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A bout one-third of the nearly 100 000 operations
that were performed on a heart-lung machine in

Germany in 2005 were cardiac valvular procedures, ei-
ther alone or in combination with coronary artery sur-
gery. The valvular procedures that were performed
without coronary artery surgery involved the aortic
valve in 65% of cases and the mitral valve in 25%. Bio-
logical prostheses are the main type of prosthetic valve
used for aortic valve replacement: in the last 10 years,
the percentage of mechanical aortic prostheses implant-
ed has declined from 70% to 30%. In the mitral position,
in contrast, every second procedure is a reconstruction
(1). The good results that have been obtained with this
technique so far imply that it will be performed even
more frequently in the near future.

On the national level, the German Society for Cardio-
vascular Research (Deutsche Gesellschaft für Herz- und
Kreislaufforschung) has published updated guidelines
for the treatment of cardiac valvular diseases in which
the choice of a prosthesis is only briefly discussed (2).
On the other hand, the updated recommendations of the
American specialty societies on the treatment of valvu-
lar diseases, which were published in 2006, include
comprehensive guidelines on this matter, based on an
analysis of more than 250 different studies (3). The
long-term results of the first bioprostheses to be im-
planted are now available. As for the second generation
of bioprostheses, which differs from the first in both
construction and preservation, the currently available
results extend to 10 years of follow-up. Shorter longitu-
dinal observations have been made to date with the most
recent (third) generation of stented and unstented
prostheses.

The high rate of degeneration of the first bio-
prostheses that were implanted in younger patients led
to a renewed preference for mechanical heart valves
(1, 2, 3). Comorbidities such as atrial fibrillation,
which necessitates permanent anticoagulation, or
chronic renal failure were at one time considered rela-
tive contraindications to the implantation of biological
prostheses. These strict criteria for the choice of
prosthesis are now increasingly being relaxed, and the
choice is now commonly tailored to the individual
patient. The increased use of biological cardiac valvu-
lar prostheses is justified by current state of the data on
biological prostheses of the most recent generation,
which are proving to be more durable than previous
types, and particularly on stentless prostheses, as well
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as by the decreasing mortality of repeated procedures.
This article contains the recommendations of the spe-
cialty societies while taking account of the current
state of knowledge as reflected by our selective review
of the literature, which encompassed prospective, ran-
domized trials, cohort studies, and review articles that
have been published in the last 10 years. A literature
search was performed on the terms "bioprostheses,"
"freedom from degeneration," "mid and long term
results," "comorbidities," "mortality," and "complica-
tions." The currently available types of biological
prosthesis are discussed in what follows.

Types of prosthesis
There are important differences between biological
valvular prostheses of animal origin and mechanical
valvular prostheses. Mechanical prostheses are highly
durable but necessitate lifelong anticoagulation (table 1).
They are often implanted in younger patients in order
to obviate the need for a second valve replacement
procedure. Their use also seems reasonable when the
patient already must be anticoagulated for life for other
medical reasons. Biological and mechanical prostheses
have comparable hemodynamic properties. In some
cases, a mechanical prosthesis is preferred when the
patient has a very narrow aortic base, because its effec-
tive opening area is somewhat larger than that of a bio-
prosthesis. The risk of prosthesis endocarditis is equal-
ly high in the two groups.

The ideal cardiac valvular prosthesis has yet to be
built. Such a valve would have the same biological and
hemodynamic properties as a normal valve and, further-
more, would not undergo degeneration, give rise to
thrombi, or elevate the risk of endocarditis. None of the
currently available biological or mechanical valvular
prostheses meet these specifications. 

Biological prostheses
Biological valvular prostheses are classified into a num-
ber of subtypes (table 2). A human heart valve that is
harvested from, and implanted into, the same person is
called an autograft: in the Ross procedure, for example,
the patient's pulmonic valve is transferred to the aortic
position. These pulmonic autografts have excellent
hemodynamic properties as well as low rates of throm-
bosis, degeneration, and endocarditis. The Ross proce-
dure is suitable for children and young adults because it
is compatible with further growth of the aortic root. Its
long-term success rate is not yet adequately known,
however, and a few cases of dilatation of the autograft
have been reported (4).

