix stent graft (Endologix, Irvine, Calif), is a sac-anchoring
endoprosthesis which can be used to treat patients with ad-
verse aortic neck and iliac anatomy as well as patients with
standard neck and iliac anatomy. It consists of two balloon ex-
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pandable stent frames covered with expanded polytetrafluo-
roethylene that maintain blood flow to lower extremities.
The endoframes are surrounded by polymer-filled endobags
which ensure the complete seal of the aneurysm, without the
need of proximal and distal fixation of the endograft.'>!* This
way it anchors the endograft in the aneurysmal sac on one
hand, while eliminates the space for endoleak on the other.
In 2016 IFUs were refined to include a considerably limited
range of anatomical eligible features for EVAS using the Nellix
system. More specifically, the proximal maximum neck diam-
eter reduced from 32 to 28mm while the distal maximum iliac
diameter from 35 to 25mm. A new anatomical feature was
introduced represented by the amount of thrombus in the
aneurysmal sac. The thrombus ratio, resulting from the maxi-
mum aortic aneurysm diameter to the maximum aortic blood
lumen diameter, according to the revised IFU, should be less
or equal to 1.4. Such an indication wasn’t taken in considera-
tion at all at the original 2013 IFU.

Comparison group

The comparison group was selected from the sample of elec-
tive infrarenal EVARs using the Excluder stent graft during the
same period. The Gore Excluder stent graft is a third-genera-
tion modern device featuring an original ePTFE design with a
flexible catheter-mounted introduction and active infrarenal
attachment with barbs. This endograft has the same fabric
material as the Nellix endoframes while both have infrarenal
fixation. In order to identify a control group with less selection
bias, after the original cohort was formed, one of the investi-
gators (G.K.), blinded to patient data apart from age, sex, and
AAA diameter, matched the patients from the Nellix group 1:2
with individuals from the cohort treated with the Excluder
endograft (112 patients, 23.7%). The two groups matched for
age (<2 years), sex, and AAA diameter (<1 cm). The final popu-
lation of this analysis included 123 patients, 41 patients in the
Nellix and 82 patients in the Excluder group.

Outcome measurements

The definitions of the outcomes were established according
to the reporting standards included in the guidelines of So-
ciety for Vascular Surgery/American Association for Vascular
Surgery.'? Technical success for both groups was defined as
successful deployment of the endograft and completion of the
procedure with no type | or lll endoleaks and without the need
for a secondary intervention within the first 24 hours. Clinical
success was defined as freedom from aneurysm expansion >5
mm, type | or lll endoleaks, aneurysm rupture, conversion to
open surgery, graft infection, migration, or thrombosis, and
aneurysm-related death during follow-up periods. PIS was de-
fined as as the presence of fever (persisting body temperature
>38 Clasting for >1 day during hospitalization) and leukocyto-
sis (white blood cell [WBC] count >12,000/mL), with negative
blood culture results.*

Statistical analysis

Data are expressed as mean * standard deviation except for
non-Gaussian parameters that are presented as median and
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interquartile range. Categorical data are presented by abso-
lute values and percentages (%). Statistical significance be-
tween the groups for continuous variables used the independ-
ent t-test for normally distributed data or the Mann-Whitney
U-test for nonparametric data. The Pearson x? test or the Fish-
er exact test was used for categorical variables, as appropri-
ate. Midterm follow-up data were analyzed by Kaplan-Meier
life-table analysis, and results were compared by the log-rank
test. Statistical analyses used IBM SPSS Statistics ver. 20.0 soft-
ware (IBM Co., Armonk, NY, USA). A P-value of <0.05 was con-
sidered statistically significant.

RESULTS

Among 41 patients treated with EVAS, in 9 (21.9%) with suit-
able femoral artery anatomy, the endograft delivery occurred
through percutaneous vascular access. Patient demographic
data and preoperative risk factors are presented in Table 1. No
significant differences in comorbidities were noted between
the two groups.

