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Abstract

OBJECTIVES: Our goal was to compare pacemaker rate usage following two different operating techniques for implanting the Perceval
aortic valve replacement.

METHODS: In this retrospective, single-centre study, we studied patients with isolated or concomitant Perceval aortic valve replacement
operated on first between April 2013 and January 2016, following traditional operating techniques, with patients operated on between
January 2016 and December 2020, after the adoption of a modified protocol based on different annulus sizing, higher positioning of the
valve and no ballooning after valve deployment was adopted. The operations were performed by 2 surgeons, and patients were followed-
up for a period of 30 days.

RESULTS: A total of 286 patients, with a mean age of 77 (4.9) years, had Perceval valves implanted during the study period, of which 79%
were isolated aortic valve procedures. Most patients (66.8%) underwent minimally invasive procedures. Cross-clamp time was 55.1 (17.6)
min. The overall postoperative pacemaker insertion rate was 8.4%, which decreased decisively after the 2016 change in the implant proto-
col (16% vs 5.6%; P = 0.005), adjusted odds ratio of 0.31 (95% confidence interval: 0.13–0.74, P = 0.012). Univariable and multivariable
analysis showed that larger valve size (P = 0.01) and ballooning (P = 0.002) were associated with higher risk of implanting a pacemaker.
Postoperative 30-day mortality was of 4.5%.

Central picture. Decrease in the pacemaker rate after Perceval implants in the last 5 years. The left Y-axis shows the percent of permanent cardiac pacemakers
implanted. The right Y-axis (in green) shows the number of Perceval valves implanted.
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CONCLUSIONS: Improvement in the operating techniques for implanting the Perceval valve may decrease the rate of pacemakers
implanted postoperatively. Although further studies are needed to confirm these results, such a risk reduction may lead to wider use of
Perceval valves in the future, potentially benefiting patients who are suitable candidates for minimally invasive surgery.
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INTRODUCTION

Implanting the sutureless nitinol Perceval valve (CORCYM, previ-
ously LivaNova, Saluggia, Italy) is a well-established aortic valve
replacement procedure. Following the initial conceptual and pi-
lot trial [1, 2], more than 200 publications on the Perceval valve
are currently referenced in the published literature. This valve re-
placement modality was particularly useful in cases of minimally
invasive surgery, especially a right anterior minithoracotomy [3],
because it greatly facilitates the surgical procedure. Recently,
results from the prospective randomized PERSIST trial [4] showed
that the Perceval valve was not inferior to sutured valves, despite
concerns about increased postoperative permanent pacemaker
risk among its recipients.

The goal of the present study was to assess the potential role
of technical adaptations and improvements in the operating pro-
tocol for the Perceval valve implants, by analysing series of
patients operated on by 2 senior surgeons (OF, IH) and to discuss
our experience of improving outcomes over the years.

PATIENTS AND METHODS

Patients

This is a retrospective, single-centre review of all patients who
had Perceval S valves implanted in our department from April
2013 to December 2020. During the whole period of the study,
only the Perceval S valve was implanted. We limited our study to
patients who received an aortic valve replacement through a
sternotomy or minimally invasive surgery and without involve-
ment of aortic root procedures or aortic endocarditis.
Preoperative rhythm disturbances (first degree atrioventricular
block, left or right bundle branch block) were searched for on
the medical charts of all patients. Although relatively rare, proce-
dures performed in emergency settings were included in this
study; cases with concomitant procedures of coronary artery by-
pass were also included in the study. Because we focused on
pacemaker use after receiving a Perceval implant, we excluded 3
patients who needed early reoperations with secondary implants
of a sutured valve. These 3 patients were operated on in the be-
ginning of our experience with Perceval, and they presented with
severe paravalvular regurgitation due to incomplete aortic annu-
lar debridement. None of these 3 had a pacemaker implanted
postoperatively.

Ethics statement

Due to the retrospective nature of the study, our institutional re-
view board ruled that there was no need for informed patient
consent (DELIBERE_CERC-SFCTCV-2022–02-01_18018).

