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Background: While the use of bioprosthetic valves for mitral valve replacement (MVR) is 
increasing, very few studies have compared bovine pericardial and porcine valves in the 
mitral position to help guide bioprosthetic selection.
Methods: In the present study, patients who underwent MVR using bovine pericardi-
al valves were compared with those who underwent MVR with porcine bioprostheses 
between January 1996 and July 2018. Those with prior MVR, infective endocarditis, con-
genital mitral valve disease, or ischemic mitral regurgitation were excluded. The primary 
outcomes were structural valve deterioration (SVD) and mitral valve reoperation from any 
cause, and death was regarded as a competing risk. Competing risk analysis and propensi-
ty score-matching were used for comparisons.
Results: Among the 388 patients enrolled, pericardial and porcine bioprostheses were 
implanted in 217 (55.9%) and 171 (44.1%), respectively. Propensity score-matching yield-
ed 122 pairs of patients that were well-balanced for all baseline covariates. No significant 
differences were observed between the groups in unadjusted (p=0.09) and adjusted 
overall survival (hazard ratio [HR], 1.13; 95% confidence interval [CI], 0.72–1.76; p=0.60). 
Competing risk analysis revealed no significant differences in the risks of mitral reoperation 
(HR, 1.07; 95% CI, 0.50–2.27; p=0.86) and development of SVD (HR, 1.57; 95% CI, 0.56–4.36; 
p=0.39) between the groups. Matched population analysis confirmed similar results re-
garding reoperation (HR, 0.99; 95% CI, 0.40–3.22; p=0.98) and SVD (HR, 1.39; 95% CI, 0.41–
4.73; p=0.60).
Conclusion: No significant differences in survival or valve durability were observed be-
tween bovine pericardial and porcine bioprosthetic MVR. These findings require further 
validation through studies with larger sample sizes.
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Introduction

Bioprosthetic valves have become a standard choice for 
mitral valve replacement (MVR) in elderly patients with 
limited life expectancy, as they do not require the recipi-
ents to take lifelong anticoagulation medication. A recent 
large-scale study of registry data showed that patients aged 
50 to 69 years who received bioprosthetic MVR had com-
parable overall survival at 15 years to those who received a 
mechanical prosthesis [1]. Although the latest American 
College of Cardiology/American Heart Association guide-

lines recommend mechanical valve MVR for patients un-
der 65 years of age who have no contraindication to antico-
agulation, the rapid expansion of transcatheter technologies 
has permitted bioprosthetic surgical valve replacement in 
younger patients with an expectation of future valve-in-
valve procedures instead of open surgical reintervention [2]. 
Given these circumstances, bioprosthetic valves are expect-
ed to become more frequently preferred for MVR, mirror-
ing the trend for the aortic valve position.

Valve durability is the main concern with bioprosthetic 
valves, and the development of structural valve deteriora-
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tion (SVD) is known to be strongly associated with out-
comes [3]. Very limited evidence, however, exists directly 
comparing the durability of the most frequently implanted 
bioprosthetics in the mitral position: bovine pericardial 
tissue and porcine xenograft valves. Surgeons therefore 
have relied on results derived from the data on aortic valve 
replacement when selecting the type of bioprosthesis in 
cases of MVR. Thus, comparative studies of bovine peri-
cardial and porcine valves in the mitral position are need-
ed, and the data derived from such studies will be clinical-
ly informative and can help guide bioprosthetic valve 
selection in MVR. In the present study, we sought to com-
pare the long-term performance of bovine pericardial and 
porcine bioprostheses for surgical MVR using a reasonable 
sample size and rigorous statistical adjustments.

Methods

This study was reviewed and approved by the institu-
tional ethics committee/review board of Asan Medical 
Center (IRB approval no., 2019-0229), which waived the 
requirement for informed patient consent because of the 
retrospective nature of the study.