The median aortic neck length was 26.5 mm in the Nel-
lix group and 29.4 mm in the Excluder group (p=0.95). The
median maximum diameter of the aneurysm in the respec-
tive groups was 56.8 mm vs. 57.6 mm (p=0.15). Angulations
of the proximal neck were not significantly different between
groups. Neck circumferential characteristics of >30% throm-
bus or >30% calcification were also statistically similar. There

Baseline characteristics
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were 2 patients (5%) in the Nellix group with mild aneurysmal
disease of the common iliac arteries (diameter <20mm) which
were inside the original IFU. In the Nellix group, 40 patients
were treated inside the Nellix IFU and only one outside. In the
Excluder group all patients were treated inside the IFU of the
specific endograft. In the Nellix group, 33 patients (80%) were
treated according to the 2016 IFU and 7 patients (20%) ac-
cording to the original IFU.

Perioperative data are summarized in Table 2. General an-
esthesia was used in all patients of both groups. The median
operation time (p=0.04) as well as radiation burden (p=0.014)
and contrast media used (p<0.001), were significantly lower in
the Nellix compared to the Excluder group.

Technical success was achieved in all patients. No intra-
operative conversion, migration, type | or Ill endoleak at the
completion angiogram, or death were recorded at the end of
the procedure. All renal arteries were patent at the comple-
tion angiography. No complications occurred in patients treat-
ed percutaneously. One patient with a significant common
iliac artery tortuosity that has been underestimated suffered
from limb thrombosis during the second postoperative day
and was treated successfully with a fem-fem crossover by-
pass. Post implantation syndrome was encountered in 8.0% of
the patients of the whole cohort with no differences between
the groups (P=1). Median hospital stay was 3 days for both
groups (P=0.49).

Demographics
Age (years), median (range)
Male gender (N,%)
Preoperative risk factors (N,%)
Hypertension
Coronary artery disease
COPD
Hyperlipidemia
Diabetes
Cardiac failure
Smoking

AAA anatomy
Neck length, mm
Suprarenal angle, degrees
Infrarenal angle, degrees
Maximum aneurysm diameter, mm
Thrombus >30%, N (%)
Calcification >30%, N (%)

Table 1. Baseline characteristics of the two groups

Nellix group Excluder group
N=41 N=82
72 (54-89) 73 (55-84) 0.8
40(97) 80(97) 1
25 (60) 58 (70) 0.69
16 (40) 29 (35) 1
12 (30) 21 (25) 1
29 (70) 50 (60) 0.71
4 (10) 16 (20) 1
4 (10) 16 (20) 1
12 (30) 25 (30) 0.69
26.5 (16-60) 29.4 (15-60) 0.95
7.5 (5-10) 9 (5-13) 0.28
15 (10-40) 15 (5-40) 0.71
56.8 (51-96) 57.6 (50-93) 0.15
4(10) 7(8) 1
8(20) 13 (16) 1

Perioperative characteristics Nelkl);‘g‘;oup Excluﬂigsroup

Procedure duration, min 80 (60-110) 98 (80-130) 0.04
Contrast media, ml 42 (30-80) 55.5 (30-110) 0.014
Radiation burden, mGy 80 (45-110) 102 (52.6-167) <0.001
Post implantation syndrome, N (%) 3(7) 7 (8.5) 1
Hospital length of stay, days 3(3-6) 3(3-5) 0.59

Table 2. Periprocedural data
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During a median follow-up of 23 months (range, 1- 53
months), there were two reinterventions (4.9%) in two pa-
tients in the Nellix group and none in the Excluder group
(log rank=0.09). None of the patients was lost to follow-up.
One patient had bilateral large common iliac artery aneu-
rysms, was treated outside the IFU with the Nellix device and
showed a significant type Ib endoleak in both sides during the
6™ month follow-up. He was successfully treated in two stages
with two extensions to both external iliac arteries. No internal
iliac artery embolization was performed, as there was a short
distance between the external and internal iliac arteries’ ori-
fices and an adequate seal to both EIAs was accomplished.*
He remains well at 2 year of follow-up with no symptoms of
pelvic ischemia. One patient suffered a gradually significant
(18mm) proximal graft migration without a type | endoleak
at 24 months follow-up. Despite the absence of an endoleak
we decided to treat the significant migration by endovascu-
lar means, extending the proximal sealing zone with an Altura
(Lombard Medical, Oxfordshire,UK) stent graft. No graft-relat-
ed deaths were recorded, while no conversion to open repair
occurred. There were another two caudal migrations (7mm
and 8mm) at 1 year and 2 years respectively without howev-
er a type | endoleak that remain under close surveillance. Six
type Il endoleaks (all in the Excluder group) were discovered
during the follow-up period. Five endoleaks spontaneously
resolved, while in only one patient the endoleak remained
without any change in aneurysm sac diameter (log rank=0.01).

