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ABSTRACT

Background: The present study is a sub-analysis of the multicenter, randomized PERSIST-AVR trial (PERceval
Sutureless Implant versus Standard Aortic Valve Replacement) comparing the in-hospital and 1-year results of
sutureless versus conventional stented bioprostheses in isolated surgical aortic valve replacement (SAVR) within
two different surgical approaches: mini-sternotomy (MS) and full-sternotomy (FS).

Methods: A total of 819 patients (per-protocol population) underwent preoperative randomization to sutureless or
stented biological valve at 47 centers worldwide. Sub-analysis on isolated SAVR was performed. Results were
compared between sutureless and stented within the two different surgical approaches.

Results: 285 patients were implanted with Perceval (67% in MS) and 293 with stented valves (65% in MS).
Sutureless group showed significantly reduced surgical times both in FS and MS. In-hospital results show no
differences between Perceval and stented valves in FS, while a lower incidence of new-onset of atrial fibrillation
(3.7% vs 10.8%) with Perceval in MS. After 1-year, use of sutureless valve showed a significant reduction of
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MACCE (5.2% vs 10.8%), stroke rate (1.0% vs 5.4%), new-onset of atrial fibrillation (4.2% vs 11.4%) and re-
hospitalizations (21.8 days vs 47.6 days), compared to stented valves but presented higher rate of pacemaker

implantation (11% vs 1.6%).

Conclusions: Sutureless bioprosthesis showed significantly reduced procedural times during isolated SAVR in both
surgical approaches. Patients with sutureless valves and MS access showed also better 1-year outcome regarding
MACCEs, stroke, re-hospitalization and new-onset atrial fibrillation, but presented a higher rate of permanent
pacemaker implantation compared to patients with stented bioprosthesis.

1. Introduction

Compared to standard surgical bioprosthesis, sutureless aortic valves
feature a shorter operative time and a facilitated implantation, partic-
ularly in case of a minimally invasive access [1-5]. However, the actual
impact of sutureless bioprostheses on clinical outcome of patients un-
dergoing conventional or minimally invasive surgical aortic valve
replacement (SAVR) remains unclear. Results of controlled randomized
studies in a large patient population undergoing isolated SAVR by means
of minimally invasive or conventional access using sutureless valves in
comparison with conventional bioprostheses has been repetitively
claimed by clinical and scientific communities to provide objective ev-
idence in these settings. Recently, multicentre, randomized PERSIST-
AVR trial has been undertaken to compare sutureless and conven-
tional bioprostheses implanted with full- (FS) or mini-(MS) sternotomy,
with overall 1-year results showing no substantial clinical differences
between Perceval sutureless valve (Perceval, Corcym S.r.l., Saluggia,
Italy) versus conventional stented bioprostheses for isolated or com-
bined SAVR [6,7].

The present study is a sub-analysis of PERSIST-AVR trial aiming at
analysing outcomes of patients undergoing isolated SAVR with Perceval
sutureless or conventional bioprostheses using a FS or a MS access. In-
hospital and 1-year outcomes were collected and analysed within the
two surgical approaches.

2. Methods
2.1. Study design

Details about design of PERSIST-AVR trial and primary study
outcome have been already published [6,7]. Briefly, PERSIST-AVR trial
was a multicentre, prospective, randomized, open-label trial with an
adaptive design conceived to demonstrate non-inferiority of Perceval
sutureless bioprosthesis compared to standard stented aortic bio-
prosthesis, in patients with severe symptomatic aortic valve stenosis
(ClinicalTrials.gov number NCT02673697). Primary outcome was the
freedom from major cerebral and cardiovascular events (MACCEs), with
a composite endpoint of death from any cause, myocardial infarction,
stroke, or valve reintervention at 1-year. The primary endpoint was met
demonstrating non-inferiority of the Perceval valve versus the stented
bioprosthesis at 1 year [7]. Study was approved by local Ethic Com-
mittees and by Institutional Review Boards of each institution partici-
pating. Participants signed informed consent before enrolment in the
study. From March 2016 to September 2018, adult patients with severe
symptomatic aortic valve stenosis who were deemed good candidates for
SAVR were prospectively enrolled in 47 centres across Europe, Canada,
United States, Chile, and Israel. In total, 819 patients (per-protocol
population) were included in protocol for randomization (1:1 blocked
randomization) to Perceval sutureless valve arm or to standard stented
aortic bioprosthesis arm. Enrolled patients were randomly assigned, in a
1:1 ratio, to treatment with the sutureless or the stented biological valve.
The choice of the surgical bioprosthesis in the stented valve arm was left
to the discretion of the surgeon. A blocked randomization list was
generated by the sponsor before the start of the study, stratified by
country and surgical approach to ensure proportional assignment. To
minimize selection bias, randomization was performed after a computed

