
ORIGINAL ARTICLE

Durability of Bioprosthetic Aortic Valves: Structural Deterioration and 
Incidence of Events at Long-Term Follow-Up  

Durabilidad de prótesis valvulares aórticas biológicas: deterioro estructural e incidencia de 
eventos en el seguimiento alejado

1 Cardiac Surgery Service, Instituto Cardiovascular de Buenos Aires (ICBA)
2 Ultrasound Service, Instituto Cardiovascular de Buenos Aires (ICBA)

DANIEL NAVIA1 , MTSAC, JUAN ESPINOZA1, MTSAC, FERNANDO PICCININI1, MTSAC, MARIANO VRANCIC1, MTSAC,   , FLORENCIA CASTRO2, 
ADRIANA ARANDA2, MARTÍN VIVAS2, MTSAC 

ABSTRACT

Background: In the treatment of severe aortic stenosis there has been a shift in the choice of the valve prosthesis type toward the use 
of biological valves. At present, bioprosthetic valves are used in 80% of aortic valve replacements worldwide. Their main limitation 
is their reduced long-term durability. No assessment has been yet performed in our setting regarding the durability of bioprosthetic 
valves and the incidence of long-term events. 
Objectives: To evaluate the long-term performance of bioprosthetic aortic valves related to survival and echocardiographic incidence 
of structural valve deterioration (SVD).  
Methods: A retrospective study of 2365 patients undergoing aortic valve replacement with biological prosthesis between January 
2003 and December 2023. We analyzed the long-term survival and the incidence of SVD pursuant to changes in the mean transpros-
thetic gradient (mTPG) according to age (< or ≥60 years) and prosthetic valve size (< or ≥ 23 mm). 
Results: Mean age was 73±3.05 years (105 patients <60 years and 2530 patients ≥60 years). A total of 63.4% was male. Of patients, 
92% completed a long-term follow-up, mean 5.9±3.2 years. Survival at 5 and 10 years according to age was: in patients <60 years: 
98.3 and 91.7% vs. patients ≥60 years: 81.7 and 65.7% (p=0.007), respectively. A total of 1399 (59.7%) patients had an overall echo-
cardiographic follow-up. The values of mTPG at baseline, 5 and 10 years were: a) according to age: in patients <60 years: 16±3 
mmHg, 16±6 mmHg and 19±5 mmHg, vs. in patients ≥60 years: 15±5 mmHg, 16±7 mmHg and 18±7 mmHg (p=NS); b) according 
to prosthesis size: <23 mm: 17±6 mmHg, 19±7mmHg and 22±7 mmHg, vs. ≥23 mm: 15±5 mmHg, 16±6 mmHg and 18±6 mmHg 
(p= 0.001).
Conclusions: Patients with bioprosthetic valves experienced high long-term survival with some differences according to age group. 
At follow-up, differences in mTPG (<10 mmHg) were observed in prosthetic valve sizes <23 mm, showing low incidence of severe 
SVD.
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RESUMEN