A homograft, in contrast, is a human heart valve that
has been cryopreserved and treated with antibiotics.
Homografts are often used in patients with extensive
evidence of endocarditis, but their availability is limited
and they tend to degenerate (5). 

Xenografts are of porcine or bovine origin and are
often reinforced with a scaffolding ("stent") that may be
composed of various types of material and serves to fix
the valvular tissue in its natural, anatomical-functional
position (stented bioprostheses) (figure 1). Xenograft
prostheses are made of porcine aortic valves or bovine
pericardium. The commonly used preservative glutaral-
dehyde stabilizes the collagen scaffolding and lessens
its antigenicity. A number of techniques have been
developed to slow the processes of calcification and
degeneration. Stentless bioprostheses have also become
available in the last few years (figure 2). These prosthe-
ses of animal origin do not contain a stabilizing metallic
scaffolding and therefore offer a larger opening surface
and more favorable hemodynamic properties than
stented prostheses. The clinical significance of these
rheological properties in the long term is currently under
study by many different research teams and is a subject
of active debate. The implantation of a stentless valvular
prosthesis often requires a more complicated surgical
technique than that of a stented one (6). 

Results
Stented bioprosthetic aortic valves
The perioperative mortality of aortic valve replacement
with a stented bioprosthesis is roughly 4% (1, 7). About
40% of porcine valves of the type that was initially used
were free of degeneration at 18 years (7, 8, 9). Younger
patients, particularly those less than 40 years old, were
found to have a markedly elevated rate of premature
degeneration of their valvular prostheses. The degenera-
tion rate in this age group at 10 years was already over
40%, compared to 15% in patients aged 60 to 70, and
10% in patients over 70 (8, 9, 10) (table 3). This is ex-
plicable as being due to the lesser hemodynamic
demand placed on the prosthesis in an elderly patient.

Valves derived from pericardium have a comparable or
slightly lower degeneration rate: 77% of surviving pa-
tients still have a properly functioning prosthesis 15 years
after implantation. Fewer than 10% of patients over age
65 need a second valve replacement procedure (11).

TABLE 1

Biological and mechanical heart valves: a comparison

Advantages Disadvantages

Biological No need for lifelong anticoagulation Limited durability
valves

Mechanical Practically unlimited durability Lifelong anticoagulation
valves

TABLE 2

Overview of valvular bioprostheses

Type of prosthesis Definition

Autograft Heart valve from the same individual

Homograft/allograft Human heart valve removed post mortem

Xenograft Artificial or mechanical heart valve

Heterograft Valve from a non-human species (porcine, bovine)
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Stentless bioprosthetic aortic valves
Interim results at 5 and 10 years are now available for
stentless bioprostheses. The early mortality of 5% is
comparable to that of stented bioprostheses. The rates of
early reoperation, thromboembolic events, and endocar-
ditis are currently lower than the corresponding rates for
stented bioprostheses (12). The patients have also been
found to have a better NYHA (New York Heart Associa-
tion) stage in the first 5 to 10 years after implantation,
presumably because of the more favorable hemodynam-
ic properties of stentless prostheses (13). These may be
particularly important in patients with a large body sur-
face area, for whom a smaller prosthesis may not be
large enough. Studies have shown a survival advantage
in the first few years after surgery compared to patients
that have received stented bioprosthetic valves (14).

Mitral valve replacement
The perioperative mortality in the first 30 days after mi-
tral valve replacement has markedly declined over the
last 20 years to 4% to 6%. The 10-year survival rate is
currently 50% to 60%, regardless of whether a mechani-
cal or a biological valve is used (15). The early mortali-
ty after repeated mitral valve replacement is currently
less than 10%. In contrast to aortic valve replacement,
mitral valve replacement still more commonly involves
a mechanical than a biological prosthesis (1). Bio-
prostheses in the mitral position degenerate more fre-
quently than in the aortic position (table 4), presumably
because of the greater hemodynamic demand. The
degeneration rate of bioprosthetic mitral valves, like
that of bioprosthetic aortic valves, strongly depends on
the age of the patient: the degeneration rate at 10 years
in patients under 40 years of age is 20%, four times
higher than the corresponding figure for patients over 60
(10). The overall reoperation rate for bioprosthetic mi-
tral valve replacement is 50%, compared to 29% when a
mechanical prosthesis is used (9).

