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Objectives: To compare the probability, and modes, of explantation for Carpentier-Edwards pericardial versus
porcine valves.

Methods: Our porcine series began in 1974 and our pericardial series in 1991, with annual prospective follow-
up. We used the Kaplan-Meier method and Cox regression for estimation and analysis of patient mortality, and
the cumulative incidence function and competing risks regression for estimation and analysis of valve durability.

Results: Through the end of 2010, we had implanted 506 porcine and 2449 pericardial aortic valves and 181 por-
cine and 163 pericardial mitral valves. The corresponding total andmaximum follow-up years were 3471 and 24,
11,517 and 18, 864 and 22, and 645 and 9. The corresponding probabilities (cumulative incidence function) of
any valve explant were 7%, 8%, 22%, and 8%, and of explant for structural valve deterioration were 4%, 5%,
16%, and 5% at 15 years for the first 3 series and at 8 years for the fourth (pericardial mitral valve) series. Using
competing risks regression for structural valve deterioration explant, with age, gender, valve size, and concom-
itant coronary bypass surgery as covariates, a slight (subhazard ratio, 0.79), but nonsignificant, protective effect
was found for the pericardial valve in the aortic position and a greater (subhazard ratio, 0.31) and almost signif-
icant (P ¼ .08) protective effect of the pericardial valve in the mitral position. Leaflet tear was responsible for
61% of the structural valve deterioration explants in the porcine series and 46% in the pericardial series.

Conclusions: Using competing risks regression, the pericardial valve had a subhazard ratio for structural valve
deterioration explant of less than 1 in both positions, approaching statistical significance in the mitral position.
The mode of structural valve deterioration was predominantly leaflet tear for porcine valves and fibrosis/
calcification for pericardial valves. (J Thorac Cardiovasc Surg 2012;144:1381-6)

We began using Carpentier-Edwards (CE) porcine valves in
1974 and then migrated to the CE pericardial valves when
they became available (aortic in 1991 and mitral in 2000).
Surgeon preference for the pericardial valves was deter-
mined from tests performed by Edwards Laboratories and
Professor Carpentier, revealing greater in vitro durability
of pericardium. In 2003, we compared our experience
with CE aortic valve replacement (AVR) in 518 porcine
valves implanted from 1974 to 1996 and 1021 pericardial
valves implanted from 1991 to 2002, with a maximum
follow-up of 18 and 10 years, respectively.1

We found that the 10-year Kaplan-Meier freedom from
explantation was lower for porcine than for pericardial

valves (90% vs 97%, P ¼ .04), and concluded that, ‘‘The
current CE pericardial valve offers better midterm durabil-
ity than the traditional CE porcine valve. Its freedom from
SVD [structural valve deterioration] and reoperation makes
it our current bioprosthesis of choice for AVR in appropri-
ately selected patients.’’1

Dr Stuart Jamieson commented on our study, ‘‘Perhaps
the most valuable conclusion from this study, and others
similar to it, is that the durability of a tissue valve, in partic-
ular the durability of pericardial valves in the aortic position,
is better than 90% at 10 years. However, the 10-year test is
relatively easy to pass. Relative freedom from structural de-
terioration at 20 years will be the important milestone.’’2

We now have 8 years’ additional follow-up. Although we
have not yet achieved a 20-year estimate, we now have
a fairly precise durability comparison for AVR at 15 years.
In addition, we now also report on mitral valve replacement
(MVR). Although we have far fewer MVRs, the mitral po-
sition is known to have a greater risk of structural valve de-
terioration (SVD) and, thus, similar to an accelerated
fatigue tester, might provide a magnified comparison of
any differences in durability.

MATERIALS AND METHODS
Clinical Material

Through the end of 2010, we had performed 506 CE porcine and 2449

CE pericardial isolated AVRs and 181 CE porcine and 163 CE pericardial
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isolated MVRs. By ‘‘isolated,’’ we mean no concomitant or previous valve

replacement or repair procedures performed in another position. Concom-

itant coronary artery bypass grafting (CABG) was not an exclusion crite-

rion. The implant techniques were standardized for the entire series, with

the same aortic incision, myocardial protection, and the same surgical

group. There was an informative pattern to the distribution of patient age

over time (Figure 1). A gradual increase occurred in the mean age with

the porcine valve, as late SVD became known to be related to a younger

age. Then, a gradual revisiting of younger patient ages occurred as addi-

tional experience with the pericardial valve was gained—and with it, the

perception of improved durability.

