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The subspecialty of interventional cardiology was born out of the clinical 
need for lesser invasive approaches to serious cardiovascular disorders, ini-
tially coronary artery disease. The evolution of this subspecialty has been 
fostered by the relentless drive to recognize and overcome obstacles, pro-
pelled by creativity and ingenuity. This pattern is clearly evident in the pro-
gression from balloon angioplasty to bare metal stents to several generations 
of drug-eluting stents, aided by advances in intravascular imaging, physio-
logic lesion assessment, and adjunct pharmacotherapy. These developments 
over the last 4 decades have led to increasing success rates, reduced compli-
cations, and greater durability of outcomes such that percutaneous coronary 
intervention has become by far the most widely utilized revascularization 
modality for patients with coronary atherosclerosis and has been demon-
strated to save lives and improve quality of life for millions of patients around 
the world.

As the subspecialty of coronary intervention matured, the spark of inven-
tion spread to other applications, most extraordinarily to the treatment of 
patients with severe aortic stenosis. Aortic stenosis is a “simple” but debilitat-
ing disease that affects 5% or more of elderly patients, robbing quality and 
years of life. Aortic stenosis is becoming an increasingly important societal 
issue given the aging of the general population. And 1–2% of younger patients 
have a congenitally bicuspid valve, which prematurely can fail. Fortunately, 
surgical aortic valve replacement (SAVR) is an excellent operation that is 
successful in most. However, SAVR is still a major surgery, and as such car-
ries substantial perioperative risks and morbidity. Some patients are too high 
risk to undergo SAVR, while others would prefer a less invasive option, with 
fewer complications and faster recovery.

Transcatheter aortic valve implantation (TAVI, as it is most commonly 
called in Europe), also known as transcatheter aortic valve replacement 
(TAVR, the term more widely used in the USA), was born out of this clinical 
need. In hindsight a brilliant but simple concept, the TAVI device at its core 
consists of a stent frame with a bioprosthetic valve contained within. Delivered 
most commonly through femoral access, the crimped stent valve is typically 
passed retrogradely across the stenotic aortic valve and then either via bal-
loon expansion or self-expanding properties is implanted in the aortic annu-
lus, excluding the native diseased valve. The first procedure was performed 
by Alain Cribier in Rouen, France, on April 16th, 2002, in an inoperable and 
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desperately ill 57-year-old man in refractory cardiogenic shock due to critical 
calcific aortic stenosis. The procedure was successful, igniting extraordinary 
enthusiasm, accelerated development efforts, and subsequent proof of clini-
cal safety and efficacy of a new procedure to a degree heretofore not previ-
ously seen in medicine.

Initially TAVI was applied to very elderly patients at prohibitive surgical 
risk with severe aortic stenosis. A large-scale randomized trial demonstrated 
that a balloon-expandable device markedly improved quality of life and 
reduced mortality, with one life saved for every five patients treated—an 
almost unheard of magnitude of benefit. Similar outcomes were demonstrated 
with a self-expanding TAVI device in a similar patient population in a non-
randomized study. TAVI with both balloon-expandable and self-expanding 
versions was subsequently shown in large randomized trials to have similar or 
even slightly higher rates of survival compared with SAVR in high-risk surgi-
cally eligible patients with severe aortic stenosis. But high complication rates 
with these early generation devices were evident, especially bleeding and 
vascular events, among others, and in some studies stroke tended to be more 
common than with surgery. In addition, severe peripheral vascular disease in 
some patients necessitated TAVI introduction through a transapical myocar-
dial approach in some patients, a less desirable route fraught with more fre-
quent complications.

Consistent with the history of interventional cardiology, once these issues 
were recognized they were addressed by improved technology and technique. 
Lower profile devices were developed translating to less bleeding and adverse 
vascular events, and fewer patients requiring transapical access. Paravalvular 
leaks in some devices were reduced by the addition of an external sealing 
cuff. An excessive rate of pacemakers with other devices was lowered with an 
optimal technique. Improved vascular closure approaches were developed. 
And so forth.

With these improvements large-scale randomized trials were progres-
sively performed with each class of device first in intermediate-risk patients 
and then low-risk patients with severe aortic stenosis, demonstrating first 
comparable outcomes but most recently improved survival free from stroke 
and hospitalization compared with SAVR. Indeed, the rapidity with which a 
massive amount of high-quality randomized trial evidence was generated to 
support the safety and efficacy of these devices is unparalleled in the annals 
of medicine. And more is on the way, with ongoing studies in bicuspid aortic 
stenosis in younger patients, asymptomatic patients with severe aortic steno-
sis, moderate aortic stenosis with heart failure, predominant aortic regurgita-
tion, treatment of failed surgically implanted valves and rings, and implants 
in diseased native mitral valves with heavy annular calcification. Additional 
studies are addressing the optimal periprocedural and long-term pharmaco-
therapy to prevent leaflet thrombosis after TAVI while minimizing bleeding. 
Novel approaches have been developed to prevent cerebral embolization, and 
avert or treat rare but serious complications such as coronary obstruction and 
aortic rupture. Large-bore closure devices have been introduced which prom-
ise to further reduce vascular complications and shorten time to ambulation 
and discharge. Dozens of novel TAVI designs have been developed to allow 
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the device to be more easily repositioned or recaptured, to enhance tissue 
biocompatibility and longevity, treat patients with aortic insufficiency and 
dilated aortic roots, and further enhance the reproducibility and safety of the 
procedure.

An undeniable success story, the development, evolution, practice, and 
future of TAVI deserve documentation in a major textbook. In this regard 
Transcatheter Aortic Valve Implantation: Clinical, Interventional and 
Surgical Perspectives, edited by Arturo Giordano, Giuseppe Biondi-Zoccai, 
and Giacomo Frati, is an incredible effort in which the pathophysiology of 
aortic valve disease, diagnosis of severe aortic stenosis and patient selection 
for TAVI, alternative TAVI devices, techniques, outcomes, and adjunct tech-
nologies are thoroughly reviewed. The role of the heart team is emphasized, 
with the preferences of the informed patient at the center of clinical decision-
making. The 48 chapters in this book contributed by more than 100 authors 
comprehensively describe the past, present, and future of this astonishing 
journey.

Gregg W. Stone
Columbia University Medical Center, 

New York, NY, USA
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Preface

The beginning is the most important part of the work

Plato

Cardiovascular disease represents one of the major causes of mortality, mor-
bidity and resource use worldwide [1]. Rosy declines in the incidence of car-
diovascular death in high-income countries have been partly offset by 
increased incidence and prevalence of several cardiovascular conditions in 
other countries, and a shift from coronary artery disease to other conditions. 
Accordingly, and also thanks to an overall increase in life expectancy, clini-
cians have seen an overall increase in the prevalence and burden of degenera-
tive aortic valve stenosis [2, 3].

