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Abstract 

Objectives  New technologies for the treatment of Aortic Stenosis are evolving to minimize risk and treat an increas-
ingly comorbid population. The Sutureless Perceval Valve is one such alternative. Whilst short-term data is promising, 
limited mid-term outcomes exist, until now. This is the first systematic review and meta-analysis to evaluate mid-term 
outcomes in the Perceval Valve in isolation.

Methods  A systematic literature review of 5 databases was performed. Articles included evaluated echocardio-
graphic and mortality outcomes beyond 5 years in patients who had undergone Perceval Valve AVR. Two reviewers 
extracted and reviewed the articles. Weighted estimates were performed for all post-operative and mid-term data. 
Aggregated Kaplan Meier curves were reconstructed from digitised images to evaluate long-term survival.

Results  Seven observational studies were identified, with a total number of 3196 patients analysed. 30-day mortality 
was 2.5%. Aggregated survival at 1, 2, 3, 4 and 5 years was 93.4%, 89.4%, 84.9%, 82% and 79.5% respectively. Per-
manent pacemaker implantation (7.9%), severe paravalvular leak (1.6%), structural valve deterioration (1.5%), stroke 
(4.4%), endocarditis (1.6%) and valve explant (2.3%) were acceptable at up to mid-term follow up. Haemodynamics 
were also acceptable at up mid-term with mean-valve gradient (range 9–13.6 mmHg), peak-valve gradient (17.8–
22.3 mmHg) and effective orifice area (1.5–1.8 cm2) across all valve sizes. Cardiopulmonary bypass (78 min) and Aortic 
cross clamp times (52 min) were also favourable.

Conclusion  To our knowledge, this represents the first meta-analysis to date evaluating mid-term outcomes in the 
Perceval Valve in isolation and demonstrates good 5-year mortality, haemodynamic and morbidity outcomes.

Key question  What are the mid-term outcomes at up to 5 years follow up in Perceval Valve Aortic Valve 
Replacement?

Key findings  Perceval Valve AVR achieves 80% freedom from mortality at 5 years with low valve gradients and mini-
mal morbidity.
Key outcomes  Perceval Valve Aortic Valve Replacement has acceptable mid-term mortality, durability and haemody-
namic outcomes.
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Background
Aortic Stenosis remains the most common valve pathol-
ogy requiring intervention in developed countries, with 
significant morbidity and mortality if left untreated [1, 
2]. Aortic Valve Replacement (AVR) remains the current 
treatment of choice, however an ageing population and 
increasing incidence of disease combined with increas-
ing morbidity and potential surgical risk, has prompted 
the need for interventions which minimise surgical risk 
[3, 4]. The response to this has been the introduction of 
Trans-catheter Aortic Valve Replacement (TAVR) and 
Sutureless/Rapid-Deployment Aortic Valve Replacement 
(SURD-AVR) [5, 6]. Promisingly, SURD-AVR has demon-
strated shortened cardiopulmonary bypass (CPB) times 
and aortic cross clamp times (ACC) both for isolated 
AVR and concomitant procedures [7, 8]. Post-operative 
outcomes remain comparable with those of standard 
surgical AVR (SAVR) with respect to mortality, compli-
cations and valve haemodynamics [7, 9, 10] Mid-term 
data had been lacking until Williams et  al. conducted 
the first meta-analysis of mid-term outcomes in patients 
who had received SURD-AVR either with the Sutureless 
Perceval Valve, (Corcym SRL, Saluggia, Italy, previously 
LivaNova) or rapid deployment Intuity Valve (Edwards 
Life Sciences, California, USA) [11]. The analysis of four 
observational studies demonstrated satisfactory five-year 
survival for SURD-AVR, comparative to current survival 
seen in SAVR [11, 12]. Additionally, haemodynamic out-
comes, whilst unable to be meta-analysed, were promis-
ing at five years and were once again comparable with 
other reported haemodynamic data for SAVR [11, 13, 
14]. However, due to the limited published data available 
at that time, two studies only evaluating each valve were 
available for their analysis with limited numbers at fol-
low-up, especially in papers analysing the Perceval Valve 
[15, 16]. With the publication of more mid-term data in 
this field, this systematic review and meta-analysis of 
published data aims to be the first to evaluate the mid-
term outcomes and valve haemodynamics of the Perceval 
Valve with an increased number of patients at mid-term 
follow-up.

Methods
Literature search
A systematic review and Meta-Analysis of Perce-
val Valve implantation was undertaken in accord-
ance with PRISMA guidelines. Five data bases were 

analysed—PubMED, SCOPUS, Cochrane Database, 
EMBASE and Ovid MEDLINE. Dates searched were 
from data-base inception to June 2022. Search terms 
utilised keywords in combination and MeSH headings. 
Headings utilised were rapid deployment AND Aor-
tic Valve bioprosthesis or AVR, Sutureless AND Aortic 
Valve bioprosthesis OR AVR. Additionally, references 
from retrieved articles were assessed individually and 
included if inclusion criteria were met.

