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Introduction: Aortic stenosis remains the number one heart valve pathology. The drive to improve the surgical out-
comes brought to focus rapid deployment valves (RDV), which reduce aortic cross-clamping and cardio-pulmonary bypass 
(CPB) times. However, some centers have reported a higher rate of conduction abnormalities and permanent pacemaker (PPM) 
implantation.

The aim of this study was to investigate the incidence of conduction abnormalities after aortic valve replacement with 
RDV, as well as its impact on immediate postoperative outcomes.

Methods: Retrospective analysis of associated conductions disorders and PPM implantation rates, as well as post-op-
erative outcomes of all patients undergoing isolated aortic valve replacement between April 2014 and December 2019 with 
an RDV. Comparative analysis between the group with PPM implantation and the one with no PPM implantation. Patients with 
previous PPM implantation, reoperations and patients with missing pre or postoperative ECG data were excluded.

Results: We studied 201 patients.  The majority of conduction abnormalities were left bundle branch block (54,0%). 
Twenty-six PPM were implanted (12,6%).

Pre-operative characteristic between the groups were similar and little differences were found in regard to most com-
plications. However, the PPM group showed significantly higher rates of stroke (7.7% vs 0.0%, p=0.016) and hemodynamic 
support for longer than 24 hours (60.0% vs 36.1%, p=0.028). From the multivariable analysis, preoperative right bundle 
branch block was the only independent risk factor associated with PPM.

 Conclusions: PPM implantation rates with RDV are relatively high and are associated with prolonged hospital and 
ICU stays, postoperative stroke rates and requirement of aminergic support. Their use should be made on a case-by-case basis 
taking into consideration the existence of preoperative conduction disorders, especially right bundle branch block.
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Abstract

INTRODUCTION

Aortic stenosis remains the number one heart valve 
pathology and its increasingly prevalence is explained by the 
ageing population. Surgical replacement or transcatheter 
percutaneous implantation are presently the available treat-
ments based on patients surgical risk.1

Early therapy is recommended in all symptomatic 
patients with severe aortic stenosis due to its poor spon-
taneous prognosis.2 Surgical or percutaneous treatment of 
aortic stenosis is also recommended in asymptomatic pa-
tients with signs of cardiac damage.3 

Regarding the choice of the intervention mode, sur-
gical aortic valve replacement (SAVR) remains the standard 
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treatment. Nevertheless, acute kidney injury, bleeding and 
new-onset atrial fibrillation persist as significant complica-
tions after surgery.4 

As an alternative to SAVR, transcatheter aortic valve 
implantation (TAVI) is progressively becoming more sought-af-
ter.  The first evidence of comparable results of TAVI and SAVR 
was found in intermediate and high-risk patients and more 
recently, in low risk patients.5

These findings stimulated the drive to continue im-
proving the outcomes of SAVR. Conventional AVR frequent-
ly uses tissue valves which require extensive suturing leading 
to increased cardiopulmonary bypass (CPB) and cross-clamp 
times. Efforts have recently been focused in a new generation 
of bioprosthesis, like the rapid deployment aortic valves (RDV). 

RDAV are pericardial bioprosthesis that are anchored 
within the aortic annulus sutureless or with a maximum of 
three sutures. 

Two types of this kind of prostheses are presently avail-
able, namely Perceval S (recently replaced by Perceval PLUS) 
[Sorin, Salugia, Italy] and Intuity Elite (Edwards Lifesciences, 
Irvine, USA).6

The Perceval valve comprises a biological portion of 
bovine pericardium and a super-elastic alloy metal (nitinol) 
cage to which the former is attached. Due to its elasticity the 
stent is able to adapt to the aorta and its movements, there-
fore relieving stress on the leaflets. Until the valve is in the right 
position it remains collapsed by an atraumatic compression 
device, preventing damage to the leaflets. Only then Perceval 
self-expands to its original diameter.6

The Intuity valve system is not considered to be a pure 
sutureless bioprosthesis but rather a RDAV. It is a bovine peri-
cardial prosthesis comprised of a stainless steel stent-based 
deployment system, reducing to three the number of sutures 
used to attach the prosthesis to its final position.7

Sutureless and rapid deployment prostheses reduce 
aortic cross-clamping and CPB duration as well as myocardial 
ischemia, by reducing the need for sutures after annular decal-
cification.8,9 Shortening of procedure length is also thought to 
be an advantage as it may help reducing postoperative mor-
bidity and mortality as well as improving cost-effectiveness. 
(6) Shorter hospital stays, lower complication rates and better 
survival rates are also verified when compared with conven-
tional AVR.9

