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A B S T R A C T
Background:  Fenestrated endovascular aortic repair (FEVAR) is an established treatment for complex 
abdominal aortic aneurysms involving the renovisceral segment. Long-term durability remains dependent on 
bridging stent performance, yet prospective device-specific data remain limited. The fenCo study was designed 
to evaluate the clinical performance and safety of the iCover balloon-expandable covered stent (iVascular) used 
as a bridging stent during FEVAR.
Methods:  fenCo is a prospective, multicenter, open-label, single-arm European clinical investigation conducted 
in 24 high-volume centers under Regulation (EU) 2017/745. The study aims to include 165 patients undergoing 
FEVAR for juxtarenal, pararenal, suprarenal, or thoracoabdominal aneurysms using an IFU-compliant 
fenestrated endograft. All target vessels are bridged exclusively using the iCover balloon-expandable covered 
stent. Follow-up is planned at discharge, 6 months, and 12 months, with optional extension to 5 years.
Results:  The primary efficacy endpoint is bridging-stent patency at 12 months, defined as absence of binary 
restenosis (≥50% stenosis) or occlusion on imaging. The primary safety endpoint is freedom from target vessel 
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peripheral arterial applications, including the treatment of 
atherosclerotic lesions of the iliac and renal arteries and 
selected aneurysmal or rupture indications, but it does not 
currently carry a specific labelled indication for use as a 
bridging stent in fenestrated endovascular aortic repair 
(FEVAR). Preliminary registry data from Austria and Zu-
rich have demonstrated encouraging early and mid-term 
observations with high technical success and absence of 
stent-related occlusion.20, 21

Until the end of 2024, most of them were used off-label 
but recent regulatory developments have expanded CE-
mark indications for several bridging stents, including Ad-
vanta V12, BeGraft and Gore VBX, reflecting increasing 
alignment between clinical practice and device labelling, 
an important step towards reimbursement pathways.

Against this background, the fenCo study was designed 
to generate prospective multicentre evidence on the safety 
and performance of the iCover balloon-expandable cov-
ered stent when used as a bridging stent in FEVAR.

Materials and methods

Study design

fenCo is a prospective, open-label, single-arm multicenter 
European clinical investigation. The study inclusion pe-
riod will last for 18 months, and completion of enrolment 
is expected in April 2027 (±6 months) with the completion 
of the 12-month follow-up in April 2028 (±6 months). Fi-
nalization of site agreements and center initiation occurred 
in February 2026, and the first patient was enrolled on 13 
February 2026 at Bordeaux University Hospital.

Introduction

Complex abdominal aortic aneurysms involving the re-
novisceral segment remain a major therapeutic chal-

lenge. According to current European Society for Vascular 
Surgery (ESVS) guidelines,1 fenestrated endovascular re-
pair (FEVAR) should be the preferred endovascular option 
in anatomically suitable patients treated in experienced 
centers.

FEVAR achieves high technical success (>95%) with 
low early morbidity compared with open repair. Howev-
er, its long-term durability depends critically on bridging 
stents, which connect fenestrations to target renovisceral 
arteries.1, 2

Although procedural success is high, reintervention 
rates after FEVAR remain substantial (27-42% at 3-4 
years),3 with a significant proportion related to bridging 
stent complications including stenosis, occlusion, endole-
ak, and component separation.2, 4-6 Reported target vessel 
instability ranges from 10-15% depending on definitions 
and follow-up.7, 8

Several balloon-expandable covered stents have been 
used in this indication, including Advanta V12 (Atrium 
Medical Corporation, Hudson, NH, USA; now Getinge, 
Gothenburg, Sweden),9-11 BeGraft/BeGraft Plus (Bentley 
InnoMed GmbH, Hechingen, Germany),12-16 and GORE® 
VIABAHN® VBX (W. L. Gore & Associates, Flagstaff, 
AZ, USA),17-19 each with reported favorable mid-term out-
comes.

The iCover balloon-expandable covered stent (iVascu-
lar S.L.U., Barcelona, Spain) was CE-marked in 2021 for 

instability, defined as a composite of aneurysm rupture, target vessel occlusion, component separation, branch-
related endoleak, or branch-related reintervention. Secondary endpoints include technical success, endoleaks, 
reinterventions, mortality, aneurysm sac evolution, and renal outcomes.
Conclusions: fenCo will provide prospective multicenter European data on the safety and performance of the 
iCover stent used as a bridging stent during FEVAR using predefined imaging-based and clinically adjudicated 
endpoints. The study is expected to strengthen the evidence base for bridging stent selection in complex 
endovascular aortic repair.
(Cite this article as: Ducasse E, Riambau V, Tsilimparis N, de Vries JP, Lansink W, Caradu C; fenCo Investi-
gators. Rationale and design of a prospective European multicenter evaluation of the iCover balloon-expand-
able covered stent as a bridging stent in fenestrated endovascular aortic repair (fenCo). J Cardiovasc 
Surg 2026 Aug 03. DOI: 10.23736/S0021-9509.26.13680-5)
Key words: Aortic aneurysm; Abdomen; Endovascular procedures; Endovascular aneurysm repair; Stents; 
Arteries.
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IN, USA), the TREO and Anaconda Fenestrated Stent 
Grafts (Terumo Aortic, Inchinnan, UK).

