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Abstract: Sutureless or rapid deployment valves in the setting of aortic valve replacement (AVR) is an emerging surgical technique
using the transcatheter valve technology, which may lead to reduction in cross-clamp time and potentially better hemodynamics
compared to a stented bioprosthetic valve. The absence of subannular pledgets results to excellent hemodynamic performance with
reduced turbulent flow and larger effective orifice area. However, complications from both surgical and transcatheter AVR may still
occur and impact survival. The incidence of paravalvular leakage and permanent pacemaker implantation are not low. Although
technical modifications can improve these outcomes, there is a learning curve effect. Therefore, technical and anatomical considera-
tions as well as better patient selection are paramount for better outcomes. In this review, we discuss the use of sutureless or rapid
deployment valves in setting of (1) complex procedures, (2) minimally invasive AVR, and (3) small aortic annulus. The advantage of
sutureless or rapid deployment valves in terms of mortality remains to be clarified; therefore, it is necessary to accumulate long-term
outcomes in an appropriate patient cohort.
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Introduction

With the introduction of transcatheter technology, transcatheter aortic valve replacement (TAVR) has emerged as
a valuable treatment option for high-risk patients with aortic stenosis. It has demonstrated non-inferiority to conventional
surgical aortic valve replacement (SAVR) across all risk profiles, and minimally invasiveness has become an important
consideration even in patients being considered for SAVR. In this context, sutureless or rapid deployment valve (SRDV)
has been introduced to simplify the implantation process and reduce cross-clamp time, enabling their use in minimally
invasive cardiac surgery (MICS).'™* SRDV is not only a safe and effective alternative to conventional SAVR via median
sternotomy but can also facilitate minimally invasive SAVR such as upper hemisternotomy or right thoracotomy.” SRDV
has been demonstrated to offer hemodynamic advantages over stented bioprosthesis®* and may yield similar short-term
outcomes including freedom from major adverse cerebrovascular and cardiovascular events.® However, high rates of
permanent pacemaker implantation (PPI) and paravalvular leakage (PVL) are two potential drawbacks of SRDV
compared to SAVR using a stented bioprosthesis.”* Despite recent cumulative experiences with SRDV have been
reported recently, there is no specific recommendation for SRDV in the current guidelines,”'® and the appropriate
indication for SRDV is still to be defined. This review discusses the technique of SAVR using SRDV, and specific

considerations including appropriate patient selection.

Currently Available Prosthetic Valves of SRDV
As of December 2022, two SRDVs are commercially available: a Perceval (Corcym, London, UK) and Intuity (Edwards
Lifesciences, Irvine, CA, USA). Perceval is composed of bovine pericardial leaflets and a self-expandable nitinol frame
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with carbofilm coating (Figure 1)."" This valve is available in four sizes (S, M, L, and XL) to cover annular diameters
from 19 to 27 mm. This valve is designed to land on the annulus and sino-tubular junction (STJ); thus, both diameters
need to be considered for sizing of a prosthesis. Perceval valve is crimped into the delivery system and parachuted into
the annular level along guiding sutures. The valve is released after positioning is visually confirmed. The guiding sutures
are removed, and the valve is expanded to a dedicated size by post-dilation with a balloon catheter.

Intuity is called the rapid deployment valve which uses three guiding sutures for positioning. Its valve system is
designed based on Carpentier-Edwards Perimount (Edwards Lifesciences) platform. It is composed of three bovine
pericardial leaflets and a subannular balloon-expandable skirt, which works as an anchor and seal of the TAVR stent
(Figure 2). The valve system is delivered along guiding sutures placed on each nadir. Finally, the balloon catheter is
inflated and the subannular skirt acquires complete attachment. The three guiding sutures are tied down.

Figure | Representative product image of sutureless valve (Perceval™ Plus) with permission from Corcym, London, UK. Perceval is composed of bovine pericardial leaflets
and a self-expandable nitinol frame with carbofilm coating. This valve is designed to land on the annulus and sino-tubular junction. Courtesy of CORCYM Srl.

