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From the beginning, the basic idea underlying the
development of arterial aneurysm treatment with endolumi-
nal approach was to replace the surgical suture by a different
element of fixation of the fabric graft to the arterial wall.
Since the introduction of this approach in the early 1990s, the
technology has progressed rapidly. The endovascular treat-
ment era started with “home-made” devices, as they were
named, and has now improved to third-generation devices
that are being manufactured by several medical companies.

The evolution of catheter-based methods stemming from
percutaneous transluminal balloon angioplasty (PTA) has
made these techniques a viable first-choice option also in the
treatment of stenotic disease of the thoracic and abdominal
aorta. Based on new devices, improved techniques, and oper-
ator skills, a sizable percentage of patients are candidate for
treatment with minimally invasive procedures. Improvements
in the safety and effectiveness of the endovascular treatment
of aneurysmal and stenotic disease of the aorta represent an
achievement of which also physicians are responsible and
may be justifiably proud.

In the present chapter, we will describe the endovascular
treatment of aneurysms located in the abdominal and thoracic
aorta. Moreover, endovascular treatment of coarctation of the
aorta and abdominal aorta stenosis will also be discussed.

Abdominal Aortic Aneurysm
Indications for Intervention
The main reason to treat asymptomatic patients is to prevent the

risk of abdominal aortic aneurysm (AAA) rupture, which brings
a high mortality rate. Because mortality in elective AAA repair
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is dramatically lower than that associated with rupture, the
emphasis must be on early detection and elective repair. The
risk of rupture is strongly related to AAA size: aneurysms
between 5.5 and 5.9 cm in diameter have an annual risk of rup-
ture of 9.4 %, and those between 6 and 6.9 cm have an annual
risk of rupture of 10.2 %. The speed of aneurysm growth and the
eccentric or saccular shape (which have considerably increased
wall stress) are other factors that can influence the rupture risk.
ACC/AHA Guidelines for peripheral arterial disease suggest
intervention for infrarenal aortic aneurysms larger than 5.5 cm
and rapidly expanding aneurysms with lower diameter.

Endovascular Abdominal Aortic
Aneurysm Repair

The History

On September 7, 1990, Dr. Juan C. Parodi and his team at the
Instituto Cardiovascular de Buenos Aires in Argentina per-
formed the first endovascular AAA repair (EVAR) [1]. The
aneurysm was excluded endoluminally with a Dacron graft
that was anchored at the proximal infrarenal neck with a
stainless steel balloon-expandable stent. The system was
assembled by affixing with sutures the fabric tube to an
undeployed stent mounted on a large-diameter angioplasty
balloon. The system was then sheathed inside a large-bore
catheter that served as the delivery system. The access to
the aorta for delivery and deployment was obtained through
the surgically exposed common femoral artery. This system
was the first generation of endografts, the home-made ones,
and obtained exclusion and depressurization of the large
aneurysm in a patient who had been deemed an unsuitable
candidate for standard surgical repair. Two years later, Parodi
and Claudio Schonolz performed the first endovascular AAA
repair in the United States that ushered in a new era for the
interventional vascular practice [2]. Not surprisingly, but
unbeknownst to them at the time, they were not alone in
these endeavors. The Ukrainian surgeon Nicholas Volodos
performed the first endovascular repair of a traumatic
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Fig. 34.1 Zenith endovascular stent system (Permission for use
granted by William Cook Europe, Bjaeverskov, Denmark)

thoracic aortic aneurysm (TAA) as early as 1986 [3]. These
initial experiences were the driving force and stimulus for
the truly explosive growth in interest, creativity, and invest-
ment that followed. Indeed, subsequent years have seen a
tremendous surge in both the number of endovascular AAA
repairs performed worldwide, technological improvements
in endograft design, and application of the technique to other
vascular beds.

EVAR Devices

Zenith Flex Endovascular Graft

(Cook Inc., Bloomington, IN)

The Zenith Flex endograft for AAA with the introduction
system H&L-B One-Shot is a modular bifurcated stent com-
posed of Z-shaped self-expandable stainless steel exoskele-
ton, covered with woven polyester (Fig. 34.1). The main
body of the endograft includes the aortic portion and is

Fig. 34.2 Talent abdominal stent graft (Courtesy of Medtronic Italy
Spa, Brescia, Italy)

introduced through the H&L-B One-Shot system. It is pro-
vided with a long iliac extremity (ipsilateral) and another
short iliac extremity (contralateral), both of which work as a
link for the branch extensions. A bare-metal stent is attached
to the top of the main body, cephalad to the fabric graft.
Multiple steel barbs are welded in a staggered configuration
to the bare-metal stent to provide additional aortic fixation.

Talent Abdominal Stent Graft

(MedtronicVascular, Santa Rosa, CA)

The device is a self-expanding modular system composed of
serpentine-shaped nitinol stents integrated into a woven
polyester matrix (Fig. 34.2). The stents are discontinuous
and are spaced along a full-length nitinol spine. The latter
wire provides columnar strength to a graft that is otherwise
flexible enough to accommodate aortoiliac angulations.
The spine also prevents twisting and longitudinal infolding
of the endograft during deployment. The proximal aortic
fixation end has a 1.5-cm uncovered nitinol frame that allows
for transrenal fixation of the device. These characteristics
may allow increased potential for treating patients with chal-
lenging aortic neck configurations [4, 5]. Since its original
introduction, the endograft has been modified to include the
use of a thinner, low-profile graft fabric to create the Talent
Low-Porosity System (LPS). Later, the Talent endograft niti-
nol springs were chemically treated to enhance durability,
and the position of the iliac longitudinal connecting bar was
moved from lateral to medial to improve conformability and
decrease risk of kinking and thrombosis, resulting in the
latest-generation Talent eL.PS device. The Talent Abdominal
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Fig. 34.3 Endurant stent graft (Courtesy of Medtronic Italy Spa,
Brescia, Italy)

Stent endograft has a 22F delivery system with a hydrophilic
coating which does not require a delivery sheath. A 24F
delivery system is required for 30 to 36-mm devices and
allows treatment of up to 32-mm neck diameters with a neck
length of 10 mm and <60° of angulation.

Endurant Stent Graft (MedtronicVascular,

Santa Rosa, CA)

This device features a polyester graft material externally sup-
ported by an electropolished nitinol stent structure attached
to the graft by sutures (Fig. 34.3). An M-shaped proximal
stent with anchoring hooks is designed to fix the endograft
above the renal arteries. The hydrophilic, low-profile deliv-
ery system for the main body measures between 18F and
20F, while for the iliac extensions, the sizes are 14F and 16F.
A tip-capture mechanism allows separate control-release
deployment of the suprarenal stent. The Endurant endo-
graft is loaded into a low-profile delivery system, with an
outer diameter ranging from 18F to 20F for the main body
and from 14F to 16F for the extenders. The delivery system
features a tip-capture release mechanism to ensure accurate
control of suprarenal stent deployment.
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Fig.34.4 AneuRx abdominal stent graft (Courtesy of Medtronic Italy
Spa, Brescia, Italy)

AneuRx Abdominal Stent Graft

(MedtronicVascular, Santa Rosa, CA)

This is a modular endograft system that utilizes an exo-
skeleton of 1-cm self-expanding elements (Fig. 34.4). The
self-expanding, thin-wall polyester graft material, sup-
ported by diamond-shaped elements, supplies high radial
force for reliable and secure sealing without barbs, hooks,
or balloons. To date, the AneuRx Abdominal Stent Graft
has undergone eight modifications since the original clini-
cal trial. The first-generation device consisted of a stiff-
body design with a pre-reduced porosity graft material
and a bullet delivery system. In 1998, the endograft flexi-
bility was increased by changing the body of the endo-
graft from a single 5-cm nitinol stent to a series of 1-cm
diamond-shaped rings. Furthermore, the graft material
was changed to a reduced porosity material. In 2002, the
delivery system was changed to the Xpedient Delivery
System with a tapered nose cone, allowing the device to
be placed without a sheath. In 2004, the graft material was
again changed to the Resilient graft material, which
was associated with the greatest amount of sac shrinkage
as compared to other contemporary graft materials [6]. In
2005, the Xcelerant Delivery System was added, allowing
for easier deployment of the endograft. In 2006, the
AneuRx AAAdvantage Stent Graft was offered, which
added an extended aortic body of 4 cm, contoured stent
rings, longer, larger, and flared iliac limbs to decrease the
number of components required for repair and enhanced
radiopaque markers. Finally, in 2008 a hydrophilic coat-
ing was added to the delivery system. Currently, the
AneuRx AAAdvantage Stent Graft has a 21F delivery sys-
tem and may be used to treat up to 26-mm aortic neck
diameters that are 15 mm in length with <45° of
angulation.



448

Fig.34.5 Excluder aortic endograft (Courtesy of W.L. Gore & Associates,
Inc., Flagstaff, AZ)

Excluder Aortic Endograft

(W.L. Gore & Associates, Flagstaff, AZ)

This device is a modular system covered with expanded
polytetrafluoroethylene (ePTFE) and supported by a nitinol
stent frame (Fig. 34.5). The endograft material is bonded to
the nitinol frame and thus has no suture holes in the material.
The microstructure in the original device permitted selective
permeability of serous fluid in a subset of patients that could
be associated with endotension [7, 8], but with the addition
of a non-permeable, very thin, and highly durable fluo-
ropolymer layer, this drawback was overcome [9, 10]. The
endograft consists of a bifurcated main body with a single
docking limb and assorted iliac limbs. Iliac and proximal
extenders are also available. The main proximal portion of
the main body has a scalloped end that is entirely covered
with paired nitinol anchors for fixation set at 45°. There is no
mechanism for suprarenal fixation. The proximal edge is
identifiable by three gold markers designed to be placed
immediately below the most inferior renal artery. The main
body of the device is contained in an ePTFE jacket that is
stitched with a single strand of ePTFE string. This is the
mechanism for deployment: the string is pulled and the
stitches are released, causing endograft deployment (proxi-
mal to distal). Rotational orientation is facilitated by differ-
ent length markers on the ipsilateral and contralateral
endograft sides. In the new C3 Delivery System, deployment
is now a three-step maneuver, including the option of
re-constraining and repositioning the device. If the position
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is believed to be too high or too low with regard to the
renal arteries, the device can be easily adjusted to reach
the ideal final location. Similarly, reorientation of the contra-
lateral gate is possible, which makes cannulation easier and
less time consuming. Currently, introducer sheaths are avail-
able in 30-cm length as 12F, 18F, and 20F sheaths. Main
trunks with ipsilateral leg are available in 23-mm, 26-mm,
and 28.5-mm diameters with 12-mm and 14.5-mm iliac
diameters. The endoprosthetic length ranges from 12 to
18 cm in 2-cm increments. The recommended aortic neck
diameter ranges from 19 to 28 mm. The ipsilateral iliac treat-
ment diameter ranges from 10 to 13.5 mm. All these devices
can be delivered via the 18F sheath except for the 31-mm
endograft, which requires the 20F sheath. The contralateral
endograft ranges from 12 to 20 mm in 2-mm increments and
is available in 9.5-cm, 10-cm, 11.5-cm, 12-cm, 13.5-cm, and
14-cm length increments. The larger diameter contralateral
leg endograft (16, 18, and 20 mm) can also be used as iliac
extenders. The Excluder device contains flared iliac extend-
ers to attach to aneurysmal iliac vessels. Dedicated iliac
extenders range from 10 to 14.5 mm and are available in
7-cm length increments. The recommended iliac treatment
diameters range from 8 to 18.5 mm. All may be delivered via
the 12F sheath except for the 16-mm to 20-mm endograft,
which requires an 18F sheath. Aortic extenders range 23, 26,
and 28.5 mm and are available in 3.3-cm length increments.
Their recommended aortic neck diameter is 19 to 26 mm in
the United States, and a range of 19 to 29 mm has been used
outside the United States.