All target vessels/fenestrations must be bridged ex-
clusively using the iCover balloon-expandable stent 
platform. Planned use of alternative bridging stents is 
not permitted. One or up to two stents per fenestration 
are allowed. Bailout implantation of another bridging 
stent, if exceptionally required intraoperatively, will be 
recorded as a major protocol deviation. Aortic angula-
tion at the target vessel level must be < 45°. The target 
vessel must provide a landing zone of at least 10 mm. 
Eligible target arteries include the renal arteries, the su-
perior mesenteric artery, and the celiac trunk, and must 
have a diameter between 5 mm and 10 mm. The angula-
tion of the aorta at the level of the target vessels must be 
less than 45°.

Additional inclusion criteria include documented in-
formed consent with willingness to comply with follow-
up evaluations at the specified time points, affiliation to or 
benefit from a social security system, and an expected life 
expectancy greater than 12 months.

Clinical exclusion criteria are contraindication to anti-
platelet therapy, uncontrolled hematological disorders or 
heparin-induced thrombocytopenia, chronic or acute aor-
tic dissection, refusal of treatment, pregnancy or intent to 
become pregnant, emergency treatment or hemodynamic 
instability, recent myocardial infarction or stroke (<3 
months), unstable angina or New York Heart Association 

fenCo involves 24 high-volume vascular centers with 
established experience in FEVAR across five European 
countries, France (N.=8), Belgium (N.=7), Germany 
(N.=6), the Netherlands (N.=2), and Spain (N.=1), thereby 
ensuring broad geographic representation and supporting 
external validity (the full list of fenCo investigators is avail-
able in Supplementary Digital Material 1: Supplementary 
Text File 1). The participating centers include both public 
and private institutions (Supplementary Digital Material 2: 
Supplementary Table I, Supplementary Figure 1).

Population

Patients ≥55 years are eligible if they are undergoing FE-
VAR for juxta-, para-, suprarenal, or thoracoabdominal 
aneurysms, in accordance with current indications and 
guidelines for abdominal aortic aneurysm management. 
These include aneurysm diameter thresholds exceeding 
5.0 cm in women and 5.5 cm in men, or aneurysm growth 
exceeding 5 mm within 6 months or 1 cm within 1 year 
(Table I).1

The fenestrated endograft must be designed so that fen-
estrations are aligned directly in front of the target vessel 
ostia, and the distance between the fenestration and the 
target vessel orifice must not exceed 5 mm. Patients must 
be strictly compliant with the Instructions for Use (IFU) 
of the fenestrated endograft selected for implantation. Eli-
gible fenestrated endografts include the Zenith Fenestrated 
AAA Endovascular Graft (Cook Medical, Bloomington, 

Table I.—��Inclusion and exclusion criteria.
Inclusion criteria Exclusion criteria
Age ≥55 years Emergency or ruptured aneurysm
Juxtarenal, pararenal, suprarenal AAA or type IV thoracoabdominal 
aneurysm

Target vessel stenosis >50% or occlusion

Aneurysm meeting guideline-based indication for repair Thrombus >3 mm in sealing zone or target artery
Anatomy compliant with IFU of the selected fenestrated endograft Chronic or acute aortic dissection
Fenestration aligned with target vessel ostium (distance ≤5 mm) Early significant branching of the target vessel risking organ infarction
Target vessel diameter 5-10 mm Hybrid techniques including branches, semibranches, or chimneys
Target vessel landing zone ≥10 mm Physician-modified endografts or in situ laser FEVAR
Aortic angulation at target vessel level <45° Bridging stent other than iCover in the target vessel
Renal artery-aortic angle ≥30° Severe distal outflow disease affecting target vessel patency
Life expectancy >12 months Complex iliac access outside the IFU of the selected fenestrated 

endograft
Written informed consent Contraindication to antiplatelet therapy
Affiliation to a social security system Known allergy to cobalt-chromium (L-605) or PTFE

Recent myocardial infarction or stroke (<3 months)
Unstable angina or NYHA class III-IV heart failure
ASA classification ≥5
Pregnancy or planned pregnancy
Active infection or mycotic aneurysm
Participation in another investigational drug or device study

AAA: abdominal aortic aneurysm; TAAA: thoracoabdominal aortic aneurysm; IFU: instructions for use; NYHA: New York Heart Association; PTFE: 
polytetrafluoroethylene.
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out combining it with other devices. Use of the latest-
generation iCover covered stent as a bridging stent in the 
specific context of FEVAR is not currently included in the 
claimed indications. Consequently, clinical data are re-
quired to demonstrate safety and efficacy for this specific 
indication, and the fenCo study is designed to generate the 
evidence required to substantiate such claims.

