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Poor clinical performance of the Wessex porcine
heart valve bioprosthesis at nine years' follow up

Aquilino Hurle, J Francisco Nistal, Jose M Revuelta

Abstract
Objective-To assess the long term per-
formance of the Wessex porcine biopros-
theses implanted in a consecutive series
of patients.
Design-A retrospective case series.
Patients-Between January 1985 and July
1991, 184 Wessex bioprostheses (78
mitral, 102 aortic, and 4 tricuspid) were

implanted in 150 patients. The patients
were 55% (83/150) male and 45% (67/150)
female; mean age was 60 (SD 10) years.
Results-Hospital mortality was 9-3%
(14/150). Total follow up was 696 patient-
years (mean 4-7 years per patient).
Linearised rates (events per 100 patient-
years (SEM)) for postoperative complica-
tions for patients with isolated mitral
valve replacement, isolated aortic valve
replacement, and multiple valve replace-
ment were, respectively: late mortality:
4*7 (1-6), 3-3 (0.9), and 4 9 (1.9); thrombo-
embolism: 5-8 (1.8), 3-0 (0.9), and 2X8
(1X4); valve thrombosis: 1-0 (0.7), 0-3
(0-3), and 0 7 (0.7); structuralfailure: 5-8
(1.7), 1-9 (0.7), and 7-1 (2.2). Actuarial
freedom from complications at nine years

(70% confidence interval) was: late mor-
tality: 61 (9)%, 57 (13)%, and 59 (12)%;
thromboembolism and valve thrombosis:
71 (9)%, 79 (6)%, and 81 (8)%; structural
failure: 33 (14)%, 50 (16)%, and 12 (14)%;
all valve related morbiditylmortality: 31
(10)%, 21 (11)%, and 7 (9)%. Stent frac-
tures appeared in 11 of 17 explanted pros-

theses; actuarial freedom from stent
fracture at nine years was 66 (12)%.
Conclusions-The Wessex bioprosthesis
is associated with high thrombogenicity,
early structural dysfunction, and a high
valve related morbidity/mortality which
justifies very close follow up of patients
fitted with them.
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The Wessex porcine heart valve was the latest
European initiative to develop a conventional
porcine bioprosthesis. The valve was available
for clinical use in the United Kingdom in the

early 1 980s. Initial experimental studies
showed a good in vitro performance,' and the
results obtained in the first clinical reports
were encouraging.2 However, despite the fact

that substantial numbers of these valves have
now been implanted, mainly in Great Britain
but also in other European countries, its clinical
performance in the mid to long term is not
well defined as published data are scarce. In
this retrospective patient oriented study we
report our experience with the Wessex valve at
nine years' follow up.

Methods
Between January 1985 and July 1991, 150
patients received a total of 184 Wessex bio-
prostheses (78 mitral, 102 aortic, 4 tricuspid)
at the University Hospital "Marques de
Valdecilla". Forty six patients underwent iso-
lated mitral valve replacement (MVR), 72 had
isolated aortic valve replacement (AVR), and
the remaining 32 patients received more than
one prosthesis (MultiVR): mitral and aortic in
28 cases, mitral and tricuspid in two cases,
and triple valve replacement in two cases. All
patients were operated under extracorporeal
circulation and moderate systemic hypother-
mia. Myocardial protection was achieved with
the antegrade infusion of cold cardioplegic
solution and with topical cooling of the heart
with cold saline.

Postoperative oral anticoagulation was not
given routinely. Only patients with risk factors
for thromboembolism (atrial fibrillation with
giant atria, left atrial thrombi, etc) and those
who developed a thromboembolic episode
were subsequently anticoagulated with oral
acenocoumarol.

