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Background: Endovascular aneurysm repair is a minimally-invasive method for the treat-

ment of abdominal aortic aneurysms. For aneurysms that involve the visceral arteries, a

custom-made stent graft with fenestrations for the branch arteries is required. The pur-

pose of the current study is to evaluate the structural impact of misaligned fenestrations

with respect to luminal patency and proximal aortic neck apposition in an in vitro model.

Methods: A custom apparatus was used to evaluate seven Anaconda and three Zenith

fenestrated stent grafts. All stent grafts were evaluated at 10� increments of stent/fenes-

tration misalignment up to 80�. Images were captured at each interval and the luminal

cross-sectional area and wall apposition were measured.

Results: The Anaconda stent graft, which has an unsupported main body, demonstrated a

linear reduction in luminal patency at increasing angles of misalignment (P < 0.0001).

Stent/fenestration misalignments of 20� and 80� resulted in decreases in mean luminal

patency of 14% and 54% respectively. The Zenith stent graft demonstrated a similar

decrease in luminal patency, starting at misalignments of �40� (P < 0.0001). However, with

stent/fenestration misalignments of �30�, apposition between the Zenith stent graft and

the simulated aortic neck was compromised suggesting the creation of a type Ia endoleak.

Conclusions: Both the Anaconda and Zenith devices behave adversely at extreme angles of

misalignment with luminal narrowing in the Anaconda device and loss of wall apposition

in the Zenith device; however, both stent grafts appear to be equivalent at low angles of

misalignment.

© 2016 Royal College of Surgeons of Edinburgh (Scottish charity number SC005317) and

Royal College of Surgeons in Ireland. Published by Elsevier Ltd. All rights reserved.

* Corresponding author. Division of Vascular Surgery, Toronto General Hospital, 200 Elizabeth Street, Eaton North 6-218, Toronto, ON,
M5G 2C4, Canada.

E-mail address: graham.roche-nagle@uhn.ca (G. Roche-Nagle).

Available online at www.sciencedirect.com

ScienceDirect
The Surgeon, Journal of the Royal Colleges

of Surgeons of Edinburgh and Ireland
www.thesurgeon.net

t h e s u r g e on x x x ( 2 0 1 6 ) 1e5

Please cite this article in press as: Crawford SA, et al., Structural implications of fenestrated stent graft misalignment, The Surgeon
(2016), http://dx.doi.org/10.1016/j.surge.2016.08.001

http://dx.doi.org/10.1016/j.surge.2016.08.001
1479-666X/© 2016 Royal College of Surgeons of Edinburgh (Scottish charity number SC005317) and Royal College of Surgeons in Ireland.
Published by Elsevier Ltd. All rights reserved.

mailto:graham.roche-nagle@uhn.ca
www.sciencedirect.com/science/journal/1479666X
www.thesurgeon.net
http://dx.doi.org/10.1016/j.surge.2016.08.001
http://dx.doi.org/10.1016/j.surge.2016.08.001
http://dx.doi.org/10.1016/j.surge.2016.08.001


Introduction

Endovascular aneurysm repair is a minimally-invasive

method for treatment of abdominal aortic aneurysms (AAAs)

in which the diseased aortic segment is excluded from the

circulation through the placement of a stent graft. While the

majority of AAAs can be treated with a conventional stent

graft, aneurysms near or encompassing the visceral vessels

require the creation of a custom-made graft. This custom-

made graft incorporates patient-specific fenestrations

aligned with the target visceral vessels, as defined by pre-

operative imaging.1 This modular main body is then con-

nected in vivo to the target artery via these fenestrations with

covered stents to maintain end organ perfusion. Technical

success of this procedure requires careful pre-operative

planning to ensure that there is no misalignment or angula-

tion between the fenestration and the target artery.