Implantation technique

All procedures are performed according to standard FE-
VAR practice. Bridging stents are deployed between fen-
estrations and target vessels, and up to two iCover stents 
per fenestration may be implanted if required. Periopera-
tive antithrombotic management follows current guideline 
recommendations.1, 22

iCover device sizing is selected by the operator accord-
ing to fluoroscopic assessment of vessel diameter and 
lesion length, and the stent diameter is chosen to match 
the diameter of the reference vessel, while stent length 
is selected to cover the treated segment, with a slightly 
longer stent preferred to ensure complete lesion coverage. 
When access to the lesion is expected to be compromised 
by small diameter, heavy calcification, or tortuosity, pre-
dilatation with an angioplasty balloon may be performed 
according to the balloon catheter manufacturer’s instruc-
tions, followed by immediate stent implantation.

For implantation, the proximal end of the guidewire is 
inserted into the distal tip of the delivery system until the 
guidewire passes through the straight port of the delivery 
system connector. The system is then carefully introduced 
through the introducer under fluoroscopy. After passage 
through the introducer, fluoroscopy is used to verify that 
the stent has not been displaced from the radiopaque 
balloon markers. The iCover stent has three radiopaque 
markers at each end, and correct positioning requires these 
markers to remain between the radiopaque markers of the 
balloon; offset indicates potential stent displacement and 
necessitates withdrawal of the system together with the in-
troducer as a single unit in accordance with the precautions 
described in the device documentation. The stent system 
is advanced over the guidewire under fluoroscopy to the 
target zone, and correct guidewire exit through the distal 
tip is confirmed. The stent is positioned across the treated 
segment using radiopaque markers, and high-resolution 
fluoroscopy is used to confirm absence of movement or 
damage prior to deployment. Deployment is performed by 
progressive inflation using an inflation device, and pres-
sure is maintained until balloon inflation is visualized at 
both proximal and distal stent ends. Inflation continues un-

(NYHA) class III–IV heart failure, American Society of 
Anesthesiologists (ASA) classification of 5 or higher.

Anatomical exclusions include target vessel stenosis 
exceeding 50%, target vessel occlusion, or severe out-
flow impairment as these conditions may independently 
compromise bridging stent durability. In contrast, limited 
calcification, tortuosity, or mild-to-moderate stenosis that 
remain technically suitable for standard bridging implan-
tation may be treated with adjunctive predilatation at the 
operator’s discretion. Additional anatomical exclusion 
criteria include early significant branching from the target 
vessel associated with a risk of branch coverage and target 
organ infarction, renal artery-aortic angle <30°, thrombus 
thickness >3 mm within the sealing zone or target arter-
ies, severe peripheral arteriopathy compromising access 
or distal perfusion, and complex iliac anatomy outside the 
IFU of the selected fenestrated endograft.

Procedural exclusions are hybrid techniques using 
branches, semibranches, or chimneys, physician-modi-
fied endografts, in situ laser FEVAR; implantation of any 
bridging stent other than iCover, infectious or mycotic an-
eurysm, known allergy to stent materials (L-605) and/or 
polytetrafluoroethylene (PTFE).

Study-related exclusions are participation in another in-
vestigational device or drug study that has not completed 
the entire follow-up period and that may interfere with the 
results of fenCo are excluded.

Investigational device

The investigational device is the iVascular iCover balloon-
expandable covered peripheral stent system. The iCover 
consists of a balloon-expandable covered stent premount-
ed on an over-the-wire (OTW) delivery system for percu-
taneous transluminal angioplasty procedures. The stent is 
intended to be used as a permanent implant and is manu-
factured from cobalt-chromium alloy (L-605). The stent is 
completely encapsulated in expanded polytetrafluoroeth-
ylene (ePTFE). Each end of the stent includes three tan-
talum radiopaque markers. The system is mounted on a 
0.035-inch OTW balloon delivery platform. The device is 
available in diameters from 5 mm to 10 mm and catheter 
lengths of 80 cm to 170 cm, which are compatible with 
renovisceral target vessels in FEVAR.

The iCover medical device obtained CE approval in 
2021. The claimed indications include restoration of ath-
erosclerotic lesions of the common and external iliac ar-
teries and the renal arteries, and treatment of aneurysms, 
perforations, ruptures, and acute fistulas. The product is 
approved for these indications when used alone and with-
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ing restenosis, occlusion, endoleak, component separation, 
and reintervention.