tomography scan confirmed eligibility for the current sutureless valve
implantation, suitability for the proposed surgical access (FS or MS), and
the decision about an isolated or concomitant procedure was decided.
Right anterior minithoracotomy was not allowed due to variable expe-
rience among the centers and/or suitability for the comparator standard
valve. Only subjects who had undergone standard chest CT-scan to
determine if the aortic stenosis can be replaced with an available
Perceval valve (size), and is potentially suitable for mini-sternotomy,
have been randomized. Details regarding sutureless valve and tech-
nical details for implantation have been already published [8-10].

Study protocol was developed in collaboration with Steering Com-
mittee and in accordance with principles defined by current guidelines
for management of patients with valvular heart disease [11,12]. Details
about management of trial and a list of participating centres are pro-
vided in Supplemental Material.

2.2. Statistical analysis

Trial design was based on use of a Bayesian adaptive Goldilocks
approach, with two planned interim analysis conducted by an inde-
pendent statistical unit (Berry Consultants, Austin, Texas, United
States). Stopping rules were defined a priori empirically through
computer-based simulations conducted to optimize study operating
characteristics.

Mortality and morbidity rates were assessed using descriptive sta-
tistics broken down by adverse event type and timing (intra/perioper-
ative or after intervention according to VARC-2 definitions) [13].

Analyses were conducted on per-protocol population (excluding
patients with Major Deviation). A sub-analysis has been performed on
isolated AVR to evaluate in-hospital and 1-year outcomes between
Perceval and stented both in FS and MS approach.

Serious adverse events (according to VARC-2 criteria) have been
assessed using descriptive statistics. Number of events and percentages
will be presented in early events (<30 days) and late events (>>30 days)
divided by treatment arms. A mixed regression analysis was used and
Least square (Ls) means and differences of Ls means were generated. Ls
means are computed based on ANOVA model with Procedure (Isolated)
and Valve type (Perceval sutureless valve, Stented) as independent
variables, and surgical timing and ICU management as dependent var-
iable; p-values were adjusted by Bonferroni approach to account for
multiplicity tests.

3. Results

Among the 819 randomized subjects included in PERSIST-AVR trial,
285 patients have been implanted with Perceval (67% in MS) and 293
with stented (65% in MS); all of them underwent isolated AVR. Preop-
erative patients' characteristics are listed in Table 1. Patients implanted
with Perceval had similar pre-operative risk profile of the ones
implanted with stented, in both full-sternotomy and minimally invasive
approach (Table 1). Sutureless valve showed significantly shorter car-
diopulmonary bypass (CPB) and aortic cross-clamping times, in both the
surgical approaches (Fig. 1). Mean intensive care unit stay and hospital
stay did not differ among the two types of bioprostheses (Table 2).
Clinical outcomes at 30 days showed significantly reduced new-onset of
atrial fibrillation episodes and higher rate of permanent pacemaker
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Table 1
Patients' characteristics.

Full-sternotomy (n = 202) Mini-sternotomy (n = 376)

PERCEVAL STENTED PERCEVAL STENTED

(n=94) (n=108) (n=191) (n=185)
Age 75.2 + 6.0 75.0 £ 5.8 75.4 £ 5.7 74.0 £ 6.9
Female gender 50 (53.2%) 46 (42.6%) 114 (59.7%) 87 (47.0%)
Hypertension 75 (79.8%) 85 (78.7%) 156 (81.7%) 150 (81.1%)
Dyslipidaemia 54 (57.4%) 59 (54.6%) 93 (48.7%) 116 (62.7%)
Diabetes 24 (25.5%) 37 (34.3%) 42 (22.0%) 42 (22.7%)
Smoker 21 (22.3%) 36 (33.3%) 29 (15.2%) 48 (25.9%)
COPD 12 (12.8%) 11 (10.2%) 21 (11.0%) 16 (8.6%)
Malignancy 10 (10.6%) 9 (8.3%) 14 (7.3%) 12 (6.5%)
Peripheral 6 (6.4%) 12 (11.1%) 14 (7.3%) 11 (5.9%)

Artery Disease
Coronary Artery
Disease

27 (28.7%) 25 (23.1%) 56 (29.3%) 42 (22.7%)

Angina (CCS 7 (7.4%) 9 (8.3%) 23 (12.0%) 17 (9.2%)
score III-IV)

Heart Failure 3 (3.2%) 8 (7.4%) 10 (5.2%) 7 (3.8%)

