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The failing aortic valve in adults:
where do we stand?
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Introduction

In order to understand the physiology and pathophysiology of the aortic valve, one needs
to be aware of the normal anatomy of the aortic valve and the most commonly seen
structural deviations. This review will therefore first focus on the anatomy of the aortic
valve and its most frequent abnormalities. Subsequently, the possible pathological
conditions of the aortic valve will be discussed. Finally, the various treatment modalities
for correction of the failing aortic valve will be presented. As this thesis focuses on
reconstructive surgery of the adult aortic valve, this chapter will accordingly be limited
to adults. 

Anatomy and function of the normal aortic valve 

The normal aortic valve is a structure consisting of three freely mobile cusps, located
between the left ventricular outflow tract and the tubular portion of the aorta [1]. These
three cusps together form a thin, mobile layer of tissue which, by opening, allows free flow
of blood from the left ventricle into the aorta during systole, and which prevents, by closing
during diastole, regurgitation of blood from the aorta back into the ventricle. The three
aortic valve cusps are designated right, left and non-coronary cusp according to the
respective coronary artery or the absence of an originating coronary artery from the sinus
which they face. The size of the three cusps is usually unequal with the non-coronary cusp
commonly being the largest and the right coronary cusp being the smallest [1-4]. In 16%
of cases, the three aortic valve cusps are equal in size [1].

The aortic valve cusps are not attached in a circular horizontal plane to the aortic wall
but in a semilunar fashion. This line of attachment, also called the annulus fibrosus,
constitutes the physiologic ventriculo-arterial junction and is in fact a coupled sequence
of three paraboloids [5] (Fig. 1). This physiologic ventriculo-arterial junction is different
from the anatomical ventriculo-arterial junction being the straight horizontal circle where
the fibro-elastic aortic wall joins the supporting structures of the left ventricle (Fig. 1) [6-7]
or, beneath the non-coronary cusp, the aortic-mitral fibrous continuity. The area between
the physiological and the anatomical ventriculo-arterial junction is made of fibrous tissue
and forms three interleaflet triangles between the longitudinal limbs of the annulus fibrosus.
These interleaflet triangles are thus situated underneath the line of attachment of the valve
cusps and are therefore exposed to ventricular hemodynamics.

Each aortic valve cusp contains a hinge point, a body and a coapting surface (lunula)
with a thickened central nodule, the nodule of Arantius. The hinge point is the area where
the leaflet is attached to the aortic root in the earlier mentioned semilunar fashion. The top
of these attachments is called the ‘commissure’ and is situated at the level of the sinotubular
junction whereas the bottom (the so-called nadir) is situated below the anatomical
ventriculo-arterial junction. 
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Figure 1: Diagram of the aortic root. The coronetlike arrangement of the valvar attachments. (From:
Sutton III JP, et al. The forgotten interleaflet triangles: a review of the surgical anatomy of the aortic valve.
Ann Thorac Surg 1995;59:419-27. Reprinted with permission from The Society of Thoracic Surgeons).

The function of the aortic valve cannot be separated from the more complex setting of the
aortic root. The aortic root comprises the initial portion of the ascending aorta and is limited
inferiorly by the anatomical ventriculo-arterial junction and superiorly by the sinotubular
ridge or sinotubular junction which delineates the beginning of the proper ascending aorta.
The components of the aortic root are thus the three sinuses of Valsalva, the interleaflet
triangles and the valve cusps [6-9]. The three sinuses of Valsalva are designated left, right
and non-coronary according to the aortic valve cusp they face and they are limited
superiorly by the sinotubular ridge. The sinuses of Valsalva were already recognized by
Leonardo da Vinci who realized their importance in correct aortic valve functioning [10].
Indeed, the aortic valve/root is a dynamic structure in which most geometric parts are
continuously changing during a cardiac cycle in response to aortic pressure (which is also
determined by the peripheral resistance), ventricular pressure and ventricular geometry
[2, 11]. More precisely, due to the global left ventricular contraction during systole, there
is an inward movement of the physiologic ventriculo-aortic junction, resulting in a
reduction of its diameter. In addition there is an outward movement of the commissures.
This change is supposed to facilitate systolic blood expulsion from the left ventricle [3,
9, 11]. During diastole, the opposite movement takes place and the aortic valve closes. The
diastolic aortic pressure provides blood flow into the coronary arteries. The correct
functioning of the aortic valve complex is an interaction of all of its components including
the ventriculo-aortic junction, the aortic valve leaflets, the sinuses of Valsalva and the
commissures with their apex reaching the sinotubular ridge. The importance of the diameter
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of the sinotubular ridge was already recognized in 1832 by Corrigan who suggested that
a dilatation of the sinotubular junction, frequently a result of ascending aortic aneurysm,
was probably the cause of aortic regurgitation [12]. This pathophysiologic mechanism has
been accepted since several years by cardiac surgeons and has recently been confirmed
experimentally [13]. 

