
11/19/25

1

www.chirurgiavascolarepadova.it

Michele Antonello MD PhD

Dir. Endovascular Surgery Unit
Department of Cardiac, Thoracic, Vascular Sciences and Public Health
Padua University – School of Medicine, Chief: Prof. F. Grego

1

www.chirurgiavascolarepadova.it

ü ♀82 yrs old
ü CAD (PTCA)
ü COPD
ü RI
ü ABDOMINAL PAIN

J-PARA RENAL AAA

2

www.chirurgiavascolarepadova.it

BEVAR TECHNOLOGY

TAMBEPatient Specific
Cook - Artivion

3

www.chirurgiavascolarepadova.it

Angio-CT at 1 year

J-PARA RENAL AAA

4

www.chirurgiavascolarepadova.it

Early Outcomes of a Novel Off the Shelf Preloaded Inner Branch Endograft
for the Treatment of Complex Aortic Pathologies in the ItaliaN Branched
Registry of E-nside EnDograft (INBREED)

Michele Piazza a,*, Francesco Squizzato a, Giovanni Pratesi b, Yamume Tshomba c, Andrea Gaggiano d, Emanuele Gatta e, Gioele Simonte f,
Gabriele Piffaretti g, Paolo Frigatti h, Gian Franco Veraldi i, Roberto Silingardi j, Michele Antonello a, on behalf of the INBREED Investigators y

a Division of Vascular and Endovascular Surgery, Department of Cardiac, Thoracic, Vascular Sciences and Public Health, University of Padua, Padua, Italy
b Vascular and Endovascular Surgery Unit, Ospedale Policlinico San Martino, University of Genoa, Genoa, Italy
c Unit of Vascular Surgery, Fondazione Policlinico Universitario A. Gemelli I.R.C.C.S., Università Cattolica del Sacro Cuore, Rome, Italy
d Vascular and Endovascular Surgery Unit, Mauriziano Umberto I Hospital, Turin, Italy
e Vascular and Endovascular Surgery Unit, Ospedali Riuniti di Ancona, Ancona, Italy
f Unit of Vascular and Endovascular Surgery, Santa Maria della Misericordia Hospital, Perugia, Italy
g Vascular Surgery, Department of Medicine and Surgery, ASST Settelaghi University Teaching Hospital, University of Insubria School of Medicine, Varese, Italy
h Division of Vascular Surgery, Azienda Sanitaria Universitaria Friuli Centrale, S. Maria della Misericordia University Hospital of Udine, Udine, Italy
i Vascular Surgery, Integrated University Hospital of Verona, Verona, Italy
j Division of Vascular Surgery, University Hospital of Modena and Reggio Emilia, Baggiovara (MO), Italy

WHAT THIS PAPER ADDS
This is the first clinical multicentre study to analyse real world experience with a novel off the shelf pre-loaded
inner branched endograft (E-nside). The excellent technical implantation safety and efficacy, as well as good 90
day outcomes, demonstrate that this endograft can be considered in the endovascular armamentarium as a
valid option for the repair of thoraco-abdominal aortic pathologies. The study also provides a benchmark for
comparison with future results obtained with other off the shelf or custom endografts in this field.

Objective: The aim of this study was to investigate the early outcomes of a novel off the shelf pre-loaded inner
branched thoraco-abdominal endograft (E-nside) in the treatment of aortic pathologies.
Methods: Data from a physician initiated national multicentre registry on patients treated with the E-nside
endograft, were prospectively collected and analysed. Pre-operative clinical and anatomical characteristics,
procedural data, and early outcomes (90 days) were recorded in a dedicated electronic data capture system.
The primary endpoint was technical success. Secondary endpoints were early mortality (90 days), procedural
metrics, target vessel patency, endoleak rate, and major adverse events (MAEs) at 90 days.
Results: In total, 116 patients from 31 Italian centres were included.Mean! standard deviation (SD) patient age was
73 ! 8 years and 76 (65.5%) were male. Aortic pathologies included degenerative aneurysm in 98 (84.5%), post-
dissection aneurysm in five (4.3%), pseudoaneurysm in six (5.2%), penetrating aortic ulcer or intramural
haematoma in four (3.4%), and subacute dissection in three (2.6%). Mean ! SD aneurysm diameter was 66 ! 17
mm; aneurysm extent was Crawford I e III in 55 (50.4%), IV in 21 (19.2%), pararenal in 29 (26.7%), and juxtarenal
in four (3.7%). The procedure setting was urgent in 25 (21.5%) patients. Median procedural time was 240 minutes
(interquartile range [IQR] 195, 303), with a median contrast volume of 175 mL (IQR 120, 235). The endograft’s
technical success rate was 98.2% and the 90 day mortality rate was 5.2% (n ¼ 6; 2.1% for elective repair and 16%
for urgent repair). The 90-days cumulative MAE rate was 24.1% (n ¼ 28). At 90 days, there were 10 (2.3%) target
vessel related events (nine occlusions and one type IC endoleak) and one type 1A endoleak requiring re-intervention.
Conclusion: In this real life, non-sponsored registry, the E-nside endograft was used for the treatment of a broad
spectrum of aortic pathologies, including urgent cases and different anatomies. The results showed excellent
technical implantation safety and efficacy, as well as early outcomes. Longer term follow up is needed to
better define the clinical role of this novel endograft.
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aortic aneurysm
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tight stenosis of the TV, two vessels (0.4%) were not suc-
cessfully cannulated, and intra-operative death occurred in
one patient before bridging stent implantation; all 12
intentional occlusions of the inner branches were success-
ful. Considering the 448 stented TVs, the main bridging
stent was balloon expandable in 78% of cases and self
expandable in 19%. The pre-loaded system was used in the
majority of patients (n ¼ 100; 86.2%) for branch cannula-
tion, while in 16 cases (13.8%) it was voluntarily removed.
Of the 400 branches with the pre-loaded system used on an
intention to treat basis, an upper arm access was used to
snare the guidewire in the majority of cases (n ¼ 365;
91.2%), while snaring from the contralateral femoral access

was performed for 29 (7.2%) branches. The pre-loaded
system failed because of the unsuccessful advance of the
0.018 inch guidewire into the tube for the cuffs of six
branches (1.5%) that were, in the end, cannulated
independently.

Table 2. Clinical and anatomical data of the 116 patients in
the ItaliaN Branched Registry of E-nside EnDograft
(INBREED) registry treated with the E-nside endograft.

Patients (n [ 116)

Clinical data
Genetically triggered aortic disease 2 (1.7)
Prior open aortic repair 32 (27.6)
Prior EVAR 26 (22.4)
Type 1A endoleak after EVAR 11 (9.5)
Status of aortic disease
Non-ruptured, asymptomatic 91 (78.4)
Non-ruptured, symptomatic 22 (19.0)
Contained or impending rupture 3 (2.6)

Anatomical data
Aortic pathology
Degenerative aneurysm 98 (84.5)
Post-dissection aneurysm 5 (4.3)
Subacute dissection 3 (2.6)
IMH/PAU 4 (3.4)
Pseudoaneurysm 6 (5.2)

Aneurysm extent*

I 15 (13.8)
II 23 (21.1)
III 17 (15.6)
IV 21 (19.3)
Pararenal 29 (26.6)
Juxtarenal 4 (3.7)

Maximum aortic diameter e mm 66"17
Maximum diameter >80 mm 16 (13.8)
Visceral aortic diameter <25 mm 18 (15.5)
Visceral aortic diameter <30 mm 56 (48.3)
Minimum iliac access diameter e mm 8.7"1.4
Variables by target vessel

Coeliac artery characteristics
Stenosis > 50% 30 (25.9)
Pre-operative occlusion 5 (4.3)

Superior mesenteric artery characteristics
Stenosis > 50% 7 (6.0)
Pre-operative occlusion 0 (0)

Right renal artery characteristics
Stenosis > 50% 20 (17.2)
Pre-operative occlusion 2 (1.7)

Left renal artery characteristics
Stenosis > 50% 13 (11.2)
Pre-operative occlusion 3 (2.6)

Data are presented as n (%) or mean " standard deviation. EVAR ¼
endovascular aortic repair; IMH ¼ intramural haematoma; PAU ¼
penetrating aortic ulcer.
* Includes degenerative aneurysms, dissecting aneurysms,
pseudoaneurysms, and PAU.

Table 3. Procedural data of the 116 patients in the ItaliaN
Branched Registry of E-nside EnDograft (INBREED) registry
treated with the E-nside endograft.

Patients (n[ 116)

Vascular access for the main endograft
Femoral, percutaneous 63 (54.3)
Femoral, surgical 45 (38.8)
Surgical iliac conduit 8 (6.9)

Vascular access for bridging branches
Femoral, contralateral side 16 (13.8)
Upper arm, left side 72 (62.1)
Upper arm, right side 28 (24.1)

E-nside proximal diameter e mm
33 44 (37.9)
38 72 (62.1)

E-nside distal diameter e mm
26 91 (78.4)
30 25 (21.5)

Adjunctive proximal thoracic endograft 52 (44.8)
Prophylactic spinal drain 40 (34.5)
Procedural metrics

Total operating time e min 240 (195e303)
Total contrast volume e mL 175 (120e235)
Total fluoroscopy time e min 87 (63e115)
Dose area product e Gy # cm2 288 (179e885)

Endograft related technical success* 114 (98.3)
Variables by target vessel (n ¼ 464)

Target vessel related technical successy 458 (98.7)
Type of bridging stent

Balloon expandable 360 (78.3)
Self expandable 88 (19.1)
Intentional branch occlusion 10 (2.2)
Unsuccessful target vessel cannulation 2 (0.4)

Bridging stent length e mm
Coeliac artery 63.4"13.1
Superior mesenteric artery 66.0"9.9
Right renal artery 62.7"16.5
Left renal artery 62.0"16.0

Mean number of stents
Coeliac artery 1.1"0.2
Superior mesenteric artery 1.1"0.2
Right renal artery 1.2"0.3
Left renal artery 1.2"0.3

Bridging time e min
Coeliac artery 21.6"30.1
Superior mesenteric artery 18.5"19.8
Right renal artery 21.4"26.11
Left renal artery 24.6"37.7

Data are presented as n (%) or mean " standard deviation.
* Endograft related technical success was defined as successful vascular
access, delivery, and deployment of the main graft, with the absence of
type I or type III endoleaks related to the main graft on completion
angiography and patency of the modular aorto-iliac graft components.
y Branch related technical success was defined as successful
catheterisation of intended target vessels, placement of bridging
stents, absence of target vessel related endoleaks (type Ic, IIIb, and
IIIc) on completion angiography, and patency of all intended side
branch components.
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value < .050 was used to determine statistical significance.
R 4.0 software (R Foundation for Statistical Computing,
Vienna, Austria) was used.

RESULTS

Patient population

One hundred and sixteen patients were enrolled between
June 2021 and September 2022 at 31 centres (mean 3.7
patients per centre; range 1 e 15), representing 69% of E-
nside implanted nationwide in the same period. Five cen-
tres had eight or more cases and accounted for 48.3% (n ¼
56) of cases in the registry; these were considered to be
high volume centres (Supplementary Figure S1). Patient
demographics and risk factors are provided in Table 1. There
were 76 thoraco-abdominal aortic aneurysms (TAAAs) and
33 juxtapararenal aneurysms; of this last group, 11 were
symptomatic or large aneurysms (33%).