Introducción: En el tratamiento de la estenosis aórtica grave ha habido un cambio en la elección del tipo de prótesis valvular, con 
priorización de la utilización de válvulas biológicas. En la actualidad, a nivel mundial, en el 80 % de los recambios valvulares aórticos 
se utilizan prótesis biológicas, cuya menor durabilidad alejada representa su mayor limitación. No contamos con evaluación reciente 
en nuestro medio de la durabilidad de las válvulas biológicas y la incidencia de eventos a largo plazo.
Objetivos: Evaluar el comportamiento alejado de las prótesis valvulares aórticas biológicas, respecto de su sobrevida e incidencia 
ecocardiográfica de deterioro valvular estructural (DVE).
Material y Métodos: Estudio retrospectivo sobre 2365 pacientes operados entre enero de 2003 y diciembre de 2023. Se evaluó la 
sobrevida alejada y la incidencia de DVE de acuerdo con las modificaciones del gradiente medio transprotésico (GMt) según la edad 
(dicotomizada en 60 años) y el tamaño de la prótesis utilizada (dicotomizado en 23 mm).
Resultados: La edad promedio fue de 73 ± 3,05 años (105 pacientes < 60 años y 2530 pacientes ≥60 años). Sexo masculino en 63,4 
%. Seguimiento alejado en el 92 % de los pacientes, media de 5,9 ± 3,2 años. Sobrevida a 5 y 10 años según edad: en <60 años: 98,3 
y 91,7 % vs. ≥60 años: 81,7 y 65,7 % (p=0,007) respectivamente. Seguimiento ecocardiográfico global en 1399 (59,7 %) pacientes. 
Valores del GMt basal, y a 5 y 10 años: a) según edad: en < 60 años: 16 ±3 mmHg, 16 ± 6 mmHg y 19 ± 5 mmHg, vs. en ≥60 años: 
15 ± 5 mmHg, 16 ± 7 mmHg y 18± 7 mmHg (p=NS); b) según tamaño de la prótesis: en <23 mm: 17±6 mmHg, 19±7 mmHg y 22 
± 7 mmHg, vs. en ≥23 mm: 15 ± 5 mmHg, 16± 6 mmHg y 18± 6 mmHg (p= 0,001).
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INTRODUCTION
Severe aortic stenosis is the most common primary 
valve disease, with an increased prevalence in the last 
few decades due to a higher life expectancy for gen-
eral population. (1) More than 400 000 aortic valve re-
placements (AVR) are performed annually worldwide, 
with important social and economic consequences. It 
is estimated that in 2050 this procedure will be per-
formed in more than 850 000 patients. (2)

In recent years, there has been a shift in the choice 
of the prosthesis type, with priority towards the use 
of biological valves over mechanical valves, even in 
patients younger than 60. Nowadays, it is estimated 
that bioprostheses are used in 80% of aortic valve re-
placements worldwide. (3) This is a consequence of a 
significant improvement in valve durability and the 
desire to avoid definitive anticoagulation. (4) There 
have been improvements in the hemodynamic profile 
of the prostheses, and changes in the methods of tis-
sue preservation. Although bioprosthetic valves do 
not require anticoagulation, their shorter long-term 
durability represents their main limitation, requiring 
reoperation during the long-term follow-up. We have 
the latest generation of valve prostheses, but their 
durability and the incidence of long-term events still 
remain to be studied. This study aims to evaluate the 
long-term performance of bioprosthetic aortic valves 
in relation to survival, the need for reoperation and 
the echocardiographic incidence of structural valve 
deterioration (SVD) in a consecutive group of patients 
undergoing elective and emergency surgery.

METHODS
Between January 2003 and December 2023, 2635 patients 
underwent bioprosthetic AVR, either electively or urgently, 
and were prospectively and consecutively entered into a gen-
eral database. Patients with coronary artery bypass graft-
ing were included but those with pure aortic regurgitation, 
diagnosis of valve infection, mitral valve compromise, and 
thoracic aortic surgery were excluded. Preoperative baseline 
characteristics and intraoperative variables were analyzed 
in overall population. In patients without coronary artery 
disease (n=448), AVR was performed by a minimally in-
vasive technique through an upper hemisternotomy in the 
third or fourth intercostal space with femoral venous drain-
age by puncture using the Seldinger technique, guided by 
intraoperative transesophageal echocardiography (TEE). (5) 
In the analysis of early postoperative results and long-term 
follow-up, patients were divided according to age (< or ≥60 
years) and prosthesis size (< or ≥23 mm). In-hospital mor-
tality was defined as mortality during hospitalization or in 
the 30-day postoperative period. In-hospital mortality, deep 
sternal infection (mediastinitis), postoperative acute myo-
cardial infarction (AMI) and postoperative stroke (central 

neurological deficit lasting more than 72 hours, regardless 
its confirmation by computed tomography), reoperation for 
bleeding, renal failure requiring dialysis, and the need for 
a permanent pacemaker were analyzed. Early postoperative 
data were obtained from medical records during hospitaliza-
tion. At long-term follow-up, survival and the presence of 
events were assessed. The follow-up was carried out by di-
rect communication with patients, their family members, 
and the general practitioner, as well as by medical records 
review. The presence of a new stroke and signs of congestive 
heart failure (CHF) due to prosthetic valve dysfunction were 
considered reasons for reoperation, and the need for valve 
replacement was considered to assess the reoperation-free 
period. 