Because our primary interest was in the long-term durability, we re-

stricted the subsequent analysis to operative survivors only, with 469 CE

porcine and 2356 CE pericardial isolated AVRs and 158 CE porcine and

154 CE pericardial isolated MVRs (Table 1). Since 1960, we have prospec-

tively interviewed all heart valve replacement patients at least annually for

their entire life. At the end of 2010, the maximum follow-up for these 4 pa-

tient series ranged from 9 to 24 years (Table 1). We considered valve pa-

tients lost to follow-up if they were not known to be dead or to have had

the valve explanted and had not responded to interview attempts for 2 years.

Because the present project involved only the study of existing records

and used only de-identified data, it qualified for exemption from institu-

tional reviewboard approval, according toExemption 45CFR46.101(b)(4).

Statistical Analysis
For the analysis of mortality, we use the Kaplan-Meier (KM) method3

and Cox regression analysis.4 For the analysis of valve explantation, we

used the cumulative incidence function (CIF), the appropriate method to

describe events with competing risks (death was considered a competing

risk, because it precludes the possibility of a future explant). The CIF esti-

mates the probability of a valve actually requiring explantation—before the

patient dies. Analogous to the use of Cox regression for multivariate anal-

ysis of risk factors for death, competing risks regression (CRR) was used

for the analysis of explantation. Instead of computing hazard ratios, such

as would occur with Cox regression analysis, CRR computes subhazard

ratios (SHRs), because the CIF is a subdistribution and not a complete dis-

tribution. This is because the probability of valve explant will not achieve

100%, as will the probability of patient death. The statistical packages used

in this analysis included R (R Foundation for Statistical Computing,

Vienna, Austria) and Stata (StataCorp, College Station, Tex): all figures

were produced using R, including the local regression (LOESS) nonpara-

metric regression curves. See the Appendix for a discussion of the compet-

ing risks and software options for computing CIF and CRR.

RESULTS
Patient Mortality

Unadjusted late mortality was lower for pericardial than
for porcine valves, in both AVR and MVR, although the

numeric differences were not great: 81% versus 88% at
15 years for AVR (P¼ .02) and 50% versus 57% at 8 years
forMVR (P¼ .04). Separate Cox regression analyses of late
survival for AVRandMVR—using valve type, patient age at
implantation, gender, CABG, and valve size (Table 2)—
showed the pericardial valve to be protective (hazard
ratio<1) for mortality, significantly for MVR (P ¼ .003)
but not quite for AVR (P ¼ .054).

Valve Explantation
Our main interests in the present study were the end-

points of overall explantation and explantation for SVD.
All explants. For each position, the porcine valve had
a greater probability (CIF) of overall explantation than the
pericardial valve at 10 years (Figure 2). However, the prob-
abilities of valve explantation by 15 years were similar in
the aortic position. The CIF probability of explantation by
15 years after porcine and pericardial AVR was 7% �
1.3% (standard error [SE]) and 8% � 1.2% (Figure 2), re-
spectively (P ¼ .12, using univariate CRR). The probabili-
ties of explantation were 22% � 3.7% by 15 years for
porcine MVR and 8% � 3.8% by 8 years for pericardial
MVR (P ¼ .03, using univariate CRR).
Explants for SVD. The CIF probability of explantation for
SVD by 15 years after porcine and pericardial AVRwas 4%
� 1.0% (SE) and 5% � 0.9% (Figure 3), respectively

FIGURE 1. Scatter plot of patient age during implant year, with local re-

gression (LOESS; locally weighted scatterplot smoothing) nonparametric

regression curves fit to the individual points. AVR, Aortic valve replace-

ment; MVR, mitral valve replacement.

Abbreviations and Acronyms
AVR ¼ aortic valve replacement
CABG ¼ coronary artery bypass grafting
CE ¼ Carpentier-Edwards
CIF ¼ cumulative incidence function
CRR ¼ competing risks regression
KM ¼ Kaplan-Meier
MVR ¼ mitral valve replacement
SHR ¼ subhazard ratio
SVD ¼ structural valve deterioration
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