Surgical technique

The sternotomies were performed as usual with antegrade cold
blood cardioplegia repeated every 30 min. A right anterior mini-
thoracotomy or ministernotomy was also performed as de-
scribed elsewhere [5, 6]. Briefly, a minithoracotomy was
performed through an anterolateral incision at the level of the
second or third intercostal space. The ministernotomy was either
superior, inferior or inversed C-shaped. The superior ministernot-
omy was performed through an inverted L incision of the ster-
num from the manubrium to the level of the second or third
intercostal space. The inferior ministernotomy was performed
through an inverted L incision in the sternum from the xiphoid
to the second intercostal space. Finally, the reversed C-shaped
ministernotomy was performed through a double incision on the
right side of the sternal body, between the second and the fourth
intercostal spaces. In all patients, valve function was assessed
through transoesophageal echocardiography before weaning
from cardiopulmonary bypass.

Two different Perceval valve implant protocols were used at 2
distinct time periods within the time frame covered by this study.
Between April 2013 and January 2016, Perceval valves were
implanted according to the manufacturer’s instructions, after re-
moval of the native aortic valve and subtotal decalcification of
the annulus. Any aortic annulus damage at this stage was
repaired with a 5/0 polypropylene suture before implanting the
Perceval valve. The correct valve size was selected by measuring
the white part of the obturator (valve sizer) that would not pass
through the annulus. The 3 guiding sutures were placed 2 mm
below the aortic annulus, at the nadir of each cusp and finally,
the valve was ballooned at 4 atm for 30 s.

An interim analysis of results performed during January 2016
identified a high postoperative pacemaker rate and led to the de-
cision to modify our implant technique. Firstly, total decalcifica-
tion of the aortic annulus was done with meticulous
debridement, as we routinely did for sutured valves. Secondly,
because the inner diameter of the inflow portion of the stent of
the Perceval valve appeared to be larger than the outer diameter
of the corresponding white part of the obturator (Fig. 1), we
chose the size of the valves in which the white obturator
remained stable above the aortic annulus but could pass through
the annulus itself while pushed only with a gentile force (this is
due to the elasticity of the aortic annulus). If you had to push
with a significant force in order to pass the annulus or if the an-
nulus could not be passed with the white obturator, we chose
the lower size valve. In addition, the guiding sutures were no lon-
ger passed below the annulus but instead through the aortic an-
nulus itself, which resulted in a higher position of the valve.
Finally, we also stopped the practice of ballooning at the end of
the implant procedure. Identical techniques and changes were si-
multaneously adopted by both surgeons, whose interventions
are reviewed in this work.
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Postoperative outcomes

Postoperatively, the patients were moved to dedicated intensive
care units and then to the wards. They were subsequently re-
ferred to rehabilitation centres or secondary cardiology depart-
ments or were fully discharged. Information on a 30-day follow-
up period was collected through telephone interviews with the
patients’ cardiologists or referring physicians. The follow-up of
the cohort was 100% complete.

Hospital morbidity and mortality data were collected over a
period of 30 days. Postoperative mortality was defined as death
within 30 days of surgery, whether in-hospital or after discharge.
Postoperative morbidity included every medical complication at
any time after the operation that prolonged the stay in the inten-
sive care unit or ward for more than 2 days or 5 days, respec-
tively. Pacemaker usage was defined as an implant performed
within 30 days from the intervention. It is important to underline
that no changes in pacemaker implant recommendations were
made over the entire period covered by this study. The manage-
ment of patients with postoperative high conductance disorders
(complete atrioventricular blocs and not-isolated left or right
branch bundle blocs) was decided jointly with the electrophysiol-
ogy cardiologists in our department. Efforts were made to avoid
pacemaker implants before postoperative day 4.

We also assessed the postoperative length of stay, mean gradi-
ent and the Vmax of the valve by viewing the discharge transtho-
racic echocardiography scans. Also, because concerns have been
raised about postoperative thrombopenia after a Perceval im-
plant [4], we decided to report our data on this subject as a sec-
ondary end point. Thrombopenia was defined as a fall in platelet
counts below 150 000 109/l and was deemed severe at levels be-
low 50 000 109/l.

