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Foreword I

The editors, Drs. Haulon and Kpodonu, are to be congratulated for presenting a book that
successfully merges a simple clarity of approach with the comprehensive detail necessary to
facilitate its practical application. This achievement is not altogether unexpected, as the editors
are two of the most experienced practitioners of advanced endovascular aortic repair. The Atlas
of Advanced Endoaortic Surgery will undoubtedly serve as an exceptional educational reference for all aortic enthusiasts. Additionally, it will find use among hospital administrators
because it contains a “how to” for developing a hybrid operating suite and describes the latest
imaging technology.
Aortic surgery does not exist in a vacuum. Rather, aortic surgery was, and continues to be,
a collaborative effort in which the best approaches are identified and shared. My mentor, the
late E.S. Crawford, instilled in me an appreciation for innovative solutions to complex aortic
repair. Participation in the endovascular revolution—which has now become an evolutionary
process—will ensure your ability to make an informed decision regarding the best approach
for your patient. The academic surgeon has a unique responsibility—to identify and disseminate innovative operative strategies as the relative advantages of various techniques and technology are better understood.
This atlas has described numerous and varied cutting-edge approaches in one easily grasped
volume, with plentiful illustrations and images detailing the editors’ preferred techniques. Its
highly detailed chapters cover the practical aspects of advanced endoaortic repair, including a
thorough description of hybrid suite development, an overview of imaging and accessory
equipment, a description of suggested access techniques, and the mitigation of potential complications such as spinal cord ischemia and endoleak. Case scenarios are presented throughout
these chapters and serve to reinforce the practical applications of endoaortic repair in increasingly complex aortic disease. Lastly, the book presents robotic applications to endoaortic repair
and touches on the remote surveillance of endografts as a possible solution to long-term radiation exposure.
In closing, this book provides a comprehensive, highly detailed, and practical synthesis of
endoaortic repair. Drs. Haulon and Kpodonu are to be commended for compiling this treasure
trove, which is a practical and comprehensive atlas on endoaortic surgery.
Houston, TX, USA

Joseph S. Coselli M.D.
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Foreword II

Endovascular surgery has become first-line treatment particularly for thoracic- and
thoracoabdominal aortic diseases. Endoaortic surgery demands a high degree of image analysis
and clinical planning together with a fusion of interventional and open operative skills. This
novel clinical expertise can only be practiced and delivered in a setting of complex equipment
and “high tech” endovascular operating rooms. Development of the required skills in endoaortic surgery for both established and training cardiovascular and vascular surgeons is predicated
on access to such facilities, which in turn require specialist input to design and establish the
appropriate infrastructure and environment. These challenges are the focus of this atlas.
Stephan Haulon and Jacques Kpodonu’s book amply fulfils the definition of an atlas, namely
a volume that systematically illustrates a particular subject. The ideal requirements for imaging and planning workstations, and, of course, the cardiovascular hybrid room are described
clearly and pragmatically. Further description of equipment and surgical and adjunctive techniques such as intravascular ultrasound imaging are elegantly set out. These chapters provide
the foundation and practicalities for the setting up and delivery of an endoaortic clinical service by aspiring surgeons.
A further major component of the atlas addresses the wide spectrum of aortic diseases,
focusing on clinical assessment, planning, and intervention. Each presentation of aortic disease is addressed by the authors in the most clinically informative style with extensive use of
real-life clinical scenarios. There is no doubt that this rich clinical material beautifully informs
and educates on the variations and nuances of endoaortic therapies in a much superior way to
the more usual didactic textbook presentation. I particularly recommend this format, which
will provide an excellent reference source for endoaortic surgeons throughout their career.
The Atlas of Advanced Endoaortic Surgery, truly practical and clinical, provides a superb
resource for clinicians in training and those embarking on or already established in complex
aortic work. I recommend this book unreservedly.
London, UK

George Hamilton
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Preface

Since the first endovascular repair of abdominal aortic aneurysm (AAA) was reported in the
early 1990s, there has been an explosion in the volume and complexity of endovascular and
hybrid procedures for the treatment of aortic diseases. Endovascular techniques and technologies have evolved from the initial devices that allowed treatment of only the most straightforward infrarenal aneurysms with appropriately long and straight necks to the scenario that
pertains today, wherein a customized endovascular solution is almost always available for even
the most complex aortic aneurysm. There is growing evidence in favor of the endovascular
treatment of complex aortic aneurysms, which extend above the visceral aortic segment, as
well as for the treatment of thoracic aortic dissection and aneurysm. These new endoaortic
surgical procedures have been proven to shorten hospitalization, reduce morbidity and mortality, speed recovery, and hasten return to normal life. The devices used to treat these complex
anatomies currently include branches and/or fenestrations to preserve flow in the visceral aortic branches. The evolution and conceptual design of the endovascular grafts used to treat these
complex anatomies would obviously not be possible without the simultaneous explosion in
medical imaging technologies that has taken place over a similar time period.
This atlas is compiled in a way that engages its readers. All chapters are written in a
comprehensive yet concise manner, with numerous illustrations of real clinical cases. It is our
hope that the Atlas of Advanced Endoaortic Surgery provides a useful tool for practitioners as
they plan and execute treatment of patients with these various aortic pathologies and serve as
a useful reference as this segment of the field continues to evolve.
Stephan Haulon, M.D., Ph.D.
Jacques Kpodonu, M.D.
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The Cardiovascular Hybrid
Operating Room
Georg Nollert, Sabine Wich, Thomas Hartkens,
and Anne Figel

Recent developments in vascular and cardiac care have led
to new therapies integrating transcatheter techniques into
surgery. To enable these procedures, operating rooms (ORs)
with integrated X-rays imaging capabilities must be installed.
These hybrid ORs need—beyond surgical equipment—
high-end imaging equipment equivalent to angiography
devices used in interventional radiography and cardiology.
Imaging devices have long been used in operating theatres.
Mobile C-arms, ultrasonography, and endoscopy are the
standard of care for many operations. The idea of hybrid
ORs is approximately 20 years old, introduced shortly after
the initiation of endovascular procedures (Fogarty 1991).
However, new devices, more complex transcatheter techniques, and longer procedures demand high-powered equipment to visualize thin guide-wires, quantify small vessel
diameters, evaluate delicate anastomoses, and detect
endoleaks in the OR. Because of their size and complexity,
these integrated endovascular suites—or hybrid ORs—
require special considerations, planning, and design, as well
as new skills learned by the team. Guidelines on hybrid ORs
are currently missing but are under development by multidisciplinary teams.

Usage of a Hybrid Operating Room
Before a hybrid OR is planned, all stakeholders in the hospital
should be identified and a detailed plan of room usage developed. These high-tech rooms cost approximately double the
investment and maintenance of conventional ORs, and they
are 90 % more costly than a cardiac catheter laboratory,
mainly due to larger space and equipment requirements
(Neumann 2009). Therefore, flexible concepts for room

G. Nollert () • S. Wich • T. Hartkens • A. Figel
Siemens AG Healthcare Sector,
Forchheim, Germany
e-mail: georg.nollert@siemens.com; sabine.wich@siemens.com;
thomas@hartkens.de; anne.figel@siemens.com

usage must be introduced, including conventional surgery
and interventions. Although the high investment for such
ORs is only justified if the planning focuses on hybrid procedures, experience with existing installations has shown that
initial planning underestimates the actual demand for such a
facility, because of growing indications and increased referrals once the system is installed (Sternbergh et al. 2004). For
instance, the cardiac surgery team of Vanderbilt University
nearly tripled the number of coronary artery bypass graft
patients they treated, identifying their hybrid OR as one of
the reasons (Greelish 2008).
Paediatric hybrid operations, hybrid coronary revascularization, transcatheter valve replacement and repair, and
endovascular aortic repair are some new developments ideally performed in a hybrid OR. Currently, the strongest drivers for hybrid therapies are complex endovascular aortic
repair and transcatheter replacement of the stenotic aortic
valve.

Hybrid Therapy for Congenital Heart Disease
Although surgery remains the treatment of choice for many
congenital cardiac malformations, interventional cardiology
approaches are increasingly being used in simple, and even
complex lesions. The percutaneous approach can be challenging due to low patient weight or poor vascular access,
induced rhythm disturbances, and hemodynamic compromise (Bacha et al. 2007). Difficult and complex anatomy
(e.g., in double-outlet right ventricle or transposition of the
great arteries, or acute turns or kinks in the pulmonary arteries of tetralogy of Fallot patients) can make percutaneous
procedures challenging if not impossible (Sivakumar et al.
2007). On the other hand, surgery also has its limitations.
Examples are operative closure of multiple apical muscular
ventricular septal defects, the collection of multiple major
aortopulmonary collateral arteries, adequate and lasting
relief of peripheral pulmonic stenosis, or management of a
previously implanted stenotic stent. Combining interven-

J. Kpodonu, S. Haulon (eds.), Atlas of Advanced Endoaortic Surgery,
DOI 10.1007/978-1-4471-4027-6_1, © Springer-Verlag London 2013
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techniques have developed into valid alternatives in high-risk
patients in whom conventional surgical techniques are considered too invasive and risky (Walther et al. 2008). Joint recommendations of the European Society of Cardiology and
the European Society of Cardiac Surgery consider the hybrid
OR the optimal environment for these new therapeutic
options (Vahanian et al. 2008).

Coronary Artery Disease

Fig. 1.1 Hypoplastic left heart syndrome. Intraoperative post-Fontan
evaluation of the superior and inferior venae cavae and the stented
pulmonary arteries (Courtesy of Prof. Berger, Dr. Ewert Deutsches
Herzzentrum; Berlin, Germany. Published with kind permission of
© Siemens 2011. All Rights Reserved)

tions and surgery into a single therapeutic procedure leads to
reduction of complexity, cardiopulmonary bypass time, and
risk, and improved outcomes (Li et al. 2009). The hybrid
approach to hypoplastic left heart syndrome serves as a role
model of the concept (see Fig. 1.1) (Bacha et al. 2006;
Gutgesell and Lim 2007).

Hybrid Therapy for Valve Disease
Transcatheter valve therapies are currently developed for the
most common valve diseases: mitral valve regurgitation, aortic stenosis, and—in children—pulmonary valve disease. For
repair of mitral regurgitation, various devices currently under
investigation await U.S. Food and Drug Administration
approval. Experimentally, prostheses for mitral and tricuspid
valve replacement are under development and certainly will
be available within the next few years. Aortic stenosis is the
most frequently acquired heart valve lesion currently treated
by surgery in developed countries. Conventional aortic valve
replacement for aortic stenosis, based on standardized guidelines with excellent outcomes, particularly in younger patients
at relatively low-risk, will remain the gold standard for aortic
valve replacement in upcoming years. However, transcatheter

Routine evaluation of bypass grafts is the first indication for
imaging needs in coronary artery bypass grafting. Several
groups reported a considerable number of technical bypass
graft failures (range, 13–20 %) that could be diagnosed
intraoperatively by angiography and immediately repaired
(Mack 2008; Zhao et al. 2009). Surgical bypass grafting and
percutaneous coronary artery revascularization are traditionally considered isolated options. A simultaneous hybrid
approach may allow an opportunity to match the best strategy for a particular anatomic lesion. Revascularization of
the left anterior descending artery with the left internal mammary artery is, by far, the best treatment option in terms of
long-term results. Integrating this therapy with percutaneous
coronary angioplasty (hybrid procedure) offers multivessel
revascularization through mini-thoracotomy. Particularly in
high-risk patients, morbidity and mortality decrease compared to conventional surgery (Bonatti et al. 2008; Reicher
et al. 2008).

Heart Rhythm Disturbances
The combination of the surgical epicardial approach with the
interventional endocardial approach for the treatment of
rhythm disturbances, in particular atrial fibrillation, offers
theoretical advantages over conventional therapy. First
reports emphasize potential benefits (Bisleri 2008).

Endovascular Aortic Repair
Endovascular repair (EVAR) for the abdominal aorta in
chronic aneurysms has become a valid alternative to open
repair with superior survival (Schermerhorn et al. 2008).
EVAR is also increasingly used for the thoracic aorta (see
Fig. 1.2). In selected cases, EVAR in combination with
open surgery is even applied for pathologies of the aortic
arch and distal ascending aorta (Walsh et al. 2008).
Endoleaks are common complications of EVAR and may
be missed by angiographic evaluation. CT-like imaging

jkpodonu@yahoo.com
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ent. Other surgical disciplines may want to introduce navigation systems, magnetic resonance imaging, endoscopy,
biplane angiography systems, or a lateral position of anesthesia equipment. However, hybrid ORs are more commonly
shared among cardiac surgeons, interventionalists including
cardiologists and interventional radiologists, electrophysiologists, neuroradiologists, and pediatric cardiologists. Their
specific needs must be carefully considered and weighed
when planning the hybrid theatre.

Basics of the Hybrid Operating Room
Location

Fig. 1.2 Aortic stent graft visualized with 3D CT-like imaging
(Courtesy of Prof. Fosse; Rikshospitalet, Oslo, Norway. Published with
kind permission of © Siemens 2011. All Rights Reserved)

with the angiographic C-arm enables the surgeon to diagnose this complication intraoperatively and correct it if
necessary (Biasi et al. 2009).

Pacemaker and Implantable Cardioverter
Deﬁbrillators
Pacemakers and implantable cardioverter defibrillators
(ICD), particularly biventricular systems, may be optimally
implanted in a hybrid OR environment, because the hybrid
operating theatre offers the required superior angulation and
imaging capabilities in comparison to mobile C-arms and the
higher hygienic standards compared to catheter laboratories.

Interdisciplinary Use
The need for hybrid operating theatres is not restricted to
cardiovascular disease. Vascular and neurological specialists
have equally developed hybrid procedures necessitating
angiography systems in a surgical environment. Imaging
needs, hygienic requirements, and room set up—particularly
for neurological interventions—may be considerably differ-

The hybrid OR is used by an interdisciplinary team of
surgeons, interventional cardiologists, anaesthesiologists,
and others. As such, it is good practise to deeply involve all
stakeholders in planning and maintaining such a facility.
Ideally, the hybrid OR is located next to interventional
suites and ORs to simplify logistics. However, if ORs are
separated from the interventional catheter laboratories, it is
recommended to establish the hybrid OR next to the other
ORs because all OR equipment and personnel (e.g., heart–
lung machine and perfusionists) are immediately ready,
and anaesthesia and intensive care are available (Bonatti
et al. 2007).

Room Size and Preparation
Interventional rooms have excellent imaging capabilities but
frequently lack the prerequisite size and equipment for formal ORs. ORs meet those required standards but usually lack
high-level imaging capabilities. A hybrid suite should be
larger than a standard OR, and the basic principle for planning is the larger the better, in part because the imaging
equipment needs sufficient space. Staff calculations have
shown that in hybrid procedures, 8–20 people are needed on
the team, including anesthesiologists, surgeons, nurses, technicians, perfusionists, and experts from device companies
(ten Cate et al. 2004). Expert opinions recommend that newly
built hybrid ORs should be at least 70 m2 (Benjamin 2008).
Additional space for a control room and a technical room is
mandatory; with washing and prep rooms, the whole area
should be approximately 150 m2. If a fixed C-arm system is
considered, an OR size of 45 m2 is the absolute lower limit.
Rebuilding in terms of lead shielding (2–3 mm) will be
needed. Depending on the system, it may be necessary to
reinforce the ceiling or the floor to hold the weight of the
stand (approximately 650–1,800 kg).

jkpodonu@yahoo.com
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Fig. 1.3 Set-up of a hybrid OR at Rikshospitalet in Oslo, Norway.
The robotic multi-axis system offers high flexibility and advanced
3D-imaging capabilities in the operating theatre. Anaesthesia space is
convenient at the head end. Park positions maximize space in the room

and keep the system out of the way when not needed (Courtesy of Prof.
Fosse; Rikshospitalet, Oslo, Norway. Published with kind permission
of © Siemens 2011. All Rights Reserved)

Planning

must be installed in the hybrid OR. If there are two booms to be
installed, a boom on every side of the table serves the team.
Collision of the ceiling-mounted displays with operating lights
or other ceiling-mounted equipment should be avoided. Large
displays are now available and capable of showing multiple
video inputs in various sizes, decreasing the need for multiple
screens. A dedicated ceiling plan with all ceiling-mounted
components including air conditioning should be drawn to
ensure the function and usability of all devices.
Conventional surgical lights may collide with the imaging equipment, particularly with ceiling-mounted systems. If a laminar air flow is present in combination with
a ceiling-mounted system, light pendants need very long
arms, making them cumbersome to handle. An alternative
may be new lighting concepts (e.g., ceiling-integrated multiple theatre lights developed at the Interventional Centre
at Rikshospitalet in Oslo, Norway) that solve the problem
of collision with the imaging equipment. A remote control
makes it possible to focus light where needed (see lightor.com;
Fig. 1.3).

Planning of the hybrid room is truly an interdisciplinary task.
Clinicians and technicians of all disciplines involved should
define their requirements and form a responsible planning
team. The concrete planning is refined in several steps by
specialized architects and vendors of OR equipment and
imaging systems in a close feedback loop with the planning
team. Virtual visualization of the OR, visits to established
hybrid ORs, and information exchange with experienced
users help tremendously during the planning process. In the
recent literature, a few case studies have been published for
planning guidance (Eagleton and Schaffer 2007; Hirsch
2008; Peeters et al. 2008; Sikkink et al. 2008).

Lights, Monitors, and Other Devices
In general, all members of the team need access to all important
information. Therefore, multiple moveable and flexible booms

jkpodonu@yahoo.com
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Hygiene
Hygienic requirements differ by country and surgical disciplines,
with the highest standards in orthopaedic surgery. To guarantee
highest flexibility in room usage, hospitals tend to equip all ORs
according to the highest standards, which include a laminar airflow ceiling. Some hospitals even require skirts around the laminar air-flow field, a set-up that may preclude ceiling-mounted
systems. In any case, ceiling-mounted systems are the least recommended from a hygienic standpoint because running parts
above the operating field are difficult to clean and interfere with
air flow by causing turbulence (Bonatti et al. 2007).

Imaging Equipment
Mobile and Fixed Systems
Mobile C-arms have been commonly used in vascular and
cardiac surgery and are readily available in every department (e.g., for pacemaker implantation). Although mobile
C-arms may well depict larger stents or catheters, their technical specifications do not meet the recommendations of the
cardiology societies (Fillinger and Weaver 1999). The power
(2–25 kW vs. 80–100 kW recommendation) and frame rate
(up to 25 f/s 50 Hz or 30 f/s 60 Hz vs. 30–60 f/s 50 Hz recommendation) are below American College of Cardiology
standards. Recommendations must be met because cardiologic or neuroradiologic interventions are integral parts of
the hybrid procedure. Thin guidewires (0.2 mm) and stents
must be visualized even in obese patients and stenoses of
small vessels must be quantified, which requires adequate
power. Mobile C-arms generally have a heat storage capacity of up to 300,000 heat units (HU) (exception: rare watercooled systems). Cardiology societies recommend a heat
storage capacity of more than one million HU for catheter
laboratories to avoid overheating and a dangerous shut down
during complex procedures, which may occur in mobile
C-arms (e.g., during complex EVAR procedures). For these
reasons, expert consensus guidelines recommend the use of
fixed C-arms (Bonatti et al. 2007). A semi-mobile system
with a fixed generator (80 kW, AXIOM Artis U; Siemens
AG, Forchheim, Germany) may accommodate high-power
imaging demands even in average-sized ORs too small to
house a fixed C-arm (<45 m2).

Image Intensiﬁer and Flat Panel Detector
Systems
Modern fixed C-arm systems are equipped with a flat-panel
detector. Contrast resolution is far higher compared to image
intensifier (II) systems, leading to a higher image quality in
detector systems. Additionally, in II systems, the image is

slightly distorted at the edges compared with the centre. As a
consequence, II systems are not capable of three-dimensional
(3D) imaging with soft-tissue contrast resolution.

Ceiling and Floor-Mounted Systems
Expert consensus panels recommend floor-mounted systems
for hygienic reasons. In fact, some hospitals do not allow
running parts immediately above the operative field because
falling dust may cause infections. Despite this, a large number of hospitals have ceiling-mounted systems, as these
certainly cover the whole body with more flexibility and—
most importantly—do not require moving the table, which is
a sometimes difficult and dangerous undertaking during surgery because many lines and catheters also must be moved.
Some ceiling-mounted systems are capable of 3D imaging
from a surgical position, perpendicular to the patient from
both the right and left table side. Moving from a parking to a
working position during surgery, however, is easier with a
flexible floor-mounted system because C-arms just turn in
from the side without interference with the anaesthesiologist
whereas ceiling-mounted systems can hardly move during
hybrid procedures in the park position at the head side without colliding with the anaesthesia equipment.

Mono- and Biplane Systems
In an overcrowded environment such as a hybrid suite,
biplane systems add to the complexity and interfere with
anaesthesia except for neurosurgery, where anaesthesia is
not at the head side. Monoplane systems (see Fig. 1.4) are
therefore clearly recommended for rooms mainly used for
vascular, cardiac, and orthopaedic procedures. There are certainly exceptions. If paediatric cardiologists, electrophysiologists, or neuroradiologists are important stakeholders in
room usage, a biplane system may also be considered.

Table Considerations
The operating table should meet expectations of both
surgeons and interventionalists. This is in fact a special challenge because the expectations may be mutually exclusive.
Surgeons expect a table with a breakable tabletop. For imaging reasons, the table must be radiolucent and should allow
coverage of the patient in a wide range. Therefore, carbonfibre tabletops are used that are unbreakable. Cardiovascular
surgeons, in general, do not have very sophisticated positioning needs and are accustomed to the fully motorized
movements of table and tabletop. For patient positioning,
inflatable cushions are sometimes used if no breakable table
is available. Interventionalists require a floating tabletop to
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Fig. 1.4 Room plan with a robotic floor-mounted imaging system. A room size of 70 m2 or larger is recommended for hybrid ORs because of the
large amount of equipment and people needed (Published with kind permission of © Siemens 2011. All Rights Reserved)

allow fast and precise movements during angiography and,
in some countries, floating tabletops are among the technical
requirements for performing coronary angiographies or are
at least highly recommended by expert consensus (Bashore
et al. 2001). Floating tabletops are not available with conventional OR tables. The radiolucent area of the OR table only
meet the needs in paediatric cases. Complete coverage of an
adult cannot be achieved with today’s systems.
As a compromise, tables with a floating tabletop and vertical and lateral tilt are recommended (Hamm et al. 2001).
Special rails for mounting special surgical equipment such
as retractors or camera holders should be available on the
table. Placing the operating table in a diagonal position in
the hybrid suite may gain space. A crucial element when

selecting the imaging system and table is the ability to
access the patient from all sides and to tilt the table both
head up, down, and sidewise. To perform 3D imaging with
the operating table, the C-arm must be fully integrated with
the table, because a fast and precise rotation around the
patient lying in the isocentre is necessary. Breakable OR
tables are currently not fully integrated and therefore 3D
CT-like imaging on these tables is impossible.

Imaging Methods and Technologies
Fluoroscopy and acquisition are the basic and most important imaging modes and are offered by all systems. Because
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fluoroscopy requires much less radiation dose, brilliant
fluoroscopy images are the predominantly used images during the procedure. However, modern angiography systems
offer advanced imaging and post-processing capabilities,
including image fusion with any type of previously acquired
3D volumes (e.g., computed tomography, magnetic resonance imaging, positron-emission tomography, and single
photon-emission computed tomography [SPECT] images),
guidance, or 3D imaging.

CT-Like 3D Imaging with the Angiography
System
Surgery very much depends on 3D visualization of the
anatomy. Therefore, 3D CT-like imaging with the angiography system is an important feature because it enables the
surgeon to navigate in real-time in 3D volumes. In principle, CT-like imaging of the heart is performed by one or
two sweeps of up to 220° of the C-arm around the patient.
During the rotation, several 100 images are acquired and
then reconstructed as a 3D volume. If the acquisition is
gated by an electrocardiograph, 3D volumes over time can
be generated to depict the beating heart. Radiation dose is,
with new protocols, approximately one third of a conventional multi-slice CT. The OR staff can move out of the
OR completely during a CT-like run because it lasts, in
most cases, 5 s. Reconstruction is performed within 1 min.
Accurate information of the cardiac anatomy in the OR
supports planning of complex procedures such as re-do
operations, surgery for complex congenital heart disease,
and transcatheter valve replacement. Segmentation of anatomical structures and overlay of 3D volumes over live
fluoroscopy (3D roadmap) enables the surgeon to virtually
navigate in 3D anatomy (see Fig. 1.5). First investigations
demonstrate the value of this new technology in transcatheter aortic valve replacement (Kapadia 2008), particularly with anatomical adjustable valve prostheses (e.g.,
Medtronic Engager valves [Fridley, MN, USA], Jena Valve
[Munich, Germany], Symetis Acurate Valve [Ecublens,
Switzerland]). In pulmonary valve replacement, the 3D
valve anatomy in relation to the coronary artery anatomy is
of great importance to avoid obstruction. In EVAR (Biasi
et al. 2009), endoleaks can be evaluated in the OR and corrected if deemed necessary.

Future Trends in Hybrid Operating Rooms
The wider use of hybrid ORs began recently and the first
dedicated surgical applications and systems aiming to
support the specific workflows are currently being developed. As such, some specifics in surgery must be further

Fig. 1.5 Deployment of an Edwards SAPIEN valve (Irvine, CA, USA)
with 3D guidance. 3D images are acquired at the start of the procedure
with the patient lying on the OR table within 5 s. The 3D volume of the
aortic valve and ascending aorta are automatically reconstructed and
segmented in less than 1 min. The coronaries are automatically detected
and marked with coloured dots. A red ring is reconstructed 1 cm below
the sinuses. On the workstation, the 3D volume can be rotated so the
ring becomes a line. Once this is achieved, the projection is perpendicular to the aortic annulus. With the push of a button, the C-arm moves
into a position to give the surgeon exactly the projection shown on the
workstation. The volume is then overlaid across the live 2D fluoroscopy
images and supports precise placement of the aortic valve under rapid
pacing (Courtesy of Heart Center Leipzig; Germany. Prototype software under clinical trial. Published with kind permission of © Siemens
2011. All Rights Reserved)

addressed. Extensive training for surgeons to operate systems is difficult to achieve because these complex systems
are not their focus. Therefore, specific software applications for surgical procedures are necessary that are easy
to operate with little or no interaction with the surgeons.
Surgeons are more accustomed to 3D anatomy than to
two-dimensional images. Acquisition and reconstruction
of 3D volumes with DynaCT (Siemens AG Healthcare;
Forchheim, Germany) and their live display during
fluoroscopy will become as standard as fluoroscopy today.
The combination of robotic endovascular navigation with
3D imaging will allow completely new therapies (Riga
et al. 2010), such as complete endovascular stenting of
the aorta and in vivo construction of fenestrated branched
grafts. Functional imaging will gain importance because
the functional, not anatomical, result of the surgical intervention determines patient outcomes. First steps have
been made with imaging depicting blood flow velocity or
tissue blood volume (see Fig. 1.6).
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Fig. 1.6 Functional imaging will be a future application in a hybrid
OR. Angiography systems will be capable of acquiring blood pool and
perfusion-related parameters by DynaCT imaging. This image depicts

Conclusions

The hybrid OR facilitates a whole new spectrum of cardiovascular therapies and will therefore become an essential
resource of every cardiovascular centre. The trend towards
hybrid techniques is more a revolution than an evolution due
to its rapid integration into surgical techniques. All areas of
cardiac therapies—procedures for ischemic, structural, and
rhythm heart disease—are deeply affected. Fluoroscopy
represents the basic imaging mode. Furthermore, image
fusion, 3D/4D imaging, soft tissue visualization, modelling,
and navigation allow very advanced surgical applications.
The hybrid operating suite itself is an extremely complex
working environment that demands careful planning by all
stakeholders. Bundling of clinical, technical, and architectural expertise, as well as an understanding of what is realistically achievable, is key for a successful hybrid OR project.
Due to wide variations in utilization, generic recommendations are only of limited value for these highly individual
ORs and certainly cannot replace the diligent work of the
project team. However, once the room is successfully established, it transforms surgical techniques and paves the way
for revolutionary, new, minimally invasive therapies.
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Advanced Computed Tomography
Imaging, Workstations,
and Planning Tools
Paolo Perini, Pascal Rheaume, Jacques Kpodonu,
and Stéphan Haulon

Multidetector-row computed tomography (MDCT) has now
replaced the old “gold standard,” intra-arterial digital subtraction angiography (DSA), for assessing abdominal, thoracic, and cranial vasculature. MDCT raw data are captured
in two-dimensional (2D) transverse sections. Therefore, to
generate an angiographic display, a three-dimensional (3D)
workstation is required. To depict vascular anatomy on the
workstation, specific anatomical projections must be created
using one or more visualization techniques. The image projections must display the vascular region of interest in the
correct viewing planes without being obscured by other vascular territories or noncardiovascular structures. Furthermore,
the resultant images must be rendered with the correct window, level, and lighting settings to accurately depict normal
anatomy and pathology. The volumetric data acquired enable
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the acquisition of views from any angle and perspective.
MDCT has a superior diagnostic accuracy compared with
intra-arterial DSA in characterizing the neck of the abdominal
aortic aneurysm, identifying accessory renal arteries, and
characterizing renal arterial stenoses.
The implantation of an infrarenal endoprosthesis is a relatively simple procedure, requiring preoperative length and
diameter measurements and accurate longitudinal device
placement. However, designing and implanting a device that
will accommodate the aortic branches is more complex:
inappropriate orientation of the visceral branches will preclude successful endovascular repair. Essential information
needed for preoperative assessment of aortic aneurysms
includes the relationship of the aneurysm to the aortic
branches, the degree of iliac arterial involvement with the
aneurysm, the presence of other coexisting iliac arterial or
aortic aneurysms, the presence of supernumerary or aberrant
aortic branches, and the presence of coexistent iliac arterial
occlusive disease.
On currently available 3D workstations, there are four
principal visualization techniques: multiplanar (axial, sagittal, coronal, and oblique) reconstruction (MPR); curved planar reformation (CPR); maximum-intensity projection
(MIP); and 3D volume-rendering (3D-VR) (Fig. 2.1).
Automated and semiautomated vessel analysis tools are
integrated to run these techniques. The generation of a centreline of flow image allows the visualization of a tortuous
aorta as if it were straightened or stretched and aids greatly
in the design of the endoprosthesis, particularly in accurately
measuring the correct length of the graft between key anatomic targets such as branch locations and vessel bifurcations (Fig. 2.2).

