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Objective: Sutureless aortic valves are an effective option for aortic valve replacement

(AVR) showing non-inferiority to standard stented aortic valves for major cardiovascular

and cerebral events at 1-year. We report the 1-year hemodynamic performance of the

sutureless prostheses compared with standard aortic valves, assessed by a dedicated

echocardiographic core lab.

Methods: Perceval Sutureless Implant vs. Standard Aortic Valve Replacement

(PERSIST-AVR) is a prospective, randomized, adaptive, open-label trial. Patients

undergoing AVR, as an isolated or combined procedure, were randomized to receive

a sutureless [sutureless aortic valve replacement (Su-AVR)] (n = 407) or a stented

sutured [surgical AVR (SAVR)] (n = 412) bioprostheses. Site-reported echocardiographic

examinations were collected at 1 year. In addition, a subgroup of the trial population

(Su-AVR n = 71, SAVR = 82) had a complete echocardiographic examination
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independently assessed by a Core Lab (MedStar Health Research Institute, Washington

D.C., USA) for the evaluation of the hemodynamic performance.

Results: The site-reported hemodynamic data of stented valves and sutureless valves

are stable and comparable during follow-up, showing stable reduction of mean and peak

pressure gradients through one-year follow-up (mean: 12.1 ± 6.2 vs. 11.5 ± 4.6 mmHg;

peak: 21.3 ± 11.4 vs. 22.0 ± 8.9 mmHg). These results at 1-year are confirmed in the

subgroup by the core-lab assessed echocardiogram with an average mean and peak

gradient of 12.8 ± 5.7 and 21.5 ± 9.1 mmHg for Su-AVR, and 13.4 ± 7.7 and 23.0

± 13.0 mmHg for SAVR. The valve effective orifice area was 1.3 ± 0.4 and 1.4 ± 0.4

cm2 at 1-year for Su-AVR and SAVR. These improvements are observed across all valve

sizes. At 1-year evaluation, 91.3% (n = 42) of patients in Su-AVR and 82.3% in SAVR

(n = 51) groups were free from paravalvular leak (PVL). The rate of mild PVL was 4.3%

(n = 2) in Su-AVR and 12.9% (n = 8) in the SAVR group. A similar trend is observed for

central leak occurrence in both core-lab assessed echo groups.

Conclusion: At 1-year of follow-up of a PERSIST-AVR patient sub-group, the study

showed comparable hemodynamic performance in the sutureless and the stented-valve

groups, confirmed by independent echo core lab. Perceval sutureless prosthesis

provides optimal sealing at the annulus with equivalent PVL and central regurgitation

extent rates compared to sutured valves. Sutureless valves are therefore a reliable

and essential technology within the modern therapeutic possibilities to treat aortic

valve disease.

Keywords: aortic stenosis, aortic valve replacement, sutureless aortic valves, stented bioprostheses, randomized

trial

INTRODUCTION

Aortic valve stenosis is the most common valvular heart
disease in adults. The early recognition and management
of this pathology are very important because untreated
asymptomatic and symptomatic severe diseases result in
poor outcomes if managed with conservative treatment. In
these patients, therefore, aortic valve replacement (AVR)
represents the treatment of choice (1–4). New prostheses have
been developed to minimize the surgical risk in patients
with multiple comorbidities and to reduce operating times.
Sutureless prostheses have shown promising results in terms
of mortality, morbidity, and hemodynamic performance (5–
7). Several studies have demonstrated that sutureless valves
decrease the cardiopulmonary bypass (CPB) and aortic cross-
clamping (ACC) times, facilitating minimally and conventional
invasive cardiac surgery (5–8), but no randomized controlled
trials have directly compared this technology with traditional
stented valves (9). Recently, the Perceval Sutureless Implant vs.
Standard AVR (PERSIST-AVR) trial has been published with
overall 1-year results demonstrating no substantial difference
between sutureless vs. conventional tissue valves for isolated
or combined surgical AVR (SAVR) (10, 11). The present study
addressed the hemodynamic performance at 1 year in the
sutureless and the stented-valve groups, in a limited patient
subgroup analyzed by the enrollment sites and by an independent
echo core lab.