Statistical analyses

Statistical analyses were performed using SEM (Statistique
Epidémiologie Médicine) software, Clermont-Ferrand, France.
The cohort was separated into 2 groups according to the tech-
nique used to implant the valve and its modification in January
2016. Mean values and standard deviations, as well as medians

with interquartile ranges, are used to describe the distribution of
continuous variables, whereas percentages are used for categori-
cal variables. Normality of distribution was evaluated using the
Shapiro–Wilk test. Characteristics of subjects were compared us-
ing the two-tailed v2 or the Fisher test for categorical variables
and the Student t-tests for continuous variables. In case of non-
normal distribution of continuous variables, the Mann–Whitney
U test was used. A Bonferroni correction was applied in the sub-
group analysis of pacemakers implanted in patients with isolated
aortic valve replacements. Clinically relevant variables, potentially
affecting the risk of postoperative pacemaker implants, were
assessed in univariable analysis separately in the 2 groups. The
variables that were significantly associated with the rate of pace-
makers implanted postoperatively and the variables that were
not equally distributed between the 2 groups (age, gender, com-
bined surgery, bicuspid aortic valve, ministernotomy, valve size
and ballooning), were subsequently included in a stepwise
forward-selection multivariable Cox model. The adjusted odds
ratio for the risk of implanting a pacemaker was calculated be-
tween the 2 different periods.

RESULTS

Patient baseline characteristics

During the 8-year period covered by this study, a total of 286
patients were operated on for aortic valve replacement with
Perceval implants at our centre. Table 1 summarizes patient
baseline characteristics. The mean age of the entire cohort was
77 (4.9) years; most patients (51.6%) were women. Patients were
younger in the second part of the study (76.2 vs 78.9 years;
P = 0.0006) in accordance with the development of indications
for transcatheter aortic valve replacement in older patients.
Women were more frequently operated on before 2016 (72% vs
44.3%; P = 0.0003). Isolated aortic stenosis was the most common
underlying reason for surgery (79%) and was more frequent in
the first part of the study (88% vs 75.8%; P = 0.02). Combined sur-
gery was performed in 60 patients, most of whom (54 patients)
had coronary artery bypass surgery. In the 6 remaining patients,
the concomitant procedures were distributed as follows: 2 maze
procedures, 2 tricuspid annuloplasties, 1 Morrow septal myec-
tomy and 1 ventricular septal defect closure. Urgent interventions
and reoperations were rare (1.7% and 4.2%, respectively).
Preoperative electrocardiographic rhythm disturbances did not
differ between the 2 cohorts (P = 0.31). The average EuroSCORE II
was not statistically different between the 2 periods of the study
(2.6 vs 2.2; P = 0.06).

Intraoperative characteristics

The main intraoperative observations are summarized in Table 2.
Most of the patients underwent a minimally invasive approach
(66.8%, n = 191), with the right anterior minithoracotomy being
the most commonly performed procedure (n = 104, 54.4%).
Bicuspid valves were uncommon for the entire cohort (12.2%), al-
ways of type I and more frequent in the second part of the study
(5.3% vs 14.7%, P = 0.03), presumably because Perceval valve
implants were initially contraindicated in these patients and be-
cause the age of the cohort was younger in the second part of
the study. Cross-clamp times were lower in the first part of the

Figure 1: The outer diameter of the obturator (sizer) of the Perceval is always
smaller than the inner diameter of the related valve.
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study, especially in patients with isolated aortic valves (47.8 vs
52.7 min, P = 0.008), mainly related to the increased portion of
patients treated with minimally invasive approaches in the sec-
ond part of the study. The size of the implanted valves did not
differ significantly as a function of the year the valve was
implanted (P = 0.21). Ballooning of the valve was largely aban-
doned from January 2016, except for a small number of cases
(6.6%, n = 14) with a small aortic annulus (20/21 mm annulus
measured in the preoperative echocardiogram and with an S-size
Perceval valve implanted) during a brief transitional period end-
ing before January 2017, when it was completely discontinued.

Because the number of these patients was very low, a third tran-
sitional group of patients was not constituted because it would
have the risk of representing a potentially incoherent statistical
analysis.

A second clamping of the aorta for valve repositioning was
needed in 3 cases (1%); it always became necessary after transoe-
sophageal echocardiographic observations of a Perceval para-
valvular leak, following the initial release of the aortic clamp. The
same Perceval valve was then repositioned on the aortic annulus
of all 3 patients. All patients in this cohort ultimately left the op-
erating room with no prosthetic paravalvular leak.