Such booming need for appropriate management of aortic valve disease 
poses several challenges [4]. First, the role of prevention and medical therapy 
is still very limited, if present at all, thus restricting the opportunity for simple, 
cheap, and large-scale approaches [5]. Second, aortic valve disease in general 
and degenerative aortic valve stenosis in particular often occur in elderly sub-
jects fraught with major comorbidities, which heavily impact on treatment 
choices and subsequent management [6]. Third, surgical aortic valve replace-
ment with a mechanical or biologic prosthesis has remained until recently the 
gold standard treatment for severe aortic disease in fit patients [7]. However, it 
represents major surgery requiring cardiopulmonary arrest and extracorporeal 
circulation, with substantial risk and cost implications.

Thanks to the pioneering efforts of Gruentzig, Labadibi and Cribier 
[8–10], among many others, severe aortic valve stenosis can now be man-
aged with a minimally invasive technique: transcatheter aortic valve implan-
tation (TAVI), also called transcatheter aortic valve replacement (TAVR). 
Despite its junior age, transcatheter aortic valve implantation has already 
managed to reach and overcome several important milestones. Indeed, 
devices have evolved dramatically from first-generation to more refined ones 
[11]. Accompanying clinical evidence has been accrued spanning from ran-
domized trials to observational studies and case series, supporting the adop-
tion of this technology in several settings, including prohibitive risk patients, 
intermediate risk patients, failed bioprostheses, highly selected cases of aor-
tic regurgitation, and, most recently, low-risk subjects [12–15]. But the 
greatest driver of transcatheter aortic valve implantation successes is surely 
the team effort which has been sought from the beginning by all researchers, 
practitioners, and stakeholders involved. Indeed, transcatheter aortic valve 
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implantation has proved as a landmark example of heart team involvement 
in device development, patient selection, procedural strategy, and subse-
quent management [16].

Several good books have been compiled on the topic of transcatheter aor-
tic valve implantation or transcatheter valve repair at large, including the 
recent concise manual by Watkins et al. [17], as well as the leading textbooks 
by Ailawadi and Kron [18], and Tamburino et al. [19]. Yet, no work to date 
has explicitly aimed at capitalizing the successes of the heart team approach 
in the design and leadership of an authoritative textbook devoted to transcath-
eter aortic valve implantation.

Our aim was explicitly this. The editor team comprises a leading interven-
tional cardiologist with hands-on transcatheter aortic valve implantation, an 
expert clinical cardiologist with established track record in evidence synthe-
sis and non-structural cardiac interventions, and a pioneering cardiac sur-
geons with expertise in valve repair as well as translational research. 
Accordingly, chapters have been provided by leading clinicians, invasive car-
diologists, and surgeons, with the shared belief that different perspectives 
may be integrated in a constructive fashion through the heart team approach, 
for the ultimate benefit of patients as well as everybody involved in their care.

More precisely, this textbook has been divided in five main sections. The 
first part of the work deals with the pathophysiology of aortic valve disease 
and most promising translational perspectives, including the role of inflam-
mation and key hemodynamic issues. The second section focusing on clinical 
aspects of direct relevance for patient selection. Specifically, risk scores, 
imaging modalities, concomitant coronary artery disease, gender differences 
and implementation issues are all systematically analyzed. The third part 
includes chapters with an obvious interventional focus, including several 
chapters dedicated to the various available devices, individualized device 
choice, as well as ancillary management including antithrombotic therapy 
and renal protection. The fourth section maintains a direct surgical perspec-
tive, emphasing the role of the heart team, use of alternative accesses, and 
hybrid procedures. The last part of the textbook provides more thought-
provoking contributions, for instance on medical therapy, pure aortic regurgi-
tation, and bioresorbable valves.

In conclusion, we are confident that this comprehensive book on trans-
catheter aortic valve implantation will prove useful to clinicians, interven-
tionists and surgeons by providing a plethora of important pieces of 
information, while emphasizing the need for heart team involvement and 
shared decision-making.

Acknowledgements 

Funding: None.

Conflicts of interest: Dr. A. Giordano has consulted for Abbott Vascular and 
Medtronic. Prof. Biondi-Zoccai has consulted for Abbott Vascular and Bayer.

Preface



xiii

References

 1. Atlas Writing Group, Timmis A, Townsend N, Gale C, Grobbee R, Maniadakis N, Flather 
M, Wilkins E, Wright L, Vos R, Bax J, Blum M, Pinto F, Vardas P. European Society of 
Cardiology: Cardiovascular disease statistics 2017. Eur Heart J 2018;39:508–79.

 2. Domenech B, Pomar JL, Prat-González S, Vidal B, López-Soto A, Castella M, Sitges 
M. Valvular heart disease epidemics. J Heart Valve Dis 2016;25:1–7.

 3. Iung B, Vahanian A. Epidemiology of acquired valvular heart disease. Can J Cardiol 
2014;30:962–70.

 4. Kanwar A, Thaden JJ, Nkomo VT. Management of Patients With Aortic Valve Stenosis. 
Mayo Clin Proc 2018;93:488–508.

 5. Freeman PM, Protty MB, Aldalati O, Lacey A, King W, Anderson RA, Smith D. Severe 
symptomatic aortic stenosis: medical therapy and transcatheter aortic valve implanta-
tion (TAVI)-a real-world retrospective cohort analysis of outcomes and cost-effective-
ness using national data. Open Heart 2016;3:e000414.

 6. Kilic T, Yilmaz I.  Transcatheter aortic valve implantation: a revolution in the ther-
apy of elderly and high-risk patients with severe aortic stenosis. J Geriatr Cardiol 
2017;14:204–17.

 7. Li X, Kong M, Jiang D, Dong A. Comparison 30-day clinical complications between 
transfemoral versus transapical aortic valve replacement for aortic stenosis: a meta-
analysis review. J Cardiothorac Surg 2013;8:168.

 8. Gruntzig A. Transluminal dilatation of coronary-artery stenosis. Lancet 1978;1:263.
 9. Lababidi Z, Wu JR, Walls JT. Percutaneous balloon aortic valvuloplasty: results in 23 

patients. Am J Cardiol 1984;53:194–7.
 10. Cribier A, Eltchaninoff H, Bash A, Borenstein N, Tron C, Bauer F, Derumeaux G, 

Anselme F, Laborde F, Leon MB. Percutaneous transcatheter implantation of an aortic 
valve prosthesis for calcific aortic stenosis: first human case description. Circulation 
2002;106:3006–8.