Secondary endpoints include evaluation of technical 
success defined as successful introduction and deployment 
of the iCover stent implanted as bridging stent during FE-
VAR, assessment of bridging stent patency at the first 
postoperative imaging and at 6 months and 12 months, as-
sessment of absence of endoleaks related to iCover stent 
defects (including malposition, rupture, or disconnection) 
at the first postoperative imaging and at 6 months and 12 
months on duplex ultrasound, CTA, or angiography, as-
sessment of absence of reintervention due to technical 
defects of iCover covered stents between surgery and dis-
charge and between surgery and 6 months and 12 months, 
assessment of absence of type I or type III endoleaks at 
the first postoperative imaging and at 6 months and 12 
months, assessment of 30-day mortality and in-hospital 
mortality from all causes, assessment of absence of aortic 
endograft migration (exceeding 10 mm) at 6 months and 
12 months, assessment of aneurysm sac stability defined 
as no increase exceeding 5 mm in maximum aneurysm sac 
diameter on CTA at 6 months and 12 months, assessment 
of absence of postprocedural conversion to open aortic 
surgery at discharge, 6 months, and 12 months, and assess-
ment of absence of aneurysm-related mortality and aneu-
rysm-related secondary endovascular procedures during 
follow-up. Secondary objectives also include assessment 
of absence of major adverse events (defined as aortic rup-
ture, aneurysm-related death, in-hospital death, decline in 
renal function by at least 20%, lower extremity ischemia, 
mesenteric ischemia, or unplanned reintervention) at dis-
charge, 6 months, and 12 months, as well as assessment of 
target vessel patency at 6 months and 12 months and ab-
sence of target vessel instability at 12 months. Renal func-
tion is assessed preoperatively and at discharge and at 6 
months and 12 months. Acute kidney injury is defined ac-
cording to KDIGO criteria. Chronic renal deterioration is 
defined as a decline in estimated glomerular filtration rate 
of at least 20% compared with baseline and/or progression 
in chronic kidney disease stage. Endpoints are defined as 
per reporting standards23 and reported in Table II.

Data collection and follow-up

Patients are followed according to a predefined visit sched-
ule (Supplementary Table I; Figure 1). Data are collected 
at each protocol visit.

The inclusion and preintervention assessment is per-
formed at visit V0; baseline data include clinical exami-
nation and documentation of age, sex, cardiovascular risk 

til the nominal pressure defined in the compliance chart is 
achieved, and rated burst pressure is not exceeded because 
balloon rupture risk increases above this threshold. Opti-
mal expansion requires stent contact with the arterial wall, 
as inadequate apposition may cause stent displacement 
during balloon withdrawal. Balloon diameter is selected to 
be 1:1 or slightly larger than the vessel diameter to account 
for elastic recoil after deflation, and oversizing is avoided 
due to dissection risk.

After deployment, the balloon is deflated, and negative 
pressure is maintained for 15 to 30 seconds depending on 
balloon size, with the option to perform a swallow ma-
neuver to reinsert the sheath over the balloon and inside 
the iCover stent. Fluoroscopy is used to confirm complete 
deflation before catheter movement. With the guidewire 
maintained across the treated segment, the catheter is 
withdrawn away from the lesion

To optimize anchoring between the bridging stent and 
the fenestration, postexpansion at the fenestration site is 
recommended by at least 2 mm beyond the fenestration 
ring size (flaring). If the stent size is insufficient relative 
to vessel diameter, postdilatation may be performed us-
ing the delivery system balloon or a larger, potentially 
non-compliant balloon. According to the IFUs, stents with 
diameters from 5 mm to 8 mm may be postdilated with 
balloons up to 10 mm, while stents with diameters from 9 
mm to 10 mm may be postdilated with balloons up to 12 
mm, following the manufacturer’s recommendations. An-
giography is performed to confirm correct stent position-
ing and target vessel patency. Once angiography confirms 
adequate dilatation, the guidewire is carefully withdrawn. 
Closure is performed according to standard practice.

Study endpoints

The primary efficacy endpoint is bridging stent patency 
at 12 months, defined as the absence of binary resteno-
sis (≥50% stenosis) or occlusion detected on computed 
tomography angiography (CTA) or angiography at the 
12-month visit (±2 months).

The primary safety endpoint is defined as the propor-
tion of patients without target vessel instability, which is 
defined as a composite of any branch-related complication 
leading to aneurysm rupture, death, target vessel occlu-
sion, component separation, or reintervention performed 
to maintain branch patency or to treat branch-related com-
ponent separation or endoleak, occurring between implan-
tation and the 12-month (±2 months). Additional descrip-
tive analyses will be performed at the target-vessel/fenes-
tration level to characterize branch-specific events, includ-
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antiplatelet therapy is documented, and femoral access is 
examined to report local complications. Mortality and 
cause of death, aneurysm-related or not, are documented, 
and rupture, reintervention, lower extremity ischemia, and 
mesenteric ischemia are recorded.

Postoperative imaging is performed with CTA or con-
trast-enhanced cone-beam computed tomography, with 
the imaging window extending up to 90 days depending 
on feasibility. Imaging evaluation includes branch-related 
complications affecting bridging stents, including binary 
restenosis, malposition, rupture, occlusion, disconnection, 
and kinking, as well as fenestrated endograft occlusion, 
component separation, endoleak classification, aneurysm 
sac maximum diameter, and femoro-iliac access control.