Comparison of biological and mechanical prostheses 
in the aortic and mitral positions
There are only a few current randomized trials compar-
ing the long-term results of biological and mechanical
valves. A large-scale review revealed no difference in
survival rates at 10 years and a slightly higher survival
rate at 15 years for patients with mechanical prostheses
(18). The bioprostheses had higher rates of degeneration
and reoperation. The reoperation rate for mechanical
valves in the aortic position is less than 5% at 10 years
and less than 10% at 15 years, while the corresponding
figures for bioprostheses are 10% and 30%, respective-
ly. Hemorrhagic complications are significantly more
common in patients with mechanical valves because of
anticoagulation (19).

Recommendations 
The currently available bioprostheses show satisfactory
long-term results in the aortic and mitral positions. In
patients aged 65 or higher, the rate of prosthetic valve
degeneration at 15 years is 10% to 36% (3, 7, 8, 9). If a

repeated valve replacement procedure is necessary, the
operative mortality is 4% to 6% (3). The degeneration
rate of bioprostheses is inversely related to the age of the
patient at implantation; thus, biological valvular
prostheses can be generally recommended for patients
aged 65 or older. The choice of prosthesis is also influ-
enced by the opportunity that has recently become avail-
able of correcting a cardiac arrhythmia by surgical
means during the valve replacement procedure. Thus,
the fact that the patient is anticoagulated because of
chronic atrial fibrillation no longer necessarily implies
that a mechanical prosthesis should be chosen.

The choice of an aortic valvular prosthesis
For a number of reasons, the last few years have seen a
trend toward the implantation of bioprostheses in the
aortic position. Current studies reveal that bioprostheses

Figure 1:
A selection of
stented valvular
prostheses:
a) Hancock IITM,
b) Carpentier-
Edwards,
c) Mosaic,
d) Perimonnt.
From: Edmunds L,
Cohn L: Cardiac
surgery in the adult,
2003, with kind
permission from 
McGraw-Hill,
New York

a

b

c

d
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of the most recent generation last longer than earlier
types. Furthermore, reoperation rates have declined,
mainly because the recommended age limits have been
respected. Because life expectancies in general have
risen, more and more elderly patients are presenting for
valve replacement, and for these patients a bioprosthesis
is usually chosen.

Some younger patients are averse to oral anticoagula-
tion and therefore prefer a biological valvular prosthesis,
despite the known risk of degeneration and reoperation
in persons under 60 years of age. The operative risk of a
second valve replacement has significantly decreased,
however, mainly because of advances in cardio-
protection. Thus, younger patients opting for a bio-
prosthesis can enjoy a normal quality of life without anti-
coagulation for many years but may need to undergo a
second valve replacement procedure with an acceptable
degree of risk. Persons suffering from coronary heart
disease in addition to their valvular disease have a lower
life expectancy, so that bioprostheses can be chosen
more frequently for patients in this group (20) (box 1).

In view of the heterogeneous data currently available
from clinical trials, the surgeon performing valvular
replacement must still rely to some extent on personal
experience and subjective assessment when choosing
the type of prosthesis and the particular operative meth-
od to be used. This is particularly the case for patients

a b c
Figure 2: A selection of stentless valvular bioprostheses: a) Freedom Solo, Sorin Group; 
b) Prima Plus, Edwards; c) NR200, Shelhigh. With kind permission from the Sorin Group,
Edwards, and Shelhigh companies.

BOX 1

Recommendations for the choice of
a prosthesis in the aortic position (3)
CCllaassss  II  ((rreeccoommmmeennddeedd  cchhooiicceess))
� A mechanical prosthesis for a patient who already has 

a mechanical prosthesis in the mitral or tricuspid position
(level C)

� A bioprosthesis for a patient of any age who is averse to
taking oral anticoagulants or for whom oral anticoagulation
is absolutely contraindicated (level C)

CCllaassss  IIIIaa  ((rreeaassoonnaabbllee  cchhooiicceess))
� A mechanical prosthesis for a patient under age 65 for

whom oral anticoagulation is not contraindicated
� A biological prosthesis for a patient under age 65 who

has taken a personal decision not to have a mechanical
prosthesis implanted in view of his or her lifestyle, after
thorough discussion of the risks of anticoagulation as
well as of the likelihood that a second valve replacement
procedure will be necessary (level C)