Study population

In this study, we reviewed adult (aged 18 years or older) 
patients who received MVR using biologic prostheses with 
either bovine pericardial or porcine xenograft valves be-
tween January 1996 and December 2018 at Asan Medical 
Center. We excluded those who received concomitant tho-
racic aortic replacement and those with a history of previ-
ous cardiac surgery, infective endocarditis, congenital mi-
tral valve defects, or ischemic mitral regurgitation associated 
with myocardial infarction. To ensure a large sample size 
and improve the statistical power, we included patients 
who underwent MVR with or without concomitant aortic 
valve replacement, tricuspid valve surgery, ablation of atrial 
fibrillation, or coronary artery bypass surgery.

Outcomes

The primary outcomes of interest were cumulative inci-
dence of mitral valve reoperation from any cause and de-
velopment of SVD. Death was regarded as a competing risk 
against the primary outcomes. Patient mortality status was 
obtained from the National Health Insurance Service, 
which reflects the status on a real-time basis.

Surgical procedure

Each MVR procedure was performed through a longitu-
dinal right-sided left atriotomy with either a median ster-
notomy or a right mini-thoracotomy approach. The valve 
type, either a bovine pericardial valve or a porcine biopros-
thesis, was selected based on the surgeon’s preference. The 
subvalvular apparatus was preserved whenever possible, 
and the prosthesis was implanted with horizontal mattress 
pledget-buttressed sutures.

Statistical analysis

Categorical variables, presented as frequencies and per-
centages, were compared using the chi-square test or the 
Fisher exact test. Continuous variables were expressed as 
mean±standard deviation or median with range as appro-
priate. To reduce the impacts of treatment selection bias 
and potential confounders in the comparisons of outcomes 
between the bovine pericardial and porcine groups, we ad-
justed for the differences in baseline variables with propen-
sity scores (PSs). The PSs were estimated using a logistic 
regression model incorporating all baseline variables listed 
in Table 1. PS-matched pairs were created by matching be-
tween the sequential and the individual groups on the logit 
of the PS using calipers of width ≤0.20 of the standard de-
viation of the logit of the PS. The balance of baseline co-
variates in the matched cohort was assessed using stan-
dardized mean differences; standardized differences of 
10% or lower were regarded as indicating well-balanced 
matching, and standardized differences of 20% or lower 
were regarded as indicating acceptable balance [4].

Kaplan-Meier analyses were used to assess the condition-
al probability of overall death, and log-rank tests were used 
to compare inter-group differences. In the matched popula-
tion, logistic regression and Cox proportional hazards regres-
sion were used to compare 30-day mortality and long-term 
mortality, respectively, between groups. The proportional 
hazards assumption in the Cox model was assessed using 
Schoenfeld residuals. The cumulative incidence of reopera-
tion and the development of SVD after the index MVR were 
compared between valve types, with death as a competing risk. 
Subdistribution hazards in the matched populations were 
estimated using the method detailed by Fine and Gray [5].

All reported p-values were 2-sided, and p-values of <0.05 
were considered to indicate statistical significance. R soft-
ware ver. 3.4.0 (The R Foundation for Statistical Comput-
ing, Vienna, Austria; http://www.R-project.org/) was used 
for the statistical analysis.
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Results

Patients

A total of 2,431 adult patients who received surgical 
MVR between January 1996 and December 2018 were 
identified in the cardiac surgical database of Asan Medical 
Center, Seoul, Korea, in which all patients who received 
cardiac surgery were prospectively registered. After apply-
ing the exclusion criteria, among 561 patients with biopros-
thetic valves, data from 388 patients (age, 68.6±10.4 years; 
257 women) who underwent MVR using bovine pericardi-
al (n=217) or porcine xenograft (n=171) valves were ana-
lyzed (Fig. 1).

