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Thirty-year experience with a bileaflet mechanical
valve prosthesis
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ABSTRACT

Background: The objective was to evaluate the long-term outcomes of the St
Jude Medical (Saint Paul, Minn) mechanical valve prosthesis implantation.

Methods: Since 1979, every patient receiving this prosthesis has been followed
annually.

Results: From January 1979 to December 2014, 1023 patients were accrued. Pa-
tients’ ages ranged from 18 to 85 years. Aortic valve replacement was performed
in 584 patients, and mitral valve replacement was performed in 439 patients.
Follow-up was 95% complete. Operative mortality was 3% (17/584, aortic valve
replacement) and 4% (18/439, mitral valve replacement). In patients undergoing
aortic valve replacement, late actuarial survival was 62%� 2%, 32%� 2%, and
14% � 3% at 10, 20, and 30 years, respectively. Thirty-year freedom from reop-
eration, thromboembolism, valve thrombosis, bleeding, and endocarditis was
92%� 2%, 79%� 3%, 96%� 1%, 56%� 5%, and 92%� 2%, respectively.
In patients undergoing mitral valve replacement, late actuarial survival was
64% � 3%, 28% � 3%, and 14% � 3% at 10, 20, and 30 years, respectively.
Thirty-year freedom from reoperation, thromboembolism, valve thrombosis,
bleeding, and endocarditis was 85% � 5%, 55% � 6%, 99% � 1%,
57% � 6%, and 95% � 2%, respectively. The incidence of bleeding was
2.5% and 2.0% per patient-year for aortic valve replacement and mitral valve
replacement, respectively. The incidence of thromboembolism was 1.6% and
2.9% per patient-year for aortic valve replacement and mitral valve replacement,
respectively.

Conclusions: Annual follow-up of all of our patients receiving a St Jude Medical
mechanical valves prosthesis has allowed better identification valve-related issues
and events. After 3 decades of observation with close follow-up, the St Jude Med-
ical mechanical valve continues to be a reliable prosthesis. (J Thorac Cardiovasc
Surg 2019;157:213-22)
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Valve-related mortality and mortality/morbidity for the

St Jude Medical (Saint Paul, Minn) prosthesis.
Central Message

We evaluated the long-term outcomes of pa-

tients receiving a St Jude Medical (Saint Paul,

Minn) valve prosthesis. Three decades of close

follow-up indicates that this prosthesis con-

tinues to be highly reliable.
Perspective

With current advancements in bioprosthetic

valves and percutaneous delivery platforms,

we sought to evaluate the long-term outcomes

associated with our St Jude Medical (Saint

Paul, Minn) mechanical bileaflet valve registry.

Three decades of observation with close

follow-up indicate that the St Jude Medical me-

chanical valve continues to be a reliable pros-

thesis and is still a relevant choice for valve

replacement.
See Editorial Commentary page 223.
The St Jude mechanical valve (Saint Paul, Minn) is a bi-
leaflet pyrolytic carbon valves able to be used in both
mitral and aortic positions. Its low profile promised lower
transvalvular gradients and decreased thrombotic events
and mechanical issues compared with other mechanical
valves of various design when released, which has been
supported by multiple studies.1-10 Since 1979, we have
used the St Jude mechanical valve at our institution.
Each patient receiving a St Jude valve at our institution
has been prospectively cataloged in an ongoing database.
gery c Volume 157, Number 1 213
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TABLE 1. Patient demographics

Variable AVR MVR

Total number 584 439

Age (y)

Range 18-83 18-85

Mean � SD 55 � 14 53 � 13

Sex

Male 411 (70%) 179 (41%)

Female 173 (30%) 260 (59%)

Etiology

Rheumatic 75 (13%) 176 (40%)

Native valve endocarditis 41 (7%) 31 (7%)

Degenerative/calcific 271 (46%) 119 (27%)

Bicuspid aortic valve 113 (19%) –

Other congenital 36 (6%) 7 (2%)

Ischemic – 39 (9%)

Reoperative 45 (8%) 64 (14%)

Other 3 (.5%) 3 (1%)

Lesion

Stenosis 323 (55%) 104 (24%)