A narrow aortic diameter < 25 mm at the visceral aorta
was present in 18 cases (15.5%). Other relevant anatomical
details are provided in Table 2.

Procedural data

For E-nside advancement, femoral percutaneous access was
obtained in 54% of patients; access for TV cannulation was
the upper arm in 100 patients (86.2%), while contralateral
femoral access was used in 16 (13.8%). The procedural details
are provided in Table 3. A prior thoracic endograft was pre-
sent in 15 patients (12.9%), while a proximal thoracic
endograft plus E-nside were implanted in 52 (44.8%), with a
150 " 8 mm mean aortic coverage above the coeliac trunk.
Of the 52 adjunctive thoracic endografts implanted, 43 (83%)

were deployed to extend proximally in type I e III thoracic
aortic aneurysm (TAA), while in nine (17%) a thoracic
endograft was used to fit the aortic diameter to the proximal
E-nside diameter. The need for a proximal thoracic endovas-
cular aortic repair (TEVAR) was more frequent for type I e III
aneurysms than for type IV, pararenal, and juxtarenal aneu-
rysms (75% vs. 19%; p < .001). Sixty patients (51.7%) had a
concomitant abdominal bi-iliac endograft implanted.

The branch related technical success rate was 98.7%. Of
the 464 total TVs, 448 were successfully incorporated
through a bridging stent (96.5%). Ten branches (2.1%) were
intentionally occluded due to a pre-operative occlusion or

Table 1. Demographics and risk factors of the 116 patients in
the ItaliaN Branched Registry of E-nside EnDograft
(INBREED) registry treated with the E-nside endograft.

Patients (n[ 116)

Demographics
Age e y 73.1"8.2
Male sex 76 (65.5)

Risk factors
Body mass index e kg/m2 27.1"4.1
Coronary artery disease 32 (27.6)
Chronic heart failure 9 (7.7)
Hypertension 103 (88.8)
Hypercholesterolaemia 76 (65.5)
Active or former smoker 64 (55.1)
Chronic obstructive pulmonary disease 49 (42.2)
Peripheral artery disease 17 (14.6)
Diabetes 12 (10.3)
Chronic kidney disease 22 (19.0)
Stroke or transient ischaemic attack 14 (12.1)

Data are presented as n (%) or mean " standard deviation.

! 26/30 mm

! 33/38 mm

! 24 mm

A B C

Figure 1. (A) E-nside graft design. It has a 24 F outer diameter delivery system. The inner branch diameter is 8
mm for the coeliac trunk and superior mesenteric artery, and 6 mm for the renal arteries; all four inner branches
have a length of 2 cm with antegrade orientation and an enlarged oval shape outlet. (B) Picture of a partially
deployed E-nside, showing the dedicated pre-cannulated tubes used for branch cannulation. (C) Detail of the
ports used for 0.018 inch guidewire insertion for the cannulation of the endograft branches using the pre-loaded
system.
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WHAT THIS PAPER ADDS
This multicentre study aimed to investigate the early and midterm outcomes of an off the shelf pre-loaded inner
branched endograft (E-nside; Artivion, Kennesaw, GA, USA) in the treatment of juxta- and pararenal aortic
aneurysms. In this real life non-sponsored registry, the use of E-nside for the treatment of juxta- and pararenal
aortic aneurysms was feasible in both urgent and elective settings, with high technical success and satisfactory
target vessel stability at one year. Early spinal cord ischaemia and stroke may derive from the length of aortic
coverage and use of upper arm access; therefore, the use of this thoraco-abdominal device for the treatment of
juxta- and pararenal aortic aneurysms should be approached with caution, especially in an elective setting.

Objective: To investigate outcomes of an off the shelf pre-loaded inner branched endograft (E-nside) for the
treatment of juxtarenal and pararenal abdominal aortic aneurysms (JP-AAAs).
Methods: Data from a multicentre registry (INBREED), including patients treated with the E-nside endograft, were
collected and analysed prospectively. Patients treated for JP-AAA were included. Pre-operative clinical and
anatomical characteristics, procedural data, and 30 day and one year outcomes were recorded. Endpoints were
technical success, 30 day death, major adverse events (MAEs), and one year freedom from target vessel instability.
Results: Of 185 consecutively treated patients, 47 (25.4%) had a JP-AAA (juxtarenal n ¼ 10, 21%; pararenal n ¼ 37,
79%) and were included in the study; 183 target vessels were incorporated through an inner branch. Procedural
setting was emergency or urgent in 18 patients (38%) owing to a contained aortic rupture (n ¼ 2, 4%),
symptomatic aneurysm (n ¼ 4, 9%), or aneurysm > 70 mm (n ¼ 12, 26%). The mean length of aortic coverage
above the coeliac trunk was 116 " 7 mm. Technical success was 100% and 30 day mortality rate 4% (n ¼ 2
urgent cases). The 30 day cumulative MAE rate was 26% (n ¼ 12): two stroke (4%); and seven spinal cord
ischaemia (15%), with six in an elective setting (21%) and one in an urgent setting (6%), and five leading to
permanent paraplegia or paraparesis (10%). Freedom from target vessel instability was 99% after 30 days and 97
" 3% after one year.
Conclusion: Use of an off the shelf inner branched device for treating JP-AAA was feasible in urgent and elective
settings, with high technical success and satisfactory target vessel stability at one year. In the treatment of JP-
AAA, stroke and spinal cord ischaemia may be associated with arm access and the increased aortic coverage
that the design brings.
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Device and technique

Detailed device design and operative technique have been
described elsewhere.3,14 Briefly, the E-nside is an off the shelf
inner branched endograft with a 24 F outer diameter delivery
system, available in four different sizes, with a proximal
diameter measuring 33 or 38mm, and a distal diameter of 26
or 30 mm. Aside from the cases treated in the early stages of
the learning curve, the use of a 24 F sheath for E-nside
deployment has become standard practice. The total device
length is 222 mm, with 93 mm of coverage above the coeliac
trunk inner branch outlet and 76 mm of coverage below the
renal branch outlets. All four inner branches are pre-
cannulated with a polyimide tube that can be loaded with
a 0.01800 wire from the handle system and snared from above
the top of the graft using an upper arm or contralateral
femoral approach. The use of the pre-loaded system is
optional and left to the decision of the operator. By manu-
facturer’s instructions for use, the device should land on a
thoracic endograft, but, in clinical practice, it has also been
safely usedwithout thoracic endovascular aortic repair.15 The
choice of bridging stent was left to the discretion of the
operators, but generally a balloon expandable covered stent
was preferred. A bridging stent reinforcement was consid-
ered in cases with intra-operative evidence of significant kink
or compression. The choice of access site for target vessel
catheterisation and stenting was left to the treating surgeon.
Upper arm access was used in cases with favourable anatomy
of the access (axillary and subclavian artery with adequate
size, free from significant obstructive disease or tortuosity),
aortic arch, and descending thoracic aorta (free from signif-
icant angulation, tortuosity, or thrombus). A femoral
approach was initially considered for cases with unfav-
ourable factors for upper arm access or for cases of surgeon’s
preference; a progressive shift towards routine use of the
femoral access was observed during the study period.

Endpoints

Study endpoints included technical success, 30 day MAEs,
and freedom from branch instability. Both endograft related
and branch related technical success were evaluated ac-
cording to current reporting standards.2 Branch instability
was defined as any target vessel related complication
leading to aneurysm rupture, death, occlusion, component
separation, or re-intervention to maintain target vessel
patency or to treat a target vessel related component
separation or endoleak.2

Statistical analysis

Results were reported as number and percentage for cat-
egorical variables and mean ! standard deviation for
continuous variables. Continuous variables were compared
with the Wilcoxon rank sum test or the t test, as appro-
priate. The Pearson chi squared test and Fisher’s exact test
were used for analysis of categorical variables. Univariable
logistic regression was carried out to identify factors asso-
ciated with any grade of SCI (p < .050). Statistical signifi-
cance was determined by p < .050. The R 4.0 software (R

Foundation for Statistical Computing, Vienna, Austria) was
used for statistical analysis.

RESULTS

Patient population

Of the 185 patients enrolled in INBREED, 47 (25.4%) were
treated for a J-AAA (n ¼ 10, 21%) or P-AAA (n ¼ 37, 79%). Of
these, 41 (87%) had an intact asymptomatic aneurysm, four
(9%) had a symptomatic aneurysm, and two (4%) had a con-
tained rupture. The mean age was 74 ! 8 years and 83% of
patientsweremen. Other demographics and risk factors of the
study cohort are presented in Table 1. The mean maximum
aortic diameter was 66 ! 17 mm and 15 patients (32%) pre-
sented a maximum diameter > 70 mm. Significant aortic
thrombus (> 75% of aortic circumference) was present in 15
patients (32%) at the level of the paravisceral aorta and in four
patients at the level of the descending thoracic aorta (9%).
Other relevant anatomical details are presented in Table 2.

Procedural data

Eighteen patients (38%) received urgent treatment owing to
a contained aortic rupture (n ¼ 2, 4%), symptomatic
aneurysm (n ¼ 4, 9%), or aneurysm size > 7 cm (n ¼ 12,
26%). Percutaneous femoral access was obtained in most
patients (n ¼ 27, 57%) for the E-nside advance and
deployment. Access for target vessel cannulation was the
upper arm in 38 patients (81%), whereas contralateral
femoral access was used in nine cases (19%). An adjunctive
proximal thoracic endograft was used in six patients (13%),
and the mean length of aortic coverage above the level of
the coeliac trunk was 116 ! 31 mm (median 113 mm;
interquartile range 95, 177 mm). A prophylactic spinal drain
was placed in eight patients (17%). Endograft related
technical success was achieved in all cases. Detailed pro-
cedural data are presented in Table 3.

Table 1. Demographics and risk factors of 47 patients treated
with the E-nside endograft for juxta- and pararenal aortic
aneurysms in the INBREED registry.

Variable Patients (n [ 47)

Demographics
Age e y 74 ! 8
Male sex 39 (83)

Risk factors
Body mass index 27.3 ! 6.4
Coronary artery disease 14 (30)
Chronic heart failure 5 (11)
Hypertension 45 (96)
Hypercholesterolaemia 36 (77)
Active or former smoker 28 (60)
Chronic obstructive pulmonary disease 25 (53)
Peripheral artery disease 11 (23)
Diabetes 7 (15)
Chronic kidney disease 11 (23)
Stroke or transient ischaemic attack 7 (15)

Data are presented as mean þ standard deviation or n (%).
INBREED ¼ ItaliaN Branched Registry of E-nside EnDograft.
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All of the 188 side branches were successfully cannu-
lated. A bridging stent was deployed in 183 target vessels
(97%); five target vessels were intentionally occluded owing
to a pre-operative target artery occlusion. A balloon
expandable covered stent was used as the main bridging
stent in 139 target vessels (76.0%); a self expandable stent
was used in 44 target vessels (24.0%). Implanted balloon
expandable stents were the Viabahn balloon expandable
(VBX) (Gore, Flagstaff, AZ, USA) (n ¼ 99, 71.2%), Eventus
(Jotec GmbH, Hechingen, Germany) (n ¼ 24, 17.3%), and
BeGraft (Bentley InnoMed GmbH, Hechingen, Germany)
(n ¼ 16, 11.5%). Self expandable stents were the Covera
(Bard, New Providence, NJ, USA) (n ¼ 30, 68%) and Solaris
(Scitech Med, Aparecida de Goiânia, Brazil) (n ¼ 14, 32%).
Bridging stent reinforcement with a bare metal stent was

Table 2. Clinical and anatomical data for 47 patients treated
with the E-nside endograft for juxta- and pararenal aortic
aneurysms in the INBREED registry.