The baseline and surgical profiles of the patients are 
shown in Table 1 (left columns). The baseline characteris-
tics of the 2 groups of patients were statistically similar for 

Table 1. Baseline characteristics and surgical profiles of patients

Characteristic

Overall cohort (unadjusted) Propensity score-matching cohort

Bovine 
(n=217)

Porcine 
(n=171)

p-value
Bovine 
(n=122)

Porcine 
(n=122)

p-value
SMD 
(%)

Age (yr) 68.8±9.9 68.4±11.0 0.71 68.3±10.5 68.2±11.2 0.93 1.1
Female sex 145 (66.8) 112 (65.5) 0.86 80 (65.6) 79 (64.8) 1.00 1.7
Body mass index (kg/m2) 21.9±3.4 22.3±3.1 0.21 22.3±2.8 22.0±2.93 0.57 7.2
Comorbidities
   Hypertension 74 (34.1) 65 (38.0) 0.49 44 (36.1) 45 (36.9) 1.00 1.7
   Diabetes mellitus 40 (18.4) 36 (21.1) 0.60 21 (17.2) 25 (20.5) 0.62 8.4
   Hemoglobin (mg/dL) 12.1±1.84 12.4±1.69 0.04 12.2±1.78 12.2±1.63 0.94 1.0
   Creatinine (mg/dL) 1.05±0.67 1.01±0.56 0.57 1.05±0.56 1.02±0.63 0.73 4.4
   eGFR (mL/min/1.73 m2) 67.9±22.4 69.0±18.9 0.57 67.1±20.7 69.8±19.5 0.29 13.0
   End-stage renal disease 3 (1.4) 2 (1.2) 0.99 2 (1.6) 2 (1.6) 1.00 <0.1
   Chronic lung disease 7 (3.2) 6 (3.5) 0.99 3 (2.5) 3 (2.5) 1.00 <0.1
   History of cerebrovascular accident 15 (6.9) 22 (12.9) 0.071 8 (6.6) 9 (7.4) 1.00 3.2
   History of coronary artery disease 6 (2.8) 4 (2.3) 0.99 4 (3.3) 3 (2.5) 1.00 4.9
   Peripheral vascular disease 12 (5.5) 12 (7.0) 0.69 5 (4.1) 8 (6.6) 0.56 11.0
   Atrial fibrillation 104 (47.9) 90 (52.6) 0.41 61 (50.0) 64 (52.5) 0.79 4.9
Echocardiographic data
   LV ejection fraction (%) 56.7±9.7 56.4±10.4 0.81 56.0±10.3 56.3±10.5 0.79 4.5
   LV end-systolic dimension (mm) 35.9±7.9 35.6±9.2 0.74 36.2±8.2 35.6±9.4 0.61 6.6
   LV end-diastolic dimension (mm) 53.7±8.9 53.2±9.3 0.59 53.9±9.3 53.4±9.6 0.68 5.3
   Left atrium diameter (mm) 56.0±11.3 56.7±10.9 0.51 56.4±11.7 56.8±11.2 0.78 3.5
   Peak TR pressure gradient (mm Hg) 40.2±15.7 40.9±15.8 0.64 41.0±15.5 40.8±15.9 0.9 1.6
   TR ≥grade 3 34 (44.8) 61 (46.9) 0.762 44 (36.1) 53 (43.4) 0.22 18.0
Concomitant surgical procedure
   Aortic valve replacement 79 (36.4) 41 (24.0) 0.012 36(29.5) 34 (27.9) 0.887 3.6
   Coronary arterial bypass grafting 30 (13.8) 20 (11.7) 0.63 19 (15.6) 18 (14.8) 1 2.3
   Maze procedure 87 (40.1) 88 (51.5) 0.033 55 (45.1) 58 (47.5) 0.79 4.9
   Tricuspid valve replacement 9 (4.1) 2 (1.2) 0.14 3 (2.5) 1 (0.8) 0.61 1.3
   Tricuspid valve repair 93 (42.9) 85 (49.7) 0.21 53 (43.4) 64 (52.5) 0.2 18.1

Values are presented as mean±standard deviation or number (%).
SMD, standardized mean difference; eGFR, estimated glomerular filtration rate; LV, left ventricular; TR, tricuspid regurgitation.