Follow-up is performed at 6 months postintervention 
(visit V3, with a ±2-month window), and final protocol 
follow-up is performed at 12 months postintervention 
(visit V4, with a ±2-month window), antiplatelet therapy is 
documented, eGFR is collected when available, death and 
cause, rupture, reintervention, lower extremity ischemia, 
and mesenteric ischemia are recorded. CTA is performed at 
both visits, and imaging evaluation includes branch-related 
complications affecting bridging stents, fenestrated endo-

factors, and chronic comorbidities, including renal func-
tion, current pathologies and treatments, hemostasis disor-
ders, previous aortic surgery, and factors affecting life ex-
pectancy such as heart failure, and cancer. Femoral access 
is assessed for contraindications or anticipated difficulties, 
and axillary or brachial access is considered on an optional 
basis. CTA is performed to assess eligibility according to 
inclusion and exclusion criteria.

The intervention is performed at visit V1, intraopera-
tive data include details of heparin and antiplatelet ther-
apy, femoral access characteristics and management, and 
iCover device references and procedural details. Proce-
dural success for both the aortic endograft and the iCover 
bridging stent is recorded, as are any aortic surgical con-
versions, lower extremity ischemia, and mesenteric isch-
emia. Technical characteristics of the procedure, including 
duration, radiation dose, access routes and difficulties, and 
any additional dilatation of stented segments, are recorded. 
Endoleaks of any type and any additional procedures, in-
cluding access-related interventions and additional target-
vessel stenting, are recorded.

Early postintervention evaluation is performed at dis-
charge (visit V2), between 1 day and 7 days postprocedure, 

Table II.—��Study endpoints.
Endpoint category Definition
Primary endpoints

Primary efficacy endpoint Proportion of bridging stents without binary restenosis at 12 months (±2 months), defined as absence of 
≥50% stenosis or occlusion detected by duplex ultrasound, CTA, or angiography.

Primary safety endpoint Proportion of patients free from target vessel instability between implantation and the 12-month visit (±2 
months). Target vessel instability is defined as a composite of aneurysm rupture, death, target vessel 
occlusion, component separation, or reintervention required to maintain branch patency or treat branch-
related endoleak or component separation.

Secondary endpoints
Technical success Successful introduction and deployment of the iCover bridging stent during FEVAR with preservation of target 

vessel perfusion.
Bridging stent patency Patency of the bridging stent assessed at first postoperative imaging, 6 months, and 12 months by CTA, 

duplex ultrasound, or angiography.
Device-related endoleaks Absence of endoleaks related to iCover defects (malposition, rupture, disconnection) at postoperative 

imaging, 6 months, and 12 months.
Reintervention related to 

iCover
Absence of reintervention due to technical defects of iCover stents between surgery and discharge, and 

during follow-up at 6 and 12 months.
Type I and III endoleaks Absence of type I or III endoleaks at postoperative imaging and during follow-up.
Mortality outcomes 30-day mortality and in-hospital mortality from any cause.
Endograft migration Absence of aortic endograft migration >10 mm at 6 and 12 months.
Aneurysm sac evolution Stability of aneurysm sac diameter defined as absence of increase >5 mm at 6 and 12 months on CTA.
Conversion to open repair Absence of conversion to open aortic surgery during hospitalization and follow-up.
Aneurysm-related outcomes Absence of aneurysm-related mortality and secondary endovascular procedures during follow-up.
Major adverse events Absence of major adverse events including aortic rupture, aneurysm-related death, in-hospital death, renal 

function decline ≥20%, lower extremity ischemia, mesenteric ischemia, or unplanned reintervention.
Renal outcomes Acute kidney injury defined according to KDIGO criteria. Chronic renal deterioration defined as ≥20% decline 

in estimated glomerular filtration rate or progression of chronic kidney disease stage.
Target vessel outcomes Target vessel patency and absence of target vessel instability at 6 and 12 months.

FEVAR: fenestrated endovascular aortic repair; CTA: computed tomography angiography; KDIGO: Kidney Disease Improving Global Outcomes.
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Imaging analysis

Imaging assessments will be conducted by experienced ra-
diologists, blinded to the study device and procedural de-
tails. No independent imaging core laboratory is planned 
but clinically relevant endpoint events or uncertain imag-
ing findings may undergo additional review by the inde-
pendent Clinical Event Committee. In addition, a fully au-
tomated artificial intelligence–assisted imaging platform 
(PRAEVAorta®, Nurea, Bordeaux, France), previously 
validated for aortic and visceral vessel analysis,24 will be 
used to standardize quantitative imaging measurements 
across participating centers, with the aim of reducing in-
terobserver variability and improving reproducibility of 
imaging assessments.