METHODS

Details about the design of the PERSIST-AVR trial have
been previously published (10). The PERSIST-AVR trial is a
multicenter, prospective, randomized, open-label, noninferiority
trial with an adaptive design, conceived to demonstrate the
noninferiority of the Perceval sutureless prosthesis compared
with standard stented aortic bioprostheses in patients with severe
symptomatic aortic valve stenosis. The study was approved by
the local Ethical Committees and Institutional Review Boards
(IRB: local no. METC151138, national no. NL56524.068), and the
participants gave written informed consent before enrolment in
the study.

From March 2016 to September 2018, adult patients with
severe symptomatic aortic valve stenosis who were candidates
for isolated or combined SAVR procedure for native aortic valve
disease were prospectively enrolled at 47 international centers
and randomized (1:1 blocked randomization) with the Perceval
sutureless valve (Perceval, Corcym S.r.l., Saluggia, Italy) or a
standard stented aortic bioprosthesis (selected on the basis of
surgeon’s discretion).

Abbreviations: ACC, aortic cross-clamping; CPB, cardiopulmonary bypass;

PERSIST-AVR, PERceval Sutureless Implant vs. Standard Aortic Valve

Replacement; SAVR, surgical aortic valve replacement; Su-AVR, sutureless

aortic valve replacement; EOA, effective orifice area; EOAi, effective orifice

area index.
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Clinical and echocardiographic follow-up was performed at
hospital discharge, between 1 and 3 months, and at 1 year. Site-
reported echocardiographic examinations were collected and, in
addition, a subgroup of the trial population had a complete
echocardiographic examination independently assessed by a
Core Lab (MedStar Health Research Institute, Washington D.C.,
USA) for the evaluation of the hemodynamic performance. Peak
and mean aortic gradients were obtained by using Continuous
Wave Doppler (CW) using the simplified Bernoulli equation.

Statistical Analysis
Analyses were conducted on the per-protocol population
(excluding patients with Major Deviation) (10, 11) with Core-lab
assessed data.

Descriptive statistics have been calculated, using as reference
the number of subjects in the relevant analysis population
according to the nature of each parameter as follows: categorical
variables are reported as absolute and relative frequencies; for
quantitative (continuous) parameters, a number of subjects with
available and missing data, mean, standard deviation (SD),
median, quartiles (Q1-Q3), and extreme values [Minimum;
Maximum] are reported. The aortic mean and peak pressure
gradients (P2) were also analyzed considering the left ventricular
outflow tract (LVOT) gradients (P1) and calculated using the
modified Bernoulli equation (P2-P1).

RESULTS

A total of 914 patients were enrolled, and 910 underwent
randomization at 47 international centers. The population in the
primary outcome analysis (per protocol) involved 819 patients,
407 in the sutureless group and 412 in the stented group (11).

The subgroup of the trial per-protocol population with
complete echocardiographic examination independently
assessed by a Core Lab comprises 71 patients implanted with
Perceval sutureless prosthesis and 82 implanted with a stented
valve; patients were selected according to the site capability to
follow the echo core lab protocol by the study.

Preoperative patient profiles and operative characteristics
demonstrated no differences in pre-operative risk (EUROSCORE
II/STS SCORE) and baseline characteristics between patients
implanted with the Perceval sutureless prosthesis and the stented
valve cohorts (Tables 1, 2). A mini-sternotomy approach was
used in 49.3% of the Perceval group and 51.2% of the stented
group; the number of concomitant procedures was also well
balanced between the two cohorts (Table 3).

The site-reported hemodynamic data of the stented
valves and sutureless valves were comparable at one-year
follow-up (Table 4).

These results at 1 year are confirmed in the subgroup of
core-lab assessed echo (Table 5), with an average mean and
peak gradient at 1 year of 12.8 ± 5.7 and 21.5 ± 9.1 mmHg
for sutureless AVR (Su-AVR), and 13.4 ± 7.7 and 23.0 ± 13.0
mmHg for SAVR. Valve effective orifice area was 1.3 ± 0.4
and 1.4 ± 0.4 cm2 at 1 year for Su-AVR and SAVR. These
improvements are observed across all valve sizes (more details in
the Supplementary Material). At 1-year evaluation, 91.3% (n =

42) of the patients in the Su-AVR group and 82.3% in the SAVR

TABLE 1 | Patients’ baseline characteristics.

