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The choice between biological and mechanical pros-
thetic valves remains a major dilemma in heart sur-
gery. Mechanical prostheses have become the most
popular option because they can offer a permanent
solution, with a negligible risk of reoperation due to
prosthetic valve failure. However, the need for long-
term anticoagulant therapy for mechanical valve recip-
ients is unwelcome to both surgeons and patients, and
this has contributed to the growing popularity of bio-
prostheses in recent years (1,2). A recent report com-
paring mechanical and biological prostheses over 20
years has confirmed that there was an increased inci-
dence of bleeding in mechanical valve recipients and
an increased incidence of reoperation in patients with

a bioprosthesis, although there was no difference in
survival between the two groups (3).

There is a general consensus that bioprostheses are
most appropriate for elderly patients, due both to a
reduced life expectancy of the patient and a supposed
delayed fibrocalcification in the elderly (4). Life
expectancy and average age is rising in many popula-
tions, bringing a potential increase in the number of
suitable candidates for bioprosthetic valve replace-
ment. Registry data from the UK have shown a nine-
fold rise in the number of patients aged over 70 years
who received valve replacements between 1986 and
1997 (2).

The Biocor porcine prosthetic heart valve (St. Jude
Medical, St. Paul, MN, USA) is a third-generation,
triple-composite bioprosthesis that was developed in
response to the limited lifespan of previous biological
valves. The Biocor valve is fixed in glutaraldehyde at a
resting state, a technique that appears to reduce the
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Background and aim of the study: Bioprostheses in
heart surgery have been investigated in recent years
to reduce the long-term anticoagulant administration
associated with mechanical devices. Positive results
have been achieved, particularly in elderly patients
who have a supposed delayed fibrocalcification and
reduced life expectancy. Herein are reported 17-year
data on the ongoing long-term study of the Biocor
porcine prosthetic heart valve, an improved biopros-
thesis with reduced stiffness and improved flexibili-
ty of the valve cusps designed to resolve issues of
reduced lifespan of previous biological valves.
Methods: Data were presented for 1,455 patients who
underwent aortic valve replacement (AVR) or mitral
valve replacement (MVR) in Sweden with glu-
taraldehyde-preserved Biocor bioprostheses between
1983 and 2000. Follow up after surgery was evaluated
on alternate years using hospital records, interviews,
questionnaires and the Cox regression model of mul-
tivariate analysis.
Results: At 17 years, the cumulative follow up was

6,540 and 989 patient-years (pt-yr) for AVR and MVR,
respectively. Late mortality accounted for 357 (28%)
and 65 (38%) patients, respectively, and actuarial sur-
vival was 28.2% and 35.4%, respectively.
Thromboembolic events occurred in 82 AVR
(1.25%/pt-yr) and 18 MVR (1.82%/pt-yr) patients,
respectively, with freedom from thromboembolism
decreasing with age; 181 AVR and 44 MVR patients
received anticoagulants. Reoperations due to struc-
tural valve deterioration (SVD) were required in 63
AVR and nine MVR patients. Freedom from reopera-
tion due to SVD increased with age in both groups;
actuarial freedom from reoperation was 73.9% and
81.3%, respectively.
Conclusion: Seventeen-year data confirm the low
incidence of valve-related complications and
improved valve durability reported at the 15-year fol-
low up after both AVR and MVR using Biocor
porcine bioprostheses.
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stiffness and improve the flexibility of valve cusps and
hence improve resistance to tissue fatigue and durabil-
ity (5-8). Herein are reported the 17-year data from an
ongoing long-term study that aims to confirm whether
these structural improvements extend the valve’s
longevity and enhance patient outcomes in clinical
practice.

Clinical material and methods

Patients
This report includes data on 1,455 consecutive

patients who underwent heart valve replacement at
Sahlgrenska University Hospital in Gothenburg,
Sweden between January 1983 and January 2000. Most
patients (n = 1,283) underwent aortic valve replace-
ment (AVR), while a further 172 underwent mitral
valve replacement (MVR). The mean patient age at the
time of implant was 70 ± 11 years for AVR, and 64 ± 12
years for MVR. Patient data at study entry are summa-
rized in Table I. All patients in this study received a
glutaraldehyde-preserved Biocor bioprosthesis, none
of which had been ‘No-React’ treated.