Anaconda AAA Stent Graft System (Vascutek,
Scotland, UK)

The system is tri-modulare and is composed of a bifurcated
body to which the ipsilateral and contralateral branch may
engage (Fig. 34.6). A wide range of bodies and bifurcated
iliac branches allows to treat patients with an aortic neck
from 17.5 to 31 mm and iliac arteries from 8.5 to 21 mm. The
tri-modulare system allows adapting the stent to the size and
characteristic anatomy of each patient. The flexibility of the
body is allowed by the fact that distally to the two rings of
nitinol for the proximal anchorage, the prosthesis is supported
by two other very flexible rings, which, while supporting the
bifurcated body, will not impair flexibility. The end of
the contralateral side has a thin support of nitinol and radi-
opaque markers to ensure an open and visible lumen during
the procedure of cannulation. The iliac branches, straight
and/or flared, are equipped with support rings and radi-
opaque markers for the correct positioning inside the main
body. The rings of support are varied but independent of one
another so as to ensure an excellent flexibility to the iliac
branches and prevent kinking. The iliac branches can be used
to treat isolated aneurysmal iliac arteries. The flexibility
characterizes also the introduction and release system that
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Fig. 34.6 Anaconda AAA stent graft system (Courtesy of Vascutek
Ltd., Renfrewshire, Scotland)

allows placing the stent in vessels anatomically very tortu-
ous. The proximal part of the aortic bifurcated body has two
rings of nitinol supported by four pairs of hooks that ensure
safe anchorage of the device.

AFX Endovascular AAA System

(Endologix, Irvine, CA)

This Endovascular AAA System integrates anatomical fixa-
tion with an advanced delivery system and graft material
technology (Fig. 34.7).

Incraft Stent Graft System

(Cordis Corporation, Florida, USA)

This new system was designed so that a few sizes will fit
most vessels with respect to both diameters and length
(Fig. 34.8). The modular components can be tailored during
the implant procedure, with “in situ length adjustment” of
the limb prostheses. This permits up to 2-3 cm of variability
that can be achieved by varying the modular overlap length
on each side reducing the risk of inadvertent coverage of the
hypogastric orifice and, at the same time, allowing the maxi-
mum length of iliac fixation for migration prevention.

Fig. 34.7 AFX endovascular AAA system (Courtesy of Endologix,
Inc., Irvine, CA)

The endograft design provides appropriate radial force over
a relatively large range of diameters, so that four sizes can be
used for aortic diameters ranging from 17 to 31 mm.
Similarly, five different iliac limb diameters will accommo-
date iliac arteries ranging from 7 to 22 mm in size. Each iliac
limb is supplied in four distinct lengths ranging from 8 to
14 cm, allowing a total aortoiliac coverage length between
13 and 21 cm. Therefore, a combination of 23 different mod-
ular components allows the operator to customize the device
to the wide variety of AAA anatomy, with a significant
reduction in the complexity of device selection, which is so
critical in emergency settings. The Incraft device has a flared
bare transrenal stent with 8—10 laser-cut barbs (size depend-
ing) located on the most cranial part of the stent for suprare-
nal fixation. The transrenal stent, the short segmented sealing
infrarenal endoskeleton stent and the non-tilting deployment
mechanism maximize the proximal seal, especially in the
presence of a challenging aortic neck. The endograft is con-
structed of a seamless, woven polyester material supported
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Fig. 34.8 Incraft stent graft system (Courtesy of Cordis Corp.,
Hialeah, FL)

by a series of laser-cut nitinol stents throughout its entire
length. Such a design was chosen for kinking prevention,
which has been associated with limb thrombosis. The Incraft
stents are attached to the graft with a unique suture scheme
to minimize micromotion between the stent and graft com-
ponent, a mechanism believed to have a negative impact on
endograft integrity with prior devices. Finally, one of the
most innovative features of the device is the ultra-low pro-
file: the integrated delivery system is I3F with a 14F
(4.7 mm) outer diameter. The “catheter-like” flexibility and
the elimination of sheath exchange minimize delivery prob-
lems, particularly in patients with small, diseased, and other-
wise challenging access anatomy.

Selection Criteria for EVAR

General accepted guidelines for EVAR include at least
10-15 mm of non-aneurysmal proximal neck, proximal
neck diameter less than 30 mm, adequate access vessels

(femoral/iliac arteries) at least 7 mm in diameter, minimal
vessel calcification and thrombus, and a neck—body aneu-
rysm angle <60°. The 2005 Excluder instructions for use
recommend the following selection criteria: adequate iliac/
femoral access, infrarenal aortic neck diameter ranging
from 19 to 26 mm, minimum aortic neck length of 15 mm,
proximal aortic neck angulation <60°, iliac artery treat-
ment diameter ranging from 8 to 18.5 mm, and iliac distal
vessel seal zone of at least 10 mm. Device delivery may be
hindered by excessive tortuosity, calcification, or occlusive
disease of femoral or iliac arteries. Additional consider-
ations relate to the adequacy of collateral flow for occluded
branches, such as an indispensable inferior mesenteric
artery or accessory renal artery. The most common obstacle
for EVAR is inadequate proximal anatomy. Self-expanding
stents may be used more frequently to treat AAA with neck
dilatation compared with balloon-expandable stents. An
analysis comparing Excluder and the balloon-expandable
Lifepath found this factor to be correlated with a higher rate
of device migration seen in the Excluder device in this
series [11]. A review from the EUROSTAR database ana-
lyzed 1,152 patients treated with EVAR having severe neck
angulation (>60°) with Excluder, Talent, or Zenith endo-
grafts [12]. All three had acceptable outcomes in patients
with severe neck angulation, with the Excluder and Zenith
having increased risk for short-term type I endoleak and
device migration and the Talent device having increased
long-term risk of type I endoleak and secondary interven-
tion. Favorable anatomic criteria allow use of any of the
current commercially available endografts for EVAR.
However, it has become apparent that certain features of
proximal neck diameter, length, and angulation, or iliac
anatomy characteristics favor some devices over another.
The low-profile delivery is one such example. Also, the
scalloped proximal edge makes precision delivery possible
for tight proximal anatomy. A unique characteristic of the
Excluder is its rapid deployment mechanism. This rapid
deployment of a self-expanding device with proximal fixa-
tion in the setting of tortuosity and path rotation may lead
to unexpected shortening and a more distal position than
expected in inexperienced hands. Potential consequences
of unexpected distal migration could include inadvertent
hypogastric artery occlusion. Whittaker et al. found that
this event occurred in 11 % of limbs studied with a shorten-
ing of graft path 1 cm or more [13]. Moreover, they noted
that graft path shortening was affected more by anatomic
factors than by Excluder device factors. Graft rotation was
the most difficult pattern to predict preoperatively. Most
patients will be assessed with three-dimensional recon-
struction of multi-detector CT angiography (MDCTA).
This has replaced previous modalities such as “road-map”
angiogram or marker catheter as the best method for pre-
intervention planning. Features such as tortuosity and
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rotation require special consideration in preoperative plan-
ning. Whittaker et al. reported that three-dimensional com-
puter-aided measurement, planning, and simulation
software was very accurate for preoperative planning with
the Excluder device and more accurate than using marker
catheter angiography [14]. Availability of several commer-
cial devices with different properties with regard to proxi-
mal fixation, deployment accuracy, endograft flexibility,
and size of introduction system enables to tailor the device
selection according to each patient’s AAA anatomy. Zenith
endografts were mainly used for short proximal necks in
view of the suprarenal fixation of the bare stent with hooks
and barbs. In addition, in view of the versatility of the
Zenith Tri-Fab system in which the length of both limbs
can be chosen after insertion of the main body, the endo-
graft may be appropriate also in aneurysms where accurate
length measurement proves difficult (e.g., angulation or
short common iliac arteries). This feature is shared also by
the Incraft Stent Graft System. The Talent endografts were
initially used for proximal necks with a large diameter, but
this advantage was lost when the Zenith equally featured
larger proximal diameter sizes. Excluder endografts were
preferred in patients with narrow and angulated iliac arter-
ies because of flexible and thinner wall limbs. In July 2004,
the Excluder underwent an important modification with the
introduction of a lower porosity graft material. The Talent
prosthesis was recently replaced by Medtronic with the
Endurant. This new prosthesis, always with suprarenal
attachment, has greater flexibility and conformability in the
aortic vessel and requires thinner, dedicated introducers.

EVAR Procedure

The deployment technique for a two-piece modular device
involves passage through one femoral artery of a sheath
containing a body and the ipsilateral iliac limb. The superior
end of the body is positioned just below the lowermost renal
artery. The contralateral iliac limb is inserted through the
opposite femoral artery and is overlapped with a short stump
in the body of the device. The end result is a percutaneous
Y-graft, with some important differences as compared to
surgical grafts: the attachment sites in the infrarenal aortic
neck, iliac arteries, and within the endograft are not sutured,
and the aortic side branches are not ligated. Since the attach-
ment sites are not hand sutured, they rely on the radial force
of the stents to provide a hemostatic seal. Fixation at the
attachment sites is also important to prevent endograft
migration. Some manufacturers achieve this by adding
hooks or barbs on the infrarenal stent. Some devices incor-
porate a bare suprarenal stent with or without hooks. This
suprarenal stent may extend as high as the superior mesen-
teric artery.
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Access-Related Issues

EVAR requires adequate vessel size in order to place the
device and to exclude the aneurysm. Indeed, small external
iliac arteries, vessel tortuosity, and heavily calcified vessels
with aortoiliac occlusive disease make EVAR more difficult.
For each of the currently available devices, the external iliac
and common iliac arteries need a minimum diameter of
7 mm for the main device. Certain anatomical conditions
will make access more difficult, but certain technical maneu-
vers can overcome these conditions.

Femoral Artery Access

Standard femoral artery access is achieved via a transverse
or longitudinal incision. Use of small transverse incisions
just below the inguinal ligament may be beneficial during
EVAR. With this exposure, dissection just below the inguinal
ligament gains access to the common femoral artery, typi-
cally in a relatively soft area of the artery. Furthermore, the
femoral bifurcation is avoided, making control of the femo-
ral artery easier and avoiding dissection of the profunda and
superficial femoral arteries. When using this approach even
in patients with heavily calcified vessels, it is usually pos-
sible to find a soft spot on the anterior wall of the femoral
artery just distal to the inguinal ligament that can be used
to puncture the artery. If the vessel is still heavily calcified,
the inguinal ligament can be divided to allow access to the
very distal external iliac artery. Once the femoral artery is
dissected out, proximal and distal control of the vessel is
obtained with vessel loops. Wire access is then obtained
using the standard Seldinger technique. There is growing
experience with a truly percutaneous approach using a tech-
nique, often referred to as the “pre-close technique.” With
this technique, sutures are percutaneously placed before
the insertion of the sheath and are used to close the femo-
ral entry site at the end of the procedure. Using ultrasound
guidance to confirm access to the common femoral artery,
the artery is accessed and a 7F sheath is placed. A femoral
arteriography is performed to confirm the sheath is within
the common femoral artery. The 7F sheath is removed, and
either a single 10F Prostar (Abbott Vascular, Santa Clara,
CA) or two 6F ProGlides (Abbott Vascular, Santa Clara, CA),
the second 45°-90° to the first, can be advanced over the
guidewire with the sutures deployed within the vessel wall.
Once the sutures are deployed, guidewire access is regained
through the rapid-exchange port of the device. The suture
device is then removed, and either an 11F or 16F sheath can
be placed for hemostasis. This technique can be used with
any of the currently available devices. When first learning
this technique, it is best to avoid small, calcified vessels, as
well as extremely tortuous vessels. A fully percutaneous pro-
cedure presents some advantages: less bleeding, reduced risk
of femoral nerve injury, faster recovery, and, in most cases,
earlier ambulation.
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Aortic Angiogram

After femoral access is achieved, a marker pigtail angiography
catheter is inserted into the sheath and advanced over a J-tipped
guidewire up to the suprarenal aorta under fluoroscopic con-
trol. The guidewire is removed, and an aortogram is obtained
with a pressure injector and recorded on the fluoroscopy screen
with road-mapping technology. Aortic angiography with the
marker catheter, which has radiopaque markers at 1-cm inter-
vals, allows accurate measurement of the distance between the
point of proposed placement of the proximal attachment sys-
tem (below the lowest renal artery) and that of the distal attach-
ment system (above the ipsilateral hypogastric artery). This
serves to confirm preoperative MDCTA measurements and to
assure that the appropriate endograft length had been selected.