This retrospective patient oriented study
did not exclude any patient receiving a Wessex
bioprosthesis in our unit during the time frame
of the survey. Operative data were collected
from the medical records. Follow up data were
obtained from the patients on their regular vis-
its to the outpatient clinics or by telephone
interviews with them or their relatives. The
closing interval (time elapsed for the collection
of follow up information from all the patients)
was two months. Follow up was 98 7% com-
plete, with missing information in only two
cases. The guidelines of the liaison committee
of the American Association for Thoracic
Surgery, the Society of Thoracic Surgeons,
and the European Association of Cardio-
Thoracic Surgery for reporting morbidity and
mortality after cardiac valvar operations were
observed.3

Complications appearing with a non-biased
time course were expressed by linearised rates.
Actuarial analysis was performed using the
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Table 1 Associated surgery

Group

MVR AVR MultiVR
Procedure (n = 46) (n = 72) (n = 32)

Coronary bypass 3 8
Aortic surgery - 5 1
Conservative mitral - 1
Conservative tricuspid 10 - 4
LA Lig/thrombectomy 3 - 2
LV aneurysmectomy 1 __
Pericardiectomy - - 1

MVR, mitral valve replacement; AVR, aortic valve replacement; MultiVR, multiple valve
replacement; LA lig, ligation of left atrial appendage; LV, left ventricular.

Table 2 Hospital mortality

Group

MVR AVR MultiVR
Causes (n = 46) (n = 72) (n = 32)

Low cardiac output 2 2 1
Haemorrhage - 1
Arrhythmia -1
Endocarditis 1 2
Sepsis 1 -1
Sudden domiciliary death* 1 1

MVR, mitral replacement; AVR, aortic valve replacement; MultiVR, multiple valve replace-
ment. *Within 30 days of surgery.

Kaplan-Meier method.4 Comparisons between
actuarial estimates were done by using normal
distribution. Continuous variables were com-
pared using a two tailed Student t test.
Categorical data were compared by a 2 x 2
contingency table or a X2 test, corrected if
appropriate by Yate's formula or Fisher's
exact test.

Results
The mean age of the whole group of patients
was 60 (SD 10) years (range 32 to 79 years)
and was similar for the three cohorts. Females
predominated in the MVR group (70%,
32/46), males in the AVR group (76%, 55/72),
and both sexes were equally distributed in the
MultiVR group. The aetiology of valvar dis-
ease was predominantly rheumatic in the
MVR and MultiVR groups (54%, 25/46; and
66%, 21/32, respectively) and degenerative in
the AVR group (76%, 43/72). Dysfunction of
a previous bioprosthesis was the indication for
surgery in 19% (9/46) of the MVR patients
and 25% (8/32) of the MultiVR patients.

Thirty four patients (74%, 34/46) in the
MVR group were in atrial fibrillation preopera-
tively. Six patients from this group (13%,
6/46) suffered thromboembolic episodes

Table 4 Late mortality

Group

MVR AVR MultiVR
Causes (n = 46) (n = 72) (n = 32)

Congestive heart failure 1 1
Stroke/peripheral

embolism 2 3
Endocarditis - 1 1
Arrhythmia 1 __
AIDS 1 I -

Neoplastic disease - 4 1
Death at reoperation 1 - 1
Sudden domiciliary

death 2 2 -

Others - 3 -

Unknown 1 1

MVR, mitral valve replacement; AVR, aortic valve replace-
ment; MultiVR, multiple valve replacement.

before surgery, two of them being in sinus
rhythm (septic embolisation from mitral valve
endocarditis in both cases). The great majority
of the AVR patients (92%, 66/72) were in
sinus rhythm before surgery, and only six
patients from this group (8%, 6/72) had previ-
ous thromboembolic episodes (because of
valve endocarditis in two cases). In the
MultiVR group, 21 patients (66%, 21/32)
were in atrial fibrillation preoperatively and
five (four in atrial fibrillation and one with
infective endocarditis) sustained thromboem-
bolic events before surgery.
The most common sizes of the valves

implanted were 29 mm in the mitral position,
23 mm in the aortic position, and 31 mm in
the tricuspid position. Concomitant surgical
procedures are shown in table 1.
The total follow up was 696 patient-years

(191 for MVR, 364 for AVR, and 141 for
MultiVR), with a mean of 4-7 years per patient
(4-1 for MVR, 5-2 for AVR, and 4-4 for
MultiVR).

MORTALITY
Fourteen patients (five in the MVR group, six
in the AVR group, and three in the MultiVR
group) died in hospital or within 30 days of
surgery. The global hospital mortality was
9-3% (14/150) (10.9%, 5/46 for MVR; 8-3%,
6/72 for AVR; 9-4%, 3/32 for MultiVR). The
causes of hospital mortality are shown in table
2. Twenty eight patients died late postopera-
tively (table 3), the causes of death being sum-
marised in table 4. Fifteen of these deaths
were considered to be valve related (table 3).