Surgical procedure
During surgery, a standard operative procedure was

followed using interrupted, non-everted, pledgeted
sutures. Patients received three doses of prophylactic
antibiotic therapy, and warfarin for three months from
the second day after surgery. The goal of anticoagula-
tion was to maintain the International Normalized
Ratio (INR) value between 2.0 and 3.0.

Two procedural changes were made during the
study: in 1988, a membrane oxygenator replaced the
previously used bubble oxygenator, and in 1998 the

authors’ institution switched from using crystal car-
dioplegia to blood cardioplegia.

Follow up
Follow up evaluations were performed on alternate

years since the Biocor valve was first inserted in 1983
(9). Investigators obtained information from hospital
records, telephone interviews and patient question-
naires. In the event of a death, the cause was estab-
lished using either the hospital or attending
physician’s records, or autopsy records.

Data analysis
The present authors assessed patient data and

defined valve-related complications according to The
Society of Thoracic Surgeons and American
Association for Thoracic Surgery Guidelines (1996
revision) (10). Multivariate analyses of results used the
Cox regression model.

Results

Follow up was 99% complete, and ranged between
one and 203 months. The mean duration of follow up
was 61 and 69 months after AVR and MVR, respective-
ly. The cumulative follow up totaled over 7,981
patient-years (pt-yr): 6,540 pt-yr for AVR and 989 pt-yr
for MVR.

Patient survival
Early mortality

There were 67 (5.2%) and 22 (12.8%) early deaths fol-
lowing AVR and MVR, respectively (early deaths
included operative mortality and all-cause mortality
before hospital discharge or within 30 days of surgery).
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Table I: Baseline patient data.

Parameter Aortic valve Mitral valve
replacement replacement

No. of patients 1,283 172
Age (years)* 70 ± 11 64 ± 12
Female gender (%) 36 52
Previous CABG (%) 38 30
Follow up (pt-yr) 6,540 989
Aortic/mitral valve

Stenosis (%) 72 18
Insufficiency (%) 13 67
Mixed (%) 15 15

Previous cardiac 3 18
operation (%)

Preoperative NYHA 69 89
class III/IV (%)

*Values are mean ± SD.
CABG: Coronary artery bypass graft



Cardiac failure was the leading cause of early death for
both aortic and mitral valve recipients.

Late mortality
Late mortality accounted for 422 patients (29%) over-

all: 357 (28%) after AVR and 65 (38%) after MVR.
Actuarial survival at 17 years was 28.2 ± 3.7% after
AVR, and 35.4 ± 5.0% after MVR (Fig. 1). The causes of
late mortality are listed in Table II. About 40% of
patients who died during this period underwent
autopsy; this proportion was similar to that observed
at the 15-year follow up (9).

Coronary artery bypass graft surgery was linked
with impaired survival in the AVR group (17-year sur-
vival 20.7% versus 34.9%).

Thromboembolic and anticoagulant-related events
Thromboembolic events occurred in 82 aortic valve

recipients (1.25%/pt-yr) and 18 mitral valve recipients
(1.82%/pt-yr). Events causing permanent injury con-
stituted 28% (23/82; 0.35%/pt-yr) and 22% (4/18;
0.40%/pt-yr) of the thromboembolic events in the AVR
and MVR groups, respectively. The risk of throm-
boembolism was lowest in patients aged <50 years (at
the time of surgery), who had 98.8 ± 1.2% and 100%
freedom from thromboembolic events after AVR and
MVR, respectively. For those patients aged 51-60 years
this freedom was 84.3 ± 6.8% and 92.3 ± 5.2%, respec-
tively; for those aged 61-70 years it was 73.7 ± 8.8% and
58.9 ± 11.1%, respectively, while those patients aged 71-
80 years it was 78.9 ± 3.6% and 72.4 ± 11.7%, respec-
tively, after AVR and MVR. Freedom from
thromboembolism decreased with age. Actuarial free-
dom from thromboembolic events is shown in Figure
2a and b.