 11. Gatto L, Biondi-Zoccai G, Romagnoli E, Frati G, Prati F, Giordano A. New-generation 
devices for transcatheter aortic valve implantation. Minerva Cardioangiol 2018. 
https://doi.org/10.23736/S0026-4725.18.04707-2. [Epub ahead of print].

 12. Lindman BR, Alexander KP. O'Gara PT, Afilalo J. Futility, benefit, and transcatheter 
aortic valve replacement. JACC Cardiovasc Interv 2014;7:707–16.

 13. Rogers T, Thourani VH, Waksman R. Transcatheter aortic valve replacement in inter-
mediate- and low-risk patients. J Am Heart Assoc 2018;7:e007147.

 14. Dvir D, Webb JG, Bleiziffer S, Pasic M, Waksman R, Kodali S, Barbanti M, Latib 
A, Schaefer U, Rodés-Cabau J, Treede H, Piazza N, Hildick-Smith D, Himbert D, 
Walther T, Hengstenberg C, Nissen H, Bekeredjian R, Presbitero P, Ferrari E, Segev A, 
de Weger A, Windecker S, Moat NE, Napodano M, Wilbring M, Cerillo AG, Brecker 
S, Tchetche D, Lefèvre T, De Marco F, Fiorina C, Petronio AS, Teles RC, Testa L, 
Laborde JC, Leon MB, Kornowski R; Valve-in-Valve International Data Registry 
Investigators. Transcatheter aortic valve implantation in failed bioprosthetic surgical 
valves. JAMA 2014;312:162–70.

 15. Abdelaziz HK, Wiper A, More RS, Bittar MN, Roberts DH.  Successful transcath-
eter aortic valve replacement using balloon-expandable valve for pure native aortic 
valve regurgitation in the presence of ascending aortic dissection. J Invasive Cardiol 
2018;30:E62–E63.

 16. Sintek M, Zajarias A. Patient evaluation and selection for transcatheter aortic valve 
replacement: the heart team approach. Prog Cardiovasc Dis 2014;56:572–82.

 17. Watkins AC, Gupta A, Griffith BP.  Transcatheter aortic valve replacement: a how-
to guide for cardiologists and cardiac surgeons. Cham, Switzerland: Springer 
International; 2018.

 18. Ailawadi G, Kron IL, editors. Catheter based valve and aortic surgery. Cham, 
Switzerland: Springer International; 2016.

 19. Tamburino C, Barbanti M, Capodanno D, editors. Percutaneous treatment of left side 
cardiac valves: a practical guide for the interventional cardiologist. 3rd ed. Cham, 
Switzerland: Springer International; 2018.

Preface

https://doi.org/10.23736/S0026-4725.18.04707-2


xv

The common eye sees only the outside of things, and judges by that, but the seeing 
eye pierces through and reads the heart and soul

Mark Twain

When I try to think about the people who contributed to the realization of 
my professional life, I cannot really stop adding up names to the thank you list.

After a while, though, a clear sequence bumps into my mind. Indeed, at the 
first and foremost place, there is my family. Fiammetta, my wife, who is a 
passionate medical researcher, helped me discover my passions. She sup-
ported me in all the difficult moments and stimulated me culturally everyday. 
Furthermore, she owns the merit of raising our wonderful children: Celeste, 
Carolina and Salvatore, who are lovely and sympathetic, and have always 
been a strong motivation for me. My siblings. Then there is the person who 
introduced me to the world of invasive cardiology: Professor Carlo Vigorito. 
He was a true teacher and a distinguished connoisseur of cardiovascular 
physiopathology. I am infinitely grateful to him. Among his students, Paolo 
Ferraro, who has always been my partner in the catheterization laboratory. 
We spent all our professional careers side by side, thanks to his technical 
skills and human virtues, especially his patience. A great boost to our activity, 
for sure, began with Nicola Corcione. He is a great clinical cardiologist and 
an extraordinary interventional cardiologist, and indeed the catheterization 
laboratory is his natural habitat. Furthermore, Giuseppe Biondi-Zoccai highly 
contributed to the scientific aspects and elaboration of all the work that we 
have done. I must thank as well our lifetime cath lab collaborators, Pasquale 
and Riccardo, who have always been crucial to ensure the safety of our 
patients and the success of our procedures, as well as our secretaries Stefania, 
Eleonora and Raffaella, for constantly organizing our job and the latter for 
managing the scientific activities. A special thank goes to Vincenzo Schiavone, 
his wife Annamaria and his son Beniamino, who lead Pineta Grande Hospital 
and who believed in our job and supported, with great foresight, the structural 
interventional cardiology program.

Thanks also to all the people that work with me in the catheterization labo-
ratory, who are fundamental for the best outcome of procedures and thus, 
most importantly, of patients.

Castel Volturno, Italy  Arturo Giordano
April 25, 2019

Acknowledgments



xvi

I am happy and honored to wholeheartedly thank by means of this opus 
my father, Gianni, who has always strived to do whatever it takes for the sake 
of his family, despite facing many adversities. His love and affection are 
unparalleled, as his ongoing support over the ups and downs of my profes-
sional and personal life. Indeed, I am really proud I named one of my sons, 
Giovanni Vincenzo, in his honor. Accordingly, on top of my father, I cannot 
forget the true love of my life, my children Attilio Nicola, Giuseppe Giulio 
and Giovanni Vincenzo, who continue to inspire and motivate me to humbly 
pursue excellence without ever discounting that what matters most is navigat-
ing life’s journey together, rather than simply meeting its end alone. Finally, 
I wish to thank Barbara Antonazzo, who has lighted my path with her gifted 
caring eventually mending my troubled heart. 

Besides my dear ones, I really wish to testify my gratitude to my many 
friends, colleagues and mentors (yes, only a true friend and colleague can be 
a nourishing mentor), but especially Enrico Romagnoli, Pierfrancesco 
Agostoni and Antonio Abbate. Whether close or at a distance, they have all 
supported enthusiastically my efforts in becoming a successful academic car-
diologist (yes, it is possible despite appearing to some as a logical fallacy). 
And I also cannot stop thanking Arturo Giordano and Giacomo Frati, one 
leading interventional cardiologist and the other leading cardiac surgeon, for 
collaborating with me in coordinating this landmark textbook on structural 
cardiac interventions, as in many bread and butter activities or challenging 
fishing expeditions. Indeed, this work could not have seen the light if true 
friendship and mutual esteem had not preceded the careful planning and pur-
suing of this project.

