
Citation: Roumy A, Verdugo M, Gunga MZ, Monney P, Rancati V and Kirsch M. Is Sub-Commissural Annuloplasty 
a Safe Adjunct to Sutureless Perceval-S Aortic Valve Implantation?. Austin J Surg. 2021; 8(1): 1262.

Austin J Surg - Volume 8 Issue 1 - 2021
ISSN : 2381-9030 | www.austinpublishinggroup.com 
Roumy et al. © All rights are reserved

Austin Journal of Surgery
Open Access

Abstract

Background: Sutureless bioprosthesis aortic valves simplify surgery for 
aortic valve replacement (AVR) but some unexpected anatomical features of the 
recipients aortic annulus might preclude anchoring and lead to a paravalvular 
leak. Sub-Commissural Annuloplasty (SCAP) has been sporadically proposed to 
secure implantation under these circumstances. This study evaluated whether 
SCAP affects early postoperative outcomes and follow-up after sutureless 
Perceval-S implantation.

Methods: We included all elective patients who underwent AVR (isolated or 
combined with coronary bypass) with the Perceval-S valve from March 2016 to 
August 2019. SCAP was performed each time the surgeon deemed it useful to 
improve anchoring.

Results: One hundred and three patients were included. The mean age 
was 73.9±7.2 years and 36 (35%) were women. SCAP was performed in 34 
(33%) patients, significantly more frequently in patients with large aortic annulus 
or bicuspid aortic valve. Perceval-S implantation was successful in 100 (97%) 
patients. Thirty-day mortality was 2% (n=2), of which one was related to the 
procedure. There was no significant difference in the incidence of postoperative 
conduction disorders between patients with and without SCAP (respectively, 3 
[9%] vs 7 [10%], p=1.0). At one-year follow-up, no more than trivial paravalvular 
leak was noted in both groups, and peak and mean gradients were similar in 
patients with SCAP than in those without (19.1±8.3 vs 17.9±7.1 mmHg, p=0.53 
and 10.7±5.0 vs 10.0±3.9 mmHg, p=0.59, respectively).

Conclusions: SCAP is a safe, simple and reproducible technique that 
might facilitate Perceval-S aortic valve implantation in specific situations.
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Introduction
To date, Aortic Valve Replacement (AVR) is the only curative 

therapy to treat aortic valve stenosis. Despite the emergence of the 
Transcatheter Aortic Valve Implantation (TAVI) procedure, surgical 
approach remains the gold standard, especially because it allows for 
the removal of the diseased valve and decalcification of the annulus, 
optimizing the annulus size and limiting paravalvular leak occurrence. 
Over the past decade, sutureless and rapid deployment aortic valves 
have emerged, offering an alternative to conventional AVR.

The Perceval-S aortic valve (LivaNova, London, UK) is a 
bioprosthesis based on bovine pericardial leaflets mounted into a 
flexible, self-expandable nitinol stent. This is the only sutureless valve 
available on the market and it presents several advantages. First, 
its implantation is rapid, simple and reproducible, which reduces 
aortic cross-clamping time [1-4]. Moreover, its collapsible design 
favors minimally invasive surgical approaches [5] and facilitates 
implantation in challenging situations such as redo operations or 
calcified aortic root [3,6,7]. It also provides lower transvalvular 
gradients than conventional stented bioprothesis [1,4,8]. Recent 
studies have shown that Perceval-S’ rate of adverse events (notably 
renal insufficiency and blood transfusion) are similar or lower to that 

of conventional bioprothesis [1-3], while mortality and paravalvular 
leak rates are lower than in TAVI [3,9-12].

Even if the Perceval-S seems to be attractive and has a broad 
spectrum of use and advantages, its design based on two anchoring 
sites, (the first at the annulus level and the second at the Sino-Tubular 
Junction (STJ) level) has some pitfalls. Consequently, Perceval-S 
is contraindicated in case of a ratio between the STJ and the aortic 
annulus greater than 1.3, aneurysmal dilation or dissection of the 
ascending aortic wall [13]. The shape of the annulus is also crucial. In 
the Bicuspid Aortic Valve (BAV), for example, an ovoid or scalloped 
annulus (with unequal sub-commissural height) may preclude the 
valve anchoring and lead to paravalvular leak or valve migration. 
In this Situation, Sub-Commissural Annuloplasty (SCAP) has been 
sporadically performed in order to circularize the annulus before 
implanting a Perceval-S [14,15]. In our surgical experience, we 
regularly challenge non-circular annulus and the aim of this study is 
to evaluate if SCAP can safely address this issue.