Variable Patients (n [ 47);
target vessels
(n [ 188)

Variables by patient
Clinical data
Prior open aortic repair 5 (11)
Prior endovascular aortic repair 8 (17)
Status of aortic aneurysm

Non-ruptured, asymptomatic 41 (87)
Non-ruptured, symptomatic 4 (9)
Contained rupture 2 (4)

Anatomical data
Aneurysm extent

Pararenal 37 (79)
Juxtarenal 10 (21)

Aortic thrombus
Paravisceral aorta 15 (32)
Descending thoracic aorta 4 (9)

Maximum aortic diameter e mm 66 " 17
Maximum aortic diameter >70 mm 15 (32)
Paravisceral aortic diameter e mm
Coeliac trunk level 31 " 6
Superior mesenteric artery level 31 " 9
Right renal artery level 33 " 12
Left renal artery level 35 " 11

Paravisceral aortic diameter <24 mm 8 (17)
Minimum iliac access diameter e mm 8.5 " 2.0

Variables by target vessel
Coeliac artery
Stenosis >50% 30 (25.8)
Pre-operative occlusion 5 (4.3)

Superior mesenteric artery
Stenosis >50% 7 (6.0)
Pre-operative occlusion 0 (0)

Right renal artery
Stenosis >50% 20 (17.2)
Pre-operative occlusion 2 (1.7)

Left renal artery
Stenosis >50% 13 (11.2)
Pre-operative occlusion 3 (2.6)

Data are presented as n (%) or mean þ standard deviation. INBREED
¼ ItaliaN Branched Registry of E-nside EnDograft.

Table 3. Procedural data for 47 patients treated with the
E-nside endograft for juxta- and pararenal aortic aneurysms
in the INBREED registry.

Variable Patients (n [ 47)

Variables by patient
Vascular access for the main endograft

Femoral, percutaneous 27 (57)
Femoral, surgical 16 (34)
Surgical iliac conduit 4 (9)

Vascular access for branch bridging
Femoral, contralateral side 9 (19)
Upper arm, left side 27 (57)
Upper arm, right side 11 (23)

E-nside proximal diameter
33 mm 20 (43)
38 mm 27 (57)

E-nside distal diameter
26 mm 39 (83)
30 mm 8 (17)

Adjunctive proximal thoracic endograft 6 (13)
Adjunctive distal abdominal endograft 39 (83)

Excluder, Gore 16 (34)
E-tegra, Jotec 21 (45)
Endurant, Medtronic 1 (2)
AFX2, Endologix 1 (2)

Prophylactic spinal drain 8 (17)
Procedural metrics

Total operating time e min 257 (213, 317)
Total contrast volume e mL 157 (100, 200)
Total fluoroscopy time e min 89 (69, 116)
Total radiation dose e Gy*cm2 2 097 (741, 7 601)

Technical success 47 (100)
Variables by target vessel

Coeliac artery
Balloon expandable bridging stent 34 (72)
Self expandable bridging stent 10 (21)
Bridging stent reinforcement 7 (15)
Bridging length e mm 61 " 12
Intentional occlusion 3 (6)
Bridging time e min 21 " 13

Superior mesenteric artery
Balloon expandable bridging stent 34 (72)
Self expandable bridging stent 13 (28)
Bridging stent reinforcement 9 (19)
Bridging length e mm 63 " 11
Intentional occlusion 0 (0)
Bridging time e min 19 " 13

Right renal artery
Balloon expandable bridging stent 35 (74)
Self expandable bridging stent 10 (21)
Bridging stent reinforcement 10 (21)
Bridging length e mm 59 " 16
Intentional occlusion 1 (2)
Bridging time e min 22 " 22

Left renal artery
Balloon expandable bridging stent 36 (77)
Self expandable bridging stent 8 (17)
Bridging stent reinforcement 7 (15)
Bridging length e mm 61 " 14
Intentional occlusion 1 (2)
Bridging time e min 27 " 38

Data are presented as n (%), median (interquartile range), or mean þ
standard deviation. INBREED ¼ ItaliaN Branched Registry of E-nside
EnDograft.
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WHAT THIS PAPER ADDS
This multicentre study aimed to investigate the early and midterm outcomes of an off the shelf pre-loaded inner
branched endograft (E-nside; Artivion, Kennesaw, GA, USA) in the treatment of juxta- and pararenal aortic
aneurysms. In this real life non-sponsored registry, the use of E-nside for the treatment of juxta- and pararenal
aortic aneurysms was feasible in both urgent and elective settings, with high technical success and satisfactory
target vessel stability at one year. Early spinal cord ischaemia and stroke may derive from the length of aortic
coverage and use of upper arm access; therefore, the use of this thoraco-abdominal device for the treatment of
juxta- and pararenal aortic aneurysms should be approached with caution, especially in an elective setting.

Objective: To investigate outcomes of an off the shelf pre-loaded inner branched endograft (E-nside) for the
treatment of juxtarenal and pararenal abdominal aortic aneurysms (JP-AAAs).
Methods: Data from a multicentre registry (INBREED), including patients treated with the E-nside endograft, were
collected and analysed prospectively. Patients treated for JP-AAA were included. Pre-operative clinical and
anatomical characteristics, procedural data, and 30 day and one year outcomes were recorded. Endpoints were
technical success, 30 day death, major adverse events (MAEs), and one year freedom from target vessel instability.
Results: Of 185 consecutively treated patients, 47 (25.4%) had a JP-AAA (juxtarenal n ¼ 10, 21%; pararenal n ¼ 37,
79%) and were included in the study; 183 target vessels were incorporated through an inner branch. Procedural
setting was emergency or urgent in 18 patients (38%) owing to a contained aortic rupture (n ¼ 2, 4%),
symptomatic aneurysm (n ¼ 4, 9%), or aneurysm > 70 mm (n ¼ 12, 26%). The mean length of aortic coverage
above the coeliac trunk was 116 " 7 mm. Technical success was 100% and 30 day mortality rate 4% (n ¼ 2
urgent cases). The 30 day cumulative MAE rate was 26% (n ¼ 12): two stroke (4%); and seven spinal cord
ischaemia (15%), with six in an elective setting (21%) and one in an urgent setting (6%), and five leading to
permanent paraplegia or paraparesis (10%). Freedom from target vessel instability was 99% after 30 days and 97
" 3% after one year.
Conclusion: Use of an off the shelf inner branched device for treating JP-AAA was feasible in urgent and elective
settings, with high technical success and satisfactory target vessel stability at one year. In the treatment of JP-
AAA, stroke and spinal cord ischaemia may be associated with arm access and the increased aortic coverage
that the design brings.
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All of the 188 side branches were successfully cannu-
lated. A bridging stent was deployed in 183 target vessels
(97%); five target vessels were intentionally occluded owing
to a pre-operative target artery occlusion. A balloon
expandable covered stent was used as the main bridging
stent in 139 target vessels (76.0%); a self expandable stent
was used in 44 target vessels (24.0%). Implanted balloon
expandable stents were the Viabahn balloon expandable
(VBX) (Gore, Flagstaff, AZ, USA) (n ¼ 99, 71.2%), Eventus
(Jotec GmbH, Hechingen, Germany) (n ¼ 24, 17.3%), and
BeGraft (Bentley InnoMed GmbH, Hechingen, Germany)
(n ¼ 16, 11.5%). Self expandable stents were the Covera
(Bard, New Providence, NJ, USA) (n ¼ 30, 68%) and Solaris
(Scitech Med, Aparecida de Goiânia, Brazil) (n ¼ 14, 32%).
Bridging stent reinforcement with a bare metal stent was

Table 2. Clinical and anatomical data for 47 patients treated
with the E-nside endograft for juxta- and pararenal aortic
aneurysms in the INBREED registry.

Variable Patients (n [ 47);
target vessels
(n [ 188)

Variables by patient
Clinical data
Prior open aortic repair 5 (11)
Prior endovascular aortic repair 8 (17)
Status of aortic aneurysm

Non-ruptured, asymptomatic 41 (87)
Non-ruptured, symptomatic 4 (9)
Contained rupture 2 (4)

Anatomical data
Aneurysm extent

Pararenal 37 (79)
Juxtarenal 10 (21)

Aortic thrombus
Paravisceral aorta 15 (32)
Descending thoracic aorta 4 (9)

Maximum aortic diameter e mm 66 " 17
Maximum aortic diameter >70 mm 15 (32)
Paravisceral aortic diameter e mm
Coeliac trunk level 31 " 6
Superior mesenteric artery level 31 " 9
Right renal artery level 33 " 12
Left renal artery level 35 " 11

Paravisceral aortic diameter <24 mm 8 (17)
Minimum iliac access diameter e mm 8.5 " 2.0

Variables by target vessel
Coeliac artery
Stenosis >50% 30 (25.8)
Pre-operative occlusion 5 (4.3)

Superior mesenteric artery
Stenosis >50% 7 (6.0)
Pre-operative occlusion 0 (0)

Right renal artery
Stenosis >50% 20 (17.2)
Pre-operative occlusion 2 (1.7)

Left renal artery
Stenosis >50% 13 (11.2)
Pre-operative occlusion 3 (2.6)

Data are presented as n (%) or mean þ standard deviation. INBREED
¼ ItaliaN Branched Registry of E-nside EnDograft.

Table 3. Procedural data for 47 patients treated with the
E-nside endograft for juxta- and pararenal aortic aneurysms
in the INBREED registry.