PERCEVAL

(n = 71)

STENTED (n

= 82)

p-value

Age (y) 74.7 ± 5.7 74.7.0 ± 4.5 >0.05

Female sex 32 (45.1%) 35 (42.7%) >0.05

Hypertension 53 (74.6%) 68 (82.9%) >0.05

Dyslipidemia 40 (56.3%) 57 (69.5%) >0.05

Diabetes 20 (28.2%) 23 (28.0%) >0.05

Tobacco user 12 (16.9%) 28 (34.1%) <0.05

Chronic lung disease 5 (7.0%) 5 (6.1%) >0.05

Pulmonary hypertension 1 (1.4%) 2 (2.4%) >0.05

Neoplasia 7 (9.9%) 4 (4.9%) >0.05

Peripheral vascular disease 6 (8.5%) 9 (11.0%) >0.05

Carotid artery disease 3 (4.2%) 9 (11.0%) >0.05

Angina 7 (9.9%) 6 (7.3%) >0.05

Coronary artery disease 28 (39.4%) 29 (35.4%) >0.05

Previous PCI 5 (7.0%) 11 (13.4%) >0.05

Myocardial infarction 3 (4.2%) 3 (3.7%) >0.05

Heart failure 1 (1.4%) 2 (2.4%) >0.05

Transient ischemic attack 1 (1.4%) 0 (0.0%) >0.05

Stroke 4 (5.6%) 3 (3.7%) >0.05

Previous CABG 1 (1.4%) 1 (1.2%) >0.05

Pre-existing pacemaker 1 (1.4%) 1 (1.2%) >0.05

STS score 2.5 ± 2.2 2.1 ± 1.3 >0.05

EuroSCORE II 1.9 ± 1.1 1.8 ± 1.1 >0.05

Values are mean ± standard deviation, n (%).

PCI, percutaneous coronary intervention. CABG, coronary artery bypass graft. STS,

society of thoracic surgeons.

TABLE 2 | Preoperative echocardiographic features.

PERCEVAL

(n = 71)

STENTED

(n = 82)

p-value

Mean pressure gradient (mmHg) 52.1 ± 15.2 46.6 ± 11.3 0.0146

Peak pressure gradient (mmHg) 82.7 ± 24.9 75.8 ± 17.5 0.0575

Effective orifice area (cm2 ) 0.7 ± 0.2 0.7 ± 0.2 1.0000

Left Ventricular Ejection Fraction (%) 59.9 ± 10.7 60.7 ± 9.6 >0.05

Values are mean ± standard deviation, n (%).

group (n = 51) were free from paravalvular leak (PVL), while
87.0% (n = 40) of the patients in the Su-AVR group and 82.3%
in the SAVR group (n = 51) were free from a central leak. The
rate of mild PVL was 4.3% (n = 2) in the Su-AVR and 12.9% (n
= 8) in the SAVR group, respectively.

DISCUSSION

This is a sub-analysis of the first randomized, controlled study
(PERSIST-AVR trial) comparing sutureless vs. conventional
stented bioprostheses for isolated SAVR (10, 11). On-site
and core-lab echocardiographic findings, in a limited patient
subgroup, were assessed and compared regarding hemodynamic
performances and prosthesis-related regurgitation. The primary
endpoint of this study demonstrates that the hemodynamic data
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TABLE 3 | Intraoperative characteristics.

PERCEVAL

(n = 71)

STENTED *

(n = 82)

p-value

Full sternotomy 36 (50.7%) 40 (48.8%) 1.000

Ministernotomy 35 (49.3%) 42 (51.2%) 1.000

Bicuspid aortic valve
†

12 (16.9%) 9 (11.0%) 0.4084

Concomitant CABG 20 (28.2%) 24 (29.3%) 1.000

Concomitant Septal myectomy 6 (8.5%) 4 (4.9%) 0.5117

Concomitant Aortic annulus

enlargement

0 (0.0%) 1 (1.2%) 1.000

Concomitant AF treatment and

PFO closure

5 (7.0%) 6 (7.3%) 1.000

Valve size

S (21mm) 7 (9.9%) NA

M (23mm) 21 (29.6%) NA

L (25mm) 30 (42.3%) NA

XL (27mm) 13 (18.3%) NA

19mm NA 1 (1.2%)

21mm NA 24 (29.3%)

23mm NA 37 (45.1%)

25mm NA 17 (20.7%)

27mm NA 3 (3.7%)

Total mean valve size 24.4 ± 1.8 22.9 ± 1.7

Values are mean ± standard deviation, n (%).
†
Sievers type 1 only allowed per protocol.