Endograft Positioning and Deployment

Once guidewire access is obtained, before placing any large
sheath or device, it is best to have a stiffer guidewire in place
for the sheath and device to track. Stiff guidewire that are
available to straighten out the vessels include the Amplatz
Super Stiff (Cook Medical, Bloomington, IN), the Meier
Wire (Boston Scientific Corporation, Natick, MA), and the
Lunderquist (Cook Medical, Bloomington, IN). In vessels
with extreme tortuosity and calcification, even advancing a
stiff guidewire through a catheter can be difficult, with the
stiff guidewire not advancing and the catheter coming back.
This can sometimes be overcome with the use of a “buddy
guidewire.” Initially, if a stiff guidewire does not pass through
a catheter, a stiff Glidewire (Terumo Interventional Systems,
Somerset, NJ) can be passed though the catheter, which will
usually track easily. Leaving the stiff Glidewire within the
catheter, a second guidewire — typically a Glidewire — can be
placed within the sheath and into the descending thoracic
aorta. A catheter is then advanced over the Glidewire. With
the stiff Glidewire and catheter already in place, a stiffer
guidewire, such as an Amplatz Super Stiff or a Lunderquist
guidewire, can be advanced through the second catheter to
straighten out the external iliac artery for placement of the
device. Gradually increasing the size of small vessels bypass-
ing dilators can be an adjunctive maneuver besides using a
stiff guidewire for device placement. In some patients with
severely diseased external iliac arteries or iliofemoral vessels
of inadequate size, a conduit end-to-end sutured to the com-
mon iliac artery can be used to obtain adequate access for
placement of the endograft. A 10-mm Dacron graft allows
for passage of all devices. This can be extremely beneficial in
preventing damage and/or rupture of the external iliac artery.
Once the endograft sheath is introduced over the stiff guide-
wire and advanced under fluoroscopic control up the iliac
segment and well into the aneurysm, the patients receive
5,000 IU intravenous heparin. With the guidewire left in
place, the angiography catheter is removed, and the endovas-
cular deployment assembly (trunk-ipsilateral component) is
prepared for insertion into the sheath. The assembly is loaded
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Fig. 34.9 GORE tri-lobe balloon catheter (Courtesy of W.L. Gore &
Associates, Inc., Flagstaff, AZ)

over the guidewire and advanced under fluoroscopic control
up the introducer sheath to the aortic position. The intro-
ducer sheath, initially advanced into the aorta, is backed into
the external iliac artery, which permits the endovascular
prosthesis portion of the assembly to be positioned within
the aneurysm. The proximal attachment system is positioned
just below the renal arteries, the distal attachment system is
positioned in the common iliac artery, and the trunk-ipsilat-
eral component of the endograft is deployed. In order to
maximize and improve proximal fixation, there are some
maneuvers that can be used. The first of these is magnifica-
tion views and appropriate angulation of the fluoroscopy
unit. Typically, adjustment of the image intensifier in the
caudal direction will open up the infrarenal neck and show
its true length. Typically, the infrarenal aortic neck begins to
angle anteriorly following the course of the lumbar spine.
Adjusting the image intensifier 10° to 20° is usually sufficient
to open up the proximal neck. After guidewire cannulation of
the contralateral “gate,” the contralateral leg of the endograft
is then inserted in the opposite common femoral artery and
advanced until overlap is obtained on the short contralateral
leg of the aortic endograft placed in the abdominal aorta. An
elastomeric balloon is then used to secure the endograft to
the proximal aortic neck. This step is usually performed dur-
ing cardiac pacing at high frequency to reduce blood pres-
sure and to avoid that the displacing forces of the high aortic
flow may push the inflated balloon causing downward migra-
tion of the endograft from its position. New balloons, such as
the Tri-Lobe (Fig. 34.9), allow blood flow through the device
itself and do not require temporary pacing. A pigtail angiog-
raphy catheter is then reinserted over the guidewire into the
suprarenal aorta, and a completion angiogram is obtained.
Technical success is achieved when there has been success-
ful access to the arterial system using a remote site, success-
ful deployment of the endograft with secure proximal and
distal fixation, absence of either a type I or type III endoleak
(see complications), and a patent endograft without signifi-
cant twist, kinks, or obstruction by intraoperative measure-
ments [13—15]. The sheath and guidewire are removed, and
the access site is sutured or hemostasis is obtained with the
pre-close technique.
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Fig. 34.10 Embolization of the hypogastric artery before EVAR. (a)
Deployment of an Amplatzer vascular plug (arrow) in the right hypo-
gastric artery. (b) MDCTA (multiplanar reconstruction) showing final

Vascular Anatomy Issues

Proximal Aortic Neck

It has been demonstrated that placing the endograft as
close to the renal arteries as possible at the original implan-
tation significantly decreases the risk of migration. There
are certainly some conditions that are going to increase the
risk of migration or proximal type I endoleaks. These risks
include a short angled neck as well as a reverse funnel
neck. Currently, all devices are approved for use with a
proximal neck length of 15 mm except the Talent abdomi-
nal endograft, which is approved for use with a 10-mm
neck. The technique and precision of device implantation,
along with patient selection are significant factors in pre-
disposing patients to subsequent adverse events in the
future, especially migration. Migration has been reported
with all devices with an incidence between 2.3 and 9.5 %
in clinical trials with a follow-up of 1-4 years [16-19].
When evaluating device-specific outcomes, Ouriel et al.
found no significant difference among various devices
regarding the risk of migration, which ranged from 0 %
with the Talent and Ancure to 8.2 % with the Zenith [18].
In a more recent study, Abbruzzese et al. evaluated 177
Zenith, 111 Excluder, and 277 AneuRx endografts [19]. In

result after EVAR. Note the deployed Amplatzer vascular plug (arrow)
with complete occlusion of the right hypogastric artery and the endo-
graft leg that was brought into the external iliac artery

the study, 39.3 % of devices were placed outside of at least
one of the instruction for use parameters. Mean follow-up
was 30+21 months and was significantly shorter for the
Zenith (20 months) compared to the Excluder (35 months)
and AneuRx (31 months), respectively. Overall actuarial
5-year freedom from aneurysm-related death, reinterven-
tion, and graft-related event rates were similar among the
three devices.

lliac Artery Aneurysms

In patients with aortoiliac aneurysms, there are three options
available to the implanting physician. For ectatic iliac ves-
sels, use of flared limbs has simplified the repair of aneu-
rysms with large common iliac arteries. Flared limbs as large
as 24 mm allow vessels up to 20-22 mm to be safely treated
without the need of coil embolization of the internal iliac
artery. This is possible with both the AneuRx AAAdvantage
and Talent abdominal endografts. However, when using
these flared limbs, it is still important to try to achieve
between 20 and 25 mm of seal to prevent a retrograde type |
endoleak. With aneurysmal common iliac arteries, it is
usually safer to occlude the hypogastric artery by coil embo-
lization or vascular plug deployment and bring the endograft
into the external iliac artery (Fig. 34.10).



454

Complications Following EVAR

Migration

As the attachment sites are not sutured, there may be
movements at the aortic or iliac attachments or at points
of connection within modular endografts. Device migra-
tion is defined as any report of postprocedure device
movement. These migrations include reports of migra-
tions of the trunk-ipsilateral, contralateral leg, and
extender components. It is well known that preprocedure
planning, which includes appropriate patient anatomical
measurements and device selection, will minimize migra-
tion events. Even when placing the device as close to the
renal arteries as possible during initial deployment, there
is continued risk of migration, especially if there is a short
aortic neck, significant neck disease, including thrombus
and calcification, neck angulation, and adverse neck con-
tour, such as a reverse funnel neck [18-21]. However, it is
important to remember that endograft relies on three
points of fixation, including the proximal aortic neck and
the right and left common iliac arteries. In vivo animal
studies have shown that by maximizing the distal iliac
fixation, the amount of force required to displace the
endograft is increased by 67 %. This has been demon-
strated with both infrarenal and suprarenal devices with
no significant improvement when hooks were present
[22-25].

Endoleaks

The term endoleak was first used in 1996 and defines the
persistent perfusion of the aneurysm sac after EVAR due
to incomplete sealing. The presence of an endoleak implies
failure to exclude the aneurysm or a vessel segment. A leak
can appear during the first 30 days after implantation. This
type of leak is called “primary endoleak.” “Secondary
endoleak™ is one that occurs after 30 days. Persistent blood
flow within the aneurysm sac eventually may result in
aneurysm rupture despite endovascular repair. Review of
EUROSTAR data suggested that the presence of an
endoleak can predict rupture, since 69 % of patients whose
aneurysm ruptured following EVAR had a preexisting
endoleak [26]. The incidence of endoleak varies from 10 to
50 %, and its treatment depends on the type, site, and size
of the endoleak.

Endoleak Classification

The anatomic classification of endoleaks is based upon the
source of the inflow into the aneurysm sac, regardless of the
number and type of other vessels involved in the outflow.
The initial definition differentiated between four types of
endoleak, but it was expanded in 1999 to include endoten-
sion (type V) (Table 34.1).
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Table 34.1 Endoleak classification

Types  Mechanism

I Flow originates from ineffective endograft seal at fixation
zones

A Proximal

B Distal

C Iliac occluded

I Branch vessel retrograde flow

A Single vessel (simple)

B Two or more vessels creating a circuit (complex)

I Flow results from structural endograft failure

A Junctional separation (modular devices)

B Endograft fracture or holes

— Minor (<2 mm)
— Major (>2 mm)

v Endograft fabric porosity (<30 days after endograft
implantation)

A\ Endotension

Typel

These endoleaks are caused by failure of the circumferential
seal at the fixation points of either the proximal (type IA) or
distal (type IB) end of the endograft. Type IC endoleak is due
to non-occluded iliac artery in patients with aorto-mono-iliac
grafts and fem—fem bypass. With type I endoleaks, the aneu-
rysm is perfused directly from the aorta or iliac arteries
(inflows). These leaks usually communicate through a chan-
nel (sometimes multiple channels) with the aneurysm sac.
There are several outflow vessels, mainly lumbar arteries and
inferior mesenteric artery that communicate with the channel
and or the sac. The pressure within a type I leak is systemic.
The tension on the aortic wall remains high. Causes of pri-
mary type I endoleaks include inappropriate anatomy, such as
a significantly angulated neck, severe calcification/plaque at
the proximal or distal landing zones, a noncircular landing
zone, endograft malpositioning and under-dilation, and endo-
graft type. Secondary type I endoleaks can be due to aneu-
rysm remodeling, resulting in endograft migration,
progressive dilatation of the proximal neck, design and
dimensions of endograft, or unfavorable infrarenal necks,
including the conically shaped neck and neck shorter than
15 mm. Treatment is mandatory because the aneurysm sac is
at systemic pressure. Untreated type I endoleaks are at high
risk of aneurysm rupture. Indeed, a rupture rate of 3.37 % has
been reported [27]. Treatment requires satisfactory circum-
ferential apposition between the endoluminal surface of the
vessel and the external aspect of the endograft. Gentle expan-
sion of the device with a compliant “molding” balloon will
seal the majority of primary type I leaks. Occasionally, despite
prolonged molding, the leak will persist. A giant Palmaz stent
may then be used to prevent recoil and improve stent apposi-
tion to the proximal neck. If this procedure fails and the leak
is significant, a limited laparotomy will enable an external
band to be placed around the proximal neck, without opening
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Fig.34.11 Follow-up angiography after EVAR in a patient with type
II endoleak. (a) Early-phase subtraction angiography showing patency
and correct position of the endograft. (b) Selective angiography of the

the aneurysm sac. Open conversion is occasionally required
and was more frequent in the past for very large endoleaks
due to the migration of home-made devices. If the endoleak is
due to endograft malposition or moderate distal migration,
the endograft is extended to increase the length of neck con-
tact or the distal seal in the case of a leaking limb. Hence, a
proximal aortic cuff or a graft extension limb may be required,
and these are generally oversized by 10-20 % to prevent fur-
ther endoleaks.