Variable Patients (n [ 47)

Variables by patient
Vascular access for the main endograft

Femoral, percutaneous 27 (57)
Femoral, surgical 16 (34)
Surgical iliac conduit 4 (9)

Vascular access for branch bridging
Femoral, contralateral side 9 (19)
Upper arm, left side 27 (57)
Upper arm, right side 11 (23)

E-nside proximal diameter
33 mm 20 (43)
38 mm 27 (57)

E-nside distal diameter
26 mm 39 (83)
30 mm 8 (17)

Adjunctive proximal thoracic endograft 6 (13)
Adjunctive distal abdominal endograft 39 (83)

Excluder, Gore 16 (34)
E-tegra, Jotec 21 (45)
Endurant, Medtronic 1 (2)
AFX2, Endologix 1 (2)

Prophylactic spinal drain 8 (17)
Procedural metrics

Total operating time e min 257 (213, 317)
Total contrast volume e mL 157 (100, 200)
Total fluoroscopy time e min 89 (69, 116)
Total radiation dose e Gy*cm2 2 097 (741, 7 601)

Technical success 47 (100)
Variables by target vessel

Coeliac artery
Balloon expandable bridging stent 34 (72)
Self expandable bridging stent 10 (21)
Bridging stent reinforcement 7 (15)
Bridging length e mm 61 " 12
Intentional occlusion 3 (6)
Bridging time e min 21 " 13

Superior mesenteric artery
Balloon expandable bridging stent 34 (72)
Self expandable bridging stent 13 (28)
Bridging stent reinforcement 9 (19)
Bridging length e mm 63 " 11
Intentional occlusion 0 (0)
Bridging time e min 19 " 13

Right renal artery
Balloon expandable bridging stent 35 (74)
Self expandable bridging stent 10 (21)
Bridging stent reinforcement 10 (21)
Bridging length e mm 59 " 16
Intentional occlusion 1 (2)
Bridging time e min 22 " 22

Left renal artery
Balloon expandable bridging stent 36 (77)
Self expandable bridging stent 8 (17)
Bridging stent reinforcement 7 (15)
Bridging length e mm 61 " 14
Intentional occlusion 1 (2)
Bridging time e min 27 " 38

Data are presented as n (%), median (interquartile range), or mean þ
standard deviation. INBREED ¼ ItaliaN Branched Registry of E-nside
EnDograft.
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Intraoperative IVUS + Completion CBCT
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The CO2 injection of 100 ml of CO2 at 700±50 mmHg.
The dose area product (DAP) for each CO2-enhanced CBCT is typically around 2000 uGy*m2

TECHNICAL TIPS: CBCT CO2
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Carbon dioxide cone-beam computed tomography for
the technical assessment of endovascular aortic
intervention
Michele Antonello, MD, PhD, Marco James Bilato, MD, Sabrina Menara, MD, Franco Grego, MD,
Michele Piazza, MD, and Francesco Squizzato, MD, Padova, Italy

ABSTRACT
Cone-beam computed tomography (CBCT) is widely used for the technical assessment of standard and complex
endovascular aortic interventions. Use of iodinated contrast in CBCT imaging might provide useful additional informa-
tion; however, this also increases the procedural contrast dose, which may cause renal function deterioration, and the
radiation exposure. We describe the technique and feasibility of carbon-dioxide (CO2)-enhanced CBCT for the technical
assessment of standard and complex endovascular aortic repair. In our experience CO2-CBCT had no related adverse
events and provided satisfactory imaging quality to assess endograft integrity, vessels patency, and was safely performed
in case of severe chronic renal insufficiency. (J Vasc Surg Cases Innov Tech 2024;10:101580.)

Keywords: Abdominal; Aortic aneurysm; Carbon dioxide; Cone-beam computed tomography; Endovascular aneurysm
repair; Renal insufficiency

Endovascular aortic repair has progressively evolved
from standard endovascular aortic repair (EVAR) to
fenestrated-branched repair (F-BEVAR) for the treatment
of disease involving the renal-mesenteric arteries. Both
standard and complex EVAR can be performed with
high rates of technical success and durability; however,
the risk for reinterventions still represents the major
drawback of endovascular interventions.1-3 In particular,
early reinterventions or complications may be caused
by technical defects that are not immediately recog-
nized during the index procedure,4-6 and their intraoper-
ative identification and correction can prevent clinical
complications and secondary interventions during
follow-up.4,7-10

Several imaging techniques are available for the tech-
nical assessment of EVAR and F-BEVAR, such as comple-
tion angiography, cone-beam computed tomography
(CBCT), or intravascular ultrasound.7,9,11 CBCT can provide
valuable information regarding the conformation of the
endograft components and identify significant structural
defects such as kink, compression, or disconnection.4,7,8

Contrast-enhanced CBCT can provide additional infor-
mation on patency of the endograft components, target
vessels, and the presence of endoleaks. However, the use
of iodinated contrast agents during CBCT increases the
overall procedural contrast dose and may cause adverse
events, especially in patients with baseline impaired
renal function or allergies. Moreover, compared with
contrast-free CBCT, contrast-enhanced CBCT determines
an additional radiation exposure.
Carbon dioxide (CO2) had emerged as a contrast dye

alternative. Being physiologically present within the hu-
man body, it appears to be safer than iodinated dye,
with no reported risk of allergic reaction and lack of
nephrotoxicity.12,13 The use of CO2 for conventional angi-
ography14 has been broadly investigated; however, its
role in CBCT imaging is unknown. The aim of this report
is to describe the feasibility, safety, and image quality of
CO2-enhanced CBCT for the technical assessment of
standard and complex endovascular aortic repair.

TECHNIQUE
We started using CO2-CBCT in selected patients at risk

for contrast-induced nephrotoxicity, but the technique
can be applied to virtually all patients. Patients’ consent
was obtained. Main contraindications to intravascular
CO2 administration are severe chronic obstructive pul-
monary disease, pulmonary hypertension, and right to
left cardiopulmonary shunt. Also, CO2 should not be
injected in the thoracic aorta, to avoid the risk of cerebral
air embolism.
The endovascular aortic procedure is performed in a

hybrid operating room equipped with a ArtisPheno
angiographer (Siemens) under general anesthesia. Intra-
operative angiographies are usually performed using an
Angiodroid CO2 injector (Angiodroid Spa). After
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Carbon dioxide cone-beam computed tomography for
the technical assessment of endovascular aortic
intervention
Michele Antonello, MD, PhD, Marco James Bilato, MD, Sabrina Menara, MD, Franco Grego, MD,
Michele Piazza, MD, and Francesco Squizzato, MD, Padova, Italy

ABSTRACT
Cone-beam computed tomography (CBCT) is widely used for the technical assessment of standard and complex
endovascular aortic interventions. Use of iodinated contrast in CBCT imaging might provide useful additional informa-
tion; however, this also increases the procedural contrast dose, which may cause renal function deterioration, and the
radiation exposure. We describe the technique and feasibility of carbon-dioxide (CO2)-enhanced CBCT for the technical
assessment of standard and complex endovascular aortic repair. In our experience CO2-CBCT had no related adverse
events and provided satisfactory imaging quality to assess endograft integrity, vessels patency, and was safely performed
in case of severe chronic renal insufficiency. (J Vasc Surg Cases Innov Tech 2024;10:101580.)

Keywords: Abdominal; Aortic aneurysm; Carbon dioxide; Cone-beam computed tomography; Endovascular aneurysm
repair; Renal insufficiency

Endovascular aortic repair has progressively evolved
from standard endovascular aortic repair (EVAR) to
fenestrated-branched repair (F-BEVAR) for the treatment
of disease involving the renal-mesenteric arteries. Both
standard and complex EVAR can be performed with
high rates of technical success and durability; however,
the risk for reinterventions still represents the major
drawback of endovascular interventions.1-3 In particular,
early reinterventions or complications may be caused
by technical defects that are not immediately recog-
nized during the index procedure,4-6 and their intraoper-
ative identification and correction can prevent clinical
complications and secondary interventions during
follow-up.4,7-10

Several imaging techniques are available for the tech-
nical assessment of EVAR and F-BEVAR, such as comple-
tion angiography, cone-beam computed tomography
(CBCT), or intravascular ultrasound.7,9,11 CBCT can provide
valuable information regarding the conformation of the
endograft components and identify significant structural
defects such as kink, compression, or disconnection.4,7,8

Contrast-enhanced CBCT can provide additional infor-
mation on patency of the endograft components, target
vessels, and the presence of endoleaks. However, the use
of iodinated contrast agents during CBCT increases the
overall procedural contrast dose and may cause adverse
events, especially in patients with baseline impaired
renal function or allergies. Moreover, compared with
contrast-free CBCT, contrast-enhanced CBCT determines
an additional radiation exposure.
Carbon dioxide (CO2) had emerged as a contrast dye

alternative. Being physiologically present within the hu-
man body, it appears to be safer than iodinated dye,
with no reported risk of allergic reaction and lack of
nephrotoxicity.12,13 The use of CO2 for conventional angi-
ography14 has been broadly investigated; however, its
role in CBCT imaging is unknown. The aim of this report
is to describe the feasibility, safety, and image quality of
CO2-enhanced CBCT for the technical assessment of
standard and complex endovascular aortic repair.

TECHNIQUE
We started using CO2-CBCT in selected patients at risk

for contrast-induced nephrotoxicity, but the technique
can be applied to virtually all patients. Patients’ consent
was obtained. Main contraindications to intravascular
CO2 administration are severe chronic obstructive pul-
monary disease, pulmonary hypertension, and right to
left cardiopulmonary shunt. Also, CO2 should not be
injected in the thoracic aorta, to avoid the risk of cerebral
air embolism.
The endovascular aortic procedure is performed in a

hybrid operating room equipped with a ArtisPheno
angiographer (Siemens) under general anesthesia. Intra-
operative angiographies are usually performed using an
Angiodroid CO2 injector (Angiodroid Spa). After
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completion of the endovascular procedure in a standard
way, a 6 Fr 55-cm long sheath is advanced from a femoral
access and positioned at the desired level. The tip of the
sheath should be placed slightly (2-3 cm) above the ma-
jor region of interest: above the celiac trunk for the visu-
alization of the visceral-renal arteries (Fig 1), above the
renal arteries for the visualization of renal arteries and
infrarenal aorta (Fig 2), or in the infrarenal abdominal
aorta for the visualization of the distal aorta and iliac
axis (Fig 3). The angiographer is then set up for the acqui-
sition of a contrast-free CBCT (using Siemens Pheno
“4sDR Surgery P” protocol). The CO2 injector is flushed
and armed for an injection of 100 ml of CO2 at 700 6
50 mmHg using the preset aortic protocol (Fig 4). There
is virtually no limit to the total CO2 dose during a single
procedure, but a minimum of 2 minutes time is required
between consecutive injections, in order to avoid exces-
sive CO2 accumulation. CBCT acquisition and CO2 injec-
tion are started simultaneously; this allows for the
synchronization of the rotation of the angiographer
with the CO2 injection and diffusion, because both
acquisition and CO2 diffusion are characterized by a
similar time delay from the input signal (approximately
2 seconds). The dose area product for each CO2-
enhanced CBCT is typically around 2000 uGy*m.2

This technique was adopted in nine patients undergo-
ing standard EVAR (n ¼ 5), EVAR with iliac branch device
(n ¼ 1), and FEVAR (n ¼ 3) (Video 1, online only). On CBCT
images, CO2 appears as a dark (black) area filling the
arterial lumen (Fig 5). Summary of CO2-CBCT findings
are reported in Table I. There were no related adverse
events, and image quality was satisfactory in all cases.
No patient received an intraoperative revision based on
CO2-CBCT. No technical defects or endoleaks occurred
after a median 6 months of imaging follow-up by CT
angiography or contrast-enhanced ultrasound.