173 Excluded
- Prior MVR (n=61)
- Infective endocarditis (n=57)
- Congenital mitral disease (n=2)
- Ischemic MR (n=33)
- Concomitant thoracic aorta

replacement (n=10)

2,431 Patients received MVR between
January 1996 and December 2018

561 Patients with bioprosthetic valve

388 Patients after exclusion

217 Patients with
bovine-pericardial

171 Patients with
porcine xenograft

Fig. 1. Patient selection flowchart. MVR, mitral valve replacement; 
MR, mitral regurgitation.
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almost all variables. Concomitant aortic valve replace-
ments were more frequently performed in the bovine peri-
cardial group than in the porcine group (p=0.012), while 
concomitant maze procedures were more frequently per-
formed in the porcine group (p=0.033). All of the bovine 
pericardial prosthetics implanted were Edwards Lifescienc-
es (Edwards Lifesciences Inc., Irvine, CA, USA), Perimount 
(Edwards Lifesciences Inc.), or Magna Mitral Ease (Ed-
wards Lifesciences Inc.) pericardial valves. The most fre-
quently implanted porcine valve was the Medtronic Han-
cock II valve (Medtronic Inc., Minneapolis, MN, USA) 
(Table 2).

The PS-matching model yielded a total of 122 matched 
pairs of patients who underwent MVR using bovine peri-
cardial or porcine bioprosthetic valves (Table 1, right col-
umns). The 2 groups of patients in the matched population 
were largely well-balanced, with a standardized mean dif-
ference of lower than 20% for all variables.

Overall survival

Early death (within 30 days) occurred in 16 of 217 pa-

tients (7.4%) in the bovine pericardial and 6 of 171 patients 
(3.5%) in the porcine group (p=0.16). The risk of early 
death did not differ significantly between the 2 groups 
(odds ratio [OR], 0.58; 95% confidence interval [CI], 0.19 to 
1.61; p=0.31) after PS matching.

Over a median follow-up period of 42.7 months (inter-
quartile range, 14.1–106.1) among surviving patients, 79 
(7.2%/patient-year) and 40 (4.9%/patient-year) patients died 
in the bovine pericardial and porcine groups, respectively.

No significant difference was observed between the 2 
groups in overall survival (p=0.09) (Fig. 2A). After adjust-
ment using the PS matching method, the overall risk of 
death did not differ significantly between the groups (haz-
ard ratio [HR], 0.94; 95% CI, 0.60 to 1.46; p=0.80) (Fig. 2B).

Mitral reoperation

The competing risk regression revealed no significant 
difference in the risk of mitral reoperation (HR, 1.07; 95% 
CI, 0.5–2.27) (p=0.86) when death was regarded as a com-
petitive event (Fig. 3A). The adjusted risks of reoperation 
were also not statistically different (HR, 0.99; 95% CI, 0.4–

Table 2. Number and size distribution of bioprostheses implanted over the study period

Bioprosthesis size 
distribution (mm)

Bovine pericardial bioprosthesis (n=217) Porcine bioprosthesis (n=171)

Perimount (n=143) Magna mitral ease (n=74) Hancock II (n=134) Epic (n=8) Biocor (n=29)

23 1 0 0 0 0
25 19 9 4 0 0
27 44 29 49 3 7
29 54 24 48 2 8
31 19 7 23 3 13
33 6 5 10 0 0
35 0 0 0 0 1
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Fig. 2. Probability of death (A) before and (B) after propensity score (PS) matching. HR, hazard ratio; CI, confidence interval.
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2.44; p=0.98) after PS matching (Fig. 3B). The 5-year, 10-
year, and 15-year cumulative rates of reoperation in the en-
tire cohort were 1.6%, 14.8%, and 51.5%, respectively (Table 
3).

No significant difference was found in the risk of devel-
opment of SVD between groups both before (HR, 1.57; 95% 
CI, 0.56–4.36; p=0.39) and after matching (HR, 1.39; 95% 
CI, 0.41–4.73; p=0.60). The cumulative incidence of SVD is 
illustrated in Fig. 3C and D.

The causes of mitral reoperations are detailed in Table 4. 
Before matching, reoperation due to calcified thickening 

was more frequent in the bovine group than in the porcine 
group. However, the causes of reoperation were not signifi-
cantly different between groups for both SVD and non-
SVD causes in the matched population.

