Optimal Landing Zone

for TEVAR

Considerations regarding landing zone length and diameter, angulation, and calcification and

thrombus and a review of available devices.
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horacic endovascular aortic repair (TEVAR) is a

minimally invasive treatment modality that has

revolutionized the treatment of thoracic aortic

pathologies. Initially developed and indicated
for descending thoracic aortic aneurysms, TEVAR has
since evolved into the mainstay and preferred treat-
ment option for type B dissections, intramural hema-
tomas, penetrating aortic ulcers, and traumatic aortic
transections.” With abundant data indicating the effi-
cacy of TEVAR, it has been widely used and accepted as
the recommended first-line treatment over open repair
for descending thoracic aortic aneurysms due to signifi-
cantly lower morbidity and mortality rates associated
with TEVAR.

The ability to undergo successful TEVAR is highly
dependent on favorable anatomy and being within the
criteria of an endovascular device’s instructions for use
(IFU). This makes preoperative imaging and measure-
ments vital to determine the suitability for endovascu-
lar repair and subsequent device selection. CTA with
thin cuts (< 1 mm) examining the entire aorta as well
as the iliofemoral arteries remains the most important
imaging modality for assessment of anatomic feasibil-
ity.2 Use of three-dimensional software with creation
of centerline of flow is critical to obtain accurate and
precise measurements for endograft sizing. Imaging
review entails assessment of the proximal and distal
landing zone length, diameter, morphologic character-
istics, aortic angulation, and access vessels. Studies have
demonstrated that an adequate landing/seal zone is
paramount to achieve long-term device success.>*

LANDING ZONE LENGTH

An ideal landing zone creates the best opportunity
for good apposition of the stent graft, allowing a good
seal and fixation. A compromised landing zone leads
to endoleaks, bird-beaking, retrograde aortic dissec-
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tion, and device migration. The commercially available
thoracic stent grafts vary in their specific requirements
to optimize seal at the landing zone, ranging from
15-25 mm proximally and 20-30 mm distally. An ideal
segment of healthy aorta has a relatively healthy paral-
lel aorta with a uniform diameter over the straight seg-
ment of the vessel designated to be the seal zone; this
segment should be nonaneurysmal and free of intralu-
minal thrombus, calcification, and tortuosity.

LANDING ZONE DIAMETER

The diameter of the aorta within the landing zone
segment may vary up to 15% without significant risk of
endoleak or failure of a proximal fixation.>® This is likely
due to the fact that commercially available stent grafts
for TEVAR are oversized, depending on the device’s IFU
and surgical indication. With stent grafts ranging from
21 to 46 mm for TEVAR, it is feasible to treat aortic
diameters from 16 to 42 mm. Patients with aneurysms
are recommended for greater oversizing, typically 15%
to 20% to maximize the radial force at the seal zones,
although the general consensus for aortic dissections/
transections is 0% to 10%. In patients with aortas with
severe curvature at the arch, even more generous over-
sizing may be necessary to ensure adequate apposition
along the inner curvature to prevent a type la endoleak
and/or graft migration. Caution must be taken with
too much oversizing because it increases the risk of ret-
rograde type A dissection” and can lead to stent graft
infolding and accelerated aneurysm degeneration. In
fact, data have shown that there is a strong correlation
between the percentage of oversizing and change in the
distal neck diameter after TEVAR in aneurysm patients.®

ANGULATION
Stent graft deployment with TEVAR commonly
requires a proximal seal zone in the aortic arch. When



the proximal landing zone segment has extreme angu-
lation or curvature, it can lead to incomplete endo-
graft apposition to the aortic lumen wall, known as
bird-beak configuration. Due to the unsealed portion
between the endograft and the lesser curvature of the
aorta, severe bird-beaking causes an increased risk of
type la endoleaks.’ Unlike EVAR, type | endoleaks are
the most common endoleaks after TEVAR and the
most common cause of reintervention, observed in

2% to 15% of TEVAR procedures.”® Earlier endografts
were more prone to bird-beaking because the proximal
stent grafts did not conform to the aortic anatomy
well, with an incidence as high as 40% to 57%.""'?
Current-generation TEVAR devices have evolved in
their design, including staged proximal deployment
sequences and material improvements, which have
helped improve the conformability of the stent grafts
within the aortic arch. This has allowed better sealing
of the proximal landing zone and decreased the occur-
rence and severity of bird-beaking.

