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Introduction

Background

Surgical aortic valve replacement (SAVR) has been 
established as the gold standard treatment modality for 
patients with severe symptomatic aortic stenosis (1). 
However, the consistent increase in the adoption of 
minimally invasive techniques fomented the need for 
a reliable valvular prosthesis that can facilitate these 

techniques and improve surgical efficiency without 
compromising clinical outcomes. The widespread use of the 
sutureless valves (SV) technology has been fueled by their 
relatively straightforward and fast deployment technique 
and the encouraging mid- and long-term outcomes 
compared to conventional SAVR. The PercevalTM aortic 
valve bioprosthesis (LivaNova Group, Milan, Italy) is a 
bovine pericardial sutureless valvular prosthesis with a self-
expanding nitinol alloy stent.
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Rationale and knowledge gap

Clinical studies have demonstrated that this valve can 
provide excellent hemodynamic performance compared to 
the stented bioprosthesis (2). However, there have always 
been concerns regarding their utility in particular clinical 
situations, such as patients with bicuspid aortic valves 
(BAV) and/or patients with dilated aortic annuli. Also, this 
technology has historically been associated with increased 
rates of paravalvular leak (PVL) and a higher need for 
permanent pacemaker implantation (PPI) (2,3).

Objective

In this review, we explore the future of SV technology with 

particular emphasis on the potential device improvements 
and the expanding indications for the use of this technology 
(Figures 1,2).

New advances and clinical applications  
of the SV technology

The new FREE tissue treatment technology

The introduction of the new generation PercevalTM PLUS 
valve (Figure 3) and the accompanying RelyOn Deployment 
System (Figures 4,5) represents an important improvement 
in the design of this valvular prosthesis. In addition to 
improving the deployment technique, the innovative 
FREE tissue treatment (Figure 6), which incorporates a 

Expanding the clinical indications for sutureless valves
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Figure 1 Expanding the clinical indications for sutureless valves. 
Created with BioRender.com.

Figure 2 Improved tissue durability and adapted design. Created 
with BioRender.com. LVOT, left ventricular outflow tract.
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Figure 3 Perceval PLUS valve. Reproduced with permission from 
Corcym.  

Figure 4 RelyOn deployment apparatus. Reproduced with 
permission from Corcym.
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phospholipid reduction and aldehyde neutralization process, 
can potentially reduce structural valve degeneration and 
improve long-term surgical outcomes (4,5). In comparison 
with other commercially available technologies, such as 
the Linx- and ThermaFix-treated valvular prosthesis, the 
FREE-treated pericardial leaflets showed the lowest levels 
of residual aldehyde molecules and comparable levels of 
phospholipid and calcification burdens (5).

There are currently no completed prospective clinical 
trials on the outcomes of the new PercevalTM PLUS valve in 
humans. However, in their retrospective study, Lamberigts 
and colleagues reviewed the outcomes of 784 PercevalTM 
patients versus 146 PercevalTM PLUS patients who 
underwent aortic valve replacement (AVR) with or without 

combined procedures between 2007 and 2021. Their results 
showed no significant difference between the two groups in 
terms of major adverse events, in-hospital mortality, or the 
need for dialysis. Interestingly, PPI rates were significantly 
lower in the PercevalTM PLUS XL size group (12.9% vs. 
3.1%, P<0.001), which was attributed by the authors to the 
low inflow height of this prosthesis. The PercevalTM PLUS 
valve also showed significant improvement in trans-valvular 
gradients (peak gradient: 26±10 vs. 21±8 mmHg, P<0.001, 
mean gradient: 14±5 vs. 12±5 mmHg, P<0.001); however, 
the authors explained that this improvement might be due 
to increased experience with the use of the valve (4).