Inclusion and exclusion criteria
Studies were included if patients had undergone AVR 
with a Perceval Valve either in isolation or with a con-
comitant procedure. Studies could be randomised con-
trol trials or observational studies. They had to have 
reported outcomes up to five years with full survival data 
required. Studies were excluded if they included valves 
other than the Perceval Valve or if there was insufficient 
time to event survival data (defined as up to five years). 
Grey literature was included as were studies not in Eng-
lish. Case reports, expert opinion, narrative reviews, 
abstracts and presentations were excluded.

Data extraction
Data was extracted directly from texts, tables and Addi-
tional file 1. Where data was incomplete, authors of pub-
lications were emailed directly. All retrieved articles were 
reviewed by two reviewers (JJ and AT). Disagreements 
between reviewers were discussed with a third reviewer 
(JG) and if required, discussions were conducted 
amongst all investigators.

Outcomes and statistical analysis
The primary outcome of interest was survival and 
haemodynamic performance at five years. Secondary 
outcomes included: early and late post operative mortal-
ity and morbidity, early and late re-intervention and valve 
explantation/TAVR intra-operative failure and CPB and 
ACC times. Using a random effects model, dichotomous 
and continuous outcomes were pooled to provide either 
weighted averages or proportion with a reported 95% 
Confidence Interval (CI). Heterogeneity was calculated 
with an I2 statistic with minimal heterogeneity being 
between 0–49%, moderate between 50 and 74% and high 
being > 75%. Funnel plots would be utilised to assess 
publication bias. The method utilised by Williams et  al. 
and devised by Guyot et al. to aggregate overall survival 
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was instituted [11, 17]. This generated individual patient 
data from digitised Kaplan–Meier curves and created an 
aggregate survival curve. DigitiseIT (DigitalRiver GmbH, 
Cologne, Germany) was used to extrapolate the digitised 
curves. Comprehensive Meta-Analysis Software V3.3 
(Biostat Incorporated, NJ, USA) was utilised in the analy-
sis of dichotomous and continuous outcomes. Quality of 
studies was reviewed with the Cochrane GRADE system, 
with bias assessed through the Risk of Bias in Non-Ran-
domised Studies of Interventions tool (ROBINS-I) [18, 
19].

Results
Quality of evidence
The study selection process is outlined in Fig.  1. Ini-
tially, 730 articles were identified and after removal of 
duplicates and exclusion of inappropriate articles, 110 
were identified for full review. In total, 104 articles were 
excluded. Three studies were excluded due to overlap 
with registry data from the final included papers [20–22]. 

One study was excluded as it was a presentation with only 
the abstract available [23]. Seven studies were included 
in the final analysis with a combined patient number of 
3196 patients [9, 16, 21, 24–27].

All seven studies were observational, with three pro-
spective cohort studies [16, 21, 25] and four prospective 
cohort studies, with mean follow up time between 1.8 and 
7 years [9, 24, 26, 27]. Refer to Table 1 for details. Three 
of the studies included complete echocardiographic 
data at five years [21, 24, 28] whilst one did not contain 
peak valve gradient (PVG) data [16]. Two of the included 
studies did not report complete echocardiographic data 
but did include latest follow up echocardiographic data 
with a mean follow-up time of 3 years and maximum of 
11.2 years [27] and median of 2.6 years with a maximum 
of 13.5 years [26]. One study failed to include echocardi-
ographic data [9]. In three of the four studies, echocardi-
ographic data was collected independently and analysed 
[21, 24, 25] whilst in one, it was institutional data [16]. 
All studies reported five-year mortality estimates with 

Fig. 1  PRISMA flow sheet outlining publication search strategy
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at-risk data provided. The three prospective studies were, 
non-randomised single arm studies [16, 21, 25]. One of 
the retrospective studies compared TAVR with the Per-
ceval Valve, one compared SAVR with the Perceval Valve 
whilst the remaining two evaluated the Perceval Valve in 
isolation [9, 24, 26, 27]. Four of the studies were multi-
centre, with three of these studies evaluating data across 
multiple centres in Europe [21, 24, 25] and one multi-
national trial [16]. The remaining three were single-cen-
tre [9, 26, 27]. All studies, except Glauber et al., provided 
explicit inclusion and exclusion criteria [9, 16, 21, 24–27]. 
Loss to follow-up was not clearly reported in three of the 
four studies [16, 21, 26]. Fischlein et  al. suffered signifi-
cant attrition losing 293 of the 628 patients who under-
went valve replacement, whilst three of the studies had 
near complete follow up data [9, 24, 25, 27]. Only one 
study included final follow-up numbers for echocardio-
graphic data [25]. Authors from 6 of the 7 studies dis-
closed a conflict of interest with LivaNova, now owned 
by Gyrus Capital and run by CORCYM, either financially 
as consultants or as recipients of research grants [9, 16, 
21, 24–27]. Significant heterogeneity was encountered in 
key outcomes such as mid-term mortality and PVL with 
moderate heterogeneity encountered with SVD, explan-
tation/reintervention and pacemaker implantation. Fun-
nel plots were not utilised as there were less than 10 
studies included in this meta-analysis.