Conduction disorders, sometimes requiring PPM im-
plantation, are well known complications of AVR. The rate of 
PPM implantation with conventional aortic valves is ≈5%. Due 
to its structure and implementation method, some centers re-
ported a higher rate of conduction abnormalities and PPM im-
plantation (between 8,5% and 17%) with rapid deployment 
bioprosthesis.10

OBJECTIVES
The aim of this study is to investigate the incidence 

and risk factors of conduction abnormalities after isolated AVR 
with RDAV as well as its impact on immediate postoperative 
outcomes and other postoperative implications, such as PPM 
implantation.

RDV implanted,
n=450

Intuity, n=298
Perceval, n= 152

Excluded (in applied order):
Additional procedure, n=175

Reoperation, n=8
Preoperative PPM, n=11
Missing preoperative or  

postoperative ECG data, n=55

Unmatched cohort,
n=201

Intuity, n=119
Perceval, n=82

No postoperative PPM,
n=175

Intuity, n=106
Perceval, n=69

Postoperative PPM,
n=26

Intuity, n=13
Perceval, n=13

Study flow chart.Figure 1

METHODS

Patients
Data of all adult patients submitted to isolated aortic 

valve replacement between 14/05/2014 and 17/12/2019 in 
the Cardiothoracic Surgery Department of one teaching hos-
pital (Hospital de Santa Maria, Lisbon, Portugal) were retro-
spectively collected and reviewed. Patients requiring an addi-
tional procedure, as well as patients with previous pacemaker 
implantation, were excluded. Reoperation cases and patients 
with missing pre or postoperative ECG data were also exclud-
ed from this study. 

From a total of 450 aortic valve implantations, we end-
ed up with 201 patients after the application of the exclusion 
criteria. Those patients were then divided into two groups: 
“No PPM” group and “PPM” group (Figure 1). Patients includ-
ed in this study were submitted to either a conventional surgi-
cal technique or a minimally invasive approach. 

High-risk patients were discussed in heart team for 
the decision about the most optimal treatment for each pa-
tient. Rapid deployment implantation was favored in high risk 
patient or when other risk factor was present, including ad-
vanced age, reduced ejection fraction, severe comorbidities, 
concomitant procedures and calcification of the aortic root.

The analysis of the database required for this study 
was approved by the hospital’s ethics committee.

Preoperative and postoperative clinical and electrocar-
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diogram data were retrospectively collected from the patients’ 
medical records, as well as operatory data, in-hospital stay and 
postoperative complications.

The primary end point was the rate of postoperative 
PPM implantation. Secondary end points included: operato-
ry times, conduction and rhythmic postoperative disorders, 
clinical postoperative complications and identification of risk 
factors for in-hospital PPM.

A Uni or Bicameral Permanent pacemaker was im-
planted accordingly to patient characteristics and rhythm dis-
order, after ventricular temporary electrodes assure post-oper-
ative rhythm.  

 
Statistical analysis

Continuous variables were presented as mean and 
standard deviation and compared with Student’s t-test. 
Categorical variables were summarized as the number and/
or percentage of subjects in each category and compared 
with Chi square/Fisher’s exact tests, as appropriate. Factors 
associated with new-onset conduction disorders and PPM 
implantation were assessed using a multivariable logistic re-
gression model. Variables screened as potential confounders 
were the preoperative baseline characteristics and operative 
details and the ones considered to be of clinical significance 
were conducted through univariable significance testing. All 

variables with a p-value of less than 0.10 upon univariable 
analysis were pondered as having a potential confounding 
effect and were included in the multivariable model. Using 
this strategy, the following variables were included in the 
model: preoperative atrial fibrillation, preoperative first-de-
gree atrioventricular block, preoperative left bundle branch 
block, preoperative right bundle branch block, large prosthe-
sis (Intuity 25 and 27, Perceval L and XL), and type of prothesis 
(Intuity, Perceval). Variables with a p-value of less than 0.05 
were retained in the final multivariable model. Statistical 
analysis was carried out using IBM SPSS Statistics v26.

RESULTS

Preoperative Variables 
Between May 2014 and December 2019, 201 pa-

tients were included. Amongst these patients 26 (12.9%) 
underwent PPM implantation. Preoperative baseline char-
acteristics of the cohort are shown in Table 1. The “PPM” 
and “No PPM” groups were compared.