Reducing the risk of PPI after SV

While the development of conduction abnormalities that 
may require PPI is likely a multifactorial process, it has been 
observed that the use of SVs was associated with higher rates 
of PPI than SAVR using a stented bioprosthesis. A minimal 
radial force on the aortic wall is necessary for stabilizing 
the SVs within the aortic root, which may compromise the 
bundle of His. However, the rates of PPI with SVs have 
been improving in recent years, with 30-day PPI rates 
following SVs ranging from 3.3–4.4% in recent studies  
(6-8). This may be partly due to more surgeon exposure and 
experience in using these valves, a better understanding of 
the risk factors for PPI, and the improvement in the sizing 
techniques of these valves (2,9,10). Lorusso and colleagues 
demonstrated that increased rates of early PPI in the 
PercevalTM sutureless AVR (Su-AVR) cohort correlated with 
the XL valve size and with patients who had preoperative 
conduction disorders (11). Other risk factors for PPI 
following AVR included extensive annular debridement (2), 
BAV, female sex, older age, prolonged cardiopulmonary 
bypass times, and concomitant procedures (12).

The new generation PercevalTM PLUS XL valve may 
offer a solution to this problem with its adapted design 
that reduces the protrusion of the valve into the left 
ventricular outflow tract (LVOT), which may decrease 
the risk of damage to the conduction system (11). In 
addition, preoperative multidetector-row cardiac computed 
tomography (MDCT) has been recently proven useful in 
determining the aortic root dimensions and optimizing the 
sizing of the valve prosthesis (13). Margaryan and colleagues 
demonstrated in a study of 54 patients that MDCT-derived 
estimates of prosthesis size may have higher predictive 
values when compared to echocardiographic measurements, 
concluding that MDCT may be a valuable tool for precise 

Figure 5 Perceval PLUS valve implantation. Reproduced with 
permission from Corcym.
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Figure 6 Perceval PLUS FREE treatment. Reproduced with 
permission from Corcym.
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aortic annulus measurements and selecting the optimal size 
valve prosthesis (14).

Reducing the risk of PVL after SV

Similarly, the incidence of PVL is one of the main concerns 
and a persistent finding after the use of SVs, especially in 
patients with BAV and dilated aortic annulus (15,16). Limited 
studies have recognized specific risk factors for developing 
PVL; however, those reported include malpositioning of 
the valve within the aortic annulus, incomplete expansion 
of an improperly sized valve, or incomplete aortic annulus 
decalcification (3,6,17). In their study, Erfe and colleagues 
reported comparable PVL rates between SVs and traditional 
stented bioprosthetic valves, which may also be partly due to 
the experience of the surgical team and the standardization 
of the implantation process of the SVs (12). Similarly, 
Shrestha and colleagues reported early and late mortality 
and complication rates, including PVL, to be comparable to 
published reports for traditional AVR (9). However, in their 
systematic review and meta-analysis, Jolliffe and colleagues 
reported a rate of 3.6% PVL compared to conventional 
stented bioprosthetic valves (less than 1%) (3). Proper sizing 
of SV has garnered attention in recent years, as determining 
the correct valve size is critical. This not only helps lower 
the occurrence of PVL but also prevents the incidence of 
incomplete expansion and leaflet opening or stent frame 
infolding that can arise from under-sizing the valve (18). 
The introduction of preoperative MDCT sizing protocols 
in the future may be helpful in optimal valve size selection 
and improving the rates of PVL; however, this needs to be 
proven by data derived from wide-scale clinical studies.

The use of SV in patients with BAV

The use of SVs in BAV replacements has been limited 
by anatomical challenges presented by the elliptic aortic 
annulus shape of a bicuspid valve, resulting in concerns 
of increased rates of PVL (15). Recent studies have 
demonstrated that SV may be a viable option for these 
patients. In a recent review, our group reported that using 
SVs may offer comparable implantation success rates in 
patients with BAV compared to those with tricuspid valves. 
Also, the reported mean post-operative trans-valvular 
gradients and mean postoperative aortic valvular areas 
were comparable across all studies. However, this was at 
the expense of higher complication rates, including new-
onset atrial fibrillation, PVL, new onset atrioventricular 

block, and pacemaker insertion (19). These findings suggest 
that using SVs in the context of BAV may be feasible when 
performed by experienced teams. Similarly, in another 
review, Vendramin and colleagues reported that the 
PercevalTM valve can be safely deployed in patients who 
present with a BAV, without additional risk of PVL. They 
concluded that while an AVR with SVs is a technically more 
demanding procedure, the presence of a BAV should not be 
a contraindication for the use of this type of valve (20).