Sample size considerations

Sample size estimation is based on the primary efficacy 
endpoint, i.e. bridging stent patency at the 12-month visit. 
The number of subjects required was estimated using the 
exact Clopper–Pearson method based on the expected 
event rate and desired confidence interval width. Assum-
ing an expected patency rate of 95%, 140 stents are re-
quired to describe the primary efficacy endpoint with a 
95% confidence level and a confidence interval width of 
8%. Allowing 15% missing data, 165 stents are required to 
meet the primary efficacy objective.

Sample size considerations for the primary safety end-
point, defined as the proportion of patients without target 
vessel instability between implantation and the 12-month 
visit, indicate that for a sample of 140 analyzable patients 
and a hypothesized rate of 90%, the two-sided exact bi-
nomial 95% confidence interval would have an estimated 
half-width of 5.3%, ranging from 83.8% to 94.4%. To sat-
isfy both primary efficacy and safety considerations, 165 
patients will therefore be included.

Statistical analysis

Statistical analyses will be performed using R software in 
a Windows environment, and analyses will be conducted 
using R language version 4.0.3 or higher. The final analy-
sis is planned after completion of follow-up for the last in-
cluded patient, in accordance with the sample size calcula-
tion. Additional descriptive analyses and interim analysis 
may be performed if requested.

Analyses will be conducted in predefined populations. 
The all-subjects population includes all patients who sign 
informed consent. The intention-to-treat population in-
cludes patients from the all-subjects population who are 
implanted with the investigational device or who undergo 

graft occlusion, component separation, endoleak classifi-
cation, aneurysm sac maximum diameter, and femoro-iliac 
access control. Adverse events and device deficiencies are 
collected at all time points as well as estimated glomerular 
filtration rate (eGFR) when available.

Although the primary analysis is planned at 12 months 
in accordance with Medical Device Regulation-oriented 
performance evaluation requirements, the protocol in-
cludes a planned extension toward long-term follow-up up 
to 5 years to assess durability outcomes beyond the first 
postoperative year.

Figure 1.—Flow diagram.
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Target vessel patency
Endoleaks
Binary restenosis (>50%)  
  or occlusion
Target vessel instability
Aneurysm sac evolution

Inclusion criteria confirmed
CTA evaluation
Baseline clinical assessment
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Technical success evaluation

CTA or cone-beam CT
Endoleak assessment
Target vessel patency
Adverse events

Clinical evaluation
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Target vessel patency
Endoleaks
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6-month follow-up (V3 ±2 months)

12-month follow-up (V4 ±2 months)
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Bridging with iCover balloon-expandable covered stent
(up to 2 stents per fenestration)
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event are reported, and events are presented by category, 
including adverse event, adverse device effect, serious ad-
verse event, and serious adverse device effect. Device de-
ficiencies reported during the study are also described, and 
the list of adverse events will be annexed to the statistical 
report.

A monitoring plan is implemented with site visits to 
control data quality and verify vigilance. A site initiation 
visit is performed in each center to train the investigating 
team on study objectives and procedures as described in 
the clinical investigation plan, to ensure compliance with 
Good Clinical Practice and to train teams on the electronic 
case report form. At regular intervals, clinical research as-
sociates verify completion and consistency of the electron-
ic case report form data for each center and contact centers 
by e-mail, telephone, or on-site visits to ensure smooth 
conduct of the study and resolution of issues. During on-
site visits, investigators and collaborators facilitate veri-
fication and resolution of data queries and discrepancies, 
and clinical research associates are mandated to access 
source records at the center. A close-out visit is performed 
at each center at study completion.

A Clinical Event Committee composed of three spe-
cialists independent of clinical investigation has been es-
tablished to review and adjudicate safety endpoint events 
according to a dedicated committee charter, and the ad-
judication process and responsibilities are defined in this 
charter.

Ethical statement

The study is conducted in compliance with national reg-
ulations in the countries where the investigation is per-
formed, and in accordance with the Declaration of Helsin-
ki and Good Clinical Practice, including ISO 14155:2020. 
The investigation is conducted under Regulation (EU) 
2017/745 and the MDCG 2024-3 guidance on the content 
of clinical investigation plans for medical devices, and 
follows the provisions of MDR Article 74(2), as it evalu-
ates a CE-marked device used outside its current intended 
purpose, it complies with the General Data Protection 
Regulation (EU) 2016/679. The study received ethical ap-
proval from the “Comité d’éthique Ile de France” prior to 
study initiation, with favorable opinion granted on Decem-
ber 10, 2025. The Authorization was obtained from the 
French National Agency for Medicines and Health Prod-
ucts Safety (ANSM) on December 3, 2025. The study is 
registered under ID-RCB/CIV-ID: CIV-FR-25-07-053858 
(IDRCB: 2025-A01642-47) and conducted according to 
the approved protocol version iVascular – fenCo – CIP – 

an implantation attempt, including unsuccessful implanta-
tion. The per-protocol population includes patients from 
the intention-to-treat population without any major proto-
col deviation. Major deviations include missing data for 
the primary endpoint and non-respect of eligibility criteria. 
Analyses of baseline characteristics, preoperative and peri-
operative data, and safety endpoints will be performed on 
the intention-to-treat population. Efficacy endpoints will 
be analyzed on both the intention-to-treat and per-protocol 
populations. Subgroup analyses by technique used and by 
target vessel type, including renal arteries, will be speci-
fied in the Statistical Analysis Plan, and additional sub-
group analyses may be defined during study conduct and 
will be documented in the Statistical Analysis Plan.