DISCUSSION
CBCT is commonly used for the technical assessment of

standard and complex EVAR and has been demon-
strated to reduce early complications and secondary in-
terventions4,7,8,15 after aortic endovascular interventions.
Compared with contrast-free CBCT, contrast-enhanced
CBCT provides additional information on patency of the
endograft components and target arteries and presence
of endoleaks. Although CO2 use as angiographic contrast
media is well-established, its use during CBCT has not
been previously described.
In our experience, CO2-CBCT is feasible and safe, with

no reported related adverse events and satisfactory

Fig 1. A, Three-dimensional reconstruction of the preoperative computed tomography angiography (CTA) of a
juxtarenal aortic aneurysm. Note the presence of a celiac-mesenteric trunk. B, Completion angiogram with
carbon dioxide (CO2), after fenestrated endovascular repair (FEVAR). C, Multiplanar reconstruction (MPR)
reconstruction of the CO2-cone-beam computed tomography (CBCT), showing integrity and patency of all the
endograft components. The 6Fr sheath was positioned with the tip at the level of the pararenal aorta (arrow). D,
Axial view of the CO2-CBCT, detailing the celiac-mesenteric trunk. E, Axial view of the CO2-CBCT, detailing the
right renal artery (white arrow). Note the contrast layering on the anterior aspect of the aorta (red arrow). F, Axial
view of the CO2-CBCT, detailing the left renal artery. Note the contrast layering on the anterior aspect of the
aorta. G, Axial view of the CO2-CBCT, detailing the complete sac exclusion without evidence of endoleaks.
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WHAT THIS PAPER ADDS
This multicentre study aimed to investigate the early and midterm outcomes of an off the shelf pre-loaded inner
branched endograft (E-nside; Artivion, Kennesaw, GA, USA) in the treatment of juxta- and pararenal aortic
aneurysms. In this real life non-sponsored registry, the use of E-nside for the treatment of juxta- and pararenal
aortic aneurysms was feasible in both urgent and elective settings, with high technical success and satisfactory
target vessel stability at one year. Early spinal cord ischaemia and stroke may derive from the length of aortic
coverage and use of upper arm access; therefore, the use of this thoraco-abdominal device for the treatment of
juxta- and pararenal aortic aneurysms should be approached with caution, especially in an elective setting.

Objective: To investigate outcomes of an off the shelf pre-loaded inner branched endograft (E-nside) for the
treatment of juxtarenal and pararenal abdominal aortic aneurysms (JP-AAAs).
Methods: Data from a multicentre registry (INBREED), including patients treated with the E-nside endograft, were
collected and analysed prospectively. Patients treated for JP-AAA were included. Pre-operative clinical and
anatomical characteristics, procedural data, and 30 day and one year outcomes were recorded. Endpoints were
technical success, 30 day death, major adverse events (MAEs), and one year freedom from target vessel instability.
Results: Of 185 consecutively treated patients, 47 (25.4%) had a JP-AAA (juxtarenal n ¼ 10, 21%; pararenal n ¼ 37,
79%) and were included in the study; 183 target vessels were incorporated through an inner branch. Procedural
setting was emergency or urgent in 18 patients (38%) owing to a contained aortic rupture (n ¼ 2, 4%),
symptomatic aneurysm (n ¼ 4, 9%), or aneurysm > 70 mm (n ¼ 12, 26%). The mean length of aortic coverage
above the coeliac trunk was 116 " 7 mm. Technical success was 100% and 30 day mortality rate 4% (n ¼ 2
urgent cases). The 30 day cumulative MAE rate was 26% (n ¼ 12): two stroke (4%); and seven spinal cord
ischaemia (15%), with six in an elective setting (21%) and one in an urgent setting (6%), and five leading to
permanent paraplegia or paraparesis (10%). Freedom from target vessel instability was 99% after 30 days and 97
" 3% after one year.
Conclusion: Use of an off the shelf inner branched device for treating JP-AAA was feasible in urgent and elective
settings, with high technical success and satisfactory target vessel stability at one year. In the treatment of JP-
AAA, stroke and spinal cord ischaemia may be associated with arm access and the increased aortic coverage
that the design brings.

Keywords: Abdominal aortic aneurysm, B-EVAR, Inner branch, Juxtarenal aneurysm, Off the shelf, Pararenal aneurysm
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All of the 188 side branches were successfully cannu-
lated. A bridging stent was deployed in 183 target vessels
(97%); five target vessels were intentionally occluded owing
to a pre-operative target artery occlusion. A balloon
expandable covered stent was used as the main bridging
stent in 139 target vessels (76.0%); a self expandable stent
was used in 44 target vessels (24.0%). Implanted balloon
expandable stents were the Viabahn balloon expandable
(VBX) (Gore, Flagstaff, AZ, USA) (n ¼ 99, 71.2%), Eventus
(Jotec GmbH, Hechingen, Germany) (n ¼ 24, 17.3%), and
BeGraft (Bentley InnoMed GmbH, Hechingen, Germany)
(n ¼ 16, 11.5%). Self expandable stents were the Covera
(Bard, New Providence, NJ, USA) (n ¼ 30, 68%) and Solaris
(Scitech Med, Aparecida de Goiânia, Brazil) (n ¼ 14, 32%).
Bridging stent reinforcement with a bare metal stent was

Table 2. Clinical and anatomical data for 47 patients treated
with the E-nside endograft for juxta- and pararenal aortic
aneurysms in the INBREED registry.

Variable Patients (n [ 47);
target vessels
(n [ 188)

Variables by patient
Clinical data

Prior open aortic repair 5 (11)
Prior endovascular aortic repair 8 (17)
Status of aortic aneurysm

Non-ruptured, asymptomatic 41 (87)
Non-ruptured, symptomatic 4 (9)
Contained rupture 2 (4)

Anatomical data
Aneurysm extent

Pararenal 37 (79)
Juxtarenal 10 (21)

Aortic thrombus
Paravisceral aorta 15 (32)
Descending thoracic aorta 4 (9)

Maximum aortic diameter e mm 66 " 17
Maximum aortic diameter > 70 mm 15 (32)
Paravisceral aortic diameter e mm

Coeliac trunk level 31 " 6
Superior mesenteric artery level 31 " 9
Right renal artery level 33 " 12
Left renal artery level 35 " 11

Paravisceral aortic diameter < 24 mm 8 (17)
Minimum iliac access diameter e mm 8.5 " 2.0

Variables by target vessel
Coeliac artery

Stenosis > 50% 30 (25.8)
Pre-operative occlusion 5 (4.3)

Superior mesenteric artery
Stenosis > 50% 7 (6.0)
Pre-operative occlusion 0 (0)

Right renal artery
Stenosis > 50% 20 (17.2)
Pre-operative occlusion 2 (1.7)

Left renal artery
Stenosis > 50% 13 (11.2)
Pre-operative occlusion 3 (2.6)

Data are presented as n (%) or mean þ standard deviation. INBREED
¼ ItaliaN Branched Registry of E-nside EnDograft.

Table 3. Procedural data for 47 patients treated with the
E-nside endograft for juxta- and pararenal aortic aneurysms
in the INBREED registry.

Variable Patients (n [ 47)

Variables by patient
Vascular access for the main endograft

Femoral, percutaneous 27 (57)
Femoral, surgical 16 (34)
Surgical iliac conduit 4 (9)

Vascular access for branch bridging
Femoral, contralateral side 9 (19)
Upper arm, left side 27 (57)
Upper arm, right side 11 (23)

E-nside proximal diameter
33 mm 20 (43)
38 mm 27 (57)

E-nside distal diameter
26 mm 39 (83)
30 mm 8 (17)

Adjunctive proximal thoracic endograft 6 (13)
Adjunctive distal abdominal endograft 39 (83)

Excluder, Gore 16 (34)
E-tegra, Jotec 21 (45)
Endurant, Medtronic 1 (2)
AFX2, Endologix 1 (2)

Prophylactic spinal drain 8 (17)
Procedural metrics

Total operating time e min 257 (213, 317)
Total contrast volume e mL 157 (100, 200)
Total ! uoroscopy time e min 89 (69, 116)
Total radiation dose e Gy*cm2 2 097 (741, 7 601)

Technical success 47 (100)
Variables by target vessel

Coeliac artery
Balloon expandable bridging stent 34 (72)
Self expandable bridging stent 10 (21)
Bridging stent reinforcement 7 (15)
Bridging length e mm 61 " 12
Intentional occlusion 3 (6)
Bridging time e min 21 " 13

Superior mesenteric artery
Balloon expandable bridging stent 34 (72)
Self expandable bridging stent 13 (28)
Bridging stent reinforcement 9 (19)
Bridging length e mm 63 " 11
Intentional occlusion 0 (0)
Bridging time e min 19 " 13

Right renal artery
Balloon expandable bridging stent 35 (74)
Self expandable bridging stent 10 (21)
Bridging stent reinforcement 10 (21)
Bridging length e mm 59 " 16
Intentional occlusion 1 (2)
Bridging time e min 22 " 22

Left renal artery
Balloon expandable bridging stent 36 (77)
Self expandable bridging stent 8 (17)
Bridging stent reinforcement 7 (15)
Bridging length e mm 61 " 14
Intentional occlusion 1 (2)
Bridging time e min 27 " 38

Data are presented as n (%), median (interquartile range), or mean þ
standard deviation. INBREED ¼ ItaliaN Branched Registry of E-nside
EnDograft.
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WHAT THIS PAPER ADDS
This multicentre study aimed to investigate the early and midterm outcomes of an off the shelf pre-loaded inner
branched endograft (E-nside; Artivion, Kennesaw, GA, USA) in the treatment of juxta- and pararenal aortic
aneurysms. In this real life non-sponsored registry, the use of E-nside for the treatment of juxta- and pararenal
aortic aneurysms was feasible in both urgent and elective settings, with high technical success and satisfactory
target vessel stability at one year. Early spinal cord ischaemia and stroke may derive from the length of aortic
coverage and use of upper arm access; therefore, the use of this thoraco-abdominal device for the treatment of
juxta- and pararenal aortic aneurysms should be approached with caution, especially in an elective setting.

Objective: To investigate outcomes of an off the shelf pre-loaded inner branched endograft (E-nside) for the
treatment of juxtarenal and pararenal abdominal aortic aneurysms (JP-AAAs).
Methods: Data from a multicentre registry (INBREED), including patients treated with the E-nside endograft, were
collected and analysed prospectively. Patients treated for JP-AAA were included. Pre-operative clinical and
anatomical characteristics, procedural data, and 30 day and one year outcomes were recorded. Endpoints were
technical success, 30 day death, major adverse events (MAEs), and one year freedom from target vessel instability.
Results: Of 185 consecutively treated patients, 47 (25.4%) had a JP-AAA (juxtarenal n ¼ 10, 21%; pararenal n ¼ 37,
79%) and were included in the study; 183 target vessels were incorporated through an inner branch. Procedural
setting was emergency or urgent in 18 patients (38%) owing to a contained aortic rupture (n ¼ 2, 4%),
symptomatic aneurysm (n ¼ 4, 9%), or aneurysm > 70 mm (n ¼ 12, 26%). The mean length of aortic coverage
above the coeliac trunk was 116 " 7 mm. Technical success was 100% and 30 day mortality rate 4% (n ¼ 2
urgent cases). The 30 day cumulative MAE rate was 26% (n ¼ 12): two stroke (4%); and seven spinal cord
ischaemia (15%), with six in an elective setting (21%) and one in an urgent setting (6%), and five leading to
permanent paraplegia or paraparesis (10%). Freedom from target vessel instability was 99% after 30 days and 97
" 3% after one year.
Conclusion: Use of an off the shelf inner branched device for treating JP-AAA was feasible in urgent and elective
settings, with high technical success and satisfactory target vessel stability at one year. In the treatment of JP-
AAA, stroke and spinal cord ischaemia may be associated with arm access and the increased aortic coverage
that the design brings.
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carried out in 33 (17.6%) side branches, 17 (19%) renal
arteries and 16 (18%) visceral arteries (p ! .84). The type of
bridging stent per target vessel is presented inTable 3.