Long-term follow-up data were obtained from cardiology 
office visits, general practitioner’s records, and/or telephone 
calls. The date of the last visit recorded at follow-up data-
base was defined as evidence of long-term survival according 
to Kaplan-Meier analysis. 

An echocardiographic follow-up was performed. The 
baseline study was the one conducted within 90 days of 
surgery, and the long-term follow-up included studies per-
formed 5 and 10 years after surgery. A Phillips Epiq 7 equip-
ment (Philips Medical Systems, Andover, MA) with matrix 
5-1 transducer was used. Although many data were obtained 
from prosthetic function (ejection fraction, outflow tract ve-
locity, effective orifice area, presence of periprosthetic leaks, 
prosthetic valve regurgitation, and so on), we considered 
the values of the mean transprosthetic gradient (mTPG) 
at baseline and at follow-up to be the most representative 
data of structural valve deterioration (SVD). According to 
the American Society of Echocardiography (ASE), SVD was 
defined as possible prosthetic stenosis in the presence of 
a mean gradient from 20 to 25 mmHg, and as significant 
prosthetic stenosis in the presence of a mean gradient ≥35 
mmHg. (6) 

We considered the recommendations of the European 
Association for Cardiovascular Imaging (EACVI), which con-
siders as possible prosthetic stenosis  an increase in mean 
gradient of 10-19 mmHg and as significant prosthetic steno-
sis  an increase in mean gradient greater than 20 mmHg. (7)

In addition to the long-term survival according to age 
and the prosthesis size, we analyzed the period free from re-
admission due to cardiological diseases, the period free from 
reoperation and the incidence of SVD at long-term follow-
up.

This study aimed to evaluate the performance of biopros-
thetic valves in relation to long-term survival, the need for 
readmission and reoperation, and to describe the echocar-
diographic incidence of SVD according to changes in mTPG 
at long-term follow-up by age and prosthesis size. 

Statistical analysis
Time-to-event analysis was performed according to Kaplan-
Meier method for survival, freedom from reoperation and 
freedom from readmission at 10 years. Differences in time-
to-event curves between groups were analyzed by the log-

Conclusiones: Los pacientes con prótesis valvulares biológicas presentaron una elevada sobrevida alejada con diferencias según el 
grupo etario. Se registraron en el seguimiento diferencias del GMt (<10 mmHg) en las válvulas < 23 mm, demostrando baja inci-
dencia de DVE grave.

Palabras clave: Estenosis de la válvula aórtica - Prótesis valvulares cardiacas - Degeneración estructural de prótesis biológicas
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DISCUSSION
In surgical AVR, bioprosthetic valves are increasingly 
implanted to the detriment of mechanical valves. (8) 
Biological tissues are used in most procedures, and 
currently in percutaneous valve implantations. This 
tissues have low thrombotic effect, and do not need 
patient’s permanent anticoagulation. However, bio-
prostheses have disadvantages related to their limited 
durability due to SVD. 