Anatomical variations

Congenital bicuspid aortic valve is the most frequent structural anomaly of the aortic valve.
Its frequency in the general population however is not exceeding 0.4 to 2% [14]. There
are two types of congenital bicuspid aortic valve: the cusps are either located right and left
with the commissures being anterior and posterior or the cusps can be located anteriorly
and posteriorly with the commissures being right and left [14-15] (Fig. 2).

Figure 2: Diagram showing the two basic types of congenitally bicuspid aortic valves. (From: Roberts
WC. The congenitally bicuspid aortic valve: a study of 85 autopsy cases. Am J Cardiol 1970;26:72-83.
Reprinted with permission from Exerpta Medica Inc.). 

Approximately 50% of congenital bicuspid valves have so-called false raphes [16]. A raphe
is a ridge of tissue which partially divides one of the cusps of the bicuspid valve and which
lies vertically in the wall of the aortic sinus. Although congenital bicuspid aortic valve is
generally not considered to be inherited, there is a high incidence of familial clustering
[17]. Besides the congenital bicuspid aortic valve, most authors also distinguish the so-
called acquired bicuspid aortic valve. This type of valve originates from a trileaflet aortic
valve in which fusion of two adjacent cusps occurred. This fusion constitutes a ‘new’ raphe,
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and it is sometimes difficult to differentiate these two types of bicuspid aortic valves [14,
16, 18]. The majority of the bicuspid aortic valves belong to the acquired type of bicuspid
valve as evidenced by the presence of three interleaflet triangles [7, 18].

Other anatomical variations are the unicuspid or quadricuspid aortic valve [16].
Unicuspid or quadricuspid valves occur very rarely but frequently develop stenosis or
regurgitation throughout life. 

Histology of the aortic valve and root wall

The aortic valve leaflet consists of three distinctive connective tissue layers covered by
an endothelial cell layer on both the aortic and the ventricular side of the leaflet [19-20].
These three layers are the lamina fibrosa which is on the aortic side of the leaflet, the
lamina spongiosa which is the middle layer and the lamina ventricularis which is on the
ventricular side of the leaflet [21]. 

The lamina fibrosa is a dense layer of collagenous chords starting at the level of the
commissures and running in circumferential direction towards the middle of the leaflet
where the chords divide in smaller fibers forming a meshwork. The free edge of the leaflet
is especially dense in collagenous fibers. The lamina fibrosa supports most of the diastolic
pressure.

The lamina spongiosa is the middle layer which serves as a shock-absorber layer [21-22].
To fulfil this role, this layer contains only very few fibers but is composed of loose
connective tissue mainly consisting of proteoglycans. The lamina spongiosa is relatively
thick in the center of the leaflet but thins out towards the free edge. 

The lamina ventricularis is a very thin layer consisting mainly of elastin fibers which
are oriented in radial direction. Additionally, this layer contains smooth muscle cells. The
lamina ventricularis is connected to the ventricular outflow tract [21]. 

The valve leaflet tissue is in constant tissue renewal and this tissue turn-over is maximal
in the regions where stress is highest e.g. along the hinge point. This tissue turn-over is
probably important to resist tissue wear [16]. 

A recent study demonstrated the vascularization of the aortic valve [23]. Vessels were
found predominantly in the basal third of the cusps and extended in from the commissures
almost to the level of the free edge. There was a significant difference between the presence
of vessels in the basal part and the mid and free edge regions of the valve. There was no
difference among the three cusps. 

