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The Distal Seal Zone in

AAA Repair

A facet of EVAR that is not to be overlooked.

BY THEODOSIOS BISDAS, MD, AND GIOVANNI TORSELLO, MD

Compared to the open surgical approach,
endovascular aneurysm repair (EVAR) has
demonstrated a clear benefit of lower peri-
operative mortality and morbidity, as well
as comparable long-term survival rates in
randomized controlled trials." However,

the higher reintervention rates remain the
Achilles’ heel of EVAR (relative risk, 2.54;
95% confidence interval, 1.58—4.08)." Hence,
the ongoing refinement of the new gen-
eration of endografts is now targeting the
reduction of device-related reinterventions.
Most of the attention regarding secondary procedures
has been focused on different anatomic challenges at the
proximal sealing zone (angulated or short necks, calcifi-
cations or thrombus) and into the aneurysm sac (type

Il endoleak).? However, the distal seal zone (DSZ) also
presents a distinct set of challenges but has received less
attention in the literature. In this article, we discuss the
complexity of the DSZ and present different endovascular
solutions to overcome anatomic and technical challenges.

There is no clear definition of a hostile DSZ in the
literature. In this article, we use the term “hostile DSZ”
to describe anatomic challenges at the distal aortic neck
and in the common iliac arteries. In contrast to the prox-
imal neck, the DSZ can complicate endograft sealing not
only through progression of the aneurysmatic disease
but also through the presence of stenotic or tortuous
iliac vessels. The following scenarios could lead to poor
outcomes after endograft implantation: (1) aneurysmatic
degeneration (at the primary procedure or further pro-
gression of the disease) at the level of the common or
internal iliac arteries, (2) narrow distal neck or stenotic
iliac arteries, and (3) tortuous iliac vessels.

Epidemiological studies have shown that in 25% of
patients older than 65 years who have an abdominal
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aortic aneurysm (AAA), the disease extends into one or
both common iliac arteries, and in 7% of these patients,
the disease extends into the internal iliac arteries.*
External iliac artery aneurysms are extremely rare. It is
speculated that the external iliac artery is resistant to
aneurysm formation because it arises from the extra-
embryonic anlage, in contrast to the common and
internal iliac arteries, which arise from the somites.* A
key procedural issue with aneurysmatic iliac arteries is to
achieve a compact DSZ to avoid a type IB endoleak or
distal endograft migration in the long run.

Several endovascular approaches have been suggested
to achieve a safe landing zone in aortoiliac aneurysms or
to repair further aneurysmatic degeneration due to pro-
gression of the disease. The first approach is to extend the
iliac limb into the external iliac artery by embolizing or
overstenting the internal iliac artery.> However, occlusion
of the internal iliac artery may cause buttock claudication,
impotence, and bowel necrosis in up to 55% of patients.®
An alternative strategy is the “bell-bottom” technique,
which has shown encouraging midterm outcomes (2.3%
type IB endoleaks in 89 patients with common iliac artery
aneurysms < 30 mm).® However, common iliac artery
aneurysms > 25 mm often cannot be effectively treated
with this technique. Lobato et al established the “sand-
wich” technique to treat complex aortoiliac or isolated
iliac aneurysms in 40 patients; the group showed 100%
technical success and a primary patency rate of 94% after
a mean follow-up period of 12 months.” Yet, long-term
evaluation of the technique is needed.

Use of an lliac Side Branch Device for the DSZ

In this context, use of an iliac side branch device
(Zenith Branch lliac Graft*, Cook Medical, Bloomington,
IN) provides a safe and effective approach to treat com-
mon or internal iliac artery aneurysms either at the pri-
mary procedure or due to the progression of the disease
post-EVAR (Figure 1). Our early experience with endovas-
cular repair of common iliac artery aneurysms < 26 mm
in diameter with the straight iliac side branch device
showed very low major morbidity (4.6%) and excellent
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Figure 1. An aorto-mono-iliac aneurysm with a challenging
DSZ consisting of an aneurysmatic and tortuous right com-
mon iliac artery (A). CT angiography (CTA) 3 years post-EVAR
showing the successful exclusion of the aneurysm with a

bifurcated endograft (Zenith) supported with an iliac side
branch device for the right common iliac artery (B).