Actuarial probabilities of survival at nine

Table 3 Complications

Group

MVR A VR MultiVR

Complication Patients Events LR (SD) Patients Events LR (SD) Patients Events LR (SD)

Late mortality 9 9 4-7 (1-6) 12 12 3-3 (0-9) 7 7 4-9 (1-9)
Valve related mortality 6 6 3-1 (1-3) 4 4 1 1 (0 6) 5 5 3-6 (1-6)
Thromboembolism 7 11 5-8 (1-8) 10 11 3-0 (0 9) 4 4 2-8 (1-4)

Lethal 2 2 1 0 (0 7) - - - 3 3 2-1 (1-2)
Permanent impairment 3 3 1-6 (0 9) 6 6 1-6 (0-7) 1 1 0 7 (0 7)

Valve thrombosis 2 2 1-0 (0 7) 1* 1 0-3 (0-3) 1 1 0-7 (0-7)
Prosthetic endocarditis 2 2 1-0 (0 7) 5 5 1-4 (0 6) 1 1 0 7 (0 7)

Lethal 2 2 1-0 (0-7) 4 4 1-1 (0-5) 1 1 0-7 (0-7)
Structural deterioration 11 11 5-8 (1-7) 7 7 1-9 (0-7) 10 10 7-1 (2 2)
Non-structural dysfunction 2 2 1-6 (0 9) 5 5 1-6 (0-7) 4 4 3-5 (1-6)
Reoperation 12 12 6-3 (1-8) 10 10 2-7 (0-9) 9 9 6-4 (2-1)

MVR, mitral valve replacement; AVR, aortic valve replacement; MultiVR, multiple valve replacement; LR, linearised rate (in events per 100 patient-years).
*Patient died as a result of prosthetic thrombosis and endocarditis.
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years of follow up (70% confidence intervals in
parentheses) were 61 (9)% for MVR, 57
(13)% for AVR, and 59 (12)% for MultiVR.
Actuarial probabilities of freedom from valve
related death at nine years were 73 (7)% for
MVR, 67 (14)% for AVR, and 65 (13)% for
the MultiVR (fig 1).

0 1 2 3 4 5 6 7 8 9

Postoperative years

Figure1 Freedom from valve related mortality. Actuarial probability at 9years'.
up. Error bars = 70% confidence interval.
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Figure 2 Freedom from thromboembolism or valve thrombosis. Actuarial probabii
years'follow up. Error bars = 70% confidence interval.
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Figure 3 Freedom from structural deterioration. Actuarialprobability at 9years'
up. Error bars = 70% confidence interval.

73 (7) THROMBOEMBOLISM AND VALVE THROMBOSIS

Overall, 21 patients sustained a total of 26
67 (14) thromboembolic events, which were lethal on

65(13) five occasions and caused some degree of per-
manent impairment in 10 patients (table 3).
Linearised rates for thromboembolism, death
of thromboembolic origin, and thromboem-
bolism resulting in permanent impairment are

shown in table 3.
Valve thrombosis occurred on four occa-

sions, requiring reoperation for substitution of
follow the thrombosed prostheses in all cases, and

being the cause of death in one patient (table
3). Linearised rates for valve thrombosis are

also shown in table 3. Actuarial estimates of
freedom from thromboembolism and valve
thrombosis at nine years of follow up (70%
CI) were 71 (9)% for MVR, 79 (6)% for AVR,
and 81 (8)% for MultiVR (fig 2).

PROSTHETIC ENDOCARDITIS
There were eight cases of prosthetic endo-
carditis causing the deaths of five patients

81 (8)
(table 3). Table 3 also shows the linearised

79 (6) rates for prosthetic endocarditis. Actuarial
probabilities of freedom from prosthetic endo-
carditis at nine years of follow up (70% CI)
were 95 (3)% for MVR, 88 (6)% for AVR, and

71 (9) 96 (3)% for MultiVR.

STRUCTURAL DETERIORATION
Twenty eight cases of structural deterioration
were found echocardiographically or at heart
catheterisation. This was the main indication
for reoperation in 20 patients (table 3).

ity at 9 Actuarial freedom from this complication at
nine years of follow up (70% CI) was 33
(14)% for MVR, 50 (16)% for AVR, and 12
(14)% for MultiVR (fig 3).