Innervation of the aortic valve arises from the ventricular endocardial plexus and is
located in the lamina ventricularis [24]. The entire cusp contains nerve fibers with the
exception of the coapting edge. The non-coronary cusp, which has no underlying
ventricular endocardium, receives its innervation from the adjacent valve leaflets. Its
innervation however is less dense than that of the two other cusps. The overall density of
innervation decreases with age. It is unclear whether the innervation of the cusps plays a
role in proper valve functioning [24]. 
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The histology of the aortic root is characterized by a gradual shift from the muscular
ventricle to the primarily elastic aorta [6]. The ascending aortic wall itself contains 3 layers
which are, from intraluminal to extraluminal, the intima, the media and the adventitia. The
media has a predominant circular ‘lamellar’ elastic architecture which is immediately
proximal from the sinotubular ridge and further towards the aortic annulus, progressively
interrupted by increasing amounts of collagenous tissue. The layers of elastic tissue
eventually become thinner and subsequently disappear. It is at this level that the dense
collagen bundles form the aortic annulus [6].

Pathological conditions of the aortic valve

These can either be aortic stenosis, aortic regurgitation or a combination of both, the so-
called combined or mixed aortic valve disease. This paragraph will focus on the
pathogenesis of aortic stenosis and aortic regurgitation. Mixed disease will not be discussed
as this is a combination of both pathological conditions in a variable degree. 

Aortic stenosis

Although aortic valves can become stenotic from several different causes, the large majority
of them becomes stenotic because of congenital malformation or degenerative calcification
[25-26]. Isolated aortic stenosis, in the absence of mitral valve disease, is uncommon in
rheumatic heart disease [14, 16, 25-26]. The pathogenesis of rheumatic aortic valve disease
is further explained in the section on aortic regurgitation. 

Degenerative changes in the human body also affect the aortic valve and root. Aging
causes a thickening of the collagen fibers in the aortic valve leaflets. These fibers also seem
to lose their predominantly circumferential orientation [27]. In addition, aging aortic valves
have an increased number of elastic fibers but this is most likely due to fragmentation rather
than to an increase in the number of fibers present [28]. Other age-related changes include
an accumulation of cellular degradation products such as lipids and calcium. This is
probably due to an insufficient microvascular scavenging mechanism in the valve leaflets
[29]. The presence of these cellular degradation products will increase the rate of
calcification [29-30] and this phenomenon occurs initially at the sites of the highest
mechanical stress in the aortic valve leaflets [31-32]. These areas are the hinge point of
the aortic valve leaflet and the commissural area [31]. Once calcification is initiated at the
leaflet attachment line, stress distribution on the remaining parts of the aortic valve leaflet
is changed and the calcification then usually progresses along the line of coaptation [16].

These aging changes in the aortic valve leaflet result in an increasing valve thickening,
stiffness and a decrease in extensibility of the valve leaflet [27, 29, 33-34]. 
Although up to 64% of patients with a bicuspid aortic valve have a normal life span without
ever developing aortic valve pathology, about 50% of patients with aortic stenosis have
a bicuspid aortic valve [25, 35-37]. The presence of a raphe might change the stress
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distribution characteristics of the leaflet and therefore lead to calcification. However, the
exact mechanism of calcification in bicuspid aortic valves is unknown. Edwards [38]
suggested a mechanical trauma in the pathogenesis of bicuspid aortic valve stenosis. Indeed,
the length of the free edge of the two valve leaflets is usually unequal. This unequal length
creates abnormal contact between the two leaflets which in turn produces tension or
mechanical trauma to the leaflet. This will result in focal fibrous thickening leading to
dystrophic calcification. This hypothesis explains stenosis as a result of leaflet trauma but
does not explain why other bicuspid aortic valves perform satisfactorily throughout a
normal life span.

Aortic stenosis is considered the most frequent complication of a bicuspid aortic valve.
Its clinical manifestation at a mean age of 56 to 59 years is earlier than in degenerative
aortic stenosis (mean age of 62 to 72 years) whereas aortic stenosis in unicuspid valves
occurs at an average age of 48 years [25]. 

Some other rare causes of aortic stenosis include Paget’s disease, and end stage renal
disease which both result in calcific aortic stenosis [39-40]. This subtype of aortic stenosis
is an extreme form where the whole leaflet surface is calcified. Another rare cause of aortic
stenosis is ochronosis, an inherited metabolic disorder [41]. 