Myocardial 4 (4.3%) 3 (2.8%) 8 (4.2%) 4 (2.2%)
infarction

TIA 7 (7.4%) 2 (1.9%) 1 (0.5%) 3 (1.6%)

Stroke 3 (3.2%) 3 (2.8%) 7 (3.7%) 6 (3.2%)

Endocarditis 0 (0.0%) 1 (0.9%) 0 (0.0%) 0 (0.0%)

Previous cardiac 1 (1.1%) 1 (0.9%) 0 (0.0%) 0 (0.0%)
surgery

STS score 26 +24 21+1.5 20+1.3 1.8 £0.9

EuroSCORE II 20+ 1.4 19+1.6 19+1.6 1.5+0.8

Values are expressed as mean + standard deviation, n (%). COPD=Chronic
Obstructive Pulmonary Disease, CCS=Canadian Cardiovascular Society Angina
Grade, TIA = Transient Ischemic Attack.

implantation in Perceval vs stented; these results are valid in case of a
minimally invasive access but not with a full sternotomy approach
(Table 3).

Cardiopulmonary Bypass Time (min)
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3.1. 1-year outcome

Similar results between Perceval and stented valves have been re-
ported in case of FS approach. On the contrary, in patients undergoing
sutureless valve implantation through a MS access, there was a signifi-
cantly reduction of MACCE events, stroke rate, new onset of atrial
fibrillation, but a higher rate of permanent pacemaker implantation
(Table 3). Furthermore, sutureless groups implanted through MS
showed a significant reduction of re-hospitalizations after hospital
discharge (Fig. 2). Cause for re-hospitalizations and number of events
are reported in Table 4.

4. Discussion

This is a sub-analysis of the first randomized, controlled study
(PERSIST-AVR trial) comparing sutureless versus conventional stented
bioprostheses focusing on isolated SAVR either with a FS or MS access.
This study demonstrated a significantly reduction in cross-clamp time
and CPB time using Perceval in both FS and MS surgical approaches.
Moreover, SAVR with sutureless valve in MS cohort demonstrated a
significantly reduction in MACCEs, new-onset of atrial fibrillation epi-
sodes and re-hospitalizations at 1-year follow-up, mainly due to the
lower number of hospital accesses for neurological events. Regarding
the incidence of permanent pacemaker implant Perceval showed a
higher value vs stented in the MS approach, but not in the FS one.

Use of sutureless bioprostheses has been widely reported to reduce
procedure times, both with FS and MS approaches [7,14-16]. Ease of
implantation enhances MS approaches, as recently confirmed by STS
Registry data and other series, demonstrating that use of sutureless or
rapid deployment bioprostheses allow a wider application of minimally
invasive procedures [17,18]. Previously, reduced procedure times ach-
ieved with sutureless valve implantation in some series have not
consistently translated into clinical benefits [19-22]. Indeed, in a recent
large series, Erfe and colleagues found no significant difference in 30-
day outcomes, when sutureless or rapid deployment valves were
compared to SAVR with conventional stented tissue valves, despite

Cross-Clamping Time (min)

100 * 70 * *
* 60
80
50
= 80 40
2 4 80,6 =30 55,5 60,4
639 ) )
5 ' 20 38,7
10
0 0
Full Sternotomy Mini Sternotomy Full Sternotomy Mini Sternotomy
m PERCEVAL m STENTED m PERCEVAL = STENTED
*P<0.0001

20% to 25% reduction

30% reduction

Fig. 1. Surgical times for Perceval and conventional stented bioprostheses in both full sternotomy and minimally invasive approach. Use of sutureless valve for aortic
valve replacement surgery had shorter procedure times for cardiopulmonary bypass or cross-clamping times in both full-sternotomy and mini-sternotomy.

Table 2

Intensive care unit and hospital length-of-stay by surgical approach and study groups (estimates and standard error).

Full-sternotomy (n = 202)

Mini-sternotomy (n = 376)

PERCEVAL (n STENTED (n = Ls mean p-value (Bonferroni PERCEVAL (n = STENTED (n = Ls mean p-value (Bonferroni
=94) 108) difference adjusted) 191) 185) difference adjusted)
ICU stay 6.3 (0.8) 5.8 (0.8) 0.54 0.642 3.6 (0.7) 3.6 (0.7) —-0.07 0.937
(days)
Length of stay ~ 12.6 (1.9) 15.1 (1.9) —2.49 0.359 13.3(1.6) 13.5(1.5) -0.20 0.927
(days)

Values are expressed as mean =+ standard deviation.
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Table 3
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Clinical outcomes at 30 days and outcomes at 1-year in patients undergoing isolated aortic valve replacement with sutureless or conventional stented tissue valves.