feeding collateral vessel (arrow) originating from the external left iliac
artery. (c—d) Late-phase subtraction angiography showing the endoleak
(arrows)

Typell

This type of endoleaks corresponds to the retrograde filling of
the aneurysm, mainly from lumbar arteries and/or inferior mes-
enteric artery but also, in rare situations, from sacral, gonadal,
accessory renal artery arteries, or iliac artery branches
(Fig. 34.11). The leak always communicates with another “out-
flow” vessel. These are the commonest endoleaks, affecting up
to 43 % of cases, and may be associated with aneurysm expan-
sion and rupture. However, this risk is much less than with the
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Fig.34.12 Embolization of a large lumbar artery (a) selective angiog-
raphy before EVAR. (b) Amplatzer vascular plug deployment (arrow).
(¢) MDCTA (multiplanar reconstruction) showing final result after

type I and III endoleaks (0.5 % vs. 3.4 %) [26, 28]. Of note, they
are associated with a significant rate (up to 40 %) of spontane-
ous closure. The current consensus is that a type II endoleak in
the setting of a shrinking aneurysm can generally be followed
without the need of immediate intervention. Treatment is
required only for endoleaks that persist for more than a year in
an aneurysm of increasing size. Intervention is usually by percu-
taneous embolization, either by a transarterial or a translumbar
route. Percutaneous CT-guided or ultrasound-guided thrombin

EVAR. Note the deployed Amplatzer vascular plug (arrow) with com-
plete occlusion of the lumbar artery

injection in appropriate patients can be a useful treatment option
and should be considered when the more conventional methods
are difficult [29, 30]. In some instances, coil or plug emboliza-
tion of feeding vessels before endograft deployment is a viable
option for type II endoleak prevention [31] (Fig. 34.12).

Typelil
These endoleaks are caused by structural failure of the endo-
graft due to separation of its modular components (type IIIA)
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Fig.34.13 Explanted endograft from a patient with type IIIB endoleak.
Note the structural defect and a hole in the graft fabric

or a tear in the graft material (type IIIB) (Fig. 34.13). As in
the case of type I endoleaks, type III endoleaks represent
direct perfusion of the aneurysm sac at systemic pressure and
have a relatively high rupture rate. Primary type IIIA endole-
aks are readily apparent during the initial procedure, but it
can be difficult to differentiate them from type I endoleaks.
They are usually caused by inadequate overlapping of the
junctional sections of a modular endograft. Rarely, the cause
may be defects in the graft material. Primary type IIIA leaks
almost always resolve after balloon molding of the
junction(s). If there is insufficient overlap of the components,
an additional component may be required. If the endoleak is
from the main body of the endograft or at the flow divider, a
second endograft should be deployed within the first. Use of
an aorto-mono-iliac device and a surgical fem—fem cross-
over helps to reduce the total amount of graft material. If no
suitable graft is available, open surgical conversion must be
considered. Delayed type IIIA endoleaks were seen com-
monly in the first-generation devices due to a short overlap
between the main body and the limb [32]. They are generally
due to sac remodeling, causing the graft components to sepa-
rate, or to mechanical stress causing stent and fabric failure.
They are very dangerous, since there is acute repressuriza-
tion of the sac, and should be treated aggressively as primary
type I leaks, accepting that there is a significant open conver-
sion rate [26].

TypelV

Type IV endoleaks are caused by porosity of the endograft
fabric during the primary procedure and are seen at the time
of device implantation, as a faint blush on the postimplanta-
tion angiogram, when patients are fully anticoagulated. They
were reported almost exclusively with the first-generation
devices and seal spontaneously. Rupture has not been
reported.

TypeV

This type of endoleak is caused by continued expansion of
the aneurysm sac in the absence of an endoleak visible on
conventional imaging. The term “endotension” has also been
coined for this phenomenon, which is thought to reflect the
continued pressurization of the aneurysm sac. It is important

to exclude the presence of a subtle endoleak by further
investigation such as contrast-enhanced ultrasound. If found,
this needs to be treated as described previously. In some
cases, the expansion may be due to ultrafiltration through
first-generation ePTFE endografts, resulting in the formation
of a hygroma (Fig. 34.14), or to tiny endoleaks through
suture holes in the endograft material. Sac expansion due to
ultrafiltration of serous material can be left untreated even if
rupture occurs. However, the inside of the endograft can be
relined with a second device [33], and open surgical conver-
sion remains a viable option (Fig. 34.15).

Endoleak Diagnosis

Contrast MDCTA is considered the imaging technique of
choice for endoleak detection. Indeed, MDCTA is reported
to be superior to aortography for the demonstration of
small leaks. However, selective angiography is superior to
MDCTA for the detection of inflow and outflow vessels
(Fig. 34.11b). Deceitful MDCTA images, including calci-
fications, contrast within the folds of unsupported por-
tions of the endograft, and residual contrast inside the
aneurysm sac from the initial procedure may erroneously
suggest the presence of endoleaks when noninvasive angi-
ographic follow-up is obtained within 1-3 days after
implantation. Of note, “pseudo-endoleaks” are seen in up
to 57 % of patients.

Color Doppler ultrasound (CDUS) is a noninvasive and
cost-effective imaging modality that can be used for
endoleak assessment. It is highly dependent on the opera-
tor and has limitations in obese patients and in those with
excessive bowel gas. Patients should be evaluated after
5-6 h fasting, in the supine and lateral position. The aorta
is evaluated both transversally and longitudinally. A leak
is suspected when a reproducible color and Doppler signal
inside the aneurysm is visualized. Variable success is
reported for the detection and localization of the source of
endoleaks with ultrasound, depending on technical factors,
imaging protocol, and image quality. Overall, the reported
sensitivity for endoleak detection ranges between 12 and
100 %, with specificities ranging between 74 and
99 % [34]. Although these noninvasive techniques are reli-
able in detecting an endoleak, the characterization and
type of endoleak, as well as endovascular treatment plan-
ning can still be difficult.

Structural Failure and Graft Distortion

Metals subjected to aortic pulsation pressures may frac-
ture. The iliac limbs of the device may also become dis-
torted and angulated within the residual space of the
aneurysm.
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Fig.34.14 Progressive expansion over time of the aneurysm sac in a patient treated with a first-generation Excluder endograft

Non-endoleak-Related Complications

These adverse events during or after EVAR can be catego-
rized as complications owing to surgical exposure of the
access arteries or the percutaneous approach, ischemic com-
plications owing to intentional or inadvertent clot emboliza-
tion or covering of an aortic side branch, stenosis or occlusion
of an endograft limb, infection of the endograft or aneurysm
sac, and contrast-induced nephropathy.

Local Wound Complications in the Groin

Local wound complications following surgical exposure of
the access arteries include groin hematoma, infection, or
lymphocele. Their reported incidence is 1-10 % [35]. In
some cases, CDUS or MDCTA evaluation may be needed to

evaluate the extent of the lesion. Clinical surveillance with or
without medical treatment or surgical repair are mostly
enough for definitive treatment.

Access Artery Injury

Arterial thrombosis, dissection, or pseudoaneurysm forma-
tion can occur in up to 3 % of EVAR procedures. Besides
correct surgical and interventional skill, a thorough preoper-
ative CDUS or MDCTA evaluation of the common femoral
and iliac arteries with special attention to access vessel diam-
eter, tortuosity, and degree of calcification is mandatory. The
introduction of a stiff and large catheter system in the pres-
ence of small and heavily calcified iliofemoral arteries can
induce vessel wall dissection or even perforation. In case of
a postprocedural groin pseudoaneurysm, CDUS-guided
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Fig. 34.15 Operating room picture during open surgical conversion
(Same patient of Fig. 34.14). Note the proteinaceous material deposited
inside the aneurysm sac indicative of hygroma formation

thrombin injection is not always successful as the pseudoan-
eurysm neck can be too large, making surgical repair the
only definitive treatment option.

Ischemic Complications

Ischemic complications may occur immediately after
EVAR. They can be due to thrombus formation and embo-
lization into aortic side branches and include colonic,
renal, and pelvic ischemia. Another cause of ischemia is
endograft misplacement and partial or complete covering
of an aortic or iliac side branch, resulting in renal or pel-
vic ischemia.

Colonic Ischemia

Bowel ischemia occurs in 1-3 % of cases after open aortic
aneurysm repair, and the incidence seems to be in the same
range for EVAR [36, 37]. Postoperative bowel ischemia
after aortic aneurysm repair still remains a serious compli-
cation with a mortality rate of 50 % within 1 month.
However, the pathophysiological mechanisms of colonic
ischemia most probably differ in open versus endovascular
repair. Whereas interruption of the inferior mesenteric or
iliac arteries has been suggested to be the cause of bowel
ischemia in open procedures, the same mechanism does not
seem to be important for EVAR. Zhang et al. suggested that
thrombotic deposits and atheroma in the suprarenal aorta
may play a role in major bowel ischemia in EVAR [38].
Thrombus and atheromatous material may be dislodged
while the proximal part of the endograft is being positioned,
deployed, and balloon dilated just below the renal arteries.
These maneuvers can induce upstream flushing of mural
clot or atherosclerotic debris into the superior mesenteric
artery. They may also migrate into the renal, inferior

mesenteric, and internal iliac and lower-limb circulation
resulting in segmental, skipped, or patchy ischemia of the
embolized areas. This embolization mechanism may also
explain why bowel ischemia after EVAR mostly presents as
multifocal patchy ischemia. This type of bowel ischemia is
not seen after open repair, most probably because suprare-
nal aortic and ostial inferior mesenteric arterial clamping
during surgery makes distal embolization unlikely. These
observations underline the importance of a careful prepro-
cedural evaluation of the proximal aneurysmal neck and the
need to identify thrombus and atheroma that may make
patients poor candidates for EVAR.

Spinal Cord Ischemia

Spinal cord ischemia after EVAR is very rare. Indeed, in the
EUROSTAR database, an incidence of 0.21 % in 2,862
patients has been reported [39]. The mechanism is not com-
pletely understood, but atheromatous embolization and inter-
ruption of collateral circulation from lumbar and internal
iliac arteries together with a variable anatomy of the artery of
Adamkiewicz seem to be the most important contributing
factors. The treatment is the same as for paraplegia after tho-
racoabdominal EVAR or open repair and consists in cerebro-
spinal fluid drainage and, if indicated, recanalization of
occluded collateral arteries like the internal iliac artery
[40—44].

Renal Artery Occlusion

Inaccurate endograft placement with partial or total cover-
age of one or both renal arteries occurs in less than 5 % of
cases [45] and may be due to lack of high-quality imaging
technology for guiding the EVAR procedure and limited
experience of the endovascular team. In their early learning
curve with EVAR, Kalliafas et al. described renal artery
occlusion in 5 of 204 patients, resulting in renal failure with
chronic hemodialysis need in two of them [46]. If mis-
placement is detected during EVAR, a bailout attempt can
be made, using a pull-down maneuver with an inflated
angioplasty balloon or by tugging caudally on a guidewire
placed across the endograft bifurcation and exteriorized
from both femoral arteries. Using this technique, Gorich
et al. could move the stent graft from 5 to 27 mm more
distally [47]. It is noteworthy that these authors did not use
this bailout technique on endografts with barbs at the proxi-
mal part of the suprarenal stent. Finally, in case of partial
coverage of one renal artery, stent placement in the renal
artery with slight protrusion of the stent over the proximal
part of the endograft into the aorta can also be used to man-
age this complication [48]. Rarely, renal ischemia may also
occur when the top of the endograft main body needs to be
placed close to the main renal artery in the presence of an
accessory renal artery originating from the infrarenal neck
(Fig. 34.16).
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Fig. 34.16 Volume-rendering MDCTA (a) and invasive angiography
(b) showing a left accessory renal artery (arrows). (¢) The endograft
main body was deployed close to the main renal artery occluding the

Early and Late Limb Occlusion After EVAR

Endograft limb thrombosis is a known complication of
EVAR, especially in unsupported endografts. Indeed, it can
occur in as many as 40 % of cases treated with this type of
devices [49, 50]. The underlying mechanism is most fre-
quently kinking of the unsupported endograft limb. Second-
generation supported endografts perform significantly better

accessory renal artery (arrow), and (d) multiplanar reconstruction
MDCTA performed 3 days after EVAR showed infarct of the lower
renal pole (arrow)

with regard to limb thrombosis and have shown a signifi-
cantly lower rate of limb occlusion, ranging between 0 and
5 % [51]. Most of the limb thrombotic events occur within
the first 2 months after EVAR, and the underlying causes are
endograft kinking and extension of the small-diameter endo-
graft into the external iliac artery [52, 53]. Recently, it has
been demonstrated that limb occlusion may also occur
4-5 years after EVAR [54]. The mechanism of late limb
occlusion can be migration and dislocation of an endograft
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Fig. 34.17 MDCTA (short-axis
6-month follow-up showing a thin circumferential layer of thrombotic
material (arrow) at the proximal end of an Excluder endograft main
body

multiplanar reconstruction) at

component causing major hemodynamic turbulence and,
eventually, limb or entire endograft thrombosis. Treatment of
limb occlusion includes various surgical and endovascular
revascularization techniques. The best treatment option
depends on the patient’s general status as well as on specific
endograft and excluded aneurysm changes.

