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1
INTRODUCTION

THE AORTIC VALVE

The aortic valve separates the left ventricle outflow tract from the aorta. Behind the three 

semilunar shaped cusps of the aortic valve are dilated pockets of the aortic root, called 

sinuses of Valsalva. The right coronary sinus gives rise to the right coronary artery, the left 

coronary sinus gives rise to the left coronary artery. The commissures are the areas where 

attachments of the two adjacent cusps to the aorta meet. Opening and closure of the 

aortic valve is a passive, pressure driven mechanism. Tissue of the aortic cusps is stretched 

via backpressure in diastolic phase with elongation and stretching of elastin. In the systolic 

phase, recoil of elastin ensures relaxation and shortening of the cuspal tissue. Optimal 

functioning of the valve requires perfect alignment of the three cusps.1

AORTIC VALVE STENOSIS

Obstruction of the left ventricle outflow can occur at subvalvular level, supravalvular level or 

valvular level.2 Aortic valve stenosis is left ventricle outflow obstruction at valvular level. In 

industrialized countries, aortic stenosis is the most common lesion among patients referred 

for treatment of valvular disease3. Age-related degenerative calcified aortic stenosis is the 

most common cause of aortic stenosis in adults in North America and Western Europe. 

The prevalence of calcified aortic stenosis is estimated at 2 % of people 65 years of age, 

increasing to 3-9% after the age of 80 years4, 5.

Aortic stenosis is assessed by estimating the mean systolic pressure gradient and aortic 

valve area (AVA). The normal aortic valve area is 3-4 cm2. A valve area of <1 cm2, a mean 

gradient greater than 40 mm Hg, or jet velocity greater than 4.0 m per second implies 

severe aortic stenosis The valve area may decrease by as much as 0.12 ± 0.19cm2 per year6. 

In late stages of severe aortic stenosis, cardiac output declines due to systolic dysfunction 

of the left ventricle, with a decline in the transvalvular gradient.

HEMODYNAMIC ALTERATIONS IN AORTIC VALVE STENOSIS

Severity of outflow obstruction gradually increases in aortic valve stenosis7. Left ventricular 

output is maintained by adaptation of the increasingly hypertrophic left ventricle. This 

compensational mechanism is thought to normalize the left ventricle wall stress. Left 

ventricular hypertrophy in combination with the prolonged systolic phase of the cardiac 

cycle results in increased myocardial oxygen demand. The mismatch between oxygen 

demand and supply is the one of the main mechanism for angina in aortic stenosis. As 

the stenosis progresses, the left ventricle becomes less compliant with subsequent limited 

preload reserve. Eventually, the left ventricle will decompensate with a decline in cardiac 

output and rise in pulmonary artery pressure. Aortic valve stenosis induces a compensatory 

increase in left ventricular mass to counteract the resistance to cardiac outflow induced 
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by the reduction in valve area8. This compensatory change in the structure of the left 

ventricle leads to several physiological and pathological alterations in coronary and left 

ventricular hemodynamics9, which are associated with coronary microvascular dysfunction, 

and, consequently, impaired clinical outcome. The increase in left ventricular mass, induces 

an increase in myocardial oxygen demand, is adversely accompanied with capillary rarefac-

tion, and moreover, with ventricular strain and increased compression of the intramural 

microcirculation. Autoregulation increases resting myocardial blood flow in response to the 

increase in left ventricular mass and increase in oxygen demand. The precise underlying 

pathophysiologic mechanism of coronary microvascular dysfunction in AS, and importantly, 

its potential reversibility, remains unclear.

CLINICAL PRESENTATION

Symptoms of degenerative aortic stenosis manifest with progression of the disease. The 

first symptoms usually commence in the seventh or eight decade. Symptoms are typically 

noted on exertion. Dyspnea on exertion is the most common encountered first symptom. 

Other symptoms are angina, precipitated by exertion and relieved by rest, syncope and 

heart failure. 

PROGNOSIS

Aortic valve stenosis has a severe prognosis when any symptoms are present, with survival 

rates of only 15–50% at 5 years. Strongest predictors of poor outcome in the elderly 

population are high New York Heart Association (NYHA) class (III/IV), associated mitral 

regurgitation and left ventricular dysfunction. Survival is only 30% at 3 years with the 

combination of these three factors.

TREATMENT

No medical treatment has proven to delay the progression of aortic stenosis. Surgery is 

inevitable for symptomatic patients. The first cardiac valve surgery under direct vision was 

an aortic valve replacement, performed in 1960 by dr. Dwight Harken.The aortic valve was 

replaced by a caged ball valve, which became the standard for aortic valve replacement.

A total of more than 70 different mechanical aortic valve models have been introduced in 

aortic valve replacement and implanted in humans in the past 5 decades. The mechanical 

prostheses can be divided into 3 large groups: the first generation of ball valves, second 

generation of tilting-disc valves, and the last generation of bileaflet valves. Mechanical 

prosthesis are extremely durable but require continuous use of anticoagulants. Biological 

valves include homografts and autografts, as well as stented bioprostheses. Stented bio-

prostheses are constructed of porcine valves or bovine pericardium sewn onto an artificial 

stent
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TRANSCATHETER AORTIC VALVE IMPLANTATION

For patients with severe aortic valve stenosis, considered inoperable or high-risk for sur-

gery, transcatheter aortic valve implantation (TAVI) is a firmly established minimal invasive 

treatment option. In TAVI, a bioprosthetic valve anchored in a balloon- or self-expandable 

frame, is implanted over the native valve, using a catheter. Often, prior to implantation a 

balloon aortic valvuloplasty is performed under rapid ventricular pacing (160-220 bmp). The 

prosthesis is implanted under fluoroscopic guidance. In 2002, the first transcatheter aortic 

valve implantation was performed by Dr. Alain Cribier in Rouen, France10, 11. A transseptal 

antegrade approach was used for aortic valve insertion in the first cases, later followed by 

a retrograde approach, with a successful delivery in 90% of cases12, 13. In 2005, gradual 

expansion of treatment with the two initial prostheses, the balloon-expandable Edwards 