Table 1: Baseline characteristics of the patients before and after 2016

Total patients = 286: 75 patients (< 2016), mean (SD)/% (n) 211 patients (> 2016), mean (SD)/% (n) P-Value

Age 78.9 (5.5) years 76.2 (4.4) years 0.0006
Women 72% (54) 44.3% (93) 0.0003
BMI 27.7 (4.7) kg/m2 28.8 (5.1) kg/m2 0.08
EF 58.7 (7.7) % 59.1 (8.3) % 0.51
Current smokers 8% (6) 10.4% (22) 0.65
Hypertension 88% (66) 89.1% (188) 0.80
Dyslipidaemia 44% (33) 41.7% (88) 0.73
Diabetes mellitus 26.6% (20) 36.9% (78) 0.11
PAD 17.3% (13) 12.8% (27) 0.33
Anticoagulated atrial fibrillation 21.3% (16) 23.2% (49) 0.74
COPD 5.3% (4) 6.6% (14) 0.90
Ischaemic cardiomyopathy 18.6% (14) 29.8% (63) 0.06
Emergency surgery 1.3% (1) 1.9% (4) 0.85
Preoperative ECG rhythm disturbances 13.3% (10) 8.5% (18) 0.31
Redo 6.62% (5) 3.3.2% (7) 0.36
Isolated AVR 88% (66) 75.8% (160) 0.02
Combined surgery 12% (9) 24.2% (51) 0.03
� CABG 7 47
� Other 2 4
EuroSCORE II 2.6 (1.7) 2.2 (1.6) 0.06

AVR: aortic valve replacement; BMI: body mass index; CABG: coronary artery bypass grafting; COPD: chronic obstructive pulmonary disease; ECG: electrocardio-
gram; EF: ejection fraction; PAD: peripheral artery disease; SD: standard deviation.

Table 2: Perioperative characteristics of the patients before and after 2016

Total patients = 286 75 patients (<2016) 211 patients (>2016) P
mean (SD)/% (n) mean (SD)/% (n)

Sternotomy 53.3% (40) 26% (55) 0.0001
Ministernotomy 8% (6) 38.4% (81) 0.0001
RAMT 38.7% (29) 35.6% (75) 0.67
Bicuspid valve 5.3% (4) 14.7% (31) 0.03
Cross-clamp time 50 (16.6) min 56.8 (17.5) min 0.002
� Isolated AVR 47.8 (16) min 52.7 (15.6) min 0.008
� Combined surgery 66.2 (11.1) min 69.6 (17.1) min 0.57
CPB time 72.3 (23.6) min 78.1 (23.2) min 0.04
� Isolated AVR 69.6 (22.4) min 74.6 (21.6) min 0.07
� Combined surgery 92.1 (22.5) min 89 (24.5) min 0.65
Cardioplegia (cold blood) 100% (75) 99% (209) 0.62
Valve size 0.21
S 20% (15) 11.3% (24)
M 26.6% (20) 34.1% (72)
L 36% (27) 33.2% (70)
XL 17.4% (13) 21.4% (45)
Balloon 94.6% (71) 6.6% (14) 0.00001
Second cross-clamp 1.3% (1) 0.9% (2) 0.71

AVR: aortic valve replacement; CPB: cardiopulmonary bypass; L: large; M: medium; RAMT: right anterior minithoracotomy; S: small; XL: extra large; SD: standard
deviation.
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Postoperative outcomes

A summary of postoperative observations between the 2 groups
is given in Table 3. For the entire cohort, the median extubation
time was 3 h [2–5]. It was lower in the second part of the study
because early postoperative rehabilitation protocols have be-
come more popular in our centre in recent years. The average
stay in the intensive care unit was 2.4 (2.6) days. Blood transfu-
sions were necessary in 46.8% (n = 34) of the patients. Table 3
also gives the rate of severe (< 50,000 x 109/l) postoperative
thrombopenia (9% in the entire cohort). It tended to peak on
postoperative day 4 and resolve spontaneously shortly thereafter,
without leading to appreciable increases in morbidity or mortal-
ity. The mean aortic gradient at discharge was lower in the sec-
ond part of the study (P = 0.01) without any clear explication.