In contrast to limb thrombosis, incidentally found
mural thrombotic deposits are much more frequent in both
first-generation endografts (20 %) and second-generation
supported endografts (17-33 %) [55]. A circumferential
layer of thrombotic material has been observed more in the
Zenith endografts than in the Excluder endografts, but they
are clinically silent and are not associated with potential
endograft thrombosis or distal embolization (Fig. 34.17).
Additionally, there is no difference in survival among
patients presenting with mural deposits in their endograft
compared with patients without this thrombotic layer.
Based on these observations, additional treatment in the
form of relining the endograft with another endograft or
administering any type of anticoagulant therapy cannot be
recommended.

Infection
The incidence of endograft infection is 0.5-1 %. If untreated,

infection can result in generalized sepsis and death [56].
There are multiple causes of this complication. Endograft

contamination during EVAR seems to be the source of early
infection. Secondary infection from a remote source is
another pathophysiological mechanism. van den Berg et al.
reported an endograft infection following septic complica-
tion of a kidney stone 1 year after EVAR [57]. Another case
of endograft infection after EVAR has been reported in a
patient who underwent an appendectomy for appendicitis
and peri-appendicular abscess formation 1 month prior to
EVAR. Another cause of infection is an aortoenteric fistula.
Multiple mechanisms of aortoenteric fistula creation have
been described and include endograft migration, erosion of
the aorta and duodenum by embolization coils, fabric rup-
ture, inflammatory nature of the aneurysm, and bacterial aor-
titis with chronic duodenal erosion [58-61]. Diagnosis of
endograft infection is based on clinical and radiological find-
ings. Leukocytosis, fever, and back pain are typical clinical
signs, while MDCTA may show fluid collection around the
rim of the aneurysmal sac. Air bubbles may also be seen
within the aneurysm sac [62, 63]. Puncture of the collection
or sac for microbiological analysis often gives the definitive
diagnosis. After intravenous administration of antibiotics,
treatment is always resection of the endograft and aneurysm
sac, followed by extra-anatomic bypass or in situ venous
bypass.

Contrast-Induced Nephropathy
and Acute Kidney Injury

Although patients receiving EVAR are spared the ischemic
insult of aortic cross-clamping and have less perioperative
hemorrhage [64, 65], the potential nephrotoxicity of large
contrast volume must be considered. Correct positioning and
deployment of the endograft strictly needs high-quality fluo-
roscopy and digital subtraction angiography imaging using
injection of a contrast agent. In addition, repeated adminis-
tration of contrast during periprocedural evaluation and fol-
low-up surveillance with MDCTA represents an additional
risk for progressive renal dysfunction [66, 67]. Although an
average contrast volume of 50-100 mL is commonly needed
for an EVAR procedure, higher amounts are not infrequently
used as a result of multiple angiographies that may be
needed, particularly in complex anatomy for correct endo-
graft positioning and for assessment and treatment of type I
endoleak at the proximal or distal fixation sites after endo-
graft implantation. Contrast-induced nephropathy, resulting
in acute renal failure, occurs in 6.7 % of cases according to a
nationwide survey by Wald et al. [68]. To avoid contrast-
induced renal complications, carbon dioxide (CO,) can be
used as an alternative contrast agent [69, 70].

In addition to contrast agents, other factors may be respon-
sible for acute kidney injury after EVAR. Manipulation and
positioning of the endograft within the aneurysm together
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with balloon inflation at the proximal fixation site may result
in thromboembolism of the renal arteries and renal infarc-
tion. Moreover, the type of endograft used for proximal fixa-
tion in AAA may have an influence on renal function. Indeed,
suprarenal fixation of the endograft is still creating concerns
in regards to long-term effects. Interference with renal artery
flow, narrowing of the renal ostium, renal infarction, and bio-
logical response of the aorta may be the result of continued
injury from the suprarenal fixation stent and may play a role
in renal function deterioration over time [71, 72].

Post-EVAR Follow-Up

The most common method of evaluating changes in aneu-
rysm sac size is serial MDCTA and measuring the widest
diameter for comparison (Fig. 34.14). Ultrasound screening
is useful to evaluate sac diameter and to look for evidence of
endoleaks, but it may not be sensitive enough to adequately
assess early changes. Also, lateral plain X-ray has been used
to evaluate graft migration by correlating graft markers with
bony landmarks. The most sensitive method for detecting sac
changes appears to be three-dimensional volumetric analysis
by MDCTA [8]. Serial MDCTA has the benefit of enhanced
information compared with ultrasound or plain radiograph.
However, the financial burden, cumulative radiation expo-
sure, and potential renal impairment from repeated contrast
agent loads are a concern. It has been suggested that if an
aneurysm is stable or reduced in size at 12-month MDCTA,
it could safely be followed with clinical and ultrasound eval-
uation. This recommendation is based, in part, on the
improved performance of the low-permeability endograft
that markedly reduced the rates of endotension and sac
expansion at l-year follow-up. Although this improved
short-term performance is encouraging, late expansion is
still a concern and the importance of long-term serial evalu-
ation should be emphasized. Another screening approach is
to obtain a non-contrast CT image at follow-up. This would
provide good information about device migration or defor-
mation, aneurysm sac size, and stent fracture without expos-
ing the patients to contrast agent administration. Screening
with magnetic resonance angiography (MRA) is another
option and is suitable for the Talent, Excluder, and Quantum
low-permeability endografts but not for Zenith or Lifepath
endografts due to artifact susceptibility [73].

Thoracic Aortic Aneurysm

Although, in general, cardiac surgeons manage thoracic seg-
ments of the aorta and vascular surgeons take care of abdom-
inal aneurysms, the diagnosis and medical care of most
aortic pathologies is frequently the responsibility of
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cardiologists. In light of this fact and considering the
emergence of endovascular interventions for this disorder, it
is important for cardiologists to gain confidence in managing
at least the most frequent presentations of thoracic aortic
aneurysms (TAA). Accordingly, it is also important for car-
diologists to know the clinical and endovascular manage-
ment of patients with TAA.

Indications for Intervention

Asymptomatic TAA are initially managed medically.
Symptomatic and expanding aneurysms, or those more than
55 mm in diameter in the ascending aorta or more than 60 mm
regardless of site or symptoms, are managed surgically. A
novel predictor of TAA rupture, the aortic size index, could
help predict rupture, dissection, or death. This index uses
body surface area information (i.e., mm aortic diameter per
m? body surface area), enabling improved selection for surgi-
cal repair on a case-by-case basis and stratification of patients
according to risk. A value of 2.75 cm/m? or less represents
low risk of rupture (approximately 4 % per year), 2.75—
4.24 cm/m? represents moderate risk (approximately 8 % per
year), and more than 4.25 cm/m? represents high risk (approx-
imately 20 % per year), further underlining the importance of
relative aortic size for predicting complications [74].

Endovascular Repair of Thoracic
Aortic Aneurysm

For aneurysmal disease that encompasses the descending
thoracic aorta and, in selected cases, the distal aortic arch,
the use of endografts for repair of suitable anatomic condi-
tions is emerging as a promising, nonsurgical alternative.
Currently, catheter-based endovascular TAA repair (TEVAR)
is undergoing clinical investigation [75-81]. As expected,
outcomes have improved with growing technical expertise,
use of commercially manufactured endografts, and the avail-
ability of appropriate patient selection criteria. Overall, tech-
nically successful device deployment is currently achieved
in 85-100 % of cases. Data from 457 patients treated with
endografts (113 emergency and 344 elective cases) and
enrolled in the Talent Thoracic Retrospective Registry
showed that among the 422 patients who survived the inter-
ventional procedure, mortality during follow-up was
8.5 % [80]. Of the 36 patients who died, 11 died from the
aortic disease. Persistent endoleaks were reported in 64
cases, of which 44 cases were primary (9.6 %) and 21
occurred during follow-up (4.9 %). Kaplan-Meier overall
survival estimates were 90.9 % at 1 year, 85.4 % at 3 years,
and 77.5 % at 5 years [80]. At the same time intervals, the
rates of freedom from a second procedure (either open
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conversion or endovascular) were 92.5 %, 81.3 %, and
70.0 %, respectively. Endovascular treatment for isolated
TAA is considered a procedure with low early morbidity
and mortality, even in patients treated on an emergency basis
or with an arch aneurysm requiring hybrid intervention with
surgical de-branching and subsequent endograft placement
[80]. Follow-up data suggest substantial durability of such a
hybrid procedure with high freedom from procedure-related
death and secondary interventions [80]. Notably, patients
included in registries had a high burden of comorbidities,
and many would, therefore, not have been candidates for
open surgery [81]. With only mid-term follow-up data after
TEVAR available, any direct comparison with long-term
outcome after successful surgical repair is not yet justified.
However, the low rate of adverse events and neurological
complications could eventually favor endovascular repair.

Hybrid Procedures for Aortic Arch Pathology

The aortic arch morphology is challenging due to angulation
and proximity of supra-aortic branches that need to be pre-
served. Traditionally, the safest open arch reconstruction
technique includes hypothermic cardiac arrest, extracorporal
circulation, and selective cerebral perfusion. However, open
procedures for any arch pathology carry a high risk for in-
hospital mortality (2-9 %) and neurological complications
(4-13 %) [82-84]. Therefore, surgery is often reserved for
low-risk patients. As an alternative strategy, hybrid arch pro-
cedures may provide a viable solution in higher-risk patients
combining first-stage de-branching bypasses with second-
stage endovascular exclusion of the affected arch. Hybrid
arch procedures are generally performed without hypother-
mic circulatory arrest or extracorporal circulation and may
expand the treatment option to older patients with severe
comorbidities or those who need redo surgery and are cur-
rently ineligible for open surgical intervention. To treat distal
arch aneurysms involving both the left subclavian and the
left common carotid artery, these vessels can be translocated
upstream to the right common carotid artery approached via
a cervical access [85, 86]. For arch aneurysms extending to
the innominate artery, the ascending aorta can be used, via
sternotomy, as a donor site for de-branching bypasses and
serve as a proximal landing zone for the endograft [87, 88].