Patients and Methods
This is a monocentric retrospective study approved by the ethical 

committee (CER-VD) under the number 2017-00340. From March 
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2016 to August 2019, all the patients who benefited from Perceval-S 
valve implantation in our institution were considered. The choice to 
use a Perceval-S valve was left to the operating surgeon during surgery, 
depending on personal preference and the anatomical characteristics 
cited above. Exclusion criteria were patients <65 years old, anatomical 
features outside the manufacturer’s recommendations [13], Sievers 
type 0 BAV, emergencies and combined surgery other than AVR plus 
coronary artery bypass graft (CABG). Redo operation was not an 
exclusion criterion.

Perceval-S implantation technique
Procedures were mainly performed through median sternotomy 

or, alternatively, via an upper J ministernotomy. After starting 
Cardiopulmonary Bypass (CPB), a transverse aortotomy was made 
around 1.5 cm above the STJ. The aortic valve cups were excised 
and the annulus conscientiously decalcified to be sufficiently flexible 
while avoiding annulus lesion. The size of the Perceval-S valve was 
chosen according to the dedicated sizer and the manufacturer’s 
recommendations [13]. The Perceval-S valve was collapsed into the 
delivery system and positioned using three guiding sutures placed 
1mm below the nadir of the aortic valve cusps. These guiding sutures 
were retrieved after valve expansion. The correct position of the valve 
inflow ring on the aortic annulus was visually checked. Dilatation with 
the dedicated balloon was then performed for 30 seconds at 4 atm 
and 37ºC. The aortotomy was closed using a double Blalock running 
suture, and after deairing the heart, the aortic clamp was removed and 
the CPB weaned. Intraoperative Transesophagal Echocardiography 
(TEE) confirmed the good position and functioning of the valve, as 
well as the absence of paravalvular leak prior to CPB removal. If a 
more than trivial paravalvular leak was noticed, the surgeon could 
(i) reposition the same valve after re-collapsing (off-label maneuver), 
possibly completed by SCAP, or (ii) use a different size of Perceval-S 
prosthesis, or (iii) switch to a sutured bioprosthesis (considered as 
implantation failure).

Sub-Commissural Annuloplasty (SCAP)
SCAP consisted of one or two sub-commissural triangle plications 

(Figure 1), performed by X-stitches using braided Ethibon 2/0: the 
first one was usually placed under the commissure between the Left 
Coronary (LC) and Non-Coronary (NC) cusps, eventually completed 
by additional sutures under the commissure between the NC and 
the Right Coronary (RC) cusps or the LC and RC cusps. Thus, SCAP 
permits to reduce slightly the size of the aortic annulus, to circularize 
an elliptic annulus and/or to reshape the annulus in the horizontal 
plane by reducing discrepancies between sub-commissural triangle 
heights.

End-points
Primary end-points were implantation success and 30-day 

mortality [16].

Secondary end-points were postoperative stroke, AV-block 
requiring a permanent pacemaker and paravalvular leak, according 
to recommendation from Akins et al., [16].

Perceval-S valve hemodynamics (mean and peak gradients) were 
evaluated via Transthoracic Echocardiography (TTE) at follow-up 
(14.6±11.2 months) by the cardiologists of the patients. We excluded 
hemodynamics of the patients in whom Perceval-S implantation 

failed.

Statistical analysis
Statistical analysis was performed using SPSS BASE 17.0 statistical 

software (SPSS Inc. Chicago, IL, USA). Categorical variables were 
expressed as percentages and compared using the Chi-square or 
Fisher’s exact test, as appropriate (n ≤5 per group). Continuous 
variables were expressed as mean±1 standard deviation and were 
compared using the Student’s t test. A two-tailed p-value less than 
0.05 was taken to indicate statistical significance.