DISCUSSION

Type Il endoleak (ETII) is a common finding up to 20% after
EVAR and despite its usual benign course may sometimes lead
to a worse outcome.>** There is a lack of level-1 evidence in
this group of patients, and most studies are underpowered
to fully understand the natural history of ETII due to the low
event rate of complications and the inadequate long-term
follow-up.'® Even though an Ell has a reasonable chance of
thrombosing spontaneously, in some patients they might
progress and result in sac enlargement and rupture.® To avoid
such a worse outcome, these patients will need a reinterven-
tion. The Nellix concept aims to prevent type Il endoleaks by
completely excluding aortic collateral branches from the an-
eurysm sac. Sillingardi et al'” presented a dual-center report of
64 patients treated with Nellix (2013-2014). During a median
follow-up of 17 months, there was only 1 (1.6%) ETII noted.
These results are in accordance with the findings of the pres-
ent study showing a null type Il endoleak incidence after EVAS.

In EVAR successful proximal infrarenal endograft fixation
and sealing is critical to avoid both migration and endoleak
complications. Several endografts have used different modal-
ities to acquire AAA exclusion. The Nellix device fix the en-
dograft in the aneurysmal sac on one hand, while eliminate
the space for endoleak on the other. The Gore Excluder en-
dograft, disposes an active proximal fixation mechanism. Ad-
equate ovesizing and the presence of barbs incorporated on
the proximal neck of the main body ensures the stent-graft’s
infrarenal fixation and prevents type la endoleak due to dis-
tal migration. Different clinical studies have documented the
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clinical outcomes and occurrence of type la endoleaks and/
or migration after EVAS. In a multicenter retrospective cohort
study conducted in Italy by Gossetti et al (IRENE study), at 1
year follow up period, the incidence of endoleaks reported,
was 1.4% for type la, 0.7% for type Ib, and 1.1% for type Il,
with freedom from aneurysm-related reintervention rate at
94.7%18. Another multicenter retrospective observational
study performed at six clinical centers in Europe and one in
New Zealand, showed similarly, encouraging short term re-
sults. Bockler et al who carried out this study, involved 171
patients with AAA treated with EVAS. After a median follow
up period of 5 months (range, 0-14 months), type la endoleak
was observed in five patients (3%), type Ib endoleak in four
patients (2%), and type Il endoleak in four patients (2%) with
aneurysm-related reintervention rate of 9% (15 patients).19
No aneurysm ruptures or open surgical conversions occurred.
These studies suggest that endovascular aneurysm sealing
with the Nellix device, appears feasible with high aneurysm
exclusion rate and low overall complication and reinterven-
tion rates.

However, Harrison et al, in a retrospective review of 115
patients treated with Nellix endograft reported a 36.5% graft
failure rate (caudal migration of the stents, separation of the
endobags, and pressurisation of the sac). Only 19 patients
treated in this cohort met the revised IFU for Nellix. Device
failure was higher when used outside the original IFU (16.6
per 100-person years vs. 10.6 per 100-person years).?° Addi-
tionally, in a Dutch retrospective study conducted by Zoeth-
out et al involving 264 patients who underwent elective EVAS,
168 (63.3%) patients were treated within the IFU 2013 crite-
ria; of these 48 (18.2%) were in compliance with the revised
IFU 2016 version.?! The rate of endoleaks within the IFU 2013
group was 5.4% (8 type la and 1 type Ib), whereas in the IFU
2016 subgroup was 2.1% (3 type la, p=0.583). In the present
report we compared the behavior of the Nellix device with
the behavior of an endograft with infrarenal fixation of the
same material. During a median follow-up period of nearly 2
years, we found no significant differences in type | endoleak
or migration occurrence between the two endografts. In the
present study, patients were carefully selected according to
the device IFU not having a complex unsuitable anatomy. This
strategy may explain the acceptable short and mid-term re-
sults in comparison with the previously mentioned studies.?”
2L For example, in the Harrisson et al study nearly one third of
the patients were treated outside the IFUs, while a significant
proportion of patients had complex anatomy for standard
EVAR and had been turned down by other vascular centers.