Age (>70 years) has been a limiting factor for the 
indication of bioprosthetic valves. Recently, the Eu-
ropean Society of Cardiology (ESC) guidelines have 
recommended biological prostheses in patients over 
65 years. (9) In contrast, the American Heart Asso-
ciation/American College of Cardiology (AHA/ACC) 
guidelines consider biological prostheses in patients 
over 50 years to be reasonable. (10) In the AUT-
HEARTVISIT study, Traxler et al. assessed surgi-
cal valve replacement in young patients (<50 years) 
and demonstrated that patients with bioprosthetic 
valves have a higher incidence of reoperations and 
a shorter reoperation-free period than the group of 
patients with mechanical valves. (11) This evolution-
ary damage depends on many factors (age, prosthesis 
type and size, etc.). In our setting, we have the lat-
est generation of bovine pericardial valves with im-
proved design to ensure better hemodynamics, and 
with improvements in tissue preservation processes. 
An example of this is the INSPIRIS RESILIA Aor-
tic Valve (INSPIRIS; Edwards Lifesciences Corpora-
tion, Irvine, CA, USA) which combines a new design 
with new tissue preservation techniques. A recent 
study of 689 patients who underwent surgery with 
this type of prosthesis (66.9±11.6 years of age) ex-
perienced a very low incidence of SVD at a 7-year 
echocardiographic follow-up, which was showed by 
mTPG values lower than 12 mmHg. (12)

SVD usually presents as leaflet calcification result-
ing in stenosis, but it may also develop as severe valve 
regurgitation due to leaflet tearing. Definitions and 
criteria for classifying SVD have changed over time. 
Dvir et al. have proposed a set of practical and stand-
ardized definitions to clinically and echocardiographi-
cally assess SVD at long-term follow-up. (13) 

This classification is crucial to define the accurate 
durability of bioprostheses; it is known that relying 
on the need for reoperation often underestimates the 
incidence of SVD, since many patients are considered 
at high-risk for valve reoperation. 

Meta-analyses involving porcine and bovine peri-
cardial valves have shown that SVD usually begins 8 
years after surgery with a marked increase 10 years 
after surgery. (14,15) Although the presence of SVD 
usually includes increased leaflet thickness, leaflet 
calcification or tissue tearing with stenosis and/or re-
gurgitation detected by computed tomography, chang-
es in mTPG at long-term follow-up from baseline are 
the strongest indicator of suspected prosthetic dam-
age, whether moderate or severe. (16) The experience 
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rank test. Patient characteristics were expressed as mean ± 
standard deviation, median and interquartile range (IQR) 
or prevalence (in percentage), as appropriate. Differences 
between groups were analyzed with Student's t test for con-
tinuous variables with normal distribution, with the Mann-
Whitney U test for continuous variables with non-normal 
distribution, and the chi-square test for categorical vari-
ables. A value of p <0.05 was considered statistically signifi-
cant.

The statistical software IBM ® SPSS ® Statistics (ver-
sion 21) was used.

Ethical considerations 
The study was conducted in accordance with national ethical 
standards (CABA Law 3301) and was approved by the Ethics 
Committee of our Institution.
 
RESULTS
A total of 2635 patients were included in the study. 
The mean age was 73±3.05 years; 105 patients were 
younger than 60 years, and 2530 patients were 60 
years or older. Of them, 63.4% were male. Combined 
procedures were carried out in 1135 patients (43%). A 
minimally invasive approach was performed in 16.6%, 
and in 73% of the cases the prosthesis size was ≥23 
mm. The type of implanted prosthesis was pericardial 
in 509 patients (19.4%) and non-pericardial in 2126 
patients (80.6%). Overall in-hospital mortality was 
2.9%; the incidence of stroke was low (0.6%) and the 
need for permanent pacemaker was 2.8%.

In patients with known coronary artery disease 
who underwent combined procedures, the mean num-
ber of grafts was 2.06±0.6. Although the analysis of 
perioperative complications was not the purpose of 
this study, they are shown in Table 2. 

The long-term follow-up was complete in 92% of 
patients, with a mean of 5.9±3.2 years. Survival at 5 
and 10 years according to age was : in patients <60 
years 98.3 and 91.7%, vs. in patients ≥60 years 81.7 
and 65.7% (p=0.007), respectively. There were no sig-
nificant differences in the long-term survival accord-
ing to the prosthesis size: <23 mm: 67.5% vs. ≥23 mm: 
66.2% (p=NS). (Figure 1) The 10-year survival free 
from readmission for cardiac diseases was low, and 
without significant differences between groups (94.7% 
vs. 86.1%, p=NS). The 10-year period freedom from 
reoperation was greater than 95%, with no statistical 
differences according to age and the implanted pros-
thesis size. (Figure 2). 