Demographics
Baseline demographics are reported in Table  2. The 
weighted average age was 78 with the population being 
44% male and 56% female. Only study included weight, 

height, body-surface area (BSA) and only two reported 
BMI and so neither was pooled. The pooled population 
was relatively free of comorbidities. Chronic lung disease 
and CKD were the most reported comorbidities (16% 
and 9% respectively), followed by diabetes and peripheral 
arterial disease. Euroscore-1 was reported in four studies, 
with a weighted average of 11 (95% CI 8.8–13.3) whilst 
Euroscore-2 was reported in two studies both of which 
had low risk scores. NYHA III/IV symptoms were seen 
in 53.9% (44.6–63.1) of the population. Due to a lack of 
reporting in 3 out of the four studies, surgical character-
istics were unable to be pooled. In those that reported 
it, 93–100% of valves were tricuspid and between 2 and 
10% were bicuspid [16, 21, 24, 28]. Four studies reported 
the indication for surgery, with aortic stenosis or mixed 
aortic stenosis/insufficiency the primary indication in 
98–100% of cases[16]. Whilst data was not provided, 
Scezel et  al. also noted that < 1% of patients underwent 
valve replacement for pure aortic insufficiency [27]. 
Pre-operative surgical characteristics are summarised 
in Table  3. Pre-operative haemodynamics were unable 
to be pooled as only three studies reported on this data 
[16, 24, 28]. Where reported, MVG was between 45 and 
49.3 mmHg, PVG was between 73.5 and 78.2 mmHg and 
EOA was 0.7. Mean LVEF in three studies was between 
58 and 63% [21, 24, 28], whilst 68–80% of patients 
between three studies having an LVEF of > 50% [9, 26, 
27]. Pre-operative haemodynamic data is summarised in 
Table 4.

Intra‑operative outcomes
Intra-operative findings are summarised in Table  5. 
Of the remaining 2318 patients, 71.62% (47.1–90.7) 

Table 1  Summary of quality of evidence. ROBINS-I (risk of bias in non-randomised studies tool), GRADE (grading of recommendations, 
assessment, development and evaluation)

Papers Study design Trials/registries Patient 
number

Median 
follow up 
(years)

Loss to follow 
up

Confounders 
factors 
identified

Risk of bias 
(ROBINS-I)

GRADE sore

Meuris et al. 
(2015)

Prospective 
Cohort

Perceval Pilot 
Trial (5 years)

30 5 Unclear No Severe  +  +  + Moderate

FIschlein et al. 
(2021)

Prospective 
Cohort

CAVALIER 658 3.8 46.7% No Severe  +  +  + Moderate

Glauber et al. 
(2019)

Prospective 
Cohort

SURE-AVR 
Registry

480 2.4 Not clearly 
Stated

No Severe  +  +  + Moderate

Muneretto et al. 
(2022)

Retrospective 
Cohort

None: Institu-
tional Data

481 5 No Loss to fol-
low up

Yes Moderate  +  +  + Moderate

White et al. 
(2022)

Retrospective 
Cohort

None: Institu-
tional Data

295 2.4 No Loss to fol-
low up

Yes Severe  +  + Low

Szecel et al. 
(2021)

Retrospective 
Cohort

None: Institu-
tional

468 3.1 1% loss to follow 
up

No Severe  +  +  + Moderate

Lamberigts et al. 
(2022)

Retrospective 
Cohort

None: Institu-
tional

784 7 Unclear No Severe  +  +  + Moderate
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underwent isolated AVR and 27.6% (8.9–51.8) under-
went a concomitant procedure. With respect to surgi-
cal access, 58.43% (27.5–86.1) of patients underwent full 
sternotomy 41.6% (14–72.6) underwent a minimally inva-
sive approach with 17.5% undergoing ministernotomy 
and 14.5% undergoing right anterolateral thoracotomy. 
Pooled ACC times for AVR were 52 (43.31–60.6) whilst 
CPB times were 78.1 (67.8–88.4). Pooled ACC times for 
isolated procedures were 35.71 (33.64–37.8) and for CBP 
were 57.7 (52.6–62.8). Concomitant ACC and CPB times 
were unable to be pooled due to insufficient data, how-
ever concomitant ACC times were reportedly between 
45 and 79 min whilst CPB times were between 73.4 and 
118  min [21, 27, 28]. The most implanted valves sizes 
were medium and large with weighted averages of 49% 
(37.7–60.3) and 33.6% (26.8–40.73) respectively. Small 
and extra-large valves were seldom implanted in 9.2% 
(5.6–13.7) and 11% (4.6–19.7) respectively.