Thanking my father and my loved ones brings to my mind also the many 
pioneers in interventional cardiology and cardiac surgery who have collab-
oratively led the field of transcatheter aortic valve implantation to its current 
successes. From Andreas Gruntzig and Julio Palmaz, whose inventive devel-
opment of, respectively, angioplasty balloons and metallic stents cannot be 
overemphasized, the efforts of many have brought us to balloon aortic valvu-
loplasty up to first-generation transcatheter aortic valve implantation devices, 
and eventually, new-generation ones, as brilliantly highlighted in this book.

Latina, Italy  Giuseppe Biondi-Zoccai
April 25, 2019

Acknowledgments



xvii

I am proud to dedicate this textbook to the greatest love of my life, my 
daughter Greta.

Greta, you are the gift of my life.
This book is also dedicated to Giorgia, the love of my life, the mother of 

my princess.
A special mention should also be given to my beloved family: my father 

Luigi, source of inspiration and example of tenacity and persistency, my 
mother Luciana, woman of profound culture who gave me the passion for the 
investigation, my sister Paola, who was and is still always there for me, my 
worshiped niece Caterina, my second daughter.

I also really wish to testify my gratitude to many friends and colleagues 
ever helping me in becoming what I am: Elena “Walking” De Falco, Isotta 
“Pro-VAX” Chimenti, Mariangela “Chicca” Peruzzi,  Elena “Elenuccia” 
Cavarretta, Sebastiano “Maschio” Sciarretta, Roberto “also platelets” 
Carnevale, Nino “Conte” Marullo.

Finally, I would like to express my very warm thanks to Arturo Giordano 
and Giuseppe Biondi-Zoccai for collaborating with me in this textbook on 
structural cardiac interventions.

Giuseppe, a special thank for you, your friendship, your continuous sup-
port, your valuable advices, the countless coffees and the weekend spent 
together with our families in the pool.

I should probably thank many others, but time and space induce me to stop 
here.

Latina, Italy  Giacomo Frati
April 25, 2019

Acknowledgments



xix

Part I  Pathophysiological and Translational Perspectives

 1  History of Transcatheter Aortic Valve Implantation . . . . . . . . . .   3
Hans R. Figulla, Markus Ferrari, Marcus Franz,  
and Alexander Lauten

 2  Interventional Anatomy of Aortic Valve . . . . . . . . . . . . . . . . . . . .  11
Stefania Rizzo, Monica de Gaspari, Gaetano Thiene,  
and Cristina Basso

 3  Pathophysiology of Aortic Valve Stenosis . . . . . . . . . . . . . . . . . . .  21
Gabriele Di Giammarco and Daniele Marinelli

 4  Predictive Computational Models of Transcatheter  
Aortic Valve Implantation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29
Simone Morganti, Michele Conti, Alessandro Reali,  
and Ferdinando Auricchio

 5  Haemodynamic Issues with Transcatheter Aortic Valve 
Implantation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47
Jacob Salmonsmith, Anna Maria Tango, Andrea Ducci,  
and Gaetano Burriesci

Part II  Clinical Perspectives

 6  Risk Scores for Aortic Valve Interventions . . . . . . . . . . . . . . . . . .  63
Tom Kai Ming Wang, Ralph Stewart, Mark Webster,  
and Peter Ruygrok

 7  Role of Rest and Stress Echocardiography in  
Transcatheter Aortic Valve Implantation . . . . . . . . . . . . . . . . . . .  75
Quirino Ciampi, Fiore Manganelli, and Bruno Villari

 8  Role of Computed Tomography in Transcatheter  
Aortic Valve Implantation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87
Zhen Qian

 9  Role of Magnetic Resonance Imaging in Transcatheter  
Aortic Valve Implantation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99
Giulia Pontecorboli, Silvia Pradella, Stefano Colagrande,  
and Carlo Di Mario

Contents


	Foreword
	Preface
	Acknowledgments
	Contents
	Part I: Pathophysiological and Translational Perspectives
	1: History of Transcatheter Aortic Valve Implantation
	1.1	 The Development of Balloon-Expandable TAVI Devices
	1.2	 New Concepts and New Clinical Results
	1.3	 Clinically Approved Devices and Future Developments
	References

	2: Interventional Anatomy of Aortic Valve
	2.1	 Aortic Root Anatomy
	2.2	 Aortic Valve Stenosis
	2.3	 Rings Within the Aortic Root
	2.4	 Semilunar Cusps
	2.5	 Coronary Artery Ostia
	2.6	 The Left Ventricular Outflow Tract and the Central Fibrous Body
	2.7	 The Conduction System
	2.8	 The Mitral Valve
	2.9	 Access Site
	References

	3: Pathophysiology of Aortic Valve Stenosis
	3.1	 Introduction
	3.2	 Pathogenesis of CAVD
	3.2.1	 Anatomy of the Aortic Valve Leaflet
	3.2.2	 The Initial Alteration of the Aortic Valve: The Sclerosis
	3.2.3	 Progression to AS to CAVD
	3.2.4	 Hemodynamic Progression of Aortic Valve Stenosis

	3.3	 Left Ventricle Hypertrophy
	3.4	 The Evolution of Left Ventricular Function in Aortic Stenosis: From Hypertrophy to Dilatation
	3.5	 Conclusion
	References

	4: Predictive Computational Models of Transcatheter Aortic Valve Implantation
	4.1	 Introduction
	4.2	 Computational Models: Literature Review
	4.3	 An Application to Balloon-Expandable Devices
	4.3.1	 Clinical Cases
	4.3.2	 Finite Element Analysis: Materials and Methods
	4.3.3	 Discussion of the Obtained Results

	4.4	 An Application to Self-Expandable Devices
	4.4.1	 Finite Element Analysis: Materials and Methods
	4.4.2	 Postprocessing and Simulation Outcomes
	4.4.3	 Discussion of the Obtained Results

	4.5	 Conclusions
	References

	5: Haemodynamic Issues with Transcatheter Aortic Valve Implantation
	5.1	 Introduction
	5.2	 Haemodynamic Considerations
	5.3	 Physiological Haemodynamics
	5.3.1	 Healthy
	5.3.2	 Pathological and Surgically Corrected
	5.3.3	 TAVI Haemodynamics
	5.3.4	 Valve-In-Valve

	5.4	 Conclusion
	References


	Part II: Clinical Perspectives
	6: Risk Scores for Aortic Valve Interventions
	6.1	 Introduction
	6.2	 Statistics of Risk Modelling
	6.3	 Surgical Risk Scores and Aortic Valve Surgery
	6.4	 Applying Surgical Risk Scores to TAVI
	6.5	 TAVI-Specific Risk Models
	6.6	 Clinical Implications and Future Directions
	6.7	 Conclusion
	References