The mean overall age was 75.8 ± 6.04 and 50.2% 
of the entire cohort were females. EuroScore II predicted a 
risk of 2.27% ±1.56. 

The two groups were very similar in terms of base-

All
(n=201)

No PPM
(n=175)

PPM
(n=26) p

Sex (female) 50.2% 51.4% 42.3% 0.409

Age (years) 75.8±6.04 75.9±6.18 75.7±5.17 0.900

EuroScore II (%) 2.27±1.56 2.29±1.61 2.12±1.10 0.492

Arterial hypertension 93.5% 92.6% 100.0% 0.225

Dyslipidemia 76.1% 73.7% 92.3% 0.047

Impaired renal function1 80.0% 80.1% 79.2% 1.000

Overweigh/obesity2 75.1% 74.9% 76.9% 1.000

Coronary disease 28.9% 26.3% 46.2% 0.061

Diabetes Mellitus 34.3% 30.9% 57.7% 0.013

Insulin treated 3.0% 2.9% 3.8% 0.569

Atrial fibrillation3 18.9% 19.4% 15.4% 0.791

Respiratory disease 21.9% 22.3% 19.2% 1.000

Smoking history4 19.9% 19.4% 23.1% 0.609

Peripheral artery disease 5.0% 4.6% 7.7% 0.621

Previous stroke or transient ischemic attack 6.5% 6.3% 7.7% 0.678

Preserved LV function5 82.6% 82.9% 80.8% 0.491

PPM – permanent pacemaker, LV – Left ventricle.
1 Impaired renal function was defined as glomerular filtration rate <80%.
2 Overweigh/obesity was defined as body mass index >25.
3 Any form: paroxysmal, persistent, permanent.
4 Former or active.
5 Left ventricle ejection fractions >55%

Table 1 Preoperative characteristics
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line characteristics. The most prevalent preoperative co-
morbidities were arterial hypertension (93.5%), impaired 
renal function (80.0%), dyslipidemia (76.1%) and over-
weight/obesity (75.1%).

Coronary disease was present in 28.9% of the co-
hort, 18.9% presented with atrial fibrillation of any form 
and 6.5% with an history of stroke or transient ischemic 
attack. The vast majority (82,6%) of the patients had pre-
served left ventricular function.

The “PPM” group had significantly higher preoper-
ative rates of diabetes mellitus (57.7% vs 30.9%, p=0.013) 

as well as dyslipidemia (92.3% vs 73.7%, p=0.047). The 
remaining characteristics presented with no significant dif-
ferences. 

Intraoperative and postoperative results
Intraoperative and postoperative characteristics are 

shown in Table 2.
Regarding the operatory data (aorta clamping time, 

cardiopulmonary bypass and type of valve) there were no 
significant differences between the two groups. Mean aor-
tic clamping time was 27.3 ± 8.4 minutes and mean cardio-

All
(n=201)

No PPM
(n=175)

