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ABSTRACT

BACKGROUND The clinical performance and safety of a glutaraldehyde-free bioprosthetic valve using
a novel tissue treatment in a large real-world patient population have not previously been reported.

METHODS This is a prospective, multicenter, real-world registry of all patients undergoing surgical
aortic valve replacement with a novel bioprosthesis at 7 European cardiac surgery centers. The
primary end point was the 5-year freedom from structural valve deterioration per Valve Academic
Research Consortium 3 criteria. Secondary end points included hemodynamic performance of the
bioprosthesis and freedom from all-cause and cardiovascular mortality, prosthetic endocarditis,
stroke, and reintervention at 5 years.

RESULTS A total of 498 patients were included in the analysis; the mean age was 60.1 years, with a
mean EuroSCORE II of 3.9% and 27.9% being female. The median follow-up was 4.8 years. Five-year
freedom from structural valve deterioration stages 1, 2, and 3 was 95.7%, 98.6%, and 99.3%, respec-
tively. The estimated 5-year overall survival was 93.2%; freedom from cardiovascular mortality was
97.2%. Event-free probabilities at 5 years for endocarditis, stroke, and reintervention were 98.6%,
98.1%, and 98.2%, respectively. Moderate-severe paravalvular leakage was infrequent (97.3% event-
free probability at 5 years), and mean aortic valve pressure gradient was stable compared with
discharge (median, 11.0 mm Hg at discharge vs 12.0 mm Hg at 5 years).

CONCLUSIONS These real-world clinical data of a novel aortic bioprosthesis demonstrated good 5-
year results for both durability and safety outcomes as well as stable hemodynamic valve performance.

(Ann Thorac Surg 2026;121:127-36)
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A ortic stenosis is a highly prevalent valvular
disease in Western countries and will
continue to rise with the growing life ex-

pectancy. Aortic regurgitation has been reported
to affect nearly 5% of the population, with 0.5%
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of the population displaying moderate or severe
aortic regurgitation.1,2

Aortic valve replacement, performed through
either open heart surgery (surgical aortic valve
replacement [SAVR]) or a transcatheter approach
(transcatheter aortic valve replacement), is the
only effective treatment option for managing se-
vere aortic stenosis. SAVR is considered the most
standardized treatment of aortic regurgitation.3

Although current European guidelines (class IIa)
recommend a bioprosthesis for patients older than
65 years4 and the American guidelines accept an
age threshold of 50 years,5,6 the use of biologic
prostheses is expanding worldwide to younger
patients,7 primarily because of the perceived risks
of lifelong anticoagulation therapy required by
mechanical valves.8 Nonetheless, long-term dura-
bility remains a challenge for bioprostheses, espe-
cially when they are implanted in younger decades
of life, with structural valve deterioration (SVD)
being the major cause of bioprosthetic valve failure
requiring reintervention.8,9 Of note, several risk
factors associated with accelerated (<5 years)
valve deterioration have been identified to date,
with young age (<60 years) at surgery being one
of the most relevant ones.5,6

The recently developed INSPIRIS RESILIA (IR)
aortic valve (Edwards Lifesciences) has been
launched on the market with the promise of
reducing the risk for accelerated cusp degenera-
tion, thanks to its novel tissue integrity preserva-
tion technology free of glutaraldehyde.10-13 At this
time, however, midterm data on this valve are
lacking in the literature. Indeed, preclinical studies
have demonstrated excellent valve performance
and durability.14,15 Clinical results, reported up to 5
and 7 years after aortic valve replacement, were
part of the industry-driven prospective multi-
center COMMENCE trial, which had specific inclu-
sion and exclusion criteria (like any safety trial),
and the study valve was not the IR valve itself but
a previous generation valve with RESILIA tis-
sue.16,17 Therefore, this study aimed to report the
5-year real-world clinical and echocardiographic
results coming from a multicenter European reg-
istry on SAVR with the IR bioprosthesis.
PATIENTS AND METHODS

This is a large, prospective, multicenter, real-
world registry including data from all patients
who underwent isolated or combined SAVR with
the IR valve across 7 European cardiac surgery
institutions since 2017. No specific exclusion
criteria were considered. The study was
conducted according to the guidelines of the
Declaration of Helsinki and approved by the
institutional review board of the Division of Car-
diac Surgery, University of Verona (BB-
CCH847CESC201). Study approval was also
obtained from the ethics committee responsible
for each participating center, and formal written
informed consent was obtained from every pa-
tient at enrollment.