	7: Role of Rest and Stress Echocardiography in Transcatheter Aortic Valve Implantation
	7.1	 Rest Echocardiography in Aortic Stenosis
	7.1.1	 Echocardiographic Criteria of Severity
	7.1.2	 Low-Flow Low-Gradient Aortic Stenosis with Reduced LVEF
	7.1.3	 Aortic Stenosis Low-Flow Low Gradient with Preserved LVEF

	7.2	 Rest Echocardiography in Transcatheter Aortic Valve Implantation
	7.2.1	 Selection of AS Patients
	7.2.2	 Intraprocedural Monitoring
	7.2.3	 Post-TAVI Follow-Up

	7.3	 Stress Echocardiography in AS
	7.4	 Stress Echocardiography in TAVI
	References

	8: Role of Computed Tomography in Transcatheter Aortic Valve Implantation
	8.1	 Introduction
	8.2	 Preprocedural CT for TAVI
	8.2.1	 CT Imaging Protocols
	8.2.2	 Evaluation of Pre-TAVI CT
	8.2.3	 Angiographic Projection Angles
	8.2.4	 Evaluation of Vascular Access

	8.3	 Postprocedural Imaging
	8.4	 Conclusion
	References

	9: Role of Magnetic Resonance Imaging in Transcatheter Aortic Valve Implantation
	9.1	 Introduction
	9.2	 Pre-procedural Planning
	9.2.1	 Patient Selection: Determination of Severity of Aortic Stenosis

	9.3	 Valve Sizing
	9.4	 Choice of Access
	9.5	 Predicting Prognosis
	9.5.1	 Myocardial Fibrosis

	9.6	 Aortic Stiffness
	9.6.1	 Post-procedure Assessment
	9.6.1.1	 Assessment of Paravalvular Aortic Regurgitation
	9.6.1.2	 Assessment of Myocardial Injury: LGE Analysis
	9.6.1.3	 Assessment of Reverse Ventricular Remodeling: Volumetric Analysis and Strain
	9.6.1.4	 Cerebral Microembolism


	9.7	 Limitations of the Technique
	9.8	 Future Perspectives
	9.8.1	 4D Flow
	9.8.2	 MRI-Guided Procedure

	9.9	 Conclusion
	References

	10: Concomitant Coronary Artery Disease and Aortic Stenosis
	10.1	 Introduction
	10.2	 Assessing the Severity of Coronary Artery Disease in Patients Undergoing TAVI
	10.3	 Indication for Revascularization in Patients Referred to TAVI
	10.4	 Timing for Revascularization: Concomitant vs. a Staged Approach
	10.4.1	 Staged PCI and TAVI
	10.4.2	 Concomitant PCI and TAVI
	10.4.3	 Therapy After Revascularization in TAVI

	References

	11: Comparison of Transcatheter Aortic Valve Implantation to Medical Therapy in Prohibitive-Risk Patients
	11.1	 Introduction
	11.2	 TAVR as a Game Changer
	11.3	 Randomized Controlled Studies
	11.4	 Registries
	11.5	 Patient Stratification
	11.6	 The Heart Team
	11.7	 Toward a Consensus for Risk Definition for the Sicker Patients
	11.8	 Future Directions
	11.9	 Conclusions
	References

	12: Clinical and Imaging Follow-Up After Transcatheter Aortic Valve Implantation
	12.1	 Introduction
	12.2	 Clinical Follow-Up
	12.2.1	 Antithrombotic Therapy
	12.2.2	 Conduction/Rhythm Disorders
	12.2.3	 Cerebrovascular Events
	12.2.4	 Quality of Life

	12.3	 Imaging Follow-Up
	12.3.1	 Paravalvular Regurgitation
	12.3.2	 Structural Valve Degeneration
	12.3.3	 Other Cardiac Parameters

	12.4	 Conclusion
	References

	13: Cardiac Biomarkers in Transcatheter Aortic Valve Implantation
	13.1	 Introduction
	13.2	 Standardized Definitions of Myocardial Injury
	13.3	 Biomarker Types
	13.3.1	 Causes of Elevation
	13.3.2	 Troponins
	13.3.3	 Creatine Kinase-MB
	13.3.4	 B-Type Natriuretic Peptide (BNP) and NT-proBNP

	13.4	 Novel Biomarkers
	13.4.1	 microRNAs
	13.4.2	 Acylcarnitines
	13.4.3	 GDF-15
	13.4.4	 Soluble ST2
	13.4.5	 Blood Cell Markers
	13.4.6	 Cellular Microparticles
	13.4.7	 Galectin-3
	13.4.8	 Mid-Regional Pro-Adrenomedullin
	13.4.9	 Novel Markers for Prediction of Acute Kidney Injury After TAVR

	13.5	 Conclusion
	References

	14: Aortic Regurgitation After Transcatheter Aortic Valve Implantation
	14.1	 Introduction
	14.2	 Incidence
	14.3	 Causes and Predictors
	14.3.1	 Undersizing
	14.3.2	 Aortic Valve Calcification
	14.3.3	 Implantation Depth
	14.3.4	 Aortic Root Angulation

	14.4	 Assessment
	14.4.1	 Aortic Angiography
	14.4.2	 Hemodynamic Indices
	14.4.3	 Echocardiography
	14.4.4	 Magnetic Resonance Imaging

	14.5	 Impact on Mortality and Mechanisms
	14.5.1	 Impact
	14.5.2	 Mechanisms

	14.6	 Treatment
	14.6.1	 Post-dilation
	14.6.2	 Implantation of a Second Valve: Valve-in-Valve Procedure
	14.6.3	 Percutaneous Paravalvular Leak Closure

	14.7	 Conclusion
	References

	15: Leaflet Motion Abnormality Following Transcatheter Aortic Valve Implantation
	15.1	 Transcatheter Aortic Valve Thrombosis (TAVT)
	15.2	 Subclinical Leaflet Thrombosis
	References

	16: Gender-Related Differences in Transcatheter Aortic Valve Implantation
	16.1	 Introduction
	16.2	 Physiologic Changes in Aortic Stenosis (Fig. 16.1)
	16.2.1	 Differences in Left Ventricular Response
	16.2.2	 Differences in Aortic Valve Pathology
	16.2.3	 Differences in Annulus, Left Ventricular Outflow Tract, and Sinus of Valsalva Dimensions
	16.2.4	 Differences in Bicuspid Aortic Valve Anatomy