Results
Patients and operative data

During the observational period of the study, 115 consecutive 
patients underwent Perceval-S valve implantation in our institution 
and 103 were included in the present study. The 12 excluded patients 
(10%) were emergency situations (n=5, including four patients with 
endocarditis) and combined surgery other than AVR plus CABG 
(n=7, including three AVR plus mitral, two AVR plus tricuspid 
and three AVR plus mitral and tricuspid procedures). Preoperative 
data are reported in (Table 1). Fifty-seven patients (55%) underwent 
isolated AVR, of which 17 (30%) were performed via ministernotomy. 
The other 46 patients (45%) underwent combined surgery with 
CABG (mean anastomoses 1.9). Mean CPB times were 59.3±45.4 min 
and 89.2±43.5 msin, and aortic cross-clamp times were 39.4±24.2 
min and 69.0±35.6 min in isolated AVR and combined procedures, 
respectively.

SCAP technique
In total, 34 patients (33%) required SCAP (Group SCAP); the 

other 69 patients (67%) benefited from a classical implantation 
technique (Group No-SCAP).  In Group SCAP, a single SCAP was 
performed in 23 patients (68%) and a double SCAP in 11 patients 
(32%). Perceval-S sizes and SCAP techniques are reported in (Table 
2).

Moreover, the rate of SCAP’s use differed according to the 
anatomy of the aortic valve, as SCAP was necessary in 24 patients 

Figure 1: Aortic annulus remodeling by SCAP with a mattress suture 2-0 
(green line).
A: Reduction of the height of the sub-commissural triangle.
B: circularization of an elliptic annulus. SCAP, sub-commissural annuloplasty.
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(28%) with a tricuspid aortic valve, versus in 10 patients (63%) among 
those who had BAV (Figure 2).

For patients who underwent in isolated AVR procedure, mean 
CPB times were 57.0±38.3 min and 64.6±59.9 min, and aortic cross-
clamp times were 39.7±26.4 min and 38.7±18.7 min in groups No-
SCAP and SCAP, respectively (p=0.57 and p=0.90). This shows that 
SCAP did not significantly increase valve implantation or overall 
procedure times.

Implantation failure
One hundred patients (97%) benefited of a Perceval-S 

implantation, which is similar to the reported rate in the current 
literature17-19. In the three remaining cases, the Perceval-S valve had 
to be replaced by a sutured bioprosthesis (Trifecta St Jude Medical, 
MI, USA) in one, while a total aortic root replacement had to be 
performed using a Freestyle aortic root bioprosthesis (Medtronic, 
Dublin, Ireland) in the two other.

Clinical outcomes and post-operative hemodynamics
The 30-day mortality rate was 2% (n=2) for a EuroScore II 

predicted mortality of 2.95% (range 0.5-16.5 %). Both of deaths were 
in Group No-SCAP (2.9% of 69 patients) but only one was directly 
related to the procedure; the other one was related to the discovery 
of a multimetastatic lung cancer leading to an irreversible respiratory 
insufficiency and multi-organ failure.

There was no significant difference between the two groups 
regarding the different secondary end-points (Table 3). Only one 
patient (0.9% of overall) in Group SCAP (2.9% of 34 patients) 
experienced a stroke with a persistent neurological deficit (p=0.40). 
Ten patients (10%) presented a new onset of AV-block that required 
permanent pacemaker implantation, seven (10%) and three (9%) in 
Goup No-SCAP and Group SCAP, respectively (p=1.00). No residual 
paravalvular leak more than trivial was found at follow-up.

 
All No-SCAP SCAP

p value
N=103 N=69 N=34

Gender (M/F) 67/36 (35%) 40/29 (42%) 27/7 (21%) 0.047

Age 73.9±7.2 74.03±0.88 73.51±1.26 0.74

BMI 28.2±5.7 28.4±5.4 27.9±6.4 0.71

BSA 1.88±0.02 1.87±0.22 1.91±0.23 0.35

NYHA class 2.3±0.82 2.4±0.82 2.3±0.83 0.63

I-II 53 (52%) 34 (49%) 19 (56%) 0.54

III-IV 50 (49%) 35 (51%) 15 (44%) 0.54

Hypertension 82 (80%) 55 (80%) 27 (79%) 1

Diabetes 28 (27%) 20 (29%) 8 (24%) 0.64

Smoker 12 (12%) 9 (13%) 3 (9%) 0.75

COPD 16 (16%) 8 (12%) 8 (24%) 0.15

GFR <30ml/min. 5 (5%) 1 (1%) 4 (13%) 0.03
Logistic EuroSCORE II 
(%) 3.0 ± 2.67 2.9±2.8 3.1±2.5 0.6