The use of SV in dilated aortic annulus

The use of SV to manage aneurysmal dilation of the 
aortic root has traditionally been associated with concerns 
regarding its ability to anchor securely to the aortic 
annulus (16). However, in their 2018 study, Lio and 
colleagues described a surgical approach for deploying the 
PercevalTM valve for concomitant AVR and ascending aortic 
replacement through an upper mini-sternotomy approach. 
The authors highlighted the importance of two anatomical 
sites in establishing a stable positioning of the prosthesis: 
the native aortic annulus and the sinotubular junction 
(STJ). Recreation of the STJ utilizing a Dacron graft 
allows for sufficient stability and decreases the opportunity 
for dislodgement. They also described the importance of 
performing the proximal anastomosis of the tubular graft 
prior to releasing the prosthesis for adequate sealing and 
to minimize the risk of manipulation of the SV device, 
thus reducing the risk of displacement. The study showed 
encouraging outcomes, with no reported PVL or prosthesis 
dislodgement in a sample size of seven patients, suggesting 
that using the PercevalTM valve may be feasible in this 
context (16). Similarly, Ali Hassan and colleagues reported 
the use of the PercevalTM valve in the presence of dilated 
aortic root and aortic aneurysm. The authors described 
the placement of a sub-commissural annuloplasty suture 
(under the commissure between the right coronary and 
non-coronary cusps) to reduce the size of the dilated aortic 
annulus, allowing for the implantation of a PercevalTM XL 
valve. The SV prosthesis was successfully implanted without 
migration or displacement, suggesting that this technique 
may be an option in this group of patients (21).

The use of SV for combined aortic and mitral valve surgery

The use of SV in the context of concomitant AVR and 
mitral valve replacement (MVR) has been associated with 
concern that the mitral valve prosthesis could potentially 
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disrupt the three-dimensional configuration of the aortic 
root and the LVOT, as well as directly interfere with 
the aortic valve prosthesis (22). However, recent studies 
have shown that SVs may be a viable and safe option in 
double valve procedures (23,24). Szecel and colleagues 
conducted a long-term follow-up study that demonstrated 
no added risk of prosthetic dysfunction or PVL with 
PercevalTM valves when combined with prosthetic MVR 
compared to isolated AVR (24). Similarly, Baran and 
colleagues demonstrated that using PercevalTM valves is 
technically feasible and safe in multiple valve surgery (23).  
To address the technical challenges arising from the 
proximity of the aortic and mitral valve devices, it was 
proposed that the preoperative measurements of the aorto-
mitral distance using transesophageal echocardiography 
may be helpful (22), along with proper positioning of the 
mitral valve prosthesis, to avoid obstruction of the LVOT 
by the struts of the biological mitral valve (23). In addition, 
the use of MDCT preoperative aortic root assessment may 
be a helpful tool in studying these patients and planning the 
surgical technique in the future.

The use of SV in redo valve-in-valve procedures

SV may play a role in valve-in-valve redo procedures for 
degenerated bioprosthesis. While not extensively studied, 
there are few reported instances of the PercevalTM valve 
being used in this clinical scenario. In their study, Dhanekula 
and colleagues (25) found that the unique cage design and 
the lack of a sewing ring of the SV allowed for implanting 
a larger valve, resulting in low gradients and allowing for 
the potential use of valve-in-valve transcatheter aortic valve 
implantation (TAVI) in the future. The authors noted that 
the learning curve associated with using SVs and proper 
sizing of the valve were important factors in determining 
good surgical results. The authors also highlighted the role 
of SVs in redo procedures following previous root surgery, 
which could allow for avoiding redo root procedures and 
coronary reimplantation. The use of PercevalTM valves in 
this small study was associated with encouraging surgical 
outcomes with low rates of postoperative complications (25).  
In a series of three case reports of patients who underwent 
a valve-in-valve procedure with SVs for severe aortic 
regurgitation following AVR, Stoker and colleagues 
similarly reported no perioperative complications or in-
hospital deaths, concluding that SV is a feasible option 
in this group of patients (26). Vendramin and colleagues 
highlighted the interesting use of SVs in a review of 

complex and challenging redo procedures. They discussed 
the benefit of utilizing SVs in valve-in-valve redo operations 
owing to the difficulties that may be encountered in 
positioning the anchoring stitches or a traditional stented 
prosthesis of adequate size due to a severely calcified and 
constricted annulus. This review reported the effective use 
of SVs in this context, with encouraging short and long-
term outcomes (20).