� A bioprosthesis for a patient aged 65 or older who is not
at elevated risk of thromboembolism (level C)

� A second valve replacement procedure with a homograft
is reasonable for a patient with active prosthesis
endocarditis (level C)

CCllaassss  IIIIbb  ((cchhooiicceess  wwoorrtthh  ccoonnssiiddeerriinngg))
� A bioprosthesis can be considered for a female patient

of childbearing age who desires to have children (level C)

Recommendation classes of the Task Force on Practice Guidelines of
the American College of Cardiology (ACC) and the American Heart
Association (AHA):

Class I: Conditions for which there is evidence and/or general 
agreement that a given procedure or treatment is useful
and effective.

Class II: Conditions for which there is conflicting evidence and/or 
a divergence of opinion about the usefulness/efficacy of a
procedure or treatment.

a: Weight of evidence/opinion is in favor of usefulness/
efficacy

b: Usefulness/efficacy is less well established by 
evidence/opinion.

Class III: Conditions for which there is evidence and/or general 
agreement that the procedure/treatment is not useful/
effective, and in some cases may be harmful.

ACC/AHA definitions of levels of evidence:

Level A: Data derived from multiple randomized clinical trials
Level B: Data derived from a single randomized trial, or non-

randomized studies
Level C: Consensus opinion of experts

TABLE 3

The durability of bioprosthetic valves in the aortic position as a function
of the age of the patient (10)

Age group 5 years 10 years 15 years
(%) (%) (%)

� 35 79 51

36–50 99 68 48

51–64 98 72 42

65–69 98 74 64

� 70 100 90 90

TABLE 4

The durability of bioprosthetic valves in the mitral position

Author 5 years 10 years 15 years
(%) (%) (%)

David 2001 (16) 100 86 66

Neville 1998 (17) 100 78 –
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with difficult anatomy and/or significant comorbidity.
Stented bioprostheses are used more commonly than
stentless ones because of their relative ease of implanta-
tion, their extensively documented long-term results,
and the low risk associated with reoperation. The obser-
vations that have been made to date show stentless
valves to have certain clinical advantages, because of
their more favorable hemodynamic properties; no defin-
itive judgment can be made as to whether these advan-
tages will persist in the long term. The initial results of
10-year follow-up indicate a degeneration rate of about
20%, which is comparable to that of conventional, stent-
ed prostheses (12, 13). It seems reasonable to predict
that patients with a narrow aortic root and a high risk of
disproportion between the prosthesis size and the body
surface area stand to benefit from a stentless prosthesis.
The original expectation that homografts would be asso-
ciated with a lower rate of degeneration has been found
to be incorrect in long-term follow-up studies.

The choice of a mitral valvular prosthesis 
and ablative surgery in atrial fibrillation
In principle, mitral valvular prostheses are chosen
according to nearly the same criteria as aortic valvular
prostheses. It must be borne in mind, however, that the
rate of degeneration of bioprostheses is higher in the
mitral than in the aortic position. Thus, mitral valve bio-
prostheses should not be implanted in patients less than
65 years of age unless there are compelling reasons to do
so, as discussed in box 2.

For patients suffering from atrial fibrillation in addi-
tion to valvular heart disease, the current trend is toward
performing ablative techniques to achieve sinus rhythm
at the same time as the valvular procedure. If the valve
can be reconstructed or a bioprosthesis is implanted,
oral anticoagulation can be avoided. Previously, such
patients were more commonly given mechanical heart
valves, because they would need anticoagulation post-
operatively in any case. 75% to 90% of patients under-
going rhythm surgery at the same time as a mitral valve
procedure are still in sinus rhythm six months afterward.
The success rate of ablative surgery is higher if atrial
fibrillation has not been present for longer than one year.
Ablative surgery also reduces the incidence of stroke.
Even patients who cannot be permanently converted to
sinus rhythm and therefore still require oral anticoagula-
tion will benefit from bioprosthetic valve implantation,
because they require a lower target INR (2 to 3) than
they would have required if they had received a mechan-
ical prosthesis (2.5 to 3.5) (21).