<4 81 (79%) 56 (81%) 25 (74%) 0.45

4-8 16 (16%) 10 (15%) 6 (18%) 0.77

>8 6 (6%) 3 (4%) 3 (9%) 0.39

Redo AVR 5 (5%) 5 (7%) 0 (0%) 0.17

LVEF (%) 59.6±10.4 60.8±9.1 57.0±12.4 0.08

>50 83 (81%) 59 (86%) 24 (71%) 0.11

30-50 19 (18%) 10 (15%) 9 (27%) 0.18

<30 1 (1%) 0 (0%) 1 (2.9%) 0.33

Peak gradient (mmHg) 65.3±26.9 67.02±28.0 32.1±25.0 0.41

Mean gradient (mmHg) 39.0±17.0 39.6±17.4 37.8±16.2 0.61

EOA (cm2) 0.78±0.26 0.78±0.27 0.84±0.23 0.24

Biscupid aortic valve 16 (16%) 6 (9%) 10 (29%) 0.01

Table 1: Patient preoperative demographics.

AVR: Aortic Valve Replacement; BMI: Body Mass Index; BSA: Body Surface 
Area; COPD: Chronic Obstructive Pulmonary Disease; EOA: Effective Orifice 
Area; GFR: Glomerular Filtration Rate; LVEF: Left Ventricle Ejection Fraction; 
NYHA: New-York Heart Association; SCAP: Sub-Commissural Annuloplasty.

 
All No-SCAP SCAP

p value
N=103 N=69 N=34

Perceval Size     

Small 5 (5%) 4 (6%) 1 (3%) 1

Medium 19 (18%) 16 (23%) 3 (9%) 0.11

Large 31 (30%) 26 (38%) 5 (15%) 0.02

X-Large 48 (47%) 23 (33%) 25 (74%) 0.0001

SCAP technique     

NC/LC 21 (21%) - 21 (62%) -

LC/RC 2 (2%) - 2 (6%) -

NC/LC+NC/RC 11 (11%) - 11 (32%) -

Native aortic valve  -  -

Tricuspid 87 (84%) 63(91%) 24 (71%) 0.01

Bicuspid 16 (16%) 6 (9%) 10 (29%) 0.01

Table 2: Perceval-S valve size and SCAP technique.

AV: Aortic Valve; LC: Left Coronary; NC: Non Coronary; RC: Right Coronary; 
SCAP: Sub-Commissural Annuloplasty.

Figure 2: Proportion of the number of required SCAP according to the valve 
type. SCAP, sub-commissural annuloplasty.

 
All No-SCAP SCAP

p value
N=103 N=69 N=34

30-days mortality 2 (2%) 2 (3%) 0 (0%)  

New AF 20 (19%) 13 (19%) 7 (21%) 1

AV-block with PM 10 (10%) 7 (10%) 3 (9%) 1

Stroke 1 (0.9%) 0 (0%) 1 (6%) 0.4

Table 3: Postoperative clinical outcomes.

AF: Atrial Fibrillation; AV-block: Atrio-Ventricular Block; SCAP: Sub-Commissural 
Annuloplasty.
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Hemodynamics of the Perceval-S at follow-up are shown in (Table 
4). There was no significant difference between the two groups, but 
we noticed a trend towards lower peak and mean gradients in Group 
SCAP, which is consistent with a larger overall size of implanted 
valves.

Discussion
For a decade, sutureless and rapid deployment aortic valves 

have provided a compromise between standard AVR and TAVI by 
favoring minimal surgical approach, reducing time procedure and 
limiting paravalvular leak. The sutureless Perceval-S aortic valve was 
designed to be surgeon-friendly and to make its implantation safe and 
reproducible. Our results corroborate its safety as early mortality was 
low and rate of implantation success, stroke, pacemaker requirement 
and post-operative hemodynamics were similar to those reported in 
the current literature [18,20].

