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EDITORIAL
Optimising Target Vessel Patency after Complex Aortic Repair: Things We
Know that We Know
Fenestrated endovascular aortic repair (FEVAR) was first
described in 1999 to treat a juxtarenal aneurysm with a
single fenestration for a renal artery.1 The fenestrated
technology was based on the COOK Zenith platform (Cook
Medical, Bloomington, IN, USA), and this remains the most
frequently used device for endovascular repair of complex
aortic aneurysms. Short and long term outcomes have been
studied extensively, and the latest European Society for
Vascular Surgery (ESVS) aortic guidelines now recommend
FEVAR as a first line treatment for juxtarenal aneurysms.2

Repair of thoraco-abdominal aneurysms using branched
stent grafts (BEVAR) was first described in the early 2000s.3

These complementary technologies have been used
increasingly in harmony to allow optimal graft custom-
isation for the individual patient in all types of complex
endovascular aortic repair (F/BEVAR).4

Whereas many technical and clinical outcomes and fail-
ures are the same for all EVAR procedures, some are spe-
cific to the use of F/BEVAR and the incorporation of target
vessels (TVs) in the repair. These outcomes have specific
characteristics and failure modes both in the short and long
term, particularly with regard to TV patency, TV secondary
interventions, stent fractures, or occlusions.5 Until the
introduction of F/BEVAR little was known about TV out-
comes after complex open aortic repair incorporating
branch vessels, as most patients were not routinely fol-
lowed up with serial imaging as has been the fact after
endovascular repair. Thus, the “gold standard” for TV out-
comes was largely unknown. Over time, many lessons have
been learned on how to optimise TV outcomes, avoid seal
failure at the connection between fenestration and bridging
stent, and minimising TV loss. These lessons involve some
core concepts: planning; implantation; and follow up.

When designing a complex endovascular repair, the most
critical point for good long term outcomes is to determine
where the repair starts proximally and where it ends
distally. Patent visceral TVs that are crossed by the repair
need to be incorporated in the design, paying attention to
the patient specific anatomy. The choice of TV revascular-
isation type (scallop, fenestration, directional cuff), as well
as the mating stent used has significant impact on short and
long term TV patency. In general, mid and long term out-
comes for renal mating stents are inferior to those seen for
the coeliac trunk or superior mesenteric artery, and
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branches seem to fare less well in the renal arteries. In the
short term, target vessel stability is seen in 95%e98% of
both fenestrations and cuffs. In the mid and long term the
stability rates for renal the renal mating stents decreases to
around 92%e94% with a tendency for branches to fare
worse.5,6

From a planning perspective, many prefer to use direc-
tional cuffs as these rely less on precise positioning than
fenestrations. The cuff only needs to be oriented in the
approximate direction and at a small distance from the TV
ostium to allow catheterisation. In contrast, a fenestration
needs to be precisely planned in relation to the TV. The
latter can be challenging in the face of tortuous anatomy,
for example. In addition, as fenestrations and target vessels
are typically catheterised with the main graft partially
constrained (to provide some space between device and
vessel wall), the fenestrations are often offset in relation to
the TV itself. This requires some consideration during
planning. However, a drawback of using cuffs is that they
often require a greater coverage of the proximal aorta,
which becomes particularly significant for para and supra-
renal repairs and confers a higher risk of spinal cord
ischaemia. Another drawback is the lumen surface at the
level of the TV origin; there is not always enough room for
cuffs and mating stents. Anatomical studies have shown
that keeping TV pathways as short as possible and adaptive
to anatomy improves both technical outcomes and long
term success.6 Custom made devices with inner cuffs,
similarly to FEVAR, have the potential to position the distal
tip of the cuff very close to the aortic wall and thus require
shorter bridging stents and provide a more stable platform,
possibly associated with better long term outcomes.

From a procedural point of view, the reduced need for
precision makes cuff bearing devices better in the acute
setting at least for short term outcomes. These devices can
be readily adapted to varying anatomy by moderating the
final repair with various mating stents and already exist as
off the shelf (OTS) devices. Fenestrated devices are less
forgiving and even modified OTS designs such as the COOK
p-branch with hinged, adaptive fenestrations have shown
decreased TV patency during follow up.7 This is perhaps
unsurprising given the increased strain on the mating stents
when the fenestrations are offset and the fenestration itself
is less stable.

Early studies clearly indicated that certain aspects of
fenestration design led to higher failure rates and should
mostly be avoided. Routine use of scallops and/or fenes-
trations without stenting the corresponding TV had a higher
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incidence of shuttering and decreased patency. Scallops
were often used for the superior mesenteric artery (SMA)
and so called shuttering of these led to disastrous SMA oc-
clusions during follow up. In a study by Lala et al.,8 > 40% of
patients with unstented scallops required re-intervention
owing to stenosis or occlusion. This practice has been
largely abandoned in anything but safety scallops for the
coeliac trunk in short neck aneurysms, and even in this sce-
nario the scallops are frequently stented. In addition, the
early use of bare metal mating stents showed a higher failure
rate than covered mating stents.5 This is explained both by
possibly improved flow properties and a decreased risk of the
fenestration ring itself collapsing between the interstices of a
bare metal stent as the fenestrated endograft “sits” a few
millimetres caudal in the immediate post-operative period.
For cuff bearing devices, no studies have shown any signifi-
cant difference in outcome, depending on mating stent use.
However, this is also difficult to study as a combination of
different stents are often used to establish the overall stent
property desired in a specific TV location and anatomical
setting.9 For instance, even though the primary covered
mating stent in a directional branch might be either self or
balloon expandable, this is often lined proximally for support
and fixation in the cuff itself, in the main portion to add
flexibility or support against external compression and distally
to accommodate to the TV itself. This “mix and match”
practice was obviously due to the lack of a dedicated stent for
BEVAR devices, and also makes outcomes exquisitely hard to
study in a head to head fashion.10 Dedicated mating stents
developed separately for FEVAR and BEVAR are currently
under evaluation.