PPM
(n=26) p

Operatory data

Aorta Clamping (minutes) 27.3±8.4 27.1±8.7 28.3±6.1 0.400

Cardiopulmonary bypass (minutes) 36.5±11.4 36.5±12.0 37.0±7.0 0.725

Intuity valve 59.2% 60.6% 50.0% 0.393

nº19 (n) 14 13 1

nº21 (n) 32 30 2

nº23 (n) 40 35 5

nº25 (n) 31 27 4

nº27 (n) 2 1 1

Perceval valve 40.8% 39.4% 50.0% 0.393

S (n) 11 10 1

M (n) 30 26 4

L (n) 25 21 4

XL (n) 16 12 4

In-hospital stay

ICU stay (days) 3.0±2.8 2.8±2.7 4.7±2.9 0.003

Hospital stay (days) 6.6±4.1 6.1±3.4 10.0±6.2 0.005

Post-operative complications

Abnormal bleeding2 16.4% 15.4% 23.1% 0.392

Surgical exploration for bleeding 4.5% 4.0% 7.7% 0.328

Atrial fibrillation de novo 21.9% 23.4% 11.5% 0.211

Significant renal dysfunction3 25.9% 25.7% 26.9% 1.000

Renal replacement support4 2.0% 1.7% 3.8% 0.428

Stroke 1.0% 0.0% 7.7% 0.016

Hemodynamic support5 >24h 39.4% 36.1% 60.0% 0.028

Intra-aortic balloon pump 1.0% 0.6% 3.8% 0.243

Infection6 4.5% 4.0% 7.7% 0.328

In-hospital mortality 0.5% 0.6% 0.0% 1.000

Table 2 Intraoperative and postoperative characteristics

ICU - Intensive care unit, PPM – permanent pacemaker.
1 Transfusion of at least 1 unit.
2 Abnormal bleeding was defined as > 2ml/kg/h in the first 2-3 hours, > 1ml/kg/h in the next 3 hours and/or > 0.5ml/kg/h in 12 hours.
3 Significant renal dysfunction was defined as KDIGO stages 2 and 3.
4 Renal replacement support was performed through Continuous Veno-Venous Hemodiafiltration.
5 Aminergic support was performed with at least one of the following: epinephrine, norepinephrine, dobutamine.
6 Respiratory, urinary and/or blood infection.
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pulmonary bypass time was 36.5 ± 11.4 minutes. Concern-
ing the type of bioprostheses used, 59.2% of all patients 
received an Intuity valve while 40.8% were implanted with a 
Perceval bioprostheses. As for the size of the bioprostheses, 
number 23 (n=40) was the most used one amongst the In-
tuity bioprostheses, followed by the numbers 21 (n=32) and 
25 (n=31). Amidst the Perceval valves, size M (n=30) was 
the most implanted one followed by size L (n=25).

Concerning the in-hospital stay data analysis, a sig-
nificant difference was found between the two groups. 
Both ICU stay (4.7 ± 2.9 vs 2.8 ± 2.7, p=0.003) and hospital 
stay (10.0 ± 6.2 vs 6.1 ± 3.4, p=0.005), in days, were sig-
nificantly higher in the “PPM” group.

With respect to the postoperative complications, 
the most prevalent ones were aminergic support for over 
24 hours (39.4%), significant renal dysfunction (25.9%), 
new onset atrial fibrillation (21.9%) and abnormal bleeding 
(16.4%). Less widespread postoperative complications were 
surgical exploration for bleeding (4.5%), infection (4.5%), re-
nal replacement support (2.0%), stroke (1.0%) and intra-aor-
tic balloon pump (1.0%). In-hospital mortality was 0.5%.

The two groups showed little differences in regard 
to most complications. However, the “PPM” group showed 
significantly higher rates of stroke (7.7% vs 0.0%, p=0.016) 
and hemodynamic support for longer than 24 hours (60.0% 
vs 36.1%, p=0.028).

Rhythm
Preoperative and postoperative data regarding cardi-

ac rhythm can be found in Table 3.
Amongst the preoperative rhythm data, left bundle 

branch block (21.1% vs 11.6%, p<0.001) and right bundle 
branch block (26.3% vs 3.6%, p<0.001) were significantly 
higher in the “PPM” group.

Evaluation of postoperative rhythm revealed that the 
majority of PPM implantations followed a complete atrio-
ventricular block (92.3%) with only two patients (7.7%) fol-
lowing slow atrial fibrillation. Amidst the “No PPM” group, 
the majority of the conduction abnormalities were left bun-
dle branch block (54.0%), followed by first degree atrioven-
tricular block (26.8%), atrial fibrillation/flutter (9.7%) and 
right bundle branch block (6.7%).

AVR and PPM implantation per year and bioprostheses
Distribution of cases and PPM implantation rates per 

year and valve prostheses is represented in Table 4.
Out of a total of 201 patients, 119 (59.2%) received 

an Intuity valve system and the remaining patients had a 
Perceval bioprostheses being implanted. The majority of the 
AVR surgeries happened during 2016-2017 (n=106), fol-
lowed by 78 during 2018-2019 and 17 during 2014-2015.

Regarding PPM implantation, 12.9% of the overall 
cohort received a PPM, which represented 15.9% of patients 
with a Perceval valve and 10.9% of patients with an Intuity 
bioprosthesis. 

Mean average pacemaker implantation time was 

5,58±2,4 days (between 3 and 11 days).
Total PPM implantation rates show a continuous 

decrease through the years: 17.6% in 2014-2015, 17.0% 
in 2016-2017 and 6.4% in 2018-2019. The same can be 
inferred within the Perceval group: 50.0% in 2014-2015, 
22.0% in 2016-2017 and 7.7% in 2018-2019. In the Intuity 
group, despite of a small increase in PPM implantation rates 
from 2014-2015 (13.3%) to 2016-2017 (13.8%), there was a 
decrease in the following years – 2018-2019 (5.1%).