However, the sutureless feature of the Perceval-S is based on 
the specific design of an expandable nitinol stent which needs two 
anchoring sites: (i) the first one, at the annulus level (inflow ring), (ii) 
and the second one at the STJ level (outflow ring). These characteristics 
imply some procedural caution to avoid implantation pitfalls. In order 
to prevent valve migration, the ratio between the aortic annulus and 
STJ diameters must be <1.3, and the size of the aortic annulus must 
be <27mm (according that the Perceval-S sizes are: S = 19-21mm, 
M=21-23 mm, L=23-25 mm, XL=25-27 mm). Moreover, in order to 
minimize paravalvular leak occurrence, the aortic annulus must be 
decalcified enough (but avoiding annulus lesion) to be flexible enough 
to be conformed to the valve by the radial force of the Perceval-S 
stent. It is also important that annulus has a circular shape and that 
the heights of the sub-commissural triangles are neither too high nor 
too unequal. Furthermore, the height of the nitinol struts obligates to 
slightly modify the surgical technique by performing a horizontal and 
higher aortotomy than with sutured prosthetic valves, which could 
reduce the accessibility and the exposition of the diseased aortic valve.

Pre-operative imaging (cardiac-CT or echocardiography) is 
helpful to assess the shape and size of the annulus as well as to choose 
the best surgical approach [21]. That allows to estimate the likelihood 
of Perceval-S implantation success, but despite of this, some anatomic 
features of the aortic annulus (shape, flexibility, sub-commissural 
triangle height, calcification, etc…) are unpredictable before surgery 
and could hamper Perceval-S implantation. In such situations, the 
surgeon should typically substitute a sutured valve, which is more 
time consuming and may be challenging, especially through a 
minimally invasive approach [1-4].

In order to address unexpected anatomical features of the 
annulus, some techniques of annuloplasty have been described 

sporadically to decrease the risk of implantation failure. In a short 
series, Ferrari et al., described how they sneaked a purse string suture 
of 3-0 polypropylene all around the aortic annulus before implanting a 
rapid-deployment aortic valve (Intuity, Edwards Lifesciences, Irvine, 
CAL, USA). Before closing the aorta, the suture was snared to tighten 
the implanted valve and minimize both paravalvular leak and valve 
migration [22]. In BAV, Glauber et al., suggested to reduce the height 
of the three sub-commissural triangles by a mattress suture before 
implanting a Perceval-S valve, if the annulus was overly scalloped 
[15]. In his series of 13 patients with BAV, Durdu et al., described a 
similar SCAP technique to ours, used in order to decrease the height 
of the sub-commissural triangles and to circularize the annulus [14].

The present study highlights three situations in which SCAP 
was particularly helpful: (i) in case of aortic annuli that were slightly 
too large or too flexible (ii) in case of elliptic or overly scalloped 
aortic annuli (frequent in BAV), (iii) and as a rescue trick in case 
of implantation failure. We used 34 SCAPs successfully spread over 
these three situations, which permitted to widen the field of use of 
the Perceval-S. For example, among the 25 XL-sized valves implanted 
(including nine BAV), 14 SCAPs were performed, otherwise we would 
not have succeeded to implant it. This may partially explain why we 
reported a remarkable proportion of XL-sized valves compared to 
the current literature [20,23]. SCAP also afforded an issue to address 
implantation failure in almost one third of patients involved. We did 
not notice significant reduction of the effective orifice area surface, 
nor an increase of severe mismatch rates in the Group SCAP. Thus, 
we can infer that SCAP did not significantly reduce the annulus size 
but rather that it improved its congruence with the valve.

Our study presents several limitations. First, this is a monocentric 
retrospective study not in intention to treat, as the surgeon decided 
to implant a Perceval-S according to his feeling. Moreover, we did 
not randomize patients with a group control, in which we would use 
a sutured valve instead of SCAP if needed. Finally, our follow-up was 
too short to evaluate the long-term stability of SCAP, especially in 
BAVs, which are known to dilate by time.

Conclusion
This study shows that SCAP is a safe and useful technique that 

could improve the success rate of implantation of the Perceval-S 
sutureless aortic valve essentially by circularizing the aortic annulus 
and reducing the height of sub-commissural triangles. It might 
be particularly useful in presence of a BAV or in case of a first 
implantation failure, as rescue trick. Larger studies and longer follow-
up periods are necessary.
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