The natural history of aortic stenosis in the adult is characterized by a prolonged latent
period in which morbidity and mortality are very low [42-44]. Medical therapy during this
time interval mainly consists of afterload reduction. The rate of progression of aortic
stenosis is impossible to predict for a specific patient but the decrease in valve area is
usually around 0.12 cm  per year or an increase in pressure gradient across the valve of2

about 15 mm Hg per year [42]. The development of symptoms such as angina, syncope 

or heart failure identifies a critical point in the natural history of aortic stenosis [42-44].
After the onset of symptoms, survival averages two to three years. Patients in heart failure
due to a deteriorating left ventricular function are dead within one to two years. Sudden
death is also possible in patients with aortic stenosis but has hardly ever been documented
in patients without prior symptoms. Deteriorating left ventricular function or the onset of
symptoms are therefore strong indicators for operative management of aortic stenosis. 

The diagnosis of aortic stenosis is usually confirmed by echocardiography and/or
angiography. Stress tests have proved to be unreliable, especially with coexisting coronary
artery disease. The severity of aortic stenosis is expressed as a pressure gradient between
the left ventricle and the aorta as wel as a measurement of the (reduced) aortic valve orifice
area. Currently, an aortic valve area < 1 cm  and/or a ventricular-aortic gradient of > 502

mm HG, are considered an operative indication in asymptomatic patients with normal left
ventricular function. Symptomatic patients or patients with a deteriorating left ventricular
function due to aortic stenosis should be operated within a short time frame, even though
the above criteria might not be matched. Accordingly, patients with milder disease may
undergo concomitant aortic valve surgery when other indications for heart surgery
necessitate earlier intervention [42-44]. 
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Aortic regurgitation

Aortic regurgitation may result from diseases from either the aortic valve, the ascending
aorta or both [45]. The most common causes of aortic regurgitation in this study were aortic
root dilatation (37%), postinflammatory or rheumatic disease (29%), incomplete closure
of a congenitally bicuspid aortic valve (24%), and infective endocarditis (6%). 

In rheumatic fever, the aortic valve cusps become infiltrated with fibrous tissue, and
retract. This causes failure of cusp coaptation during diastole and consequently, central
aortic regurgitation will result [46]. The associated fusion of the commissures may also
restrict aortic valve opening, resulting in combined aortic valve stenosis and regurgitation.
As stated earlier, associated mitral valve disease is the rule in rheumatic heart disease. 

Other primary valvular causes of aortic regurgitation include incomplete closure and/or
leaflet prolapse of a bicuspid aortic valve. It is true that the most frequent complication
of a bicuspid aortic valve is stenosis [16, 25, 44] but nevertheless, bicuspid aortic valve
is the major cause of isolated aortic regurgitation, especially in the absence of ascending
aortic or aortic root dilatation [47]. Moreover, regurgitant bicuspid aortic valves tend to
occur at a younger age than stenosis [35]. The cusp prolapse usually affects the leaflet
containing the raphe since the free edge of this leaflet is longer. Although much less
frequent, cusp prolapse may also occur in tricuspid aortic valves [48]. 

Infective endocarditis may destroy, or cause perforation of a leaflet; alternatively,
vegetations on the valve leaflets may interfere with proper cusp coaptation. All of these
will lead to massive aortic regurgitation [44]. 

Less common causes of aortic valve regurgitation include trauma, rupture of a
congenitally fenestrated valve and aortic regurgitation associated with systemic diseases
like lupus erythematosus, rheumatoid arthritis, ankylosing spondylitis, Syphilis and
Takayasu’s disease or associated with Whipple’s and Crohn’s disease [44]. Aortic
regurgitation associated with prosthetic valve replacement will not be discussed here. 

The incidence of patients undergoing surgery for pure aortic regurgitation secondary to
aortic root disease with subsequent dilatation has steadily increased over the years and now
accounts for about 50% of the cases [26]. Various conditions affecting the aortic wall
produce dilatation of the sinotubular junction with secondary central aortic regurgitation
[13]. Age-related changes affecting the aortic root and the ascending aorta include
accumulation of ground substance, fragmentation of elastic fibers, gradual replacement
of smooth muscle cells with collagen and focal medial necrosis [49]. The overall result
is an increasing stiffness of the aortic root which also tends to dilate with age [50]. 