Insufficiency 188 (32%) 271 (62%)

Abbreviations and Acronyms
AVR ¼ aortic valve replacement
CABG ¼ coronary artery bypass grafting
INR ¼ international normalized ratio
MVR ¼ mitral valve replacement
NYHA ¼ New York Heart Association
PVE ¼ prosthetic valve endocarditis
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This includes patients receiving a single valve, either
mitral or aortic, with or without concomitant coronary
artery bypass grafting (CABG). This does not include
patients receiving bivalve replacement. We have
previously reported on the long-term results of our patients
at 4, 10, 15, 20, and 25 years since the first inser-
tion.1,2,7,11,12 Through yearly surveys, we have been able
to keep detailed and thorough outcome records of every
patient who has received a St Jude valve at our
institution. We present our 30-year data.
Mixed 73 (13%) 64 (15%)

Valve sizes (mm)

19 88 (15%) –

21 149 (26%) 1 (.2%)

23 171 (29%) 3 (1%)

25 103 (18%) 8 (2%)

27 55 (9%) 62 (14%)

29 11 (2%) 157 (36%)

31 6 (1%) 125 (29%)

33 1 (0.2%) 83 (19%)

Associated CABG 179 (31%) 82 (19%)

Preoperative NYHA class

I 26 (4%) 14 (3%)

II 108 (18%) 36 (8%)

III 297 (51%) 215 (49%)

IV 153 (26%) 174 (40%)

Operative mortality 17 (3%) 20 (5%)

Average follow-up (y) 11 � 8 11 � 8

Lost to follow-up 36 (6%) 20 (5%)

AVR, Aortic valve replacement;MVR, mitral valve replacement; SD, standard devia-

tion; CABG, coronary artery bypass graft; NYHA, New York Heart Association.
MATERIALS AND METHODS
Between January of 1979 and December of 2014, all patients undergo-

ing valve replacement were prospectively entered into a computer data-

base. Yearly questionnaires were mailed to all patients. If the

questionnaires were not returned or the patient reported an adverse event,

telephone or personal interviews were conducted. The Social Security

Death Index was used to confirm the date of any patient who died during

the follow-up period. A total of 56 patients were lost to follow-up (36 aortic

valve replacements [AVRs], 20 mitral valve replacements [MVRs]); there-

fore, follow-upwas 95% complete, including 6174 total years for the aortic

cohort and 4735 total years for the mitral cohort. This study was approved

by the Institutional Review Board of the Medical University of South

Carolina, and individual consent was waived. Morbidity and mortality

were stringently defined according to the guidelines of the Society of

Thoracic Surgeons and the American Association for Thoracic

Surgery.13,14 Demographics are shown in Table 1.

Operative techniques were similar to those previously reported.

Throughout the study, changes in operative strategy included a tendency to-

ward retrograde perfusion later in the study, as well as sparing the subvalv-

ular apparatus in the mitral position, whenever possible, starting in 1988.

Valves were placed with everting sutures through the annulus, allowing

for an intra-annular position of the valve. Sizes for the 2 groups ranged

from 19 mm to 33 mm. A silver impregnated ring was used during 1999,

but the ring was discontinued at our institution because of increased para-

prosthetic leak rates.

With regard to anticoagulation, 5000 units of subcutaneous heparin

was started on the first postoperative day and was continued until the

prothrombin time or, more recently, the international normalized ratio

(INR) was regulated with the administration of warfarin sodium. If

the INR was not therapeutic by postoperative day 5, patients would

be bridged with a heparin drip until they became therapeutic on oral

anticoagulation. Early in our experience, the INR was maintained at

2.5 to 3.5. More recently, we have recommended an INR of 2 for pa-

tients who have undergone AVR and 2.0 to 2.5 for MVR; however,

Coumadin dosing and INR level were managed by the patient’s pri-

mary care physician or cardiologist, not the surgeon. Patients were

not discharged until their INR was therapeutic. Unless a CABG was
214 The Journal of Thoracic and Cardiovascular Surg
performed concurrent with our valve therapy, we did not routinely pre-

scribe antiplatelet therapy upon discharge.