	16.3	 TAVR
	16.3.1	 Differences in Baseline Characteristics and Presentation

	16.4	 TAVR Approach and Valve Sizing
	16.5	 Procedural Complications
	16.6	 Outcomes
	16.7	 Conclusion
	References

	17: Implementation Issues for Transcatheter Aortic Valve Implantation: Access, Value, Affordability, and Wait Times
	17.1	 Introduction
	17.2	 TAVR Access
	17.3	 Value and Affordability
	17.3.1	 TAVR Versus Medical Therapy in Inoperable Patients
	17.3.2	 TAVR Versus SAVR in High Surgical Risk
	17.3.3	 TAVR Versus SAVR in the Intermediate Surgical Risk
	17.3.4	 TAVR Affordability
	17.3.5	 Modifiable Costs
	17.3.6	 TAVR Device Pricing and Procurement

	17.4	 TAVR Wait Times
	17.4.1	 Infrastructure Complexities: Volume–Outcome Relationships

	17.5	 Conclusions
	References


	Part III: Interventional Perspectives
	18: Access Management for Transfemoral Transcatheter Aortic Valve Implantation
	18.1	 Introduction
	18.2	 Femoral Access Anatomy
	18.3	 Evaluation of the Femoral Artery Before Intervention
	18.4	 Access Management Hardware
	18.4.1	 Sheaths
	18.4.2	 Stiff Guidewires
	18.4.3	 Vascular Closure Devices (VCD)

	18.5	 Obtaining the Access
	18.5.1	 Surgical Access
	18.5.2	 Percutaneous Access
	18.5.2.1	 Arterial Stick
	18.5.2.2	 Safety Wire


	18.6	 Access Site Complications and Their Classification
	18.7	 Predictors of Vascular Complications
	18.8	 Management of Vascular Complications
	18.8.1	 Percutaneous Vascular Closure Device Failure
	18.8.2	 Iliofemoral Dissection
	18.8.3	 Arterial Obstruction
	18.8.4	 Pseudoaneurysm
	18.8.5	 Iliofemoral Perforation and Rupture
	18.8.6	 Arterial Avulsion
	18.8.7	 Access Site Infection

	References

	19: Challenging Anatomy in Transcatheter Aortic Valve Implantation
	19.1	 Introduction
	19.2	 Bicuspid Aortic Valve
	19.3	 Severe Aortic Calcifications
	19.4	 Increased Aortic Angulation
	19.5	 Low Coronary Arteries
	19.6	 Challenging Femoral Access
	19.7	 Flipping the Therapy of Aortic Stenosis Upside Down?
	19.8	 Conclusions
	References

	20: Abbott Structural Heart Program for Transcatheter Aortic Valve Implantation
	20.1	 Introduction
	20.2	 Abbott Portico™ TAVI System
	20.2.1	 Portico™ Transcatheter Aortic Valve
	20.2.2	 Abbott Portico™ Delivery Systems
	20.2.3	 Implantation of the Portico™ Valve
	20.2.3.1	 Valve Positioning
	20.2.3.2	 Deployment
	20.2.3.3	 PVL Assessment

	20.2.4	 Future Outlook
	20.2.4.1	 Abbott Structural Heart Next-Generation TAVI Implant
	20.2.4.2	 Next-Generation FlexNav™ Transcatheter Valve Delivery System


	20.3	 Summary of Clinical Experience with the Portico™ TAVI System
	20.3.1	 Overview
	20.3.2	 First-in-Human (FIH) Studies
	20.3.3	 Portico™ TAVI System CE Mark Study
	20.3.4	 Ongoing Portico™ Clinical Studies
	20.3.4.1	 Portico™ I Post-Market Clinical Follow-Up Study
	20.3.4.2	 Portico™ US Pivotal IDE Trial
	20.3.4.3	 Portico™ Alternative Access CE Mark Trial


	20.4	 Discussion
	20.5	 Summarizing Conclusions
	References

	21: Boston Scientific Program for Transcatheter Aortic Valve Implantation
	21.1	 The Lotus Valve System
	21.1.1	 System Description
	21.1.1.1	 Frame and Leaflet Composition and Design
	21.1.1.2	 Delivery and Deployment

	21.1.2	 Implantation Technique
	21.1.3	 Iterations
	21.1.4	 Outcomes
	21.1.5	 Relative Indications
	21.1.6	 Special Clinical Dilemmas
	21.1.6.1	 Pre-dilatation
	21.1.6.2	 New Permanent Pacemaker
	21.1.6.3	 Thrombosis and Hemodynamics
	21.1.6.4	 Off-Label Use of the Lotus Valve


	21.2	 The ACURATE neo™ Transfemoral Valve System
	21.2.1	 System Description
	21.2.1.1	 Frame and Leaflet Composition and Design
	21.2.1.2	 Delivery and Deployment

	21.2.2	 Outcomes
	21.2.3	 Relative Indications

	References

	22: Edwards Program for Transcatheter Aortic Valve Implantation
	22.1	 Introduction
	22.2	 SAPIEN Transcatheter Heart Valve System
	22.2.1	 History of Balloon-Expandable Transcatheter Aortic Valves
	22.2.2	 PARTNER I (Cohort B)
	22.2.3	 PARTNER I (Cohort A)

	22.3	 SAPIEN XT Transcatheter Heart Valve System
	22.3.1	 Partner IIA

	22.4	 SAPIEN 3 Transcatheter Heart Valve System
	22.4.1	 SAPIEN 3 Registry in Patients Inoperable and at High Surgical Risk
	22.4.2	 PARTNER II S3i

	22.5	 CENTERA Transcatheter Heart Valve System
	22.6	 Conclusions
	References

	23: The JenaValve Program for Transcatheter Aortic Valve Implantation
	23.1	 JenaValve Technology at Present
	23.2	 The Beginning of TAVI
	23.3	 The JenaValve Clipping Idea
	References

	24: Medtronic Program for Transcatheter Aortic Valve Implantation
	24.1	 Introduction
	24.2	 Implantation Procedure
	24.2.1	 Valve and Access Selection
	24.2.2	 Implantation Technique
	24.2.3	 Transfemoral Approach
	24.2.4	 Alternative Access
	24.2.5	 Valve-in-Valve Procedure
	24.2.6	 Post-procedure Monitoring

	24.3	 The Results of Clinical Trials (Table 24.1)
	24.3.1	 CoreValve US Pivotal Trial
	24.3.2	 NOTION Trial
	24.3.3	 SURTAVI Trial

	24.4	 Future Perspective
	24.5	 Conclusion
	References

	25: New Valve Technology Program for Transcatheter Aortic Valve Implantation
	25.1	 Introduction
	25.2	 Technical Features
	25.3	 Peculiarities of Allegra
	25.4	 Clinical Data
	25.5	 Conclusions
	References