Postoperative morbidity from all causes was seen in 24.1% of
cases (n = 69). The most frequent complications were lower respi-
ratory infections (n = 18), general sepsis (n = 10) and low output
syndrome (n = 9). Bleeding revisions within 24 h postoperatively
were performed in 7 cases (2.4%) and occurred at a rate similar
to that of patients treated with sternotomy and minimally inva-
sive techniques (P = 0.2). Late pericardial effusion after postopera-
tive day 4 was observed in 7 patients (2.4%) and was more
frequent in the sternotomy than in the minimally invasive surgery
group (5.2% vs 1%, P = 0.04). Overall postoperative mortality was
4.5% (n = 13), but only 3.5% (n = 8) among patients who received
isolated aortic valve replacements. Two 2 patients died of sudden
death (both after postoperative day 15 and with no transient
heart block during the stay in our department); 2 patients died of
significant strokes; and 9 patients died of other aetiologies (pul-
monary embolism, multiorgan failure, aortic rupture at the level
of the aortotomy with normal aortic annulus, low output syn-
drome and mesenteric ischaemia).

Perceval and postoperative pacemaker rate

The overall pacemaker rate in the cohort was 8.4% (n = 24), but
only 7% (n = 16) in patients with isolated aortic valves. The overall
rate decreased significantly after we changed the surgical tech-
nique for implanting the Perceval valve in 2016 (16% rate before
2016 vs 5.6% rate after 2016, P = 0.005) (Central Figure) with an
adjusted odds ratio of 0.31 (95% confidence interval: 0.13–0.74,
P = 0.012) for the second period of the study compared to the
first one. The same trend was also seen in the subgroup of

patients with isolated aortic valve replacement (16% rate before
2016 vs 3.1% rate after 2016, Bonferroni correction P = 0.001).
The mean period of postoperative pacemaker implants was 9.2
(6.4) days, which did not significantly differ before and after 2016
(P = 0.51). Fig. 2 shows the distribution of pacemakers according
to the size of the valve.

Table 4 shows the univariable and multivariable analyses of
the factors chosen as clinically relevant and potentially related to
the rate of pacemakers inserted postoperatively. First the univari-
able and then the multivariable analysis showed that larger valve
size (P = 0.01) and ballooning (HR = 3.86, P = 0.002) were associ-
ated with a higher risk of having a pacemaker implanted. The risk
increased from HR 1.75 for M-sized valves to HR 5.33 for XL-
sized valves.

DISCUSSION

Early studies on Perceval valve replacement initially reported
postoperative pacemaker rates between 4.2 and 6% (7–9).
Clinical outcomes began to diverge in articles published between
2016 and 2019. During this period, this technique was being
adopted more widely across the world; also during this period,

Table 3: Postoperative outcomes for the cohort before and after 2016

Total patients = 286 75 patients (<2016); mean
(SD)/median [range]/% (n)

211 patients (>2016); mean
(SD)/median [range]/% (n)

P

Extubation time 5 [4-7] hours 2 [2-4] hours 0.0001
Chest drain volume at 12 h 330 [230-460] mL 310 [210-470] mL 0.33
ICU stay 2.1 (2.1) days 2.4 (2.7) days 0.50
New onset postoperative atrial fibrillation 29.3% (22) 27.9% (59) 0.82
New onset PCM 16% (12) 5.6% (12) 0.005
Postoperative severe thrombopenia < 50 000 109/l 10.6% (8) 8.5% (18) 0.64
LVEF at discharge 57 (9) % 57.2 (8.2) % 0.92
Aortic mean gradient at discharge 14.3 (5.2) mmHg 12.5 (3.8) mmHg 0.01
Hospital stay (including ICU stay) 7.8 (2.6) days 8.6 (4.6) days 0.89
Postoperative morbidity 21.3% (16) 25.1% (53) 0.11
Postoperative 30-day mortality 5.3% (4) 4.2% (9) 0.95

ICU: intensive care unit; LVEF: left ventricular ejection fraction; PCM: pacemaker; SD: standard deviation.