Other pathological conditions associated with dilatation of the aortic root include aortitis
[51-54], Marfan syndrome [55], aortic dissection [56], hypertension [57], or other diseases
associated with connective tissue abnormalities such as cystic medial necrosis [58], Ehlers-
Danlos syndrome [59] or osteogenesis imperfecta [60]. All of these conditions do not
primarily affect the aortic valve but the dilatation of the root and the resulting central aortic
regurgitation may secondarily affect the valve leaflets which may thicken and retract,
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thereby increasing the existing degree of regurgitation [44]. Interestingly, isolated dilatation
of one or more of the sinuses of Valsalva without dilatation of the sinotubular junction does
not cause aortic regurgitation [13]. Aortic regurgitation in association with a peri-
membranous ventricular septal defect is an almost exclusively pediatric entity and will
therefore not be discussed here.

The natural history of aortic regurgitation in patients with acute aortic regurgitation is
different from patients with a gradual progressive ‘chronic’ aortic regurgitation [42-44].
Even a normal ventricle cannot sustain an acute severe volume overload. The risk of acute
aortic regurgitation is therefore much higher than that of chronic aortic regurgitation and
patients with acute regurgitation should promptly be referred for surgery since they will
rapidly develop pulmonary edema and cardiogenic shock. 

In contrast, chronic aortic regurgitation, even when severe, may be well tolerated for
several years. Medical therapy in patients with normal left ventricular function should,
besides diuretic therapy, also consist of afterload reduction since this diminishes the
regurgitant volume and has been proven to delay the need for aortic valve replacement [43].
Patients with chronic aortic regurgitation should be followed echocardiographically at
regular intervals to detect any progression of the disease, which is generally unpredictable.
The onset of left ventricular dysfunction is an early marker of subsequent symptoms such
as angina, dyspnea and heart failure. As in aortic stenosis, once the patient becomes
symptomatic, the condition often deteriorates rapidly and survival in patients with heart
failure generally does not exceed two years. Sudden death may occur but is not frequent
and usually does so in previously symptomatic patients [42-44]. 

Aortic regurgitation is usually confirmed echocardiographically [61] and angio-
graphically. Current indications for surgery include acute aortic regurgitation, severe
regurgitation, whether or not in association with symptoms or a dilated left ventricle, left
ventricular dysfunction and symptomatic patients [42-44, 62].

Surgical options for the failing aortic valve

Aortic stenosis

& Repair procedures
Although the majority of stenotic aortic valves will require valve replacement, there are
some indications for ‘alternative’ techniques. Balloon aortic valvuloplasty initially relieves
obstruction in most patients but restenosis due to scarring occurs in about half of the
patients within 6 months [63]. Its role is currently limited to the management of severe
aortic stenosis in non-surgical candidates such as patients requiring an urgent non-cardiac
operation, in pregnant women, in patients refusing surgical treatment or as ‘bridge’ to aortic
valve replacement in patients with severe heart failure, and an otherwise high operative
risk [64-65]. 
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Initial attempts for the repair of calcific aortic valve stenosis were carried out in the late
fifties and early sixties [66]. Cusp perforation and postoperative aortic regurgitation were
frequent problems and the technique was abandoned when mechanical valve prostheses
became available. However, with the increasing experience and improving results of mitral
valve repair [67], renewed interest in aortic valve repair became apparent. This mainly
included aortic valve repair for regurgitation of different origins (see further). Some authors
also attempted aortic valve repair in calcific or degenerative aortic valve stenosis, either
by manual debridement [68-69] or with the aid of electrohydraulic shock waves or
ultrasonic therapy [70-73]. Although decalcification as such is technically feasible and has
the benefit of avoiding oral anticoagulation, early recalcification is not prevented [74].
Restenosis after manual debridement may lead to reoperation in up to 25% of the patients
at 5 years [69]. These unacceptable results currently exclude widespread use of manual
aortic valve debridement. Aortic valve debridement with the aid of electrohydraulic shock
waves or ultrasonic therapy equally leads to unacceptable results since restenosis or aortic
regurgitation occur in the majority of patients at short-term follow-up [71-72]. 

Duran has been the proponent of aortic valve repair in a predominantly rheumatic patient
population. Since most of his reports deal with valve repair for rheumatic aortic
regurgitation, some with associated aortic stenosis, but not for pure aortic stenosis, this
topic will be discussed in the section on valve repair for aortic regurgitation. 