Statistical Analysis
Continuous variables are reported as mean� 1 standard deviation, and

categoric variables are represented as percentages. Actuarial curves were

constructed to describe mortality, and the incidence of valve-related com-

plications using the Kaplan–Meier technique are reported with the stan-

dard error of the mean.15-17 Because actuarial analysis is known to

overestimate the incidence of nonfatal end points, cumulative incidence

curves were constructed for both the AVR and MVR groups for the end

points of reoperation, endocarditis, thromboembolic events, and
ery c January 2019
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FIGURE 1. Actuarial survival after AVR and MVR. AVR, Aortic valve replacement; MVR, mitral valve replacement.
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anticoagulation-related hemorrhage.18 Linearized rates, used to describe

multiple events, were reported as %/patient year. Independent factors

associated with operative and late death were identified using logistic

regression19 and Cox proportional hazards regression model,20 respec-

tively. Variables used for both the AVR and MVR groups are summarized

in the Appendix. Effective orifice areas used for analysis were provided

by St Jude Medical, Inc.

RESULTS
The total number of patients surveyed was 1023, from

January 1979 to December 2014. Ages ranged from 18 to
85 years. Ninety-five percent of the patients had complete
follow-up. Male patients represented 70% (411/584) of
the aortic valve recipients and 41% (179/439) of the mitral
valve recipients. Seventy-seven percent (450/584) of the
aortic valve recipients and 89% (389/439) of the mitral
valve recipients were in New York Heart Association
(NYHA) class III or IV. Nineteen- and 21-mm valves ac-
counted for 41% (238/584) of aortic implants. Concomitant
coronary artery bypass was carried out in 31% (179/584) of
aortic valve recipients and 19% (82/439) of mitral valve re-
cipients (Table 1).

Survival
Operative mortality was 3% (17/584) in the aortic valve

recipients. Logistic regression analysis showed that
concomitant CABG of 3 or more vessels (P ¼ .019), size
19 valve (P ¼ .029), and NYHA Class IV (P ¼ .038)
were independent predictors of operative death in the
The Journal of Thoracic and Ca
AVR cohort, and native valve endocarditis approached sig-
nificance (P ¼ .054).
Among aortic valve recipients, late actuarial survival was

82% � 2%, 62% � 2%, 45% � 2%, 32% � 2%,
22% � 3%, and 14% � 3% at 5, 10, 15, 20, 25, and
30 years, respectively (Figure 1). Cox Regression analysis
identified older age at operation (P<.0005), concomitant
CABG (P< .0005), and preoperative NYHA Class III or
IV (P¼ .003) as independent predictors of late death. Effec-
tive orifice area index less than 0.8 approached significance
(P ¼ .055, Tables 2 and 3)
The mitral valve cohort experienced operative mortality

of 5% (20/439). Increased age at operation (P ¼ .012)
and NYHA Class IV (P ¼ .004) were identified as predic-
tors of operative death.
In the MVR cohort, late actuarial survival was

84% � 2%, 64% � 3%, 44% � 3%, 28% � 3%,
19% � 3%, and 14% � 3% at 5, 10, 15, 20, 25, and
30 years, respectively (Figure 1). Older age (P< .0005),
ischemic etiology (P ¼ .011), and preoperative NYHA
Class IV (P ¼ .014) were found to be predictors for late
death (Tables 2 and 3).
Reoperation
Reoperation occurred in 34 patients in the AVR group

and 24 patients in the MVR group. Reasons for reoperation
in the AVR group were prosthetic valve endocarditis (PVE)
rdiovascular Surgery c Volume 157, Number 1 215



TABLE 2. Univariate associations with operative and late death

Variable P value

Operative death

AVR

Valve size 19 .008

Preoperative NYHA class IV .021

CABG �3 vessels .066

Native valve endocarditis .110

MVR

Preoperative NYHA class IV .002

Older age .004

CABG �3 vessels .009

Lesion MR .182

Late death

AVR

Older age <.0005

Lesion AS <.0005

Associated CABG <.0005

Preoperative NYHA class III/IV <.0005

Decreased EOAI <.0005

Valve size 19 .027

MVR

Older age <.0005

Associated CABG <.0005

Ischemic etiology <.0005

Lesion MR .024

Preoperative NYHA class IV .027

AVR, Aortic valve replacement;NYHA, newYork Heart Association;CABG, coronary

artery bypass graft; MVR, mitral valve replacement; MR, mitral regurgitation; AS,

aortic stenosis; EOAI, estimated orifice area index.