Mid‑term mortality and haemodynamics
Survival at 1, 2, 3, 4 and 5 years was 93.4%, 89.4%, 84.9%, 
82% and 79.5% (refer to Fig. 2).

Weighted pooled estimates for overall mortality with a 
mean follow up of 4.1 years was 11.2% (4.1 to 21.3). Echo-
cardiographic data was unable to be pooled as studies 
did not provide patient numbers for each time point and 
only four studies included full echocardiographic data as 
seen in Table 6 [16, 21, 24, 28]. Discharge MVG ranged 
from 6.9  mmHg to 13.9  mmHg whilst each time point 
between one and five years remained at a range between 
7.7–13.6  mmHg. Post-discharge PVG ranged between 
14.5  mmHg and 23.2  mmHg whilst the one–five-year 
ranges were between 17.1 mmHg and 22.3 mmHg. Scezel 
et  al. with 3  years mean follow up had MVG and PVG 
of 13  mmHg and 23  mmHg respectively [27]. Lamber-
igts et  al. with 2.6  years median follow-up had median 
MVG and PVG of 11 and 20 mmHg [26]. EOA remained 

between 1.5–1.7cm2 at discharge, whilst between one 
and five years ranged between 1.5 and 1.8 cm2.

Mid‑term morbidity outcomes
Mid-term outcomes up to five years are summarised 
in Table  7. Weighted pooled estimates for follow-up, 
up to five years, demonstrated PVL rates 3.6% (95% 
CI 2.2–5.4%) whilst severe PVL was 1.6% (95% CI 0.7–
2.7%), although the definition of this was inconsistently 
reported. SVD occurred in 1.5% (95% CI 0.7–2.6%) with 
less than 1% of valves replaced or reintervened upon 
because of SVD. Mid-term weighted estimates for stroke 
were 4.4% (95% CI 3.2–6%) whilst infective endocardi-
tis was only 1.6% (95% CI 0.72–2.9%). Permanent Pace-
maker Implantation (PPI) had a weighted pooled average 
of 7.9% (95% CI 5.6–10.5%). A weighted average of 2.3% 
(95% CI 1.3–3.4%) of valves were explanted, with endo-
carditis the most common reason for explantation.

Early post‑operative outcomes
Early mortality of less than thirty days had a weighted 
average of 2.5% (05% CI 1.8–3.3%). Post-operative 
stroke occurred with a weighted estimate of 2.1% (95% 
CI 1.7–2.7%). Early PPI had a weighted average of 6.8% 
(95% CI 5.2–8.6%). Explantation occurred in less than 1% 
of cases, with paravalvular leak responsible for almost 
90% of those cases. Notably, 56% of cases of severe PVL 
occurred within the first 30 days of operation with 90% 
of explantations/reinterventions due to PVL occurring 
within those first 30 days (Table 8). Reasons for paraval-
vular leak in the early period were provided in one study 
only with malposition the most cited reason [24].

Discussion
With increasingly comorbid patients, Aortic Valve dis-
ease and its management continue to evolve and with it, 
the need for procedures that minimise procedural risk. 
The invent of SURD-AVR addresses this through the 

Table 4  Pre-operative haemodynamic data: MVG (mean valve gradient), peak valve gradient (PVG), EOA (effective orifice area), LVEF 
(left ventricular ejection fraction)

Study MVG (mmHg) PVG (mmHg) EOAcm2 LVEF%

Meuris et al N/A N/A N/A 63

FIschlein et al. (2021) 45 +− 15.9 73.5 + − 24.9 0.7 +− 0.2 56.6

Glauber et al. (2020) 49.3 + − 14.6 N/A 0.7 + − 0.2 N/A

Muneretto et al. (2022) 47.9 +− 16.6 78.2 + − 25.2 0.7 + − 0.2 57.7

White et al. (2022) N/A N/A N/A N/A

Szecel et al. (2021) N/A N/A N/A N/A

Lamberigts et al. (2022) N/A N/A N/A N/A

Weighted average (95% CI) N/A N/A N/A N/A
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minimisation of tissue manipulation, cross clamp and 
bypass times and its excellent haemodynamics even in 
small aortic annuli [7, 29, 30]. Whilst numerous stud-
ies in the literature report the intraoperative, immedi-
ate post-operative data and short-term data, few have 
addressed outcomes beyond five years. Whilst Williams 
et  al. published the first meta-analysis evaluating inter-
mediate outcomes in all SURD-AVR, this review, to our 
knowledge, is the first to evaluate intermediate outcomes 
specifically in the Perceval Valve and adds to a growing 
body of literature outlining the safety and effectiveness of 
these valves [11].