J. Kpodonu, S. Haulon (eds.), Atlas of Advanced Endoaortic Surgery,
DOI 10.1007/978-1-4471-4027-6_2, © Springer-Verlag London 2013
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Fig. 2.1 3D-VR (a) and MIP (b) reconstructions of a descending thoracic aortic aneurysm

Fig. 2.2 Practical steps for the generation of a “stretched” aorta using
centreline technique. A centreline of flow (green line; left image) is
generated by the workstation. Before a stretched reconstruction is

obtained (right image), the centreline can be modified by adding,
retrieving, or moving the numerous dots of the line (middle image)
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Fig. 2.3 3D-VR of a juxtarenal abdominal aortic aneurysm treated
with a fenestrated endograft

Fig. 2.5 Sagittal MPR showing the superior mesenteric artery and its
angle with the aorta. The catheterization of this vessel via a femoral
approach during fenestrated endovascular aneurysm repair is anticipated to be challenging (angle of the target vessel to the aortic
wall <60°)

Fig. 2.4 CPR of a renal artery used for planning a fenestrated endograft
depicting a severe stenosis at the origin of the vessel

Now that 3D workstations are intuitive and “user-friendly,”
they are accessible to cardiovascular surgeons and not only
experienced radiologists. Reliable default VR and MIP templates and quick access to advanced segmentation algorithms
that automatically edit and grow vessel territories are essential (Fig. 2.3).

Vessel caliber, patency, tortuosity, and burden of calcium
and thrombus are important vascular features to assess
preoperatively (Fig. 2.4).
Diameters, lengths, and angles are often necessary dimensions to measure (Fig. 2.5).
Although much of this imaging information can be visualized on conventional axial images, 3D-VR, multiplanar,
and curved planar reconstructions provide quick and clear
visualization of the complex relationships of anatomy and
pathology (Fig. 2.6).
The combined use of the various visualization techniques
is critical in surgical planning.
The advantage of VR is the accurate spatial perception
through a complete 3D angiographic overview. Care, however, must be taken in interpreting these reformatted images.
For example, a critical stenosis may appear like a complete
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Fig. 2.6 3D-VR (a) and
stretched CPR (b) of an
infrarenal aortic aneurysm
associated with a right common
iliac aneurysm. The combination
of the various visualization
techniques is vital to properly
size and plan the endograft
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occlusion. It is important to correlate 3D findings with corresponding 2D images to avoid such pitfalls. With MPR, a 2D
analysis through the original dataset is performed in axial,
coronal, sagittal, or oblique orientations. Analysis of the vessel wall and the flow lumen with accurate display of stenosis,
occlusions, and calcification can be performed. The only disadvantage is the limited spatial display. MIP is also a 2D
analysis option for an angiographic overview, but
semiautomated or complete manual editing is required to
remove structural overlay. It can be useful to depict small
caliber vessels and poorly enhanced vessels. Its accuracy is,
however, limited in calcified vessels. Confirmation of stenosis
and vessel caliber measurements should always be done with
orthogonal MPR. As vessels curve in and out of the planes,
standard MPRs cannot display an entire vascular territory and
flow lumen in one image. To obtain a complete longitudinal
vessel display, the solution is to generate a longitudinal crosssection using either 2D or rotating CPR techniques.

The measurements required for accurate planning of branched
and fenestrated endografts are complex and beyond the scope of
what can be achieved accurately with standard 2D axial images
and table positions to measure aortic lengths and the relative
positions of visceral arteries. Indeed, there is significant potential
for error when trying to measure aortic lengths using a combination of coronal and sagittal images of the angulated aorta. The
evolution of modern workstations has consigned these difficulties
to history with rapid generation of accurate 3D images now feasible in real-time (Figs. 2.7 and 2.8).
It is likely that some of the ongoing improvements in clinical outcomes that are continuously being reported in the endovascular literature are in part attributable to more accurate graft
design, with consequent benefits in terms of improved target
vessel perfusion rates, less graft migration/endoleak, and
shorter procedure times. Clearly, in striving to improve clinical
outcomes, it is incumbent on all endovascular surgeons to
become comfortable with this remarkable technology.
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Fig. 2.7 Various phases of the planning of a fenestrated endograft using
a workstation. On the upper left, the 3D-VR is generated. The centreline
(in green) is used to generate the stretched CPR (right). The 2D image
(lower left) is the reconstruction perpendicular to the centre-lumen line.
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It is used to precisely assess the diameter of the aorta. AAA abdominal
aortic aneurysm, CIA common iliac artery, RA renal artery, SMA superior
mesenteric artery
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Fig. 2.8 Postoperative 3D-VR of a type II thoracoabdominal aneurysm
treated with a four-branch endograft (right). A meticulous analysis of
the preoperative CT scan on the workstation was mandatory to design
an endograft that perfectly matched the aortic anatomy (left). The length

and diameter of the sealing zone in each target vessel has also been
evaluated. LRA left renal artery, RRA right renal artery, SMA superior
mesenteric artery CT celiac trunk?
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Intravascular Ultrasound Applications
for Endoaortic Surgery
Jacques Kpodonu and Stéphan Haulon

Unlike traditional cardiac ultrasound that uses an exterior
probe and is limited to imaging between the patient’s ribs or
a transesophageal probe, intravascular ultrasound (IVUS)
uses a miniature ultrasound transducer mounted on the tip of
a catheter. Due to its intraluminal perspective, IVUS imaging
provides information that supplements angiography. Standard
IVUS catheters for imaging the aorta use a 9 French (F)
delivery sheath and a 0.035″ guidewire, but smaller catheters
do exist, such as the Eagle Eye gold catheter (Volcano; San
Diego, CA, USA), which uses a 0.014″ guidewire. The ultrasound transducer emits and receives signals at 12.5, 20, or
30 MHz, producing an axial image (or frame) similar to cuts
from computed tomography (CT) and magnetic resonance
imaging (MRI). Increased MHz size results in a more detailed
image (“Near vision”), whereas a lower MHz results in more
penetration with a larger field of view.
Two-dimensional (2D) IVUS images are obtained by passing an ultrasound catheter over a guidewire into the investigation area. The axial view is a 360° real-time image obtained
by rotating the ultrasound beam rapidly around the catheter
axis. The radius of detection can be altered to suit the diameter of the vessel. In the normal artery, ultrasound waves
are reflected differently by various vessel wall components.
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Reflections from collagen and elastin are stronger than smooth
muscle cells, revealing the muscular media as a hypoechoic
circle, distinct from the reflective intima and adventitia. The
use of three-dimensional (3D) IVUS technology is of particular importance in preventing suboptimal intraluminal device
deployment that may not be appreciated on angiography, as
well as selecting the size of the endovascular device to use.
IVUS 3D images are created by the computer using an edgetracking formula (algorithm). Consecutive axial 2D images
are aligned and stacked longitudinally during a “pullback” of
the ultrasound catheter through the vessel. Each picture element (pixel) of the 2D image is assigned a digital position on
an X and Y axis. By adding a Z axis, or a third dimension,
each square pixel becomes a cubic picture element (voxel).
When all stacked frames are combined, the complete 3D
reconstruction can be examined by the computer software to
view the vessel from any angle, slice, or rotation. 3D reconstruction can assemble the stack of serial 2D axial frames
into both a “longitudinal” image and a “volume” image. For
acquisition of high-quality longitudinal and volume views, a
smooth pullback of the catheter at a steady rate is required
to obtain the images. Color flow can be added to demonstrate intraluminal flow. This may be done manually or using
a motorized device. In general, 1 mm/s with a 30 frames/s
rate are recommended for shorter lesions. For longer areas of
interrogation (>7 cm), the frame rate must be lowered to ten
frames/s because the computer can handle only 2,048 frames
in one pullback. The IVUS imaging system is used for preplanning and post-procedure follow-up (Fig. 3.1).

0.035″ Visions PV IVUS Catheter System
The 0.035″ Visions PV IVUS Catheter System (Volcano; San
Diego, CA, USA) is an over-the-wire catheter-based ultrasound
with an 8.2 F crossing profile at the level of the transducer and a
7 F shaft diameter. The minimum sheath internal diameter is 9 F.
The working catheter length is 90 cm and the new chip technology provides imaging diameter up to 60 mm. It is an over-the-wire
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catheter with good trackability and ease of placement. The 0.035″
Visions PV IVUS catheter system provides precise anatomical
information on the relationship between the aortic side branches
and the aneurysm, as well as the dimensions of the proximal and
distal fixation sites. A strong correlation has been identified
between arterial lumen diameter measurements performed on
histological specimens and IVUS imaging. In addition to providing precise measurements, IVUS imaging also provides important qualitative information on luminal morphology, including
the presence of atherosclerotic plaque, calcification, fibrous
lesions, and intraluminal thrombus (Fig. 3.2).

IVUS images acquired allow imaging of the vessel wall with
identification of branch vessel landmarks. Using pullback
techniques, the following information can be determined:
lumen diameters and cross-sectional areas; wall thickness;

lesion length; lesion shape and volume; position within the
lumen (concentric vs. eccentric); lesion type (fibrous [soft]
vs calcific [hard]); presence and extent of flap, dissection, or
ulceration; presence and volume of thrombus; length measurements and diameters of vessels and/or vessel pathology.
Tracing of the circumference of a vessel can also be performed to calculate vessel area, size, flow lumen area and
size, and percentage stenosis (Fig. 3.3).
Settings on the IVUS imaging system include “grayscale,”
which determines contrast level; “gain” enhances the details
of the image; and “pixel” increases or decreases the matrix.
IVUS has multiple advantages, such as imaging of calcification
or stenosis, which may affect stent-graft placement. IVUS
imaging is critical during the treatment of aortic dissections to
confirm guidewire location in true or false lumens. Using the
IVUS catheter probes, length measurements of treatment area
can also be obtained, which are often underestimated by CT
scans. IVUS imaging is also helpful in the identification of the
exact location of an aneurysm when intraluminal thrombus

Fig. 3.1 IVUS images acquired during a pull-through of the aorta,
demonstrating intraluminal flow

Fig. 3.3 Calculating area and percentage stenosis flow lumen diameter
divided by vessel diameter

Universal IVUS Applications

PIM connector

Transducer
8.2 F
7F

Tip OD
0.058

Guidewire
port

90 cm

Fig. 3.2 0.035″ Visions PV IVUS catheter system used for imaging aortic pathologies
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Fig. 3.4 IVUS probe demonstrates the left renal vein crossing the
aorta (arrow)

19

Fig. 3.5 IVUS imaging probe obtains cross-sectional diameter
readings of the neck of the abdominal aortic aneurysm. The average
diameter is tabulated and used to select the proximal main body of the
endoluminal graft

may create a normal angiographic arterial lumen at either
landing zone. IVUS imaging may be critical in the identification
of saccular aneurysm or arterial ulcerations filled by thrombus, and atheromatous sources of arterial emboli may at times
be identified only by IVUS imaging. Despite the numerous
advantages of IVUS, there are two distinct concerns with the
use of IVUS imaging measurements. The first is off-center
measurements that distort the image and may mislead the
observer. The second is tangential measurements on a curve,
which would not reflect a true centerline diameter. Instead, the
2D representation may be an oblique slice through the aorta.

IVUS Imaging in Planning and Managing
Patients with Abdominal Aortic Aneurysms
Abdominal aortic aneurysms are at risk of rupture. Endovascular
repair requires CT scan imaging with reconstruction on 3D
workstations, with advanced planning required for proper
sizing of the aorta and device selection. IVUS imaging of the
aorta can be substituted for CT imaging and the data acquired
can similarly be used to preplan for device selection and treatment of the patient (Kpodonu et al. 2008).
IVUS procedural steps include:
• Positioning the IVUS imaging probe to identify the left
renal vein crossing the aorta as a landmark (Fig. 3.4).
• Identify the lowest renal artery for main body deployment.
• Determine different diameters in the proximal neck and
measure the actual neck length (Fig. 3.5).
• Wall morphology (i.e., calcifications, thrombus) at site
chosen for endoluminal graft fixation.

Fig. 3.6 IVUS imaging demonstrates abdominal aortic aneurysm with
layered thrombus in the wall of the aneurysm sac

• Position of collateral vessels that could produce distal
ischemia if excluded from the lumen by the
endograft.
• Pullback measures for centerline lengths are determined.
• Measurements of aneurysm sac are determined and
confirmed from previous CT scan images (Fig. 3.6).
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Fig. 3.7 IVUS imaging demonstrating a common iliac artery measuring
8.5 mm, with no thrombus and mild calcification amenable to
deployment of a stent graft

• True diameter of common iliac arteries are determined to
chose appropriate size of percutaneous transluminal
angioplasty balloon(s) and limb grafts (Fig. 3.7).
• Confirm device selection.
• Length measurements from distal main body to internal
iliac to confirm limb selection.
• Visualized guidewire is in “the gate” after main body is
deployed and before limb is deployed.
• Graft apposition to the aortic wall is confirmed.
• Proper alignment of graft is also confirmed.
• Device fixation is confirmed to prevent migration.
• Flow volumes can be added to confirm that the aneurysm
is excluded from blood flow.
• Interrogation of the graft is performed to exclude any graft
kinking, folding, or abnormal motion that might predispose
to luminal narrowing, embolization, or graft thrombosis.
• The endovascular repair of the aneurysm may be performed with IVUS imaging alone instead of iodinated
contrast angiograms on patients with renal insufficiency.
A significant advantage of IVUS imaging over angiogram
is that it may be used instead of angiograms to save contrast
on a patient who has renal insufficiency. The endoluminal
graft diameter and length can be determined and deployed
using only IVUS imaging technology.

IVUS Imaging for Abdominal Aortic
Penetrating Ulcers
Abdominal aortic penetrating ulcers are characterized by a
break in the intima and occasionally the media of the aorta with
a resulting pseudoaneurysm/penetrating aortic ulcer (PAU).

Fig. 3.8 IVUS imaging of the abdominal aorta in a patient, confirming
a break in the intima of the abdominal aorta, with a resulting penetrating
aortic ulcer

PAUs are most commonly identified in older patients with
advanced atherosclerotic disease. The ulcers result in luminal
blood to penetrate the aortic wall and form a pseudoaneurysm
or hematoma in the wall. PAU can be identified on CT imaging or can be incidentally found on IVUS imaging where the
disruption in the intima can be identified (Fig. 3.8).
Symptomatic PAU should be intervened to prevent the
risk of dissection or rupture.

Selective Application of IVUS in the
Management of Thoracic Aortic Aneurysms
IVUS imaging is useful for planning treatment of thoracic
aortic aneurysms. IVUS imaging confirms measurements
from previous CT scans and maps different diameters in the
proximal and distal aortic neck, as well as determines neck
length and aorta length to be covered.

Procedural Technique for IVUS Imaging
for Thoracic Aortic Disease
• 9 F, 11 cm introducer sheath is placed in the femoral vessel of choice.
• 0.035″, 260 cm guidewire is advanced into the proximal
thoracic aorta.
• Angiogram (unless patient has high creatinine) is performed
in a left anterior oblique (LAO) view.
• 8.2 F Volcano IVUS catheter is advanced to the thoracic
arch aorta.
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Fig. 3.9 (a) IVUS imaging
demonstrates a thoracic aortic
aneurysm in an axial view and
a longitudinal view demonstrates a conical proximal neck
aneurysm and distal aortic neck
minimal thrombus on the axial
and longitudinal views.
(b) IVUS imaging demonstrates
a distal neck thoracic aortic
aneurysm with no demonstrable
thrombus
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• Arch vessels are identified.
• Cross-sectional measurements of the proximal neck
diameter of the aneurysm are obtained.
• Cross-sectional measurements of the distal neck diameter
of the aneurysm are obtained.
• Cross-sectional area of the thoracic aneurysm diameter is
obtained (Figs. 3.9a, b).
• Thrombus can be detected in the aneurysm sac and the
proximal and distal landing zones well-characterized.
• Pullback on IVUS imaging catheter to measure length of
treatment zone.
• Device selection is made on the IVUS image measurements.

IVUS Application to Thoracic Aortic Dissections
IVUS imaging is an important tool for identifying and
confirming the presence of a type A or B dissection. The
applicability of managing type B dissections with an endovascular graft depends on the location of the intimal tear
(most intimal tears are close to the left subclavian artery).
IVUS imaging evaluation of the aorta can determine if one
needs to cover the left subclavian artery during treatment
of complicated type B dissections. The dynamics of true
lumen flow with respect to the false lumen flow as a result of
the dissecting flap and the state of visceral and renal vessels
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Fig. 3.10 IVUS imaging
demonstrates a type B
dissection, with a dissecting
flap separating a compressed
true lumen

a

b

Fig. 3.11 (a, b) Angiogram in a patient with a type B dissection with renal malperfusion confirmed with IVUS imaging

determine how much of the descending thoracic aorta must
be treated with an endoluminal graft (Fig. 3.10).
IVUS imaging can provide substantial information,
including the presence or absence of re-entry tears, the true
lumen flow index, and the diameter of the thoracic aorta for

appropriate device selection. IVUS imaging can also confirm
branch vessel dissection and is helpful in planning treatment
of branch vessel dissection with a stent to increase true lumen
flow and restore perfusion to the branch vessel organ
(Figs. 3.11 and 3.12).
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b

Fig. 3.12 (a) Angiogram post-stent deployment in the true lumen to re-expand the true lumen with improvement in renal flow. (b) IVUS imaging
demonstrates increased renal lumen diameter with demonstration of a well-apposed renal stent

IVUS Application for the Management
of Coarctation of the Aorta
IVUS technology can also be applied to image and plan
treatment for primary coarctation, recurrent coarctation,
and post-coarctation pseudoaneurysms of the thoracic aorta
(Fig. 3.13).
IVUS can be used to measure the diameter of the coarctation area, proximal aorta diameter, and post-stenotic
aorta diameter, as well as the length of the coarctation
area. The choice of stent or stent graft can then be chosen
and accurately deployed based on IVUS measurements.
IVUS imaging also can determine proper stent apposition
to the aortic wall after balloon angioplasty and provide
post-stent measurements to determine success of the procedure (Fig. 3.14).

IVUS Management for the Management
of Thoracic Penetrating Aortic Ulcers

PAU may represent one pathology in the spectrum of
acute aortic diseases but may be associated with aortic dissection and aneurysm formation, although it is distinct from
those conditions. IVUS imaging is accurately able to diagnose PAU by demonstrating the break in the internal elastic
lamina (Fig. 3.16).
IVUS imaging can further demonstrate the extent of
ulcers, presence of any hematoma or dissection, and also is
important in the selection of device size and length needed to
treat PAU. Once the endoluminal graft is deployed, accurate
deployment and good apposition of the stent graft to the aortic wall can be determined.
Other applications of IVUS to aortic pathologies include
diagnosis and therapeutic interventions for pseudoaneurysms, aortic transections, shaggy aorta, aortobronchial
fistulas, and aortoesophageal fistulas.

IVUS Imaging in Traumatic Transections

PAUs of the thoracic aorta arise when atherosclerotic lesions
rupture through the internal elastic lamina of the aortic wall,
with subsequent hematoma formation between the media
and adventitia. The ulcers are most often found in the distal
descending thoracic aorta but can occur throughout the thoracic and abdominal aorta and have a characteristic appearance on CT and MRI (Fig. 3.15).

Traumatic transections of the thoracic aorta occur as a
result of a tear in the aorta that involves the full thickness
of the aortic wall. The tear may involve part or the entire
circumference of the thoracic aorta. Most tears occur at
the level of the left subclavian artery, with a small minority occurring at the level of the aortic root. The imaging
findings on CT scan can be subtle, in which case an angiogram may be required. IVUS imaging provides an imaging

jkpodonu@yahoo.com

24

J. Kpodonu and S. Haulon

Fig. 3.13 Intravascular
ultrasound demonstrating
coarctation with post-stenotic
dilatation

Fig. 3.14 Intravascular
ultrasound post-stent deployment
demonstrating an increase in
luminal gain
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platform that can identify the disruption in the intima and
provide intraluminal aortic diameters, as well as treatment
length of the aorta required for endovascular treatments
(Fig. 3.17).

IVUS Imaging Aortobronchial Fistula
Aortobronchial fistula is a rare, life-threatening complication associated with previous thoracic aortic surgery.
Patients typically present with hemoptysis, and its presence, once confirmed, mandates urgent repair. Progression
of atherosclerosis at a previous anastomotic repair results
in a weakening of the aortic wall, with a resulting break in
the aortic wall and subsequent pseudoaneurysm formation
(Fig. 3.18).

Fig. 3.15 CT scan demonstrates a penetrating aortic ulcer of the
descending thoracic aorta with contained rupture

Fig. 3.16 IVUS image
demonstrates a break in the
intima of the descending
thoracic aorta compatible with a
penetrating aortic ulcer
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Fig. 3.17 IVUS imaging in intramural hematoma of the descending
thoracic aorta

Fig. 3.18 Intravascular ultrasound demonstrates a pseudoaneurysm of
the descending thoracic aorta, with disruption of the proximal
anastomosis

Reference
Kpodonu J, Ramaiah VG, Diethrich EB. Intravascular ultrasound
imaging as applied to the aorta: a new tool for the cardiovascular
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Devices and Accessories
in Endoaortic Surgery
Jacques Kpodonu and Stéphan Haulon

Endoaortic surgery is a rapidly developing surgical specialty
that requires advanced endovascular skill, knowledge in
device technology, operative room equipment, and advanced
imaging skills. A thorough knowledge of the following
devices and accessories is required for successful implementation of an advanced endoaortic surgical program.
• Fluoroscope with digital angiography capabilities (C-arm
or fixed unit)
– Nonobstructive table for imaging of chest and abdomen.
– Power injector for fluoroscopic contrast studies.
– Connecting tubing for power injector.
– Digital subtraction angiography.
– Road mapping.
– Multiplane image system.
• High-resolution fluoroscopic imaging and the ability to
record and recall during imaging.
• Surgical suite standby in the event that emergency surgery
is necessary.
• Cell saver and/or auto-transfuser (optional).
• Inflation device with pressure gauge.
• Needles.
• Radiopaque ruler with centimetre increments.
• Heparinized solution.
• Puncture needles 18 gauge (G) or 19 G.

J. Kpodonu ()
Division of Cardiac and Endovascular Surgery,
Hoag Heart &Vascular Institute,
Hoag Memorial Hospital Presbyterian,
One Hoag Drive, Newport Beach, CA 92663, USA
e-mail: jkpodonu@yahoo.com

• Assorted guidewires of at least 260 cm in length, including
a stiff 0.035-in. wire to support the endograft.
• Assorted angiographic, angioplasty, and graduated pigtail
catheters.
• 12 F introducer system to be used with the Reliant stent
graft balloon catheter (Medtronic).
• Sterile introducer sheaths of 5 F or 10 F for vascular access
to femoral arteries and to perform diagnostic imaging.
• Radiopaque contrast media.
• Sterile silicone lubricant or mineral oil.

Supplementary Equipment
•
•
•
•
•
•

Nitinol goose neck snare (10–15 mm).
Angioplasty catheters 8–40 mm (depending on case).
IVUS unit with catheters.
Sterile marker.
25–30 mm valvuloplasty balloons.
Dilators.

Percutaneous Entry Needles and Devices
Endovascular procedures require percutaneous needles,
which are available in various lengths and gauges. Each needle contains two parts: (1) the hub used when attaching the
needle to the syringe and (2) the cannula, which is the hollow
shaft of the needle. The most common gauge used is the
18 G needle (Fig. 4.1).
The 18 G needle will accommodate a 0.035-in. guidewire.
Needle length varies between 2 and 3.5 in. Other accessories
include micro-puncture sets and smart needles.

Vessel Dilators

S. Haulon
Chirurgie Vasculaire, Hôpital Cardiologique, CHRU de Lille,
INSERM U1008, Université Lille Nord France, Lille, France
e-mail: stephan.haulon@chru-lille.fr

These devices dilate the tract that the needle has created, allowing the introduction of large devices such as catheters and
sheaths into the vessel. They are placed over the guidewire

J. Kpodonu, S. Haulon (eds.), Atlas of Advanced Endoaortic Surgery,
DOI 10.1007/978-1-4471-4027-6_4, © Springer-Verlag London 2013
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Fig. 4.1 18-G, 7-cm Cook percutaneous needle

introduced through the original puncture needle. Vessel dilators
are measured in French (F) sizes (1 F = 0.33 mm) and are most
commonly 15–20 cm in length. Serial dilation can be necessary
when attempting to introduce large diameter sheaths, particularly in patients that have scar tissue build-up in the common
femoral artery (CFA) area. It is important not to overdilate the
tract. Overdilating can allow blood to leak around the catheter
or sheath, not allowing one to gain haemostatic control of the
vessel. Dilator sets may vary from 4 to 22 F (Fig. 4.2).

Guidewires
Guidewires access the vessel through the percutaneous needle. They also help steer catheters and devices through the
vascular anatomy. Guidewires are manufactured in several
different ways: they are either solid steel core wires or the
steel core is wrapped in a thin steel coil. The core may also
be encased in a polymer-type jacket. Recently, nitinol metal
has been used for the inner core material. Guidewires usually
have a floppy tip with a stiff body. The tip configuration usually includes angled tips, straight tips, J-tips, and shapeable

Fig. 4.2 Dilator sets

tips. The diameters of the wires are measured in thousandths
of an inch (range, 0.014–0.038 in.). Lengths are measured in
centimetres (range, 80–300 cm). However, some specialty
wires are available in lengths up to 450 cm.
Some guidewires may have a hydrophilic coating, making
them slippery when wet. Our preferred workhorse guide wire
is the 0.035 in. Terumo angled Glidewire (Terumo; Somerset,
NJ, USA). This wire has a hydrophilic coating and is constructed with a centre core of super-elastic metal alloy that
tapers to a soft flexible tip. The kink-resistant core is coated
with a polyurethane jacket. This jacket is bonded with a
hydrophilic polymer that becomes slick when saline is
applied. There are many guidewire manufacturers with hundreds, possibly thousands, of available wires. Wire selection
depends on the location of the lesion, the tortuosity of the
vessel, and physician preference (Table 4.1).

Table 4.1 Recommended guidewires for endoaortic surgery
Product name
Radiofocus glidewire/
angled tip/Regular shaft

Guidewire
Material used
size/OD, in.
Hydrophilic coated/stainless 0.035
steel core

Guidewire
length, cm
260

Radiofocus glidewire/
angled tip/Stiff shaft

Hydrophilic coated/stainless 0.035
steel core

260

Boston Scientific/
Radiofocus glidewire/
Terumo
angled tip/Stiff shaft
Cook (Bloomington, Amplatz super stiff
IN, USA)

Hydrophilic coated/stainless 0.035
steel core
Spiral wind over/stainless
0.035
steel core

450

Cook

TFE-coated stainless steel

0.035

260

TFE-coated stainless steel

0.038

145

Company name
Boston Scientific
(Natick, MA, USA)/
Terumo (Somerset,
NJ, USA)
Boston Scientific/
Terumo

Cook

Double curved
Lunderquist extra stiff
(LES3)
Newton LLT

OD outer diameter, TFE polytetrafluoroethylene
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Comments
Primary wire used for initial
cannulation/used in conjunction
with catheter manipulation
Used for extra support with
catheter manipulation in tortuous
aortic anatomy
Used for brachiofemoral wire
access/“body flossing” technique
Extra-support wire for intravascular ultrasound catheter imaging
procedure
Extra-support wire used to deliver
the endograft
Pusher wire for 0.038 embolization coils
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Fig. 4.3 Lunderquist stiff
guidewire

Lunderquist Extra Stiff Wire Guide
The Lunderquist Extra Stiff Wire Guide (Cook; Bloomington,
IN, USA) is the most commonly used extra stiff guidewire
for aortic interventional procedures because it has excellent
laser-weld transition, a high degree of shaft stiffness, a Teflon
coating, a stainless steel mandrel, and it is available in both a
straight and curved tip. The Lunderquist Extra Stiff Wire
Guide is preferred for thoracic endografting because the
floppy tip is curved and designed to sit above the aortic valve
in a nontraumatic fashion and will not wander into the coronary arteries or the brachiocephalic vessels (Fig. 4.3).

LES3 Lunderquist Wire Guide (Curved Tip)

Fig. 4.4 LES3 Lunderquist guidewire

LES3 Lunderquist Wire Guide (Cook) is a 260 cm extra stiff wire
used when extremely stiff exchange wire guides are required.
Features include a shaped design for stability in the thoracic aorta
with a curve that mimics the natural arch of the anatomy while
offering the stiffness of a standard Lunderquist Extra Stiff Guide
Wire. Nontraumatic distal tip has a “non-selecting” curve that
will not wander into brachiocephalic vessels (Fig. 4.4).

Amplatz Stiff Wire Guides
Amplatz Stiff Wire Guides (Cook or Boston Scientific) are
used for interventional cardiovascular procedures, interventional biliary drainage, abscess drainage, uroradiology procedures, and catheter exchanges (Fig. 4.5).