Anticoagulant-related hemorrhage affected 49 AVR
patients (0.75%/pt-yr) and 18 MVR patients
(1.82%/pt-yr). At 17-year follow up, 181 AVR and 44
MVR patients were receiving anticoagulation treat-
ment. After AVR and MVR, patients had 91.4 ± 2.2%
and 85.7 ± 4.9% freedom from anticoagulant-related
hemorrhage, respectively.

Reoperations
Structural valve deterioration

Reoperations due to structural valve deterioration
(SVD) were performed in 72 patients: 63 after AVR and
nine after MVR (a further four patients died due to
SVD before receiving a second prosthesis). There was
no early mortality associated with these procedures.
Patients aged 71-80 years had 96.9 ± 2.0% and 100%
freedom from reoperation for SVD after AVR and
MVR, respectively; those patients aged 61-70 years had
82.1 ± 4.3% and 89.4 ± 7.1% freedom from reoperation;
those aged 51-60 years had 69.5 ± 9.7% and 78.6 ±
12.1% freedom from reoperation; while those patients
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Figure 1: Actuarial survival (according to valve position).

Table II: Causes of late mortality.

Cause Aortic valve Mitral valve
replacement replacement

Valve-related causes (n)
SVD 3 1
Thromboembolism 18 3
ARH 9 4
PVE 5 0
Total 35 8

Other cardiac causes (n)
Arrhythmia 18 5
Cardiac failure 98 20
Myocardial infarction 44 9
Cardiomyopathy 8 3
Total 168 37

Total cardiac causes (n) 203 45
Non-cardiac causes (n) 154 20

ARH: Anticoagulant-related hemorrhage; PVE: Prosthetic valve endocarditis; SVD: Structural valve deterioration’



aged <50 years of age had freedom from reoperation
due to SVD of 43.6 ± 8.7% and 63.8 ± 15.3% after AVR
and MVR, respectively (Fig. 3a and b).

Freedom from reoperation for SVD for patients aged
>60 years was 90.5 ± 2.5%, compared to 56.6 ± 6.8% in
patients below this age. Similarly, MVR recipients aged
>60 years had 95.8 ± 3.8% freedom from reoperation
for SVD, with only 78.6 ± 8.2% freedom from reopera-
tion in AVR patients aged <60 years.

Actuarial freedom from reoperation due to SVD was
73.9 ± 4.1% and 81.3 ± 6.0% in the AVR and MVR
groups, respectively (Fig. 3c).

Non-structural valve dysfunction
A total of 23 patients was reoperated on due to non-

structural valve dysfunction (paravalvular leak); of
these patients, 20 were in the AVR group and three in
the MVR group.

Prosthetic valve endocarditis
Actuarial freedom from reoperation due to prosthet-

ic valve endocarditis (PVE) was 92.9 ± 2.5% in the AVR
group and 91.7 ± 3.4% in the MVR group. There were
21 reoperations after AVR, and seven after MVR. A
total of five patients died when reoperated on due to
PVE; all had received aortic valves.
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Figure 3: Freedom from reoperation for structural valve
deterioration: a) by age in aortic valve replacement; b) by
age in mitral valve replacement; and c) by valve position.

Figure 4: Increasing incidence of ischemic stroke, transient
ischemic stroke and hemorrhagic stroke with age.

Figure 2: Freedom from thromboembolic events according
to age in: a) aortic valve replacement; and b) mitral valve

replacement.
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Discussion

The present results confirmed the favorable out-
comes reported previously at the 15-year follow up
with the St. Jude Medical Biocor porcine bioprosthesis
(9). Indeed, both survival and freedom from reopera-
tion due to SVD at 17 years were comparable with the
10- and 15-year results both for other porcine biopros-
theses and bovine pericardial prostheses (11-13).

Perhaps the largest study of a bioprosthesis pub-
lished to date is a 15-year follow up of more than 1,800
recipients of the Carpentier-Edwards SAV
Bioprosthesis (Edwards Life Sciences, Irvine, CA,
USA), a supra-annular porcine valve used in the aortic
position (14). Overall survival was not reported, but
results according to age group showed that the best
survival at 15 years - in patients aged 61-70 years - was
33% (survival in patients aged >70 years was 13.5%). In
the present population of 1,283 patients with AVR, 41%
survival was reported at 15 years (9) and 28% survival
at 17 years. There were no unexpected changes in mor-
tality in the 61- to 70-year age group, and so survival in
this subgroup followed the same pattern as at the 15-
year follow up.