The refined version of recommended IFU for the Nellix
device was introduced in late 2016.% Zoethout et al by com-
paring 2-year clinical outcomes of patients treated within
IFU 2013 and IFU 2016 found less complications, though not
significant, in the IFU 2016 group when compared to the IFU
2013 group.?! However, the applicability of Nellix has signif-
icantly reduced with the 2016 IFU, showing that this device
seems not suitable for many AAA anatomies. In the present
study 33 patients (80%) were treated according to the 2016
IFU; there were two reinterventions in one patient treated in-
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side and one outside the 2016 IFU.

Radiation exposure during EVAR carries a potential risk
toward patient safety.?® In the present study EVAS showed a
benefit by exposing patients to less radiation compared to
EVAR. Ockert et al** and Antoniou et al* reported similar out-
comes with reduced radiation exposure in EVAS compared
to EVAR. This is useful to the patient as well as the operating
team, in view of the cancer-causing risk associated to the ra-
diation exposure.

The Nellix device is deployed through two 17 Fr (exter-
nal diameter) tapered nose delivery catheters inserted via
the femoral arteries. Hence, the delivery catheter diameter
is adequate for percutaneous vascular access when femoral
anatomy is suitable. In our study, 9 patients were treated with
percutaneous EVAS while for postoperative artery sealing, a
perclose vascular closure device was used (Perclose ProGlide,
Abbott, Santa Clara, USA).

An important issue is represented by post implantation
syndrome (PIS), the clinical and biochemical expression of an
inflammatory response following EVAR. Both, the Nellix as
well as the Excluder stent grafts are constructed of PTFE fabric
supported by metal endoframes. Even if with lower rates than
the polyester made stent grafts, it is possible for PTFE endog-
rafts to develop PIS.? Consistently to the literature, an overall
rate of PIS was encountered in 8.0% of the patients, with no
differences between the groups.

Computational fluid dynamics analysis aimed to study the
flow conditions in the Nellix endograft, showed no significant
alteration of the hemodynamic properties after the stent
graft’s implantation, resulting in optimal hemodynamic effi-
ciency. %7

In 2019 the CE mark for the Nellix device has been sus-
pended following a voluntary recall and field safety notifi-
cation issued by the company. This action reflects the 2019
ESVS guidelines recommending against the use of EVAS tech-
nique in clinical practice except when being used only within
the framework of approved clinical studies.! The controversy
found in the literature regarding the Nellix outcome in several
studies maybe explained by the patient selection and doctor’s
experience. We may assume that due to the EVAS simpler ap-
plicability (lack of contralateral cannulation, less radiation and
time), more doctors with less endovascular experience have
used the platform with doubtful results. We believe that the
proper selection according to specific anatomic criteria always
within the IFUs is of paramount importance for achieving the
best outcome when treating an AAA patient with EVAS.

The major limitations to the present study include its ret-
rospective nature and the relatively small number of patients
included in both groups. Despite this, all patients selected
were treated consecutively with the Nellix stent graft system
under stable conditions, and the case-controlled Excluder
group was matched 2:1 to the Nellix group. In any case, these
results must be interpreted with caution until validated by
larger studies.
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CONCLUSION

The initial experience with the Nellix stent graft system in the
present cohort is quite promising, with successful aneurysm
sealing and acceptable mid-term results despite the current
controversies. Further and larger studies are needed to fully
evaluate the long-term results of this particular endograft.
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