C

Figure 2 Representative product images of rapid deployment valve (Edwards INTUITY Elite Valve System) with permission from Edwards Lifesciences, Irvine, CA, USA. It is
composed of three bovine pericardial leaflets and a subannular balloon-expandable skirt, which works as an anchor and seal of the stent. (A) External view, (B) Subannular
skirt, (C) Delivery system. Courtesy of Edwards Lifesciences.
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Advantages of Sutureless and Rapid Deployment Valves

Reduction in Procedural Time

The salient feature of SRDV is its sutureless implantation technique, which eliminates the need for sutures in sutureless
valve (Perceval) and only necessitates three guiding sutures in rapid deployment valves (Intuity), leading to a reduction
of 48% in aortic cross clamp (AXC) time and 39% in cardiopulmonary pump (CPB) time.'*'* SRDV provides
a reduction in operative time for both full sternotomy and MICS,"> '® and similar reductions are observed in complex
surgeries and isolated SAVR.>'?

Prolonged CPB and AXC times trigger a systemic inflammatory response, increasing the risk of kidney injury and
coagulopathy.®® These factors have been independently linked to mortality and morbidity in SAVR.?'® It remains be
determined whether a decrease in operative time enhances the outcomes of SRDV. Even in the randomized controlled
trial (PERSIST-AVR trial), neither in-hospital nor 1-year outcomes were impacted by SRDV implantation.® The CPB and
AXC time Reductions in the study were approximately 17 minutes each and ranged from 10 to 20 minutes in other
studies.'?” The beneficial effect of using SRDV might be more significant in complex surgeries that necessitate longer
AXC or CPB time, given that AXC time for SAVR is comparatively short.”® Additionally, most reports concerning
procedural time reduction have been investigated in low- to intermediate-risk SAVR patients. Further evidence is
required to determine if a decrease in CPB and AXC times results in improved clinical outcomes in high-risk patients.

Hemodynamic Status
The structure and mechanistic features of SRDV resemble those of TAVR more closely than those of conventional SAVR.
Kocher et al reported a larger effective orifice area with SRDV due to the absence of a suture cuff, which remained stable
even after 1 year.'” Both clinical and in vitro studies have demonstrated a low-pressure gradient in SRDV.>3:2930
Furthermore, a recent meta-analysis revealed a lower pressure gradient in SRDV than in conventional SAVR using
a stented bioprosthesis.’ In a study evaluating 5-year outcomes of SAVR with SRDV, excellent hemodynamic perfor-
mance was consistently observed across all sizes.>' Even in elderly patients with small aortic annulus, SRDV maintained
a good effective orifice area.*

Various studies have demonstrated that rapid deployment valve (Intuity) exhibits a lower pressure gradient than the
sutureless valve (Perceval).'?”** This low-pressure gradient has been maintained for up to 4 years after the operation.>*
Subannular skirts in the rapid deployment valve (Intuity) may contribute to excellent long-term outcomes by expanding the

left ventricular outflow tract’>-*>~37

and producing laminar flow.'*%3° This hemodynamic advantage is important in terms
of preventing patient-prosthesis mismatch (PPM), with severe PPM reported as few as 3.4% of the 700 rapid deployment
valve (Intuity) cases studied.*” Although some studies have suggested that PPM with SRDV is associated with adverse

#1743 others have reported no such differences.*** Proper size selection is crucial in

mortality and cardiovascular outcomes,
mitigating PPM risk, as patients with small aortic annulus are more likely to experience PPM. SRDV has the potential to

reduce PPM risk, given its superior effective orifice area compared to a stented bioprosthesis.*®