The use of appropriate peri-operative imaging adjuncts
such as fusion imaging and cone beam computed tomog-
raphy (CBCT) can also improve TV patency in both the short
and long term.11 Fusion imaging leads to more precise main
device placement and thus secondarily more precise mating
stent use, avoiding unnecessary long bridging stents, offset
angulations, and rotational displacement, which can make
intra-operative TV access very difficult and also affects
follow up patency due to more stress and strain on mating
stents. The configuration of mating stents is very difficult to
evaluate with routine angiography and plain two dimen-
sional imaging. The use of CBCT allows for immediate
detection and correction of crushed or compressed mating
stents, poor mating stent adaptation to TV, and mating
stent related endoleaks.

The flip side of easier, intra-operative implantation with
cuffs for TV might be reduced long term patency, particularly
in the renal arteries. Several studies indicate that, overall,
fenestrations perform better with regard to renal patency in
the mid and long term.10 The reasons for this are not clear.
More precise device placement, shorter and more direct
mating stent to TV pathway, and often more proximal posi-
tioning in the renal artery might contribute. The bulk of renal
artery movement is a function of the respiratory cycle and
occurs at a 15 mm distance from the renal artery ostium. In a
fenestration design the mating stent seldom reaches this
deep, whereas much deeper positioning is very common
when using directional branches. In addition, fenestrations
are more often selected for complex aneurysms and type IV
thoraco-abdominal aneurysms (TAAAs) with predominantly
downward facing renal arteries, whereas branches are more
frequently used in type I e III TAAAs with predominantly
upward facing renal arteries. The latter is obviously more
challenging for the mating stents.12

It is presently unclear exactly what role intense and
routine follow up have after F/BEVAR and which imaging
modality is optimal. Whereas duplex examinations supple-
mented by contrast enhanced ultrasound or computed
tomography (CT) is the method of choice for infrarenal
EVAR, ultrasound alone is perhaps not sufficient to examine
the target vessels after F/BEVAR. For many devices the
fenestrated segment can be quite “crowded” and difficult to
visualise, and for many cuff based designs the cuffs origi-
nate in the thorax making them virtually impossible to
investigate with duplex ultrasound. Even if the renal TV
stents are most prone to failure, mating stent dysfunction
cannot normally be picked up by routine blood pressure
and serum creatinine measurements as these are too
insensitive and often do not show changes until a complete
unilateral or even bilateral renal stent occlusion occurs. Like
other subtle signs of device failure, the chance of pin-
pointing an event to a specific follow up time point seems
highly unlikely, leaving the place for this type of, sometimes
recommended, “intensive” follow up questionable. This
leaves CTA as the main follow up modality, which is also
recommended in the current ESVS2 and Society for Vascular
Surgery guideline albeit with a very low grade of evidence
(2C). Whereas it seems clear that TV failure occurs consis-
tently over time it is also increasingly apparent that many
early failures are technical in nature. Some might be avoi-
ded by choosing the correct design as opposed to the
easiest design to implant. Some might be overlooked on
final imaging or simply not be picked up during FU. These
early failures should instead be diagnosed and corrected
peri-operatively. The other end of the spectrum are late
failures which we now see 6e10 years after implant and
that are the result of “wear and tear”. As stated above, F/
BEVAR designs now almost always include long proximal
sealing zones that are much more stable over time. Thus
nowerdays proximal type I endoleaks and device migration
are very rarely seen during follow up. Most F/BEVAR re-
interventions have to be performed for bridging stent
graft related complications. Even with standard CTA it is
difficult to determine the exact geometry of the bridging
stent grafts, including the proximal flared part, as well as
the distal part, which is apposed to the visceral artery wall.
Dedicated CT applied software may help to visualise this
sometimes complex geometry.13 The ultimate goal is to
detect subtle changes in bridging stent morphology during
follow up to predict failure like type IIIC endoleaks or TV
occlusion/stenosis, but so far evidence is lacking.

Even if these are still rare, one can perhaps expect F/
BEVAR to become more common as the technology has
matured, endovascular aortic teams are more and more
experienced, and it is used in a younger population with a
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longer lifespan. At the present time lifelong surveillance is
recommended.

In summary, as always with EVAR, and indeed vascular
procedures in general, meticulous planning, appropriate
device design, proper adaptation to patient anatomy, and
diligent follow up are key to minimising TV loss after F/
BEVAR. Improved intra-operative guidance and imaging, as
well as development of dedicated customised stent grafts,
have significantly improved outcomes. Further develop-
ment of specific mating stents with optimal properties for
use in fenestrations and branches will probably improve
outcomes even further and also allow for reduced and
tailored follow up to detect potential long term issues.
Further prospective trials on endovascular technology for
complex aortic aneurysms are clearly needed.
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