patency rates (98.4%).2 Meanwhile, during a period of 8
years (up to November 2013), we treated a total of 176
patients with 211 iliac side branch devices. The types of
repaired aneurysms consisted of 60 aorto-bi-iliac aortic
aneurysms (34%), 58 aorto-mono-iliac aortic aneurysms
(33%), 54 common iliac artery aneurysms (31%, 10 bilat-
eral), and four isolated hypogastric artery aneurysms
(2%). Of note, three patients were treated due to pro-
gression of the aneurysmatic disease in the iliac arteries
after previous EVAR (Figure 2). The reintervention-free
survival rates were 83%, 77%, and 71% at 4, 6, and 8
years, respectively. Only six patients (3.4%) showed

type | or Il endoleaks, and the internal iliac side branch
patency amounted to 81% at 5 years. Similarly, Wong

et al reported the excellent performance of an iliac side
branch device in different branch configurations (helical,
bifurcated-bifurcated).’

Our Treatment Algorithm for Aneurysmatic
Degeneration of DSZ

We have already reported our institution’s algorithm
for AAA repair with either primary involvement of the
common iliac artery or as a result of further progression
of the disease.%®

We recommend embolizing and overstenting the inter-
nal iliac artery only in cases where neither the bell-bottom
technique nor the iliac side branch device are applicable.
We always intend to overstent only one internal iliac
artery. For common iliac artery aneurysms < 25 mm in
diameter, we advocate the bell-bottom technique as the
treatment of choice.

Figure 2. Postoperative CTA showing successful endovas-
cular aneurysm exclusion using the bell-bottom technique
for the right common iliac artery (A). Control CTA at 3 years
revealing migration of the flexible right limb of the endograft
with a type IB endoleak due to progression of aneurysmatic
disease at the DSZ (B). Endovascular repair of the distal seal
zone with bilateral implantation of iliac branch devices (C).

Our criteria for the use of iliac side branch devices consist
of: (1) diameter of the common iliac artery > 28 mm,

(2) length of the common iliac artery > 50 mm, and (3)
adequate length of the external iliac artery > 15 mm.
Common iliac artery aneurysms with a diameter between
26 and 28 mm still remain a gray zone in terms of the opti-
mal endovascular approach. Our main treatment criteria
for CIA aneurysms of this size are the clinical status of the
patient and the diameter at the origin of the CIA. The bell-
bottom technique is preferred in patients with limited life
expectancy and narrow common iliac arteries, as the risk of
a distal type | endoleak in such cases is low. Otherwise, the
iliac side branch device remains the treatment of choice.

Aneurysmatic degeneration of the internal iliac artery
is not an exclusion criterion for an iliac side branch
device. We recently published our experience with the
novel technique of using the iliac side branch device in
combination with the Advanta V12 (Maquet Vascular
Systems, Hudson, NH) and Viabahn (Gore & Associates,
Flagstaff, AZ) stent grafts supported by a self-expanding
stent to adequately seal the posterior trunk and exclude
the internal iliac artery aneurysm (Figure 3).'

Finally, we recommend the use of balloon-expandable
stent grafts (Advanta V12 or BeGraft [Bentley InnoMed
GmbH, Hechingen, Germany]) as bridging endografts for
the internal iliac artery. However, there has been an open
debate about whether a balloon- or a self-expandable
covered stent should be used as a bridging endograft for
the iliac side branch devices. To inform the debate, we
recently performed a pooled analysis of published single-
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Figure 3. Use of an iliac side branch device to treat an aorto-

iliac aneurysm with a concomitant aneurysm of the left inter-
nal iliac artery (llA). Preoperative CTA showing the aortoiliac
aneurysm with involvement of the proximal llA (A, B). Control
CTA confirming successful treatment of the lIA aneurysm by
combining a balloon-expandable and a self-expanding stent
graft and relining them with a self-expanding nitinol stent up
to the posterior trunk (C).

center experiences, which revealed better patency rates
for the balloon-expandable bridging endografts."