SAPIEN valve (Edwards Lifesciences, Irvine, CA, USA) and the self-expanding Medtronic 

CoreValve™ (Medtronic, Minneapolis, MN, USA),  followed14-17. The safety and efficacy of 

the Edwards SAPIEN and the Medtronic CoreValve were established through well-designed 

randomized control trials (RCT). The Placement of Aortic Transcatheter Valves (PARTNER) 

trials showed non-inferiority of TAVI compared to surgical aortic valve replacement in high 

risk patients and superiority compared to conservative management, including balloon 

valvuloplasty18, 19. Since these first TAVI trials, the technology has been embraced and the 

number of procedures has expanded rapidly. 

Various approaches for TAVI have emerged: the retrograde transcatheter route (trans-

femoral, -subclavian, -axillary), the directly aortic approach, via a ministernotomy and the 

antegrade transapical route, via a mini lateral thoracotomy. Currently, the retrograde trans-

femoral approach is the most frequently exploited and least invasive technique and can 

be performed under local or general anesthesia. Tortuosity and minimal vessel diameter of 

the peripheral artery tract can preclude this approach, therefore valid alternatives are the 

transapical approach, first described in 200622 or the transaortic approach as described 

with the CoreValve 23, or with the Edward Sapien 24. 

The initial exploratory studies evaluated TAVI procedures, outcomes, complications and 

predictors of adverse outcomes, all in their own manner. After the first experience, 

postoperative complications, management and long-term outcomes became subject of 

debate. Although on all-cause mortality TAVI proved to be non-inferior to surgical aortic 

valve replacement, TAVI was traditionally associated with a higher incidence of vascular 

complications and echographically determined postprocedural paravalvular regurgitation 

as compared to conventional cardiac surgery11, 25. Therefore, both complications have 

been introduced as the “Achilles heel” of TAVI procedures. A major breakthrough in the 

research field was the consensus document of the Valve Academic Research Consortium 

(VARC) in 201126 with a revision in 2012 (VARC 2)27. The VARC comprises an independent 

collaboration between US and European Academic Research organizations and cardiology 

and cardiac surgery societies. Their consensus criteria were developed to unify reporting, 
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and improve comparability and interpretability of study results. Since 2012 TAVI has been 

incorporated into the international guidelines for treatment of severe symptomatic aortic 

valve stenosis20, and has evolved towards the routine therapy for patients unsuitable for 

surgery or with high-operative risk. More than 200.000 procedures have been performed 

worldwide21, with progressive advancement in technique and in technology of the avail-

able devices.

AIMS AND OUTLINE OF THE CHAPTERS

The aim of this thesis is to provide insight in the pathophysiology of aortic stenosis and 

the effects of transcatheter aortic valve implantation on clinical outcomes of patients, 

as well as the hemodynamic effect on left ventricular and coronary physiology. The pre-

operative considerations will be discussed (Section I). The intraoperative considerations 

of transcatheter aortic valve implantation are evaluated. More insight is provided on the 

patholophysiology of aortic valve stenosis and the immediate effect of transcatheter aortic 

valve implantation on the left ventricular and coronary hemodynamics in section III. Section 

IV reviews postoperative en future considerations in TAVI.

Section I PREOPERATIVE CONSIDERATIONS

In Chapter 2 the effect of imaging for the approach selection of Transcatheter aortic valve 

implantation is discussed. Concomitant mitral regurgitation is common in patients with 

severe aortic valve stenosis. In Chapter 3 we analyze the clinical course of mitral regurgita-

tion and assessed its influence on survival and clinical status after TAVI.

Section II INTRAOPERATIVE CONSIDERATIONS

TAVI by transfemoral approach is performed under general anesthesia in the majority 

of centers. Chapter 4 reports the safety and feasibility of transfemoral TAVI procedures 

under local anesthesia. The predictors and prognostic value of myocardial injury during 

transcatheter aortic valve implantation are discussed in Chapter 5. 

Section III PERIPROCEDURAL PHYSIOLOGICAL CONSIDERATIONS & IMPLICATIONS

In Chapter 6 we sought to provide insight in alterations of the microvasculature in aortic 

stenosis and the immediate effect of TAVI. The alterations in coronary hemodynamics are 

comprehensively assessed by simultaneous intracoronary pressure and flow assessment 

during resting conditions and hyperemia. The impact of aortic valve stenosis on coronary 

hemodynamics and the instantaneous effect of transcatheter aortic valve implantation is 

studied. In Chapter 7 we try to understand the reasons behind angina symptoms despite 

unobstructed coronary arteries in aortic stenosis.  A detailed appreciation of the alteration 
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in coronary hemodynamics due to aortic valve stenosis, and the immediate effect of relief 

of the stenosis on coronary physiology is studied. Chapter 8 described the alterations in left 

ventricular hemodynamics due to aortic valve stenosis, and the immediate effect of relief 

of the stenosis on left ventricular hemodynamics.

Section IV: POSTOPERATIVE AND FUTURE CONSIDERATIONS

Chapter 9 evaluates the considerations for the pathologist, and the autopsy after transcath-

eter aortic valve implantation. Chapter 10 Describes the current situation of transcatheter 

aortic valve implantation and a new prosthesis that has been assessed. Chapter 11, finally, 

presents an overview of the current status of development of TAVI-prostheses; it describes 

the technical features and applicability of each device and the clinical data available. 
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