Efficacy analyses will be performed at the fenestra-
tion/target-vessel level because bridging performance 
is intrinsically branch-specific. When two iCover stents 
are implanted within the same fenestration, they will be 
considered as a single functional bridging unit for analy-
sis purposes. Safety analyses involving clinically relevant 
composite outcomes will primarily be conducted at the 
patient level.

For descriptive analyses, quantitative variables will be 
summarized using mean and median, corrected sample 
standard deviation, first and third quartiles, minimum and 
maximum, and confidence intervals derived using Stu-
dent’s t distribution, together with the number and percent-
age of missing data. Qualitative variables will be described 
using counts and percentages for each category, confidence 
intervals computed using the Wilson score method with 
continuity correction or binomial method as appropriate, 
and the number and percentage of missing data, with popu-
lation size presented for each table in the statistical report. 
Confidence intervals will use a two-sided alpha of 5%. 
Time-to-event outcomes will be analyzed using Kaplan-
Meier methods, with survival curves presented together 
with numbers of events and numbers at risk over time.

No statistical imputation will be applied for missing 
data. The number of missing data will be presented in each 
results table, and missing observations will not be consid-
ered in the calculation of percentages or in statistical test-
ing.

Safety reporting and event adjudication

All adverse events occurring from implantation to the 
last follow-up visit are described with time to onset, se-
verity, course, duration, outcome, and relationship to the 
investigational device and/or procedure. The number and 
percentage of patients experiencing at least one adverse 
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of clinical evidence as bridging stents. In the mid-term 
BeGraft experience, bridging-stent patency was 98% at 
1 year and 97% at 2 years, and freedom from secondary 
procedures on BeGraft bridging stents was 96%, with 
most events occurring in renal arteries.13 More contem-
porary multicenter experiences and broader F/B-EVAR 
cohorts suggest similarly good mid-term outcomes for 
BeGraft and BeGraft PLUS, while consistently reporting 
higher instability rates in directional branches compared 
with fenestrations.15 Moreover, a recent systematic review 
dedicated to BeGraft bridging outcomes alerts to the low 
quality of evidence.16

A specific technical challenge in fenestrated repair is 
optimization of the seal at the fenestration interface. Prox-
imal flaring is commonly used to improve apposition to 
the fenestration ring and reduce branch-related type III en-
doleaks, yet the technique is variable (balloon type, flare 
diameter, protrusion length, and sequencing), and over-
aggressive flaring may theoretically increase local stress 
or alter hemodynamics. A new dedicated solution, the Be-
Flared, aims to standardize this step. Early experience has 
been reported, and early prospective multicenter data have 
also begun to emerge.25, 26

Finally, the GORE VBX balloon-expandable endopros-
thesis (W. L. Gore & Associates, Flagstaff, AZ, USA) has 
also emerged as an important bridging stent in F/BEVAR. 
Studies have reported encouraging short- and mid-term 
outcomes, with high technical success and primary paten-
cy rates, and low rates of branch-related reinterventions, 
although type Ic endoleaks and branch instability remain 
recognized concerns, particularly in complex target vessel 
anatomy.17-19

Balloon-expandable covered stents differ in radial force, 
foreshortening behavior, flare capability, radiopacity and 
conformability in angulated anatomy. The iCover bal-
loon-expandable covered stent is CE-marked for periph-
eral arterial indications, including renal arteries, and has 
design characteristics that may be attractive for renovis-
ceral bridging, including cobalt-chromium construction, 
full ePTFE encapsulation, and three tantalum radiopaque 
markers to enhance visibility during deployment. The de-
vice also allows postdilatation beyond nominal diameters 
within manufacturer-recommended limits thanks to its 
open-cell design, enabling controlled proximal “flaring” 
strategies to optimize fenestration apposition when used 
as a bridging stent, which is explicitly standardized and 
described in the fenCo procedural approach. Compared to 
Advanta V12 (stainless steel platform) and BeGraft and 
Gore VBX (cobalt chromium platforms), iCover may of-

2025-12-11 – v1.3. Written informed consent is obtained 
from all participants prior to any study-related procedures 
and for publication of anonymized data. Participant con-
fidentiality is maintained throughout the study, with data 
anonymized and securely stored. Study findings will be 
disseminated through peer-reviewed publications and sci-
entific presentations in accordance with ethical and regula-
tory standards.