CALCIFICATION AND THROMBUS

Extensive circumferential thrombus or calcification of
the aortic wall at the desired landing zones is a relative
contraindication to TEVAR and leads to type | endole-
aks.” There is no consensus on how much is too much.
A recent study tried to answer this, focusing on the
distal landing zone. Compromised distal landing zone
was defined as cross-sectional thrombus > 50%, > 25%
circumferential mural calcification, or > 3.5-cm diam-
eter. In 55 TEVARs performed for aneurysmal disease
falling into one of these compromised distal landing
zone categories, 35% of patients had type Ib endoleaks
in their intermediate follow-up.™

COMMERCIALLY AVAILABLE TEVAR
DEVICES

Currently, there are four thoracic aortic stent grafts
available for commercial use in the United States, each
with unique characteristics that should be considered
in operative planning and device choice. Each of these
devices has gone through design and material improve-
ments to allow better conformability and seal.

The Valiant Navion stent graft system (Medtronic;
Figure 1) is available in the FreeFlo configuration,
which is uncovered proximal bare-metal stents requir-
ing > 20 mm of proximal landing zone, and the
CoveredSeal configuration, which is a closed-web design
without proximal bare-metal stents requiring 25 mm.
Pivotal results from a global clinical trial of 30-day out-
comes of the Valiant Navion had a 1.2% type la endole-
ak rate and a 2.5% overall endoleak rate.’

The newest-
generation e
Conformable o AN
Gore TAG (CTAG;
Gore & Associates;
Figure 2) with
active control offers
a multistage con-
trolled release and
allows for orthogo-
nal adjustment of
the proximal stent

graft to the curva-

ture of the proximal
landing zone, creat-
ing a better seal and
decreasing bird-
beaking. The SURPASS observational registry of 127
patients demonstrated need for repositioning the graft
in two-thirds of the cohort intraoperatively, and half of
the cases used the angulation feature to improve wall
apposition and orthogonality in the aorta, resulting in
type la endoleaks in two patients and no bird-beaking
at 1 year.'

Figure 1. Valiant Navion stent graft
system.

gulation control at intermediate diamete gulation control at full di

Figure 2. CTAG.

Figure 3. Zenith Alpha thoracic endovascular graft.
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Figure 4. RelayPlus.

The Zenith Alpha
thoracic endovas-
cular graft (Cook
Medical; Figure 3) is
the newer genera-
tion of the Zenith
TX2 with a built-in
nose cone curvature
to improve con-
formability.

RelayPlus
(Terumo Aortic;
Figure 4) has a
curved self-aligning
supportive S-bar
engineered into

the stent graft that orients to the outer curve of the
thoracic aorta and is coupled with staged deployment,
allowing for precise positioning. The IFU-required aortic
landing zone length varies depending on the diameter
of the stent graft, ranging from 15 to 25 mm proximally
and 25 to 30 mm distally.

EXTENSION OF LANDING ZONE IN
COMPLEX AORTIC ANATOMY

Given the successful incorporation of TEVAR for tho-
racic aortic pathology with significantly reduced mor-
bidity, landing zone extension has been implemented
in higher-risk patients with more complex anatomy.
Branch vessels that would have been occluded by the
stent grafts can often be bypassed or debranched, and
the landing zone can be moved more proximally into
zone 0 to 2 to allow for adequate seal (Figure 5).

Additionally, trials are currently underway that are
evaluating patients with thoracic aortic pathology

encroaching on or involving the arch branch vessels,
such as trials involving the Valiant Mona LSA stent graft
system (Medtronic), Gore TAG thoracic branch endo-
prosthesis (Gore & Associates), and most recently the
Relay Branch stent graft (Terumo Aortic). These devices
are available only to a few select centers participating

in these trials. Meanwhile, the parallel stent graft tech-
nique (chimneys and snorkels) has also been used, with
the advantage of immediate availability using off-the-
shelf endograft devices."” However, the longevity and
durability of these techniques are not known. Laser in
situ arch fenestration is a useful adjunct that has been
used successfully in expanding the proximal extent of
TEVAR to obtain adequate seal.’®

EndoAnchors (Medtronic) have been used
prophylactically and therapeutically to reinforce fixa-
tion in proximal seal in challenging or hostile proximal
landing zones, augmenting endograft seal and mitigat-
ing the risk of stent migration." It is important that
the area deemed suitable for EndoAnchor placement
is devoid of calcification and thrombus to achieve
optimal results.

Although the indications for TEVAR continue to
expand to treat more challenging aortic diseases,
achieving adequate proximal landing zone remains a
fundamental requisite for adequate fixation and seal of
the endograft. Close and continued postoperative imag-
ing surveillance is therefore an important and necessary
aspect of care for these complex patients.

CONCLUSION

Optimal landing zones have long, healthy, parallel
(nontorturous) aortic segments free of calcium and
mural thrombus. Compromised landing zones lead
to stent graft failure, including endoleaks and stent

carotid subclavian artery to obtain adequate seal proximal seal zone (A-C).
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migration. TEVAR repairs benefit from the evolution
and development of modern endovascular stent grafts
with improved modifications and designs aimed at
increasing precise deployment, conformability, and seal-
ing at landing zones. |
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