Introducer Sheaths (Fig. 4.6)
Introducer sheaths are haemostatic conduits inserted into
the vessel that allow the passage of guidewires, catheters, and interventional devices. The sheath allows these
to be passed in and out of the body without damaging the

Fig. 4.5 Amplatz stiff wire

vessel and reduces the blood loss. Some sheaths may have
a braided wire construction to reduce kinking in acute
angles. They may have a radiopaque tip for visualization
under fluoroscopy. Sheaths are measured by the inner diameter in French sizes. They are universally colour-coded
(see Table 4.2).
They range in sizes from 4 to 24 F. Larger-sized sheaths
may require the surgeon to “cut down” and expose the CFA
to repair the large arteriotomy post-procedure.
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Table 4.3 Types of catheters
Cerebral catheters
Visceral catheters
Coronary catheters
Exchange catheters
Flush catheters
Guiding catheters

Fig. 4.6 Introducer sheaths commonly used in introducing balloons,
catheters, and wires for thoracic endografting

The guide catheters are 6–12 F in diameter and assist in
the delivery of the interventional devices, such as stents and
balloons. These catheters are available in hundreds of shapes
and lengths, as well as braided and non-braided construction.
They have special features such as hydrophilic coatings,
radiopaque tips, and radiopaque markers used to help determine lesion lengths (Table 4.3).

Angioplasty Balloons

Table 4.2 Introducer sheath universal colour-coding
4 F = red
5 F = grey
6 F = green
7 F = orange
8 F = blue
9 F = black
10 F = violet
11 F = yellow

Fig. 4.7 Guiding catheters used in aortic endografting

Angioplasty balloons assist self-expanding stent grafts with
arterial wall apposition (this is called “profile ballooning”).
They are also used to dilate lesions and to mount stainless
steel or cobalt chromium stents that are expanded in the target lesion (this is called “therapeutic ballooning”). Balloons
are measured by diameter (mm), and then length (mm or cm)
(e.g., 5 × 10 balloon = 5 mm × 10 cm). The balloons are available in many different shaft lengths and various crossing
profiles. The balloons have pressure ratings called “nominal”
and “rated burst pressures.” Nominal pressure is the amount
of atmosphere it takes to expand the balloon to its listed
diameter and length. Rated burst pressure is a conservative
measurement in which one in 100 balloons tested ruptured at
the listed atmospheric pressure. These rates and the amount
of growth of the balloon when the pressure exceeds the nominal pressure determines how the balloons are classified.
Classifications of the balloons are compliant (>10 % growth),
semi-compliant (between 5 and 10 % growth), and noncompliant (<5 % growth). The more noncompliant the balloon
the stronger it is for dilating hard calcified lesions (Fig. 4.8).
The more compliant the balloon is the more suitable it is
for profile ballooning, or pulling thrombus or an embolus out
of a vessel (Fig. 4.9).

Flush, Diagnostic, and Guiding Catheters

Stents

Catheters have three primary purposes: (1) to delivery contrast
for arteriography images; (2) to assist in directing wires
through target lesions needing intervention; and (3) to give
shaped support when trying to delivery devices to these target
lesions. Catheters are measured by the outer diameter in
French sizes. The diagnostic catheters are 4–5 F in diameter
and are used to help manoeuvre guidewires through the vascular anatomy and to deliver contrast for angiograms (Fig. 4.7).

Stents are metallic scaffolding used to permanently dilate a
lesion. There are two different types of stents: balloonexpandable and self-expanding stents. The balloon-expandable
stents are constructed of 316 L stainless steel, cobaltchromium, or platinum (Fig. 4.10).
Stents have a high radial strength and are placed in ostial
lesions where the vessel has low mobility (e.g., renal arteries,
common iliac arteries). The stent is mounted on a balloon.
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When the stent has been placed so it straddles the lesion the
balloon is inflated, pressing the stent open. Self-expanding
stents are constructed of nitinol (Fig. 4.11).
Nitinol is a manmade metal created by the US Navy.
When nitinol is chilled, the metal can be compressed so the
stent can be loaded into a delivery catheter system. This is
done by the stent manufacturing company. When the stent is
placed in the human body and the delivery system is deployed,
the stent expands due to body temperature. The interesting
property of nitinol is that it has memory; if crushed, it will
recover to its manufactured specifications. Self-expanding
stents are placed in lesions where the vessels are more mobile
(e.g., near joints or in limbs). Most self-expanding stents
have radiopaque markers that increase their visibility.
Covered stent grafts are alternatively used for athero-occlusive disease, dissection, and rupture of vessels (Fig. 4.12).
Fig. 4.8 Compliant Equalizer (Boston Scientific; Natick, MA, USA)
balloon used for profiling of an endoluminal graft

Endoluminal Grafts

Fig. 4.9 Noncompliant balloon used for dilating calcified arteries

Endoluminal grafts (ELGs) are stents, primarily
self-expanding, that are covered with polytetrafluoroethylene
or woven Dacron (Invista; Wichita, KS, USA). ELGs are
most commonly used in the aorta to exclude aneurysms and
used in both the abdominal and thoracic aorta. Flexibility,
conformability, ease and accuracy of deployment, durability,
availability in a wide range of diameters and lengths, and
low-profile delivery systems are desirable attributes for the
ideal ELG.
The following statements are true about the current
devices:
• No device is perfect.
• There is no good quality scientific evidence that any one
device is better than the others.
• The majority of devices are chosen on the basis of personal preference and experience.

Fig. 4.10 Balloon-expandable
stent
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Fig. 4.11 Self-expandable stent

Fig. 4.12 Covered stent graft

• Nitinol stent-grafts are magnetic-resonance compatible to
reduce the risk of irradiation on follow-up examinations.
• In general, devices are oversized by 10–20 % for aneurysms and slightly less for acute dissection (e.g.,
5–10 %).
• When selecting a device diameter for use in dissections,
the calibre of the aorta just proximal to the dissection
should be used. This will generally be the diameter of the
mid-aortic arch.
• In acute dissections, a device length should be chosen to
cover the main entry tear.
• In chronic dissection, most authors recommend that
devices should extend from just proximal to the entry tear
to the diaphragm

Thoracic Endograft Selection
Currently, there are three thoracic endoluminal grafts
approved by the US Food and Drug Administration and
many other ELGs in trials both in the United States and
Europe. Most of these grafts require the placement of large
sheaths into the body. The following thoracic aortic
endografts are currently in clinical practice (Figs. 4.13, 4.14,
4.15, 4.16, 4.17):
Technical features of the most commonly used thoracic
aortic devices are presented in Table 4.4.

Branched Thoracic Endograft
A wide range of custom-made endografts with either fenestrations or branches are currently in development by various
manufacturers. The Gore single-branch endograft (W.L. Gore

Fig. 4.13 Gore TAG thoracic endoluminal graft

& Associates; Flagstaff, AZ, USA) is designed to abolish the
need for a carotid subclavian bypass when the ostium of the
left subclavian artery requires coverage (Fig. 4.18).
The endograft delivery is from a transfemoral access,
with subclavian access required to deploy the single side
branch. The Cook Zenith inner branched stent graft is an
arch endograft comprised of two internal side-branches with
an enlarged external opening at their distal ends (Fig. 4.19).
The more proximal side-branch is usually 12 mm in
diameter and the other more distal branch is 8 mm, but the
layout may change according to specific anatomy. The
endograft delivery is from a transfemoral access, and
the bridging-covered stents are inserted directly through the
supra-aortic trunks.
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Fig. 4.14 Cook Zenith TX2 endograft

Fig. 4.15 Medtronic Talent thoracic endoluminal graft

Fig. 4.16 Medtronic Valiant
thoracic endoluminal graft

Abdominal ELG Selection

Accessory Tools

Most abdominal ELG are bifurcated devices requiring extension limbs into the iliac artery system. Abdominal ELG are
usually oversized 10–20 % to the aortic neck diameter. The
various commercially available endograft diameter sizes,
diameter lengths, sheath sizes, and type of delivery systems
are outlined in Table 4.5.
Current ELGs used in clinical practice include (Figs. 4.20
4.21, 4.22, 4.23, 4.24, 4.25):

Various other tools may also be useful in thoracic aortic
endografting procedures. Snares, such as the EV3 Gooseneck
(EV3; Plymouth, MN, USA) and INTER-V Ensnare device
(INTER-V; Gainesville, FL, USA), are intended for use in
thoracic endografting procedures to retrieve and manipulate
foreign objects and are useful when establishing brachialfemoral guidewire access to assist with delivery of the thoracic stent in cases of severely tortuous aortas (Fig. 4.26).
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Fig. 4.18 Gore TAG single-branch thoracic endograft (under
development)

Fig. 4.17 Bolton Relay thoracic endoluminal graft (Bolton Medical;
Sunrise, FL, USA)

Table 4.4 Technical features of some commercially available thoracic aortic devices (author’s personal assessments)

Device
TAG (W.L. Gore &
Associates;
Flagstaff, AZ, USA)
Talent (Medtronic;
Santa Rosa, CA,
USA)
Valiant (Medtronic)

Zenith TX2 (Cook;
Bloomington, IN,
USA)
Relay (Bolton;
Sunrise, FL, USA)

Available
Introducing Introducing
diameter
sheath
system size (F) size, mm
Yes
20–24
26–45

Delayed deployment
Available
Bare proximal of more proximal
MRI compatibility
lengths, mm portion
stent
(image artifacting) Delivery system
100–200
No
No
Yes
Pull-knob

No

22–25

22–46

112–200

Yes

No

Yes

Pull-back

No

22–25

22–46

105–215

Yes

Yes

Yes

Included
20–22
in delivery
system
No
22–26

22–42

115–216

No

Yes

No

Pull-back
Xcelerant
system
Pull-back

26–46

100–250

Yes or no

Yes

Yes

Pull-back
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development)
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arch
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endograft

(under

Fig. 4.20 Powerlink Endologix graft (Endologix; Irvine, CA, USA)

Table 4.5 Technical features of some commercially available abdominal aortic devices (author’s personal assessments)
Introducing
Introducing system size
sheath
(F)
Yes
18–20

Available
diameter
size, mm
23–31

Available
Bare proximal Delayed deployment MRI compatibility Delivery
lengths, mm portion
of more proximal stent (images artifacting) system
120–180
No
No
Yes
Pull-knob

22–24

22–36

140–170

Yes

No

Yes

Pull-back

18–20

23–36

124–166

Yes

Yes

Yes

Included
18–20
in delivery
system
Included
16
in delivery
system

22–36

82–149

Yes

Yes

No

Pull-back
Xcelerant
System
Pull-back

22–32

70–128

Yes

Yes

Yes

Pull-back

Device
Excluder (W.L.
Gore & Associates;
Flagstaff, AZ, USA)
Talent (Medtronic; No
Santa Rosa, CA,
USA)
Endurant
No
(Medtronic)
Zenith (Cook;
Bloomington, IN,
USA)
Zenith LP
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Fig. 4.23 Medtronic Talent abdominal endoluminal graft

Fig. 4.21 Gore Excluder abdominal endoluminal graft

Fig. 4.22 Medtronic AneuRx abdominal endoluminal graft

Fig. 4.24 Medtronic Reliant abdominal endoluminal graft
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Fig. 4.25 (a) Cook Zenith
abdominal endoluminal graft.
(b) Cook Zenith LP abdominal
endograft (Permission for use
granted by Cook Medical
Incorporated, Bloomington
Indiana)

37

a

b

Fig. 4.26 Inter-V Ensnare device (INTER-V; Gainesville, FL, USA)
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Fig. 4.27 Nestor (Cook) embolization coils used for arterial and venous embolization

Embolization coils (Fig. 4.27) may also be needed to treat
a type II endoleak by coiling the origin of the left subclavian
artery or to deposit the coils in the sac. Peripheral vascular
stents and covered stents may be important tools when addressing iliac artery stenoses to help with delivery of the sheath and
thoracic endoprosthesis.

King SB, Warren RJ. Equipment selection and techniques of balloon
angioplasty. In: King SB, Douglas JS, editors. Atlas of heart diseases:
interventional cardiology. Edinburgh: Mosby; 1997. p. 3.1–3.15.
Wheatley 3rd GH, McNutt R, Diethrich EB. Introduction to thoracic
endografting: imaging, guidewires, guiding catheters, and delivery
sheaths. Ann Thorac Surg. 2007;83:272–8.
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Access Techniques
Jacques Kpodonu and Stéphan Haulon

Safe performance of abdominal and thoracic endovascular
procedures requires zero tolerance for major access-related
complications. Thorough preoperative planning, understanding the pathology of aortoiliac occlusive disease, advanced
endovascular skills, percutaneous femoral and brachial techniques, open femoral techniques, and ability to construct an
iliac conduit via a retroperitoneal approach and deployment
of an endoconduit are necessary to achieve excellent results.
When choosing which site to access the vascular tree, one
must not only consider the intended procedure but also the
size of the sheath and distance to the pathology. Sheaths up
to 12 French (F) (4 mm) can be safely placed with a percutaneous approach. Larger sheaths most commonly require a
femoral cut-down or, less commonly, a subclavian access to
ensure vascular hemostasis and minimize traumatic injury to
the access vessel. If the physician is not adaptive to utilizing
alternative access sites, then the procedure will be compromised. A totally percutaneous approach is also possible using
large sheaths using the pre-close technique with the Prostar
device (Abbott Laboratories; Abbott Park, IL).

Percutaneous Retrograde Femoral
Artery Access
Most right-handed physicians will prefer the patient’s right
groin for femoral access, although both groins should be
prepped in case of inaccessibility. After the pulse is identified,
the inguinal ligament is found by tracing a line between the
anterior iliac spine and the pubic tubercle. Often, especially in
obese individuals, the inguinal crease is inferior to this landmark. Access should be made below the inguinal ligament
corresponding to the common femoral artery. One will find
that if access is made too high, corresponding with the external iliac artery, hemostasis is difficult to achieve with manual
pressure. In this case, hemorrhage can occur after removal of
devices and a retroperitoneal hematoma can develop. This is
often insidious in onset. In addition, the risk of pseudoaneurysm formation is higher in an external iliac stick, again
because direct manual pressure cannot be applied this superiorly. Ultrasound-guided puncture has increasingly been used
by physicians to decrease risk of double puncture.

Technique
A properly equipped endovascular suite allows fluoroscopic
imaging of the groin to identify all anatomic landmarks. In
addition to surface landmarks, most physicians use the
medial half of the femoral head to guide femoral artery
access; this ensures common femoral artery entry and avoids
the complications of a higher stick. It is also useful in the
pulseless femoral artery. Most vascular access kits include an
18 gauge (G) straight angiographic entry needle (Fig. 5.1).
This is inserted using the dominant hand at a 45° angle
while using the nondominant hand for guidance using a
Seldinger technique. Percutaneous arterial femoral access is
usually obtained by the Seldinger technique. A careful palpation of the femoral pulse is performed and a bevelled needle (usually 18 G) is introduced through the arterial wall.
The needle is slowly withdrawn until the return of arterial
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Fig. 5.1 18 G 7-cm Cook percutaneous needle

Fig. 5.3 Introduction of a 9 F 11-cm sheath in a retrograde percutaneous fashion through the common femoral artery

Fig. 5.2 Introduction of an angled glidewire through the 18 G needle

blood is achieved, signifying the intraluminal position of the
needle. The presence of poor blood flow signifies that the tip
is misplaced or the needle is too close to the arterial wall. A
soft tip angled 0.035″ guidewire is then introduced through
the central lumen of the needle under fluoroscopic guidance
(Fig. 5.2).
Progress of the guidewire intraluminally should be
monitored with fluoroscopy to avoid diversion into

branched vessels and dissection of the vessel. The
presence of resistance in passing a guidewire signifies
possible misdirection or dissection of the vessel wall. In
instances where the vessel may be small, calcified, or tortuous, a smaller access needle may be desirable. A micropuncture kit (Cook; Bloomington, IN, USA) exists that
includes a 21 G needle for initial access. Once access
is achieved, a small nick is made in the skin with a #11
blade and a dilator. An introducer sheath is then advanced
over the glidewire, with the dilator preceding the introducer sheath by a few inches again under fluoroscopic
visualization (Fig. 5.3).
Once the introducer sheath is positioned, the dilator is
removed. A haemostatic valve at the end of the introducer
sheath prevents leakage of blood. The introducer sheath permits various guidewires, balloons, and stents to be introduced
safely within the arterial lumen. The introducer sheath can
subsequently be upgraded to a larger delivery sheath for the
deployment of an endograft. In patients with a femoral –
femoral graft, percutaneous access can be performed either
through the inflow limb of the femoral – femoral graft or
below the inflow limb.
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Fig. 5.4 (a) Open retrograde cannulation of the right common femoral artery and percutaneous retrograde cannulation of the left common femoral
artery. (b) Closure of the arteriotomy after removal of guidewire and introduction sheath

Contraindication
In patients with significant peripheral vascular disease, imaging studies using an angiogram or a computed tomography
(CT) scan is necessary for determination of size, calcification,
and tortuosity of vessels, which would make the femoral
delivery of an endograft hazardous. Introduction of large
sheaths in femoral vessels that are calcified, tortuous, small
calibre, or a combination are predisposed to rupture.

Open Retrograde Femoral Access
The common femoral artery is usually exposed for retrograde cannulation and introduction of various large-sized
introducer sheaths, balloons, self-expandable and balloonexpandable stents, and endoluminal grafts.

Technique
A curvilinear incision is made two-finger breaths above the
groin crease and over the palpable femoral pulse. The incision

is carried down to the femoral sheath. Retraction is performed
with a Gelpi retractor or a Wietlaner retractor. The femoral
sheath is incised to expose the common femoral artery. Heavy
silk sutures are passed circumferentially around the various
side branches. Adequate mobilization of the common femoral
artery is achieved to secure adequate proximal and distal control of the vessel. A Rummel tourniquet is applied to the common femoral artery to serve as a proximal control. The
fluoroscopic C-arm is then positioned over the exposed femoral artery. Retrograde cannulation of the common femoral
artery is then performed with a bevelled needle (18 G) until
pulsatile blood flow is visualized. A soft angled tip guidewire
is then advanced in the vessels under fluoroscopy. The needle
is then exchanged for a selected-sized dilator and introducer
sheath. The dilator is then removed and the sheath flashed with
heparinised saline. Open cannulation or retrograde percutaneous access can be similarly performed in the contralateral
common femoral artery (Figs. 5.4a, b).
Once the procedure is completed, all wires and sheaths
are removed under fluoroscopic guidance to ensure no injury
is caused to the vessel wall. The arteriotomy is then closed
with a 5-0 Prolene (Ethicon; Somerville, NJ) suture after
proximal and distal control is achieved.
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Fig. 5.5 (a) Angiogram demonstrates rupture of the right external iliac artery. (b) Covered stent graft (Viahbahn; W.L. Gore & Associates;
Flagstaff, AZ, USA) used to exclude site of rupture. (c) Covered stent graft deployed across a ruptured iliac artery

Complications
Rupture
Attempts to introduce a delivery sheath in a small, tortuous,
calcified artery, or a combination, will lead to rupture of the
access vessel typically at the junction of the external and internal iliac artery or at the aortoiliac bifurcation. Rupture of an
access vessel should be suspected if there is a drop in blood
pressure during advancement of the delivery sheath or during
removal of the delivery sheath. The guidewire should be maintained at all times before removal of a delivery sheath and an
iliac angiogram performed before removal of introducer
sheaths to confirm extravasation of contrast (Fig. 5.5a).
Once rupture is confirmed, length and diameter of an
appropriate covered stent-graft should be chosen (Fig. 5.5b)
and deployed across the area of rupture (Fig. 5.5c). A compliant balloon can be gently inflated above or across the rupture in case of severe drop of the blood pressure.
In most instances, coverage of the hypogastric artery is
required.
Dissections
Introduction of guidewires and delivery sheaths may result in
dissection of the access vessels. Similarly, balloon angioplasty

of calcified access vessels may also result in a dissection flap
of the resulting access vessels. Once a dissection is identified
on angiogram, gentle balloon angioplasty may be performed
to seal off the dissecting septum or a covered/uncovered balloon-deployable stent may be deployed to seal off the dissection. Failure to recognize a dissection may result in thrombosis
of the access vessels, with resulting ischemia of the involved
lower extremity.

Brachial Access
Percutaneous access techniques of the proximal vessels are
occasionally performed to aid in proximal deployment of
aortic stent grafts, allow for easy identification of the left
subclavian artery, coil embolization of the left subclavian
artery for repair of type II endoleaks, and performance of an
arch angiogram in severely tortuous thoracic aorta.
The arteries of the upper extremity have an enveloping fascial sheath. Therefore, when a hematoma does occur, brachial
plexopathies are more common. In addition, upper extremity
vessels tend to spasm more frequently during manipulation,
making access more challenging. Brachial access does carry
the added risk of distal ischemia and embolization over radial
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Fig. 5.6 (a, b) Retrograde percutaneous puncture of the brachial artery with placement of an introducer sheath (b)

access. Although sheaths up to 6 or 7 Fr may be percutaneously placed in either vessel, radial access should be preferred
over brachial because of a lower complication profile and
open access used for larger sheaths or on smaller patients.
Brachial and radial access techniques allow the utilization
of angiographic catheters to assist with proximal deployment
of aortic-stent grafts (Schneider 2003). They allow for easy
identification of the left subclavian artery, and angiography
can be performed to avoid coverage with the proximal end of
a thoracic stent. When coverage of the left subclavian artery
is required for an adequate proximal landing zone, subclavian to carotid bypassing may be required. The radial or brachial access can therefore accommodate subclavian artery
coil embolization to minimize the risk of type 2 endoleaks.

Technique
The left brachial artery is preferred over the right to avoid the
origin of the right common carotid artery. The technique
requires that the arm be abducted on an arm board, with the
arm circumferentially prepped. The artery is palpated just
proximal to the antecubital fossa where the biceps muscle
thins out to its tendinous insertion. Percutaneous retrograde

puncture of the brachial artery with a 21 G micropuncture kit
is preferred to the 18 G due to the smaller size of the vessel.
Catheter-over-wire exchange can then be performed to the
desired sheath. Sheaths up to 6 F can be placed with relative
safety. Long sheaths can help deal with the inherent vasospasm (Figs. 5.6a, b).
Deployment of an endoluminal graft in a tortuous aorta may
be difficult requiring the use of a brachio-femoral wire. Use of
brachio-femoral access wires can help straighten the most
angulated of vessels. The presence of a tortuous aorta requires
brachio-femoral access to deploy an endoluminal graft. Brachial
access is obtained by a percutaneous retrograde puncture of the
right brachial artery with an 18 G needle or a micropuncture
needle. An extra-long 450 cm, 0.035 angled glidewire is
advanced through the brachial sheath into the tortuous thoracic
aorta, snared, and pulled out through the groin sheath. The
technique requires that a protective guiding catheter be placed
over the brachial artery to protect the subclavian artery from
injury. It is important to have at least a 260 cm–long wire and
constant tension must be placed on both ends of the wire as the
delivery sheath is passed into the aorta (Diethrich et al. 2008;
Kpodonu et al. 2008). By pulling on both ends of the wire, an
endoluminal graft can be advanced into the tortuous arch aorta,
with precise deployment of the endoluminal graft.
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Retroperitoneal Access with Construction
of an Iliac Conduit
Deliverability of complex, large endovascular devices through
tortuous anatomy or old graft material may be improved by
the more proximal access provided by an iliac conduit (AbuGhaida et al. 2002). Most patients undergoing endoaortic procedures require iliac artery diameters of 7.6–9.2 mm to deliver
devices ranging between 18 and 25 F in calibre.
Most devices can be deployed safely through the femoral
approach without the requirement of a conduit. Patients with
calcified, tortuous, small-vessel size, or a combination may
not be candidates for delivery of these large sheaths through
femoral arterial access, and any attempts to deliver an introducer sheath or an endoluminal graft may result in an
increased risk of iliac artery rupture or the “artery on a stick”
phenomenon. Retroperitoneal exposure with construction of
a 10 mm iliofemoral conduit permits delivery of large sheaths
in patients with tortuous, calcified, and small iliac vessels or
vessels with severe iliofemoral vascular occlusive disease
(Figs. 5.7a–d).

Technique: Iliac Conduit
A 15-cm semi-lunar right flank incision is made four
fingerbreadths above the groin crease. Division of the external oblique, internal oblique, and transversus abdominis
muscle is performed in the direction of their fibres.
Extraperitoneal fascia and peritoneum are then retracted
medially and dissection is carried out in the avascular plane
of the retroperitoneum down to the level of the psoas muscle.
All abdominal contents are then retracted medially with the
help of a hand-held retractor or an Omni retractor (Plainsboro,
NJ, USA), providing excellent exposure of the lower infrarenal aorta, common iliac artery, and iliac bifurcation. The
right common iliac artery along with the hypogastric and the
external iliac artery are identified and mobilized (Fig. 5.8a).
Care is taken to spare the right ureter, which crosses the
common iliac artery before diving deep into the pelvis.
A Rummel tourniquet is applied to control the proximal common iliac artery, the external iliac artery, and origin of the
hypogastric artery. Alternatively, vascular clamps could be
applied for control. Heparin is usually given to the patient
before clamping the vessels. An arteriotomy is made on the
common iliac artery with a #11 blade and extended with Potts
scissors close to the bifurcation of the hypogastric artery and
the external iliac artery. A 10 mm conduit is then sewn in an
end-to-side fashion using 5-0 Prolene suture (Fig. 5.8b).
The 10 mm graft is subsequently tunnelled through the
retroperitoneal space beneath the inguinal ligament and

brought out through the groin incision to expose the common
femoral artery. The graft is subsequently flashed and clamped
at the groin incision with the Rummel tourniquets released
from the common iliac artery, external iliac artery, and hypogastric artery. The 10 mm conduit is subsequently looped
with a Rummel tourniquet and ready to be punctured with an
18 G needle for access and introduction of a guidewire and
an introducer sheath (Fig. 5.8c).
The introducer sheath is subsequently exchanged for a
device sheath, which is advanced into the distal aorta
(Fig. 5.8d).
The endoluminal graft is then introduced into the delivery
sheath and deployed to the target area. Wires and sheaths are
removed from the 10 mm conduit and the conduit is
clamped.
The conduit can either be trimmed to the appropriate
length and the conduit tied off as a stump or the distal end
of the conduit can be sewn to the more distal iliac system
in an end-to-end fashion as an interposition graft or, more
commonly, the conduit can be brought out by tunnelling
the conduit under the inguinal ligament and performing
either an end-to-end anastomosis or an iliofemoral conduit
(Fig. 5.8e).
The iliofemoral conduit is performed by making an arteriotomy on the adequately exposed common femoral artery
after adequate proximal and distal control is achieved. An
end-to-side anastomosis is constructed with a 5-0 Prolene
suture with adequate flushing manoeuvres performed before
completion of the anastomosis (Fig. 5.8f).
The iliofemoral conduit is the best for patients who may
require further intervention for diffuse thoracic aneurismal
disease, as the conduit may be reused through a simple infrainguinal incision in the future. The groin incision is approximated in layers. The right flank incision is irrigated, a 10 F
Jackson-Pratt drain is placed in the retroperitoneal space,
and the incision is closed in layers. The same technique can
be applied to the infra renal aorta and thoracic aorta. Similarly,
end-to-side grafting of a conduit to the axillary artery as
described elsewhere to facilitate deep hypothermic circulatory arrest also provides excellent access to the thoracic aorta
via the innominate (Diethrich et al. 2008).

Technique: Direct Iliac Artery Access
A 15 cm semi-lunar right flank incision is made four
fingerbreadths above the groin crease. Division of the external oblique, internal oblique, and transversus abdominis
muscle is performed. The peritoneum is identified and gently retracted medially with the help of a handheld retractor.
The common iliac artery along with the hypogastric and the
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Fig. 5.7 (a–d) Calcified (a), tortuous (b), small tortuous (c), and small calcified tortuous (d) iliac arteries are contraindications for femoral access,
requiring a retroperitoneal exposure with sewing of an iliac conduit for delivery of endograft
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Fig. 5.8 (a) Retroperitoneal exposure. (b) 10 mm conduit sewn to iliac
artery. (c) Conduit brought out of incision with cannulation of conduit
with an introducer sheath. (d) Introducer sheath exchanged for a device

sheath and advanced through the 10 mm conduit to the distal abdominal
aorta. (e) Ligation of 10 mm conduit. (f) Conduit tunnelled and sewn to
femoral artery as an iliofemoral conduit

external iliac artery are identified and mobilized. Care is
taken to spare the right ureter, which crosses the common
iliac artery before diving deep into the pelvis. A Rummel
tourniquet is applied to control the proximal common iliac
artery, the external iliac artery, and origin of the hypogastric artery. Alternatively, vascular clamps could be applied
for control. Heparin is usually given to the patient before
clamping the vessels. An 18 G needle is used to access the

common iliac artery close to the hypogastric artery bifurcation and a guidewire and introducer sheath are advanced.
The introducer sheath is subsequently exchanged for a
device sheath advanced into the distal aorta (Fig. 5.9).
The endoluminal graft is then introduced into the delivery
sheath and deployed to the target area. Wires and sheaths are
removed and the arteriotomy repaired in a standard fashion
(Fig. 5.10).
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Fig. 5.9 Direct repair of iliac
artery

Fig. 5.10 Direct introduction
of the device sheath through the
common iliac artery through a
retroperitoneal approach
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The flank incision is irrigated, a 10 F Jackson-Pratt drain
is placed in the retroperitoneal space and the incision closed
in layers.

Endoconduit
An endoconduit is an alternative percutaneous technique that
can deliver an aortic endograft in a patient with a small,
calcified, or tortuous vessel instead of the conventional iliofemoral conduit. This technique can be applied in high-risk patients
who have a relative contraindication to conventional, open, surgical techniques under general anaesthesia. The endoluminal
conduit technique allows aggressive balloon dilation of long
segments of iliofemoral stenosis without vessel rupture risk.
The endoluminal graft conduit can be custom-assembled using
graft diameters of at least 8 mm and preferably 10 mm and can
be back-loaded into a delivery sheath and deployed via a femoral arteriotomy into the common iliac artery covering the origin
of the internal iliac artery (Kpodonu et al. 2009).