Discussion
Bridging stents represent a key determinant of long-term 
outcomes after FEVAR, with a substantial proportion of 
secondary interventions driven by branch-level complica-
tions such as stenosis/occlusion, disconnection/component 
separation, and fenestration/branch endoleaks.9

A critical limitation of the current literature is the fre-
quent pooling of FEVAR and branched (B)EVAR out-
comes, despite important differences in geometry, me-
chanical stress, and hemodynamic environment. In FE-
VAR, bridging stents are typically short, straight, and 
deployed through fenestrations with limited protrusion 
into the aortic lumen, whereas BEVAR involves longer 
bridging stents inserted into directional branches, often re-
quiring upper extremity access or steerable sheaths, with 
increased angulation, longer unsupported segments, and 
greater mechanical stress over time. These differences di-
rectly affect bridging stent durability and limit cross-study 
comparability.

Historically, the Advanta V12 balloon-expandable cov-
ered stent has been one of the most widely used bridging 
stents in F/BEVAR. In a two-center cohort of 457 fen-
estrations, device durability was favorable, with freedom 
from bridging-stent complications of 92% at 3 years and 
freedom from bridging-stent reintervention of 94% at 3 
years;9 importantly, although overall reintervention after 
FEVAR remained frequent, most reinterventions were not 
directly attributable to the bridging stent. These mid-term 
data were subsequently complemented by long-term sin-
gle-center experience in 1,675 target vessels treated in F/
BEVAR, showing excellent late outcomes with low rates 
of target vessel occlusion, endoleak, and reintervention; 
freedom from target vessel instability at 8 years remained 
high and was consistently better for fenestrations than for 
directional branches, underscoring how the configuration 
(fenestration versus branch) and target vessel anatomy 
can influence durability even with the same bridging 
stent.10

Smilarly, BeGraft and BeGraft PLUS balloon-expand-
able covered stents have accumulated an expanding body 
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thereby avoiding the confounding effects associated with 
pooled F/BEVAR analyses and enabling a more accurate 
assessment of bridging stent behavior in the fenestrated 
configuration.

Limitations of the study

The principal limitation of fenCo is the single-arm de-
sign, which precludes direct randomized comparison with 
alternative bridging stents. Nonetheless, in the current 
landscape—where multiple devices are in use, anatomy is 
highly heterogeneous, and bridging strategies are strongly 
operator-dependent—a prospective single-arm investiga-
tion remains an appropriate step to generate robust device-
specific evidence. The study’s composite safety endpoint 
of target vessel instability is clinically relevant but may 
be influenced by center-level thresholds for reintervention; 
the planned Kaplan–Meier analyses and time-to-event re-
porting of the individual components should partly miti-
gate this by providing transparency on event timing and 
nature. Another limitation is the absence of an independent 
imaging core laboratory, which may introduce inter-center 
variability in imaging interpretation. However, this risk is 
expected to be mitigated by the use of prospectively stan-
dardized imaging protocols, blinded radiological assess-
ment, independent Clinical Event Committee adjudication 
when required, and the use of a fully automated artificial 
intelligence–assisted imaging platform (PRAEVAorta®) to 
standardize quantitative measurements across centers.

Conclusions

fenCo is the first prospective European multicenter study 
specifically designed to evaluate the iCover balloon-ex-
pandable covered stent used exclusively as a bridging stent 
during FEVAR. By avoiding the use of mixed bridging 
stents, the study will provide device-specific real-world 
data on bridging stent performance. The multicenter design 
will allow comprehensive assessment of key FEVAR dura-
bility outcomes, including target vessel stability, bridging 
stent patency, and aneurysm sac exclusion. These results 
are expected to strengthen the clinical evidence base for 
bridging stent use in complex endovascular aortic repair 
and may contribute to both clinical practice optimization 
and future regulatory alignment.
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SUPPLEMENTARY DIGITAL MATERIAL 2 

Supplementary Table I.—Data collection plan. 
 V0 V1 V2 V3 V4 

 Inclusion Intervention Discharge 
6 months post 

intervention 

12 months post 

intervention 

Eligibility criteria X     

Informed consent form X     

Age, gender X     

Cardiovascular risk X     

Chronic pathologies X     

Indication and location X     

Angio CT scan X   X X 

Angio CT scan or Injected 

CBCT 
  

x 

up to 90 

days 

  

Renal function clearance X  X X X 

Heparin and antiplatelet 

therapy 
 X X X X 

Data on intervention  X    

Successful introduction 

and deployment of the 

iCover stent 

and endograft 

 
X 

   

Aortic surgical conversion  X    

Lower extremity ischemia  X X X X 

Mesenteric ischemia  X X X X 

Death   X X X 

Rupture   X X X 

Reintervention   X X X 

Adverse events  X X X X 

Device deficiencies  X X X X 



Supplementary Figure 1.—Participating centers. 

 