Full-sternotomy (n = 202)

Mini-sternotomy (n = 376)

Outcomes at 30 days PERCEVAL (n = STENTED (n = Difference (95% Cred PERCEVAL (n = STENTED (n = Difference (95% Cred

94) 108) Int) 191) 185) Int)
MACCE 3(3.2) 3(2.8) 0.7 (—4.1;5.1) 3(1.6) 8(4.3) 2.2 (-1.5;5.9)
Death 0 (0.0) 1 (0.9) 0.9 (-1.8;3.49) 2 (1.0) 1(0.5) —0.5 (—2.5;1.6)
IMA 1(1.1D 1(0.9) —0.1 (-3.6;3.1) 0 (0.0) 2.1 1.1 (-0.7;2.9)
Stroke 2(2.1) 1(0.9) -1.2(-5.2;2.6) 1 (0.5) 5(2.7) 2.2 (-0.6;4.9)
Reintervention 0 (0.0) 0 (0.0) 0.0 (—2.1;1.8) 1(0.5) 0 (0.0) —0.5 (-1.9;0.9)
TIA 0 (0.0) 1(0.9) 0.9 (-1.8;3.4) 0 (0.0) 0 (0.0) 0.0 (-1.0;1.0)
Surgical bleeding 5(5.3) 6 (5.6) 0.2 (—6.3;6.6) 5(2.6) 7 (3.8) 1.2 (-2.5;4.8)
New-onset AF 3(3.2) 5 (4.6) 1.4 (—4.3;6.9) 7 (3.7) 20 (10.8) 7.1 (1.8;12.3)
PM implantation 12 (12.8) 8(7.4) —5.4(-13.8;3.1) 20 (10.5) 2(1.1) —9.4 (—13.9; —4.6)
Paravalvular leak (moderate/ 0 (0.0) 0 (0.0) 0.0 (—2.1;1.8) 1(0.5) 0 (0.0) —0.5 (-1.9;0.9)

severe)

Outcomes at 1-year PERCEVAL STENTED Difference PERCEVAL STENTED Difference

(n =94) (n =108) (95% Cred Int) (n=191) (n = 185) (95% Cred Int)
MACCE 6 (6.4) 5 (4.6) —1.8 (-8.3;4.7) 10 (5.2) 20 (10.8) 5.6 (0.0;11.1)
Death 2(2.1) 3(2.8) 0.7 (—4.1;5.1) 8(4.2) 7 (3.8) —0.4 (—-4.2;3.4)
IMA 1(1.1) 1(0.9) -0.1 (-3.6;3.1) 0 (0.0) 3(1.6) 1.6 (-0.5;3.7)
Stroke 3(3.2) 1 (0.9) -2.3(-6.7;2.0) 2 (1.0) 10 (5.4) 4.4 (0.7;8.0)
Reintervention 1(1.1) 1 (0.9 —0.1 (-3.6;3.1) 2(1.0) 3 (1.6) 0.6 (—1.9;3.1)
TIA 2(2.1) 2(1.9) —0.3 (—4.6;3.9) 0 (0.0) 0(0.0) 0.0 (—1.0;1.0)
Surgical bleeding 5(5.3) 8 (7.4) 2.1 (—4.9;8.8) 8(4.2) 7 (3.8) —0.4 (—4.4;3.7)
Endocarditis 0 (0.0) 2(1.9) 1.9 (-1.5;4.8) 3(1.6) 6 (3.2) 1.7 (-1.6;4.9)
New-onset AF 3(3.2) 10 (9.3) 6.1 (—0.8;12.5) 8 (4.2) 21 (11.4) 7.2 (1.7;12.5)
PM implantation 12 (12.8) 9 (8.3) —4.4 (-13.0;4.1) 21 (11.0) 3(1.6) —9.4 (—14.1; —4.4)
Paravalvular leak (moderate/ 0 (0.0) 0 (0.0) 0.0 (—2.1;1.8) 2(1.0) 1(0.5) —0.5 (—2.5;1.6)

severe)

Values are expressed as n (%). MACCE: major acute cardio-cerebral events, IMA: myocardial infarction, TIA: transient ischemic attack, AF: atrial fibrillation, PM:
pacemaker, Reintervention: valve substitution for severe paravalvular leak. 1-year outcomes include outcomes at 30 days. There are no patients lost to follow-up.