Fig. 5.11 Angiogram demonstrates a small, tortuous left iliac artery

Technique
Retrograde percutaneous access of the common femoral
artery is performed with an 18 G needle in the usual fashion and a 0.035″ glidewire is advanced under fluoroscopic
guidance into the distal thoracic aorta after heparin is administered. A 9 F sheath is then exchanged for the needle. A retrograde angiographic picture of the iliac vessels is performed,
noting the size, tortuosity, and calcification. The presence of
a small or severely calcific or tortuous iliac vessel may preclude the introduction of a delivery sheath (Fig. 5.11).
An attempt may be made to pass the delivery sheath and if
any resistance is noted the patient would require a retroperitoneal conduit or an endoconduit. Using the existing 9 F sheath
balloon angioplasty can be performed to gently dilate the vessel,
subsequently an endoluminal graft (Viahbahn; W.L. Gore &
Associates; Flagstaff, AZ, USA), most commonly, or an I-cast
stent graft is deployed across the common iliac and external iliac
artery, covering the hypogastric vessels (Fig. 5.12, Table 5.1).
Post-deployment balloon angioplasty is subsequently
performed with a balloon to expand the endoluminal graft.
This technique has been referred to as “cracking and paving.” The 9 F sheath is subsequently exchanged for a 20–24 F
delivery sheath that is required to deliver the thoracic
endoluminal graft.

Fig. 5.12 Deployment of endoconduit
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Table 5.1 Commercially available covered stents used for peripheral
indications
Brand name
Fluency plus (Bard;
Helsingborg, Sweden)
Jostent (Abbott; Abbott
Park, IL, USA)
Viabahn (W.L. Gore &
Associates; Flagstaff,
AZ, USA)
ICast (Atrium; Hudson,
NH, USA)

Indication
Tracheobronchial

Type
Self-expanding

Coronary
perforation
Superficial femoral
artery

Balloon-expanded

Tracheobronchial

Self-expanding

Balloon-expanded

Diethrich EB, Ramaiah VG, Kpodonu J, Rodriguez JA. Endovascular
and hybrid management of the thoracic aorta. A case-based
approach. 1st ed. Hoboken: Wiley – Blackwell; 2008.
Kpodonu J, Rodriguez JA, Ramaiah VG, Diethrich EB. Use of the right
brachio-femoral wire approach to manage a thoracic aortic aneurysm in an extremely angulated and tortuous aorta with an endoluminal stent graft. Interact Cardiovasc Thorac Surg. 2008;7:
269–71.
Kpodonu J, Rodriguez JA, Ramaiah VG, Diethrich EB. Cracking
and paving: a novel technique to deliver a thoracic endograft
despite ilio-femoral occlusive disease. J Card Surg. 2009;24:
188–90.
Schneider PA. Endovascular skills: guidewire and catheter skills
for endovascular surgery. 2nd ed. New York: Marcel Dekker;
2003.
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Spinal Cord Protection
Jacques Kpodonu and Stéphan Haulon

Neurologic deficits represent a dramatic complication after
thoracic and thoracoabdominal aneurysm repair and are
associated with a higher mortality rate. In multicentre series,
thoracic endovascular aortic repair (TEVAR) has been associated with lower paraplegia rates compared to open series
ranging from 1 to 3 % (Buth et al. 2007; Makaroun et al.
2005; Matsumura et al. 2008). Recent meta-analysis data
reported a major neurologic complication of 5.4 % vs. 14 %
with a 30 % reduction risk of paraplegia for endografts
cohorts (Walsh et al. 2008). Paraplegia pathophysiology was
firstly focused on the integrity of the artery of Adamkiewicz
(see Fig. 6.1).
Recent concepts have demonstrated a rich collateral
source of blood vessel network that feeds the spinal cord (see
Fig. 6.2).
Risks for peril operative spinal cord injury include emergency surgery, dissection, extensive disease of the thoracic
aorta, prolonged aortic cross clamp time, level of aortic cross
clamp, age, prior abdominal aortic surgery, hypogastric
artery exclusion, and renal dysfunction. From the EUROSTAR
database, specific risk factors for perioperative spinal cord
injury for TEVAR include left subclavian artery coverage
without prior revascularization, previous abdominal surgery,

Fig. 6.1 Artery of Adamkiewicz (white arrow)

the use of more than three thoracic stents, perioperative
hypotension, long procedures, and high blood loss (Chiesa
et al. 2005; Conrad and Cambria 2008; Cheung et al. 2005).
Strategies available to reduce the incidence and severity
of spinal cord ischemia in open aortic surgery and TEVAR
include assisted bypass, distal perfusion and reimplantation
of the intercostal artery, drug-based methods to increase tolerance of spinal cord ischemia, such as glucocorticoids,
manitol, and systemic and epidural cooling to increase ischemic tolerance. However, the most useful manoeuvre
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Table 6.1 Anaesthesia spinal drain orders

Posterior
spinal
arteries

Radicular
artery

Arterial
vasocorona

Anterior spinal
artery

Fig. 6.2 Rich collateral of arteries supplying the spinal cord

currently employed for TEVAR is cerebrospinal fluid (CSF)
drainage as a spinal cord protective strategy. Keeping the
mean arterial pressure (MAP) above 85 mmHg is probably
the most effective manoeuvre.

Cerebrospinal Fluid Drainage Fundamentals
CSF circulates in a nonexpandable compartment with a production of 0.2–0.7 mL/min and 400–600 mL/24 h. Normal
CSF pressure is 10–15 mmHg. When CSF pressure exceeds
spinal venous pressure, a critical closing pressure is achieved
and the veins collapse independent of inflow pressure. The spinal cord perfusion pressure is therefore the difference between
spinal artery pressure and CSF pressure. Desirable cord perfusion pressure is 70 mmHg. Spinal cord perfusion is a result of
subtracting CSF pressure from mean arterial pressure.
Manoeuvres, therefore, reduce CSF pressure using CSF
drainage and raise MAP using vasoconstrictors. Vasoconstrictors
should probably only be used if giving fluids is not enough to
keep the MAP higher than 85 mmHg. This maneuver may
therefore improve overall cord perfusion pressure.

Guidelines for Placement of CSF Drains
Although endovascular repair may be performed under local,
spinal, or general anaesthesia, hybrid procedures require general anaesthesia. Standard intraoperative monitoring is
employed, including multiple arterial monitoring lines. We do
not routinely place CSF drains in patients undergoing TEVAR
or hybrid arch procedures because most stent grafts do not cover
the entire descending thoracic aorta beyond the proximal half.
CSF drains are placed selectively in patients at high risk for
paraplegia, such as those with a history of abdominal aortic
aneurysm repair, planned coverage of the arch and entire

Only checked orders will be initiated
1. Allow the catheter to remain in place for 24 h.
2. DO NOT GIVE THROMBOLYTIC DRUGS TO THE PATIENT.
3. Maintain the drainage bag below the patient’s head.
4. Keep the cerebral spinal pressure (CSP) or intra-cerebral
pressure (ICP) at 12 mmHg.
5. Monitor the CSP/ICP constantly, and document the value every
1 h and as needed.
6. If the CSP/ICP reaches 16 mm, drain 5 mL, check the CSP/ICP
again and document the values.
7. Do not remove >60 mL total in a 6 h period.
8. If the patient develops changes in mental status, call the
physician immediately. If the drain is open, close it immediately.
9. If the patient develops changes in sensory or motor activity of
the lower extremities, call the physician immediately and remove
20 mL of CSF via the drain.
10. Document vital signs every 1 h while drain is in place.
11. Continue/start: cefazolin 1 g IV every 8 h while drain is in place.
12. If patient’s weight is ³200 lb, give cefazolin 2 g IV every 8 h
while drain is in place.
13. Patient to remain in supine position or head of bed elevated 30°
only — no higher.
14. Do not sit the patient up or ambulate the patient while drain is in place.

thoracic aorta, or patients presenting with contained aortic rupture. If paraplegia or paraparesis develops postoperatively in
patients who did not receive a CSF drain, we will insert a spinal
drain and start a high-dose dexamethasone protocol. We also
maintain a mean arterial blood pressure above 100 mmHg for
the first 24 h after stent deployment. Once the CSF drain is in
place, we recommend keeping the CSF drain for 24–72 h after
surgery. Spinal cord perfusion pressure must be maintained at
more than 80 mmHg, and if necessary vasoactive drugs must be
used to keep the MAP closer to 100 mmHg. Drain must be
closed off 12–18 h before removal to see if any clinical symptoms appear. The presence of neurology symptoms should
prompt maintaining the CSF drain and increasing MAP to more
than 100 mmHg. If a CSF drain is in place and neurologic
symptoms develop, recommendations would include increasing
the MAP to more than 100 mmHg, draining extra CSF to keep
CSF pressure at less than 10 mmHg, and using emergent neurological imaging to differentiate spinal ischemia from hemorrhagic complications. Drain order sets with clear instructions
are attached to all patient standard order sets (see Table 6.1).

CSF Drainage Techniques and Caution
Catheter is usually inserted before general anaesthesia.
Coagulation tests must be normal before procedure. Any
antiplatelet agents must be stopped a few days before an
anticipated procedure. Aseptic technique and antibiotics
must be given before the procedure. A standard anaesthesia
epidural set is used (see Fig. 6.3) and the intradural puncture
performed between the L3–L4 spaces (see Fig. 6.4).
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Fig. 6.3 Anaesthesia spinal
drain/epidural kit

Fig. 6.4 Insertion of a spinal needle in the L3/L4 intradural space

Once the intradural space is entered, a catheter is inserted
caudally and connected to a reservoir and pressure transducer
and manually opened intermittently drain CSF fluid (Fig. 6.5).
The transducer is located at the ear level. Special attention
should be paid to all connections and cock positions once the
CSF drain is in place (Fig. 6.6).
Discontinuous and uncontrolled lumbar cerebrospinal fluid
drainage may lead to catheter occlusions. It is important
not to confuse pressure measurements with flush measurements and not to inject through the drain. It is recommended
that no more than 10 mL of CSF fluid be drained per hour
and the CSF pressure maintained at 10–12 mmHg.
Potential problems can arise if too much CSF fluid is
inadvertently drained, increasing the risk of intracranial
haemorrhages and hematomas. Bloody spinal fluid may
arise as a result of a high volume of CSF drainage more
than 150 mL, high central venous pressure, and cerebral
atrophy. Catheter manipulation can also increase the risk of
infection (meningitis). Minor complications of CSF drainage include headaches and persistent CSF drainage (Wynn
et al. 2009).
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Novel CSF Drainage Concepts
Addition of a sensor to reservoir chamber would enable
adequate real-time recording of CSF pressure and volume.
A tube pump mechanism could be added to the catheter to
continuously or intermittently drain CSF according to preset
parameters defined by the clinician. Parameters measured
include volume of CSF drained per hour, speed of drainage,
maximum and minimum CSF pressure recorded during the
hour, mean CSF pressure, and preset volume of fluid to be
drained per hour. The sensor would also detect CSF leakage
from the catheter and catheter occlusion from any kinks from
the patient to the reservoir. Real-time continuous CSF pressure and volume monitoring could be stored in an internal
memory card and retrieved. Electronic monitoring would
eliminate the need for time-consuming manual adjustments
of CSF fluid drainage flow and the numerous errors in recording pressures that are commonly encountered with the manual
reservoir. An automated electronic CSF drain system may
decrease the extra need for specialized nursing staff monitoring, which is the current protocol at our institution. Further
studies would be needed to demonstrate proof of concept.
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Endovascular Applications
for Abdominal Aortic Pathologies
Pascal Rheaume, Paolo Perini, Blandine Maurel,
Richard Azzaoui, Jacques Kpodonu, and Stéphan Haulon

In this section, we will present various abdominal aortic
aneurysm endovascular repair cases. We will start with a
“classic” infrarenal aortic aneurysm treated with a standard
bifurcated endograft. The treatment of a saccular aneurysm
and a ruptured atherosclerotic plaque will then be presented.
We will also illustrate the use of aorto-uni-iliac endografts,
and various clinical scenarios with fenestrated endografts
used to treat juxtarenal and pararenal abdominal aortic
aneurysms.

Aortic Case A: Classic
Clinical Scenario and Imaging
A 72-year-old male presented with a 55 mm infrarenal aortic
aneurysm (see Fig. 7.1). The aneurysm begins 17 mm below
the lowest renal artery and the infrarenal neck is 21 mm in
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Fig. 7.1 3D volume-rendering (VR) reconstruction of a 55 mm infrarenal aortic aneurysm amenable for endovascular repair
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diameter (see Fig. 7.2). The aortic bifurcation measures
27 mm in diameter (see Fig. 7.3) and both common iliac
arteries measure 14 mm in diameter.
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Fig. 7.4 MIP of both iliofemoral access routes free of atherosclerotic
disease and major tortuosity

Fig. 7.2 Coronal multiplanar reconstruction (MPR) view of the 17 mm
long infrarenal aneurysm neck with a diameter of 21 mm

free of atherosclerosis, either percutaneous or open
accesses are adequate. The infrarenal neck is more than
15 mm without significant angulation and is perfect for
proximal seal of the endograft. The aortic bifurcation is
large enough to accommodate the two iliac limbs. The
common iliac arteries are not aneurysmal and without
significant atherosclerotic disease, allowing adequate landing zones for a bifurcated graft. Iliofemoral axes are more
than 7 mm in diameter and not tortuous, permitting safe
delivery of the endograft (see Fig. 7.4).
Planning an endograft that will accommodate each
patient’s specific aortic anatomy is complex yet crucial
for successful exclusion of the aneurysm. A thin-slice
high-resolution computed tomography (CT) and a threedimensional (3D) workstation are required. Centreline
curved and stretched planar reconstruction assesses the
true cross-sectional diameters and is mandatory to accurately assess lengths in a curved segment of the aorta (see
Fig. 7.5).

Discussion and Technique

Fig. 7.3 Coronal maximum intensity projection (MIP) of the aortic
bifurcation and both common iliac arteries

Endovascular Considerations
The aneurysm is amenable to endovascular repair. In this
case, as common femoral arteries are normal in size and

First, common femoral arteries are isolated on vessel loops.
Two purse-string sutures are placed on the anterior wall of
the femoral arteries and access is gained with 7 French (F)
sheaths bilaterally. On the contralateral side to the delivery of
the main body of the graft, a flush catheter is advanced at the
level of the first lumbar vertebra and, on the ipsilateral side,
the bifurcated body of the graft is advanced at the same level
over a stiff wire previously positioned into the descending
thoracic aorta using standard exchange technique. A smallvolume aortogram is performed and repeated as needed to
localize both renal arteries (see Fig. 7.6). Once proper positioning is obtained, the graft is deployed until the contralateral shorter limb is open (see Fig. 7.7). The contralateral
limb is then cannulated and the top cap released. A stiff wire
is advanced to the proximal aorta and the contralateral limb
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Fig. 7.7 Intraoperative fluoroscopy with the contralateral gate deployed
and cannulated (arrow indicates the marker of the contralateral gate)

Fig. 7.5 Centreline-stretched planar reconstruction was performed to
accurately assess lengths and diameters for precise planning of the
endograft

Fig. 7.8 Angiogram with a right anterolateral projection (25°) to localize the left internal iliac artery origin before the deployment of the iliac
limb extension

Fig. 7.6 Intraoperative low-volume angiogram (7 mL at 30 mL/s)
showing both renal arteries and the graft just before deployment (arrow
indicates top markers of endograft)

is extended into the common iliac artery after angiogram
localization of the internal iliac artery (see Fig. 7.8). Finally,
the ipsilateral side of the bifurcated graft is fully deployed,
the top cap recaptured, and the ipsilateral extension is added.
All fixation and overlapping sites are tamped open with a
compliant balloon (see Fig. 7.9) and final angiogram is
performed (see Fig. 7.10), as well as a postoperative CT (see
Fig. 7.11).
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Fig. 7.9 All sealing and overlapping sites are tamped open with a compliant balloon

Fig. 7.11 Postoperative 3D-VR reconstruction showing the deployed
bifurcated endograft and absence of endoleak

Aortic Case B
Clinical Scenario and Imaging

Fig. 7.10 Completion angiogram with patent renal arteries; good flow
to both iliac limbs and no evidence of endoleak

Of note, precise deployment steps may vary according to
the graft used and surgeon’s preference. One should refer to the
“instructions for use” for each individual graft deployment.

A 68-year-old male presented with a saccular aneurysm of
the distal aorta at the level of the third and fourth lumbar
vertebrae (see Fig. 7.12). Of note, the patient had been
involved in a car accident 12 years prior. A CT showed an
aneurysm measuring 54 mm just proximal to the aortic bifurcation. The lowest renal artery was on the left side and a long
27 mm neck was noted upon creation of a centre line (see
Fig. 7.13). Nontortuous iliac arteries measured 12 and 13 mm
on the left and right side, respectively.

jkpodonu@yahoo.com

7

Endovascular Applications for Abdominal Aortic Pathologies

59

Fig. 7.13 Centreline reconstruction showing a 27 mm infrarenal
aneurysm neck
Fig. 7.12 3D-VR reconstruction of the 54 mm saccular aneurysm

Endovascular Considerations
The proximal long, nonangulated infrarenal neck and both
distal common iliac arteries are adequate landing zones.
There are some concerns about several calcified septa
within the aneurysm and whether those will impair the
deployment and cannulation of the contralateral limb if
a bifurcated graft is used (see Figs. 7.14 and 7.15). An
option is then to use an aorto-uni-iliac graft with a femoro-femoral crossover bypass and occlusion of the contralateral common iliac artery. A second option is to first
perform very low pressure inflation with a compliant balloon into the aneurysm sac to see how the different septa
react. If the balloon can be inflated easily, the contralateral limb of the graft should open nicely and be easily
cannulated. If the contralateral limb cannot be cannulated,
conversion to an aorto-uni-iliac graft would still be possible using a converter.

Fig. 7.14 Coronal MPR view of the aneurysm showing a calcified
septum in the aneurysm sac (arrows)
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Fig. 7.15 Axial view of the aneurysm showing a septum in the
aneurysm

Fig. 7.17 Low-pressure compliant balloon inflated into the aneurysm
sac without any septum limiting its expansion

Fig. 7.16 The insertion of a percutaneous closure device (Prostar XL;
Abbot Laboratories; Abbott Park, IL, USA) into the common femoral
artery

Discussion and Technique
The common femoral arteries were punctured and percutaneous closure devices were inserted bilaterally (see
Fig. 7.16). An angiogram was obtained and a compliant
balloon was positioned into the aneurysm. Upon low pressure inflation, the balloon opened nicely and septa were
not limiting its expansion (see Fig. 7.17). It was decided
to perform a bifurcated endograft using the standard technique previously described. The main body was deployed,
the contralateral gate was easily cannulated, and both iliac
extensions inserted. Completion imaging revealed proper
exclusion of the aneurysm without any external compression on the iliac limbs (see Figs. 7.18 and 7.19).

Fig. 7.18 Completion angiogram showing complete exclusion of the
aneurysm without endoleak

Aortic Case C
Clinical Scenario and Imaging
A 69-year-old man known for multiple cardiovascular risk
factors presented with an asymptomatic 60 mm infrarenal
aortic aneurysm (see Figs. 7.20 and 7.21). The aneurysm
began 59 mm below the lowest renal artery (see Fig. 7.22)
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Fig. 7.21 Lateral MIP view of the aortic aneurysm showing the tortuosity of the left iliac axis
Fig. 7.19 3D-VR reconstruction of the endograft

Fig. 7.20 3D-VR reconstruction of the 60 mm infrarenal aortic aneurysm. Green center lumen line highlights the extreme tortuosity of the
left common iliac artery

Fig. 7.22 Stretched curved planar reformation (CPR) showing the
long proximal neck of the aneurysm
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Fig. 7.23 Intraoperative angiography shows the partially deployed
endograft flush to the origin of the lowest renal artery (left)

Fig. 7.24 Intraoperative angiography confirming occlusion of the left
common iliac and patency of internal iliac artery

and extended to the aortic bifurcation. The right common iliac
artery measured 18 mm in diameter. On the left side, the iliac
axis was extremely tortuous (see Figs. 7.20 and 7.21) and the
common iliac artery measured 17 mm in size.

Endovascular Considerations
The infrarenal neck is adequate for a proximal seal of the
endograft as well as the right common iliac artery for distal seal.
The left iliac axis is extremely tortuous and long-term patency of
an iliac limb in such an artery was questioned. Also, even with a
stiff wire, the system might not straighten enough to allow safe
advancement of the endograft. The safest endovascular option is
then to use a right aorto-uni-iliac endograft with a femoro-femoral crossover bypass and occlusion of the left common iliac artery
to preserve the left hypogastric artery. In this case, a plug embolization of the common iliac artery is preferred to the deployment
of a standard occluder endograft. In this challenging anatomy, an
Amplatzer (AGA; Plymouth, MN, USA) will easily adapt to the
tortuosity of the vessel and can be deployed through a 7 F sheath,
whereas an iliac occluder graft requires a stiff guidewire and is
deployed through a 16 F sheath.

Discussion and Technique
Bilateral open surgical approaches were performed. From
the left side, the flushing catheter was advanced into the tortuous iliac system and positioned at the level of the renal

Fig. 7.25 Completion angiogram with no evidence of endoleak

arteries. The aorto-uni-iliac graft and iliac extensions were
deployed from the right side (see Fig. 7.23). The left common iliac occlusion device was deployed (see Fig. 7.24) and
the crossover bypass completed last. The aneurysm was
completely excluded and flow preserved to both internal iliac
arteries on completion angiogram (see Fig. 7.25) and postoperative CT angiography (see Fig. 7.26).

jkpodonu@yahoo.com

7

Endovascular Applications for Abdominal Aortic Pathologies

63

Fig. 7.26 Postoperative 3D-VR reconstruction showing patent renal
arteries, good flow to both internal iliacs, and no evidence of endoleak.
Arrow indicates the occlusion device in the left common iliac artery
Fig. 7.27 Preoperative 3D-VR reconstruction showing the contained
aortic rupture just below the right renal artery. Also shown are severe
calcifications of the aortoiliac segment, the occlusion of the right external iliac artery, and the near occlusion of the left

Aortic Case D
Clinical Scenario and Imaging
A 47 year-old male presented with acute abdominal pain. An
emergency abdominal CT revealed a ruptured atherosclerotic
plaque in the infrarenal aorta (see Fig. 7.27). The patient had
two renal arteries on the left and one on the right (see Fig. 7.28).
The contained rupture is on the right lateral side of the aorta
and begins 14 mm below the renal arteries (see Fig. 7.28). The
aorta is not otherwise aneurysmal and measures 18–20 mm in
diameter. Common iliac arteries have severe atherosclerotic
disease, both internal iliac arteries are patent but both external
iliac arteries are occluded (see Fig. 7.27).

Endovascular Considerations
There is a 14 mm infrarenal neck to deploy an endograft.
Since the rupture site is very focal and the aorta is not otherwise aneurysmal, a simple tubular 24 mm endograft will provide adequate coverage and exclusion of the lesion. A right
retroperitoneal access to the common iliac artery was planned.
To position an angiographic catheter an access from the left
brachial or a recanalization of the left external iliac are two
valuable options. It was decided to perform a recanalization
of the left iliac axis.

Fig. 7.28 Coronal maximal intensity projection of the 14 mm neck
below the right renal artery
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Fig. 7.29 Aortogram performed just before deploying the endograft,
showing brisk extravasation of contrast into the contained rupture

Fig. 7.30 Completion angiogram with complete exclusion of the false
aneurysm

Discussion and Technique
The left common femoral artery was accessed percutaneously and an injection catheter was advanced at the level of
renal arteries through the occluded external iliac. A right retroperitoneal cut-down was performed and the iliac artery
exposed and accessed. A stiff wire was brought up to the
proximal thoracic aorta and a straight tube endograft positioned into the abdominal aorta. An aortogram was performed to localize the lesion and the renal arteries (see
Fig. 7.29). The endograft was deployed, obtaining complete
exclusion of the false aneurysm (see Fig. 7.30) without need
for further ballooning. All the renal arteries were preserved.

Aortic Case E
Clinical Scenario and Imaging
A 76-year-old male presented with an asymptomatic type III
endoleak associated with a left internal iliac aneurysm. He
had undergone endovascular aneurysm repair (EVAR)
11 years prior using a bifurcated endograft. Two years after
the EVAR procedure, he developed a type Ia endoleak successfully treated with an aortic cuff and a Palmaz stent
(Cordis; Miami Lakes, FL, USA).
His last follow-up CT angiography showed a complete
disconnection between the proximal tubular end of the
endograft and the bifurcated body (see Figs. 7.31 and 7.32).

Fig. 7.31 Preoperative 3D-VR reconstruction showing the disconnection of the former endograft and a left internal iliac artery aneurysm.
The patient had a unique right kidney

The diameter of the abdominal aortic aneurysm had a threatening size of 72 mm (see Fig. 7.33). The hypogastric aneurysm measured 30 mm.
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Fig. 7.34 Centre lumen line on a 3D-VR reconstruction showing the
path that the floppy wire will have to take to cannulate the proximal
body

The use of a bifurcated endograft was not possible because
the left limb had a 90° kink. We therefore planned to treat
this patient with an aorto-uni-iliac endoprosthesis associated
to a femoro-femoral crossover bypass. We planned to treat
the left internal iliac aneurysm with coil embolisation of its
branches, and to place the occluder in the left common iliac
limb covering distally the origin of the left hypogastric
artery.

Discussion and Technique

Fig. 7.33 Axial view of the 72 mm aneurysm and the important type III
endoleak. Arrows show the two components of the misaligned endograft

Endovascular Considerations
Though the proximal tubular endograft offered a long neck
for proximal sealing, the catheterization was expected to be
extremely difficult as the two components of the endograft
were completely disconnected and misaligned (see Fig. 7.34).
Moreover, a stiff guidewire could be insufficient to obtain a
realignment.

Bilateral common femoral artery accesses were performed.
Through the right femoral artery, we managed to cannulate
the proximal end of the endograft with a floppy wire and a
Cobra catheter (Cook; Bloomington, IN, USA). Using a
combination of various sheaths, catheters and guidewires,
we succeeded to advance a long (90 cm) 7 F sheath and a
stiff guidewire through the two portions of the endograft.
However, at this point, we still did not obtain realignment of
both endografts.
Through the long 7 F sheath, a second stiff wire was
inserted and realignment obtained (see Fig. 7.35). The sheath
was removed and the aorto-uni-iliac endograft advanced and
deployed over one of the stiff wires, keeping the second wire
in place to stabilize the system.
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Fig. 7.35 The realignment of the two components is obtained using
two stiff guidewires

Fig. 7.37 Completion angiogram with a patent right renal artery and
no evidence of endoleak

Final angiogram (see Fig. 7.37) and postoperative imaging revealed a complete exclusion of the endoleak with a
good realignment of the graft, a successful embolization of
the hypogastric aneurysm and a patent crossover bypass (see
Figs. 7.38 and 7.39).

Aortic Case F
Clinical Scenario and Imaging
A 72-year-old male known for severe cardiac comorbidities
presented with an infrarenal aortic aneurysm measuring
62 mm in diameter (see Fig. 7.40). Upon close inspection
and centreline reconstruction of the infrarenal neck, there
was a mild dilatation of the juxtarenal aorta (see Figs. 7.41
and 7.42). Iliofemoral axes were adequate for delivery and
distal landing zones were possible in both common iliac
arteries.

Fig. 7.36 Angiogram showing the left internal iliac artery aneurysm

Endovascular Considerations

On the left side, the internal iliac was cannulated (see
Fig. 7.36) and its branches embolized with 6 mm-diameter
coils. The occluder was placed at the origin of the hypogastric artery to cover this aneurysm and the left common iliac
at the same time.
A femoro-femoral crossover bypass (right to left) was
performed to complete the procedure.

The juxtarenal aortic dilatation makes it impossible to use a
standard infrarenal bifurcated aortic endograft because proximal seal would be compromised. As the diameter of the aortic lumen at the level of the renal arteries is within normal
range, fenestrations for both renal arteries will be used. To
extend proximal seal, a scallop was designed to preserve
flow to the superior mesenteric artery (SMA).
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Fig. 7.40 Axial view of CT showing the 62 mm juxtarenal aortic
aneurysm

Fig. 7.38 Postoperative centre lumen CPR showing the realignment of
the entire system

Fig. 7.41 Centre line reconstruction showing dilatation of the aortic neck just
below the right renal prohibiting the use of a standard infrarenal endograft

Discussion and Technique

Fig. 7.39 Postoperative 3D-VR reconstruction showing a complete exclusion of the endoleak with a good realignment of the graft, a successful
embolization of the hypogastric aneurysm and a patent crossover bypass

Bilateral open surgical approaches were used. The proximal
fenestrated component of the graft was advanced into the
visceral aorta and fenestrations were oriented to match the
target visceral vessels using radio-opaque gold markers and
fluoroscopy. The graft was then slowly deployed, releasing
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Fig. 7.44 The right renal stent is expanded

Fig. 7.42 Sagittal MPR view of the abdominal aorta. White arrow
shows the posterior infrarenal aortic dilatation

Fig. 7.45 The proximal end of the stent is flared with a 10 mm balloon
to obtain adequate seal around the fenestration. Arrow indicates the distal marker of the balloon

Fig. 7.43 Fluoroscopy image with both long sheaths positioned in the
renal arteries with undeployed bridging balloon-expandable covered
stents inside. White arrow indicates the right renal fenestration. Black
arrow indicates the proximal marker of the stent inside the sheath

neither the proximal stent nor the diameter reducing wires.
Using a hydrophilic wire and a curved catheter, renal fenestrations and arteries were then catheterized from a 20 F
sheath positioned at the aortic bifurcation from the contralateral femoral access. The hydrophilic wire was then exchanged
for a stiff wire and long 7 F sheaths were positioned in each
renal artery. Bridging balloon-expandable covered stents
were then advanced inside the sheaths but left undeployed,
thus stabilizing the entire endovascular system (see Fig. 7.43).