TABLE 3. Multivariable associations with operative and late death

P value OR 95% confidence limit

Operative death

AVR

CABG �3 vessels .019 4.4 1.27-15.41

Size 19 valve .003 4.8 1.68-13.75

Preoperative NYHA

Class IV

.038 2.9 1.06-7.94

Endocarditis .054 4.0 0.98-16.16

Older age .012 1.06 1.01-1.10

Preoperative NYHA

Class IV

.004 4.68 1.66-13.22

Late death

AVR

Older age <.0005 1.04 1.03-1.05

Associated CABG <.0005 1.67 1.32-2.10

Preoperative NYHA

III/IV

.003 1.52 1.16-1.99

EOAI<0.8 .055 1.26 0.99-1.60

MVR

Older age <.0005 1.04 1.03-1.05

Ischemic etiology .011 1.65 1.12-2.43

Preoperative NYHA IV .014 1.37 1.07-1.76

AVR, Aortic valve replacement; CABG, coronary artery bypass graft; NYHA, New

York Heart Association; EOAI, estimated orifice area index; MVR, mitral valve

replacement.
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D
U
L
T

in 19 patients (3 fatal), perivalvar dehiscence in 6 patients,
and other causes in 9 patients (1 fatal). Indications for reop-
eration in the MVR group were PVE in 10 patients, perival-
var dehiscence in 11 patients, and other reasons in 3 patients
(1 fatal). There was no incidence of structural valve deteri-
oration observed in either group. In the AVR group, 30-year
actuarial freedom from reoperation was 92%� 2% and cu-
mulative 30-year freedom from reoperation was
94% � 1%. In the MVR group, the 30-year actuarial
freedom from reoperation was 85%� 5%, and cumulative
30-year freedom from reoperation was 93% � 1%. The
AVR incidence rate for reoperation was 0.6%/patient-
year. The MVR incidence rate for reoperation was 0.5%/
patient-year (Figure 2).

Thromboembolism
In the AVR group, thromboembolism occurred in 80 pa-

tients (103 events). Fifty-six were defined as strokes (14
fatal). Twenty-nine were defined as transient ischemic at-
tacks. There were 5 peripheral embolic events (2 fatal)
and 13 incidents (4 fatal) of valve thrombosis. This results
in an incident rate of 1.7%/patient-year. In the MVR group,
thromboembolism occurred in 95 patients (135 events).
Seventy-three were defined as strokes (14 fatal). Fifty-two
216 The Journal of Thoracic and Cardiovascular Surg
were defined as transient ischemic attacks. There were 6 pe-
ripheral embolic events and 4 incidents of valve thrombosis.
This results in an incident rate of 2.9%/patient-year.
Kaplan–Meier 30-year freedom from thromboembolism
was 79% � 3% in the AVR group and 56% � 6% in the
MVR group. Cumulative 30-year freedom from thrombo-
embolism was 85% � 2% in the AVR group and
73% � 3% in the MVR group (Figure 3).

Valve Thrombosis
In the AVR group, valve thrombosis occurred in 13 pa-

tients (13 events). In the MVR group, valve thrombosis
occurred in 4 patients (4 events). Kaplan–Meier 30-year
freedom from thromboembolism was 76% � 3% in the
AVR group and 54%� 6% in the MVR group. Cumulative
30-year freedom from thromboembolism was 83% � 2%
in the AVR group and 73% � 3% in the MVR group
(Figure 4).