The mean bridging time was 23" 20 minutes for each
vessel; total operating time was 265" 128 minutes;! uoros-
copy time was 96" 54 minutes; iodine contrast volume was
172 " 123 mL; and radiation dose was 2 127" 403 Gy#cm2.

Thirty day outcomes

The 30 day mortality rate was 4% (n ! 2). Both deaths
occurred in patients who were treated urgently for symp-
tomatic P-AAA. One patient had an intra-operative cardiac
arrest that was successfully cardioverted, but the patient
eventually died from respiratory insuf" ciency 25 days after
the procedure. One patient with severe chronic obstructive
pulmonary disease had acute respiratory distress syn-
drome,16 leading to death three days after the intervention.
The cumulative MAE rate was 26% (n ! 12); 28% (n ! 5) in
urgent and 24% (n ! 7) in elective cases (p ! .99). Detailed
MAEs are presented inTable 4. Two (4%) ischaemic embolic
strokes occurred, both in the posterior cerebral circulation,
and both occurring in patients using left brachial access for
side branch cannulation and stenting. SCI occurred in seven
patients (15%), six treated in an elective setting (21%) and
one in an urgent setting (6%) for a non-ruptured large
aneurysm. Five patients (11%) had complete motor loss and

two (4%) had only sensory loss. None of the patients with
SCI had a prophylactic spinal drainin situ; a therapeutic
drain was then attempted in all cases. Of the two cases with
sensory de" cit, a spinal drain allowed for complete recovery
in one patient and partial recovery in one patient. Of the
" ve patients with motor loss, partial recovery (with residual
paraparesis) occurred in two patients, with permanent
paraplegia in three patients (6%). Pre-operative hypogastric
artery occlusion (odds ratio [OR] 11.1, 95% con" dence in-
terval [CI] 1.24e 139.5;p ! .032) and presence of signif-
icant thoracic or paravisceral aortic thrombus (OR 1.87, 95%
CI 1.18e 10.21;p ! .040) were signi" cantly associated with
post-operative SCI (Table 5).

Within 30 days of the index procedure, there were" ve
re-interventions (11%) of which four (9%) were related to
vascular access complications and one (2%) to a target
vessel endoleak. Freedom from target vessel instability at
30 days was 99%. Target vessel adverse events were one
type Ic endoleak from a right renal artery that was suc-
cessfully treated with an adjunctive bridging stent, and one
coeliac artery occlusion that was managed conservatively.

One year outcomes

Median follow up was nineteen months, and 40 patients
(85%) had a follow up duration of twelve months or more.

Table 4. Thirty day outcomes of 47 patients treated with the
E-nside endograft for juxta- and pararenal aortic aneurysms
in the INBREED registry.

Variable Patients ( n [ 47);
target vessels
(n [ 183)

Variables by patient
Medical outcomes

Death 2 (4)
Duration of hospital stay e d 7 (5, 15)
Myocardial infarction 0 (0)
Heart failure 1 (2)
Respiratory failure 4 (9)
Estimated blood loss> 1 000 mL 1 (2)
Acute kidney insuf! ciency 4 (9)
Stroke or transient ischaemic attack 2 (4)
Spinal cord ischaemia 7 (15)

Motor loss 5 (11)
Sensory loss only 2 (4)
Permanent 6 (13)
Temporary 1 (2)

Gastrointestinal complications 1 (2)
Surgical outcomes

Early re-intervention 5 (11)
Vascular access 4 (9)
Target vessel 1 (2)
Main endograft 0 (0)

Variables by target vessel
Freedom from branch instability 181 (98.9)
Freedom from type I or III endoleak 182 (99.5)
Primary patency 182 (99.5)

Data presented asn (%) or median (interquartile range). INBREED !
ItaliaN Branched Registry of E-nside EnDograft.

Table 5. Univariable logistic regression for any grade of
spinal cord ischaemia in 47 patients treated with the E-
nside endograft for juxta- and pararenal aortic aneurysms
in the INBREED registry.

Characteristic OR (95% CI) p value

Age e y 1.00 (0.90e 1.14) .95
Male sex 1.12 (0.15e 23.23) .92
Coronary artery disease 0.36 (0.02e 2.45) .37
Chronic kidney disease 1.29 (0.17e 7.21) .78
Diabetes 0.89 (0.04e 6.68) .92
Peripheral artery disease 3.32 (0.55e 18.75) .17
Aneurysm anatomical

classi! cation
Juxtarenal Ref. e
Pararenal 0.56 (0.10e 4.50) .54

Prior aortic repair 1.12 (0.14 e 6.18) .90
Staged aortic repair 1.93 (0.28e 38.98) .57
Urgent repair 1.29 (0.17e 7.21) .78
Concomitant TEVAR 1.28 (0.06e 10.51) .84
Total transfemoral access 0.23 (0.01e 2.33) .84
Length of thoracic aorta

coverage
0.75 (0.34e 0.96) .37

Unilateral vertebral artery
occlusion*

2.00 (0.14e 6.41) .57

Unilateral hypogastric
artery occlusion*

11.1 (1.24e 139.5) .032

Thoracic and or
paravisceral aortic
thrombus

1.87 (1.18e 10.21) .040

Estimated blood loss
> 1 000 mL*

1.67 (0.11e 34.57) .77

INBREED! ItaliaN Branched Registry of E-nside EnDograft; OR!
odds ratio; CI ! con! dence interval; TEVAR ! thoracic
endovascular aortic repair.
* Firth Õs correction owing to data separation.
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Abstract

OBJECTIVES:The actual incidence of cerebral infarction (CI), including asymptomatic infarction, owing to thoracic endovascular aortic re-
pair (TEVAR) has not been reported in detail. This study was performed to investigate the incidence of post-TEVAR CI by using diffusion-
weighted magnetic resonance imaging (DW-MRI) and to determine the risk factors for both symptomatic and asymptomatic CI.
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Use of an Off the Shelf Inner Branch Thoraco-abdominal Endograft for the
Treatment of Juxtarenal and Pararenal Aortic Aneurysms
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WHAT THIS PAPER ADDS
This multicentre study aimed to investigate the early and midterm outcomes of an off the shelf pre-loaded inner
branched endograft (E-nside; Artivion, Kennesaw, GA, USA) in the treatment of juxta- and pararenal aortic
aneurysms. In this real life non-sponsored registry, the use of E-nside for the treatment of juxta- and pararenal
aortic aneurysms was feasible in both urgent and elective settings, with high technical success and satisfactory
target vessel stability at one year. Early spinal cord ischaemia and stroke may derive from the length of aortic
coverage and use of upper arm access; therefore, the use of this thoraco-abdominal device for the treatment of
juxta- and pararenal aortic aneurysms should be approached with caution, especially in an elective setting.

Objective: To investigate outcomes of an off the shelf pre-loaded inner branched endograft (E-nside) for the
treatment of juxtarenal and pararenal abdominal aortic aneurysms (JP-AAAs).
Methods: Data from a multicentre registry (INBREED), including patients treated with the E-nside endograft, were
collected and analysed prospectively. Patients treated for JP-AAA were included. Pre-operative clinical and
anatomical characteristics, procedural data, and 30 day and one year outcomes were recorded. Endpoints were
technical success, 30 day death, major adverse events (MAEs), and one year freedom from target vessel instability.
Results: Of 185 consecutively treated patients, 47 (25.4%) had a JP-AAA (juxtarenal n ¼ 10, 21%; pararenal n ¼ 37,
79%) and were included in the study; 183 target vessels were incorporated through an inner branch. Procedural
setting was emergency or urgent in 18 patients (38%) owing to a contained aortic rupture (n ¼ 2, 4%),
symptomatic aneurysm (n ¼ 4, 9%), or aneurysm > 70 mm (n ¼ 12, 26%). The mean length of aortic coverage
above the coeliac trunk was 116 " 7 mm. Technical success was 100% and 30 day mortality rate 4% (n ¼ 2
urgent cases). The 30 day cumulative MAE rate was 26% (n ¼ 12): two stroke (4%); and seven spinal cord
ischaemia (15%), with six in an elective setting (21%) and one in an urgent setting (6%), and five leading to
permanent paraplegia or paraparesis (10%). Freedom from target vessel instability was 99% after 30 days and 97
" 3% after one year.
Conclusion: Use of an off the shelf inner branched device for treating JP-AAA was feasible in urgent and elective
settings, with high technical success and satisfactory target vessel stability at one year. In the treatment of JP-
AAA, stroke and spinal cord ischaemia may be associated with arm access and the increased aortic coverage
that the design brings.

Keywords: Abdominal aortic aneurysm, B-EVAR, Inner branch, Juxtarenal aneurysm, Off the shelf, Pararenal aneurysm
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! 2025 The Author(s). Published by Elsevier B.V. on behalf of European Society for Vascular Surgery. This is an open access article under the CC BY
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carried out in 33 (17.6%) side branches, 17 (19%) renal
arteries and 16 (18%) visceral arteries (p ! .84). The type of
bridging stent per target vessel is presented inTable 3.

The mean bridging time was 23" 20 minutes for each
vessel; total operating time was 265" 128 minutes;! uoros-
copy time was 96" 54 minutes; iodine contrast volume was
172 " 123 mL; and radiation dose was 2 127" 403 Gy#cm2.

Thirty day outcomes

The 30 day mortality rate was 4% (n ! 2). Both deaths
occurred in patients who were treated urgently for symp-
tomatic P-AAA. One patient had an intra-operative cardiac
arrest that was successfully cardioverted, but the patient
eventually died from respiratory insuf" ciency 25 days after
the procedure. One patient with severe chronic obstructive
pulmonary disease had acute respiratory distress syn-
drome,16 leading to death three days after the intervention.
The cumulative MAE rate was 26% (n ! 12); 28% (n ! 5) in
urgent and 24% (n ! 7) in elective cases (p ! .99). Detailed
MAEs are presented inTable 4. Two (4%) ischaemic embolic
strokes occurred, both in the posterior cerebral circulation,
and both occurring in patients using left brachial access for
side branch cannulation and stenting. SCI occurred in seven
patients (15%), six treated in an elective setting (21%) and
one in an urgent setting (6%) for a non-ruptured large
aneurysm. Five patients (11%) had complete motor loss and

two (4%) had only sensory loss. None of the patients with
SCI had a prophylactic spinal drainin situ; a therapeutic
drain was then attempted in all cases. Of the two cases with
sensory de" cit, a spinal drain allowed for complete recovery
in one patient and partial recovery in one patient. Of the
" ve patients with motor loss, partial recovery (with residual
paraparesis) occurred in two patients, with permanent
paraplegia in three patients (6%). Pre-operative hypogastric
artery occlusion (odds ratio [OR] 11.1, 95% con" dence in-
terval [CI] 1.24e 139.5;p ! .032) and presence of signif-
icant thoracic or paravisceral aortic thrombus (OR 1.87, 95%
CI 1.18e 10.21;p ! .040) were signi" cantly associated with
post-operative SCI (Table 5).