Clinical Outcomes

There is up to 10 years of clinical outcomes reported for SRDV, yet its comparative performance with SAVR using
stented bioprosthesis and TAVR remains unclear. In a study of 700 rapid deployment valve (Intuity) cases with a mean
age of 74, survival rates were 98%, 91%, 76%, and 58% at 1, 3, 5, and 7 years, respectively.40 A meta-analysis regarding
SRDV also demonstrated a 5-year survival rate of 84%, which was similar to the outcomes of SAVR using stented
bioprosthesis (Mean age: male, 63 years, and female, 67 years).*” In the PERSIST-AVR trial, SRDV was non-inferior to
conventional SAVR with respect to MACCE at 1 year. This result must be interpreted with caution because PPI, which
was higher in the SRDV group, was not included in this composite endpoint. Lloyd et al reported that early mortality was
comparable among TAVR, SAVR using stented bioprosthesis and SRDV, while postoperative bleeding was less frequent
in TAVR and SRDV.** Comparisons between sutureless (Perceval) and rapid deployment (Intuity) valves have been
conducted using meta-analysis and propensity score matching, revealing no difference in clinical outcomes including
mortality, stroke, and PVL.2"# However, procedural time was shorter in sutureless valve (Perceval), while the pressure
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gradient across the prosthesis was lower in rapid deployment valve (Intuity). It is crucial to be familiar with the
characteristics of each device so that their advantages can be utilized in individual situations.

Fischlein et al demonstrated that the 5-year freedom rate from reintervention in sutureless valve (Perceval) was
94.7%, with 24 out of 658 patients experiencing surgical explants of SRDV during the follow-up period of 5 years.'® The
7-year freedom rate from reintervention in rapid deployment valve (Intuity) was 91%, which was comparable to that of
the sutureless valve (Perceval).* Causes of explants include severe PVL, endocarditis, structural valve dysfunction, and
injury to other structures such as the mitral valve or ventricular wall. SRDV has a frame landing to the left ventricular
outflow tract, as in TAVR, and sutureless valve (Perceval) involves the STJ as well. Therefore, care must be taken when
explanting SRDV to avoid further injury to surrounding structures.

Potential Complications of Sutureless and Rapid Deployment Valves

Paravalvular Leakage and Central Aortic Insufficiency

A recent meta-analysis revealed that the prevalence of mild and moderate PVL following SAVR using SRDV were 6.7%
and 1.0%, respectively.** Another meta-analysis demonstrated that PVL is significantly more prevalent in SRDV than
SAVR using a stented bioprosthesis, and a sub-analysis by prosthetic valve type also corroborated this finding.® Even
mild PVL can have a significant impact on survival in both conventional SAVR and TAVR,”'-? highlighting the
importance of careful attention to PVL in SRDV. If left untreated, PVL can lead to increased diastolic left ventricular
pressure and volume overload.”® The incidence of PVL in SRDV is related to the learning curve.>* It is more common
among surgeons who recently started using SRDV, and a reduction in PVL incidence can be observed over time with
greater operator experience.”* Uneven valve orifice due to inadequate decalcification and incomplete sealing due to
incorrect size can cause PVL.”>’ Nevertheless, improvements in implantation techniques have led to a decrease in PVL
incidence to approximately the same level as that of conventional SAVR.**° A recent multicenter study comparing
sutureless SAVR (Perceval) versus TAVR in elderly patients at intermediate risk found that incidence of PVL was 1.3%
and 9.8%, respectively.®’

In addition to PVL, central aortic insufficiency has also been reported after SRDV implantation. A 5-year multicenter
study (CAVALIER trial) revealed that 7.5% of the patients had mild or greater central aortic insufficiency.’! Although
inappropriate sizing and positioning can exacerbate coaptation and result in central aortic insufficiency, the exact
mechanism is unknown. Here is an example of moderate central Al and moderate stenosis 2 years after CABG and
AVR using a 19-mm SRDV (Figure 3). Use of SRDV has a potential benefit in patients with a small aortic annulus and
root; however, it may also pose a risk of inadequate expansion of the valve at the same time. The impact of central Al or
PVL after SRDV deployment is unknown, while PVL after TAVR is associated with mortality and morbidity.

Conduction Disorder
New left bundle branch block after AVR using SRDV is not rare. It was observed in 23% of the patients who received
a sutureless valve at discharge, which is similar to that reported in a recent study of TAVR.®'**2 New left bundle branch
block is not associated with long-term mortality and heart failure readmission, but it increases the need for PPI by
approximately threefold and has a negative impact on left ventricular function.