The choice of valvular prosthesis 
for a patient with end-stage renal failure
In earlier years, patients with dialysis-dependent renal
failure who required cardiac valvular prostheses were
usually given mechanical ones, because it was feared
that their altered metabolic situation would lead to more
rapid degeneration of a bioprosthetic valve. It has been
found, however, that these patients' life expectancy is
already curtailed to such an extent that bioprosthesis

degeneration often does not occur in their remaining
lifetime (22). The supposed advantage of the longer
durability of a mechanical valve is also offset by the po-
tential complications of oral anticoagulation, especially
because anticoagulation is more difficult to manage in
dialysis patients than in others. Accordingly, there has
been a move away from the recommendations found in
the 1998 guidelines of the American College of Cardiol-
ogy and the American Heart Association. The current
guidelines no longer recommend any particular type of
prosthesis for patients with end-stage renal failure, but
they do warn about the risks of systemic anticoagulation
in this patient group (3).

The choice of valvular prosthesis for a woman 
desiring to have children
At present, there is still no optimal type of valvular
prosthesis for women desiring to have children. Regard-
less of the type of prosthetic valve, pregnant women
with artificial valves are at elevated risk for heart failure,
arrhythmia, or (maternal) endocarditis. Pregnancy
shortens the life span of bioprosthetic valves; therefore,
a female patient wishing to have children should try to
become pregnant within five years after the implanta-
tion of the prosthesis. On the other hand, pregnant
women with mechanical valvular prostheses have the
highest rate of maternal and fetal complications. The
miscarriage rate under treatment with phenprocoumone
is as high as 70%; if oral anticoagulation is switched to
heparin, it is still approximately 20%. The rate of se-
rious cardiac complications in pregnant women with
mechanical valvular prostheses is 20%, which is about
twice as high as the rate with biological prostheses (23,
24, 25).

Summary and perspectives
The choice of a valvular prosthesis should be taken
jointly by the patient and the surgeon after consideration
of the advantages and disadvantages of each type of

BOX 2

Recommendations for the choice of a prosthesis
in the mitral position (3)
CCllaassss  II  ((rreeccoommmmeennddeedd  cchhooiicceess))
� A bioprosthesis for a patient who is not taking oral anticoagulants or for whom

these are clearly contraindicated (level C)

CCllaassss  IIIIaa  ((rreeaassoonnaabbllee  cchhooiicceess))
� A mechanical prosthesis for a patient under age 65 with longstanding atrial

fibrillation (level C)
� A bioprosthesis for a patient aged 65 or older (level C)
� A bioprosthesis for a patient under age 65 in sinus rhythm who has taken a

personal decision not to have a mechanical prosthesis implanted in view of his
or her lifestyle, after thorough discussion of the risks of anticoagulation as well
as of the likelihood that a second valve replacement procedure will be neces-
sary (level C)
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prosthesis. For patients aged 70 or older, it is clear that a
biological valve should be recommended; likewise, a
biological valve should be recommended for patients
aged 65 to 70 whose life expectancy is reduced by
comorbidity. For patients under age 65, a mechanical
valve is to be preferred, at least in the mitral position. If
a patient in this age group is averse to anticoagulation, it
is proper to implant a bioprosthesis as long as the patient
has been fully informed about the long-term implica-
tions, because reoperation, if it should become neces-
sary, can be performed with an acceptably low risk.

Patients with longstanding atrial fibrillation are un-
likely to be permanently converted to sinus rhythm by
an ablative procedure. For those who have had atrial
fibrillation for a shorter time, permanent oral anticoagu-
lation can be avoided by the implantation of a biological
valvular prosthesis in combination with ablative sur-
gery. When a bioprosthetic valve is to be implanted in a
patient with a narrow aortic root, it seems to be advanta-
geous over the long term to implant a stentless bio-
prosthesis, even though the technique of implantation is
more difficult. A bioprosthetic valve remains the recom-
mended type to implant in the presence of endocarditis.
For patients with prosthesis endocarditis, a stented or
stentless bioprosthesis is recommended (also as an aor-
tic root replacement, if necessary).

In the coming years, the durability of stented bio-
prosthetic valves is likely to improve, because of further
advances in methods of bioprosthesis construction and
preservation. In the near future, the first long-term
results of the third generation of bioprosthetic valves
and stentless valves will be published. We can also ex-
pect advances and data from clinical trials in the fields
of percutaneous catheter procedures, minimally inva-
sive techniques, and the construction of valvular
prostheses by means of tissue engineering.
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