TEVAR Devices

The Zenith TX2 Thoracic TAA Endovascular Graft
(Cook Inc., Bloomington, IN)

This device is a two-piece modular system allowing the
physician to customize a graft system to fit each patient’s
individual anatomy (Fig. 34.18). Independent, stainless

Fig. 34.18 Zenith TX2 thoracic endovascular graft (Permission for
use granted by William Cook Europe, Bjaeverskov, Denmark)

steel z-stent configuration provides graft flexibility. Varied
z-stent lengths and diameters promote secure graft/vessel
apposition, columnar strength, and graft flexibility. The
endograft is covered with a lightweight, strong, and
shrink-/stretch-resistant woven polyester (historically
used for open surgical TAA and AAA repairs). Four gold
markers placed 1 mm from all proximal and distal aspects
of the endograft denote its edges to assist in deployment
accuracy. Varied proximal component diameters and
lengths allow for optimal coverage to fit each patient’s
specific anatomical requirements. The proximal end of the
proximal component has barbs that protrude through the
fabric to inhibit downward migration. Varied distal com-
ponent diameters and lengths allow for optimal coverage
to fit each patient’s specific anatomical requirements and
provide maximum overlap with proximal component. The
bare stent at the distal end of the distal component con-
tains fixation barbs to reduce the risk of upward migra-
tion. Long, tapered hydrophilic dilator tips minimize
vessel trauma and provide increased trackability over the
wire guide.
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Fig.34.19 Talent (a) and Valiant (b)thoracic
endograft (Courtesy of Medtronic Italy Spa, Brescia,
Italy) »

The Talent Thoracic Endograft

(MedtronicVascular, Santa Rosa, CA)

The Talent thoracic endograft is composed of a Dacron graft
material supported by self-expanding nitinol springs. The
springs are sewn to the graft material with polyester sutures
(Fig. 34.19a). The graft material is a sheet of monofilament
polyester with a seam joining the edges to create a cylindrical
tube. Opposite the seam is the connecting bar, which attaches
the most proximal and distal springs. The connecting bar pro-
vides columnar strength to the device and facilitates deploy-
ment. During implantation, the connecting bar should be
oriented to the outer radius for endograft conformability and
kink resistance. All nitinol components are surface treated to
enhance long-term fatigue performance. The Talent endograft
has many modular sections that can be used to treat a wide
variety of thoracic lesions. The endograft has three proximal
and distal configurations. The proximal configurations are
FreeFlo, Bare Spring (22 mm only), and Open Web, which all
have a flared geometry. The FreeFlo design (different from
the Bare Spring configuration) has a bare spring and a mini-
support spring, which improves sealing for sizes of 24—46 mm.
The distal configurations are Bare Spring, Closed Web, and
Open Web. The Open Web configuration was designed for
use as distal extensions for the Talent endograft system.

The Valiant Endograft (MedtronicVascular,

Santa Rosa, CA)

The Valiant thoracic endograft is an evolution of the previ-
ously described Talent thoracic endograft (Fig. 34.19b). The
Valiant is composed of a woven, monofilament polyester
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graft sewn to a self-expanding nickel-titanium (nitinol) wire
stent. The nitinol scaffolding is composed of a series of 5
peaked springs stacked in a tubular configuration and sewn
with braided polyester non-absorbable sutures onto the out-
side of the polyester graft material. The proximal and distal
stents differ from the “body” springs in that they have 8
peaks and range in height from 15 to 17 mm. The endograft
does not have a connecting bar between springs in an attempt
to increase conformability of the device. The spring spacing
is designed to allow adjacent peaks to contact each other
when loaded into the Xcelerant delivery system providing
the necessary column strength for deployment. The proximal
and distal ends of the endograft come in both open (FreeFlo)
and closed (Closed Web) configurations. Seven radiopaque
platinum—iridium markers are sewn to the endograft fabric.
Four proximal 8-shaped markers and two distal 0-shaped
markers indicate the proximal and distal extremities of the
stent material. A single 8-shaped “mid-marker” indicates the
minimum amount of overlap required when deploying mul-
tiple segments. The Closed Web configuration is not designed
for use as a primary section or proximal extension. A seg-
ment with a FreeFlo configuration should not be deployed
within another segment because of the risk of material
rupture. The Valiant is currently available in diameters from
24 to 46 mm. Junctions between sections require oversizing
to achieve a seal. Multiple sections may be required to
achieve disease coverage and fixation. These should be sized
to give appropriate oversizing, using tapered segments if
necessary, and sufficient length, taking the requirement for
adequate overlap into account. The Xcelerant delivery
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Fig. 34.20 Bolton Medical Relay thoracic endograft (Courtesy of
Bolton Medical, Milan, Italy)

system consists of a single-use, disposable catheter with an
integrated handle to provide the user with controlled deploy-
ment of the Valiant endograft. The delivery system has a
22-25F outer diameter and is designed to track over a 0.035"
guidewire. The delivery part of the system is composed of an
inner member with a flexible tapered tip, a middle member
incorporating the stent-stop, and an outer cover. A stainless
steel braid stiffens the outer cover. The outer cover restrains
the endograft during tracking and releases the endograft
upon retraction. The middle member helps tracking through
tortuous anatomy and has a flexible stent-stop to maintain the
endograft position during deployment. Rotating or releasing
and retracting the integrated handle deploy the endograft by
retraction of the outer sheath cover. Should the handle jam, it
can be disassembled to allow direct retraction of the outer
sheath while the inner and middle members are held firmly.

Bolton Medical Relay Thoracic Endograft (Bolton
Medical In¢, International Parkway Sunrise, FL)

This device, together with its “Transport” delivery system,
has been specifically designed for the thoracic aorta and has
an indication to treat every region, particularly the aortic arch
(Fig. 34.20). The Relay endograft is made of a Dacron-woven
graft and of a proprietary electropolished ultrasmooth nitinol.
The device is available in two configurations featuring a prox-
imal bare stent (Relay Plus) or a proximal crown stent (Relay
NBS Plus). The device is characterized by a dedicated radial
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Fig. 34.21 Gore Conformable TAG (Courtesy of W.L. Gore &
Associates, Inc., Flagstaff, AZ)

force distribution: the radial force expressed by each stent is
different, according to its role (high for proximal and distal
sealing stents, intermediate for middle stents, and low for the
proximal bare stent). A “spiral support strut,” “double S”
shaped in three dimensions, is also available with the aim of
absorbing the forces expressed by the heartbeat and the blood
flow forces onto the aorta, giving columnar strength and sup-
port. The “Transport” delivery system is a unique two-stage
introducer system: while the primary sheath gives support in
the navigation of the iliacs, the flexible secondary inner sheath
allows to take the device through every tortuous anatomy. A
proximal capture system allows a precise positioning and
repositioning of the endograft prior to deployment. Diameters
of the Relay endograft vary from 22 to 46 mm, and lengths
from 100 to 250 mm, for straight and tapered configurations.
A custom-made program is also available.

The TAG (W.L. Gore & Associates, Flagstaff, AZ)

The TAG is a flexible nitinol-supported PTFE device avail-
able in diameters of 2640 mm and in 10-cm, 15-cm, and
20-cm lengths (Fig. 34.21). The exoskeleton is bonded to the
graft material without sutures and is constrained by an ePTFE
sleeve. The device profile depends on the size of endograft
and requires a 20-24F sheath. Deployment is very rapid and
occurs with the release of the constraining sleeve. The TAG
expansion is designed to start from the middle of the endo-
graft and progress toward its end. This is designed to avoid the
displacing forces of the high arterial flow when aortic endo-
grafts are partially deployed in a standard deployment mode.
The device is then additionally expanded with a specially
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designed trilobed balloon that allows flow to continue during
inflation, thus avoiding the need for rapid pacing (Fig. 34.9).
If more than one device is used, the most proximal device
should be deployed first, and then the second must follow dis-
tal to this with at least 2 cm of overlap. The original device
contained two longitudinal spines for columnar support. The
device has been redesigned recently: the longitudinal spine
was removed, and the ePTFE material was reinforced.

TEVAR Indications

Thoracic Aortic Aneurysm

In approximately 60 % of cases, TAA involves the ascending
aorta, in 40 % the descending aorta, and in 10 % the arch,
while 10 % of patients show a thoracoabdominal extension.
Etiology, natural history, and treatment of TAA differ for
each of these segments [89]. The suitability of a given patient
for endovascular repair is based on both clinical and anatomi-
cal considerations. To date, endograft placement is a first-
choice option when TAA is distal to the aortic arch and when
an abdominal aorta location is present. As with AAA, the
endograft bridges the aneurysm sac to exclude it from high-
pressure aortic blood flow, thereby promoting sac thrombosis
and aorta remodeling. Successful TAA exclusion similarly
requires normal segments of native aorta at both lesion ends
of at least 12-25 mm to ensure adequate deployment and
contact between the endograft and the aortic wall with a tight
circumferential seal. Devices are oversized by 10-20 % in
diameter to provide sufficient radial force for fixation. The
preferred and most common site of vascular access is the
common femoral artery (41-58 %). Less frequently, access
to the iliac artery (9-44 %) via an extraperitoneal approach is
required [90, 91]. Proximal attachment of the endograft may
require intentional coverage of the left subclavian artery
ostium [92]. With this technique, it is important to identify
patients with anomalous arch vessels in order to allow the
requisite revascularization surgery before endograft deploy-
ment [93]. Since the first human case of TEVAR was per-
formed in 1986 [94], a primary technical success rate of
80-90 % has been reported [95-101]. Major procedure-
related neurological complications, including stroke and spi-
nal cord ischemia, were seen in up to 8 % of patients.
However, compared with open surgical repair, endovascular
treatment does appear to halve perioperative mortality with
similar late survival and almost identical rates of reinterven-
tions and ischemic spinal cord complications [102, 103].

Penetrating Atherosclerotic Ulcer

The term penetrating atherosclerotic ulcer (PAU) describes a
condition in which ulceration of an atherosclerotic plaque
penetrates the internal elastic lamina and allows hematoma
formation within the media of the aortic wall [104]. PAUs are
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most frequently located in the descending thoracic aorta, and
affected patients tend to be elderly with a history of hyper-
tension, smoking, and other atherosclerotic disease, includ-
ing preexisting TAA. In a quarter of cases, a PAU may
penetrate through the media to form a saccular aortic pseu-
doaneurysm (Fig. 34.22a) or, less often, it may perforate the
adventitia to cause transmural aortic rupture [104, 105]. The
entity is associated with a variable extent of localized intra-
mural hematoma but may develop to classic aortic dissection
in rare cases [104—106]. Currently, no definite treatment
strategy has been established for PAU management. Indeed,
patients with a PAU diameter and/or depth of 2 cm, those
who are hemodynamically unstable, as well as those with
evidence of contained rupture should undergo urgent repair.
Continued or recurrent pain, distal embolization, and pro-
gressive dilatation are also indications for surgery or endo-
vascular therapy [107]. There is growing optimism that
TEVAR may become an alternative to open surgery, since
limited aortic disease such as PAU constitutes an ideal condi-
tion for this less invasive approach (Fig. 34.22b) [108].