PPI incidence rates following TAVR and conventional SAVR have been reported to range between 15-25% and 3%,
respectively.'! PPI incidence rates for SRDV have been reported to be between 6% and 9% in most cases and up to 23%,
which surpasses the incidence rate observed in conventional SAVR.®**** Since the occurrence of PPI following TAVR or

SAVR has been associated with increased long-term mortality,%> ¢’

reducing the PPI incidence rate in SRDV is critical.
Studies have reported that both subvalvular stents of sutureless valve (Perceval) and skirts of rapid deployment valve
(Intuity) compress atrioventricular conduction and have a similar risk of PPIL.?"*? Technical modification can reduce the
PPI incidence rate by preventing excessive force that pushes conduction, which is likely the primary mechanism for
PPL.'75%6869 yanagawa et al’® showed that elevating the implantation height by 2-3 mm can prevent compression of
conduction and, thus, reduce the PPI incidence rate. Avoiding complete decalcification and oversizing may also reduce

the PPI incidence rate.”' Fabre et al’* discontinued ballooning at the time of deployment based on the assumption that
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Figure 3 Moderate central Al and moderate stenosis 2 years after CABG and AVR using a 19-mm SRDV (yellow).

ballooning could cause compression of conduction by the prosthesis due to postoperative edema, resulting in a significant
reduction in the PPI incidence from 16% to 5%. The recent meta-analysis also demonstrated a decline in the PPI
incidence rate since 2016.”> Nevertheless, patients with non-modifiable risks such as advanced age and preoperative

conduction abnormalities, particularly right branch bundle block, should avoid SRDV implantation.'>#%7*

Transient Thrombocytopenia

SRDV can cause postoperative transient thrombocytopenia.’” "7 The mechanisms of thrombocytopenia are reported to be
(1) inflammation-related platelet activation triggered by host interaction with the bioprosthesis, (2) mechanical platelet
destruction due to shear stress, (3) the detoxification process with homocysteic acid and the storage aldehyde-free
solution, and (4) the naked alloy stent.”®’”” Despite these mechanisms, thrombocytopenia did not have an impact on
clinical outcomes,”” regardless of the anticoagulation therapy used, including aspirin alone or double platelet therapy.

Technical Consideration in Specific Situations

Sizing and Selection of Prosthesis
The utilization of sutureless valve (Perceval) offers enhanced reproducibility of the procedure and may be applied
in situations where annular sutures are difficult, particularly in MICS.”®®® Although both SRDVs have high technical

success rates, ! >81:82

it is imperative to recognize that malpositioning may lead to PVL and/or PPI, which can increase in-
hospital mortality." Valve sealing and performance are dependent on proper sizing and final stent geometry, as there are
no circumferential annular sutures in SRDV. However, oversizing to achieve adequate sealing may cause stent frame
infolding, thereby interfering with complete valve motion, resulting in elevated pressure gradient across the valve
prosthesis.®> In 2017, the manufacturer of the sutureless valve (Perceval) introduced new recommendations to avoid
oversizing and ensure that the white obturator can pass through the valve annulus with light friction. Szecel et al
exhibited that the updated sizing strategy led to better prosthetic size, hemodynamics and PPI rate without increasing the
incidence of PVL.** When the annular diameter is 27 mm or greater, SRDV should be avoided given the risk of PVL and
device migration. Similarly, use of SRDV should be avoided when annular or aortic root enlargement may be required in
patients with annular diameter smaller than 19 mm, because the deployed prosthetic valve would not be stabilized with
significant risk of aortic root rupture. As the nitinol stent is designed to be stabilized at the STJ and aortotomy be 3.5 cm
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above it, the procedure will be more complicated in patients necessitating ascending aortic replacement.'® Therefore, the
use of sutureless valve (Perceval) should be avoided when the STJ is more dilated compared to the aortic annulus (STJ/

annular diameter ratio is more than 1.3).3%%¢

Decalcification

In contrast to TAVR, decalcification is essential component of SAVR using SRDV. Sufficient decalcification can mitigate
the incidence of PPI and PVL compared to TAVR as displacement of a calcified valve and annulus in TAVR would not
happen in SRDV after removal of the leaflets and decalcification.?”®® Thus, decalcification is generally preferred
whenever feasible. Since it is not mandatory to decalcify the entire annulus to enable suturing, it can be time-saving
in a hostile aortic root or redo cases.*” Although there is some risk of embolization by small debris after decalcification of

the aortic valves, the incidence of stroke is comparable to that of SAVR using stented bioprosthesis.’® "2