Within 30 days of the index procedure, there were" ve
re-interventions (11%) of which four (9%) were related to
vascular access complications and one (2%) to a target
vessel endoleak. Freedom from target vessel instability at
30 days was 99%. Target vessel adverse events were one
type Ic endoleak from a right renal artery that was suc-
cessfully treated with an adjunctive bridging stent, and one
coeliac artery occlusion that was managed conservatively.

One year outcomes

Median follow up was nineteen months, and 40 patients
(85%) had a follow up duration of twelve months or more.

Table 4. Thirty day outcomes of 47 patients treated with the
E-nside endograft for juxta- and pararenal aortic aneurysms
in the INBREED registry.

Variable Patients ( n [ 47);
target vessels
(n [ 183)

Variables by patient
Medical outcomes

Death 2 (4)
Duration of hospital stay e d 7 (5, 15)
Myocardial infarction 0 (0)
Heart failure 1 (2)
Respiratory failure 4 (9)
Estimated blood loss> 1 000 mL 1 (2)
Acute kidney insuf! ciency 4 (9)
Stroke or transient ischaemic attack 2 (4)
Spinal cord ischaemia 7 (15)

Motor loss 5 (11)
Sensory loss only 2 (4)
Permanent 6 (13)
Temporary 1 (2)

Gastrointestinal complications 1 (2)
Surgical outcomes

Early re-intervention 5 (11)
Vascular access 4 (9)
Target vessel 1 (2)
Main endograft 0 (0)

Variables by target vessel
Freedom from branch instability 181 (98.9)
Freedom from type I or III endoleak 182 (99.5)
Primary patency 182 (99.5)

Data presented asn (%) or median (interquartile range). INBREED !
ItaliaN Branched Registry of E-nside EnDograft.

Table 5. Univariable logistic regression for any grade of
spinal cord ischaemia in 47 patients treated with the E-
nside endograft for juxta- and pararenal aortic aneurysms
in the INBREED registry.

Characteristic OR (95% CI) p value

Age e y 1.00 (0.90e 1.14) .95
Male sex 1.12 (0.15e 23.23) .92
Coronary artery disease 0.36 (0.02e 2.45) .37
Chronic kidney disease 1.29 (0.17e 7.21) .78
Diabetes 0.89 (0.04e 6.68) .92
Peripheral artery disease 3.32 (0.55e 18.75) .17
Aneurysm anatomical

classi! cation
Juxtarenal Ref. e
Pararenal 0.56 (0.10e 4.50) .54

Prior aortic repair 1.12 (0.14 e 6.18) .90
Staged aortic repair 1.93 (0.28e 38.98) .57
Urgent repair 1.29 (0.17e 7.21) .78
Concomitant TEVAR 1.28 (0.06e 10.51) .84
Total transfemoral access 0.23 (0.01e 2.33) .84
Length of thoracic aorta

coverage
0.75 (0.34e 0.96) .37

Unilateral vertebral artery
occlusion*

2.00 (0.14e 6.41) .57

Unilateral hypogastric
artery occlusion*

11.1 (1.24e 139.5) .032

Thoracic and or
paravisceral aortic
thrombus

1.87 (1.18e 10.21) .040

Estimated blood loss
> 1 000 mL*

1.67 (0.11e 34.57) .77

INBREED! ItaliaN Branched Registry of E-nside EnDograft; OR!
odds ratio; CI ! con! dence interval; TEVAR ! thoracic
endovascular aortic repair.
* Firth Õs correction owing to data separation.
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carried out in 33 (17.6%) side branches, 17 (19%) renal
arteries and 16 (18%) visceral arteries (p ! .84). The type of
bridging stent per target vessel is presented inTable 3.

The mean bridging time was 23" 20 minutes for each
vessel; total operating time was 265" 128 minutes;! uoros-
copy time was 96" 54 minutes; iodine contrast volume was
172 " 123 mL; and radiation dose was 2 127" 403 Gy#cm2.

Thirty day outcomes

The 30 day mortality rate was 4% (n ! 2). Both deaths
occurred in patients who were treated urgently for symp-
tomatic P-AAA. One patient had an intra-operative cardiac
arrest that was successfully cardioverted, but the patient
eventually died from respiratory insuf" ciency 25 days after
the procedure. One patient with severe chronic obstructive
pulmonary disease had acute respiratory distress syn-
drome,16 leading to death three days after the intervention.
The cumulative MAE rate was 26% (n ! 12); 28% (n ! 5) in
urgent and 24% (n ! 7) in elective cases (p ! .99). Detailed
MAEs are presented inTable 4. Two (4%) ischaemic embolic
strokes occurred, both in the posterior cerebral circulation,
and both occurring in patients using left brachial access for
side branch cannulation and stenting. SCI occurred in seven
patients (15%), six treated in an elective setting (21%) and
one in an urgent setting (6%) for a non-ruptured large
aneurysm. Five patients (11%) had complete motor loss and

two (4%) had only sensory loss. None of the patients with
SCI had a prophylactic spinal drainin situ; a therapeutic
drain was then attempted in all cases. Of the two cases with
sensory de" cit, a spinal drain allowed for complete recovery
in one patient and partial recovery in one patient. Of the
" ve patients with motor loss, partial recovery (with residual
paraparesis) occurred in two patients, with permanent
paraplegia in three patients (6%). Pre-operative hypogastric
artery occlusion (odds ratio [OR] 11.1, 95% con" dence in-
terval [CI] 1.24e 139.5;p ! .032) and presence of signif-
icant thoracic or paravisceral aortic thrombus (OR 1.87, 95%
CI 1.18e 10.21;p ! .040) were signi" cantly associated with
post-operative SCI (Table 5).

Within 30 days of the index procedure, there were" ve
re-interventions (11%) of which four (9%) were related to
vascular access complications and one (2%) to a target
vessel endoleak. Freedom from target vessel instability at
30 days was 99%. Target vessel adverse events were one
type Ic endoleak from a right renal artery that was suc-
cessfully treated with an adjunctive bridging stent, and one
coeliac artery occlusion that was managed conservatively.

One year outcomes

Median follow up was nineteen months, and 40 patients
(85%) had a follow up duration of twelve months or more.

Table 4. Thirty day outcomes of 47 patients treated with the
E-nside endograft for juxta- and pararenal aortic aneurysms
in the INBREED registry.

Variable Patients ( n [ 47);
target vessels
(n [ 183)

Variables by patient
Medical outcomes

Death 2 (4)
Duration of hospital stay e d 7 (5, 15)
Myocardial infarction 0 (0)
Heart failure 1 (2)
Respiratory failure 4 (9)
Estimated blood loss> 1 000 mL 1 (2)
Acute kidney insuf! ciency 4 (9)
Stroke or transient ischaemic attack 2 (4)
Spinal cord ischaemia 7 (15)

Motor loss 5 (11)
Sensory loss only 2 (4)
Permanent 6 (13)
Temporary 1 (2)

Gastrointestinal complications 1 (2)
Surgical outcomes

Early re-intervention 5 (11)
Vascular access 4 (9)
Target vessel 1 (2)
Main endograft 0 (0)

Variables by target vessel
Freedom from branch instability 181 (98.9)
Freedom from type I or III endoleak 182 (99.5)
Primary patency 182 (99.5)

Data presented asn (%) or median (interquartile range). INBREED !
ItaliaN Branched Registry of E-nside EnDograft.

Table 5. Univariable logistic regression for any grade of
spinal cord ischaemia in 47 patients treated with the E-
nside endograft for juxta- and pararenal aortic aneurysms
in the INBREED registry.

Characteristic OR (95% CI) p value

Age e y 1.00 (0.90e 1.14) .95
Male sex 1.12 (0.15e 23.23) .92
Coronary artery disease 0.36 (0.02e 2.45) .37
Chronic kidney disease 1.29 (0.17e 7.21) .78
Diabetes 0.89 (0.04e 6.68) .92
Peripheral artery disease 3.32 (0.55e 18.75) .17
Aneurysm anatomical

classi! cation
Juxtarenal Ref. e
Pararenal 0.56 (0.10e 4.50) .54

Prior aortic repair 1.12 (0.14 e 6.18) .90
Staged aortic repair 1.93 (0.28e 38.98) .57
Urgent repair 1.29 (0.17e 7.21) .78
Concomitant TEVAR 1.28 (0.06e 10.51) .84
Total transfemoral access 0.23 (0.01e 2.33) .84
Length of thoracic aorta

coverage
0.75 (0.34e 0.96) .37

Unilateral vertebral artery
occlusion*

2.00 (0.14e 6.41) .57

Unilateral hypogastric
artery occlusion*

11.1 (1.24e 139.5) .032

Thoracic and or
paravisceral aortic
thrombus

1.87 (1.18e 10.21) .040

Estimated blood loss
> 1 000 mL*

1.67 (0.11e 34.57) .77

INBREED! ItaliaN Branched Registry of E-nside EnDograft; OR!
odds ratio; CI ! con! dence interval; TEVAR ! thoracic
endovascular aortic repair.
* Firth Õs correction owing to data separation.
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WHAT THIS PAPER ADDS
This multicentre study aimed to investigate the early and midterm outcomes of an off the shelf pre-loaded inner
branched endograft (E-nside; Artivion, Kennesaw, GA, USA) in the treatment of juxta- and pararenal aortic
aneurysms. In this real life non-sponsored registry, the use of E-nside for the treatment of juxta- and pararenal
aortic aneurysms was feasible in both urgent and elective settings, with high technical success and satisfactory
target vessel stability at one year. Early spinal cord ischaemia and stroke may derive from the length of aortic
coverage and use of upper arm access; therefore, the use of this thoraco-abdominal device for the treatment of
juxta- and pararenal aortic aneurysms should be approached with caution, especially in an elective setting.

Objective: To investigate outcomes of an off the shelf pre-loaded inner branched endograft (E-nside) for the
treatment of juxtarenal and pararenal abdominal aortic aneurysms (JP-AAAs).
Methods: Data from a multicentre registry (INBREED), including patients treated with the E-nside endograft, were
collected and analysed prospectively. Patients treated for JP-AAA were included. Pre-operative clinical and
anatomical characteristics, procedural data, and 30 day and one year outcomes were recorded. Endpoints were
technical success, 30 day death, major adverse events (MAEs), and one year freedom from target vessel instability.
Results: Of 185 consecutively treated patients, 47 (25.4%) had a JP-AAA (juxtarenal n ¼ 10, 21%; pararenal n ¼ 37,
79%) and were included in the study; 183 target vessels were incorporated through an inner branch. Procedural
setting was emergency or urgent in 18 patients (38%) owing to a contained aortic rupture (n ¼ 2, 4%),
symptomatic aneurysm (n ¼ 4, 9%), or aneurysm > 70 mm (n ¼ 12, 26%). The mean length of aortic coverage
above the coeliac trunk was 116 " 7 mm. Technical success was 100% and 30 day mortality rate 4% (n ¼ 2
urgent cases). The 30 day cumulative MAE rate was 26% (n ¼ 12): two stroke (4%); and seven spinal cord
ischaemia (15%), with six in an elective setting (21%) and one in an urgent setting (6%), and five leading to
permanent paraplegia or paraparesis (10%). Freedom from target vessel instability was 99% after 30 days and 97
" 3% after one year.
Conclusion: Use of an off the shelf inner branched device for treating JP-AAA was feasible in urgent and elective
settings, with high technical success and satisfactory target vessel stability at one year. In the treatment of JP-
AAA, stroke and spinal cord ischaemia may be associated with arm access and the increased aortic coverage
that the design brings.