The proximal stent of the main graft was then entirely
deployed and the diameter-reducing ties released, the renal
stents expanded (see Fig. 7.44), and their proximal ends
flared with a 10 mm balloon to obtain adequate seal around
the fenestrations of the main graft (see Fig. 7.45). The distal
bifurcated graft was deployed in the standard manner.
Completion angiogram and imaging revealed adequate
exclusion of the aneurysm and good blood flow to the renal
arteries (see Figs. 7.46, 7.47, and 7.48).

Aortic Case G
Clinical Scenario and Imaging
A 78-year-old male whose past surgical history is remarkable
for an open abdominal aortic aneurysm repair and an open
thoracic aortic aneurysm repair presented with a juxtarenal
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Fig. 7.46 Sagittal MIP view showing well-perfused celiac trunk and
SMA

Fig. 7.48 3D-VR reconstruction of the discharge CT

Endovascular Considerations
A proximal 20 mm sealing zone was located above the origin
of the SMA (see Fig. 7.54). As the aorta is of normal calibre
around the celiac axis, a scallop was designed to revascularize
that vessel. Fenestrations will be used to revascularize the
superior mesenteric and both renal arteries because the
endograft will open to the aortic wall at this level. Distally, a
bifurcated graft will be used to exclude the false aneurysm and
adequate seal will be obtained in both common iliac arteries.
A nonstandard endovascular graft was then custom-made
for the patient (see Fig. 7.55).

Fig. 7.47 Coronal MIP confirming patency of both renal covered
stents

aortic aneurysm and a false aneurysm at the distal anastomosis of the infrarenal tube graft (see Fig. 7.49). The juxtarenal
saccular aneurysm measured 53 mm in its greatest diameter
just below the renal arteries (see Figs. 7.50 and 7.51). At the
level of the renal arteries, the SMA and the celiac axis, the
aorta measured 36, 32, and 31 mm, respectively.
The previous 20 mm infrarenal tube graft had dilated to
22 mm and the distal anastomotic saccular false aneurysm
measured 52 mm (see Figs. 7.52 and 7.53).

Discussion and Technique
Open femoral accesses were gained bilaterally. On the left
side, three 5 F sheaths were introduced into a 20 F sheath
advanced into the distal infrarenal aorta. On the right side, the
custom-made graft was advanced over a stiff wire and positioned using markers and a proper angiogram to localize all
visceral vessels. The graft was then partially deployed (twothirds of its circumference) by not releasing the posterior
diameter-reducing ties. Both renal fenestrations and the SMA
were selectively cannulated and a stiff wire and 7 F sheaths
were placed into each vessel. Covered stents were also
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Fig. 7.51 Axial MIP of the juxtarenal aneurysm

Fig. 7.49 3D volume-rendering reconstruction of the juxtarenal and
distal false aneurysms

Fig. 7.52 Sagittal MIP view of the false aneurysm at the distal anastomosis of the previously implanted infrarenal tube graft as shown by the
arrow

Fig. 7.50 Coronal MIP of the juxtarenal and distal false aneurysms
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Fig. 7.53 Axial view of the 52 mm false aneurysm at the aortic
bifurcation

Fig. 7.55 Picture of the custom-made graft with a scallop for the celiac
trunk, a large fenestration for the SMA, and two small fenestrations for
the renal arteries

Completion angiogram and CT showed adequate placement of the endograft with proper seal between each component (see Figs. 7.58 and 7.59).

Aortic Case H
Clinical Scenario and Imaging

Fig. 7.54 Sagittal MIP of the visceral aorta, depicting a proximal sealing zone above the SMA

advanced into the 7 F sheaths but left undeployed (see
Fig. 7.56) to stabilize the endograft. The main graft was then
fully deployed by releasing the diameter-reducing ties and
advancing the top cap to release the proximal uncovered stent.
The 7 F sheaths were pulled back and the visceral stents positioned so that 3–4 mm was protruding into the lumen of the
endograft and flaired (see Fig. 7.57). Finally, the distal bifurcated component of the endovascular system was inserted.

A 68-year-old male presented with a 51 mm saccular aortic
aneurysm located 4 mm below the left renal artery (see
Figs. 7.60 and 7.61). A CT showed a normal visceral and
thoracic aorta. Of note, the hepatic artery was coming from
the SMA approximately 25 mm from its origin from the
aorta (see Figs. 7.62 and 7.63). The splenic artery originated
as a single vessel directly from the aorta. The infrarenal aorta
was 38 mm in diameter.

Endovascular Considerations
As the size of the aorta adjacent to the origin of the three main
visceral vessels was within normal range, fenestrations were
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Fig. 7.56 Intraoperative fluoroscopy showing all 7 F sheaths and stents
advanced into both renal and superior mesenteric artery

Fig. 7.58 Volume-rendering 3D reconstruction of the endograft

Fig. 7.57 MIP of both renal stents protruding 3–4 mm in the lumen of
the main body of the endograft

Fig. 7.59 Coronal view of the endograft showing exclusion of both
aneurysms (arrows)
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Fig. 7.62 3D-VR reconstruction of the aneurysm showing the hepatic
artery coming from the SMA and the splenic artery from the aorta as a
single vessel
Fig. 7.60 3D-VR reconstruction of the aneurysm located 4 mm below
the left renal artery

Fig. 7.61 Coronal MIP of the saccular aneurysm and the ectatic infrarenal aorta

Fig. 7.63 MIP of an axial view of the anatomic variant. LRA left renal
artery, RRA right renal artery SMA superior mesenteric artery
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Fig. 7.65 Axial MIP view of the endograft showing all visceral stents
and well-perfused corresponding arteries

have to be deployed precisely. For distal seal, a bifurcated
graft will be used as the infrarenal aorta is marginally aneurysmal and expected to grow in diameter.

Fig. 7.64 3D-VR reconstruction of the graft with three fenestrations
successfully deployed. The SMA-covered stent was deployed with a
15 mm seal to preserve flow to the replaced hepatic artery (arrow)

designed. The splenic artery will be covered because it measured less than 4 mm and collateral flow will preserve its
function. As the endograft will appose perfectly against the
aortic wall at the level of the splenic artery, no endoleak is
expected and no preoperative embolization is to be performed.
The take-off of the hepatic artery is 15–20 mm distal to the
origin of the SMA and the covered stent into that vessel will

Discussion and Technique
The main body of the graft was brought up the right side and
deployed partially after aligning the corresponding markers
to the renal and superior mesenteric arteries as visualized on
angiogram. All visceral arteries were cannulated and 7 F
sheaths were advanced in place as well as covered stents.
The graft was fully deployed as well as the bridging stents.
The SMA short covered stent was deployed proximal to the
hepatic artery with a sealing zone of 15 mm. Completion
imaging is shown in Figs. 7.64 and 7.65.
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Endovascular Applications
for Aortoiliac Pathologies
Pascal Rheaume, Paolo Perini, Matthieu Guillou,
Jacques Kpodonu, and Stéphan Haulon

In this chapter, two cases of iliac artery aneurysms are
presented. The first one is a “classic” bilateral common iliac
artery aneurysm associated with a left internal iliac artery
aneurysm that was managed with an iliac branch device on
the right and an embolization of the contralateral internal
iliac. The latter case is a more complex one: due to the
extreme tortuosity of the iliac axes, a retroperitoneal approach
was performed to straighten the access arteries, allowing a
smoother advancement of the endograft.

Iliac Case A
Clinical Scenario and Imaging
A 69-year-old man presented with bilateral common iliac
aneurysms that measured 34 mm in diameter on the right
side and 36 mm on the left side. The infrarenal aorta was not
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aneurysmal. Both external iliac arteries were free of
atherosclerotic disease and without adverse tortuosity.

Endovascular Considerations
Bilateral common iliac aneurysms can be managed with an
iliac branch device (see Fig. 8.1) on one side and embolization of the contralateral hypogastric artery. In this case,
the left hypogastric was embolized as it was enlarged
(25 mm) and thought to be prone to future aneurismal
degeneration (see Fig. 8.2). The iliac branch device will be
deployed on the right side. For adequate use of the iliac
branch device, the common iliac artery should ideally be
longer than 4 cm and its diameter larger than 20 mm at the
distal iliac bifurcation to allow proper deployment of the
side branch. Finally, the internal iliac artery sealing site
should be nonaneurysmal and should measure at least
10 mm in length (ideally 20 mm). All those requirements
were met in the present case (see Fig. 8.3). A standard aortic bifurcated graft was required because of the absence of
a proximal neck in the common iliac artery and a left limb
extension to the external iliac was used to complete the
exclusion of the aneurysm.

Discussion and Technique
A bilateral common femoral dissection was performed. First,
the left hypogastric artery was embolized and then the right
common femoral artery was punctured and a flush catheter
placed in the right common iliac. The common femoral
artery was punctured a second time and, over a stiff wire, the
iliac branch graft was advanced and positioned using markers and angiogram. The internal iliac side-branch was positioned approximately 10 mm proximal to the origin of the
internal iliac artery. The tip of the indwelling catheter positioned through the branch was uncovered and a through-andthrough femoro-femoral access was obtained using a
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Fig. 8.1 Iliac branch devices:
straight (a) and helicoidal (b)

P. Rheaume et al.

a

b

hydrophilic wire and a snare. The proximal portion of the
graft was deployed until the internal iliac branch opened.
A 10 French (F) sheath was then advanced up and over the
through-and-through wire into the internal iliac branch (see
Fig. 8.4). The internal iliac artery was cannulated, the
through-and-through wire was removed, and, over a stiff
wire, a covered peripheral stent was deployed after proper
angiogram and positioning (see Fig. 8.5). The covered stent
should be expanded to at least 8 mm in the side branch and
to the desired diameter in the internal iliac artery. Finally, the

distal portion of the iliac branch graft is deployed into the
external iliac.
From the opposite side, the main aortic bifurcated graft
was then deployed. The short contralateral gate was cannulated through the iliac branch device and the gap between the
two endografts was bridged with an iliac limb extension. The
aortic bifurcated graft was then fully deployed and extended
to the left external iliac artery. Final and follow-up imaging
revealed successful treatment of both common iliac aneurysms (see Fig. 8.6).
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Fig. 8.2 Axial view of a computed tomography angiogram showing
aneurysmal degeneration of the left internal iliac artery (arrow)
unsuitable for adequate use of an iliac branch device. The vessel was
embolized
Fig. 8.4 Intraoperative fluoroscopy showing the iliac branch device
partially deployed to free the internal iliac side-branch (small arrows
indicate markers of the side branch) and a 10 F sheath brought up and
over using a through-and-through wire and positioned in the sidebranch (large arrow indicates tip of sheath)

Fig. 8.3 Maximum intensity projection (MIP) showing adequate
length of the right common iliac aneurysm (>40 mm) and a diameter of
at least 20 mm just proximal to the origin of the internal iliac artery

Fig. 8.5 Intraoperative fluoroscopy showing the implantation of the
balloon-expandable bridging stent graft
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Fig. 8.6 Final three-dimensional volume-rendering (3D-VR) reconstruction of the aortic and iliac branch endograft with coil embolization
of the left internal iliac artery

Fig. 8.7 Preoperative 3D-VR reconstruction of the 55 mm aortic and
bilateral common iliac arteries aneurysms, showing extreme tortuosity
of the iliac axes precluding safe delivery of the endograft

Iliac Case B
Clinical Scenario and Imaging
A 79-year-old man presented with an asymptomatic 55 mm
infrarenal aortic aneurysm associated with bilateral common
iliac aneurysms. The aortic aneurysm begins 40 mm below the
renal arteries (see Fig. 8.7) and there is a moderate aortic angulation below the aneurysm neck. The right and left common
iliac arteries measure 37 and 32 mm in diameter, respectively
(see Fig. 8.8). Although the sizes of the external iliacs are
adequate for endovascular management of the patient’s aneurysmal disease, they are extremely tortuous.

Endovascular Considerations
In this case, the delivery of the endograft through standard
femoral accesses would have been challenging due to the tortuosity of the external iliac arteries. Arterial accesses were
gained though bilateral retroperitoneal approaches to allow
dissection of the external iliac arteries. With gentle traction,
it was possible to straighten both access arteries and allow
smooth advancement of the endograft.
Proximal seal was obtained in the long infrarenal neck.
The 45° angle is not a contraindication to an endovascular

Fig. 8.8 MIP of both common iliac aneurysms measuring 37 and
32 mm, respectively
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Fig. 8.9 The right retroperitoneal approach. A gentle traction on the
external iliac artery straightens the vessel, allowing puncture and a safe
endovascular intervention

Fig. 8.11 Intraoperative fluoroscopy showing the internal iliac bridging-covered stent in position just before deployment (arrows indicate
proximal and distal markers of the stent)

Fig. 8.10 Two purse-string sutures on the external iliac artery

repair. Distal seal was planned in both external iliac arteries.
The common iliac artery aneurysms were treated by
embolizing the right internal iliac while an iliac branch
device was implanted on the left side. The left side was chosen for the iliac branch device as the internal iliac artery
trunk was slightly longer and the angle smoother than the
opposite side, ensuring a better seal and a better patency.

Discussion and Technique

Fig. 8.12 Postoperative 3D-VR reconstruction with embolized right
internal iliac artery and patent left iliac branch device without evidence
of endoleak

Bilateral retroperitoneal accesses to the external iliac were
performed and gentle traction on the external iliac arteries
(see Fig. 8.9) allowed placement of two purse-string sutures
(see Fig. 8.10) and smooth advancement of 7 F sheaths bilaterally. On the right side, the internal iliac artery trunk was
cannulated and embolized with 10 mm diameter coils. On
the left side, the iliac branch device was deployed using the

standard technique previously described. A 9 mm × 38 mm–
covered stent was used to revascularize the left internal iliac
(see Fig. 8.11). Finally, the main body of the aortic endograft
and iliac extensions were deployed to complete the procedure. Final angiogram and imaging revealed a complete
exclusion of all aneurysms with a patent left internal iliac
artery (see Fig. 8.12).
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Endovascular Applications for Thoracic
Aortic Pathologies
Paolo Perini, Pascal Rheaume, Jonathan Sobocinski,
Richard Azzaoui, Jacques Kpodonu, and Stéphan Haulon

In this section, we present six cases of thoracic endovascular
aortic repair. The first two cases are “classic” descending
aorta aneurysms, whereas the third case is a pseudoaneurysm
of the thoracic aorta on a ruptured atherosclerotic plaque,
treated with a simple tubular endograft. The fourth case is a
rupture of the thoracic aorta. Two acute aortic type B dissection cases were managed with a covered stent-graft to exclude
the primary entry tear associated with uncovered stents to
cover the remaining aorta. Due to the absence of adequate
proximal neck in the first dissection case, a carotid to subclavian bypass was necessary.

Thoracic A
Clinical Scenario and Imaging
A 78-year-old man presented with a 60 mm aneurysm of the
descending thoracic aorta (see Figs. 9.1 and 9.2). Computed
tomography (CT) showed a healthy aorta above and below
the lesion. The patient presented with a bovine arch.
Fig. 9.1 Multiplanar reconstruction (MPR) of the aortic arch and the
descending aorta. The aneurysm is short and located at the beginning of
the descending aorta

Endovascular Considerations
The aorta proximal and distal to the aneurysm was favorable
for an endovascular approach. The lesion was short, thus a
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single tubular graft was sufficient to secure complete coverage of the diseased aorta. With such a small portion of covered aorta, the subsequent risk of paraplegia is negligible.

Discussion and Technique
Percutaneous access of the left common femoral artery was
obtained and a pigtail catheter was brought to the ascending
aorta with standard exchange technique. From an open right
femoral approach, the endograft was brought over a stiff wire
in the descending aorta (see Fig. 9.3). Using a 60° left anterior oblique view, an angiogram was used to localize the

J. Kpodonu, S. Haulon (eds.), Atlas of Advanced Endoaortic Surgery,
DOI 10.1007/978-1-4471-4027-6_9, © Springer-Verlag London 2013
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Fig. 9.2 Three-dimensional volume-rendering (3D-VR) showing the
bovine aortic arch

Fig. 9.3 Intraoperative fluoroscopy: a pigtail is in the ascending aorta
and the endograft is advanced over a stiff wire

lesion and takeoff of the left subclavian. The endograft was
positioned and deployed (see Fig. 9.4). Completion angiogram revealed successful exclusion of the lesion (see Fig. 9.5)
and postoperative CT angiography confirmed this good result
(see Fig. 9.6).

Thoracic B
Clinical Scenario and Imaging
A 79-year-old man without significant comorbidities presented with two aneurysms of his descending thoracic aorta
separated by a healthy segment of aorta (see Fig. 9.7). A CT
showed a first aneurysmal segment measuring 42 mm just
distal to the origin of the left subclavian artery. The second
aneurysm located in the distal thoracic aorta measured
60 mm. The aorta just above and below the second aneurysm
measured 32 and 28 mm in diameter, respectively.
Fig. 9.4 Intraoperative fluoroscopy after deployment of the endograft

Endovascular Considerations
Due to the patient’s age, the small dimensions of the first
aneurysm, and, above all, to reduce the risk of paraplegia (left
subclavian artery coverage associated to the coverage of a
long segment of aorta), it was decided to treat only the larger
aneurysm. There was an adequate proximal landing zone

between the two aneurysms and sufficient distal sealing zone
just above the celiac truck for proper treatment of the aneurysm using a single tubular endograft. The proximal aneurysm would be followed and the endograft could be extended
in a second stage if needed. This “two-stage” approach would
allow collateral flow to the spinal cord to develop.
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Fig. 9.5 Final angiography

Fig. 9.7 Sagittal maximum intensity projection (MIP) showing a
42 mm thoracic aneurysm just distal to the left subclavian, followed by
a normal segment of aorta and a distal 60 mm thoracic aneurysm

projection was performed and the graft positioned, deployed,
and expanded with a compliant balloon. Completion angiogram and discharge CT revealed good graft apposition (see
Fig. 9.8). The proximal thoracic aneurysm would undergo
follow-up.

Thoracic Case C
Clinical Scenario and Imaging
A 59-year-old man presented with acute chest pain. A CT of
the chest revealed a false aneurysm of the thoracic aorta on a
ruptured atherosclerotic plaque (see Figs. 9.9 and 9.10). The
false aneurysm began 57 mm distal to the left subclavian
artery and was located 130 mm above the celiac axis (see
Fig. 9.11). The aorta proximal and distal to the focal lesion
was of good quality and normal diameter (see Fig. 9.12).

Fig. 9.6 Postoperative 3D-VR

Discussion and Technique
An open right common femoral approach was performed and
the left common femoral artery was accessed percutaneously.
The preselected thoracic endograft was advanced from the
right side and a flush catheter was brought up to the proximal
thoracic aorta from the left side. An angiogram with a lateral

Endovascular Considerations
Landing zones were adequate in length and diameter for
proper deployment and fixation of the endograft distal to the
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Fig. 9.10 Axial cut of a CT angiogram demonstrating the localized
contained aortic rupture
Fig. 9.8 3D-VR reconstruction of the thoracic aorta with the endograft
deployed

Fig. 9.9 3D-VR reconstruction showing the pseudoaneurysm at the
mid portion of the thoracic aorta

Fig. 9.11 Centerline reconstruction of the thoracic aorta with the
lesion located 57 mm distal to the left subclavian artery (upper white
arrow) and located 130 mm above the celiac axis (lower white arrow)
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Fig. 9.12 MIP of the thoracic aorta showing aortic diameters in the
proximal and distal landing zones for endovascular repair
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Fig. 9.13 MIP of the postoperative CT showing the accurate positioning of the endograft

left subclavian and proximal to the celiac trunk. A single thoracic component could be used for exclusion of the false
aneurysm.

Discussion and Technique
Percutaneous access of the left common femoral artery was
obtained and an injection catheter was brought to the aortic
arch with standard exchange technique. From an open right
femoral approach, the endograft was brought over a stiff wire
in the mid thoracic aorta. Using a 60° left anterior oblique
view, a angiogram was used to localize the lesion and the
take-off of the left subclavian. The endograft was positioned
and deployed. Postoperative CT confirmed accurate positioning of the endograft (see Fig. 9.13).

Thoracic D
Clinical Scenario and Imaging
A 56-year-old man presented with an acute type B aortic dissection. Despite 48 h of maximal medical management in the
intensive care unit, the patient remained symptomatic (pain
and hypertension) and reimaging was obtained. The CT
revealed a dissection starting just distal to the left subclavian

Fig. 9.14 3D-VR reconstruction of the dissection

artery and extending to both common iliac arteries (see
Figs. 9.14, 9.15, and 9.16). The maximum diameter of the
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Fig. 9.17 Uncovered stent used to cover the distal thoracic and
proximal abdominal aorta to enhance remodeling of the true lumen

considered. The dissection and aortic dilatation began at the
left subclavian and the exclusion of the entry point necessitated the coverage of the left subclavian artery. A carotid
to subclavian bypass was therefore performed. The patient
was treated with a covered graft deployed to exclude the
primary entry tear proximally, whereas the remaining thoracic and visceral aorta was stented using open cell stents to
possibly enable adequate remodeling of the true lumen (see
Fig. 9.17).

Fig. 9.15 Axial view of the proximal entry point on CT

Discussion and Technique

Fig. 9.16 3D-VR reconstruction of the abdominal aorta showing all
visceral vessels perfused from the true lumen

aorta was 44 mm immediately after the left subclavian. All
the visceral vessels were vascularized from the true lumen
and no malperfusion syndrome was noted (see Fig. 9.16).

First, a left carotid to subclavian bypass was performed.
As both common femoral arteries were free of dissection
and atherosclerotic disease, either side could be used to
deploy the graft. From the left percutaneous access, a long
flushing catheter was brought to the aortic arch and, from
the right femoral open approach, the endograft was
advanced into the thoracic aorta. Using a 60° left anterior
oblique projection, an angiogram was performed to localize the left carotid artery. The graft was deployed to cover
the left subclavian. The uncovered stent components
released in the distal thoracic and visceral aorta were
inserted, also from the right side. Finally, an occlusion
device was deployed in the very proximal left subclavian
artery. Completion angiogram and imaging revealed good
positioning of the stents and preserved flow to all visceral
vessels. Clinical and radiological outcomes were favorable
(see Figs. 9.18 and 9.19).

Thoracic E
Clinical Scenario and Imaging

Endovascular Considerations
As the patient remained symptomatic, and also due to the
rapid growing of the aorta, an endovascular treatment was

A 44-year-old man known for untreated hypertension presented with a 3-h history of severe migrating chest pain.
He also presented with right limb ischemia symptoms.

jkpodonu@yahoo.com

9

Endovascular Applications for Thoracic Aortic Pathologies

87

Fig. 9.18 Sagittal MIP of the thoracic endovascular repair. The
endograft was deployed just distal to the left carotid artery (upper
white arrow). The proximal stent is covered but the distal stents are
uncovered, allowing blood flow to the visceral vessels (lower white
arrow)

The diagnosis of an aortic dissection was entertained and
a CT was ordered. Imaging revealed a type B aortic dissection beginning 27 mm distal to the left subclavian
artery (see Figs. 9.20 and 9.21). There was mild contrast
extravasation at the proximal end of the dissection (see
Fig. 9.20). The celiac, superior mesenteric, and left renal
arteries were perfused from the true lumen (see Figs. 9.22
and 9.23). The dissection extended into the proximal
celiac trunk and superior mesenteric artery (see Fig. 9.23).
There was also severe stenosis and thrombus in the right
common iliac artery (see Fig. 9.24).

Endovascular Considerations
Based on the malperfusion syndrome of the right leg,
ongoing symptoms and proximal extravasation, we opted
for an endovascular treatment of the dissection. Proximal
landing was obtained just distal to the left subclavian, and
the proximal covered stent was extended with uncovered
stents to facilitate aortic remodeling. After treating the
aorta, the inadequate perfusion to the right leg was also
treated by endovascular means.

Fig. 9.19 3D-VR reconstruction of the endovascular repair with a patent left carotid to subclavian bypass and an occlusion device in the
proximal left subclavian artery

Discussion and Technique
A left femoral percutaneous access was obtained and an
injection catheter was brought to the ascending aortic arch
using standard exchange technique. Open access to the right
common femoral artery allowed us to gain endovascular
access and a flushing catheter was advanced into the distal
thoracic aorta and a low pressure contrast injection confirmed
that the catheter was indeed in the true lumen. Of note, the
right kidney was not perfused by the true lumen at this time
(see Fig. 9.25). A stiff wire was advanced to the ascending
aorta. The covered graft and uncovered stents were deployed
as described in the previous case. Upon completion angiogram, all visceral vessels including the right kidney were
well-perfused (see Fig. 9.26). However, there was still a
significant stenosis of the right common iliac artery, which
was treated by transluminal stenting (see Fig. 9.27).
Completion imaging shows good results of the endovascular
procedure (see Figs. 9.28 and 9.29).
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Fig. 9.21 Centerline reconstruction showing the proximal entry point
27 mm distal to the left subclavian artery
Fig. 9.20 3D-VR reconstruction of the proximal portion of the dissection with contrast extravasation (white arrow)

Fig. 9.22 Coronal MIP of the abdominal aorta. The left kidney is
perfused via the false lumen of the dissection and the right kidney via
the true lumen

Fig. 9.23 Axial cut of a CT with the aortic dissection extending into
the proximal superior mesenteric artery
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Fig. 9.24 Coronal MIP of the aortoiliac system showing dissection
and severe stenosis of the right common iliac artery

Fig. 9.25 Intraoperative angiogram from the true lumen before
endograft deployment showing malperfusion of the right renal artery
and the right leg

89

Fig. 9.26 Intraoperative angiogram from the true lumen after endograft
and bare stents deployment showing similar perfusion to both renal
arteries

Fig. 9.27 Fluoroscopy image showing a self-expandable stent
deployed in the right common iliac to treat a severe stenosis caused by
the dissection flap (arrows indicate the proximal and distal markers of
the deployed stent)

jkpodonu@yahoo.com

90

P. Perini et al.

Fig. 9.29 3D-VR reconstruction of the aortoiliac system with the four
visceral vessels well-perfused and the patent right common iliac stent
Fig. 9.28 3D-VR reconstruction of the aortic arch with the endograft
in place and absence of proximal contrast extravasation

lesion reached a threatening size, an endovascular treatment
with a multibranched endograft would be planned.

Thoracic Case F
Clinical Scenario and Imaging

Discussion and Technique

A 60-year-old man presented with excruciating acute chest pain.
A CT angiography of his chest revealed a massive left hemothorax (see Figs. 9.30, 9.31, 9.32, and 9.33). The aorta proximal to
the lesion was of good quality and normal diameter. The visceral aorta presented a mild dilatation (see Fig. 9.33).

Percutaneous access of the left common femoral artery was
obtained and an injection catheter was brought to the aortic arch
with standard exchange technique. From an open right femoral
approach, the endograft was brought over a stiff wire in the thoracic aorta, flush to the left subclavian artery. Using a 60° left
anterior oblique view, an angiogram was used to localize the
lesion and the take-off of the supra-aortic trunks. The two components of the endograft were then positioned and deployed.
The postoperative CT angiography revealed the complete exclusion of the aneurysm (see Fig. 9.34). However, the left massive
hemothorax was still present, and the patient suffered respiratory distress. A thoracotomy was therefore performed 72 h after
the endovascular procedure to evacuate the hemothorax. The
patient recovered quickly, and CT at discharge confirmed the
good result of the procedures (see Fig. 9.35a, b). The patient
would undergo standard follow-up, with a specific attention to
the evolution of the visceral aorta aneurysm.

Endovascular Considerations
Proximal landing zone was adequate in length and diameter
for proper deployment and fixation of the endograft distal to
the left subclavian artery. Even if the visceral aorta presented
a mild dilatation, there was an adequate sealing zone in the
distal thoracic aorta and two thoracic components were
planned to exclude the aneurysm. Since the visceral aorta did
not reach the 55 mm in diameter and was not ruptured (see
Fig. 9.33), we decided not to treat this aneurysm and the
patient would undergo follow-up. If the diameter of the
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Fig. 9.32 MPR showing the rupture in the thoracic aorta (arrow)

Fig. 9.30 3D-VR reconstruction showing the thoracoabdominal aorta
of the patient. A mild dilatation of the visceral aorta was present

Fig. 9.33 Coronal MPR showing the descending aorta and the left
hemothorax. The diameter of the visceral aorta measured 49 mm

Fig. 9.31 Axial cut of the thoracic ruptured aneurysm showing the
massive left hemothorax. Arrow indicates the rupture
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Fig. 9.34 Immediate postoperative MIP: the aneurysm is excluded and
no signs of endoleak are shown. However, a massive left hemothorax is
still present

a

b

Fig. 9.35 3D-VR (a) and MIP (b) reconstructions at discharge show the good result of the procedures
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This chapter describes and discusses several graft designs to
accommodate the various anatomy configurations of thoracoabdominal aneurysms. The discussion will include the selection of a branch, a fenestration, or a scallop to perfuse a visceral
vessel arising from the diseased aorta or located at the level of
the sealing zone. Unusual cases will also be presented.

Thoracoabdominal Case A
Clinical Scenario and Imaging
A 74-year-old man who had undergone a previous infrarenal
aortic tubular repair presented with an aneurysm of the visceral
aorta (see Fig. 10.1). Computed tomography (CT) showed an
aorta measuring 27 mm at the level of the diaphragm, 38 mm at
the level of the celiac axis, and 56 mm at the level of a focal
dilatation just below the renal artery (see Fig. 10.2).

Endovascular Considerations
The distal descending aorta and distal infrarenal graft were
appropriate to land the graft. The larger diameter of the aorta
was just above the infrarenal tube graft. As the diameter of

Fig. 10.1 Maximal intensity projection (MIP) of the aneurysm

the visceral aorta was mildly aneurismal, the best option was
to design fenestrations for all vessels.