With respect to the primary outcome, five-year aggre-
gate freedom from mortality in this study was 79% 
which is similar to that found in the current literature 
for SAVR, which has been reported repeatedly between 
75% and 86% [31–34]. Whilst meta-analysis was unable 
to be conducted for haemodynamic data, performance 
across the four studies at five years was promising with 
MVG, PVG and EOAs ranging between 7.7–13.6 mmHg, 
14.5–23.2 mmHg 1.5–1.8cm2respectively [16, 21, 24, 28]. 
This remains comparable with data evaluating Stented 
and Stentless Bioprosthetic Valves at five years with 
MVG’s between 8 and 18 mmHg, PVG between 15 and 
30 mmHg and EOA of 1.4–1.6cm2 and [35–38]. The Per-
ceval Valve differs from a Stented Valve due to its lack 
of sewing ring. This affords the valve a larger EOA. For 

this reason, proponents for the Perceval Valve note one 
of its significant advantages is in the patient with the 
small aortic annulus [39, 40]. Observational studies have 
demonstrated reduced incidence of short-term patient 
prosthesis mismatch and haemodynamics compared 
with Stented Valves in this cohort, whilst the comparable 
short-term outcomes with Stentless Valves were offset by 
the Perceval Valve’s significantly reduced intra-operative 
times [40, 41]. Unfortunately, the studies evaluated in this 
review did not focus on this patient population with 75% 
receiving medium, large and extra-large valve sizes. Con-
sequently, mid-term haemodynamic and outcome data 
remain elusive in this group. 

Mid-term performance was acceptable as severe PVL 
and SVD remained low with pooled averages of 1.6% and 
less than 1.5% respectively. SVD remained comparable 
with the current literature, with freedom from SVD at 
5  years between 98–100% [42–45]. PVL rates remained 
low in our review with a pooled estimate of 3.6%. This is 
higher than the PVL leak rates reported in conventional 
bioprosthetic valves, which is between 0 and 1% but lower 
than those reported for TAVR, which is between 3 and 
25% [45–50]. At five years, between 15 and 30% of TAVR 
patients will have mild to severe PVL, with PVL an inde-
pendent risk factor for mid-term mortality [38, 47, 51]. 
Weighted PVL rates in the current study, were less than 
those found in the Williams et  al. meta-analysis (9.2%), 

Fig. 2  Reconstructed Kaplan Meier curve of 5-year mortality data
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whilst severe PVL remained similar [11]. This difference 
is difficult to interpret but may be the result of the inclu-
sion of the Intuity Valve in their analysis. Increased rates 
of PVL in the Intuity valve when compared to SAVR have 
been demonstrated in the CADENCE-MIS trial whilst 
a 2020 meta-analysis demonstrated a 3.3% re-interven-
tion rate due to PVL in those who received an Intuity 
Valve[52, 53]. In the current analysis, re-intervention 
rates secondary to PVL were less than 1%. Whilst annular 
asymmetry and geometry have been proposed as poten-
tial mechanisms for the rates of PVL in Intuity Valve 
patients, such findings wouldn’t be unique to the Intuity 
Valve, especially given the Perceval’s lack of sutures and 
inability to reshape the aortic annulus, without modify-
ing the technique of implantation [54, 55]. An advan-
tage of the Perceval Valve is its collapsed configuration 

prior to deployment which allows direct visualisation 
and confirmation of position prior to deployment. Fol-
lowing deployment, this visualisation of and flexibility in 
the stent, allows for small adjustments to be made within 
the annulus to prevent or avoid PVL and if not correctly 
positioned, facilitates easy removal. Whilst the inclusion 
of the Intuity Valve in the Williams et  al. analysis may 
explain the increased PVL rate, this didn’t seem to impact 
their rate of explant which was identical to that found in 
this analysis [11]. However, Flynn et al.’s 2020 meta-anal-
ysis comparing the Intuity Valve with the Perceval Valve, 
found a statistically significant increased incidence of 
overall post-operative PVL in the Perceval group, how-
ever no difference was seen in moderate or severe rates of 
PVL [56]. Currently, no comparative data evaluating mid 
to long-term outcomes in these valves exists, and to date, 

Table 6  Summary of mid-term echocardiographic data: MVG (mean valve gradient), Peak valve gradient (PVG), EOA (effective orifice 
area), LVEF (left ventricular ejection fraction)

Post-operative 1 year 2-year

Study MVG 
(mmHg)