TEVAR Procedure

Based on measurements from transesophageal echocardiog-
raphy, MDCTA, which is the best technique for unstable
patients in an emergency situation, or intravascular ultra-
sound (IVUS), individually selected endografts should be
used. The procedure is best performed in the catheterization
laboratory or hybrid operating room using digital angiogra-
phy. Cerebrospinal fluid drainage is recommended for
patients with previous AAA repair and in those in whom cov-
erage of the subclavian artery is planned or requires extensive
endograft coverage of the aorta. The femoral artery is the
preferred access site. In most cases, it can accommodate a
20-24F endograft system. Using the Seldinger technique to
place a sheath, a 260-cm stiff guidewire is placed over a pig-
tail catheter navigated with a soft guidewire in the true lumen
under fluoroscopic guidance. In some centers, transesopha-
geal ultrasound guidance is also used. A 6F sheath is placed
in the contralateral femoral artery and a second guidewire is
positioned in the ascending aorta. If the endograft will be
deployed distal to the subclavian artery, a 6F pigtail catheter
will be positioned in the ascending aorta. If the left subcla-
vian artery is going to be excluded with the endograft, this
guidewire will serve as a “bailout” access guidewire. In case
the endograft is deployed inadvertently over the left carotid
artery, a balloon catheter of appropriate size will quickly be
advanced over the guidewire and inflated across the proximal
end of the device, to allow perfusion to the carotid artery. A
4F sheath and subsequent pigtail catheter are placed in the
right brachial artery when the left subclavian artery is to be
excluded. The pigtail catheter is positioned in the ascending



34 Endovascular Management of Aortic Aneurysmal and Stenotic Disease

467

Fig.34.22 (a) Volume-rendering MDCTA showing a penetrating atherosclerotic ulcer of the descending aorta. (b) MDCTA at 1-year follow-up
after implantation of a Gore Conformable TAG showing complete exclusion of the ulcer

aorta. When dealing with a very tortuous aorta or an arch
with a small radius, the “body floss”” maneuver may be help-
ful in advancing the endograft through the arch. This is
accomplished by advancing a 0.035” x450-cm hydrophilic
guidewire from the right brachial artery to the femoral artery.
The device may then be advanced over this guidewire. The
pigtail catheter (transfemoral or through right brachial/radial
access) is used to perform an aortogram of the area of inter-
est. After the angiogram is performed, the proximal neck is
evaluated. The length and the diameter of the proximal and
distal neck are therefore measured using the preoperative
MDCTA, intraoperative IVUS, as well as angiogram. Based
on these measurements, the endograft is chosen, flushed with
heparinized solution, and carefully advanced, over the stiff
guidewire, into the proximal neck. A repeat angiogram is
commonly performed to confirm the device position within
aorta. Prior to device deployment, the systolic blood pressure
is brought down to 100 mmHg. If the patient has a landing
zone proximal to the left subclavian artery, adenosine (35 mg
for the first dose, 20 mg for subsequent doses) may be admin-
istrated to gain a 4-5 s cardiac arrest. The ventilator is
stopped for the deployment in patients under general anes-

thesia. These two measures improve deployment accuracy.
Alternatively, endograft deployment is performed with sys-
tolic blood pressure briefly lowered by rapid right ventricular
pacing [109]. After deployment, short inflation of a latex bal-
loon is performed to improve endograft apposition to the aor-
tic wall but only if proximal sealing is incomplete. Both
Doppler ultrasound and contrast fluoroscopy are instrumental
for documenting any circumferential stent malapposition to
the proximal or distal landing zone that may lead to endoleak.
However, a single aortogram may miss endoleak due to pro-
jection overlap. A biplane aortogram is more reliable in
excluding any significant intraprocedural endoleak. After the
completion angiogram, the introducer sheath is removed
leaving the guidewire in the aorta. If there is any concern
about iliac artery injury, an iliac artery angiogram is per-
formed. If no iliac lesion is detected and the patient remains
hemodynamically stable, the guidewire is removed and the
femoral artery is repaired in standard fashion.

Post-TEVAR Complications
Postoperative complications in patients undergoing TEVAR
are about the same of those described for EVAR in the
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previous paragraph. We will limit ourselves here to recall
briefly the more specific complications of TEVAR. The
most severe complications in the W.L. Gore TAG pivotal
clinical trial included stroke (4 %), paraplegia/paraparesis
(3 %), peripheral vascular injury (14 %), and death (2 %)
[110]. Stroke can occur because the guidewires placed in the
aortic arch to direct the endograft into position can dislodge
a thrombus or atheromatous debris that can embolize via the
cerebral vasculature to the brain. Similarly, thromboembolic
material can also lead to limb and mesenteric ischemia.
Spinal ischemia may occur when the intercostal blood ves-
sels supplying the spinal cord are covered by the endografts.
Paraplegia can be occasionally reversed by elevating blood
pressure and draining spinal fluid. Due to their large size,
thoracic endograft may damage femoral and iliac arteries as
they are advanced into position. The most worrisome con-
cern is complete femoral or iliac avulsion, which can be
controlled with balloon occlusion. This is the main reason
why guidewires must be left in position until the very end of
the case. Endoleaks occur when the aneurysm is not com-
pletely isolated from the bloodstream. In the W.L. Gore
TAG trial, this complication was found in 6 % and 9 % of
patients at 1 and 2 years, respectively [111].

Post-TEVAR Therapy and Follow-Up

The long-term follow-up of patients who underwent suc-
cessful TEVAR begins with the appreciation of a systemic
illness. All patients merit aggressive medical therapy, fol-
low-up visits, and serial imaging. Treatment with effective
B-blockade is the cornerstone of medical therapy. By lower-
ing both blood pressure and dp/dt, p-blockers have been
shown to retard aortic expansion in Marfan’s syndrome and
that associated with chronic AAA. Blood pressure should be
titrated to less than 130/80 mmHg in usual patients and to
no more than 120/80 mmHg in those with Marfan’s syn-
drome [112, 113]. Additionally, heart rate should be con-
trolled. Indeed, heart rate <60 bpm significantly decreases
secondary adverse events (aortic expansion, recurrent aortic
dissection, aortic rupture, and/or need for aortic surgery)
compared to conventional control at >60 bpm [114]. Serial
imaging of the aorta is an essential component of long-term
management after endograft placement (Fig. 34.22b). The
choice of imaging modality depends on institutional avail-
ability and expertise [112, 113].

Aortic Coarctation and Atherosclerotic
Stenosis of the Infrarenal Abdominal Aorta

Coarctation of the aorta (CoA) and atherosclerotic stenosis of
the infrarenal abdominal aorta (IAA) will be discussed together
because the general and technical principles are similar as well
as the devices used for their endovascular treatment.
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Aortic Coarctation

CoA is a congenital abnormality that accounts for 5-8 % of
the 8/1,000 (4-6/10,000) children born with congenital heart
disease. In most cases, CoA is diagnosed in childhood, while
in less than 25 % of patients is recognized beyond 10 years.
In the adult form, CoA is generally characterized by a nar-
rowing localized in the post-ductal or ligament region, just
distal the left subclavian artery origin (Fig. 34.23a). Unlike
the infantile CoA, the adult form is typically not associated
with a patent arterial duct. Moreover, degenerative aortic
wall changes and formation of arterial collateral vessels are
usually present (Fig. 34.23b). Coarctation may be an iso-
lated malformation or may occur in association with bicus-
pid aortic valve and other cardiovascular diseases such as
subaortic stenosis, mitral valve abnormalities, ventricular
septal defect, and, less frequently, cerebral aneurysms of
the Willis circle. In adults, CoA may be recognized because
of systemic arterial hypertension and pulse discrepancy
between the upper and lower extremities. Patients may
complain of exertional headache, leg fatigue, or claudica-
tion. Occasionally, the patient may come to medical atten-
tion because of a murmur due to a bicuspid aortic valve or
ventricular septal defect. Survival in non-operated patients
averages 35 years of age, with 75 % mortality by 45 years
of age. Systemic arterial hypertension, accelerated coro-
nary artery disease, stroke, aortic dissection, and congestive
heart failure are common complications in patients who did
not have surgery or underwent surgical correction in later
childhood or adult life. Death may be due to congestive
heart failure, aortic rupture/dissection, endocarditis/endar-
teritis, intracerebral hemorrhage, or myocardial infarction
[115]. When operated in neonates and small infants, re-
coarctation occurs in up to 10 % of cases in most published
series. The time of this re-narrowing may vary largely from
weeks to years after the first intervention. Patients may also
present with aortic wall injury (aneurysm) related to prior
CoA repair. Treatment of these aneurysms is surgically
challenging.

Atherosclerotic Stenosis of the Infrarenal
Abdominal Aorta

Severe, concentric, and diffuse calcific stenosis of the JAA
occurs relatively infrequently but presents a challenging
management problem [116, 117]. Indeed, focal stenosis of
the IAA not extending to the bifurcation or iliac arteries is
infrequent and is one of less frequent causes of lower
extremity claudication. However, diffuse stenosis of a heav-
ily calcified IAA is an even more uncommon clinical entity
and is considered an advanced stage of a severe chronic
obliterative atherosclerotic process in the aorta. Patients
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Fig.34.23 MDCTA (volume rendering) showing aortic coarctation (arrow) in an adult patient (a) and extensive arterial collateral vessels (b)

with TAA stenosis are usually younger and have less exten-
sive atherosclerotic disease than patients who present with
iliofemoral or more peripheral disease. These patients have
a longer life expectancy than the average patient with clau-
dication. In adult patients, about 90 % of stenosing or occlu-
sive disease of the IAA is caused by atherosclerosis [118].
Open surgery, with either endarterectomy or bypass graft
replacement when more extensive disease is present, is an
effective treatment modality and traditionally has been the
treatment of choice [119, 120]. Both of these treatments
have durable results in a high proportion of patients but are
highly invasive and carry a significant risk of morbidity and
mortality ranging from 9 to 27 % and 1 to 7 %, respectively
[121, 122].

Non-invasive Assessment

MRA or MDCTA with three-dimensional reconstruction
identifies the precise location and anatomy of CoA and IAA
stenosis, as well as collateral vessels (Figs. 34.23 and 34.24).
MDCTA is also extremely useful in intervention planning:
(1) it helps the physician determine the true diameter of the
native aorta that can be underestimated with angiography,
and (2) it defines the extent of calcification and (3) the extent
of disease (focal or diffuse). Alternatively, IVUS could be
used in patients where renal function is suboptimal, but pre-
procedural MDCTA has the benefit of being able to plan the
procedure beforehand. In CoA patients, MRA to search for

Fig.34.24 MDCTA (multiplanar reconstruction) showing severe ste-
nosis (arrow) of the distal abdominal aorta

aneurysms of the intracranial arteries is appropriate and may
also be useful to quantify collateral flow.
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Endovascular Treatment

Coarctation of the Aorta

Accepted criteria for CoA treatment in adults (native and post-
operative) include an anatomically discrete lesion, upper
extremity hypertension, and a resting gradient of at least
20 mmHg or 30 mmHg after exercise. However, the best treat-
ment in adults remains the subject of continuous debate
[123, 124]. Surgical repair, first performed by Crafoord and
Nylin in 1944 [125], was initially the only available option, but
in some cases, it was complicated by restenosis, aneurysm
formation [126, 127], late hypertension, and premature death,
particularly when the repair was performed after the first year of
life [128, 129]. Currently, surgical mortality is very low, but
surgery is still associated with a small risk of spinal cord dam-
age and consequent irreversible paraplegia [130]. To deal with
postoperative complications such as restenosis after surgical
repair, balloon dilation of re-CoA was introduced in 1982 [131—
133] and demonstrated to be successful in reducing the gradient
to <20 mmHg in 85 % of patients, with a restenosis rate of 8 %.
Although widely used since then, balloon dilation has excited
controversy. Histology and IVUS studies have established that
angioplasty increases the internal aortic diameter by tearing the
intima and media of the aorta. Although intimal and medial
tears may heal, some may progress to aneurysm formation. The
incidence of early and late aneurysm formation after balloon
angioplasty has been reported to be between 5 and 11.5 % [128,
132, 134-138], a higher rate as compared to their occurrence
after surgical repair (3—4 %). The known major complications
of angioplasty are sudden death due to ventricular fibrillation,
aortic rupture, and aneurysm formation due to intimal tears and
the consequent weakening of the aortic wall. Other problems
associated with balloon dilation are residual CoA and re-CoA.
Similar complications have been encountered in patients with
native CoA treated with balloon dilation [134—136, 139]. In the
early 1990s, balloon-expandable stents were introduced for
CoA treatment in children, and since then, their use increased
dramatically [140-145] due to many advantages over balloon
angioplasty. In particular, balloon-expandable stents provide
support to the vessel wall and apposition of the torn vessel
intima to the media and thereby are associated with a lower rate
of residual stenosis, restenosis, and late aneurysm formation.
Moreover, they may be redilated to accommodate the patient’s
somatic growth. Although stenting addresses the concern about
angioplasty complications, aortic dissection and aneurysm for-
mation have also been reported after stent implantation in up to
5 % of patients [128, 145, 146]. A meta-analysis of 22 studies
performed in adult and adolescent patients with CoA compared
interventional to surgical treatment with regard to morbidity,
restenosis, requirement for reintervention, and hypertension and
found that stenting had the lowest risk of complications, with
surgery having a slightly higher risk and angioplasty a signifi-
cantly higher risk [147]. However, restenosis and reintervention