Discussion and Technique
P. Perini() • P. Rheaume • M. Guillou • J. Sobocinski • S. Haulon
Chirurgie Vasculaire, Hôpital Cardiologique,
CHRU de Lille, Université Lille Nord France, Lille, France
e-mail: pero@people.it; pascal_rheaume@hotmail.com;
matthieu.guillou@chru-lille.fr; jonathan.sobocinski@chru-lille.fr;
stephan.haulon@chru-lille.fr, haulon@hotmail.com
J. Kpodonu
Division of Cardiac and Endovascular Surgery,
Hoag Heart &Vascular Institute,
Hoag Memorial Hospital Presbyterian,
One Hoag Drive, Newport Beach, CA 92663, USA
e-mail: jkpodonu@yahoo.com

Open femoral approaches were performed. The singlepiece fenestrated graft was advanced from the right side.
After visualizing both renal arteries, the graft was partially
deployed, leaving diameter-reducing ties in place. From
the contralateral side, a 20 French (F) sheath was brought
up and 7 F sheaths were placed into the renal arteries and
superior mesenteric artery (SMA). As it was impossible to
insert a fourth 7 F sheath into the 20 F sheath, the celiac
artery was cannulated through its fenestration and an angio-

J. Kpodonu, S. Haulon (eds.), Atlas of Advanced Endoaortic Surgery,
DOI 10.1007/978-1-4471-4027-6_10, © Springer-Verlag London 2013
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Fig. 10.2 CT axial view of the aneurysm in its largest diameter just
below the renal arteries and above the previously implanted tube graft

Fig. 10.4 Fluoroscopy image showing deployment of the left renal
covered stent (arrow) protruding 4 mm into the lumen of the main graft
and extending at least 15 mm into the target vessel

Thoracoabdominal Case B
Clinical Scenario and Imaging
A 73-year-old man who had undergone an infrarenal aneurysm repair with a tube graft presented with a 58 mm type IV
thoracoabdominal aneurysm and a 62 mm false aneurysm of
the distal tube graft anastomosis (see Figs. 10.7 and 10.8).

Endovascular Considerations

Fig. 10.3 Fluoroscopy image showing the main graft partially
deployed and 7 F sheaths in both renal arteries and the SMA. The celiac
axis is cannulated with an angioplasty balloon (arrow)

plasty balloon secured the access (see Fig. 10.3) but no stent
was placed at this time. The graft was then fully deployed
by releasing the diameter-reducing ties and the proximal
uncovered stent and all covered stents were inflated (see
Fig. 10.4). Finally, the celiac stent was inserted. Completion
imaging confirmed adequate exclusion of the aneurysm (see
Figs. 10.5 and 10.6).

Because the diameter of the aorta at the level of each visceral
vessel was not large enough to allow deployment of branches,
fenestrations were designed. The distal false-aneurysm was
planned to be excluded with a bifurcated graft. The distal
thoracic aorta and both common iliac arteries were adequate sealing zones. A four-fenestration endograft was thus
manufactured.

Discussion and Technique
Bilateral open femoral accesses were obtained. On the left
contralateral side, a 20 F sheath was brought to the aortic
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Fig. 10.5 Three-dimensional volume-rendering (3D-VR) reconstruction of the four-branch endograft successfully deployed with all four
patent visceral vessels
Fig. 10.7 CT angiogram: 3D-VR reconstruction of the 58 mm type IV
thoracoabdominal aneurysm and of the 62 mm false aneurysm at the
distal anastomosis of the aortic tube graft

Fig. 10.8 MIP axial view of the distal false aneurysm

Fig. 10.6 Sagittal view of a 3D-VR reconstruction of the endograft
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Fig. 10.9 Intraoperative fluoroscopy with a compliant balloon inflated
above the left renal fenestration (arrow) to offer support to the advance
of the 7 F sheath in the left renal artery

bifurcation. Two 7 F sheaths and two 5 F sheaths were
inserted in the 20 F sheath and an angiogram catheter was
positioned in the thoracoabdominal aorta. From the right
side, the custom-made graft was advanced. Angiograms
were used for accurate positioning and the graft was
partially deployed, leaving the diameter-reducing ties in
place. A long 7 F sheath was advanced into each renal
artery. Because the left renal artery was challenging to
catheterize, a large compliant balloon was brought above
the left renal fenestration to offer support to advance the
7 F sheath into the renal artery (see Fig. 10.9). A balloon
angioplasty was positioned from each 5 F sheath into the
celiac and SMAs to secure access to both vessels (see
Fig. 10.10). The main graft was then fully deployed, as
well as the proximal sealing stent. Both renal arteries were
stented first, and the 7 F sheaths were removed from the
renals and positioned in the SMA and celiac trunk. Over a
stiff wire, covered stents were then deployed in the celiac
and SMAs. An uncovered self-expandable stent was added
to the SMA to avoid kinking of the artery at the end of
the stiff balloon-expandable covered stent (see Figs. 10.11
and 10.12). A distal aortic angiogram was performed to
localize the aortic bifurcation and the false aneurysm.
A bifurcated graft was added to complete the procedure.
Final angiogram depicted moderate external compression
of the right iliac limb; thus, kissing balloon angioplasty
(10 mm × 4 cm balloons) was performed in both iliac
extensions (see Fig. 10.13). Completion imaging revealed
exclusion of both aneurysms and well-perfused visceral
vessels (see Figs. 10.14, 10.15, and 10.16).

Fig. 10.10 Intraoperative fluoroscopy showing 7 F sheaths and undeployed covered stents in each renal artery and two angioplasty balloons
in the celiac and superior mesenteric arteries

Fig. 10.11 Intraoperative angiogram showing the kinking of the SMA
after deployment of the covered stent

Thoracoabdominal Case C
Clinical Scenario and Imaging
A 67-year-old man known for hypertension and active smoking presented with an asymptomatic type IV thoracoabdominal aortic aneurysm and a left common iliac aneurysm (see
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Fig. 10.12 An uncovered nitinol stent is added (arrows indicate the
proximal and distal markers of this stent) to eliminate kinking of the
SMA

Fig. 10.14 Final angiogram showing no endoleak and well-vascularized visceral vessels

Fig. 10.13 Intraoperative kissing balloon angioplasty of the aortic
bifurcation

Fig. 10.15 3D-VR postoperative reconstruction of the endovascular
repair
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Fig. 10.16 Lateral 3D-VR postoperative reconstruction showing the
SMA without kinking after deployment of the nitinol stent

Fig. 10.17). The thoracoabdominal aortic aneurysm was
60 mm in diameter and began just below the diaphragm (see
Fig. 10.18). The celiac axis was occluded (see Fig. 10.19)
and the upper abdominal organs were revascularized by the
Bühler’s anastomotic artery (see Fig. 10.20). The aortic
diameter was 31 and 36 mm at the level of the SMA and the
renal arteries, respectively. The left common iliac artery
aneurysm measured 34 mm in diameter. The contralateral
hypogastric artery was patent.

Fig. 10.17 3D-VR reconstruction of the type IV thoracoabdominal
aortic aneurysm and the left common iliac artery aneurysm

Endovascular Considerations
Proximal seal of the graft was planned in the distal thoracic
aorta. Fenestrations were used to revascularize the visceral
vessels as the diameter of the aorta at the level of the visceral
vessels was marginal to allow the use of branches. The distal
graft was landed in the common iliac artery on the right side
to preserve flow to the internal iliac. To treat the left iliac
aneurysm, the left hypogastric artery branches were embolized and the graft extended to the external iliac artery. Final
imaging confirmed adequate exclusion of the aneurysm (see
Figs. 10.21 and 10.22).

Fig. 10.18 MIP showing the 60 mm type IV thoracoabdominal aortic
aneurysm and the 34 mm left common iliac aneurysm
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Fig. 10.19 Lateral MIP view of a CT showing occlusion of the celiac
axis by the arced ligament
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Fig. 10.21 Postoperative 3D-VR of the endograft with three
fenestrations

Fig. 10.22 3D-VR reconstruction showing a well-vascularized celiac
axis via the Bühler anastomotic artery (arrow)
Fig. 10.20 3D-VR reconstruction of the arc of Bühler (arrow)
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Fig. 10.24 MIP of a preoperative CT showing aneurismal involvement of the visceral aorta

The distal descending thoracic aorta measured 35 mm and
both common iliac arteries were 12 mm in size. At the level
of the celiac axis and the renal arteries, the aorta measured
40 mm, respectively. The maximum diameter of the aneurysm was 55 mm in the infrarenal aorta.
Fig. 10.23 3D-VR reconstruction showing a type IV thoracoabdominal aortic aneurysm

Thoracoabdominal Case D
Clinical Scenario and Imaging
A 59-year-old man known for active smoking, dyslipidemia,
and diabetes presented with an asymptomatic type IV thoracoabdominal aortic aneurysm (see Fig. 10.23). An
angioscan revealed an aortic aneurysm starting below the
diaphragm and involving the visceral aorta (see Fig. 10.24).

Endovascular Considerations
Those measurements were adequate to allow proper deployment of a branched endograft with adequate sealing zone in
the distal thoracic aorta proximally and in both common
iliac arteries distally. The gap between the stent graft and
the origin of the visceral artery was more than 10 mm, directional branches were thus preferred rather than fenestrations
to perfuse the target vessel. It is possible to manufacture a
stent graft tapering down to a smaller diameter in its midportion to allow proper deployment of the side branches
(see Figs. 10.25 and 10.26).
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Fig. 10.25 Anatomy sketch
used for the planning of the
endograft
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Fig. 10.27 Postoperative anterior 3D-VR reconstruction showing the
four-branch endograft
Fig. 10.28 Lateral 3D-VR reconstruction showing patent visceral
branches

Discussion and Technique
Accesses were gained through bilateral femoral cutdowns
using transverse incisions. First, the main body of the
branched graft was brought in place over a stiff wire and
deployed after angiographic identification of the renal arteries. The markers of the different branches were positioned
approximately 10–15 mm above the ostium of each visceral
vessel. The proximal stent of the graft was deployed to secure
the endograft in place. A second bifurcated abdominal aortic
aneurysm graft was deployed to stabilize the distal part of the
endovascular system. Subsequently, from a left axillary
approach, all branches and their corresponding vessels were
cannulated and covered self-expandable bridging stents used
to connect the branch to each vessel. Nitinol self-expandable
stents were added to the distal sealing zone of each covered
stent to add stability to the system. The most distal branches
(renals) are usually deployed before the more proximal ones.
A follow-up angioscan depicted four patent branches without endoleak (see Figs. 10.27, 10.28, and 10.29).

Thoracoabdominal Case E
Clinical Scenario and Imaging
A 62-year-old woman was followed for aneurysms of the
ascending and thoracoabdominal aorta (see Fig. 10.30). The

Fig. 10.29 MIP of a postoperative CT showing caudally oriented
branches to the visceral vessels
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Fig. 10.32 Sagittal view of the thoracic aorta showing a normal size
but acutely angulated aortic arch and the thoracoabdominal aneurysm
starting 16 mm distal to the left subclavian artery
Fig. 10.30 3D reconstruction showing the ascending and the thoracoabdominal aortic aneurysm

Fig. 10.31 Multidetector CT axial cut of the 59 mm ascending aortic
aneurysm and 80 mm thoracoabdominal aneurysm

ascending aortic aneurysm measured 59 mm in diameter (see
Fig. 10.31) and the aortic arch was of normal size but had a
fairly acute angulation often referred to as a Gothic arch (see
Fig. 10.32). The 80 mm thoracoabdominal aneurysm started
16 mm distal to the left subclavian and extended to the infrarenal aorta. The visceral aorta tapered down from 40 mm at
the level of the celiac axis to 33 mm at the level of the renal
arteries (see Fig. 10.33). The infrarenal aorta measured
31 mm in diameter.

Fig. 10.33 Multiplanar reconstruction showing the visceral aorta
tapering down to 32 mm in its infrarenal segment

Endovascular Considerations
There was no endovascular option for the ascending aortic
aneurysm because the aneurysm involved the aortic root and
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therefore was repaired with open surgery. To treat the type II
thoracoabdominal aneurysm, there was inadequate length of
aorta distal to the left subclavian (<20 mm) associated with
an acute angulation to obtain adequate seal. To extend the
proximal sealing zone, the endograft was planned to be
deployed more proximally, covering the origin of the left
subclavian artery. A left carotid to subclavian bypass was
required. The superior mesenteric and celiac axis were managed with caudally oriented branches as the aorta measured
more than 40 mm at those locations. Renal arteries were
managed with one branch for the right renal artery and one
fenestration for the left, as it had an upward course. The
infrarenal aorta measuring 32 mm was adequate for distal
seal of the stent graft.

Discussion and Technique
The patient’s aneurismal diseases were approached in two
stages. First, the patient underwent open surgical repair of
the ascending aneurysm without complications. Second, the
patient was brought back to the hospital to treat her thoracoabdominal aneurysm. Bilateral femoral dissections were
performed, as well as a left supraclavicular incision, to
expose the left carotid and left subclavian arteries. From the
right femoral access, the branched graft was brought to the
visceral aorta and partially deployed. From the left femoral
access, the left renal fenestration was cannulated, a 7 F sheath
was positioned into the left renal artery and a covered stent
was advanced in place and deployed once the graft was fully
expanded by releasing the diameter-reducing ties.
The left supraclavicular subclavian was accessed and a
12 F sheath brought down into the main body of the branched
graft from the left subclavian artery. Using standard technique, the right renal, superior mesenteric, and celiac arteries
were cannulated and covered bridging stents, followed by
self-expandable nitinol stents, were deployed. Once all the
visceral branches were revascularized, two custom-made
thoracic endografts were inserted, purposefully covering the
left subclavian artery. Finally, a left carotid to subclavian
artery bypass graft was performed and an endovascular occlusion device deployed at the origin of the subclavian artery to
avoid a type 2 endoleak (see Figs. 10.34 and 10.35).

Fig. 10.34 3D-VR reconstruction of the entire endovascular system
showing complete exclusion of the aneurysm

Thoracoabdominal Case G
Clinical Scenario and Imaging
A 56-year-old man presented with an 81 mm type III thoracoabdominal aortic aneurysm (see Fig. 10.36). The greatest
diameter of the aneurysm was at the level of the celiac and
SMA (see Fig. 10.37). Of note, the left renal artery had an
upward orientation (see Fig. 10.38).

Fig. 10.35 Visceral portion of the endograft with three branches for
the celiac, superior mesenteric, and right renal arteries, and left renal
fenestration
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Fig. 10.38 MIP showing a cranially oriented left renal artery

Fig. 10.36 MIP of the type III thoracoabdominal aortic aneurysm.
Note the normal diameter of the aorta in its midthoracic and distal infrarenal segments

was the upward direction of the left renal artery. To solve this
problem, a custom-made graft was designed with three
branches pointing caudally for the celiac, superior mesenteric, and right renal arteries, and one branch directed cranially for the left renal artery. Sealing zones would be in the
midthoracic and distal infrarenal aorta. The planned endograft
comprises a thoracic component and a multibranch component (see Fig. 10.39).

Discussion and Technique

Fig. 10.37 CT MIP axial cut of the aneurysm at its largest diameter at
the level of the celiac trunk

Endovascular Considerations
In this case, the size of the aneurysm and nonthrombosed
lumen at the level of all visceral vessels was large enough to
accommodate branches for all vessels. The only particularity

First, both common femoral arteries were exposed and
accessed. From the right side, the first thoracic component of
the graft consisting of a straight tube was deployed, with its
distal end 20 mm above the celiac artery. Second, the
branched graft was advanced and deployed. Branches were
positioned 10–15 mm above the target vessels. Third, the
cranially oriented left renal branch was cannulated from the
left femoral access and a covered self-expandable stent
bridged the distance between the branch and native vessel.
A self-expandable stent was also added in the renal artery to
stabilize the system. Finally, the same steps were repeated
for the three remaining caudally oriented branches though a
12 F sheath brought into the proximal graft from a left axillary approach. A CT performed a week after the procedure
revealed an occlusion of the celiac axis (arcuate ligament
compression) without clinical complications (see Figs. 10.40,
10.41, and 10.42).
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Fig. 10.39 Plan of the endograft system including a proximal thoracic component and a multibranch main body
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Fig. 10.40 3D-VR reconstruction of the branched graft with sealing
zones in the midthoracic and infrarenal aorta

Fig. 10.42 Coronal MIP of both patent renal branches

Fig. 10.41 3D-VR reconstruction of the visceral portion of the
endograft with an occlusion of the celiac trunk, two downward branches
(SMA and right renal artery), and an upward-oriented branch (left renal
artery)

Fig. 10.43 Multiplanar reconstruction showing the type III thoracoabdominal aneurysm. At the level of the celiac axis, the aorta measured
60 mm
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Fig. 10.44 Coronal MIP: perpendicular take-off of the right renal
artery and cranially directed left renal artery. The infrarenal aorta measured 30 mm in diameter
Fig. 10.45 3D-VR reconstruction showing bilateral common iliac
artery aneurysms, occlusion of the right internal iliac artery, and the
upward course of the left renal artery

Thoracoabdominal Case H
Clinical Scenario and Imaging
A 74-year-old man who underwent previous abdominal aortic aneurysm open repair with reimplantation of the left renal
artery was found, during follow-up, to have a type III thoracoabdominal aortic aneurysm (see Fig. 10.43). CT revealed
the following:
• Maximum diameter of the aneurysm was 63 mm.
• At the level of the celiac axis, the aorta measured 60 mm.
• The aorta at the level of the renal arteries measured
29 mm.
• The left renal artery had a marked upward orientation (see
Fig. 10.44).
• The infrarenal aorta was 30 mm in diameter.
• Both common iliac arteries were 32 mm in diameter but
only the left internal iliac was patent (see Fig. 10.45).

Endovascular Considerations
Due to comorbidities, an endovascular approach was favored.
The proximal seal was planned in the mid-descending thoracic aorta. The diameter of the visceral aorta was large
enough to use outer branches for the celiac and the superior

mesenteric and right renal arteries. At the level of the left
renal artery, because the small diameter of the aorta did not
allow the use of branches, a fenestration was employed (see
Figs. 10.46 and 10.47).
The right common iliac aneurysm was excluded by landing the distal bifurcated endograft in the external iliac artery,
the internal being occluded on that side. On the left side, an
iliac branch device was used to treat the common iliac aneurysm and to preserve the internal iliac artery, hence pelvic
and spinal blood flow (see Fig. 10.46).

Discussion and Technique
First, bilateral femoral and left axillary cutdowns were performed. The custom-made branched graft was brought up to
the right femoral access and deployed to obtain a proximal
fixation. The left renal artery fenestration was cannulated
from left femoral access and a covered stent was deployed
(see Fig. 10.48). From the brachial access, the celiac, superior mesenteric, and right renal arteries were cannulated
through their respective branches and covered stents were
used as previously described (see Fig. 10.49). The iliac
branch device was then deployed in the left iliac axis, using
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Fig. 10.46 Anatomical sketch used
to plan the entire procedure
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Fig. 10.49 Angiography showing the well-perfused right renal artery
through its branch after deployment of the covered stent

Fig. 10.47 Plan of the intermediate component of the custom-made
endograft
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Fig. 10.51 3D-VR reconstruction of the visceral branches: three caudally oriented branches for the celiac, superior mesenteric, and right
renal arteries, and one stented fenestration for the left renal artery. The
left internal iliac branch is well-visualized
Fig. 10.50 3D-VR reconstruction of the entire endovascular repair

the standard technique as previously described. The distal
bifurcated endograft was added from the right side, the gap
between the contralateral limb and the iliac branch device
was bridged with an iliac extension from the left femoral
access and, finally, the right ipsilateral limb was extended
into the right external iliac. The procedure was well-tolerated
and a technical success (see Figs. 10.50 and 10.51).

Thoracoabdominal Case I
Clinical Scenario and Imaging
A 74-year-old man known for multiple cardiovascular risk
factors presented with an asymptomatic abdominal aneurysm
(see Fig. 10.52). A CT angiography of the thoracoabdominal
aorta revealed a saccular segment of the supraceliac aorta
(see Fig. 10.52; arrow) measuring 50 mm and a visceral aorta
measuring 32 mm in diameter (see Fig. 10.53). The second
aneurysm is of juxtarenal location and measured 55 mm (see
Fig. 10.53). Of note, the patient had two right renal arteries
of equal size, measuring 5 mm (see Fig. 10.54).

Fig. 10.52 3D-VR reconstruction. Arrow indicates the 50 mm saccular segment of the supraceliac aorta
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graft was sized with sealing zones in the midthoracic aorta
proximally and both common iliac arteries distally. The
celiac axis was treated with a downward branch as its takeoff was located in a segment of aorta wide enough for a
branch to freely deploy (see Fig. 10.53). The main body of
the graft would then taper down to 28 mm just distal to the
celiac axis branch since the diameter of the aorta at that level
measured 32 mm. The superior mesenteric and all three renal
arteries were managed with fenestrations. There will be two
fenestrations for the two right renals as both measured more
than 4 mm in diameter. A polar renal artery less than 4 mm is
usually best treated by covering it because the patency rate
for such stents is poor. A graft was custom-made for the
patient (see Fig. 10.55).

Discussion and Technique

Fig. 10.53 Sagittal MIP view of the thoracoabdominal aorta

Endovascular access was obtained through bilateral femoral
cutdowns and a left axillary artery cut-down. Under
fluoroscopic guidance and after performing an aortogram to
localize all visceral vessels, an endograft with one branch
(celiac axis), and four fenestrations (superior mesenteric, left
renal, and two right renal arteries) was deployed from the left
femoral access. The four fenestrations were cannulated and
covered stents deployed from the right femoral access. The
celiac branch was extended using a covered stent deployed
from the axillary access. The visceral portion of the endograft
was extended into both common iliac arteries, using a bifurcated endograft.
A follow-up angioscan showed good positioning of the
graft and patent visceral extensions (see Figs. 10.56). Both
right renal arteries were preserved. There was a type 2
endoleak from the inferior mesenteric artery (see Fig. 10.57),
which was treated conservatively as the aneurysm sac was
decreasing in size.

Thoracoabdominal Case J
Clinical Scenario and Imaging

Fig. 10.54 Axial MIP view showing both right renal arteries of equal
size

Endovascular Considerations
In this case, both aneurysms could not be treated separately
as there was no landing zone of adequate length between the
two aneurismal segments. We therefore had to consider it a
type III thoracoabdominal aneurysm and a custom-made

A type III thoracoabdominal aortic aneurysm was incidentally discovered on a 79-year-old man associated with a right
internal iliac artery aneurysm (see Figs. 10.58 and 10.59).
The patient had undergone a previous infrarenal aortic aneurysm repair with a tube graft and was known for chronic
renal failure with a glomerular filtration rate of 20 mL/min.
Previous investigation had shown a severe stenosis of his
right renal artery and a right kidney measuring 7.8 cm,
whereas the left kidney was 10.3 cm in its longer axis. A
right renal biopsy had revealed moderate-to-severe nephroangiosclerosis. The aortic aneurysm measured 60 mm in
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Fig. 10.55 Plan for the endograft with one branch for the celiac axis and four fenestrations for the superior mesenteric, left renal, and two right
renal arteries
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Fig. 10.56 MIP of a sagittal view of the graft showing the celiac
branch and the SMA fenestration and covered stents

Fig. 10.58 3D-VR reconstruction of the 60 mm thoracoabdominal
aortic aneurysm

Fig. 10.57 3D-VR reconstruction of the endograft with one branch
and four fenestrations

Fig. 10.59 3D-VR reconstruction of the 40 mm right internal iliac
aneurysm
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Fig. 10.61 Curved planar reconstruction showing a severe stenosis of
the ostium of the right renal artery due to an atherosclerotic plaque

Fig. 10.60 Sagittal view of the 60 mm aortic aneurysm at the level of
the SMA and the occluded celiac axis. Arrow shows the bulge where the
SMA branch opened

diameter at the level of the SMA and 45 mm at the level of
the renal arteries (see Fig. 10.60). The celiac trunk was
occluded. There was a severe stenosis of the right renal artery
but the left renal was free of atherosclerotic disease (see
Fig. 10.61). The right internal iliac artery aneurysm measured 40 mm in diameter.

Endovascular Considerations
Proximal seal was planned in the distal thoracic aorta. The
diameter of the visceral aorta allowed the use of three
branches for the patent visceral vessels. To preserve pelvic
and spinal flow and to decrease the risk of paraplegia, it was
decided to preserve both hypogastric artery and to revascularize the right internal iliac using an iliac branch device
since a long segment of aorta would be covered.

Discussion and Technique
First, the multibranch endograft was deployed to obtain
proximal fixation in the thoracic aorta. Second, the right

iliac branch device and the internal iliac bridging stent
were deployed, followed by the bifurcated graft. From an
axillary approach, the left renal artery was then cannulated and stents deployed in the usual fashion. The right
renal branch was successfully cannulated, but a selective
angiography diagnosed an occlusion of the right renal
artery. The SMA branch could be cannulated but not the
corresponding vessel because the branch opened in the
anterior bulge just proximal to the origin of the SMA (see
Fig. 10.60; arrow). A successful attempt at catheterizing
the SMA through the branch designed for the right renal
artery was performed. The right renal branch was then
used to revascularize the SMA. An occlusion device was
inserted to occlude the unused branch of the SMA.
Completion imaging is shown in Figs. 10.62, 10.63, and
10.64. The patient’s renal function deteriorated slightly
postoperatively but he remained off dialysis.

Thoracoabdominal Case L
Clinical Scenario and Imaging
A 63-year-old male who had undergone a previous open
ascending aortic repair presented with a 65 mm type V thoracoabdominal aneurysm (see Fig. 10.65). CT depicted the
maximal diameter of the aneurysm just above the celiac
artery (see Fig. 10.66). The aorta measured 29 mm at the
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Fig. 10.64 3D reconstruction of the iliac branch device showing a patent right hypogastric artery

Fig. 10.62 3D-VR reconstruction of the graft showing a well-vascularized SMA via the right renal branch

Fig. 10.63 Coronal MIP of the only two revascularized visceral blood
vessels

Fig. 10.65 CT angiography: 3D-VR reconstruction showing the type
V thoracoabdominal aneurysm
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Fig. 10.66 CT angiography: axial view showing the thoracoabdominal aneurysm at its largest diameter

level of the SMA and the renal arteries (see Fig. 10.67).
Iliofemoral access vessels were widely patent.

Fig. 10.67 MIP: coronal view of the aneurysm showing adequate sealing zone above the level of the renal arteries

Endovascular Considerations
The descending aorta and distal infrarenal graft were appropriate sealing zones. The larger diameter of the aorta was just
above the celiac artery and a branch was thus designed to
revascularize that vessel. A fenestration was more adequate
for the SMA as the diameter of the aorta at that level was
only 29 mm. Sealing zone at the level of the renal artery was
obtained using inverted scallops for both renal arteries,
avoiding renal stents and covering as little thoracoabdominal
aorta as possible. The custom-made graft is shown in
Fig. 10.68. A proximal thoracic endograft was planned to
completely exclude the aneurysm.

Discussion and Technique
Open femoral approaches were performed. A proximal
tapered thoracic graft was brought up to the thoracic aorta
and an injection catheter positioned from the contralateral

side. The thoracic graft was deployed to gain proximal seal
in a healthy aortic segment with its distal end positioned
30 mm above the celiac trunk. The branch/fenestrated module was positioned using angiogram and graft markers. It
was partially deployed without releasing the distal anchoring stent and a long 7 F sheath and a balloon-expandable
covered stent were brought into the SMA through a renal
scallop (see Fig. 10.69). Once access to the SMA was
secure, the graft was completely deployed followed by
stenting of the SMA. All instrumentation was removed
from the femoral access to allow distal perfusion. The
celiac branch was cannulated from a 10 F sheath inserted in
the left axillary artery and brought into the endograft.
Covered and uncovered self-expandable stents connected
the endograft to the celiac artery (see Fig. 10.70).
Completion imaging showed exclusion of the type V thoracoabdominal aneurysm (see Fig. 10.71) with four visceral
vessels well-perfused.
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Fig. 10.69 Fluoroscopy image showing the main graft partially
deployed with diameter-reducing ties still in place and a 7 F sheath with
an undeployed stent in it positioned in the SMA (arrows indicate proximal and distal markers of the SMA fenestration)

Fig. 10.71 CT angiography: 3D-VR reconstruction showing the
endograft in place with a patent celiac trunk branch and superior mesenteric fenestration

Fig. 10.70 Intraoperative fluoroscopy image showing a balloon angioplasty of the celiac artery stents. Arrows indicate proximal (3) and distal
(2) markers of the celiac trunk branch
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Paolo Perini, Pascal Rheaume, Blandine Maurel,
Mohamad Koussa, Jacques Kpodonu,
and Stéphan Haulon

In this section, we will present four examples of aortic arch
aneurysm. In the first section, we performed a hybrid
approach. Subsequent sections present three instances of
total endovascular aneurysm repair using a fenestrated
endograft, a multibranched endograft, or the so-called
chimney-graft technique.

aneurysm measured 55 mm in its greatest diameter at the
level of the left carotid. The proximal ascending aorta was of
normal size.

Arch Case A
Clinical Scenario and Imaging
A 76-year-old woman had undergone an endovascular exclusion of a proximal thoracic aortic aneurysm using a single
endograft 5 years prior. During follow-up, she developed an
aneurysm of the aortic arch compromising proximal seal of
the previously implanted endograft (see Fig. 11.1). The
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Fig. 11.1 Three-dimensional volume-rendering (3D-VR) reconstruction of the aneurysm of the aortic arch proximal to a previously
implanted thoracic endograft
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Fig. 11.2 A side clamp was placed on the lateral side of the ascending
aorta just above the right coronary artery but as close to the aortic root
as possible to provide the longest landing zone possible in the ascending aorta

Fig. 11.3 The bifurcated graft was anastomosed distally to the innominate and left carotid artery. Both limbs are positioned under the innominate vein

Endovascular Considerations
The patient needed proximal extension of the former
endograft requiring coverage of the great vessels of the arch
to obtain an adequate 30 mm sealing zone. Therefore, proximal seal had to be in the ascending aorta. It was decided to
perform a complete debranching of the aortic arch and to
extend the endograft to the ascending aorta.