Univariate and multivariate analysis of risk factors 
for in-hospital PPM

The preoperative and operatory risk factors associated 
with PPM implantation after AVR are presented in Table 5. 

In this univariate analysis, only preoperative RBBB (OR 
11.7; 95% CI 2.89-47.3; p=0.001) was associated with PPM 
implantation. 

A multivariate analysis was performed to determine 
which independent risk factors were associated with PPM im-
plantation. Preoperative RBBB was revealed as the single inde-
pendent risk factor for in-hospital PPM implantation (OR 11.7, 
p=0,001 and OR 7.28, p=0.020 for uni and multivariable 
analysis respectively).

The type and size of the bioprosthesis were not associ-
ated with PPM implantation.

DISCUSSION
Rapid deployment aortic valves represent an alter-

native to conventional bioprostheses in aortic valve replace-
ment. These prostheses present excellent hemodynamic re-
sults, reducing aortic cross-clamping and CPB times as well 
as myocardial ischemia.11,12 This is thought to cause reduced 
postoperative morbidity and mortality as well as improved 
cost-effectiveness. Nevertheless, these new bioprostheses have 
been associated with higher rates of postoperative complete 
atrioventricular block (CAVB), ultimately requiring PPM im-
plantation. PPM implantation rates following AVR with RDAV 
have been described in the scientific literature with great vari-
ability, with values falling between 8% and 23%11. This reflects 
far higher percentages than those obtained in AVR with con-
ventional prostheses ( 5%), but less than those observed on 
transcutaneous procedures (up to 26%). 13,14

The first goal of our study was to investigate the in-
cidence of PPM implantation after isolated AVR with RDAV. 
In a cohort of 201 patients, 26 required postoperative PPM 
implantation, translating into a 12.9% rate of permanent 
pacemaker implantation. This number is relatively high when 
compared to conventional aortic valve prosthesis.

Secondly, we aimed to study the postoperative charac-
teristics of our population in order to reach conclusions about 
the impact of new PPM implantation after AVR. 

We verified significantly higher hospital and ICU stays 
which has been explained by the late diagnosis of rhythm 
disturbances and the requirement for prolonged monitor-
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All
(n=201)

No PPM
(n=175)

PPM
(n=26) p

Preoperative rhythm

Sinus 89.6% 89.1% 92.3% 1.000

+ First degree atrioventricular block 14.9% 13.6% 25.0% 0.261

+ Left bundle branch block 12.7% 11.6% 21.1% <0.001

+ Right bundle branch block 6.4% 3.6% 26.3% <0.001

Atrial fibrillation/Flutter 10.4% 10.9% 7.7% 1.000

Postoperative rhythm

Sinus 78.6% 90.3%

+ First degree atrioventricular block 22.8% 26.8%

+ Left bundle branch block 46.6% 54.0%

+ Right bundle branch block 5.7% 6.7%

Atrial fibrillation/Flutter 8.5% 9.7%

Complete atrioventricular block (-> PPM) 11.4% 92.3%

Slow Atrial fibrillation (-> PPM) 1.0% 7.7%

Table 3 Intraoperative and postoperative characteristics

PPM – permanent pacemaker.

ing. This has been reported to translate into increased re-
source use as well as a delay in patients’ recovery after AVR 
15,16. 

Significantly higher rates of postoperative stroke 
were also verified in the “PPM” group. Even though the rea-
son behind this finding remains unclear, there are some par-
ticularities that may explain it. First of all, these bioprosthe-
ses have unique stent frame and leaflet designs. Experience 
regarding their potential influence on thrombus formation, 
and consequent stroke risk, is still limited.17

A previous study has commented on the high rate of 
subclinical leaflet thrombosis following sutureless valve im-
plantation19. On the other hand, specific recommendations 
regarding anticoagulation regimen after AVR with RDAV 
don’t exist. 

Moreover, the extent of annular calcification is 
thought to play a big role in stroke pathophysiology as well 
as in conduction disorders. Patients whose aortic annulus 
have a higher content of calcium are at higher risk for embo-
lization during annular decalcification and heart block from 
annular or subannular calcific involvement. Furthermore, 
aortic calcification is often one of the reasons of choosing 
these devices.