The use of SV in infectious endocarditis

Valve replacements in infectious endocarditis cases can 
be complex and challenging operations, often requiring 
prolonged cross-clamp and ischaemic times. The use of SVs 
presents an opportunity to shorten the aortic cross-clamp 
time and to provide excellent hemodynamic performance 
without compromising safety (27,28). In a recent case 
report, Smith and colleagues presented an interesting case 
study of prosthetic valve endocarditis that was surgically 
treated by performing a bio-Bentall procedure in which 
a large PercevalTM SV was inserted into a 30 mm Dacron 
Valsalva graft with excellent surgical outcome (29). The 
authors highlighted the limitations in determining valve 
size preoperatively with the SV because annular size can 
vary based on the bulkiness of and relative position of the 
proximal suture line into the LVOT.

Nguyen and colleagues presented a case series of three 
patients with prosthetic valve endocarditis who underwent 
a redo valve-in-valve replacement utilizing the PercevalTM 
prosthesis. The authors described a technique in which the 
diseased leaflets were removed while leaving the previous 
bioprosthetic valve stent in place, into which the PercevalTM 
valve was implanted as per the manufacturer’s instructions. 
This technique mandates that all patients have decent tissue 
quality at the aortic root and no root abscesses. While 
the patients described in this study did not have recurrent 
infectious endocarditis, this technique is limited by possibly 
leaving behind residual infected tissue by leaving the 
previous stent in situ. However, it is a simpler procedure 
with reduced ischemic time and less residual foreign 
material, such as sutures and pledgets (30).

The reported rates of early and mid-term infectious 
endocarditis following insertion of SVs (1.6%) are similar 
to that of SAVR (3). In their study, Di Bacco and colleagues 
described a case study of a patient with an infected 
PercevalTM valve. The authors described the application of 
the “x-movement” technique to remove the infected and 
damaged valve, a technique that is typically described to 
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facilitate the removal of malpositioned PercevalTM valves. 
The lack of anchoring valve sutures and the weakened 
adhesions due to infection allowed for the relatively quick 
valve extraction, thus reducing the risk of fragmentation 
and septic embolization (31).

The outcomes of SV versus TAVI

Over the last decade, TAVI has emerged as a valuable 
treatment option for intermediate and high-risk patients 
with severe aortic stenosis. However, SVs have also been 
utilized in this patient population when a direct surgical 
approach is favoured. This offers some advantages in 
reducing ischemic times and facilitating the conduction 
of minimally invasive approaches. In a systematic review 
and meta-analysis comparing Su-AVR vs. TAVI, Shinn 
and colleagues found that Su-AVR demonstrated lower 
early mortality (2.5% vs. 5%, P=0.02) and PVL rates (OR, 
0.18; 95% CI: 0.11 to 0.30; P<0.0001). The two cohorts 
demonstrated similar rates of postprocedural stroke (OR, 
0.71; 95% CI: 0.24 to 2.08; P=0.53) and PPI (OR, 0.884; 
95% CI: 0.364 to 2.18; P=0.7) (32). In another systematic 
review and meta-analysis comparing Su-AVR vs. TAVI, 
Wang and colleagues reported that although associated 
with increased rates of bleeding and lengths of hospital 
stay, high-risk patients undergoing SVs showed lower 
rates of PVL (OR =0.06; 95% CI: 0.03 to 0.12, P<0.01), 
no differences in perioperative mortality (OR =0.55; 95% 
CI: 0.29 to 1.06, P=0.07) and lower mortality rates at 
both 1-year (OR =2.40; 95% CI: 1.40 to 4.11, P<0.01) 
and 2-year (OR =4.62; 95% CI: 2.62 to 8.12, P<0.01) 
follow-up (33). More recently, Muneretto and colleagues 
compared the long-term outcomes within an intermediate-
risk profile cohort of elderly patients with severe aortic 
stenosis who underwent either Su-AVR or TAVI. Their 
results showed a significant reduction in 30-day mortality 
(Su-AVR =1.7% vs. TAVI =5.5%; P=0.024), rates of PPI 
(SV =5.5% vs. TAVI =10.7%, P=0.032) and rates of grade 
II or higher PVL (SV =1.3% vs. TAVI =9.8%, P<0.001). At  
60 months, the Su-AVR cohort had a lower all-cause death 
rate (16.1%±4.1%) compared to TAVI (28.9%±5.3%) (34). 
These results suggest that Su-AVR may be a viable option 
for intermediate- and high-risk surgical patients who may 
not be suitable for TAVI.