Discussion and Technique
First, a median sternotomy was performed and the ascending
aorta and arch vessels were dissected. A side clamp was
applied to the low ascending aorta to leave enough length to
safely deploy the endograft (see Fig. 11.2). A 16 × 8 mm
bifurcated graft was sewn to the greater curvature of the
ascending aorta in an end-to-side manner (see Fig. 11.3).
Metallic clips were placed to mark the site of the aortic anastomosis and were easily identified on fluoroscopy (see
Fig. 11.4). One limb of the graft was anastomosed to the brachiocephalic trunk and the other to the left carotid in an endto-end fashion. The proximal end of both vessels were
oversewn. The left subclavian was also ligated to avoid retrograde filling of the aneurysm sac.
In the second stage of the procedure, a stiff wire was
advanced to the ascending aorta. The graft was advanced to
the ascending aorta and deployed solely based on markers;
the metallic clips around the aortic anastomosis served as
proximal markers and the previous thoracic endograft as the
distal marker. No contrast was used at this stage. Completion

Fig. 11.4 Metallic clips were fixed around the ascending aorta anastomosis to facilitate its identification on fluoroscopy during deployment
of the endograft

angiography (see Fig. 11.5) and postoperative computed
tomography (CT) (see Fig. 11.6) confirmed the good result
of the procedure.

Arch Case B
Clinical Scenario and Imaging
A 72-year-old man had undergone an endovascular exclusion of a penetrating ulcer of the proximal descending thoracic aorta using a single endograft 3 years prior. During
follow-up, he developed a pseudoaneurysm complicating
another penetrating ulcer of the aortic arch (see Figs. 11.7
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Fig. 11.5 Completion angiogram showing complete exclusion of the
aortic arch aneurysm with the neck vessels revascularized from the
bifurcated bypass graft
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Fig. 11.7 3D-VR reconstruction of the pseudoaneurysm of the aortic
arch proximal to a previously implanted thoracic endograft

Fig. 11.8 Multiplanar reformation (MPR) of the 67 mm pseudoaneurysm and the subsequent endoleak. The former endograft was flush with
the left subclavian artery (LSA)

Fig. 11.6 3D-VR reconstruction of the discharge CT

and 11.8). The pseudoaneurysm measured 67 mm in its
greatest diameter. The proximal aorta was of normal size.
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Endovascular Considerations
The patient needed proximal extension of the former
endograft but, since it was deployed flush to the left subclavian artery (see Fig. 11.9), he required coverage of the left
subclavian and left carotid artery to obtain an adequate
30 mm proximal seal. The proximal thoracic extension had
to be deployed flush to the brachiocephalic trunk, so it was
decided to use the chimney-graft technique to preserve flow
to the left carotid artery. The left subclavian artery was covered without revascularization.

Discussion and Technique
Right femoral and left carotid cutdowns were performed.
Through the right femoral, a stiff guidewire was advanced to
the ascending aorta. An angiocatheter was advanced through
the left carotid artery (see Fig. 11.10) and an angiography
was performed. The carotid artery was clamped to prevent
stroke while, through a 10 French (F) sheath, a self-expandable
covered stent was advanced with its proximal end flush to the
origin of the brachiocephalic trunk and its distal end in the
common carotid artery (see Fig. 11.11). This stent was left
undeployed at that time.

Fig. 11.10 An angiocatheter is advanced to the ascending aorta
through the left carotid access and a stiff guidewire to the ascending
aorta from a right femoral access

Fig. 11.9 Curved planar reformation (CPR) showing the partially covered origin of the left subclavian artery by the previous endograft

Fig. 11.11 The self-expandable covered stent is advanced but left
undeployed
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Fig. 11.12 The thoracic endograft is deployed just distal to the origin
of the brachiocephalic trunk
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Fig. 11.14 Left carotid selective angiography shows patency of the
carotid chimney-stent

Postoperative CT angiography confirms the good result of
the procedure, with the left subclavian artery perfused
through the vertebral (see Figs. 11.15, 11.16, and 11.17).

Arch Case C
Clinical Scenario and Imaging
A 59-year-old male who had undergone a previous open aortoiliac bypass for an infrarenal aortic aneurysm presented
with an asymptomatic 60 mm aneurysm of the proximal and
midthoracic aorta (see Figs. 11.18 and 11.19). The arch vessels were very close from one another and the aortic arch had
an acute angle. The ascending aorta, as well as the distal
descending thoracic aorta, were free of any aneurysmal
degeneration.

Endovascular Considerations
Fig. 11.13 Intraoperative fluoroscopy showing the deployed system.
Arrows indicate the proximal and distal markers of the covered stent

The endograft was advanced through the femoral access,
and deployed flush to the brachiocephalic trunk (see Fig. 11.12).
The self-expandable covered stent was finally deployed.
Completion imaging revealed complete exclusion of the
pseudoaneurysm. The left carotid was perfused through the
chimney stent (see Figs. 11.13 and 11.14).

Since the great vessels were close to one another and because
of the angulation of the aortic arch, the safest proximal landing zone was the ascending aorta. A custom-made graft with
two internal branches for the innominate artery and the left
carotid was designed (see Fig. 11.20) and the left subclavian
artery was revascularized via a carotid to subclavian bypass.
The distal sealing zone was planned in the distal thoracic
aorta beyond the thoracic aneurysm.
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Fig. 11.15 Postoperative MPR
showing the relation between the
endograft and the carotid
chimney-stent

Fig. 11.16 Postoperative CPR: the covered stent is patent and wide open
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Fig. 11.17 3D-VR
reconstruction: all supra-aortic
trunks are patent and a full
endograft stent is implanted
proximal to the aneurysm (bold
arrow)

Fig. 11.18 Sagittal maximum intensity projection (MIP) of the aortic
arch and thoracic aneurysm extending from the origin of the left
subclavian

Fig. 11.19 Axial view showing the mid-descending thoracic aneurysm and the normal size ascending aorta
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Discussion and Technique
Since the patient had had a previous aortic surgery and since
a fairly long segment of the thoracic aortic was planned to be
covered, a two-stage approach was performed to reduce the
risk of paraplegia. During the first procedure, a left carotid to
subclavian bypass was created. In the second procedure, the
following steps were followed:
1. Bilateral Femoral, Left Axillary, and Right Carotid
Cutdowns
2. Over a stiff wire placed into the left ventricle and under
rapid pacing, deployment of the proximal portion of the
branched endovascular device using radio-opaque markers
and angiogram to properly align the origins of the branches
with the arch vessels (see Figs. 11.21 and 11.22).
3. Cannulation and extension of the innominate internal side
branch from the right carotid access using a custom
designed limb (see Fig. 11.23).
4. Cannulation and covered stent extension of the left carotid
branch from the left axillary access through the carotid to
subclavian artery bypass (see Fig. 11.24).
5. Extension of the aortic arch endograft using a thoracic
endograft.
6. Completion imaging revealed complete exclusion of the
thoracic aortic aneurysm (see Figs. 11.25 and 11.26). The
innominate and left carotid arteries are perfused through
the inner branches of the endograft and the left subclavian
artery via the carotid to subclavian bypass.

Fig. 11.22 Fluoroscopy image just after deployment of the main body
of the branched graft. The proximal seal is in the ascending aorta and
both openings of the inner branches are aligned on the greater curvature
of the aortic arch at the location of the innominate and left carotid arteries as identified on prior angiogram

Fig. 11.23 Intraoperative fluoroscopy image of the innominate bridging stent graft deployed and ballooned in place
Fig. 11.21 Intraoperative angiogram before the delivery system is
advanced through the arch
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Fig. 11.24 Intraoperative fluoroscopy image of both branches just
after deployment of the self-expandable covered stent (Fluency; Bard
Peripheral Vascular, Tempe, AZ, USA) from the second branch to the
left carotid artery

Fig. 11.26 Postoperative 3D-VR reconstruction of the endovascular
arch repair

Fig. 11.25 Completion angiogram showing complete exclusion of the
aneurysm with the innominate and left carotid arteries perfused through
the inner branches of the endograft and the left subclavian artery via the
carotid to subclavian bypass
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Fig. 11.27 MIP of the 61 mm aneurysm of the descending thoracic
aorta. Arrow indicates the penetrating ulcer, located just distal to the left
subclavian artery

Arch Case D
Clinical Scenario and Imaging
A 77-year-old man presented with an asymptomatic 61 mm
aneurysm of the descending thoracic aorta (see Fig. 11.27).
A penetrating ulcer in the aortic arch, just distal to the left
subclavian artery, was also present (see Fig. 11.28). The
aorta proximal and distal to these lesions was of normal
diameter.

Fig. 11.28 3D-VR reconstruction of the thoracic aorta. Arrow highlights the penetrating ulcer in the aortic arch

subclavian bypass. The distal sealing zone was planned in
the distal thoracic aorta below the thoracic aneurysm.

Endovascular Considerations
Discussion and Technique
Because the penetrating ulcer was abutting the origin of the
left subclavian artery, and because of the short distance
between the left common carotid artery and the left subclavian artery origins, the proximal landing zone involved both
these supra-aortic trunks. To obtain a proximal sealing zone
of 30 mm, as it is recommended in the aortic arch, we
designed a custom-made graft with one fenestration for the
left common carotid artery and a reinforced scallop for the
brachiocephalic trunk (see Figs. 11.29, 11.30, and 11.31).
The left subclavian artery was revascularized via a carotid to

A left carotid to subclavian bypass was created during the
first procedure. Six weeks later, implantation of the fenestrated endograft was performed.
An indwelling catheter positioned through the left common carotid fenestration was snared from a left axillary
approach via the left subclavian–left common carotid artery
bypass. A 7 F sheath was advanced over this femoral-to-axillary
through-and-through wire (see Fig. 11.32). The endograft
was fully deployed and a balloon-expandable covered stent
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Fig. 11.30 Anatomy sketch used to size the custom-made endograft

Fig. 11.29 Stretched CPR used to size the custom-made endograft.
The penetrating ulcer is located just distal to the left subclavian artery.
To obtain a 30 mm proximal neck, the supra-aortic trunks must be covered. The fenestration for the left common carotid artery (CCA) will
start 27 mm below the proximal end of the endograft, obtaining a long
sealing zone
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Fig. 11.31 Plan of the custom-made endograft
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Fig. 11.32 Intraoperative fluoroscopy: a 7 F sheath is advanced over
the femoral-to-axillary through-and-through wire in the left carotid
artery

Fig. 11.33 Completion angiography showing the good result of the
procedure

inserted in the left common carotid artery through the fenestration, with 4 mm protruding in the arch lumen.
Completion imaging revealed complete exclusion of the
thoracic aortic aneurysm (see Figs. 11.33 and 11.34). The
innominate artery is perfused through the scallop, the left
carotid through the fenestration, and the left subclavian
artery via the carotid to subclavian bypass.

Fig. 11.34 Postoperative 3D-VR reconstruction of the endovascular
repair: the innominate artery is perfused through the scallop, the left
carotid through the stented fenestration, and the left subclavian artery
via the carotid to subclavian bypass. There is no evidence of endoleak
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Complications in Endoaortic Surgery:
Endoleaks After Endovascular Repair of
the Abdominal Aorta
Jacques Kpodonu, Stéphan Haulon, and Marco Midulla

Endoleaks are defined as blood flow outside the lumen of the
stent graft but within the abdominal aneurysm sac. The
endoleak rate after endovascular abdominal aortic aneurysm
repair ranges from 5 to 44 %. Endoleaks can be classified
into five types (Fig. 12.1).
Type I endoleaks result from flow into the aneurysm
sac from attachment sites. Type II endoleaks result in flow
into the aneurysm from branch vessels. Type III endoleaks
occur when there is structural failure with the stent graft
including holes in stent graft fabric, stent graft fractures,
and junctional separations that occur with modular devices.
Type IV endoleaks are detected at the time of implantation when patients are fully anticoagulated and are caused
by stent graft porosity and usually resolve by reversal of
anticoagulation. A Type V endoleak refers to the expansion
of an aneurysm sac without the presence of an identifiable
endoleak. Causes may include an undiagnosed endoleak,
ultrafiltration, or thrombus that provide an ineffective barrier to pressure transmission. Three types of endoleak are
described in this chapter.

Type I

Type II

Type III

Type IV

Fig. 12.1 Abdominal endoleaks

Type 1 Endoleak
J. Kpodonu ()
Division of Cardiac and Endovascular Surgery,
Hoag Heart &Vascular Institute,
Hoag Memorial Hospital Presbyterian,
One Hoag Drive, Newport Beach, CA 92663, USA
e-mail: jkpodonu@yahoo.com

Case 1
A patient presenting with a proximal type 1 endoleak 2 years
after repair of an abdominal aortic aneurysm with a stent graft
(Figs. 12.2 and 12.3).

S. Haulon
Chirurgie Vasculaire, Hôpital Cardiologique,
CHRU de Lille, INSERM U1008,
Université Lille Nord France, Lille, France
e-mail: stephan.haulon@chru-lille.fr, haulon@hotmail.com

Case 2
A patient presenting with a type I endoleak that has
significantly reduced after 6 months (Figs. 12.4, 12.5, 12.6,
12.7, 12.8, 12.9, 12.10, and 12.11.

M. Midulla MD
Vascular Radiology, Hôpital Cardiologique, CHRU de Lille,
Lille, France
J. Kpodonu, S. Haulon (eds.), Atlas of Advanced Endoaortic Surgery,
DOI 10.1007/978-1-4471-4027-6_12, © Springer-Verlag London 2013
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Fig. 12.2 Three-dimensional
virtual reality (3D-VR) reconstruction of a proximal type I
endoleak (arrow) after 2 years
of the implantation of a bifurcated
endograft
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Fig. 12.3 The same endoleak
seen on a minimum-intensity
projection (MIP) reconstruction:
the endoleak (arrow) is due to a
progression of the atherosclerotic
disease. Because of the absence
of an adequate neck, this
complication cannot be treated
with a standard aortic cuff
extension
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Fig. 12.4 3D reconstruction
of a proximal type I endoleak
(arrow) after the implantation of
bifurcated endograft
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Fig. 12.5 MIP reconstruction,
lateral view: even if the proximal
neck was adequate (in fact,
the two proximal sealing stents
are well-positioned), a good
sealing was not obtained, maybe
due to insufficient oversizing.
Arrow indicates the type I
endoleak
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Fig. 12.6 Axial cut of the type I
endoleak (arrow)

jkpodonu@yahoo.com

12

Complications in Endoaortic Surgery: Endoleaks After Endovascular Repair of the Abdominal Aorta

Fig. 12.7 Axial cuts at the level of the
proximal sealing stent in the postoperative
CT scan (a) and at 6 months follow-up (b).
The proximal stent flattened and expanded
(3 mm), increasing the sealing of the
endograft

a

b
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Fig. 12.8 3D-VR
reconstruction after 6 months
of the implantation: the
proximal type I endoleak is
significantly reduced (arrow)
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Fig. 12.9 (a, b) MIP reconstruction
(a) and axial cut (b) showing the reduced
endoleak (arrows)

a

b
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Fig. 12.10 3D-VR reconstruction
of the postoperative CT scan
showing a type II endoleak
(arrow) originated from the
inferior mesenteric artery
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Fig. 12.11 Axial cut showing
the endoleak and its feeding
vessel
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Type 2 Endoleak

Cannulation of the superior mesenteric artery
(see Fig. 12.16) is achieved with embolization of feeding
vessel (see Fig. 12.17) with resulting resolution of the
endoleak (see Fig. 12.18).

Case 1
A patient with a postoperative CT scan demonstrating a type
II endoleak arising from an inferior mesenteric vessel
(Figs. 12.10, 12.11, and 12.12).
At 2-year follow-up, the type II endoleak has resolved on
its own (Fig. 12.13).

Case 2
A patient with a type II endoleak from the inferior mesenteric artery with resulting growth of the aneurysm sac
Figs. 12.14 and 12.15).

Type 3 Endoleak
Case 1
A patient presents with a type III endoleak from a disconnection from the tubular portion of the graft and the bifurcated
main body (Fig. 12.19).
An aorto-uni-iliac graft with a resulting femoro-femero
bypass graft is performed with complete resolution of type II
endoleak.

Fig. 12.12 MIP reconstruction
on the postoperative scan
showing the inferior mesenteric
artery feeding the type II
endoleak
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Fig. 12.13 Type II endoleaks
are usually benign. In fact,
this endoleak (arrow)
thrombosed without any
treatment as shown on this MIP
reconstruction at 2-year
follow-up
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Fig. 12.14 3D-VR reconstruction
of a type II endoleak (arrow)
associated with a growth of the
aneurismal sac

jkpodonu@yahoo.com

12

Complications in Endoaortic Surgery: Endoleaks After Endovascular Repair of the Abdominal Aorta

Fig. 12.15 MIP reconstruction
of the type II endoleak, revealing
the inferior mesenteric artery
as the feeding vessel
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Fig. 12.16 The inferior mesenteric artery is cannulated through the
superior mesenteric artery, and the aneurismal sac is gained. The contrast injection in this angiography confirms the good position of the
catheter in the aneurysm
Fig. 12.18 Completion angiography confirming the success of the
procedure: the aneurismal sac is no longer opacified after the contrast
injection

Fig. 12.17 The embolisation of the aneurismal sac is obtained with
Onyx (Micro Therapeutics; Irvine, CA) glue (fluoroscopy image)
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Fig. 12.19 MIP reconstruction
of an important type III
endoleak due to a complete
disconnection between the
proximal tubular end of the
endograft and the bifurcated
body
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and Stéphan Haulon

Robotics in Endoaortic Surgery
Alexander Rolls, Celia Riga, Melvinder Basra,
Colin Bicknell, Mohamad Hamady, and Nicholas Cheshire
Endovascular intervention is a rapidly evolving field of
vascular surgery, allowing more complex aortic pathology to
be managed in a minimally invasive fashion. The use of
robotic technology in vascular surgery is a comparatively new
field of work considering existing applications in general,
urological, and orthopaedic surgery. Robotic catheters were
introduced for the management of cardiac disease including
atrial fibrillation (Saliba et al. 2008; Kanagaratnam et al.
A. Rolls () • C. Riga • M. Basra • N. Cheshire • C. Bicknell
Department of Surgery and Cancer,
Imperial Vascular Unit,
Imperial College London, London, UK
e-mail: a.rolls12@imperial.ac.uk; c.riga@imperial.ac.uk;
melvinder.basra@imperial.ac.uk; nick.cheshire@imperial.ac.uk;
colin.bicknell@imperial.ac.uk
M. Hamady
Imperial Vascular Unit,
Imperial College Healthcare NHS Trust, London, UK
e-mail: m.hamady@imperial.ac.uk
J. Kpodonu
Division of Cardiac and Endovascular Surgery,
Hoag Heart &Vascular Institute,
Hoag Memorial Hospital Presbyterian,
One Hoag Drive, Newport Beach, CA 92663, USA
e-mail: jkpodonu@yahoo.com
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Chirurgie Vasculaire, Hôpital Cardiologique,
CHRU de Lille, INSERM U1008,
Université Lille Nord France, Lille, France
e-mail: stephan.haulon@chru-lille.fr, haulon@hotmail.com

2008) and coronary stent implantation (Beyar et al. 2006).
Several commercially available devices have been designed
for use within the vascular tree and use a broad variety of
engineering principles to facilitate fine motor control of the
catheter tip. The Niobe Navigation System (Stereotaxis; St.
Louis, MO, USA) was designed for cardiac intervention and
consists of two permanent magnets mounted on mechanical
positioners on either side of the fluoroscopy table, creating a
spherical uniform magnetic field. The computer workstation
allows the operator to select the desired field vectors by
changing the orientation of the outer magnets relative to each
other. The catheter tip consists of small magnetic implants,
which are navigated by the magnetic field.
The other main steering modality is electromechanical and
employs the use of drive/master systems to manipulate catheters, usually via pull-wires. The Sensei System (Hansen Medical;
Mountain View, CA, USA) uses a “master–slave” mechanism
to control the robotic (Artisan; Hansen Medical) catheter. The
workstation is remote, located outside the angiography suite and
away from the radiation source. The workstation console displays imaging and catheter tip force-sensing feedback data,
along with a superimposed virtual image of the guide catheter
with vectors for planar orientation and navigation. The steerable
robotic catheter consists of two guiding sheaths. The outer
sheath, controlled by two pull-wires 180° apart, provides a stable base for the inner guide. Four orthogonal pull-wires deflect
the inner guide, making it multidirectional and allowing it to
bend up to 270°. Conventional 8-Fr or smaller diagnostic and
therapeutic endovascular catheters and devices are inserted
through the inner guide catheter. This greatly enhances the ability of the catheter to navigate complex anatomical gates. The
wires are manipulated by the remote catheter manipulator
(RCM), which in turn receives positional commands from the
workstation (Riga et al. 2011a) (Fig. 13.1).

J. Kpodonu, S. Haulon (eds.), Atlas of Advanced Endoaortic Surgery,
DOI 10.1007/978-1-4471-4027-6_13, © Springer-Verlag London 2013
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MAG-3 (mercapto acetyl tri glycine) renal scanning, and
lung function tests. After discussion at the multidisciplinary
team meeting, he was considered suitable for robot-assisted
EVAR. Full informed consent was obtained, as well as
approval by the chairman of the directors board at Imperial
College London.

Step 1
Under general anaesthesia, the common femoral arteries are
surgically exposed. Five thousand units of unfractionated
heparin are administered systemically.

Fig. 13.1 The robotic workstation. The artisan catheter replicates hand
movements of the motion controller, delivering control in three dimensions, with 7° of freedom while allowing the operator to remain seated,
away from the radiation source

Clinical Applications
Work in our institution has focused on evaluating the use of
the Hansen Sensei endovascular robotic catheter in peripheral arterial intervention. Results from extensive preclinical
in vitro and in vivo studies on the effect of robotic navigation
in the aortic arch (Riga et al. 2011a), the visceral segment
(Riga et al. 2011b), and in fenestrated stent grafting procedures (Riga et al. 2010) are encouraging and demonstrate a
number of superior characteristics on analysis of quantitative
and qualitative metrics. Foremost among these are increased
catheter manoeuvrability and stability at the tip. Other advantages include reduced operator exposure to radiation with
significant reductions in overall fluoroscopic times. Robotic
technology enhances individual operator skills, providing
increased accuracy with less catheter tip movements and
almost complete abolishment of vessel wall hits. In this
chapter, the authors discuss two in vivo applications of
robotic technology; use of the robotic catheter during endovascular aortic aneurysm repair (EVAR); and in situ antegrade fenestration in a porcine model.

Case 1

Step 2
A 28 × 16 × 170 mm bifurcated Endurant stent (Medtronic
Vascular; Santa Rosa, CA, USA) is introduced via the right
groin over standard 0.035-in. stiff Meier wires (Boston
Scientific; Natick, MA, USA) and deployed under
fluoroscopic control.
Step 3
A 14-F steerable robotic catheter (Hansen Medical) is introduced in the left femoral artery through an 18-F long access
sheath.
Step 4
The virtual catheter image on the workstation screen is
aligned with the robotic catheter in anteroposterior (AP) and
40° right and left anterior oblique configurations to improve
navigational accuracy.
Step 5
The robotic catheter is driven into the aneurysm sac (see
Fig. 13.2) using the force quantification system (Intellisense
Technology; Jalandhar, India) (Fig. 13.2).
Step 6
The steerable tip of the robotic catheter is positioned adjacent to the distal end of the contralateral limb of the main
bifurcated stent body under fluoroscopic guidance, following
which its position is checked in AP and lateral positions.
Step 7
The contralateral limb is successfully cannulated using fine
and controlled movements (Fig. 13.3).
Step 8

A 78-year-old man presented with a 5.9 cm asymptomatic
infrarenal abdominal aortic aneurysm (AAA). His past medical history included chronic renal failure secondary to obstructive kidney disease. Serum creatinine on admission was
202 mmol/L. The patient underwent standardised preoperative
assessment including dobutamine stress echocardiography,

The robotic catheter is advanced to the level of the suprarenal aorta, and a 0.035-in. stiff Meier wire passed through its
lumen (Fig. 13.4).

Step 9
The robotic catheter is autoretracted and removed through
the 18-F sheath.
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Fig. 13.2 The robotic catheter is driven into the aneurysm sac. A force
quantification system (Intellisense Technology) is represented visually
on the workstation screen

155

Fig. 13.4 The robotic catheter is advanced and a 0.035-in. stiff Meier
wire passed through its lumen

Step 10
Completion angiography is performed (Fig. 13.5).
In the present case, no contrast was used during the robotic
stage of the procedure (38 mL was used in total). Postoperatively,
the patient underwent an uneventful recovery period with no deterioration of the renal function. Computer tomographic scanning
prior to discharge and at 3 months confirmed that the stent-graft
remained in good position, with no evidence of an endoleak.

Case 2
In the next case, we wish to present our in vivo experience
using the robotic catheter for the purposes of in situ fenestrated stent grafting in a porcine animal model. A large
(65 kg) pig, fully anaesthetised and heparinised, underwent
bilateral antegrade in situ renal fenestration of an abdominal
aortic stent graft with subsequent successful deployment of a
bare metal stent into the right renal artery.

Fig. 13.3 Successful cannulation of the contralateral limb

Step 1
Percutaneous access is obtained through the right groin and
preprocedural angiographic views (AP and lateral) demonstrate
that both renal arteries branch off at right angles to the
abdominal aorta.
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Fig. 13.5 Completion angiography showing no evidence of endoleak
or any other immediate complications

Step 2
The position of the target vessels is subsequently marked on
the fluoroscopy screen in an AP projection.
Step 3
A 16-mm iliac extension covered stent (Valiant; Medtronic,
Minneapolis, MN, USA) is used as the porcine aortic
endograft and is introduced via the left groin.
Step 4
The main aortic stent is deployed covering both renal arteries
and below the superior mesenteric artery.
Step 5
The robotic catheter (Hansen Medical) is introduced via the
right femoral artery.
Step 6
The virtual catheter is aligned with the robotic catheter in
AP, 40° right anterior oblique, and left anterior oblique
configurations to improve navigational accuracy.
Step 7
The flexible tip is positioned against the fabric of the previously
implanted aortic endograft, adjacent to the ostium of the right renal
artery, and the fabric punctured with a 20-G customised flex-tip

Fig. 13.6 The aortic stent is fully deployed. The graft has been punctured with a diathermy needle, and a guidewire can be seen in the right
renal artery. A cutting balloon is used to fenestrate the Medtronic stent

diathermy needle (Hansen Medical). The needle is kept in place by
the robotic arm to ensure that the fabric is punctured in the centre
of the ostium of the target vessel. The position is confirmed by a
small amount of contrast injected through the needle.

Step 8
A 0.014-mm guide wire (Cordis; Bridgewater, NJ, USA) is
threaded through the needle and into the right renal artery.
Step 9
The needle is exchanged for a 4 × 20 mm cutting balloon
(Boston Scientific) with the robotic catheter (Artisan) through
its lumen (Fig. 13.6).
Step 10
A 6 × 12 mm balloon expandable bare metal stent is introduced via the Artisan into the target vessel (Fig. 13.7).
Step 11
The robotic catheter is autoretracted and repositioned with fine
movements to allow for balloon expansion, and optimum angle is
subsequently obtained to maintain stability during stent deployment.
Step 12
Completion angiography demonstrates flow into the right
renal artery with no immediate postoperative complications.
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Fig. 13.8 Final angiogram demonstrating successful in situ fenestration of the aortic stent showing flow into both renal arteries
Fig. 13.7 A 6 × 12 mm balloon expandable bare metal stent is deployed
in the right renal artery

Step 13
The procedure is repeated for the left renal artery
(Fig. 13.8).
The procedure was completed in 45 min (right artery was
covered for 17 min and the left renal artery was covered for
22 min) and less than 30 mL of contrast were used. The animal was later sacrificed for autopsy.

Discussions
The cases described above demonstrate the feasibility of robotic
technology in the arterial setting. Although still only in its infancy
in terms of clinical applications, extensive preclinical in vitro and
in vivo studies on computed tomograph (CT) reconstructed silicone phantoms suggest a number of advantages conferred by the
robotic system: significant reductions in cannulation times and
vessel wall contact; and improved manoeuvrability, stability, and
economy of movement. Reduced operator exposure to radiation
and potentially reduced patient exposure to nephrotoxic contrast
agents should also be emphasized. Conventional endovascular
catheters are preshaped and limited by their ability to rotate
around one axis. A steerable multidirectional catheter with a
tight bend radius that allows fine and controlled movements in
multiple planes may be useful in dealing with difficult contralateral gates in infrarenal stents or anatomically challenging target

vessels. The authors, therefore, feel that its strengths may lie in
complex tasks that prove to be particularly challenging with conventional catheter manipulation.
In addition, Riga et al. (2011c) identified that the use of
endovascular robotics may offer a significantly shorter path to
proficiency and skill acquisition compared to conventional techniques. “Ease of use” and the intuitive nature of the control console appear to translate into faster attainment of the learning
curve plateau and a decreased number of quantifiable technical
errors such as wall hits and superfluous catheter tip movements.
Overall operator performance scores using quantitative rating
scales are found to be significantly improved using robotic catheter technology across regardless of endovascular experience.
Limitations of the currently available endovascular robotic
technology include cost of installation, consumables, and
maintenance, especially in the current climate of austerity. The
size of the Artisan catheter (14-Fr sheath, 11-Fr inner guide) is
also an important factor to consider when targeting atherosclerotic aortic branches. The development of the Magellan robotic
system by Hansen (6-Fr inner guide), designed specifically for
use in the arterial tree offers greater navigational versatility
and constitutes an important milestone for endovascular robotics. This next-generation system is CE marked and currently
trialled in our institution for aortic and peripheral clinical use.
Further work involving patient registries and randomized control trials should be encouraged to consolidate progress in this
exciting field and to diversify its clinical scope.
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Use of a Remote Wireless Pressure Sensor
for Postoperative Surveillance of Thoracic
Endoluminal Grafts
Jacques Kpodonu and Stéphan Haulon
Thoracic endografting for the treatment of thoracic aortic aneurysms requires lifelong postoperative surveillance using various imaging techniques. Currently, the
entirety of exclusion or absence of endoleaks is evaluated by intraoperative angiography and postoperative CT
scans. Multiple contrast injections can lead to increased
risk of contrast-induced nephropathy, as well as increased
radiation to both patient and surgeon. Remote wireless
pressure sensor monitoring is a new technology with
potential benefit for postoperative surveillance of thoracic
endografts without the added risk of radiation exposure
or contrast-induced nephropathy. Advantages of this new
technology include frequent evaluations with multiple
examinations performed on a given patient at any time
within the year; systemic pressurization may be detected
much earlier within a previously excluded aneurysm and
lead to prompt evaluation and treatment. The micro electromechanical (MEMS) technology of the EndoSure sensor
is currently being studied for use in the false lumen evaluation of treated type B dissections, blood pressure evaluation, and heart failure monitoring. The Acute Pressure
Measurement to Confirm Aneurysm Sac Exclusion Trial
(APEX) data demonstrated the efficacy of immediate
exclusion of an abdominal aortic aneurysm sac using the
pressure sensor with agreement between the sensor measurements and angiography regarding detection of type I
and III endoleaks in 92.1 % (n = 70) with a sensitivity of
94 % and a specificity of 80 % (Baum et al. 2001; Ohki
et al. 2003, 2007). The data collected in this study led the
U.S. Food and Drug Administration (FDA) to approve the
device for the implantation in an abdominal aortic aneurysm prior to endoluminal graft exclusion.