PVG 
(mmHg)

EOAcm2 MVG 
(mmHg)

PVG 
(mmHg)

EOAcm2 MVG 
(mmHg)

PVG 
(mmHg)

EOAcm2

Meuris et al. 
(2015)

N/A N/A N/A 9.9 + −4.6 20.9 + −9.2 1.55 + −0.35 8 + −4.1 16.6 + −7.2 1.51 + −0.26

FIschlein 
et al. (2021)

10.3 +− 4.5 19.4 +− 8 1.5 +− 0.4 9.1 +− 5.0 17.1 + −8.7 1.5 +− 0.4 9.3 +− 4.8 17.1 +− 8.4 1.5 +− 0.4

Glauber et al. 
(2020)

13.9 +− 4.7 19.4 +− 8 1.7 +− 0.4 11.6 +− 5.1 N/A 1.7 + −0.5 11.3 +− 5.4 N/A 1.6 + −0.4

Muneretto 
et al. (2022)

11.1 + −5.7 23.2 +− 9.3 1.5 +− 0.4 10.9 +− 5.9 21.26 + −9.5 1.54 + −0.31 11.2 +− 6.1 21.5 +− 9.2 1.53 +− 0.31

White et al. 
(2022)

6.9 +− 4.1 14.5 +− 7.7 N/A N/A N/A N/A N/A N/A N/A

Szecel et al. 
(2021)

15.3 +− 5.8 27.9 +− 10.1 N/A N/A N/A N/A N/A N/A N/A

Lamberigts 
et al. (2022)

14 (11–18) 25 (20–32) 1.6 (1.3–1.9) N/A N/A N/A N/A N/A N/A

3-year 4- year 5-year

Study MVG 
(mmHg)

PVG 
(mmHg)

EOAcm2 MVG 
(mmHg)

PVG 
(mmHg)

EOAcm2 MVG 
(mmHg)

PVG 
(mmHg)

EOAcm2

Meuris et al. 
(2015)

8.3 + −2.5 16.6 + −6.2 1.68 + −0.4 7.6 + −3.6 17.5 + −7.8 1.68 + −0.43 9.3 + −5.5 21.4 +− 11.5 1.69 +− 0.42

FIschlein 
et al. (2021)

9.3 +− 5.8 17.2 +− 9.8 1.5 +− 0.4 9.6 +− 5.7 18.5 +− 10.4 1.5 +− 0.3 9.0 +− 6.3 17.8 +− 11.3 1.5 +− 0.5

Glauber et al. 
(2020)

11.3 +− 5.4 N/A 1.4 + −0.4 12.6 +− 6.2 N/A 1.5 + −0.4 13.6 + −8.6 N/A 1.5 + −0.5

Muneretto 
et al. (2022)

11.6 +− 5.8 21.9 +− 9.1 1.50 +− 0.31 12 +− 5.4 22.1 +− 9.1 1.45 +− 0.32 12.2 +− 5.7 22.3 +− 9–0 1.42 + −0.31

White et al. 
(2022)

N/A N/A N/A N/A N/A N/A N/A N/A N/A

Szecel et al. 
(2021)

N/A N/A N/A N/A N/A N/A N/A N/A N/A

Lamberigts 
et al. (2022)

N/A N/A N/A N/A N/A N/A N/A N/A N/A
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there are no randomised studies evaluating their short-
term outcomes. Subsequently, direct comparative trials 
of anatomically and geometrically similar groups would 
be required to determine the true differences in observed 
leak rates.

Post-operative stroke and infective endocarditis at both 
early and mid-term follow up remained similar to those 
reported in the literature SAVR [7, 12, 57]. With respect 
to TAVR, stroke rates in the post-operative period are 
similar to those recorded in this analysis, with rates 
between 2–5% seen in the literature comparing SURD-
AVR and TAVI [49, 58]. Whilst in the short-term stroke 
rate appears comparable to SURD-AVR, recorded rates at 
five years are between 10 and 15%, much higher than the 
4% seen in this analysis [38, 59, 60]. Pacemaker implan-
tation remains a consideration for Sutureless Valves with 
a weighted pooled estimate of 7.9%, which is similar to 
what has been reported in the literature for Perceval 
Valves, with rates between 4 and 10% [61–63]. Factors 
such as intra-annular placement, oversizing and sub-
annular nitinol frame protrusion have been suggested 