Forty valves were explanted during the fol-
low up and 17 were recovered for study. Stent
fractures were present in 11 of these (nine aor-

tic and two mitral), which were explanted at a

mean of 70 (SD 31) months (range 10 to 101
months) after the initial surgery (fig 4). All
nine aortic prostheses were explanted for vari-
ous reasons other than stent fracture. Both
mitral valves presented severe regurgitation

50 (16) due to a tear of a cusp and the deformity pro-
duced by the ruptured stent. All affected speci-
mens presented multiple fractures (mean of

33 (14) 3-6 (SD 1-6) per valve), which characteristi-
cally appeared at the base of the post arch or at
the commissural portion of the basal ring. The

12 (14) estimated actuarial probability of freedom
from stent fracture in either mitral or aortic
prostheses at nine years of follow up (70% CI)
was 66 (12)%.

NON-STRUCTURAL DYSFUNCTION

follow Thirteen instances of non-structural dysfunc-
tion (haemolysis and periprosthetic leak) were
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Figure 4 Detailed view ofa fractured stent post in an aortic Wessex bioprosthesis.

their prostheses (table 3), the indications for
reoperation being shown in table 5. Actuarial
probabilities of freedom from reoperation at
nine years (70% CI) were 51 (12)% for MVR,
50 (16)% for AVR, and 16 (19)% for MultiVR
(fig 5).

FUNCTIONAL STATUS AND VALVE RELATED
MORTALITY AND MORBIDITY
The great majority of the patients were in
NYHA (New York Heart Association) class
III or IV preoperatively (96%, 44/46 of the
MVR; 63%, 45/72 of the AVR; 87%, 28/32 of
the MultiVR). Postoperatively, all the surviv-
ing non-reoperated patients were in NYHA
class I or II except for two patients in the
MVR group and four in the AVR group, who
remained in class III. Actuarial estimates of
freedom from any valve related morbidity or
mortality at 9 years (70% CI) were 31 (10)%
for MVR, 21 (1 1)% for AVR, and 7 (9)% for
MultiVR (fig 6).

Table 5 Indications for reoperation

Group

MVR AVR MultiVR
Indication (n = 46) (n = 72) (n = 32)
Structural failure 7 5 6
Endocarditis 1 3 -

Prosthetic thrombosis 2 - 1
Periprosthetic leak/haemolysis 2 2 2

MVR, mitral valve replacement; AVR, aortic valve replacement; MultiVR, multip]
replacement.

recorded in 11 patients (table 3). Haen
appeared in one MultiVR patient, per
thetic leak in two MVR, four AVR, an
MultiVR patients, and both haemolysi
periprosthetic leak in one AVR anc
MultiVR patient. Actuarial estimates oi
dom from non-structural dysfunction a
years of follow up (70% CI) were 95 (3)
MVR, 72 (17)% for AVR, and 84 (8)
MultiVR.

REOPERATION
Thirty one patients required explantati

-MVR --- AVR ---Multi VR|

46
70

35
59

28
48
laZZ ,

1 2 3 4 5 6
Postoperative years

9 4
33 10

11 2
7 8 9

Figure 5 Freedom from reoperation. Actuarial probability at 9years'folow up. Er
bars = 70% confidence interval.

Discussion
The Wessex bioprosthesis was designed in the
early 1980s, with the aim of developing a
totally European porcine heart valve that
would take advantage of the knowledge and
technical refinements available at the time in

le valve this field of research. The device was made
available for clinical use in 1982.' During its
manufacturing process, selected porcine aortic

nolysis roots were fixed in glutaraldehyde to a final
ripros- concentration of 0-2% and with a head pres-
id two sure of 50 mm Hg, and mounted on flexible
is and plastic stents. A strip bias of glutaraldehyde
I one treated porcine parietal pericardium, with its
f free- visceral surface exposed, was applied to the
Lt nine outflow edge of the device, purportedly to
% for reduce the eventual abrasion associated to the
% for contact at this level between the leaflets and

the free edges and the frame.' The cast stent
was made out of Hostafom C2702 1, an acetyl-
copolymer not previously used in prosthetic

ion of heart valve manufacture and chosen for its in
vitro creep and mechanical fatigue resistance
properties.'