Fig. 13.9 A 64-slice CT scan of the chest demonstrating a saccular
aneurysm measuring 6.5 cm by 5.1 cm

Atlanta, GA, USA) for the surveillance of her thoracic
aneurysm. The sensor would be deployed during the same
procedure used to insert and implant the endoluminal graft
for her aneurysm (see Fig. 13.10).

Technical Details
Case Scenario
A 71-year-old woman with multiple comorbidities including hypertension, severe chronic obstructive pulmonary
disease, and renal dysfunction underwent a CT scan of
the chest for assessment of pain radiating to her back. She
was found to have a 6.5 × 5.1 cm saccular aneurysm (see
Fig. 13.9). She was not a suitable candidate for open surgical repair and was offered a less invasive approach using
an endoluminal graft. To reduce her exposure to radiation and the risk of contrast-induced nephropathy associated with repeated CT scans, she was chosen to receive
an EndoSure wireless pressure sensor (CardioMEMS;

Under general anesthesia, open retrograde cannulation
of the right common femoral artery was performed.
Percutaneous access of the left common femoral artery
was similarly performed and a 5-F angiographic pig tail
catheter was advanced through the left groin sheath into
the thoracic aorta. The fluoroscopic C-arm was positioned in a left anterior oblique angle and an oblique
thoracic arch aortogram was performed to visualize the
arch vessels and the descending thoracic aortic aneurysm
(see Fig. 13.11). An angiogram was performed to evaluate the aneurysm sac with careful attention paid to the
amount of free-flowing blood contained within the sac.
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Fig. 13.10 An EndoSure wireless pressure sensor (CardioMEMS;
Atlanta, GA, USA)
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To properly deploy the sensor, a pocket free of thrombus would be needed to ensure that the EndoSure sensor
would not be crushed upon deployment of the endoluminal graft. Crushing of the sensor can lead to erroneous
readings. Once eligibility was validated, a 30 × 15 mm
EndoSure wireless pressure sensor (see Fig. 13.10) was
loaded on a long delivery sheath through the left groin
and deployed into the aneurysm sac. The right 9-F sheath
was exchanged for a 22-F Gore sheath (W.L. Gore &
Associates; Newark, DE, USA) and a 34 × 15 cm TAG
stent-graft device was advanced through the Gore sheath
and subsequently deployed over an extra-stiff wire. The
device was deployed within an area that had previously
been identified for suitable landing zones and marked on
a “road map” angiogram. A Gore tri-lobe balloon was
used to perform postdeployment balloon angioplasty to
the proximal and distal segments of the graft to ensure
proper apposition. Pressure readings taken from the sensor before and post-exclusion of the aneurysm are shown
in Fig. 13.12. An overall reduction in systolic, diastolic,
and mean pressures can be seen with the pulse pressure
reduced to 0.54 mmHg immediately after endoluminal graft deployment. A completion angiogram demonstrated exclusion of the aneurysm with no endoleak (see
Fig. 13.13). A CT scan of the chest performed the following day showed exclusion of the descending thoracic
aneurysm with no endoleak noted (see Fig. 13.14). She
was discharged home on the second postoperative day in
satisfactory condition.

Discussion

Fig. 13.11 A pre-deployment angiogram demonstrating a descending
thoracic aneurysm

The EndoSure wireless pressure sensor (CardioMEMS;
Atlanta, GA, USA) is primarily used for the surveillance
of abdominal and lately thoracic aortic aneurysms. The
sensor is deployed during the same procedure used to
insert and implant the endoluminal graft for her aneurysm
(Kpodonu et al. 2007; Diethrich et al. 2008). Advantages
of this new technology include frequent evaluations with
multiple examinations performed on a given patient at any
time within the year; systemic pressurization may be
detected much earlier within a previously excluded aneurysm and lead to prompt evaluation and treatment. The
microelectromechanical (MEMS) technology of the
EndoSure sensor is currently being studied for use in the
false lumen evaluation of treated type B dissections, blood
pressure evaluation, and heart failure monitoring. In conclusion, remote pressure sensing may, in the future, eliminate the need for serial contrast-enhanced CT scans as
part of a postoperative surveillance program for thoracic
aneurysms.
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Fig. 13.12 Pre- and post-exclusion of pressure tracing readings from the EndoSure wireless pressure sensor (CardioMEMS; Atlanta, GA, USA)

Pressure sensor

Fig. 13.13 A postdeployment angiogram showing exclusion of the
aneurysm with no demonstrable endoleak
Fig. 13.14 Three-dimensional reconstruction documents the position
of the wireless pressure sensor within the aneurysm sac
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A
AAA. See Abdominal aortic aneurysm (AAA)
Abdominal aortic aneurysm (AAA). See also Abdominal
aortic pathologies
advantage, IVUS, 20
asymptomatic infrarenal, 154
device selection and treatment, 19–20
endoluminal graft, 19
fenestrated endografts, 55
left renal vein, 19
Abdominal aortic endografts
Cook Zenith abdominal endoluminal graft, 33, 37
Gore Excluder, 33, 36
INTER-V Ensnare device, 33, 37
Medtronic AneuRx graft, 33, 36
Medtronic Reliant, 33, 36
Medtronic Talent, 33, 36
Abdominal aortic pathologies
acute abdominal pain
completion angiogram, false aneurysm, 64
coronal maximal intensity, 63
left external iliac, 63
preoperative 3D-VR reconstruction, 63
asymptomatic infrarenal aortic aneurysm
angiogram, 62
aorto-uni-iliac endograft, 62
CPR, 60, 61
3D-VR reconstruction, 60, 61
iliac artery measured, 62
internal iliac artery, 62
intraoperative angiography, lowest renal artery, 62
lateral MIP, 60, 61
left hypogastric artery, 62
postoperative 3D-VR reconstruction, 62, 63
asymptomatic type III endoleak, left internal iliac aneurysm
axial view, CT, 66, 67
axial view, type III endoleak, 64, 65
bilateral open surgical approaches, 67
centre line reconstruction, 66, 67
centre lumen line, 65
fluoroscopy image, long sheaths, 67, 68
iliac limb, 65
left internal iliac artery aneurysm, 66
patent right renal artery, 66
postoperative centre lumen CPR, 66, 67
postoperative 3D-VR reconstruction, 66, 67
preoperative 3D-VR reconstruction, left internal iliac
artery aneurysm, 64
proximal end, 65
radio-opaque gold markers, 67
sagittal MPR, 66, 68

stiff guidewires, 65, 66
type III endoleak, 64, 65
description, 55
infrarenal aortic aneurysm
angiogram, 57, 58
angiogram, right anterolateral projection, 57
balloon, 57, 58
centreline-stretched planar reconstruction, 56, 57
coronal MIP, 55, 56
3D-VR, 55
intraoperative fluoroscopy, contralateral gate, 56, 57
intraoperative low-volume angiogram, 56, 57
MIP, iliofemoral access, 56
MPR coronal, 55, 56
postoperative 3D-VR reconstruction, 57, 58
infrarenal aortic aneurysm with cardiac comorbidities
coronal MIP, 68, 69
dilatation, aortic neck, 66, 67
3D-VR reconstruction, discharge CT, 68, 69
juxtarenal aortic aneurysm, 66, 67
posterior infrarenal aortic dilatation, 66, 68
proximal end, 68
right renal stent, 68
sheaths, renal arteries, 68
SMA, 66
well-perfused celiac trunk and SMA, 68, 69
juxtarenal aortic aneurysm and false aneurysm
axial MIP, juxtarenal aneurysm, 69, 70
axial view, aortic bifurcation, 69, 71
coronal MIP, 69, 70
coronal view, endograft, 71, 72
custom-made graft, 69, 71
distal anastomosis, sagittal MIP, 69, 70
3D volume-rendering reconstruction, 69, 70
intraoperative fluoroscopy, 71, 72
MIP, renal stents, 71, 72
proximal sealing zone, 69, 71
volume-rendering 3D reconstruction, 71, 72
saccular aneurysm, distal aorta
angiogram, endoleak, 60
axial view, aneurysm, 59, 60
centreline reconstruction, 58, 59
coronal MPR, 59
3D-VR reconstruction, bifurcated endograft, 58, 59
3D-VR reconstruction, endograft, 60, 61
insertion, percutaneous closure device, 60
low-pressure compliant balloon, 60
saccular aortic aneurysm
axial MIP, visceral stents, 74
coronal MIP, saccular aneurysm, 71, 73
3D-VR reconstruction, aneurysm, 71, 73
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Abdominal aortic pathologies (cont.)
3D-VR reconstruction, hepatic artery, 71, 73
fenestrations, 74
MIP, anatomic variant, 71, 73
splenic artery, 74
visceral vessels, 71
Access techniques
brachial access (see Brachial access) description, 39
endoconduit, 48–49
femoral artery access (see Femoral approach)
open retrograde femoral access (see Femoral approach)
Acute type B aortic dissection
clinical scenario and imaging
3D-VR reconstruction, 85, 86
pain and hypertension, 85
endovascular, 86
remodeling, lumen, 86
technique
3D-VR reconstruction, 86, 87
sagittal MIP, 86, 87
Aneurysm, descending thoracic aorta
42 and 60 mm aneurysm
clinical scenario and imaging, 82
3D-VR reconstruction, 83, 84
endovascular considerations, 82
femoral approach, 83
sagittal MIP, 82
60 mm aneurysm
clinical scenario and imaging, 81
CT, 81
3D-VR, 81, 82
endovascular considerations, 81
final angiography, 82, 83
intraoperative fluoroscopy, 81, 82
MPR, 81
postoperative 3D-VR, 82, 83
Aneurysm sac exclusion trial (APEX), 158
Aorta
abdominal aortic aneurysms, 19–20
arch aneurysm (see Arch-aortic pathologies)
centreline technique, 11, 12
diameter, 14, 15
distal aortic angiogram, 96
endoprosthesis, 11
infrarenal tubular repair, 93
IVUS application, 23
stenotic valve, 1
superior mesenteric artery, 13
thoracic aneurysms, 20
thoracic disease, 20–21
thoracoabdominal aneurysm, 98
Aortic arch aneurysm. See Arch-aortic pathologies
Aortic dissection, type B
clinical scenario and imaging
aortoiliac system, 87, 89
centerline reconstruction, 87, 88
coronal MIP, 87, 88
limb ischemia symptoms, 86
mesenteric artery, 87, 88
endovascular, 87
technique
3D-VR reconstruction, 87, 90
fluoroscopy image, 87, 89
intraoperative angiogram, 87, 89
Aortic endografts
bifurcated, 66
catheters, 30

Index
conventional iliofemoral conduit, 33
iliac extensions, 79
porcine, 156
procedures, 33
thoracic (see Thoracic aortic endografts)
Aortic stent graft
brachial and radial access techniques, 43
3D CT-like imaging, 3
in situ renal fenestration, 155
Aortobronchial fistula, 25, 26
Aortoiliac aneurysm
asymptomatic infrarenal aortic aneurysm (see Branched
iliac endograft)
bilateral common iliac aneurysms (see Branched iliac endograft)
description, 75
Aortoiliac pathologies. See Aortoiliac aneurysm
APEX. See Aneurysm sac exclusion trial (APEX)
Arch-aortic pathologies
aneurysm, aortic arch
bifurcated graft, 122
completion angiogram, 122, 123
CT, 122, 123
3D-VR, 121
metallic clips, 122
asymptomatic aneurysm, proximal and midthoracic aorta
3D-VR, 121
endovascular arch repair, 129, 130
intraoperative angiogram, 129
plan, endograft, 125, 128
sagittal MIP, 125, 127
thoracic aneurysm, 125, 127
thoracic aortic aneurysm, 129, 130
thoracic endograft, 129
descending thoracic aorta, asymptomatic aneurysm
CCA, 131, 132
custom-made endograft, 131, 133
endovascular repair, 134
intraoperative fluoroscopy, 131, 133
thoracic aorta, 131
pseudoaneurysm
angiocatheter, 124
carotid artery, 124
CPR, 124
CT angiography, 125, 126
intraoperative fluoroscopy, deployed system, 125
left carotid selective angiography, 125
MPR, 122–123
pseudoaneurysm, 122, 123
thoracic endograft, 125

B
Balloons
angioplasty, 30
expandable covered stents, 68
postdeployment, 159
Brachial access
angiographic catheters, 43
antecubital fossa, 43
deployment, endoluminal graft, 43
description, 42
retrograde percutaneous puncture, 43
retroperitoneal acces
device sheath, retroperitoneal exposure, 46, 47
direct repair, iliac arter, 46, 47
flank incision, 48
18 G needle, 46
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iliac artery, identified and mobilized, 44, 46
iliofemoral vascular occlusive disease, 44, 45
peritoneum, 44
Branched arch endograft, 32, 35
Branched endografts, 100
Branched iliac endograft
asymptomatic infrarenal aortic aneurysm
arterial accesses, 78
branch device, 79
MIP, iliac aneurysms, 78
postoperative 3D-VR reconstruction, 79
preoperative 3D-VR reconstruction, 78
purse-string sutures, 79
right retroperitoneal approach, 78, 79
bilateral common iliac aneurysms
balloon-expandable bridging stent graft, 76, 77
branch devices, 75, 76
computed tomography angiogram, 75, 77
3D-VR, 76, 78
infrarenal aorta, 75
internal iliac artery, 75
intraoperative fluoroscopy, branch device, 76, 77
MIP, 75, 77
Branched thoracic endograft
abdominal aortic devices, 32, 35
Cook Zenith inner-branch, 32, 35
description, 32

C
Cardiovascular hybrid operating room
description, 1
hybrid OR (see Hybrid operating room (Hybrid OR))
imaging equipment
ceiling and floor-mounted systems, 5
CT-like 3D imaging, angiography system, 7
3D anatomy, 7
functional imaging, 7, 8
image intensifier and flat panel detector systems, 5
imaging methods and technologies, 6–7
mobile and fixed systems, 5
mono and biplane systems, 5
table considerations, 5–6
usage
congenital heart disease, 1–2
coronary artery disease, 2
EVAR (see Endovascular aortic repair (EVAR))
heart rhythm disturbances, 2
interdisciplinary use, 3
pacemaker and ICD, 3
valve disease, 2
Carotid left subclavian bypass
completion imaging, 134
Gore single-branch endograft, 32
left subclavian artery, 131
CCA. See Common carotid artery (CCA)
Cerebrospinal fluid (CSF)
drainage
anaesthesia spinal drain/epidural kit, 52, 53
concepts, 54
CSF spinal drain, 53, 54
insertion, spinal needle, 52, 53
spinal drain reservoir system, 53, 54
placement, drains, 52
Cerebrospinal fluid monitoring
electronic, 54
internal memory card, 54
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lines, 52
multiple arterial, 52
sensor, 158
Common carotid artery (CCA), 131, 132
Computed tomography (CT). See also CT angiography
aneurysm sac, 19
angiography, 90
angiography system, 7
aortic bifurcation, 58
endovascular repair, 19
robotic system, 157
saccular aneurysm, 158
thoracoabdominal aorta, 112
Congenital heart disease
description, 1
hypoplastic left heart syndrome, 2
Coronary artery disease, 2
CPR. See Curved planar reformation (CPR)
CSF. See Cerebrospinal fluid (CSF)
CT angiography
bifurcated body, 64
3D-VR reconstruction, 117, 120
endoleak, 62
hemothorax, 90
MDCT (see Multidetector-row computed tomography (MDCT))
postoperative, 90
thoracoabdominal aneurysm, 118
thoracoabdominal aorta, 112
Curved planar reformation (CPR)
custom-made endograft, 132
3D-VR, 13, 14
left subclavian artery, 124
partially covered origin, left subclavian artery, 124
postoperative centre lumen, 67
realignment, entire system, 67
renal artery, 13
stretched, 13, 14
techniques, 14

D
3D CT imaging workstation, high-resolution computed tomography
catheter tip, 153
robotic, 154
virtual catheter image, 154
visualization techniques, 11
Devices and accessories
abdominal ELG selection (see Endoluminal grafts (ELGs))
accessory tools
arterial and venous embolization, 33, 38
description, 33
type II endoleak, 38
Amplatz stiff wire guides, 29
angioplasty balloons, 30
branched thoracic endograft, 32
description, 27
ELGs (see Endoluminal grafts (ELGs))
entry needles and devices, 27
extra stiff wire guide, 29
flush, diagnostic and guiding catheters, 30
guidewires, 28
introducer sheaths, 29, 30
LES3 Lunderquist wire guide, 29
stents
balloon-expandable, 30, 31
covered graft, 31, 32
self-expandable stent, 31, 32
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Devices and accessories (cont.)
supplementary equipment, 27
thoracic endograft selection, 32
vessel dilators, 27–28
3D visualization
anatomy, 7
angiographic display, 11
3D-VR (see 3D volume-rendering (3D-VR))
workstations, 11
3D volume-rendering (3D-VR)
conventional axial images, 13
and CPR, 13, 14
juxtarenal abdominal aortic aneurysm, 13
and MIP, 11, 12
spatial perception, 13
type II thoracoabdominal aneurysm, 14, 16
3D-VR. See Three-dimensional volumerendering (3D-VR)

E
Endoconduit
angiogram, 48
covered stents, peripheral indication, 48, 49
deployment, 48
description, 48
Endoleaks
abdominal endoleaks, 135
definition, 135
type 1
axial cut, 135, 140
bifurcated endograft, 135, 138
CT scan, 135, 141
3D-VR reconstruction, 135, 136, 142
MIP, 135, 137, 139
type 2
axial cut, 145, 146
benign, 146, 147
completion angiography, 146, 150
3D-VR reconstruction, 146, 148
embolisation, aneurismal sac, 146, 150
inferior mesenteric artery, 144, 146
MIP reconstruction, 146, 149
superior mesenteric artery, 146, 150
type 3
aorto-uniiliac graft, 146, 152
3D-VR reconstruction, 146, 152
MIP reconstruction, 146, 151
Endoluminal grafts (ELGs), 31–32
Endovascular
abdominal and thoracic, 39
applications, thoracic aortic pathologies (see Thoracic
aortic pathologies)
arch-aortic pathologies (see Arch-aortic pathologies)
catheters and devices, 153
device, 17
robotic technology, 157
thoracoabdominal pathologies (see Thoracoabdominal
pathologies)
treatments, 25
Endovascular aortic aneurysm repair (EVAR)
bifurcated endograft, 64
robotic technology, 154
Endovascular aortic repair (EVAR)

Index
abdominal aorta, 2
angiographic C-arm, 3
aortic stent graft, 2, 3
TEVAR, 51
EVAR. See Endovascular aortic aneurysm repair (EVAR);
Endovascular aortic repair (EVAR)
F
False aneurysm, thoracic aorta
clinical scenario and imaging
centerline reconstruction, 83, 84
3D-VR reconstruction, 83, 84
MIP, 83, 85
endovascular, 83, 85
technique, CT, 85
Femoral approach
endovascular aneurysm repair, 13
open retrograde femoral access
cannulation, 41
description, 41
dissections, 42
fluoroscopic C-arm, 41
rupture, 42
percutaneous retrograde artery access
angled glidewire, 40
CT scan, 41
description, 39
9 F 11-cm sheath, 40
18 G 7-cm cook percutaneous needle, 39, 40
haemostatic valve, 40
Fenestrated endografts
CPR, 13
3D-VR, 13
endovascular aneurysm repair, 121
Fenestration
abdominal aortic stent graft, 155
CCA, 131, 132
celiac artery, 93
intraoperative fluoroscopy, 96
porcine model, 154
SMA, 113, 115
Fluoroscopy
and acquisition, 6
balloon-expandable covered stents, 68
diameter-reducing ties, 120
digital angiography, 27
left renal covered stent, 94
renal arteries and SMA, 94
self-expandable stent, 89
G
Guidewires
description, 28
diameters, wires, 28
diathermy needle, 156
endoaortic surgery, 28
fluoroscopy, 40
iliac angiogram, 42
introducer sheath, 44, 46
location, 18
Lunderquist stiff, 29
manufacturers, 28
stiff, right femoral access, 124
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H
Hybrid operating room (Hybrid OR)
hygiene, 5
lights, monitors and devices, 4
location, 3
planning, 4
room size and preparation, 3
Hybrid OR. See Hybrid operating room (Hybrid OR)

I
Intravascular ultrasound (IVUS)
abdominal aortic aneurysms (see Abdominal aortic aneurysm (AAA))
abdominal aortic penetrating ulcers, 20
aortobronchial fistula (see Aortobronchial fistula)
applications
advantages, 19
“grayscale”, 18
stenosis flow lumen diameter, 18
catheter
aortic pathologies, 18
8.2 F Volcano, 20
probes, 18
0.035” Visions PV, 17–18
coarctation, aorta, 23, 24
CT, 17
description, 17
“longitudinal” and “volume” image, 17
thoracic aortic aneurysms, 20
thoracic penetrating aortic ulcers, 23, 25
in traumatic transections, 23–25
0.035” Visions PV IVUS catheter system, 17–18
IVUS. See Intravascular ultrasound (IVUS)

M
MAG. See Mercapto acetyl tri glycine (MAG)
Massive left hemothorax
clinical scenario and imaging
MPR, 90, 91
thoracic ruptured aneurysm, 90, 91
thoracoabdominal aorta, 90, 91
coronal MPR, 90, 91
endovascular, 90
technique
3D-VR, 90, 92
massive left hemothorax, 90, 92
Maximum intensity projection (MIP)
aneurysm, 93
aortic bifurcation, 55, 56
aortoiliac system, 87, 89
2D analysis, 14
distal false aneurysm, 94, 95
and 3D-VR, 11, 12
endoleak
reconstruction, 137
type II, 146, 149
type III, 146, 151
iliac aneurysm, 75, 77
juxtarenal aneurysm, 69, 70
segmentation algorithms, 13
thoracic
aneurysm, 82
endovascular repair., 86, 87

thoracoabdominal aorta, 113
visceral aorta, 69, 71
MDCT. See Multidetector-row computed
tomography (MDCT)
MEMS technology. See Microelectromechanical
(MEMS) technology
Mercapto acetyl tri glycine (MAG), 154
Microelectromechanical (MEMS) technology, 158, 159
MIP. See Maximum intensity projection (MIP)
MPR. See Multiplanar reconstruction (MPR)
Multidetector-row computed tomography (MDCT)
2D data capture, 11
description, 11
Multiplanar reconstruction (MPR), 90, 91

P
Paraplegia
abdominal aortic aneurysm repair, 52
paraparesis, 52
pathophysiology, 51
rates and endografts, 51
two-stage approach, 129

R
Remote wireless pressure sensor
angiogram
postdeployment, 159, 160
pre-deployment, 158, 159
APEX, 158
3D reconstruction, 159, 160
endoluminal graft, 158, 159
EndoSure sensor, 159
intraoperative angiography, 158
MEMS technology, 159
pressure tracing readings, 159, 160
saccular aneurysm, 158
thoracic
aneurysms, 159
endografting, 158
Retroperitoneal approach
bilateral, 78
endoconduit, 39
iliac axes, 75
Robotics
artisan catheter, 153, 154
asymptomatic infrarenal AAA
cannulation, contralateral limb, 154, 155
completion angiography, 155, 156
force quantification system, 154, 155
MAG-3, 154
clinical applications, 154
CT, 157
endovascular intervention, 153
EVAR, 154
in situ fenestrated stent grafting
angiogram, 157
aortic stent, 156
completion angiography, 155, 156
6 × 12 mm balloon expandable bare metal stent,
156, 157
right renal artery, 155
Magellan system, 157
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S
Sheaths
aortic bifurcation, 68
common iliac artery, 47
delivery, 42
diameter, 28
7 F, 62
9 F, 48
9 F, 11 cm introducer, 20
fluoroscopic visualization, 40
introducer, 29, 30
SMA. See Superior mesenteric artery (SMA)
Spinal cord protection
artery, Adamkiewicz, 51
cerebrospinal fluid drainage, 52
collateral of arteries, 51, 52
concepts, CSF drainage, 54
CSF drainage techniques and caution, 52–53
placement, CSF drains, 52
spinal cord ischemia, 51
TEVAR, 51
Superior mesenteric artery (SMA)
fenestration, 113, 115
hepatic artery, 71
intraoperative angiogram, 96
MIP, 69, 71
scallop, 66

T
TEVAR. See Thoracic endovascular aortic repair (TEVAR)
Thoracic aortic aneurysm. See also Thoracic aortic
pathologies
aortic aneurysm repair, 68–69
application, IVUS, 20
arch vessels, 158
dissections
angiogram, renal malperfusion and true lumen, 22, 23
description, 21
type B, 22
procedural technique, IVUS imaging, 20–21
reconstructions, 12
Thoracic aortic endografts
bolton relay, 32, 34
Cook Zenith TX2, 32, 33
gore TAG, 32, 34
medtronic talent, 32, 33
medtronic valiant, 32, 33
technical features, 32, 34
Thoracic aortic pathologies
acute type B aortic dissection, 85–86
aneurysm, descending thoracic aorta, 81–83
aortic dissection, type B, 86–90
false aneurysm, thoracic aorta, 83–85
massive left hemothorax, 90–92
Thoracic endovascular aortic repair (TEVAR)
CSF, 51–52
left subclavian artery coverage, 51
paraplegia rates, 50
Thoracoabdominal aneurysms. See Thoracoabdominal pathologies
Thoracoabdominal pathologies
ascending and thoracoabdominal aorta, aneurysms
3D-VR reconstruction, 105
Gothic arch, 104
multiplanar reconstruction, 104
thoracoabdominal aortic aneurysm, 103, 104

asymptomatic abdominal aneurysm
3D-VR reconstruction, 112, 113, 115
endograft, celiac axis, 113, 114
sagittal MIP, 112, 113
thoracoabdominal aortic aneurysm, 113, 115
hypertension and active smoking, asymptomatic
type IV aneurysm
Bühler’s anastomotic artery, 98, 99
3D-VR reconstruction, 98
iliac aneurysm, 96, 98
imaging, aneurysm, 98, 99
MIP, 98, 99
smoking and diabetes, asymptomatic type IV aortic aneurysm
anatomy, endograft, 100, 101
3D-VR reconstruction, 100, 103
graft plan, 100, 102
visceral aorta, 100
type III aortic aneurysm
angiography, 109, 111
coronal MIP, 106, 108, 109
custom-made endograft, 109, 111
3D-VR reconstruction, 106, 108, 112
endograft system, 106, 107
internal iliac, 109
left renal artery, 109, 111
MIP, 105, 106
type III thoracoabdominal aortic aneurysm, right internal iliac
artery aneurysm
coronal MIP, 116, 117
curved planar reconstruction, 116
3D-VR reconstruction, 113, 115
SMA, 116
type IV thoracoabdominal aneurysm
aortic bifurcation, 96, 97
CT angiogram, 94, 95
intraoperative fluoroscopy, 96
MIP, 94, 95
type V thoracoabdominal aneurysm
CT angiography, 116, 117
3D-VR reconstruction, 118, 120
graft picture, 118, 119
intraoperative fluoroscopy, 118, 120
MIP, 118
SMA, 118, 120
visceral aorta, aneurysm
CT, 93, 94
3D-VR reconstruction, 94, 95
MIP, 93
SMA, 93, 94
Three-dimensional volume-rendering (3D-VR)
abdominal aorta, 86
aortic arch, 87, 90
aortic rupture, 63
aortoiliac system, 87, 90
bovine aortic arch, 81, 82
Bühler anastomotic artery, 98, 99
coil embolization, 76, 78
discharge CT, 68, 69
endograft, 60, 61
endovascular repair, 86, 87
implanted thoracic endograft, 121
infrarenal aortic aneurysm, 13, 14
midthoracic and infrarenal aorta, 106, 108
postoperative reconstruction of the endovascular repair, 96, 97
pseudoaneurysm, 83, 84
saccular aneurysm, 58, 59
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thoracic aorta, 83, 84
thoracoabdominal aneurysm
type II, 14, 16
type IV, 94, 95
thoracoabdominal aorta, 90, 91
thoracoabdominal aortic aneurysm, 113, 115
type IV thoracoabdominal aortic aneurysm, 98, 100
Traumatic transections
description, 23
intramural hematoma, 25, 26
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Type B dissection
endovascular graft, 21
MEMS technology, 158, 159
renal malperfusion, 22
treatment, 21

V
Valve disease, 2
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