as possible mechanisms for Atrioventricular (AV) nodal 
blockade and requirement for PPI [64–66]. Like others, 
our sizing and implantation technique has evolved over 
time, with guiding thread placement at or close to the 
annulus and avoidance of over-sizing now routinely uti-
lised to mitigate the risk of AV blockade and PPI inser-
tion [65, 67]. Furthermore, several studies have noted 
that pre-operative right bundle branch block (RBBB) and 
QRS prolongation are independent risk factors for PPI. 
Subsequently, we use careful consideration before these 
patients proceed to Perceval Valve implantation [68–70]. 
More recently one author (SM) has routinely used pre-
operative computerised tomography (CT) Aortogram 
(TAVI protocol) measurements of aortic annular perim-
eter and area to guide intra-operative Perceval sizing, 
derived from Perceval sizing measurements of the inflow 
ring diameter “out of the jar”[71]. This has routinely sim-
plified sizing and eliminated concerns of oversizing and 
pinwheeling of leaflets as well as reducing overall pace-
maker rates. Use of CT measurements to predict AV 
sizing is growing in stature. The group in Massa have 
recognized that oversizing of the Perceval Valve by more 
than 30%, based on pre-operative aortic annular area led 
to an increased likelihood of increased trans-prosthetic 
gradients and stent infoldings [72]. Park et al., have sug-
gested the use of pre-operative CT-based sizing for the 
Intuity Elite Valve. They found the CT based AV annulus 
dimensions and left ventricular outflow tract dimensions 
predicted AV blockade, PPI and PVL when using the 
Intuity Valve[73]. Based on our experience in Melbourne, 
pre-operative CT is used whenever possible prior to Per-
ceval Valve implantation and has assisted in sizing, access 
and appropriate patient selection.

Extended ACC and CPB times have been associated 
with increased morbidity and mortality post-operatively 
[74, 75]. An advantage of the Perceval Valve is its rapid-
ity of deployment and reduced tissue manipulation. This 
analysis echoes these findings with a weighted ACC and 
CPB time of 52 and 82 min respectively, in all cases, and 
38 and 61 min in isolated AVR cases. It is reflective of the 
current literature with ACC times cited between 17 and 
60 min and CPB times between 35 and 90 min [76]. How-
ever, with adequate myocardial protection likely suited 
to dealing with higher risk patients undergoing isolated 
AVR, the real benefit will be reflected in those undergo-
ing concomitant procedures where prolonged ACC and 
CPB times may become unavoidable [77–79]. Three of 
the seven studies captured data on patients undergo-
ing concomitant procedures [16, 25, 27]. Concomitant 
ACC times were similar to those found in the literature 
which are reportedly between 30–70 min and 44–88 min 
for ACC and CPB respectively [76]. Unfortunately, there 
remains a significant lack of data evaluating concomitant 

Table 7  Mid-term mortality and morbidity data: IE (infective 
endocarditis), PPI (permanent pacemaker implantation), SVD 
(structural valve deterioration), PVL (paravalvular leak)

Total Weighted average I2 (%)

Mortality 354/2382 11.2% (4.1–21.3) 97.7

SVD 39/2408 1.5% (.7–2.6) 68.1

PVL 97/2901 3.6% (2.2–5.4) 79.3

PVL severe 39/2403 1.6% (0.7–2.7) 68.2

Explant/valve in valve 70/2901 2.3% (1.3–3.4) 69.2

Explants due to PVL 19/2901 0.6% (01–1.5) 81.4

Explants/valve in valve due to 
SVD

17/2403 0.4% (0.05–1.2) 79.2

Explants due to Endocarditis 29/2403 1.1% (0.72–1.5) 0

PPI 171/2087 7.9% (5.6–10.5) 73.7

Stroke 118/2698 4.4% (3.2–6) 58.1

IE 50/2871 1.6% (0.72–2.9) 79

Table 8  Short-term outcomes < 30 Days: IE (infective endocarditis), 
PPI (permanent pacemaker implantation), SVD (structural valve 
deterioration), PVL (paravalvular leak)

Total Weighted average I2

Mortality 79/3166 2.5% (1.8–3.3) 47.6%

Stroke 65/3196 2.1% (1.7–2.7) 0

PVL 27/3196 0.9% (0.55–1.3) 26.4%

Severe PVL 22/3196 0.7% (0.3–1.2) 58.5%

Explants 19/2871 0.6% (0.097–1.5) 81%

Explants due to PVL 17/2901 0.5% (0.09–1.3) 79.3%

PPI 224/3196 6.8% (5.2–8.6) 69.5%
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procedures in isolation. Consequently, the benefit SURD-
AVR affords these patients remains unknown [20].