Bovine pericardial valve replacements were devel-
oped in an attempt to improve upon the durability of
porcine bioprostheses. The long-term follow up of the
most widely used pericardial valve - the Carpentier-
Edwards Perimount bioprosthesis - revealed 37% sur-
vival and 69% freedom from reoperation for SVD in
the mitral position at 14 years (13). In the present
authors’ experience, the Biocor porcine valve offers
superior durability in the mitral position, with 35%
survival (the present study had a mean patient age of
64 years, whereas that of Marchand et al. (13) had a
mean age of 61 years) and 81% freedom from reopera-
tion for SVD at 17 years. These favorable mitral results
were confirmed by Kirali et al. (15) who used the
Biocor valve and showed 76.8% freedom from SVD at
14 years in a patient population with an average age of
48.8 years. Similarly, in the aortic position, the present
results compared well with those for the Perimount
pericardial valve: the present patients showed 28%
survival and 74% freedom from reoperation for SVD at
17 years with the Biocor valve, compared to values of
26% and 77% at 15 years with the Perimount prosthe-
sis (11). As yet, there are no published data available
beyond 15 years for the Perimount valve.

Reoperations due to non-structural valve dysfunc-
tion occurred predominantly in the earlier-treated
patients of the present study because the initial Biocor
valves had smaller sewing cuffs. However, this size of
sewing cuff on Biocor valves has since been adjusted.

Another approach to improving outcomes has been
the development of stentless aortic valves, which were

designed to accelerate left ventricular recovery by
reducing transvalvular pressure gradients. Although
conflicting data have been reported on whether stent-
less valves enhance early left ventricular mass regres-
sion (16-18), long-term studies have demonstrated
early and continued regression, as well as comparable
survival with age- and sex-matched population con-
trols (19,20). The longest follow up to date with stent-
less valves has been nine years (21) however, so
although these valves have promising durability, it is
difficult to compare them with stented tissue valves in
the long term.

Most surgeons agree that bioprostheses are most
suitable for elderly patients while mechanical valves
are appropriate for young recipients, although a num-
ber of risk factors may influence this choice for indi-
vidual patients (22). The exact age threshold for
choosing a biological or mechanical valve remains the
subject of debate, but a recent review proposed that the
cut-off ages should be 60-65 years for AVR and 65-70
years for MVR (23). The present data are consistent
with age thresholds of around these values.

The age-related decrease in freedom from throm-
boembolism observed among the present patients may
have occurred because the incidence of transient
ischemic attacks, ischemic stroke and hemorrhagic
stroke is augmented with age, as it has been seen to
increase by more than 1% in people aged over 65 years
(Fig. 4) (24,25).

In many cases, the main reason for choosing a bio-
logical valve replacement is the presumed relatively
high risk of bleeding with mechanical prostheses and
the resultant need for long-term anticoagulant therapy.
The present data reveal freedom from anticoagulant-
related hemorrhage to be 91% versus 86% after AVR
and MVR, respectively. However, it would be hoped
that even fewer bleeding complications would occur
when using a bioprostheses, as the need for anticoagu-
lation with these devices is low. As a considerable
number of warfarin-related bleeds occur during the
first three months after surgery, a switch of therapy
from warfarin to aspirin could be considered. Recent
data from Gherli et al. (26) suggest that there is no evi-
dence to support the fact that warfarin is more effec-
tive than aspirin after bioprosthetic AVR, but this
subject remains controversial and requires further
investigation.

Outcomes are presented by actuarial analysis to opti-
mize the power of this cumulative patient sample.
There is, however, a risk of underestimating freedom
from reoperation/complications using this method
(11,27).

In conclusion, the present 17-year data have revealed
excellent long-term outcomes using the St. Jude
Medical Biocor porcine bioprosthesis in both the aortic



and mitral valve positions. The results confirm the low
incidence of valve-related complications and
improved valve durability reported at the 15-year fol-
low up.
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>> setdistillerparams
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  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