NA, not applicable. CABG, coronary artery bypass graft. AF, atrial fibrillation. PFO, patent

foramen ovale. *Stented valve model described in Supplementary Material.

of stented valves and sutureless valves were comparable up to
1-year follow-up, showing a stable reduction of mean and peak
pressure gradients through 1-year follow-up. Furthermore, as a
secondary endpoint, no difference in terms of para-valvular or
central valve regurgitation was found between groups.

The use of sutureless bioprostheses has been widely reported
to reduce procedure times in aortic valve replacement, both
with conventional or minimally invasive approaches (6–8).
Despite the extensive experience with Su-AVR (5–8, 12),
no randomized, prospective, controlled studies have been
performed comparing conventional vs. sutureless-based AVR.
Based on this lack, the PERSIST-AVR trial, consisting of a
prospective, randomized controlled study in patients undergoing
isolated AVR or combined procedure with sutureless or stented
bioprostheses, was conducted in 47 centers worldwide (10).
The one-year results have shown non-inferiority between
Su-AVR and SAVR regarding Major Adverse Cardiac and
Cerebrovascular Events (MACCE) at 1-year follow-up (11).
However, besides general and main clinical outcomes, several
other aspects have been addressed by the PERSIST-AVR
trial, including valve hemodynamic assessment at discharge
and during the follow-up, with programmed postoperative
consultation (10). These investigations included valve-related
hemodynamic assessment, also addressing the incidence and
extent of implanted bioprosthesis-related regurgitation, already
highlighted by the Registry-based analysis (9). Indeed, as
well-known, trans-catheter valves, due to the lack of suture-
based implantation, may experience the presence of various

TABLE 4 | Hemodynamic data up to 1-year visit (site-reported).

1 year p-value

PERCEVAL STENTED

Mean Gradient (mmHg) 11.5 ± 4.6 12.1 ± 6.2 0.6092

Peak Gradient (mmHg) 22.0 ± 8.9 21.3 ± 11.4 0.6961

EOA (cm2 ) (mean±SD) 1.6 ± 0.5 1.8 ± 0.6 0.0569

EOAi (cm2/m2 ) (mean±SD) 0.9 ± 0.2 0.9 ± 0.3 1.0000

Left ventricular ejection fraction

(mean±SD)

62.1 ± 8.1 61.1 ± 8.4 0.4964

Left ventricular mass (g)

(mean±SD)

198.8 ± 75.9 202.1 ± 74.8 0.8223

Paravalvular leak N = 63 N = 74 1.000

None/Trace 61 (96.8) 71 (95.9)

Mild 2 (3.2) 2 (2.7)

Moderate/Severe 0 (0.0) 1 (1.4)

Central leak N = 63 N = 74 0.7101

None/Trace 62 (98.4) 73 (98.6)

Mild 1 (1.6) 0 (0.0)

Moderate/Severe 0 (0.0) 1 (1.4)

Values are mean ± standard deviation, n (%). EOA, effective orifice area index. EOAi,

effective orifice area index indexed to body surface area.

ranges of valvular regurgitation, mostly para-valvular, but
also centrally located. This complication has affected mainly
percutaneous trans-catheter valve implantation but has been
observed also in the surgical approach with rapid deployment
and sutureless prosthesis (9). The reasons for such post-implant
regurgitation account for the presence of uneven surface that
can lead to PVL or for an incomplete annular sealing due to
incorrect valve sizing and also partially retained and unresected
calcification (in Su-AVR procedures) (13, 14). As a matter of
fact, such a hemodynamic dysfunction has never been shown
to be of substantial importance after Su-AVR, but a large
Registry analysis has recently shown not-reassuring data about
this phenomenon in sutureless valves. The present analysis
demonstrated that sutureless valve implantation is associated
with a similar rate and extent of either paravalvular or central
regurgitation compared to stented bioprostheses. A recent study
(6) demonstrated satisfactory hemodynamic performance with
the Perceval sutureless bioprosthesis with a stable reduction
in gradients in all valve sizes and a stable increase in the
valve-effective orifice area, with significant regression in the
left ventricular (LV) mass throughout the 5 years of follow-
up. Moreover, a low incidence of PVL was reported, showing
that the sutureless valve ensures correct sealing at the level of
the aortic annulus. Similar results have also been shown (8)
in a huge cohort of patients treated with Perceval sutureless
prosthesis implanted through a right anterior mini-thoracotomy
approach. Mean pressure gradients and LV mass, as well as the
diameters, decreased significantly from preoperative values to
follow-up. Moderate PVL occurred in one patient only from the
sub-group, without hemolysis or symptoms, and therefore not
requiring treatments.