Whilst long-term data comparing SAVR or TAVR with 
Perceval Valve implantation has been lacking, Muner-
etto et al. has provided the first insights into its mid-term 
capabilities against TAVI [24]. After propensity match-
ing, they demonstrated superior post-operative mortality 
and significantly less peripheral vascular complications 
and PPI in the Perceval Valve group [24]. At 5-year fol-
low up significantly less mortality and major adverse car-
diovascular and cerebrovascular events (MACCE), lower 
mean gradients and reduced PVL were seen in the Perce-
val Valve group [24]. Similar findings have been echoed 
in a recent meta-analysis of ten comparative studies pub-
lished by Sa et  al. [80].However, haemodynamic assess-
ment was limited to post-operative outcomes, with only 
long-term PVL and mortality data pooled. Furthermore, 
only one of their included studies recorded 5-year mor-
tality data, whilst two studies only provided data beyond 
two years, with four of the studies providing no data 
beyond twelve months [80]. Subsequently, comparative 
data evaluating mid-long term haemodynamic outcomes 
remains scarce. Supplementing this new wave of com-
parative data is the Perceval Sutureless Implant Versus 
Standard Aortic Valve Replacement Trial (PERSIST-AVR 
trial), comparing SAVR with Perceval Valve implantation, 
which has demonstrated promising 12-month results [81, 
82]. This blinded multi-centre RCT has demonstrated 
non-inferior haemodynamics, mortality and (MACCE) 
at 12  months, with significantly reduced cross-clamp 
and bypass times [81, 82]. The results from PERSIST-
AVR are promising and with encouraging mid-term 
data demonstrating acceptable mortality, morbidity and 
hemodynamic outcomes, surgeons may have increased 
confidence with the performance of this valve.

Promisingly, recent evidence has evaluated extended 
indications for SURD-AVR for both Perceval and Intu-
ity Valves. Due to abnormal annular geometry posed by 
Bicuspid Aortic Valves (BAV), concerns regarding para-
valvular leakage have resulted in its contra-indication 
in those with BAV. Several studies have demonstrated 
acceptable ACC times between 40 and 70  min, CPB 
times between 50 and 80 min and perioperative mortal-
ity between 0–2% with no studies identifying major PVL 
at discharge [83–85]. However, one study evaluating the 
Intuity Valve’s mid to long-term performance demon-
strated a significantly higher incidence of PVL, with 10% 
of BAV patients having severe PVL compared with only 
3% in the TAV group, although this did not have a sig-
nificant influence on reoperation or mortality [86]. Other 
indications such as aortic regurgitation have been evalu-
ated recently with acceptable operative and short-term 
outcome data demonstrated in a small cohort of patients, 

however long-term data is lacking [87]. Whilst prom-
ising, this data has to be interpreted with caution. All 
studies were retrospective and evaluated small cohorts 
of patients, and only one evaluated mid-term data. Fur-
ther research will be required before the indications for 
SURD-AVR can be extended.

Limitations in this study require consideration when 
interpreting the findings. Five of the seven studies were 
non-randomised, single arm observational trials [16, 21, 
25–27]. Due to their design, confounders were unable 
to be accounted for. These factors, in conjunction with 
their unclear recruitment strategies, insufficient report-
ing of key outcome data and reported financial conflicts 
of interest, introduce significant selection and reporting 
bias into the sample. However, at least with respect to 
short term data, this is lessened by the large sample sizes 
and wide recruitment base. Whilst the long-term data is 
promising, modest numbers at long-term follow-up as 
well as absence of loss-to follow-up reporting in three 
studies, adds attrition bias into this study. The signifi-
cant heterogeneity encountered in key outcomes, whilst 
likely explained by differences in procedural approach, 
population size and variation in concomitant procedures, 
limits the confidence in some of the above findings. 
Additionally, despite patients undergoing concomitant 
procedures or those with small aortic roots identified 
as two key groups likely to benefit from reduced surgi-
cal times offered by implantation of this valve, no short 
or long-term data was available for either at the time of 
this review. This leaves a significant, unanswered gap in 
the literature for these groups. Long-term randomised 
control trials will be required to affirm the findings in this 
study.

Conclusions
This is the first systematic review and meta-analysis eval-
uating the mid-term outcomes and durability of the Per-
ceval S Valve in isolation. The analysis has demonstrated 
that the Perceval Valve has acceptable haemodynamics, 
durability and mortality with acceptable freedom from 
mortality at mid-term follow-up. However, future long-
term, randomised, comparative data will be required to 
better characterise the Perceval Valve’s clinical outcomes.

Appendix A: Example MeSH keywords and search 
strings

1.	 Sutureless Aortic Valve
2.	 Sutureless AND Aortic Valve Stenosis
3.	 Sutureless AND Aortic Valve Replacement OR AVR
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4.	 Perceval Valve AND Aortic Valve Replacement OR 
AVR

5.	 Perceval Valve AND Aortic Valve Stenosis OR Aortic 
valve stenosis OR Aortic Valve OR Aortic valve

6.	 Aortic Stenosis or Aortic Valve Stenosis
7.	 SURD OR SURD-AVR OR SURD-Aortic Valve 

Replacement
8.	 Rapid-Deployment AND Aortic Valve Stenosis
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