In summary, aortic valve repair for predominantly aortic stenosis has been disappointing,
and largely abandoned in favour of valve replacement. 

& Valve replacement options
The present paragraph aims to give a brief overview of the currently available valve
substitutes while focussing on the main issues for each category rather than going into detail
on all available types of valve substitutes for each category.

1) Mechanical aortic valve replacement. Since the first successful mechanical aortic valve
replacement by Harken et al. in 1960 [75], a whole scala on mechanical valve prostheses
has been developed and tested clinically. From all pioneering devices, only the Starr-
Edwards® valve stood the test of time, and its Silastic ball valve model 1200 and 1260
is currently still implanted. The long-term performance (up to 31 years) of this valve was
recently documented by Lund et al. [76]. No structural failures were seen in their series,
and the incidence of valve related complications was as follows: thrombo-embolism
2%/patient-year (pt-year), valve thrombosis 0.06%/pt-year, anticoagulation related bleeding
2.08%/pt-year, endocarditis 0.38%/pt-year, paravalvular leak 0.26%/pt-year, hemolysis
0.1%/pt-year for a total of any valve related complication of 4.89%/pt-year. When only
major complications were considered, the incidence was 2%/pt-year. 

In order to further improve the clinical performance of mechanical heart valves, first
the tilting disk [77-78], and later the bileaflet valve design was proposed which ultimately
resulted in the St Jude Medical heart valve, clinically introduced in 1977 [79]. Intermediate
and longer term follow-up of this model established its clinical domination [80-82], and
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provoked competitors to design other bileaflet prostheses aiming to offer the patient a better
and safer valve prosthesis [83-89]. Reported figures of valve related complications depend
of course on the size and characteristics of the patient cohort and the duration of follow-up.
Overall, the clinical performance of the currently available bileaflet aortic valve prostheses
is rather good: structural failure is hardly ever reported; thrombo-embolic and anti-
coagulation related bleeding events are both in the range of 1 to 1.5%/pt-year; valve
thrombosis is rare and its incidence is around 0.06%/pt-year; endocarditis is less then
0.5%/pt-year; hemolysis accounts for approximately 0.1%/pt-year and paravalvular leak
for approximately 0.25%/pt-year; finally, the aortic valve reoperation incidence is slightly
less than 1%/pt-year.

In summary, the currently available mechanical aortic valve prostheses perform
satisfactory but are not free from valve related complications. Patients need life-long
anticoagulation and to date, it remains uncertain what the clinical impact will be on the
very long-term.

2) Bioprosthetic valve replacement. Bioprostheses do not require permanent anticoagulation
and therefore minimize the risk of trombo-embolism and anticoagulant related bleeding
that is inherent to all mechanical prosthetic valves. Besides, they also obviate the practical
inconveniences associated with permanent anticoagulation.

Numerous stented bioprostheses have been introduced in clinical practice during the
past three decades. The second generation bioprostheses of the early eighties (Hancock
II® porcine bioprosthesis, and the Carpentier-Edwards Perimount® pericardial
bioprosthesis) have better hemodynamic features and appear to be more durable than the
first generation bioprostheses of the seventies (Standard Hancock®, Hancock MO® and
Carpentier-Edwards® porcine bioprostheses)[90]. Whether this can be solely attributed
to the lower pressure fixation in the more recent series is beyond the scope of this review.

Myken et al. demonstrated a substantial reduction of valve related complications in
bioprostheses when compared to bileaflet mechanical valve prostheses. The 10-year
freedom from valve related complications in the bioprosthesis group was 74% versus 59%
in the mechanical valve group [91]. 

The major problem with stented bioprostheses however is their limited durability. Cuspal
tears, degeneration, perforation, fibrosis and calcification are possible complications which
seem to occur more frequently in the younger patient population as opposed to a more
elderly patient group [92-93]. This is probably due to the increased calcium metabolism
in the younger patient group. 
Currently, the Carpentier-Edwards® bovine pericardial valve is the most frequently used
aortic valve bioprosthesis. Its low incidence of valve related complications, associated with
a freedom of structural valve deterioration of 93% at 12 years in patients older than 65
years of age, makes this prosthesis the valve substitute of choice in this age group [94].