Of those 5 cases of SVD in the porcine group, degenera-
tive changes such as valve leaflet thickening or calcification 
developed in only 1 patient, while leaflet tear or perfora-
tion occurred in the remaining 4 patients. All leaflet tears 
or perforations occurred in patients treated with porcine 
Epic (Abbott, Chicago, IL, USA) or Biocor (Abbott) valves.
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Fig. 3. (A) Unadjusted and (B) adjusted cumulative incidence of mitral reoperation. (C) Unadjusted and (D) adjusted cumulative inci-
dence of structural valve deterioration (SVD). HR, hazard ratio; CI, confidence interval.

Table 3. Cumulative event rate of reoperation

Variable
Cumulative event rate % (95% confidence interval)

Overall (n=338) Bovine pericardial (n=217) Porcine (n=171)

At 5 years 1.6 (0.2–3.0) 1.2 (0.0–2.8) 2.0 (0.0–4.3)
At 10 years 14.8 (6.9–21.9) 18.4 (7.2–28.3) 8.5 (0.0–17.2)
At 15 years 51.5 (21.5–70.1) 52.9 (16.3–73.4) 39.1 (9.9–58.9)
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Edwards Lifesciences pericardial valves versus 
Medtronic Hancock II porcine valves

Comparisons were also made between the most fre-
quently implanted models in each group: Edwards Life-
sciences pericardial valves and Medtronic Hancock II por-
cine valves. No significant difference in overall survival 
(p=0.09) was observed between the 2 groups (Supplemen-
tary Fig. 1). Additionally, no statistically significant differ-
ences were found in the cumulative risks of mitral reopera-
tion (HR, 1.39; 95% CI, 0.53–3.67; p=0.50) and development 
of SVD (HR, 5.01; 95% CI, 0.65–38.8; p=0.12) (Supplemen-
tary Fig. 2).

Discussion

With the advent of transcatheter aortic valve replace-
ment, both the interest in and demand for biologic pros-
thetic aortic valves have exponentially increased, concur-
rent with timely modifications in age for prosthetic valve 
selection under current practice guidelines [2]. This in-
creasingly prevalent use of biologic prosthetic valves will 
not be limited to the aortic position, and expansion to the 
mitral valves is anticipated as rapid advancements are 
made in transcatheter technology. However, although bio-
logic prosthetic valves have the important clinical advan-
tage of not requiring a lifelong anticoagulation regimen, 
these valves involve significant limitations in durability, 
which is closely associated with patient outcomes [3]. In bi-
oprosthetic valves, SVD develops with time, during which 
reoperation is occasionally required.

Unlike valve replacements in the aortic position, the per-
formance of implanted bioprosthetic mitral valves has not 
been evaluated in depth based on valve material. The per-
formance of prostheses is clinically significant in aortic 

valve replacement, particularly when small valves are im-
planted, because valve hemodynamics contribute to pa-
tients-prosthesis mismatch [6]. It is generally accepted that 
the clinical relevance of patient-prosthesis mismatch is less 
significant in the mitral than in the aortic position; the 
performance of prostheses in this position has thus not 
been a concern for researchers. Given such limited evi-
dence derived from scientific data in the mitral position, 
surgeons have relied on research focused on aortic valves 
for MVR. This is based on a belief that the outcomes asso-
ciated with bioprosthetic valves in the mitral position will 
resemble those of aortic valves, even though the hemody-
namic profiles completely differ between those cardiac 
valves. However, as the use of biologic valves in the mitral 
position is expected to exponentially increase, as occurred 
with the aortic valve, observational research on the out-
comes of bioprosthetic valves in the mitral position will be 
informative to clinicians. Although survival and late out-
comes by valve material in the mitral position have been 
reported in previous studies [7,8], few reports exist evaluat-
ing the results of bioprosthetic valves, including reopera-
tion and SVD, regardless of specific valve type.