Custom-made fenestrated devices currently require a 6e12

week lead time for the pre-procedural planning and manu-

facture of the stent graft. This lead time can pose significant

challenges in the treatment of these patients including the

risk of aneurysmal rupture while waiting for the device to be

manufactured. This lead time also precludes the use of

custom-made devices in the setting of ruptured or symp-

tomatic complex AAAs. This limitation has led to the devel-

opment of ‘off-the-shelf’ fenestrated and branched devices

such as the Cook p-Branch and t-Branch as well as the

Endologix Ventana.2 Other methods for urgent endovascular

repair of complex aneurysms include physician modified

stent grafts as well as chimney grafts, which have both

been shown to be potentially viable with the appropriate

expertise.3e7

Another potential option for the repair of a symptomatic or

ruptured complex AAA is the use of an ‘in-stock’ custom-

made stent graft. Occasionally, patients awaiting the manu-

facture of a custom-made stent graft may pass away prema-

turely for various reasons (including rupture of their

aneurysm), leading to a custom-made device without a target

patient. The use of these ‘in-stock’ stent grafts may be

acceptable in the urgent setting despite small misalignments

between the fenestration and target artery. Previously, Barilla

et al. have reported their experience with the implantation of

an ‘in-stock’ custom Cook branched stent graft and similarly

our institution recently successfully implanted an ‘in-stock’

fenestrated Anaconda stent graft.8

The structural implications of having radial misalignments

between the fenestration and the target artery has not been

previously studied and has implications not only for ‘in-stock’

customstent grafts but also formisalignments that occur during

the routine deployment of custom-made stent grafts. This study

evaluated two devices that represent different platforms e one

that is fully supported by Z-stents (Cook Zenith), and one that

has an unsupported main body (Vascutek Anaconda). For both

devices, luminal patency and proximal aortic neck apposition

were quantified as a function of the angle of misalignment.

Methods and materials

Seven fenestrated Anaconda grafts (Vascutek, Glasgow,

UK) and three fenestrated Zenith grafts (Cook Medical, Bloo-

mington, IN, USA) were evaluated. All seven Anaconda devices

were 2-vessel fenestrated stent grafts. Two of the Zenith de-

vices had 2-vessel fenestrationswith an SMAscallop (Devices 1

and 3, Table 1) and the third Zenith device was a 3-vessel

fenestrated graft (Device 2, Table 1). Complete device specifi-

cations are provided in Table 1. The deformation of the prox-

imal stent graft secondary to aortic oversizing was simulated

by a½” circular hose clamp (McMaster-Carr, Elmhurst, IL, USA)

adjusted to 90% of the stent diameter. The evaluation of the

fenestration angle was carried out on a custom developed

testing apparatus as illustrated in Fig. 1. The developed appa-

ratus had a radial fulcrum point within the center of the stent

graft and utilized exchangeable stainless steel rods of different

diameters (McMaster-Carr, Elmhurst, IL, USA), which were

passed through the fenestration to simulate a rigid stent. The

diameter of the stainless steel rod was selected to match the

size of the fenestration. Each renal artery fenestration was

tested independently. On mounting of the stent graft to the

testing apparatus, the position of the opposing renal artery

fenestration, circular clamp, and distal aspect of the stent graft

are fixed. The height and angle of the stainless steel rod are

then adjusted to match the native alignment of the tested

fenestration. This position represents 0� of angulation.

Table 1 e Anaconda and Zenith device measurements.

Device
no.

RRA diameter
(mm)

LRA diameter
(mm)

Anterior renal
artery angle (�)

Top of right renal
artery e top of graft (mm)

Top of left renal
artery e top of graft (mm)

Graft diameter
(mm)

Vascutek anaconda devices

1 7 7 162 9 11 30

2 6 6 141 8.8 5.4 32

3 5 5 160 16 10 32

4 7 6.5 111 4 7 34

5 6 6 148 8 15 30

6 5.5 6 198 12 17 28

7 6 5.5 181 13 12 32

Cook Zenith devices

1 6 6 153 6 7 30

2 6 6 152 9 13 23

3 5.5 6 159 10 10 35
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