The use of SV in minimally invasive AVR

One area which SV shows considerable utility is in 

minimally invasive aortic valve replacement (MI-AVR) 
techniques. Studies have shown that MI-AVR using 
conventional valvular prosthesis is typically associated 
with longer cross-clamp and cardiopulmonary bypass 
times than full sternotomy SAVR (35). Therefore, the 
incorporation of SV technology in MI-AVR procedures 
can potentially simplify the valve implantation technique 
and shorten the ischaemic times without compromising 
surgical outcomes. Past studies have demonstrated that 
the use of PercevalTM SV in MI-AVR procedures is safe 
and has been demonstrated to have good hemodynamic 
results, postoperative outcomes and 1-year survival (36). 
More recent studies have similarly shown promising 
results. In their study, Erfe and colleagues showed 
that using SV resulted in shorter procedure times and 
smaller incisions, with similar outcomes to conventional 
stented bioprosthesis. In their sub-analysis of patients 
who underwent MI-AVR, the use of SV was associated 
with a significantly higher need for PPI as compared to 
SAVR (9.6% vs. 3.8%, P<0.001) (12). Similarly, Andreas 
and colleagues showed that the MI-AVR group had less 
incidence of acute renal injury and dialysis than the full 
sternotomy group and that anterior right thoracotomy 
access had lower rates of stroke when compared to a 
mini-sternotomy approach (37). Fischlein and colleagues 
reported that using PercevalTM SV significantly reduced 
cross-clamp and cardiopulmonary bypass times in full 
sternotomy and mini-sternotomy procedures. In addition, 
the PercevalTM cohort displayed a significant reduction 
in major cerebral and cardiovascular events, new-onset 
atrial fibrillation rates, and re-hospitalizations at 1-year 
follow-up; however, this was at the expense of higher rates 
of PPI compared to stented bioprosthesis (38). Miceli 
and colleagues presented a study comparing patients 
undergoing a right anterior mini-thoracotomy (RT) with 
an SV versus TAVI. The RT group showed reduced in-
hospital mortality (P=0.25) and incidence rate of stroke 
(P=0.3). The TAVI cohort also demonstrated 37.8% mild 
PVL and 27% moderate PVL, while the RT group only 
had 2.7% mild PVL. One- and two-year survival rates were 
91.6% vs. 78.6% and 91.6% vs. 66.2% in the RT group 
versus the TAVI group, respectively (39).

Conclusions

There has been a rise in the use of SVs in cardiac surgery 
over the last decade. As technology advances and clinical 
experience grows, this trend will likely continue to 
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increase. Future research focused on improving tissue 
durability and developing valve design may be key in 
the expansion of the use of this technology. In addition, 
better preoperative aortic root evaluation, using MDCT, 
and optimal valve size selection may help reduce surgical 
complications such as PVL and PPI. There may also be a 
role for these valves in certain clinical scenarios, such as 
patients with BAV, dilated aortic annulus, redo procedures, 
and patients requiring multiple valvular interventions; 
however, this needs to be endorsed by data derived from 
large-scale clinical studies.
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