Initial in vitro studies showed a satisfactory
hydrodynamic performance, comparable to
other bioprostheses available at the time,5 and
the short term follow up studies were encour-
aging.26 However, to our knowledge no further
follow up research has been carried out on this
valve, not even by the original investigators.
Our study is thus the first attempt to deter-

51(12) mine the mid to long term clinical perfor-
50(16) mance of this bioprosthesis, and we believe

that the results obtained-despite the fact that
the series is not a large one-are significant
enough as to justify this report.
The first relevant feature in our series is an

16(19) unusually high incidence of thromboembolic
phenomena and valve thrombosis. The inci-
dence of this complication is significantly
higher than has been reported for other
porcine bioprostheses,7-"I and even higher than
the figures obtained with some modem

rror mechanical prostheses. 12-15 Also, the results
with other porcine bioprostheses in this
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1 2 3 4 5 6 7 8 9
Postoperative years

Figure 6 Freedom from any valve-related morbidity or mortality. Actuarial proba
at 9years'follow up. Error bars = 70% confidence interval.

respect are, in our experience and with a
lar patient population, better than
obtained with the Wessex device.8 1617

differences in thrombogenicity of dii
porcine bioprostheses, implanted withi
same institution and time frame to s
patient populations, seem to show th
Wessex prosthesis is the agent responsil
the increased number of thromboet
events in the present series. Further
valve thrombosis has been a rare findin,
porcine bioprostheses in our experienc
that of others, but in this group reache
dences of 1 0, 0.3, and 0 7 events pe
patient-years, for MVR, AVR, and Mu
respectively, which are on the high ra

the rates obtained with many mechanica
devices. 18

Another striking feature of our series
early appearance of structural failure
result of primary tissue degeneration
perforation, thickening, or mineralisati
the biological tissue in the absence of
tion). In the present study, the actuaria
dom from structural failure ranges i
different patient cohorts between 82/
100% at five years and between 12% an

at nine years. We and others have s

found instances of structural deteriorat
porcine bioprostheses, either mitral or

before the sixth year of follow up in adi
Also, the nine year actuarial rates of fri
from this phenomenon range in different
between 60% and 90% for MVR, be
70% and 95% for AVR,7' -"' 9 and be
50% and 70% for MultiVR.8 " Althoug
similarity in primary tissue failure risk i
(younger age, valve position, gender,
size) could be relevant when compariso
made with other researcher's results, the
tors are similar when the reference experii
our own, as with the Medtronic Hanc
porcine valve.16 The origin of this higi
dence of primary tissue failure is unc

and it could be related to the tissue m
ment, fixation process, or the valve c
The suboptimal durability of this pro
implies a significantly higher rate of re

tions, the actuarial probability of freedom
from this complication at nine years ranging,
in our experience, between 16% in the
MultiVR group and 51% in the MVR group.

Fracture of the stent in a Wessex prosthesis
was first reported by Au and Campanella in
1989.20 This is an extraordinarily rare compli-
cation of modem biological valve prostheses.
In our experience with this device, it appears
to be more than an incidental finding and we
believe it constitutes a true and relatively fre-

31(10) quent mode of structural failure of these
21(11) valves. All specimens presenting stent ruptures

were explanted for reasons other than the rup-
7 (9) ture itself. This phenomenon was unnoticed in

the pre-explantation echocardiograms and it
was made evident only when analysing in
detail the explanted specimens. The actuarial
probability of freedom from frame rupture

bility found in this study (66% at nine years of fol-
low up) probably underestimates the actual
incidence of this phenomenon since: (1) the

X simi- rupture is often subclinical and the estimation
those is based on explanted specimens, which may
These or may not represent the whole population of
fferent valve carriers; and (2) only 17 of the 40
in the explants (42 5%) were available for study,
;imilar which means that, had the whole population
at the of explanted valves be studied, a larger num-
ble for ber of broken stents may have been detected.
mbolic We conclude that the Wessex porcine bio-
rmore, prosthesis is associated with high rate of valve
g with related complications such as thromboembolic
-e and phenomena, prosthetic structural deteriora-
s inci- tion, and rupture of the stent. The Wessex
-r 100 porcine bioprosthesis is no longer available for
tltiVR, clinical use but, since there is a high morbid-
nge of ity/mortality associated with this device, we
1 valve believe that all carriers of these valves deserve a

very close follow up.
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