	26: Self-Expanding vs. Balloon-Expandable Devices for Transcatheter Aortic Valve Implantation
	26.1	 Introduction
	26.1.1	 Balloon-Expandable Device
	26.1.2	 Self-Expanding Devices
	26.1.2.1	 Evolut R and Evolut PRO

	26.1.3	 Portico
	26.1.4	 Acurate neo
	26.1.5	 Allegra

	26.2	 Clinical Trial Overview
	26.3	 Clinical Scenarios
	26.3.1	 TAVI When the MDCT Is Not Available
	26.3.2	 Severe Calcific Native Aortic Valve
	26.3.3	 Extreme Sizing
	26.3.4	 Very Small Annuli
	26.3.4.1	 Oversized Annuli

	26.3.5	 Bicuspid Aortic Valve

	References

	27: Individualized Device Choice for Transcatheter Aortic Valve Implantation
	27.1	 Introduction
	27.2	 Acurate Neo
	27.3	 Allegra
	27.4	 Evolut
	27.5	 Lotus Edge
	27.6	 Portico
	27.7	 SAPIEN 3
	27.8	 Comparative Effectiveness
	27.9	 Conclusion
	References

	28: Predilation in Transcatheter Aortic Valve Implantation
	28.1	 Introduction
	28.2	 Predilation: Technical Aspects
	28.3	 Complications of Predilation
	28.3.1	 Cardiac Perforation
	28.3.2	 Vascular Injury
	28.3.3	 Severe Aortic Regurgitation
	28.3.4	 Stroke/Embolism
	28.3.5	 Conduction Disorders
	28.3.6	 Coronary Obstruction

	28.4	 Routine Predilation or “Direct TAVI?”
	28.4.1	 Retrospective Analyses
	28.4.2	 Predilation in Self-Expanding THVs
	28.4.3	 Predilation in Balloon-Expandable THVs
	28.4.4	 Meta-analyses
	28.4.4.1	 Randomized Studies


	28.5	 Conclusion
	References

	29: Balloon Post-dilation During Transcatheter Aortic Valve Implantation
	29.1	 Introduction
	29.2	 Post-TAVR Aortic Valve Regurgitation
	29.3	 Indications and Outcomes for Balloon Post-dilation Following TAVR
	29.4	 Risks of Balloon Post-dilation Following TAVR
	29.5	 Best Practices to Minimize PVL in TAVR
	29.5.1	 Before the Procedure
	29.5.2	 After Valve Deployment
	29.5.3	 Steps to Ensure Successful BPD

	29.6	 Special Case: Bioprosthetic Valve Fracture in Valve-in-Valve TAVR
	29.7	 Conclusion
	References

	30: Embolic Protection Devices for Transcatheter Aortic Valve Implantation
	30.1	 Introduction
	30.2	 Timing and Frequency of Thromboembolic CVE in the Setting of TAVI
	30.3	 Mechanisms of Cerebrovascular Events in Patients Undergoing TAVI
	30.4	 Clinical Spectrum of Thromboembolic Events in TAVI Patients
	30.5	 Rationale for Use and General Principles of EPDs
	30.6	 Sentinel Cerebral Protection System
	30.7	 EMBOL-X Device
	30.8	 Embrella Embolic Deflector Device
	30.9	 TriGuard Cerebral Protection Device
	30.10	 Combined Evidence
	30.11	 Conclusions
	References

	31: Antithrombotic Therapy During and After Transcatheter Aortic Valve Implantation
	31.1	 Introduction
	31.2	 Pathophysiology
	31.3	 The Choice of Antithrombotic Therapy
	31.4	 The Choice of Antiplatelet Therapy
	31.5	 Anticoagulation Therapy After TAVI
	31.6	 Patients with Atrial Fibrillation
	31.7	 Upcoming Studies
	31.8	 Conclusions
	References

	32: Contrast-Induced Acute Kidney Injury in Transcatheter Aortic Valve Implantation: Risk, Outcomes, Treatment, and Prevention
	32.1	 Introduction
	32.2	 Risk of CIAKI
	32.3	 Effect of CIAKI on TAVR Outcomes
	32.4	 Treatment of CIAKI
	32.5	 Prevention of CIAKI
	32.6	 Conclusion
	References

	33: Conduction Disorders and Permanent Pacemaker Implantation After Transcatheter Aortic Valve Implantation
	33.1	 Introduction
	33.2	 Anatomical Relationship Between Aortic Valvular Complex and the Conduction System
	33.3	 Mechanism of Conduction Disorders After Tavi
	33.4	 Left Bundle Branch Block
	33.4.1	 Incidence
	33.4.2	 Timing of Left Bundle Branch Block
	33.4.3	 Risk Factors
	33.4.4	 Outcome and Prognosis

	33.5	 High-Degree Atrioventricular Block Requiring Permanent Pacemaker Implantation
	33.5.1	 Incidence
	33.5.2	 Timing of HAVB
	33.5.3	 Risk Factors
	33.5.4	 Outcome and Prognosis

	33.6	 Management of Tavi-Induced LBBB and HAVB
	33.7	 Conclusion
	References

	34: Radiation Exposure in Transcatheter Aortic Valve Implantation Procedure
	34.1	 Introduction
	34.2	 Measures of Radiation
	34.3	 Radiation Doses
	34.3.1	 Recommendations

	34.4	 Exposure During TAVI Procedures
	34.4.1	 Patients

	34.5	 Discussion
	34.5.1	 Recommendations for TAVI Procedures Regarding Radiation Protection

	34.6	 Conclusion
	References

	35: Procedure Efficiency in Transcatheter Aortic Valve Implantation
	35.1	 Introduction
	35.2	 The Valve Coordinators and the Valve Clinic
	35.3	 Pre-procedural CTA Evaluation
	35.4	 Heart Team Approach
	35.5	 Procedure
	35.6	 Internal Quality Improvement Program
	35.7	 Conclusion
	References

	36: Predictors of Success of Transcatheter Aortic Valve Implantation
	36.1	 Introduction
	36.2	 Predictors of Mortality
	36.2.1	 Pre-procedural Predictors
	36.2.2	 Procedural Predictors
	36.2.3	 Post-procedural Predictors
	36.2.4	 Risk Scores

	36.3	 Predictors of Quality of Life Improvement
	36.4	 Predictors of Cerebrovascular Events
	36.4.1	 Predictors of Early CVE
	36.4.2	 Predictors of Late CVE
	36.4.3	 CVE as Predictor of Mortality

	36.5	 Predictors of Conduction Disturbances
	36.6	 Predictors of Paravalvular Regurgitation
	36.6.1	 Pre-procedural Predictors
	36.6.2	 Procedural Predictors
	36.6.3	 PVR as Predictor of Mortality