PATIENT POPULATION. The registry included to date
1871 consecutive patients undergoing SAVR with
the IR valve. For the purpose of this analysis, data
from the first 498 consecutive patients aged �18
years undergoing SAVR with the IR valve, as
either an isolated or a combined procedure, and
who completed the fourth or fifth year of follow-
up since surgery were analyzed. Supplemental
Figure S1 depicts the flowchart of the population
enrolled in this study.

Perioperative and postoperative care was left to
institutional discretion and followed individual
institution-specific guidelines. The choice to
implant an IR valve was left to surgeons, given
that different types of prostheses were also
implanted in other patients at these institutions
during the same study period.

DATA DOCUMENTATION. All data were prospectively
collected at each institution. The local cardiac sur-
gical team at each center enrolled patients in the
study after written informed consent and collected
baseline parameters and surgical variables as well as
perioperative, postoperative, and follow-up patient-
specific data. Postoperative follow-up clinical and
echocardiographic data were collected at 5 time
windows (1-3 months, 6 months, 1 year, then
yearly thereafter up to the fifth postoperative
year) by examination of the patients at the
participating cardiac surgical centers. In cases in
which that was impossible, clinical and
echocardiographic data were obtained either by
querying the electronic clinical chart of each
patient (retrieving data from the Regional Health
Database) or by interviewing the patient by phone.
Missing echocardiographic data were retrieved
from the institutional databases of cardiologic
referring hospitals, which were all accredited to
European standards of echocardiography. All
patient data were anonymized and captured by a
specifically designed electronic case report form.

OBJECTIVES. The primary end point was the 5-year
freedom from SVD staged according to the Valve
Academic Research Consortium 3 (VARC-3)
criteria.18 Briefly, VARC-3 defines SVD as any
intrinsic permanent change to the prosthetic
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valve (eg, wear and tear, leaflet disruption, flail
leaflet, leaflet fibrosis or calcification, or strut
fracture or deformation) and recognizes 3 stages:

• Stage 1: SVD with no significant hemodynamic
impairment

• Stage 2: SVD with moderate hemodynamic
impairment (ie, increase in mean transvalvular
gradient�10 mmHg resulting in mean gradient
�20 mm Hg, with concomitant decrease in
effective orifice area �0.3 cm2 or �25% or
decrease in Doppler velocity index �0.1 or
�20% compared with echocardiographic
assessment performed 1 to 3 months after the
procedure, or new occurrence or increase of �1
grade of intraprosthetic aortic regurgitation
resulting in � moderate aortic regurgitation)

• Stage 3: SVD with severe hemodynamic
impairment (ie, increase in mean transvalvular
gradient�20mmHg resulting inmean gradient
�30 mm Hg with concomitant decrease in
effective orifice area �0.6 cm2 or �50% or
decrease in Doppler velocity index�0.2 or�40%
compared with echocardiographic assessment
performed 1 to 3 months after the procedure, or
new occurrence or increase of �2 grades of
intraprosthetic aortic regurgitation resulting in
severe aortic regurgitation)18

The secondary end point was the echocardio-
graphic hemodynamic performance of the IR
bioprosthesis since surgery to the end of the 4- or
5-year follow-up. Other clinical outcomes of in-
terest were hospital outcome; all-cause and car-
diovascular mortality at follow-up; and incidence
of prosthetic endocarditis, stroke, and reinter-
vention since surgery to the end of follow-up.