An overall echocardiographic follow-up was per-
formed in 1399 patients (59.7%): at baseline in 845, 
at 5 years in 473 and at 10 years in 101 patients. The 
changes in mTPG at 5 and 10 years from baseline 
were analyzed. This analysis was performed a) accord-
ing to age: in patients <60 years: 16±3 mmHg, 16±6 
mmHg and 19±5 mmHg vs. in patients ≥60 years: 
15±5 mmHg, 16±7 mmHg and 18±7 mmHg (p= NS), 
and b) according to implanted prosthesis size: <23 
mm: 17±6 mmHg, 19±7 mmHg and 22±7 mmHg vs. 
≥23 mm: 15±5 mmHg, 16±6 mmHg and 18±6 mmHg 
(p=0.001). (Figure 3)  
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Table 1. Patients’ baseline 
characteristics

Age (years)

Male

Weight (Kg)

Height (cm)

HTN

Smoking

DM

FMH

COPD

CKD

Previous AMI

Previous PCI

Stroke

Anemia

PVD

SR

Symptoms 

NYHA FC

Approach

Prosthesis size

Number of arterial bypass grafts

Previous cardiac surgery

Elective surgery 

Emergency surgery 

Clamping time (min)

ECC (min)

LVSF

Extubated in the operating room

Postoperative stay (days)

	

≥60 years

<60 years

Asymptomatic

Angor

Dyspnea

Syncope

≤I

II

III / IV

Mini-invasive

Conventional

<23 mm

≥23 mm

None

1

2

3 or more

Normal / Mild

Moderate

Severe

Patients

73 (68-78)

95.9%

4.1%

63.4%

79 (65-89)

169 (155-183)

70.2%

44.9%

21.0%

10.5%

6.8%

5.5%

10.1%

12.2%

3.5%

12.4%

5.5%

96.0%

15.7%

27.6%

51.7%

5.0%

19.5%

35.9%

44.6%

16.6%

83.4%

27.0%

73.0%

57.3%

18.4%

13.8%

10.5%

5.7%

83.5%

16.5%

73 (65-87)

93 (87- 110)

91.7%

5.7%

2.6%

10.1%

6 (4-7)

n=2635

AMI: acute myocardial infarction; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary dis-
ease; DLP: dyslipidemia; DM:diabetes mellitus;ECC: extracorporeal circulation; FMH: family medical history; 
HTN:hypertension; VSF: left ventricular systolic function; NYHA FC: New York Heart Association functional 
class; PCI: percutaneous coronary intervention; PVD: peripheral vascular disease; SR: sinus rhythm.
Quantitative variables are expressed as median and interquartile range.
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published by several surgical groups describes a low 
incidence of severe SVD at long-term follow-up with-
out a clear direct relationship with age dichotomized 
at 65 years. (17,18) However, in young patients (<50 
years) the incidence of severe SVD is significantly 
more frequent. (19) In our series, on 1399 echocar-
diograms evaluated during a 10-year follow-up, the 
presence of severe SVD has been low and with no sta-
tistical differences according to age. There was a sig-
nificant statistical difference in the mTPG at 5- and 
10-year follow-up according to the prosthesis size, al-

though these values were lower than those considered 
severe (mTPG in <23 mm = 22 mmHg vs. in ≥23 mm 
= 18 mmHg). 