Usage in Small Aortic Annulus

With its favorable hemodynamic profile, SRDV potentially reduces the risk of significant PPM in patients with small
aortic annulus.*® Both SRDVs have been employed for those patient cohorts with good hemodynamic outcomes.>*%*%*
A sub-analysis of SRDV international registry, comparing large and small annulus groups, yielded no significant
difference in 5-year survival, mean pressure gradient, effective orifice area at discharge, or PPM, indicating that

SRDV may be an efficacious option even for small aortic annulus.”> Arribas-Leal et al®®

reported that the pressure
gradient remained low for up to 8§ years after the placement of rapid deployment valve (Intuity) for small aortic annulus.
In this regard, SRDV may hold promise for improving outcomes in patients with a small aortic annulus and obviating the

need for annular enlargement procedure.’

Application to Minimally Invasive Cardiac Surgery (MICS)

Several studies showed that AVR via thoracotomy or mini-sternotomy is associated with a lower rate of postoperative
atrial fibrillation, shorter hospitalization/intensive care unit stays, and reduced transfusion requirements without increas-
ing mortality and stroke rates.”’ ' Use of Stented valves in MICS, however, is technically challenging which
requires complete annular sutures within a limited surgical field, leading to prolonged CPB and AXC times, possibility
of paravalvular leakage, and difficulty of hemostasis at aortotomy.'°’ SRDV technology can potentially play an important
role in this situation and will better facilitate the application of MICS AVR.'** Detailed assessment of anatomical
feasibility of MICS approach on CT such as a cannulation site, anatomy of the ascending aorta and aortic valve, or
proximity of great vessels in redo cases may be beneficial, as is the case with TAVR.

In ART, the use of a sutureless valve (Perceval) may allow more precise positioning, which can reduce procedural
time when compared to rapid deployment valve (Intuity).”> ART also allows concomitant surgery for other valves. On the
other hand, upper mini-sternotomy allows easy access to central cannulation and exposure of the aortic valve almost
similar to full sternotomy while preserving the caudal part of the sternum. Therefore, it is easy to adapt from full
sternotomy.'®* Further studies are warranted to compare the outcomes of these two approaches in the setting of MICS-
AVR using SRDV. In addition to ART and mini-sternotomy under direct vision, endoscopic and robotic AVR with SRDV
have also been reported,'®*'% and their outcomes merit further investigation.

Application to Bicuspid Aortic Valve

In general, 38—50% of the patients undergoing AVR have a bicuspid aortic valve (BAV).'%%107 Both SAVR and TAVR in
patients with BAV are associated with higher PPI rates when compared to patients with tricuspid aortic valve due to the
presence of asymmetric aortic cusps, bulky calcification, and abnormal conduction pathway.'*®!® While studies have
examined the applicability of SRDV in patients with BAV, its use is not recommended for Sievers type 0 BAV (true
bicuspid valve) as restoring circularity of the aortic annulus is challenging due to variation in height and width of each
sinus.''!"" BAV is heavily calcified in general and higher incidence of PPI and stroke were reported after SRDV for
patients with BAV."'*"''* Complete decalcification may be necessary to restore the elasticity and flexibility of the
calcified annulus and to reduce stroke rate after SRDV for patients with BAV.''? Although a successful implant rate of
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SRDV was similar, CPB and AXC times were longer than those in non-BAV patients.*>''>"!'® Given that patients with
BAV who undergo AVR are younger with or without aortic root aneurysm and the annulus is larger than those with
tricuspid aortic valve,'’ it remains unclear how many BAV patients meet the indication for SRDV.'!”