Fig.34.25 Cheatham-Platinum stent. The covered type (fop) and bare
type (bottom) are shown. (Courtesy of NuMED, Inc., Hopkiton, NY)

rates were significantly higher following stenting and angio-
plasty when compared to surgery, and surgical complications
were minor (e.g., vasculitis, bleeding), while endovascular com-
plications tended to be more serious. In 1999, a covered stent
was used for the first time to treat coexistent CoA and aneurysm
of the aorta in a young man [148]. Since then, covered stent
demonstrated to significantly improve endovascular treatment
of CoA, reducing the risk associated to angioplasty and bare
stent implantation [149—154]. Up to now, several different cov-
ered stents have been used: (1) the AneuRx (Medtronic,
Watford, England) self-expanding stent covered with a stretch-
able polytetrafluoroethylene membrane [148], (2) the graft
Jomed stent (Jomed, Rangendingen, Germany) [149], (3) the
self-expanding stent graft (Braile stent, Braile Biomedica, Sao
José do Rio Preto, Brazil) [154], and (4) the balloon-expandable
Cheatham-Platinum stent covered with ePTFE (NuMed Inc.,
Hopkinton, NY) (Fig. 34.25) [150, 151, 153, 154]. Covered
stents provide increased safety, reducing the risk associated with
aorta rupture by “sealing” the dilated area [155, 156], particu-
larly in patients with extreme narrowing, tortuous lesions,
genetic aortic wall weakness, and advanced age. Covered stents
have been successfully used even in case of stent fracture and
for the treatment of late aortic aneurysm after surgical or endo-
vascular CoA repair and for subatretic native CoA [77, 155,
157]. Although the ability to redilate covered stents has been
recently demonstrated [155, 156], their use is limited to patients
that are nearly fully grown, because currently they can be redi-
lated up to 25 mm only. Moreover, at diameters of up to 22 mm,
they can shorten by one-eighth of their initial length. One of the
main initial concerns with the use of covered stents was the
occlusion of a significant aortic side branch. It is obviously
important to avoid covering the main arteries such as the innom-
inate or the left common carotid arteries, but the left subclavian
artery can be covered, if needed, because it has been shown that
endograft-induced occlusion of the ostial left subclavian artery
is tolerated without chronic functional ischemia in the absence
of stenotic vertebral and/or carotid arteries and with a docu-
mented intact vertebrobasilar system [92]. Furthermore, occlu-
sion of a spinal artery, which would result in the most severe
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complication, is unlikely after implantation of a covered stent in
the thoracic aorta, because the spinal artery originates below the
level of the ninth thoracic vertebra in over 90 % of the patients
[158, 159]. The risk of subacute stent thrombosis is low due the
brisk aortic flow and the large size of the stent. In conclusion,
covered stents have become the therapy of choice in Europe and
recently in the USA through the FDA Compassionate Use pro-
cess in patients with complications after CoA repair. Moreover,
they provide a safe alternative to surgery for the treatment of the
large part of adult patients with native CoA [160, 161].

Atherosclerotic Stenosis

of the Infrarenal Abdominal Aorta

Grollmann et al., Tegtmeyer et al. and Velasques et al. per-
formed the first PTAs of TAA stenoses in 1980 [162-164].
Since then, several authors [162, 163] have shown that PTA is
an effective treatment modality of aortic atherosclerotic occlu-
sive disease associated with a high technical and clinical suc-
cess rate, few major complications, and encouraging mid- and
long-term results.[165-174]. The vast majority of lesions
treated were relatively short (<2 cm) with a technical success
rate ranging from 95 to 100 % and a patency rate approaching
89 % [169, 174]. By comparison, primary patency rates of
75-90 % and 90-95 % have been reported for bypass grafting
and endarterectomy, respectively [121, 122]. During the
1990s, some reports were published indicating that stent place-
ment may be an option in cases where PTA of aortic lesions
fails, or is inadequate [171, 175, 176]. Growing clinical expe-
rience with aortic stenting has demonstrated that this is a safe
and effective treatment [171, 177-179]. Indeed, endovascular
treatment with stents achieved immediate technical success
rates of 100 % and low complication rates in the majority of
published series [164, 175, 180—182]. At present, the durabil-
ity of primary stenting can be considered acceptable in all the
studies and appear to be broadly similar or superior to the
results obtained by an open surgical approach. Therefore, pri-
mary stenting is recommended as a safe and effective treat-
ment strategy and should be offered to patients as “the
treatment of choice” in focal atherosclerotic IAA stenoses.

Implantation Technique

Stent Choice

Only a few stents are available that can be dilated to a diam-
eter >20 mm. The Palmaz XL (Cordis, Miami, FL) and the
Cheatham-Platinum (CP) stent (NuMed Inc., Hopkinton,
NY) are designed for treatment of large vessel lesions. The
CP stent is composed of 0.013” platinum/iridium struts
arranged in a “zig” pattern. It allows expansion from 8§ to
24 mm, and its variability in length is from 11 to 50 mm.
The covered-CP stent is the same bare-metal stent covered
with an expandable sleeve of ePTFE. A bare and a covered
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CP stent pre-mounted on a BIB (balloon in balloon) catheter
(NuMed Inc., Hopkinton, NY) became recently available in
Europe (Fig. 34.25). The BIB catheter is 110 cm in length,
utilizes a 0.035" guidewire, and has an inner balloon half the
diameter of the outer balloon and 1 cm shorter in length.
The BIB is designed to prevent stent displacement from the
balloon during inflation and to allow adjustment of the bal-
loon/stent position after partial dilation of the stent.

Coarctation of the Aorta

The general and technical principles are the same as those
used for performing balloon angioplasty or stenting in other
vessels. In pediatric patients, the procedure is usually per-
formed under general anesthesia, while sedation with mid-
azolam and propofol and local anesthesia are preferred in
adults. Intravenous heparin (100 Ul/kg, maximum of
5,000 UI) is given immediately after femoral access is gained
percutaneously with an 8 Fr introducer.

Hemodynamic and Angiographic Assessment

The stenotic segment is crossed with a 6F multipurpose
catheter over a floppy hydrophilic guidewire (0.035"
Terumo guidewire). Then, the multipurpose catheter is
exchanged for a pigtail catheter over a standard 0.035"
exchange 260-cm guidewire. The pressure gradient is
measured between the femoral sheath and the pigtail
catheter positionedinthe ascending aorta. Anteroposterior,
40° left anterior oblique and lateral angiograms are per-
formed and the following measurements are obtained: (1)
diameter and length of the stenotic area, (2) diameter of
the descending aorta at the level of the diaphragm, (3)
diameter of the aorta at the level of the left subclavian
artery, and (4) diameter of the transverse arch
(Fig. 34.26a). The maximum balloon diameter is usually
chosen based on either the transverse or the distal arch
diameter, whichever is greater using catheter magnifica-
tion or the calibration markers on the catheters. The
angioplasty balloon diameter is usually 2.5-3.0 times
that of the narrowed segment but should be less than 1.5
times the diameter of the aorta proximal to the CoA. It is
clear that for some partially elastic stenoses, it is neces-
sary to employ 1-2-mm larger balloons. This strategy
may likely play a role in aneurysm formation, but it is not
yet clear whether the use of a smaller balloon and elastic
recoil prevention by stent implantation [140] may reduce
this risk. Some groups suggest a graduated approach,
using repeated procedures to gradually enlarge the steno-
sis, but evidence that graduated ballooning or stenting
carries less risk is still lacking.

Stent Delivery
The pigtail catheter is exchanged for a long sheath, usually a
Mullins sheath (Cook, Bloomington, IN), ranging from 11F
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Fig.34.26 Procedural phases of
CoA endovascular treatment. (a)
Angiography performed with a
pigtail cateter advanced in the
proximity of the CoA with a
transradial approach showing a
near-atretic aortic coarctation.
(b) A 0.014" coronary guidewire
(arrow) and a 4.0-mm coronary
balloon catheter were needed to
predilate the lesion. (¢) Covered
Cheatham-Platinum stent placed
across the lesion. (d) Stent
deployed with BIB balloon
inflation

to 14F, over a 0.035" stiff exchange 260-cm guidewire posi-
tioned in the ascending aorta or in the right subclavian artery.
The CoA is then predilated with standard peripheral bal-
loons. When a near-atretic CoA is found, predilation with
coronary guidewires and balloons may be needed
(Fig. 34.26b). The length of the stent is determined by the
distance from just beyond the left subclavian artery to about
10-15 mm beyond the CoA site and is always shorter than
the balloon length. The stent may be mounted on a BIB cath-
eter. After advancement of the mounted stent to the stenotic
site through the long sheath, serial injections of dye through
the sheath or a separate catheter confirm the desired position
of the stent immediately before implantation. A catheter with
radiopaque markers may also be used for this purpose. The
fluoroscopic image of the catheter will project over the aortic
isthmus and will allow an accurate localization of the nar-
rowing plane, thus confirming that the stent straddles the
CoA during balloon inflation (Fig. 34.26¢). The balloon is
manually inflated up to the pressure recommended by the
manufacturer (usually 4-6 atm), and the stent is deployed in
the correct position (Fig. 34.26d). Pressure gradient is
recorded and angiography is performed after stent placement

injecting contrast through the side arm of the long sheath or
a pigtail in order to assess the results and to rule out dissec-
tion or rupture of the aorta. At the end of the procedure,
hemostasis is achieved by manual compression, surgical
repair, or percutaneous pre-closure. All patients receive
cephalosporin for 24 h and aspirin (>100 mg) once a day for
6 months after implantation.

Atherosclerotic Stenosis of the Infrarenal
Abdominal Aorta

The procedure is usually undertaken under local anesthesia.
Initially, bilateral common femoral access is established with
a 6F short sheath, followed by systemic anticoagulation with
heparin (100 U/kg). Occasionally, transradial access may be
used for accurate reference imaging and to pass the initial
guidewire in the antegrade direction. This approach may
lower the risk of creating a cephalad-extending dissection of
the aorta. The [AA-diseased segment is traversed with a
0.035" hydrophilic guidewire under fluoroscopic guidance,
and a pigtail marker angiographic catheter is placed in the
aorta for preliminary imaging and to assist in selection of
stent length (Fig. 34.27). The hydrophilic guidewire is then
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Fig.34.27 Angiography of the distal abdominal aorta showing nearly
complete occlusion of the vessel (arrow) and extensive arterial collat-
eral circulation

Fig. 34.28 Angiography of the distal abdominal aorta showing final
result after covered Cheatham-Platinum stent deployment and post-
dilation (Same patient seen in Fig. 34.24)

exchanged for a 0.035" stiffer guidewire, and a larger
(9-12F) long sheath is advanced retrogradely across the ste-
nosis until its tip is proximal to the lesion. The stenotic seg-
ment is dilated with balloon angioplasty with standard

Fig. 34.29 Volume-rendering MDCTA showing correct position and
expansion of a covered Cheatham-Platinum stent after endovascular
treatment of aortic coarctation

technique. The selection for the balloon catheter size is usu-
ally 60-80 % of the diameter of the healthy aorta. A stent of
an appropriate diameter for the IAA and length for the lesion
(as a rule, the selected stent should be longer then diseased
segment by 3 mm) is then positioned, sheath is withdrawn,
and the stent is deployed after angiographic control via the
contralateral approach for exact placement. After stent
deployment, a further angiogram is obtained in two planes to
determine whether the stented segment requires any addi-
tional dilatation (Fig. 34.28). “Kissing-balloon” technique
may be used when dealing with a large IAA. Technical suc-
cess is determined if residual stenosis is less than 30 % at
angiography or there is no hemodynamic pressure gradient
across the lesion.

Follow-Up

It is incumbent on all interventionists carrying out endovas-
cular procedures or aortic stenosis treatment to document
objective outcomes (e.g., treadmill testing), symptom-
atic improvement, quality of life, and proof of patency
(i.e., duplex ultrasound, MDCTA, MRA, or angiography).
Usually, patients undergo MRA or MDCTA (Figs. 34.29 and
34.30) at 3 and 12 months after the procedure. Invasive angi-
ography is usually performed in cases where problems are
identified.
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Fig. 34.30 Volume-rendering (a) and multiplanar reconstruction (b)
MDCTA at 1-year follow-up showing correct position and patency of a
covered Cheatham-Platinum stent deployed for distal abdominal aorta
stenosis. Patency of bilateral stents deployed for treatment of common
iliac artery stenoses is also shown
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