STATISTICAL ANALYSIS. Data were analyzed by
descriptive statistics, with categorical variables
presented as absolute values and frequencies and
continuous variables presented as means (SD) and
median (interquartile range [IQR]). Testing for
normal distribution was carried out by Kolmogorov-
Smirnov test. Kaplan-Meier survival analyses were
conducted to estimate survival probabilities over
time as well as the cumulative probabilities of
other events, such as endocarditis, stroke, and
SVD. A survival curve was generated to illustrate
the cumulative proportion of survival across the
study period. A P value of < .05 was considered
statistically significant. Statistical analysis was
performed with R statistical software (https://
www.R-project.org/), with the survival curves
fitted using the survfit package and visualized
using the ggsurvplot package.
RESULTS

PATIENT CHARACTERISTICS. All baseline clinical and
echocardiographic characteristics of the total
study population (N ¼ 498) are shown in
Supplemental Table S1. In brief, patients had a
mean age of 60.1 � 10.6 years (median, 61.0
years; IQR, 54.0-67.0 years) and were primarily
male (72.1%). Mean European System for Cardiac
Operative Risk Estimation II (EuroSCORE II) was
3.9% � 6.5% (median, 1.9%; IQR, 1.0%-3.7%),
and 53.8% were classified as New York Heart
Association class III/IV. History of chronic kidney
disease (CKD) stage �3 was documented in
15.5% of patients, 1.8% of whom were on chronic
dialysis. A total of 9.5% of patients had previous
cardiac surgery. Preoperative mean aortic valve
pressure gradients were 47.3 � 18.7 mm Hg
(median, 49.0 mm Hg; IQR, 38.0-60.0 mm Hg).

PROCEDURAL DETAILS. All procedural details are re-
ported in Supplemental Table S2. Briefly, most
patients (91.8%) were operated on with full
sternotomy. Isolated aortic valve replacement was
performed in 222 (44.6%) patients. The median
cardiopulmonary bypass time was 103 minutes,
and the median aortic cross-clamping time was 76
minutes. The median diameter of the implanted
valve was 23 mm. Valve size distribution is
reported in Supplemental Figure S2. One case
(0.2%) of intraoperative mortality was reported.

IN-HOSPITAL AND DISCHARGE OUTCOMES. In-hospital
complications and discharge data are reported in
Supplemental Table S3. In brief, the most common
perioperative complications were new-onset atrial
fibrillation (19.1%), transient conduction disturbances
(6.6%), and pneumonia (3.0%). The mean duration
of hospital stay from implantation to discharge was
12.5 � 10days (median, 10 days), with a median of
22 hours spent in the intensive care unit. Prolonged
mechanical ventilation (>3 days) was required in 25
(5.0%) patients.

Discharge echocardiographic data reported
peak and mean aortic valve pressure gradients
of 21.9 � 8.0 mm Hg (median, 20.0 mm Hg) and
11.8 � 4.8 mm Hg (median, 11.0 mm Hg),
respectively. Moderate or severe prosthesis-
patient mismatch was documented in 5 (1.0%)
patients. Five (1.0%) patients received a perma-
nent pacemaker. Nine patients (1.8%) died dur-
ing hospitalization for the index procedure or
within 30 days from discharge.

PRIMARY END POINT: SVD. The mean duration of
follow-up was 4.7 � 1.1 years (median, 4.8 years;
IQR, 4.3-5.2 years), including 2322.6 patient-

https://www.R-project.org/
https://www.R-project.org/


FIGURE 1 Kaplan-Meier freedom from structural valve deterioration stage 1.
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years. Freedom from SVD at 1 year, 3 years, and 5
years, respectively, was as follows: 98.6%, 96.2%,
and 95.7% for stage 1; 99.7%, 99.7%, and 98.6%
for stage 2; and 100.0%, 100.0%, and 99.3% for
stage 3 (Figures 1-3; Table). Four cases of SVD
stage 2 were caused by moderate-severe
intraprosthetic stenosis (n ¼ 1 preoperative
endocarditis with no relapse), whereas in 1 more
case the cause was mixed disease (moderate
FIGURE 2 Kaplan-Meier freedom from structural valve deteri
stenosis and moderate regurgitation). The rates
of intraprosthetic regurgitation are shown in
Figure 4. Furthermore, mean gradients were also
reported according to valve size categories
(small, 19 mm and 21 mm; medium, 23 mm and
25 mm; large, 27 mm and 29 mm), showing
progressively lower mean gradients moving from
small to medium to large prosthetic sizes
(Supplemental Figure S3).
oration stage 2.