Reoperation: Valve-in-Valve Transcatheter Aortic Valve Replacement

While some studies have reported a favorable freedom rate from structural valve deterioration in SRDV,''¢:!'®

the follow-
up periods were limited to 3—4 years. In previous reports, structural valve deterioration was observed postoperatively
ranging from very early (5 days) to late postoperative period (5 years), primarily due to leaflet calcification and/or stent
creep. 1197122

Regarding re-intervention to failed SRDV prosthesis, conventional open surgery should be considered as an option
for reoperation unless there are high-risk factors including resternotomy after coronary artery bypass grafting. Valve-in
-valve TAVR may be an alternative option for these cases with similar operative outcomes to open reoperation.'??
However, reoperation after SRDV might require more extensive surgery such as root repair/enlargement, replacement
of the ascending aorta, aortic root replacement, or mitral valve repair/replacement as a result of explant of SRDR
valves, similar to TAVR explant. Recent case series have demonstrated that both balloon- and self-expandable TAVR
valves can be successfully used as valve-in-valve TAVR after SRDV.'?*'** In a sub-analysis of the valve-in-valve
international data (VIVID registry), valve-in-valve TAVR for failed SRDV showed similar hemodynamic status and
complication rates as that for conventional SAVR.'?® When performing valve-in-valve TAVR for structural deteriora-
tion of rapid deployment valves (Intuity), it is recommended to determine the size of the TAVR valve based on that of
rapid deployment valve (Intuity) which correlates to the inner diameter of Magna Ease valve (Edwards
Lifesciences).'?” Sutureless (Perceval) valve’s radio-opaque frame and sinusoidal struts may provide easier positioning
and may also be protective against coronary obstructions. However, guidewires should be placed in the coronary ostia
in case of coronary obstruction after deployment since the risk of coronary obstruction in valve-in-valve TAVR for

failed SRDV remains unknown.

Patient Selection: Who Would Benefit from Sutureless and Rapid Deployment Valves?
Considering the characteristics of SRDV outlined in this review, the ideal candidates for this prosthesis include (1)
patients who require multiple procedures in addition to SAVR and are anticipated to have extended AXC time, (2) those
undergoing MICS-AVR, and (3) those with a small aortic annulus. In addition to these indications, SRDV may offer
potential benefits in cases of complex reoperation, such as redo AVR in the setting of a hostile aortic root or failure of
previous homograft as it facilitates valve implantation with less manipulation of friable tissues.'**'*® While SRDV may
be a viable option for patients with BAV, careful consideration must be given to the indication. SRDV should be avoided
if there is a complex calcification from the annulus to STJ, as this may increase the incidence of stroke from
embolization, PVL, and PPL®*® Type 0 BAV should also be avoided because complex additional procedures are not
reproducible and offset the time-saving advantages of SRDV. SRDV can also be utilized in patients with infective
endocarditis,*” however, it should be noted that annular abscess or destruction may compromise valve fitting.'*' In this
review, we examine the attributes of sutureless and rapid deployment valves collectively. Although these valves share
good hemodynamics and suitability for MICS, it is imperative to comprehend that there exist mechanistic differences
among SRDVs, including the retention of a guiding suture, the presence of a supraannular stent or subannular skirt, and
whether they are balloon-expandable or self-expandable. The suitability of each prosthesis among the candidates for
SRDV should be determined based on individual anatomy. For example, it is safer to use rapid deployment valve
(Intuity) in patients at risk of developing aneurysm or dissection in the ascending aorta compared to sutureless valve
(Perceval), which requires the landing on the STJ. A detailed and direct comparison between SRDVs is necessary in the
future studies.

Conclusion
This review summarizes the mechanics, hemodynamics, utility, and pitfalls of SRDV from technical and theoretical
perspectives. While SRDV has advantages in terms of hemodynamic performance and procedure time, it also inherits
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complications from both SAVR and TAVR as disadvantages. Appropriate patient selection and technical proficiency to

avoid complications are essential so that SRDV will not result in incomplete AVR. A clinical trial to examine the long-

term results in selected patients suitable for SRDV may lead to its widespread use in the future.

Abbreviations
ART, Anterior right thoracotomy; AVR, Aortic valve replacement; AXC, Aortic cross clamp; BAV, Bicuspid aortic valve;

CPB, Cardiopulmonary bypass; MICS, Minimally invasive cardiac surgery; PPI, Permanent pacemaker implantation;

PPM, Patient-prosthesis mismatch; PVL, Paravalvular leakage; SAVR, Surgical aortic valve replacement; SRDV,

Sutureless and/or rapid deployment valve; STJ, Sinotubular junction; TAVR, Transcatheter aortic valve replacement.
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