Same excellent hemodynamic performances are coming
from the largest single-center cohort of patients with the
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TABLE 5 | Hemodynamic data up to 1-year visit (core-lab assessed).

1 year p-value

PERCEVAL STENTED

Mean Gradient [mmHg] (P2) 12.8 ± 5.7 13.4 ± 7.7 0.6445

Peak Gradient [mmHg] 4(VAO)2 21.5 ± 9.1 23.0 ± 13.0 0.4854

Mean Gradient [mmHg] (P2 -P1) 10.0 ± 5.3 11.1 ± 6.8 0.3881

Peak Gradient [mmHg] 4(V2A-

V2L)

16.7 ± 8.2 19.2 ± 11.8 0.2371

EOA (cm2) (mean±SD) 1.3 ± 0.4 1.4 ± 0.4 0.3069

EOAi (cm2/m2 ) (mean±SD) 0.7 ± 0.2 0.7 ± 0.2 1.0000

Left ventricular ejection fraction

(mean±SD)

63.0 ± 5.5 64.0 ± 5.6 0.5567

Left ventricular mass (g)

(mean±SD)

163.8 ± 45.5 175.2 ± 45.1 0.3883

Left ventricular mass index

(g/m2) (mean±SD)

91.0 ± 17.6 91.2 ± 21.4 0.9711

Paravalvular leak N = 46 N = 62 0.3148

None/Trace 42 (91.3) 51 (82.3)

Mild 2 (4.3) 8 (12.9)

Moderate/Severe 0 (0.0) 0 (0.0)

Not evaluable 2 (4.3) 3 (4.8)

Central leak N = 46 N = 62 0.8419

None/Trace 40 (87.0) 51 (82.3)

Mild 4 (8.7) 8 (12.9)

Moderate/Severe 0 (0.0) 0 (0.0)

Not evaluable 2 (4.3) 3 (4.8)

Values are mean ± standard deviation, n (%). EOA, effective orifice area. EOAi, effective

orifice area index indexed to body surface area. Peak and mean aortic gradients were

obtained by using Continuous Wave Doppler (CW) using the simplified Bernoulli equation.

Perceval sutureless bioprosthesis. The mean pressure gradient,
the LV ejection fraction, and mass decreased significantly from
the preoperative value to follow-up (p < 0.001). Moderate
paravalvular leakage occurred in only 3 patients without
hemolysis who did not require any treatment; while the other 2
patients with paravalvular leak were reoperated for incomplete
expansion of the bioprosthesis (12).

Regarding the overall hemodynamic performance, the
PERSIST-AVR findings, at 1-year from the surgical procedure,
have shown an effective reduction of transvalvular aortic
gradients, with a progressive improvement from hospital
discharge to 1-year follow-up, and no significant difference
between the sutureless and the sutured groups.

The use of core-lab investigation may play a critical role in
such investigations, providing an independent assessment from
individual site analysis. The analysis of a subgroup of PERSIST-
AVR patients with such an independent assessment showed,
notably, no difference, also in terms of prosthesis-related leakage,
either paravalvular or central.

Continued investigations are warranted to further and more
thoroughly explain these outcomes in the sutureless valve cohort.

Limits of the Study
The findings of this controlled, randomized study were obtained
through a multicenter, worldwide study representing a wide

clinical experience. The choice of the stented valve was at the
discretion of the operating physician, and the surgical techniques
or influence of specific tissue valves employed was not considered
in this sub-analysis, for which a limited number of patients were
enrolled. Furthermore, the original study was not powered for
this ad hoc analysis, and a limited number of patients were
included in the core-lab assessment.

CONCLUSION

This study showed comparable 1-year hemodynamic
performances in the sutureless and stented-valve groups,
confirmed by an independent echo core lab. Perceval sutureless
bioprosthesis provides optimal sealing at the annulus site with
equivalent PVL rates of sutured valves. Sutureless valves are a
reliable and essential technology in modern therapeutic options
for the treatment of aortic valve disease. No difference was found
with regards to central or paravalvular regurgitation, although a
favorable trend was shown in the sutureless valve, indicating a
correct sealing at the aortic annulus.
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