According to most publications, the incidence of 
severe patient-prosthesis mismatch is low. Patient-
prosthesis mismatch could accelerate the develop-
ment of early SVD. Currently, surgical techniques to 
enlarge the aortic annulus are used to adjust the size 
of the aortic valve prosthesis to the patient’s body sur-
face area. (20,21)

In this study, prosthetic valve sizes ≥23 mm were 

A B

Fig 1. Long-term survival according to age (A) and prosthesis size (B)

Table 2. Early postoperative 
results

n

Death

Bleeding

AF

PM

Dialysis

Stroke

Prolonged MV

n

Death

Bleeding

AF

PM

Dialysis

Stroke

Prolonged MV

2635

2.8%

3.8%

26.4%

2.8%

1.8%

0.6%

3.8%

2635

2.8%

3.8%

26.4%

2.8%

1.8%

0.6%

3.8%

105

0.0%

0.0%

7.2%

2.4%

0.0%

0.0%

0.0%

1930

2.4%

3.5%

25.2%

2.7%

1.6%

0.6%

3.3%

2530

2.9%

4.0%

27.2%

2.8%

1.9%

0.6%

4.0%

705

3.1%

4.8%

29.4%

3.0%

2.3%

0.5%

5.2%

Total

Total

<60 years

≥23 mm

≥60 years

< 23 mm

A. According to age

B. According to prosthesis size

	

0.097

0.064

<0.001

0.828

0.206

0.474

0.064

	

0.070

0.162

0.052

0.649

0.306

0.835

0.056

p

p

AF: atrial fibrillation; MV: mechanical ventilation; PM: pacemaker

AF: atrial fibrillation; MV: mechanical ventilation; PM: pacemaker

p=0.007 p=0.713Su
rv

iv
al

 (
%

)

Su
rv

iv
al

 (
%

)

At risk:
≥60 years
<60 years

At risk:
<23 mm
≥23 mm

91.7%±4.1%

65.7%±1.7%

≥60 years
<60 years

<23 years
≥23 years

Years Years

67.4%±3.0%

66.2%2.0%
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implanted in 73% of patients considering their body 
surface area. 

Limitations
Our study has several limitations: it was a retrospec-
tive and single-center analysis. However, it should be 
noted that all consecutively included patients repre-
sent a good sample of the real-world daily practice. 

Despite the long study period, 92% of patients 
were followed-up. The echocardiographic study at 
long-term follow-up could only be performed in 59% of 
patients. Many patients underwent their studies spo-
radically and in other sites, without a clear follow-up 
protocol. The long-term follow-up of this study took 
place during the pandemic period showing a marked 
negative effect as regards collecting evolutionary data. 
Despite these limitations, it was possible to analyze a 
non-negligible sample of 1399 echocardiographic stud-
ies performed in 10-year period. Only the changes in 
mTPG over time were important for analysis, and our 

experience, in terms of incidence and severity of SVD, 
coincides with that of most of the different groups 
worldwide

CONCLUSION
Patients with bioprosthetic valves had a high long-
term survival with significant differences according 
to age group. The reoperation-free period was high 
for all patients. Although there were significant mean 
changes in mTPG in the group of patients with pros-
thesis size <23 mm at 5- and 10-year follow-up, these 
differences were less than 10 mmHg from baseline, 
demonstrating a low incidence of long-term severe 
SVD. There were no significant differences in the 
mTPG values according to age.

Conflicts of interest
None declared. 

(See authors' conflict of interests forms on the web).

Fig 2. Reoperation-free survival according to age (A) and prosthesis size (B)

Fig 3. Measurement of mean transprosthetic gradient according to age (A) and prosthesis size (B)

A B

At risk:
≥60 years
<60 years

At risk:
<23 mm
≥23 mm

R
eo

p
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at
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n
-f

re
e 

su
rv

iv
al

 (
%

)

R
eo

p
er

at
io

n
-f

re
e 

su
rv

iv
al

 (
%

)

Years Years

p=0.909 p=0.332

98.0%±2.0% 97.5%±1.1%

95.8%±0.9% 95.2%±1.2%

≥60 years
< 60 years

10 years 10 years5 years 5 years<90 days <90 days

≥60 years
< 60 years

<23 mm
≥23 mm

p <0.001

p <0.001p = 0.21

p = 0.82

<23 years
≥23 years
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