Bleeding
In the AVR group, there were 149 events (126 patients) of

bleeding requiring hospitalization or transfusion. There
were 75 (1 fatal) incidents of gastrointestinal bleeding, 39
(29 fatal) of cerebral bleeding, 4 (2 fatal) of cardiac tampo-
nade, 12 of internal bleeding, 9 of epistaxis, 5 of hematoma,
2 of hematuria, 2 of retinal bleeding, and 1 of vaginal
bleeding. This results in an incident rate of 2.4%/patient-
year. In the MVR group, there were 95 events (78 patients)
ery c January 2019
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FIGURE 2. Actuarial and ‘‘actual’’ freedom from reoperation after AVR and MVR. AVR, Aortic valve replacement; MVR, mitral valve replacement.
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of bleeding requiring hospitalization or transfusion. There
were 49 (4 fatal) incidents of gastrointestinal bleeding, 21
(14 fatal) of cerebral bleeding, 4 (1 fatal) of cardiac tampo-
nade, 9 (1 fatal) of internal bleeding, 3 of epistaxis, 3 of he-
matoma, 1 of hematuria, 2 of retinal bleeding, and 3 of
vaginal bleeding. This results in an incident rate of 2.0%/
patient-year.

Actuarial freedom from bleeding in the AVR group at
30 years was 56%� 5%. Actuarial freedom from bleeding
in the MVR group at 30 years was 57%� 6%. Cumulative
freedom from bleeding was 72% � 2% in the AVR group
and 76% � 2% in the MVR group. The incidence rate was
2.4%/patient-year in the AVR group and 2.0%/patient-year
for the MVR group (Figure 5).
Endocarditis
A total of 30 (7 fatal) patients in the AVR group and 13 (2

fatal) patients in the MVR group experienced PVE. This re-
sults in an incident rate of 0.5%/patient-year in the AVR
group and 0.3%/patient-year in the MVR group. Actuarial
freedom from PVE at 30 years was 92% � 2% in the AVR
group and 95% � 2% in the MVR group. Cumulative
freedom from PVE at 30 years was 94% � 2% for the
AVR group and 97% � 1% for the MVR group (Figure 6).
Valve-Related Mortality
A total of 63 patients in the AVR group had a valve-

related mortality. Causes of mortality include embolism
The Journal of Thoracic and Ca
(14), valve thrombosis (4), bleeding (32), endocarditis (7),
reoperative death (4), death at a subsequent catheterization
(1), and peripheral emboli (2). A total of 37 patients in the
MVR group had a valve-related mortality. Causes of mortal-
ity included embolism (14), bleeding (20), endocarditis (2),
and reoperative death (1). Kaplan–Meier analysis shows 30-
year freedom from valve-related mortality to be 76%� 4%
in the AVR group and 79% � 5% in the MVR group
(Figure 6). The cause of death was unknown for 61 of the
patients who underwent AVR and 50 of the patients who un-
derwent MVR.
Valve-Related Morbidity and Mortality
A total of 226 patients experienced valve-related

morbidity and mortality in the AVR group. A total of 181
patients experienced valve-related morbidity and mortality
in the MVR group. Kaplan–Meier analysis shows 30-year
freedom from valve-related morbidity and mortality to be
29% � 6% in the AVR group and 27% � 4% in the
MVR group (Figure 7).
DISCUSSION
The St Jude bioprosthetic valve was introduced in 1977

as an alternative to tilting disk and caged ball valve pros-
thesis. It was approved by the Food and Drug Administra-
tion in 1982 for public use. Both in vitro and in vivo
studies demonstrate low gradients across the valve in both
catheterization and echocardiographic evaluations,15,16
rdiovascular Surgery c Volume 157, Number 1 217
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which were the main reasons we chose to use this valve
early in its investigative period. Through multiple studies,
we continue to observe the excellent durability of the
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St Jude mechanical prosthesis.1,2,7-11 In addition to
durability, we continue to report low incidences of
thromboembolism. We hope that annual prospective
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follow-up of all patients in our cohort allows for more accu-
rate reporting because of a shorter recall time for our pa-
tients as it relates to different events.
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As we have reported before, our operative mortality (3%
and 5% for AVR and MVR, respectively) is comparable to
other long-term studies on prostheses.8-10,17-20 In this series,
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unlike previous series, we do not see effective orifice area
index as a predictor of operative death in patients
undergoing AVR.1,2,7,11,12 However, it did approach
significance as a predictor of late death. In addition, we
continue to see a large discrepancy between overall
mortality and valve-related mortality. We believe this
once again shows that mortality is more closely related to
patient characteristics and not to valve-specific issues or
concerns.