In the present study, no significant difference was ob-
served in overall survival for 15 years between patients 
who received MVR using bovine pericardial versus porcine 
xenograft valves. Similar results were replicated in the PS-
matched population. The competing risk analysis also re-
vealed no significant differences in the risks of mitral re-
operation and development of SVD according to bioprosthetic 
valve material. While both groups showed similar risks of 
reoperation, that risk remained under 7% until 9 years af-
ter the index surgery; thereafter, the risk of reoperation in-
creased sharply, with rates of 1.6% at 5 years, 6.4% at 9 
years, 14.8% at 10 years, and 51.5% at 15 years after the in-
dex surgery. These findings show that the risks of reopera-

Table 4. Causes of mitral reoperation

Variable
Overall cohort (unadjusted) Propensity score-matching cohort

Bovine (n=217) Porcine (n=171) p-value Bovine (n=122) Porcine (n=122) p-value

Reoperation cause 20 (9.2) 11 (6.4) 9 (7.4) 9 (7.4) >0.99
SVD 13 (6.0) 5 (2.9) 0.24 6 (4.9) 5 (4.1) 0.75
Leaflet tear/perforation 2 (0.9) 4 (2.3) 0.48 2 (1.6) 4 (3.3) 0.68
Thickening/calcification 11 (5.1) 1 (0.6) 0.03 4 (3.3) 0 0.13
Non-SVD 7 (3.2) 6 (3.5) 0.95 3 (2.5) 4 (3.3) >0.99
Infective endocarditis 3 (1.4) 2 (1.2) >0.99 2 (1.6) 1 (0.8) >0.99
Pannus formation 3 (1.4) 2 (1.2) >0.99 1 (0.8) 1 (0.8) >0.99
Paravalvular leakage 1 (0.5) 2 (1.2) 0.84 0 2 (1.6) 0.48

Values are presented as number (%).
SVD, structural valve deterioration.
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tion increase dramatically between 9 and 10 years after 
surgery.

In the sub-analysis of the most frequently implanted 
models in each group, the Edwards Lifesciences Perimount 
or Magna Mitral Ease valves were compared against the 
Medtronic Hancock II. The risk of SVD appeared higher 
in the Edwards Lifesciences pericardial valves, although 
this difference failed to reach statistical significance be-
cause of the small sample size. Only 1 case of SVD was ob-
served, at 11 years after surgery, with the Hancock II valve. 
Further studies with longer follow-up periods and larger 
sample sizes will be required to draw a clear conclusion.

It is commonly believed that pericardial valves are resis-
tant to shear stress but that porcine valves are susceptible 
to shear stress and subsequent leaflet tears. However, our 
study demonstrates no statistically significant difference in 
the occurrence of SVD depending on the valve material. 
Notably, all cases of porcine valve leaflet complications oc-
curred with Saint-Jude Epic or Biocor valves, at what seems 
an unacceptably high rate (1.92%/patient-year, 4/37) con-
sidering the limited use of this valve. However, according 
to Jawad et al. [9], Epic valves in the mitral position showed 
acceptable rates of survival and valve-related complications 
or reoperation at midterm follow-up. Further investigation 
seems to be warranted to examine the long-term safety of 
these valves.

Limitations

This study is subject to the limitations inherent to retro-
spective studies with an observational design. Although a 
high level of adjustment was performed to reduce the se-
lection bias between the groups, residual selection bias may 
have existed due to unmeasured confounding variables. In 
the present study, we included patients with multiple valve 
replacements to improve the statistical power. Although 
the inclusion of patients receiving concomitant aortic valve 
replacement is the main limitation of the present study, we 
believe that rigorous adjustment was accomplished by PS 
matching. However, the comparison of Edward and Med-
tronic valves may have been biased by the lack of adjust-
ment for preoperative variables. Lastly, since the clinical 
follow-up duration for analysis of bioprosthesis longevity 
was relatively short, further investigation with long-term 
clinical follow-up is needed.

Conclusions

In bioprosthetic valve replacements in the mitral posi-

tion, bovine pericardial and porcine xenograft valves showed 
comparable survival and valve durability. These findings 
require further validation through studies with larger sam-
ple sizes.
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