A narrow distal aortic neck is defined by the European
Society of Vascular Surgery as one that is < 20 mm in
diameter.™ Stenotic iliac arteries are considered to be
< 7 mm in diameter.? One technical concern dur-
ing EVAR in patients with narrow distal aortic necks
or stenotic iliac arteries is the risk of limb occlusion.
Specifically, in a narrow distal neck, compression of the
limb by means of a competition mechanism between the
two limbs could be responsible for limb occlusion.”™

Stent graft kinking has been independently related
to the occurrence of graft limb occlusion (odds ratio,

12; 95% confidence interval, 3.4-42.1; P = .0001), and
approximately 25% to 40% of the described occlusions in
recent EVAR series have been correlated to this mecha-
nism." The reported occlusion rates of currently used
endografts are controversial between the studies and vary
between 0% and 14%.'*" Recently, Cieri et al reported
the occurrence of 40 occlusions (3%) among 1,450
patients with different endovascular devices for AAA
repair (AneuRx [Medtronic, Inc, Santa Rosa, CA], Talent
[Medtronic, Inc.], Endurant [Medtronic, Inc.], Zenith
[Cook Medical], Excluder [Gore & Associates], Fortron
[Cordis Corporation, Bridgewater, NJ], and Anaconda
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Figure 4. Stenting of both endograft limbs with the kissing-
balloon technique in a napkin-ring aorta with a distal diame-
ter of 14 mm. The preoperative diameter of the narrow distal
aorta on CTA (A). Stent implantation with the kissing-balloon
technique and paving-and-cracking method (B). CTA at 2
years showing the performance of both limbs in the narrow-
est segment of the distal aorta (C).

[Vascutek Ltd, Inchinnan, UK]) over a mean follow-up
of 45 months.” In regard to the time of occlusion, van
Zeggeren et al reported that 90% of the 20 limb occlu-
sions were diagnosed within 1 year among 496 patients
who were treated with the Endurant stent graft.®

Our Treatment Algorithm for Narrow Distal Aortas

Generally, the diameter of the distal aorta through
which the two limbs must pass should be greater than
the sum of their diameters.” Failing this, there may be
compression of one of the limbs or kinking. At present,
there are no bifurcated endografts of which the sum of
the diameter of both limbs is < 20 mm.

An adjunctive measure that could overcome the chal-
lenge of a narrow distal aorta that is < 20 mm in diameter
is the implantation of a balloon-expandable stent in each
limb with the kissing-balloon technique (Figure 4). In case
of a “napkin-ring” aorta (circumferentially calcified nar-
row aorta; Figure 4), the use of the so-called paving-and-
cracking technique may provide some more room for
the deployment of both limbs, but such a maneuver also
carries the risk of aortic rupture, which could be a devas-
tating complication, especially in case of endoleaks.™

We do not recommend implantation of devices in
which the main body artificially elevates the aortic bifur-
cation with the contralateral gate. In such cases, gate can-
nulation can be very demanding once the ipsilateral limb
is deployed through the narrow distal neck. An alterna-
tive endovascular strategy is the use of an aorto-uni-iliac
stent graft and a crossover femoro-femoral bypass. We
do not recommend this procedure as the first-line treat-
ment in patients with narrow distal aortic necks due to
several limitations, such as (1) any limb kinking could lead
to a devastating acute aortic occlusion; (2) the procedure
requires bilateral groin incisions, which increase the risk of
additional morbidity by means of groin or graft infection;
and (3) deployment of the contralateral iliac artery occlu-
sion device can be very demanding,



Our Treatment Algorithm for Stenotic lliac Vessels
The strategy of choice in cases of stenotic iliac vessels
is the use of balloon angioplasty in the access vessels
prior to aortoiliac endografting and balloon-expandable
stenting within the limbs after endografting. According
to our experience, use of the paving-and-cracking tech-
nique may be required prior to endograft deployment
to facilitate endograft advancement. In this scenario,
we suggest using the Advanta V12 covered stent in the
common iliac artery and the Viabahn stent graft in the
external iliac artery. To overcome access issues, ultra-low-
profile stent grafts have recently been introduced, but
extensive and long-term experience with such devices is
still lacking. The use of a balloon-expandable introducer
is now available as a recollapsible sheath (SoloPath,
Terumo Interventional Systems, Somerset, NJ), and the
use of a surgical conduit, mostly an iliofemoral bypass
graft, is also recommended.