1-Year Re-Hospitalization

Ls mean difference: -25.804

60 p value: 0.049
50 Ls mean difference: -2.167 47,620
p value: 0.891
10 (9.167)
aQ 26.718 28,885
& 30 .
- (10.956) 21,816
20 ) (9.260)
10
0

Full Sternotomy Mini Sternotomy

m PERCEVAL = STENTED

p value Bonferroni adjusted

Fig. 2. 1-year re-hospitalization in stented versus sutureless groups according
to surgical access. Minimally invasive approach showed a significant reduction
of re-hospitalization after hospital discharge (Ls: least square).

significantly reduced CPB and cross-clamp times [17]. On the contrary,
the results of this study showed not only a significant reduction in the
operative times with Perceval vs stented valves but also some clinical
advantages linked to the use of Perceval in a minimal invasive approach
[23,24].

In fact, this is the first study showing a significant reduction at 1 year
of MACCEs events in the Perceval cohort vs the stented ones, when a
minimal surgical invasive approached was used [25]. Potential expla-
nation for this observed positive clinical impact might be linked to a
significant reduced rate of new onset of atrial fibrillation episodes [26].
Decreased rates of atrial fibrillation might have reduced risk of embolic
episodes following sutureless valve implantation with a consistent

observed reduction in stroke rates and other cardiac-related complica-
tions [27]. From these 1-year results, it seems that MS approach might
become the procedure of choice with sutureless isolated SAVR.

A higher incidence of pacemaker implantation rate in MS cohort with
sutureless valve was, however, observed in the present study. Higher
perioperative pacemaker implantation rate in patients receiving a
sutureless valve was also observed in similar series comparing conven-
tional stented tissue valves with sutureless and rapid deployment valves
[17,28]. However, reduced pacemaker rate after sutureless valve im-
plantation has also been observed and reported in association with a
more careful attention to valve sizing and implanting technique
[29-32]. The mechanisms for higher pacemaker rate compared to
standard valves are likely due to compression of conduction system
caused by prosthetic stent below the annulus, particularly in case of
valve oversizing [24,33]. These shortcomings have been recently
addressed by a next generation design of sutureless valve and by implant
refinements [34,35]. Nonetheless, it is also worth underlying that FS
approach was not associated with higher pacemaker implantation rate,
indicating another aspect to be further investigated.

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

4.1. Limitations of the study

This study presents some limitations. The choice of the stented valve
was at the discretion of the operating physician and the impact of the
surgical implantation technique or the type of the tissue valve was not
considered in this sub-analysis. Moreover, the decision to implant a
pacemaker was driven by local policies and procedures at each study
hospital, and this might have impacted the homogeneity of the results.
Finally, the original study was not powered for this sub-analysis.

5. Conclusion

Perceval sutureless valve improves surgical times in both FS and MS
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Table 4
Cause of re-hospitalization and number of events by surgical approach and study
group.

Full-sternotomy (n = 202) Mini-sternotomy (n = 376)

Cause of re- PERCEVAL STENTED PERCEVAL STENTED

hospitalization (n=94) (n =108) (n=191) (n =185)

Access site 2 1 4 7
complications

Mean sternal 2 - 2 4
dehiscence

Deep sternal - 1 2 3
wound infection

Blood disorders 2 8 6 -

Cardiac disorders 20 27 32 37

Arrhythmias and 14 21 23 27
conduction
disorders

Heart failure 1 3 3 3

Cardiac 1 1 1 2
tamponade

Pericardial 3 1 2 3
effusions

Pericarditis - 1 - 1

Intracavitary 1 - 3 -
thrombosis

Coronary artery - - - 2
disease with
angioplasty

Infections 4 4 10 12

Endocarditis 1 2 4

Respiratory 2 2 1 5
infections

Sepsis 1 - 5

Neurologic 7 3 5 12
disorders

Stroke 3 - 1 6

TIA 2 1 2 2

Confusion/ 2 1 - 4
Delirium

Syncope - 1 2 -

Kidney failure 2 5 2

Respiratory 5 4 9 12
disease

Vascular disease 1 - 1 5

TIA: transient ischemic attack; Respiratory disease: pulmonary oedema, pleural
effusion, pneumothorax, respiratory distress/insufficiency. Vascular disease:
thrombosis arterial or deep vein, pulmonary embolism, vessel occlusion/
obstruction/pseudoaneurysm.

approaches during isolated SAVR for severe aortic stenosis. Moreover, in
comparison to stented valves, the sutureless valves, used in a minimally
invasive setting, shows significantly better clinical outcomes after 1
year, including lower rate of MACCEs, re-hospitalizations and new onset
of atrial fibrillation. Sutureless valve is affected by a significant higher
incidence of permanent pacemaker implantation at 30 days with a MS
access, but not with a FS approach.
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