Keywords: Abdominal aortic aneurysm, B-EVAR, Inner branch, Juxtarenal aneurysm, Off the shelf, Pararenal aneurysm
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Three patients were operated on less than twelve months
before data collection, and two deaths occurred (other than
the two post-operative deaths), both occurring in patients
with post-operative paraplegia. Estimated one year survival
was 91% (95% CI 83e 99%). All alive patients received follow
up imaging at 30 days, six months, and twelve months. After
30 days, there were three target vessel events (two coeliac
artery endoleaks and one renal artery occlusion); the
resulting freedom from target vessel instability at one year
was 97% (95% CI 95e 99%) (Fig. 2), with 99% (95% CI
97 e 100%) primary patency and 98% (95% CI 96e 100%)
freedom from endoleak. Speci! c freedom from target vessel
instability was 93% (95% CI 85e 100%) for the coeliac trunk,
100% for the superior mesenteric artery, 95% (95% CI
89 e 100%) for the right renal artery, and 100% for the left
renal artery. There were no endoleaks or re-interventions
related to the main aortic endograft during follow up.

DISCUSSION

This study sought to investigate the outcomes of JP-AAA
treatment using an inner branched thoraco-abdominal off
the shelf device. The E-nside achieved 100% technical suc-
cess, with low mortality (0% in elective cases) and excellent
target vessel stability at one year (97%). However, there was
a non-negligible rate of SCI (15%, including temporary and
permanent SCI) and stroke (4%), which may derive from the
length of aortic coverage inherent to the device design and
the high rate of brachial access use (81%). Overall, the re-
sults advise for cautious use of thoraco-abdominal devices
in the treatment of juxta- and pararenal aortic pathologies.
In cases in which branched endovascular aortic repair is
carried out, a total transfemoral approach should be
considered to prevent neurological complications.

The rationale for using the E-nside in JP-AAAs relies on
some of its technical characteristics. The inner branched
design, rather than outer branched, may allow for safe
deployment, also in case of a narrow paravisceral aorta
< 25 mm, minimising the risk of branch compression and
occlusion.9 Also, the pre-loaded system may be

advantageous in the case of challenging branch cannulation,
as in a narrow and or angulated aorta;9,17 the large
conformation of the inner branches outlet also allows low
device deployment, if needed, with the inner branch outlet
positioned at the same level as the target artery onset.
Finally, the availability of two proximal endograft sizes (33
and 38 mm) reduces the need for adjunctive coverage of
the thoracic aorta related to a proximal tapered thoracic
endograft to ! t the aortic diameter.18 On the other hand,
the high pro! le (24 F) may limit its feasibility19,20 and be
responsible for access related complications, and the length
of thoracic aortic coverage and use of upper arm access
may represent possible concerns.

The main drawback of using a thoraco-abdominal off the
shelf device for JP-AAA is the need for long thoracic aortic
coverage for a pathology that is essentially limited to the
abdominal aorta.8,21 In this series, the mean supracoeliac
aortic coverage length was 116 mm, which is signi! cantly
longer compared with custom made devices or physician
modi! ed endografts (PMEGs), leading to an increased risk
of SCI.8,22 The overall SCI rate was 15%, with a permanent
partial or complete motor loss in 11%. Although this result
may be biased by the small number of patients and events,
the SCI rate was non-negligible, and should raise concerns
on the use of off the shelf devices for JP-AAAs, especially if
signi! cant aortic thrombus or hypogastric artery occlusion
are present.

The peri-operative stroke rate was 4%, which appears to
be higher than that reported for open surgery (0.5e 3%) and
fenestrated endografting (1e 2%).23,24 This was essentially
related to the technical choice to use brachial access for the
pre-loaded wire snare, target vessel cannulation, and stent-
ing (81% of patients).25 To reduce the incidence of cerebro-
vascular accidents, operators should be careful in performing
the snaring manoeuvres only at the level of the descending
thoracic aorta and not in the aortic arch; the use of upper
arm access should also be avoided in favour of a total
transfemoral approach in cases with unfavourable arch
anatomy or in the presence of aortic thrombus.

A possible concern in using a branched endograft for a JP-
AAA is represented by side branch technical success and
durability, owing to the risk of bridging stent kink,
compression, or fracture in a limited aortic space.26,27 In the
present study, technical success related to branches was
100%, and excellent target vessel outcomes were achieved
with both balloon expandable and self expandable bridging
stents, in both the renal and visceral arteries. This is in line
with prior experiences using inner branches,15,27,28 whereas
other studies have reported better outcomes using self
expandable bridging stents29 in thoraco-abdominal aortic
aneurysm (TAAAs) treated by outer branch devices.29,30 In
the present study, balloon expandable stents were
preferred (76% of branches), mainly because they may
guarantee a higher radial force to prevent stent compres-
sion and allow for easy retrograde deployment; to date,
insuf! cient evidence is available to support the use of a
speci! c type of stent in inner branches, and this topic
warrants further investigation.
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Figure 2. Cumulative Kaplane Meier estimate of one year freedom
from branch instability for 183 target vessels incorporated
through an inner branch using the E-nside endograft. Standard
error < 10.0%. The freedom from target vessel instability at one
year was 97% (95% con! dence interval 95 e 99%).
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carried out in 33 (17.6%) side branches, 17 (19%) renal
arteries and 16 (18%) visceral arteries (p ! .84). The type of
bridging stent per target vessel is presented inTable 3.

The mean bridging time was 23" 20 minutes for each
vessel; total operating time was 265" 128 minutes;! uoros-
copy time was 96" 54 minutes; iodine contrast volume was
172 " 123 mL; and radiation dose was 2 127" 403 Gy#cm2.

Thirty day outcomes

The 30 day mortality rate was 4% (n ! 2). Both deaths
occurred in patients who were treated urgently for symp-
tomatic P-AAA. One patient had an intra-operative cardiac
arrest that was successfully cardioverted, but the patient
eventually died from respiratory insuf" ciency 25 days after
the procedure. One patient with severe chronic obstructive
pulmonary disease had acute respiratory distress syn-
drome,16 leading to death three days after the intervention.
The cumulative MAE rate was 26% (n ! 12); 28% (n ! 5) in
urgent and 24% (n ! 7) in elective cases (p ! .99). Detailed
MAEs are presented inTable 4. Two (4%) ischaemic embolic
strokes occurred, both in the posterior cerebral circulation,
and both occurring in patients using left brachial access for
side branch cannulation and stenting. SCI occurred in seven
patients (15%), six treated in an elective setting (21%) and
one in an urgent setting (6%) for a non-ruptured large
aneurysm. Five patients (11%) had complete motor loss and

two (4%) had only sensory loss. None of the patients with
SCI had a prophylactic spinal drainin situ; a therapeutic
drain was then attempted in all cases. Of the two cases with
sensory de" cit, a spinal drain allowed for complete recovery
in one patient and partial recovery in one patient. Of the
" ve patients with motor loss, partial recovery (with residual
paraparesis) occurred in two patients, with permanent
paraplegia in three patients (6%). Pre-operative hypogastric
artery occlusion (odds ratio [OR] 11.1, 95% con" dence in-
terval [CI] 1.24e 139.5;p ! .032) and presence of signif-
icant thoracic or paravisceral aortic thrombus (OR 1.87, 95%
CI 1.18e 10.21;p ! .040) were signi" cantly associated with
post-operative SCI (Table 5).

Within 30 days of the index procedure, there were" ve
re-interventions (11%) of which four (9%) were related to
vascular access complications and one (2%) to a target
vessel endoleak. Freedom from target vessel instability at
30 days was 99%. Target vessel adverse events were one
type Ic endoleak from a right renal artery that was suc-
cessfully treated with an adjunctive bridging stent, and one
coeliac artery occlusion that was managed conservatively.

One year outcomes

Median follow up was nineteen months, and 40 patients
(85%) had a follow up duration of twelve months or more.

Table 4. Thirty day outcomes of 47 patients treated with the
E-nside endograft for juxta- and pararenal aortic aneurysms
in the INBREED registry.

Variable Patients ( n [ 47);
target vessels
(n [ 183)

Variables by patient
Medical outcomes

Death 2 (4)
Duration of hospital stay e d 7 (5, 15)
Myocardial infarction 0 (0)
Heart failure 1 (2)
Respiratory failure 4 (9)
Estimated blood loss> 1 000 mL 1 (2)
Acute kidney insuf! ciency 4 (9)
Stroke or transient ischaemic attack 2 (4)
Spinal cord ischaemia 7 (15)

Motor loss 5 (11)
Sensory loss only 2 (4)
Permanent 6 (13)
Temporary 1 (2)

Gastrointestinal complications 1 (2)
Surgical outcomes

Early re-intervention 5 (11)
Vascular access 4 (9)
Target vessel 1 (2)
Main endograft 0 (0)

Variables by target vessel
Freedom from branch instability 181 (98.9)
Freedom from type I or III endoleak 182 (99.5)
Primary patency 182 (99.5)

Data presented asn (%) or median (interquartile range). INBREED !
ItaliaN Branched Registry of E-nside EnDograft.

Table 5. Univariable logistic regression for any grade of
spinal cord ischaemia in 47 patients treated with the E-
nside endograft for juxta- and pararenal aortic aneurysms
in the INBREED registry.

Characteristic OR (95% CI) p value

Age e y 1.00 (0.90e 1.14) .95
Male sex 1.12 (0.15e 23.23) .92
Coronary artery disease 0.36 (0.02e 2.45) .37
Chronic kidney disease 1.29 (0.17e 7.21) .78
Diabetes 0.89 (0.04e 6.68) .92
Peripheral artery disease 3.32 (0.55e 18.75) .17
Aneurysm anatomical

classi! cation
Juxtarenal Ref. e
Pararenal 0.56 (0.10e 4.50) .54

Prior aortic repair 1.12 (0.14 e 6.18) .90
Staged aortic repair 1.93 (0.28e 38.98) .57
Urgent repair 1.29 (0.17e 7.21) .78
Concomitant TEVAR 1.28 (0.06e 10.51) .84
Total transfemoral access 0.23 (0.01e 2.33) .84
Length of thoracic aorta

coverage
0.75 (0.34e 0.96) .37

Unilateral vertebral artery
occlusion*

2.00 (0.14e 6.41) .57

Unilateral hypogastric
artery occlusion*

11.1 (1.24e 139.5) .032

Thoracic and or
paravisceral aortic
thrombus

1.87 (1.18e 10.21) .040

Estimated blood loss
> 1 000 mL*

1.67 (0.11e 34.57) .77

INBREED! ItaliaN Branched Registry of E-nside EnDograft; OR!
odds ratio; CI ! con! dence interval; TEVAR ! thoracic
endovascular aortic repair.
* Firth Õs correction owing to data separation.
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Survival rate @ 1year: 91%
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CONCLUSIONS

ü INNEER BRANCH SEMMES TO PROVIDED GOOD RESULTS IN J/P AAA

Ø PRELOADED TECHNOLOGY

Ø !"#$%"&'()!&*+,)-$

Ø IVUS

Ø CBCT (CO2)

Ø SCI
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