In order to improve the available stented bioprostheses, much attention and effort has
been spent during the past decade in the development of stentless (mostly porcine)
bioprostheses. These valves have better hemodynamic properties than stented bioprostheses,



Chapter 1

20

and they also seem to have a more substantial beneficial effect on restoring left ventricular
mass and function [90]. Besides, they may have a reduced medium-term mortality rate as
compared to stented bioprostheses [95]. Whether the long-term durability will also be
enhanced remains to be proven.

Stimulated by the favourable results with the Carpentier-Edwards® bovine pericardial
valve, efforts have been undertaken to design a stented bioprosthesis made intra-operatively
of autologous gluteraldehyde fixed pericardium. Results with this technique however have
been disappointing and the idea was abandoned [96].

In summary, bioprosthetic valves obviate permanent anticoagulation, have a low
incidence of trombo-embolic and bleeding complications but are limited by a substantial
incidence of structural failure in patients of less than 65 years of age.

3) Homograft valve replacement. Homografts share the advantage of bioprostheses in
avoiding the need of anticoagulation. Consequently, they have a very low thrombogenicity
rate. Their hemodynamics are superior to those of stented bioprostheses and their clinical
performance is excellent [97-99]. The incidence of valve related complications was given
in the study by Lund et al. [99]: anticoagulant-related bleeding 0.09%/pt-year; embolism
1.4%/pt-year; endocarditis 0.6%/pt-year and tissue failure 4.5%/pt-year.

Limited availability and tissue failure restrict the use of homografts. Indeed, the overall
freedom from tissue failure in the study from Lund et al. was 62 and 18% at 10 and 20
years respectively. This was however highly dependent on donor and recipient age with
the best freedom of tissue failure obtained in a 70 year old recipient and a 30 year old
donor. In this case, freedom from tissue failure was 91 and 64%, also at 10 and 20 years.
Also, the technique of homograft insertion seems an important predictor. Basically, two
techniques are used for homograft implantation: the subcoronary and the root replacement
technique. In the paper by Lund et al. the root replacement group did significantly better
with regard to tissue failure and subsequent aortic valve reoperation incidence. Freedom
from tissue failure at 15 years in the root replacement group was 56% versus 33% with
the subcoronary technique. The fact that their patient population mainly consisted of
subcoronary implants may have adversely influenced the overall results of this study.
Homografts are currently mainly indicated as root replacement in the treatment of native,
or prosthetic valve endocarditis with excellent clinical results and a freedom from recurrent
endocarditis of 98% at 5 years [100].

4) Pulmonary autograft for aortic valve replacement (Ross procedure).The use of the
autologous pulmonary valve to replace the aortic valve was first described by Ross in 1967
[101]. A homograft is then used in the pulmonary position to replace the patients’ own
pulmonary valve. The initial technique employed a subcoronary implantation, and long-
term follow-up of the initial series showed a 23% reoperation rate for severe regurgitation
of the autograft [102]. Currently, most authors use the root replacement technique while
some favor the inclusion technique [103-104]. The advantages of the pulmonary autograft
over the homograft include increased cellular viability and therefore possible enhanced
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durability; an additional advantage is the growth potential of the autograft in children [103].
However, as this procedure implies a double valve replacement, the operation is technically
much more complex and demanding than the homograft aortic valve replacement.
Therefore, the Ross procedure is currently considered the valve substitute of choice in
children and young adults. In a recent report by Elkins et al. [105] the freedom from
autograft reoperation was 90% at 8 years and the freedom from reoperation on the
homograft in the pulmonary position was 94%, also at 8 years. There were no other valve
related complications such as thrombo-embolism, bleeding or endocarditis. 

A point of concern exists with regard to dilatation of the pulmonary autograft when used
as a root replacement. This dilatation occurs immediately postoperatively and progresses
somewhat further during follow-up [106]. However, when the inclusion technique is used,
the dilatation seems much less and growth potential is preserved [103]. 

Aortic regurgitation

& Repair procedures 
Although some attempts were made in the early years of cardiac surgery to repair
insufficient aortic valves [107-109], it is only in the eighties that recurrent interest resulted
in consistent techniques with regard to specific pathological conditions. 