Figure 2: Distribution of the pacemakers according to the size of the valve.
Results are presented as bars (absolute numbers) and as percentage of the dif-
ferent sizes of the valves implanted. L: large; M: medium; Nr: number; PCM:
permanent cardiac pacemaker; S: small; XL: extra large.
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pacemaker rates between 9% and up to 24.1% [10–16] were
reported from studies based on clinical results obtained before
2016 (Central Figure), making it necessary to introduce major
modifications in the way these interventions were administered.

We sought to address the question of whether postoperative
pacemaker rates were constant and inherent in Perceval valve
implants, or whether their risk was modifiable and amenable to
improvements in surgical protocols. We concluded that lower
pacemaker rates can be achieved through 3 different changes in
operating techniques.

The first change is to place the Perceval valve in a higher posi-
tion after total aortic decalcification. Total decalcification, beyond
what is usually required for a better sized and well-seated valve,
may pre-empt the insertion of the calcified mass through the
conductive tissues of the heart. Further improvements can be
made with respect to the implant. Passing the 3 guiding sutures
2 mm below the nadir of the cusps, which was applied in earlier
procedures, may result in a low circumferential position of the
inflow portion of the stent of the Perceval prosthesis and in com-
pression of the conducting tissues of the heart. Inserting the valve
in a higher position, with the guiding sutures passed through the
annulus, as routinely performed for sutured valves, is likely to re-
duce the risk of implanting a pacemaker [17]. Implanting the
valve in a higher position was initially advised against due to con-
cerns that it could lead to valve displacement or paravalvular
leak, concerns that later were found to be unjustified. The valves
are designed such that the nitinol stent can easily stabilize at the
level of the aortic root and particularly at the sinotubular junc-
tion level.

Second, ballooning the valve may increase the rate of pace-
maker insertions. We believe that it may cause damage to the
conduction tissue, through postoperative irritation or oedema,
often leading to temporary postoperative atrioventricular block.
Charles Blouin and colleagues [18] found no evidence of an asso-
ciation between ballooning and implanting a pacemaker.
Interestingly, their work focused on the relationship between
non-ballooning and paravalvular leaks. Their work seems to mir-
ror our experience with nitinol transaortic catheter valves, where
ballooning is no longer used systematically but is reserved only
for exceptional cases of heavily calcified valves. Total calcium de-
bridement of the annulus may remove the need for Perceval
valve ballooning, because the radial force of its nitinol stent may
be sufficient to assure valve stability. In our experience, balloon-
ing did not affect the risk of paravalvular leaks, but was an inde-
pendent predictor of the need to implant a pacemaker.

Third, valve oversizing is a risk factor contributing to the need
to implant a pacemaker. Sizing the annulus with the help of a
white obturator may be misleading. The choice of the correct
valve size is often subjective, being made on the basis of several
“gut-feeling” parameters such as visual assessment, tactile feed-
back, stiffness of the aortic annulus, the space between the obtu-
rator and the annulus and calcification of the root, all of which
are difficult to quantify objectively. However, 2 technical factors
affect the decision about the correct valve size: (i) the final size of
the valve is bigger than the corresponding white obturator
(Fig. 1) and the length of the inflow portion of the stent of the
Perceval increases proportionally with the size of the valve
(Figs. 3, 4). Oversized valves increase the risk of the need for a
pacemaker [19, 20] (Fig. 2). This result was also supported by the
findings of the PERSIST trial [4]; almost half of the pacemakers
were observed after the XL size valves were implanted. The over-
sizing of the valve can significantly stretch the aortic annulus and
lead to temporary or permanent postoperative atrioventricular
conduction issues. In borderline cases, we recommend smaller
valve sizes. The radial force of the nitinol stent alone may also
play a role at the annular level, and significant valve downsizing
did not appear to lead to increased rates of paravalvular leaks in
our patients.