FIGURE 3 Kaplan-Meier freedom from structural valve deterioration stage 3.
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SECONDARY END POINTS: SAFETY OUTCOMES AND VALVE

PERFORMANCE. The estimated survival rates at 1
year, 3 years, and 5 years were 97.0%, 95.0%, and
93.2%, respectively; and freedom from cardiovascular
FIGURE 4 Intraprosthetic regurgitation at follow-up.
mortality was 97.6%, 97.2%, and 97.2%, respectively
(Figure 5; Table). Kaplan-Meier estimates for freedom
from endocarditis (Supplemental Figure S4) and
stroke (Supplemental Figure S5) at 1 year, 3 years,



FIGURE 5 Kaplan-Meier freedom from cardiovascular mortality.
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Stage 2S
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Stage 2RS

Stage 3
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Cardiovascular m
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and 5 years were 99.2%, 98.8%, and 98.1% and
99.6%, 99.4%, and 98.6%, respectively. Freedom
from non-SVD was 97.6% at 1 year and 96.8% at
both 3 and 5 years. Reintervention was reported in
a total of 7 patients up to 5 years (98.2% freedom
from event) due to endocarditis (n ¼ 5) and SVD
(n ¼ 2). The event-free probability from moderate-
severe paravalvular leakage (PVL) was 98.6% at 1
year and 3 years and 97.3% at 5 years. In 3 of 6 PVL
cases, preoperative endocarditis was present. Stable
mean aortic valve pressure gradient was observed
d Points at 1 Year, 3 Years, and 5 Years

1 Year, N 3 Years, N 5 Years, N
Cumulative at 5 Yea
N (%/valve-yearsa

9 2 0 11 (0.5)
1 1 3 5 (0.2)
1 1 2 4 (0.2)
0 0 0 0 (0.0)
0 0 1 1 (0.0)
0 0 2 2 (0.1)
15 10 6 31 (1.3)

ortality 12 2 0 14 (0.6)
2 1 2 5 (0.2)

docarditis 4 2 2 8 (0.3)
ention 3 1 3 7 (0.3)

9 1 1 11 (0.5)
vere) 4 1 1 6 (0.3)

years. PVL, paravalvular leakage; SVD, structural valve deterioration; VARC-3, Valve A
from discharge (median, 11.0 mm Hg) to 5 years
(median, 12.0 mm Hg; Figure 6).
COMMENT

This analysis demonstrates satisfactory valve he-
modynamics and safety outcomes at 5 years after
SAVR with use of the IR bioprosthetic valve in a
real-world setting. In particular, the key finding of
this study was that a population of young patients
(mean age, 60.1 years) from a multicenter real-
rs,
)

Freedom From Event, % (95% CI)

1 Year 3 Years 5 Years

98.6 (97.2-100.0) 96.2 (93.9-98.5) 95.7 (93.2-98.2)
99.7 (99.1-100.0) 99.7 (99.1-100.0) 98.6 (96.9-100.0)

100.0 100.0 100.0
100.0 100.0 99.5 (98.5-100.0)
100.0 100.0 99.3 (98.0-100.0)

97.0 (95.5-98.5) 95.0 (93.1-96.9) 93.2 (90.9-95.7)
97.6 (96.2-98.9) 97.2 (95.7-98.6) 97.2 (95.7-98.6)
99.6 (99.0-100.0) 99.4 (98.7-100.0) 98.6 (97.4-100.0)
99.2 (98.4-100.0) 98.8 (97.8-99.8) 98.1 (96.8-99.5)
99.4 (98.7-100.0) 99.2 (98.4-100.0) 98.2 (96.9-99.6)
97.6 (95.8-99.4) 96.8 (94.7-98.9) 96.8 (94.7-98.9)
98.6 (97.2-100.0) 98.6 (97.2-100.0) 97.3 (95.1-99.6)

cademic Research Consortium 3.



FIGURE 6 Mean aortic valve (AV) gradient at follow-up. P values refer to the comparison against discharge. (Anova,
analysis of variance.)
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world registry showed high (99.3%) 5-year actu-
arial freedom from severe SVD (stage 3) together
with a high (96.8%) 5-year freedom from non-SVD
(with low rate of moderate-severe PVL, given the
97.3% 5-year freedom from moderate-severe
PVL), thus accounting for a low rate of reinter-
vention on the aortic valve (98.2% freedom from
reintervention at 5 years).