The incidence of rheumatic fever has markedly decreased in Western Europe and
Northern America [45], but in some parts of the world, it is still considerable. It is in this
patient population that Duran developed his reconstructive techniques for predominantly
regurgitant, rheumatic aortic valve disease. He applied these repair techniques in patients
undergoing surgery primarily for mitral valve disease, and in whom it was desirable to save
the aortic valve, particularly when a mitral valve repair had been possible. In a series of
publications [110-114] he described his techniques. In rheumatic aortic valvular disease,
regurgitation is mainly caused by decreased cusp mobility (Fig. 3). At the level of the
commissure, increased mobility can be obtained by calcium excision and/or
commissurotomy. Moderate leaflet edge retraction can be suppressed by free edge
unrolling, or shaving whereas severe retraction will need cusp extension with autologous
pericardium. Finally, Duran often adds a sinotubular ridge enhancement since this induces
an earlier aortic valve closure [115] (Fig. 3). 
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Figure 3: Diagram of aortic valve lesions and corresponding repair techniques. Aortic regurgitation with
decreased cusp mobility. (From: Duran CMG. Aortic valve repair and reconstruction. Oper Techn in
Cardiothorac Surg 1996;1:15-29. Reprinted with permission from W.B. Saunders Company and CMG
Duran).

Although early and mid-term follow-up results reported by Duran were encouraging [110-
114], and prompted further investigation of the applicability of these techniques, at least
by himself, virtually no other authors have reported similar results on this topic which
questions the reproducibility of these surgical strategies. In addition, a recent report by
Bernal et al., who did a follow-up study of the initial patient population operated by Duran
in Spain, showed a disappointingly low freedom from repaired aortic valve structural
deterioration of 25.3% at 22 years [116]. 

For the above mentioned reasons, it is questionable whether there remains any place
for aortic valve repair in rheumatic valvular heart disease, except in countries where
adequate control of anticoagulation is not feasible. 

Other pathological conditions leading to aortic regurgitation, such as cusp prolapse, aortic
root and/or sinotubular dilatation regardless of the cause, are more amenable to repair and
they constitute the basis of this thesis. Cusp perforation due to endocarditis, reparable with
a patch of autologous pericardium, is not further described since this occurs only very
seldom. 

& Aortic valve replacement
All devices used for aortic valve replacement in aortic stenosis are also applicable in aortic
regurgitation. However, results of the Ross procedure for pure aortic regurgitation show
an increased rate of recurrent aortic regurgitation during follow-up when compared to aortic
stenosis as operative indication [117]. At presence, it is yet unclear whether the Ross
procedure should be limited to patients with aortic stenosis. 
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Combined aortic stenosis and regurgitation

The etiology and morphology in this group is similar to that of aortic stenosis. Accordingly,
treatment principles and options follow [118]. 

Aim of the present thesis

Given the poor results of aortic valve repair in aortic stenosis, and rheumatic aortic
regurgitation as discussed above, the present thesis focuses on possible indications for adult
aortic valve repair in regurgitation due to other causes. Chapter 2 examines the results of
bicuspid aortic valve repair for leaflet prolapse, whereas chapter 3 looks at the results of
leaflet prolapse repair in tricuspid aortic valves. Chapter 4 studies the durability of aortic
valve preservation in Type A dissection, and chapter 5 reports the initial results of the aortic
valve reimplantation technique for the treatment of aortic regurgitation due to dilatation
of the aortic root and sino-tubular junction. The present thesis investigates the feasibility
and the durability of all these procedures. Essential in these reparative techniques is the
presence of (near to) normal valve tissue in order to obtain the best result possible. 

All of these techniques avoid the need for permanent anticoagulation. If durability of the
techniques could be demonstrated, avoidance of anticoagulation might be an additional
benefit, particularly if applied in young patients who still have a long life-expectancy. In
order to study the incidence, frequency and severity of very long-term anticoagulation
related complications, a follow-up study was undertaken of all patients undergoing a
mechanical aortic valve replacement at the St. Antonius Hospital in Nieuwegein, The
Netherlands between December 1963 and January 1  1974, representing the first 10-yearst

experience of mechanical aortic valve replacement at this institution. This study is the
subject of chapter 6.  

Chapter 7 is a discussion of the obtained results and a correlation with clinical practice.
Finally, chapter 8 is a summary of the present thesis. 
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