Thromboembolism and bleeding continue to be the ma-
jor concern with respect to mechanical prosthetic valves.
We found linearized rates of thromboembolism and
bleeding in the AVR group to be 1.7%/patient year and
2.4%/patient year, respectively. In the mitral group, these
rates were 2.9%/patient year and 2.0%/patient year,
respectively. When compared with our previous reports,
these linearized rates continue to decrease.1,2,7,11,12 Also
of note, 40% of these thromboembolic events can be
categorized as minor events. On the basis of these results,
we have continued to recommend target INRs of 2 for
AVR and 2 to 2.5 for MVR. This has been recommended
by other groups as well21-23; however, these
recommendations are less than the 2014 American
College of Cardiology guidelines for both AVR and
MVR.24 Some authors even argue for lower INR goals for
certain patients undergoing AVR.25

The incidence of PVE continues to be low. Endocarditis
accounted for 9% of our valve-related mortality deaths. As
220 The Journal of Thoracic and Cardiovascular Surg
previously reported, the majority of these cases of endocar-
ditis occurred early in the study and have been low in num-
ber since.1,2,7,11,12 Currently, linearized rates of PVE are
0.5%/patient-year and 0.6%/patient-year for AVR and
MVR, respectively.

Mechanical valve insertion continues to decrease over
time. From 2005 to 2014, mechanical valves account for
12% of our overall valve replacement at our institution.
This compares with 1980 to 1989, when mechanical
valves accounted for 61% of our overall valve replace-
ment. Others have also reported a similar trend.26,27 This
is most likely multifactorial, secondary to younger
patients choosing tissue valves because of increased
durability in new models, better postoperative care, no
need for lifelong anticoagulation, and the possibility of
future valve-in-valve procedures with transcatheter aortic
valve replacements continuing to have a larger footprint
in valve disease. That being said, we believe there con-
tinues to be a need for MVR. We must continue to weigh
the risks of bleeding mortality with reoperation mortality
to best serve our patients. Our current guidelines recom-
mend considering mechanical valves before ages 60 to
65 years because of their durability.24 However, this is
based on a life expectancy of approximately 80 years,
which continues to increase with each generation. As we
have seen in our cohort, the St Jude mechanical valve con-
tinues to be highly durable and reliable, with a low reop-
eration rate. In addition, as we continue to learn more
ery c January 2019
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about novel anticoagulation, we will hopefully move away
from continuous laboratory monitoring toward single-
dose, easily reversible anticoagulation. Home monitoring
continues to be developed. As this becomes a real option,
this will also make monitoring anticoagulation easier and
more reliable. Finally, new valves are continuing to be
developed that require lower anticoagulation goals.28,29

With these developments, mechanical valve insertion
continues to be a safe, viable option for select patients.
Study Limitations
Our study does have some limitations. Because the data

reported are generated from a yearly questionnaire and pa-
tients are not followed in our clinic, we are limited by the
information in our dataset that is provided by the patients
themselves. Although we recommend certain INR goals
for patients, their home cardiologist or family medicine
doctor may alter their goal as they see fit, affecting our re-
sults. Despite our close follow-up, there were some pa-
tients for whom we were unable to elucidate the cause of
death. If patients were noted to die suddenly, they were
counted as a valve-related mortality; however, for some
patients, death certificates could not be obtained, leaving
the involvement of their valve in their death unknown.
Finally, because of the nature of our follow-up, the circum-
stances of some of the adverse events were unable to be
adequately elucidated. With that stated, we believe our
close yearly follow-up, including phone follow-up for
any reported adverse events, minimized our limitations
within reason.
CONCLUSIONS
The St Jude mechanical valve remains highly reliable.

We observed no structural failures in more than 30 years
of follow-up, and reoperation was rare. We have found mor-
tality is more often due to age, cardiac function, and coro-
nary artery disease as opposed to valve-related factors.
Because of these attributes, the St Jude Medical mechanical
valve remains our mechanical valve of choice.
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