Our results confirm the reported 5-year safety
outcomes for RESILIA tissue observed in the
COMMENCE trial,17 in which Bavaria and colleagues
reported 89.2% freedom from all-cause mortality at
5 years; freedom from SVD was 100%. Although
their results are in accordance with our findings, the
population of patients in the COMMENCE trial was
older (mean age, 66.9 years), and the trial had
important inclusion and exclusion criteria; this
study included relatively young patients with a
more severe preoperative risk profile, as in any real-
world setting (eg, patients with advanced stages of
CKD, decompensated diabetes mellitus, andmorbid
obesity anticipating prosthesis-patient mismatch,
all well-known factors associated with a higher risk
of SVD). Of note, patients with advanced stages of
CKD and those requiring surgery for endocarditis as
the primary indication, root surgery, or a redo pro-
cedure are typically excluded from trials such as
COMMENCE. Furthermore, the definition of SVD in
the COMMENCE trial was initially based on the
detection of dysfunction or deterioration involving
the valve operated on (exclusive of infection or
thrombosis), as determined by reoperation, au-
topsy, or clinical investigation,17 which differs from
the most up to date VARC-3 definition. However,
the COMMENCE investigators also recently re-
ported SVD rates according to VARC-3, confirming a
low rate of stage �2 also compared with other
contemporary valves.19 Another safety trial has
reported a variable rate of SVD for a different
bioprosthesis type in older patients (mean age,
70.2 � 9.0 years) at 5-year follow-up, and the in-
vestigators questioned the current definitions of
SVD purely based on echocardiographic data, sug-
gesting a risk of underestimating or overestimating
the phenomenon.20,21 Nevertheless, our study is
mainly based on serial echocardiographic
assessments and provides granular information on
SVD rates. In the future, perhaps more accurate
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results could be reported if clinical symptoms or
ventricular remodeling parameters consequent to
high gradients would also be incorporated in
definitions of SVD.

Furthermore, IR has been launched on the mar-
ket as a potential long-lasting bioprosthesis, prom-
ising better results compared with previous
bioprosthetic platforms. Despite that we did not
have a direct comparison with other valves, we
detected only 1 patient showing SVD stage 3 at 5
years (1.4%). So far, similar durability results with
the IR valve were reported in other single-arm
registries, mainly in young patients, but with a
much shorter follow-up.22 Of note, Thorp and
coworkers23 reported an overall SVD rate of any
grade of 28.7% at 9 years, which is as high as
>20% at 5 years, for the Perimount Magna Ease
(PME) valve, although the SVD definition in that
study was purely based on echocardiographic low
cutoff values, possibly leading to an
overestimation of SVD rates.24 In fact, that is likely
the case, as other authors reported an SVD rate
ranging from only 1.3% to 3.1% at 5 years for
PME.25-27 To date, the only available direct com-
parisons between IR and PME belong to propensity
score–matched studies; 1 study showed comparable
mean gradients across the valves, limited to 3 years
of follow-up,28 whereas the other study found a
significantly higher mean gradient in PME after 2
years,29 thus collectively suggesting a potential
advantage of a lower SVD rate with the IR valves.

Whereas a younger age at implantation is prob-
ably the strongest risk factor for subsequent SVD
because of the high likelihood for long-term sur-
vival, the rates of SVD in our cohort were favorably
low, offering promise for continued durability in
this population of patients. In this light, our data—
coming from a population with a mean age of 60
years—might be helpful also in clinical decision-
making, given that European guidelines recom-
mend bioprostheses for patients older than 65
years, whereas US guidelines are more permissive,
allowing bioprostheses also in the age range of 50 to
65 years.4-6 Although it has previously been
demonstrated that the risk of SVD significantly in-
creases beyond 5 years,30 the 5-year time point is
still considered to represent a meaningful milestone
by which contemporary valves begin to fail, espe-
cially in younger patients and others at risk.19 It is
well known, for example, that the Trifecta valve
showed early degeneration with a cumulative
incidence of severe SVD of 2.1% at 5 years in the
overall population, which increases to 4.2% in
patients younger than 65 years; these data further
increase to 13.3% and 27.9% in the overall
population and in patients <65 years of age,
respectively, at 7 years.31 Another study clearly
highlighted how Trifecta valves tended to be
replaced at a mean of 4.5 years after index
surgery, further underscoring the importance of
continued surveillance at 5 years for newly
developed valves or tissues.32 Another pathology
study demonstrated a mean time to severe SVD of
10 � 5 years for the Hancock II bioprosthesis in
the aortic position, further underscoring that a
significant number of patients may already have
severe SVD at 5 years.33 In contrast, the only
available data on RESILIA tissue at 7 years comes
from the COMMENCE trial, showing a 99.3%
freedom from SVD.16 We reported a 1.3%
“moderate” intraprosthetic regurgitation (which
proved to be almost always a central regurgitant
jet in large valve sizes) at 5 years, without
echocardiographic evidence for intrinsic changes
to the involved valve prostheses, thus not
fulfilling the current definition of SVD. Certainly,
our extended follow-up might contribute further
to this knowledge in the future. The relatively
young age of our population deserves long-term
surveillance on the risk for prosthetic endocarditis,
being to date extremely low, given the long-term
exposure to several endocarditis-related risk factors.