Although the flexibility of the current endografts has
been much improved, tortuous iliac vessels still remain
an anatomic challenge, not only during endograft inser-
tion but also when they are used in the DSZ. To the
best of our knowledge, the literature lacks comparable
data about the impact of tortuosity on EVAR outcomes,
due to the subjective grading of iliac artery tortuosity."
According to EVAR reporting standards, iliac artery
tortuosity can be measured with an iliac artery tortuos-
ity index."” The index is defined as the ratio between
the distance along the central lumen line between the
aortic bifurcation and the common femoral artery and
the straight line between the same landmarks.2° Despite
its accuracy, the use of this index remains complex and
time-consuming, and measurement should be per-
formed in different projections."

In view of the DSZ, severe iliac artery tortuosity may
influence limb patency in the long run. Possible mecha-
nisms of limb occlusion in cases of tortuous iliac arteries are
limb kinking and suboptimal apposition of the distal end
of the limb to the iliac vessel wall. The association between
limb kinking and occlusion was previously described. The
second mechanism remains a hypothesis of the authors
and requires further investigation to be proven. According
to our assumption, suboptimal wall apposition of the distal
end of the endograft’s limb may cause either a high-grade
local stenosis or lead to subintimal hyperplasia due to con-
tinuous intimal injuries of the iliac vessel (Figure 5).

Our Treatment Algorithm for Tortuous lliac Arteries
An essential step during EVAR implantation in a tortu-
ous iliac system is the performance of control angiogra-
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Figure 5. Our assumption about the possible mechanism
of limb occlusion post-EVAR due to suboptimal sitting of
the distal end of the limb in a tortuous common iliac artery.
Optimal position of the right limb (green circle) in a straight
right common iliac artery and suboptimal sitting of the left
limb (red circle) in the tortuous left common iliac artery (A).
Possible mechanisms leading to limb occlusion (I = high-
grade stenosis due to reduction of the vessel lumen; Il = ves-
sel injury and intimal hyperplasia [red area] associated with
the different directions of endograft and artery movement
during the cardiac cycle) (B).

phy after removing the extra-stiff wire, with either a soft
wire or an angiographic catheter (eg, vertebral or pigtail
catheter) kept in place. In our experience, this maneuver
will unmask possible graft kinking or suboptimal sitting
of the distal end of the endografts, which could not oth-
erwise be identified when the extra-stiff wire is in place.

For graft kinking, our recommended measure is the
implantation of an additional bare-metal stent, which
will optimize the anatomy of the limb. In cases of subop-
timal wall apposition of the distal end of the endograft’s
limb, we recommend the creation of a composite distal
end by supporting the endograft with a self-expanding
stent up to a straight part of the common or external
iliac artery. Of note, in some cases, overstenting of the
internal iliac artery is unavoidable. The substitution of a
nitinol stent appears to provide a more gradual transi-
tion into the tortuous iliac system.

A hostile DSZ could include one or more of the fol-
lowing anatomic scenarios: aneurysmatic iliac vessels, a
narrow distal aortic neck, and a stenotic or tortuous iliac
system. The pathogenic mechanism of DSZ-associated
poor outcomes and the influence of a hostile DSZ on
the reintervention rates after EVAR are not well investi-
gated. However, limb migration and occlusion are known
leading causes for reinterventions after EVAR. There are
several endovascular solutions to overcome those chal-
lenges, but comparative data are missing to draw robust
conclusions. In cases of aneurysmatic DSZ, the use of
an iliac side branch device is a well-established method
with excellent long-term results and provides an effective
solution for aneurysmatic degeneration of the DSZ due
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to further progression of the disease. In any case, DSZ has
an essential impact on a reintervention-free survival after
EVAR and is a factor that should not be overlooked. m

*The Zenith Branch lliac Graft is an investigational
device in the United States. Limited by United States law to
investigational use. It is CE Mark approved with indications
for use in the endovascular treatment of patients with an
aortoiliac or iliac aneurysm, an insufficient distal sealing
site within the common iliac artery, and having morphol-
ogy suitable for endovascular repair.
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