Table 4: Variables potentially influencing postoperative
pacemaker rate tested in univariable (each group before and
after 2016) and multivariable analyses

Variables 75 patients
(<2016)

211 patients
(>2016)

Univariable
analysis

Univariable
analysis

Age 0.55 0.43
Gender 0.92 0.009
Ischaemic cardiomyopathy 0.83 0.06
Redo surgery 0.70 0.06
Preoperative atrial fibrillation 0.47 0.11
Surgical access 0.44 0.12
(Sterno/RAMT/Ministerno)
Isolated AVR 0.95 0.09
Bicuspid aortic valve 0.84 0.29
Cross-clamp time 0.55 0.07
Valve size 0.04 0.01
Balloon 0.02 0.7

Multivariable analysis
Valve size (P = 0.01)

S size: no pacemaker implanted
M size: HR 1.75 (95% CI: 1.12-2.72)
L size: HR 3.05 (95% CI: 1.26-7.38)

XL size: HR 5.33 (95% CI: 1.42-20.06)
Balloon HR 3.86 (P 0.002) (95% CI: 1.63-9.16)

AVR: aortic valve replacement; CI: confidence interval; HR: hazard ratio; L:
large; M: medium; RAMT: right anterior minithoracotomy. RAMT: right an-
terior minithoracotomy; S: small; XL: extra large;

Figure 3: Photograph of a medium-sized and an extra-large-sized Perceval
valve. The red lines clearly show that the inflow portion of the stent of the valve
is higher in the extra large valve. M: medium; EL: extralarge.
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The presence of pre-existing atrio- or intraventricular conduc-
tion anomalies also deserves particular attention. We found no as-
sociation between these 2 types of conduction anomalies and the
rate of pacemakers inserted postoperatively (data not shown), but
Brookes and colleagues [21] suggested that preoperative right bun-
dle branch block, prolonged QRS complex and longer PR intervals
are associated with an increased risk of the need to insert a pace-
maker postoperatively. Therefore, the presence of conduction ab-
normalities preoperatively should be evaluated when one is
contemplating implanting a Perceval valve in these patients.

Lastly, those responsible for the recent PERSIST trial [4] should
be commended for introducing prospective randomized methods
in cardiac surgery, particularly in the valvular field. Nevertheless,
several questions remain, notably, the risk of needing a pacemaker
postoperatively, which was the focus of our study. The PERSIST
trial, which covered an enrollment period between 2017 and
2019, found a rate as high as 10.6% at 30 days (vs 3.2% in the su-
tured valve group). After 2016, in our centre, we only observed an
overall 2.7% pacemaker implant rate among patients with sutured
aortic valves (isolated aortic valve replacement or combined sur-
gery) and an overall rate of pacemakers of 5.6% among all patients
with Perceval valves. This rate was even lower (3.1%) among
patients with isolated aortic replacement Perceval valves.

Our study has the limitations inherent in its retrospective sin-
gle-centre study design. The sequential aspect over time of the
technical changes related to surgical implants may have resulted
in a cohort that was not homogeneous. Moreover, during 2016,
a transition period occurred during which 14 patients still under-
went ballooning of the valve. Also, these results were based on
the work of 2 surgeons and therefore may not be easily general-
izable across other, potentially larger centres. In addition, the de-
cision to implant a pacemaker postoperatively is made locally by
cardiologists, which further increases the heterogeneity of the
outcomes. This study describes results obtained after concomi-
tant changes in 2 operative elements, so it is difficult to evaluate
the influence of any individual element. Although ballooning was
a clear risk factor, the higher implant location and the absence of
oversizing of the valve, may also have played a role in the de-
crease of the number of pacemakers inserted postoperatively.

CONCLUSION

Our findings are consistent with those of other recent reports [3,
22], suggesting that the rate of pacemakers implanted after the
Perceval implant may be reduced by improving the implant

procedure. In isolated patients with aortic valve issues, the pace-
maker rate should be sufficiently reduced to become comparable
with that following sutured valve procedures. Other centres,
where implanting Perceval valves may be a new endeavour, may
want to use our experience to their advantage and avoid the pit-
falls that were present during the early adoption stage elsewhere.
Adopting best practices will allow a wider use of minimally inva-
sive approaches, especially a right anterior minithoracotomy, in
which the benefits of Perceval valve implants are greatest. Whether
valve profile improvements, which comprise a shortening of the
inflow portion of the stent of the valve made by the manufacturer
(Perceval Plus valve), may have added benefits needs to be evalu-
ated and confirmed through additional research.
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