LIMITATIONS. Several limitations need to be
acknowledged. This is a single-arm study with no
comparative groups, which limits the judgment
against other valves and tissues. In addition, the
study reports midterm outcomes, and it is
generally accepted by cardiac surgeons that SVD
rates are often expected to increase after 5 years
and further after 10 years. Therefore, it is
mandatory to understand whether these findings
are maintained beyond 5 years and reach the 10-
year follow-up for conclusive data. Nevertheless,
these limitations are largely unavoidable in real-
world circumstances within the given timeline,
and the data presented here offer encouraging
results for patients with aortic stenosis requiring
valve replacement who choose to opt for biologic
solutions with modern prostheses. Finally, no
subanalysis has been done in patients receiving an
IR valve in a redo aortic valve scenario, given the
limited number of redo cases (n ¼ 37) and the
case mix of this subset of patients.

CONCLUSION. This study in a real-world setting of a
relatively young population undergoing SAVR with
the IR valve confirms data from the COMMENCE
trial showing a favorable safety and durability
profile, stable hemodynamic performances, and a
low rate of SVD at 5 years of follow-up.
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Novel Bioprostheses: Is 5 Years Still
Within the Honeymoon Phase?
I N V I T E D COMMENTA RY :

The authors are to be commended for a study in
this issue of The Annals of Thoracic Surgery that is
well designed, executed, and referenced.1 They
have provided solid evidence that a novel aortic
bioprosthesis made of bovine pericardium but
stored “dry” without the need for formaldehyde
fixation produces excellent midterm (5-year)
outcomes in terms of durability as well as lack of
gradient development and echocardiographic ev-
idence of structural deterioration. This new pros-
thesis comes at a significantly higher cost than the
valve it is posed to replace, but a perception of
improved long-term durability has somehow
permeated the surgical community, given the
excellent in vitro performance cited by the
manufacturing company.

One must note, however, that the exact same
studies with nearly identical comparison out-
comes exist for other implants that were sug-
gested as alternatives to the “gold standard”
stented bovine or porcine bioprostheses, such as
human cryopreserved homografts, a porcine
stented root prosthesis,2 or most recently, 2
different brands of “wrap-around” bovine
stented bioprostheses.3,4 Early enthusiasm with
all 4 of these prostheses soon waned as late
experience suggested that the root implants
failed to display superior late durability to
stented bioprostheses, thus not justifying their
somewhat higher early mortality secondary to
technical difficulties with the index operation.
Even worse, the only stented bioprostheses with
a wrap-around bovine pericardial leaflet that
were touted as offering a better hemodynamic
profile, especially at small sizes, were shown to
display inferior late durability outcomes, and their
implantation has largely been abandoned. In other
words, no conclusions can be made about im-
provements in long-term durability based on
midterm data because all alternatives so far have
produced excellent midterm outcomes, with most
differences in structural deterioration occurring
after the first decade following initial implantation.

Another more nuanced similarity shared by this
study and similar ones on the other bioprostheses
is that the first and/or last author was a paid
consultant for the company that produced the
valve under study. As our field becomes more
technology driven and dependent, the societies,
journals, and institutions will need to review
these conflicts of interest and treat them with the
importance that they deserve rather than reduce
them into a couple of screens in a slide presen-
tation covered faster than a beating cycle of the
valve under study.
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