	36.7	 Predictors of Vascular and Bleeding Complications
	36.7.1	 Vascular Complications
	36.7.2	 Bleeding Complications

	36.8	 Perspectives
	36.9	 Conclusions
	References

	37: Learning Curve Characteristics and Relationship of Procedural Volumes with Clinical Outcomes for Transcatheter Aortic Valve Implantation
	37.1	 General Principles for Learning Curve Analysis
	37.2	 Learning Curve Phenomenon in Clinical Medicine
	37.3	 Learning Curve for Transcatheter Aortic Valve Implantation (TAVR)
	37.3.1	 TAVR Learning Curve: Measures of Process
	37.3.2	 TAVR Learning Curve: Clinical Outcomes

	37.4	 Procedural Volume and Outcome Relationship for TAVR
	37.4.1	 Procedural Volume and Outcomes in Clinical Medicine

	37.5	 Procedure Volume and Outcome Relationship for TAVR
	37.6	 Implications for Clinical Practice
	37.7	 Conclusions
	References

	38: Role of Balloon Aortic Valvuloplasty in the Transcatheter Aortic Valve Implantation Era
	38.1	 Introduction
	38.2	 Balloon Aortic Valvuloplasty: Historical and Technical Aspects
	38.3	 Balloon Aortic Valvuloplasty: Complications
	38.3.1	 Bleeding
	38.3.2	 Acute Aortic Regurgitation

	38.4	 Balloon Aortic Valvuloplasty: Early and Long-Term Results
	38.4.1	 Early Results
	38.4.2	 Long-Term Results

	38.5	 Balloon Aortic Valvuloplasty as Bridge Therapy
	38.6	 The Role of Balloon Aortic Valvuloplasty During Transcatheter Aortic Valve Implantation
	38.7	 Conclusion
	References


	Part IV: Surgical Perspectives
	39: Role of the Heart Team in Decision-Making for Transcatheter Aortic Valve Implantation
	39.1	 Introduction
	39.2	 Heart Team
	39.2.1	 Theoretical Assumptions and Practical Considerations

	39.3	 Conclusion
	References

	40: Comparison of Transcatheter Aortic Valve Implantation to Surgical Aortic Valve Replacement in Intermediate-Risk Patients
	40.1	 Introduction
	40.2	 Defining Risk for Patients with Aortic Stenosis
	40.3	 Comparison of TAVR to SAVR in Intermediate-Risk Patients: Clinical Evidence
	40.4	 Prospective Nonrandomized Cohort Studies
	40.5	 Randomized Controlled Trial Data
	40.6	 Meta-Analysis of Current Data
	40.7	 Remaining Questions
	40.8	 Conclusions
	References

	41: New Approaches for Aortic Valve Disease: From Transcatheter Aortic Valve Implantation to Sutureless Aortic Valves
	References

	42: Hybrid Procedures for Aortic Valve Disease: Transapical Aortic Valve Implantation Through Lower Left Anterior Mini-thoracotomy Versus Sutureless Valve Implantation Through Upper Right Anterior Mini-thoracotomy
	42.1	 Introduction
	42.2	 Preprocedural Evaluation and Patient Enrollment
	42.3	 Surgical Procedure for RAMT-AVR and TA-AVI
	42.4	 Procedural Characteristics
	42.5	 Postoperative Outcomes
	42.5.1	 Left Ventricular Function
	42.5.2	 Patient-Prosthesis Mismatch
	42.5.3	 Paravalvular Leakage
	42.5.4	 Valvular Pressure Gradients
	42.5.5	 Atrial Fibrillation
	42.5.6	 Permanent Pacemaker Implantation
	42.5.7	 Survival

	42.6	 Conclusion
	References


	Part V: Future Perspectives
	43: Medical Treatment for Aortic Valve Disease
	43.1	 Atherosclerosis in Aortic Stenosis
	43.2	 Aortic Stenosis and CAD
	43.3	 Statins and Heart Surgery
	43.4	 Aortic Calcification in Familial Hypercholesterolemia
	43.5	 Modern Approaches for Medical Therapy
	References

	44: Transcatheter Aortic Valve Implantation for Pure Aortic Regurgitation
	44.1	 Diagnosis
	44.2	 Treatment
	44.2.1	 Medical Therapy
	44.2.2	 Surgery
	44.2.3	 Transcatheter Aortic Valve Implantation

	44.3	 Conclusive Remarks
	References

	45: New Generation Devices for Transcatheter Aortic Valve Implantation
	45.1	 Introduction
	45.2	 New (and Old) Challenges for a Novel Technology
	45.2.1	 Tissue Composition and Valve Degeneration
	45.2.2	 Costs and Availability for a Larger Cohort of Patients
	45.2.3	 Paravalvular Leakage
	45.2.4	 Permanent Pacemaker
	45.2.5	 Comorbidities and Complications (Neurological, Valve Thrombosis, and Procedure-Related Complications)
	45.2.6	 Stent Deployment, Repositioning, and Resistance

	45.3	 The Everlasting Search for the Ideal TAVR Device
	45.3.1	 Sapien and CENTERA TAVR Devices
	45.3.2	 CoreValve TAVR Devices
	45.3.3	 Acurate TAVR Replacements
	45.3.4	 JenaValve TAVR Replacements
	45.3.5	 Portico TAVR Valves
	45.3.6	 Lotus TAVR Valve
	45.3.7	 Direct Flow TAVR Devices
	45.3.8	 Venus A-Valve and Venibri Devices: The Eastern World Response for TAVR
	45.3.9	 Polymers and Decellularized Pericardium as New Advanced Biomaterials for TAVR Realization

	45.4	 Conclusions
	References

	46: Biorestorative Valve for Transcatheter Aortic Valve Implantation: Tomorrow’s World from Preclinical to Clinical
	46.1	 Introduction (Rationale of Biorestorative Valve)
	46.2	 Endogenous Tissue Restoration
	46.3	 Preclinical Results: Pulmonary Valved Conduit
	46.4	 Preclinical Results: Aortic Valve
	46.5	 From Preclinical to Clinical
	46.6	 Conclusions
	References

	47: Focus on Transcatheter Aortic Valve Implantation in Low-Risk Patients
	47.1	 Introduction
	47.2	 Definition of Low Risk
	47.3	 Paravalvular Leak
	47.4	 Permanent Pacemaker Implantation
	47.5	 Anatomical Considerations
	47.6	 Stroke
	47.7	 Durability, Leaflet Thrombosis, and Valve Failure
	47.8	 Conclusion
	References

	48: Conclusion
	References