Adding to this, it was initially recommended to not 
entirely decalcify the aortic annulus before RDAV implanta-
tion to prevent inadequate decalcification, which could lead 
to an uneven surface and in turn, to paravalvular leakage 
(PVL). It is thought that remaining (or partly mobilized) cal-
cium deposits could break off after valve implantation and 
lead to stroke19. Opposite to initial recommendations, more 
recent studies (11) have reported modifying their technique, 

advocating for a more thorough decalcification in order to 
avoid the impaction of calcium against the conduction sys-
tem, and thus decreasing AVB incidence. However, we can 
rule out this explanation that a change in the decalcification 
technique could have been responsible for a modification in 
the postoperative stroke and pacemaker rates at our center, 
as the decalcification technique (complete annular decalcifi-
cation) has remained the same during the entire time period 
being studied.

Atrioventricular conduction disorders leading to PPM 
implantation and postoperative stroke share some underly-
ing mechanisms. Calcification may also be the mechanism 
behind the development of conduction disorders as the high 
pressure at the level of the membranous septum may dam-
age the bundle of His and the atrioventricular conduction 
system20. It can then be speculated that the higher incidence 
of postoperative stroke in the “PPM” group is somewhat re-
lated to the extension and manipulation of calcium. 

Lastly, requirement of aminergic support for longer 
than 24 hours was also found to be significantly higher in the 
“PPM” group. Ventricular temporary epicardial pacemakers, 
the most frequently implanted type of PM following cardi-
ac surgery, pace the ventricles in isolation. The physiologic 
electrical synchronization of atria and ventricles are altered 
whenever a pacing device is implanted, often leading to im-
proper or mistimed atrial and ventricular contraction21. Since 
optimal atrioventricular synchrony can increase the cardiac 
output (CO) between 25 and 30%18, PM implantation can ul-
timately cause a reduction in CO, leading to the requirement 
of longer aminergic support by the “PPM” group.

Additionally, our study also sought to identify the risk 
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Intuity Perceval Total

2014-2015 Total 15 2 17

PPM 13,3% 50,0% 17,6%

2016-2017 Total 65 41 106

PPM 13,8% 22,0% 17,0%

2018-2019 Total 39 39 78

PPM 5,1% 7,7% 6,4%

Total Total 119 82 201

PPM 10,9% 15,9% 12,9%

Table 4
Distribution of cases per year and 
valve prostheses.

PPM – permanent pacemaker.

factors that could be directly related to PPM implantation af-
ter AVR with rapid deployment bioprostheses. 

We began by analyzing the preoperative rhythm of 
our cohort (Table 3), observing that both left bundle branch 
block and right bundle branch block were significantly more 
frequent in the “PPM” group. A multivariate analysis was fur-
ther performed, identifying preoperative RBBB as the single 
independent risk factor for in-hospital PMM implantation. 
RBBB had previously been described as a risk factor for post-
operative conduction disturbances requiring PPM22. 

Furthermore, postoperative rhythms of our patients 
were also studied (Table 3). LBBB was identified as the most 
frequent postoperative conduction disorder. It has been pre-
viously described that the anatomical relationship of the bio-
prosthesis with the membranous septum, where the shared 
portion of the left bundle of His is found, might exert a direct 
influence22. On one hand, this anatomical predisposition of 
the left bundle of His to injury would explain why preoperative 
LBBB is not an independent risk factor for PPM implantation 
– electrical stimulation would be transmitted in a similar way 
to what happened before the surgery. However, patients with 
no conduction abnormalities prior to the surgery would have a 
greater frequency of postoperative LBBB – as our study seems 
to show. On the other hand, this would also explain why pa-
tients with preoperative RBBB are at increased risk for PPM 
implantation; damage to the only previously healthy bundle 
branch (left bundle branch) would lead to a complete atrio-
ventricular block and consequent PPM implantation.

Not the type of prosthesis nor the use of large prosthe-
ses, classified as Intuity 25 and 27 and Perceval L and XL, were 
identified as independent risk factors for PPM implantation. A 
high incidence of postoperative AVB has also been reported 10 
when patients were implanted with a large sized (L or XL; 25 
or 27) prosthesis.

Other studies concluded that is the oversizing rath-
er than the isolated large valve size which is responsible for 
greater numbers of paravalvular leaks and an increase of val-
vular gradients (due to valve underexpansion) ultimately lead-
ing to valve dysfunction22,23. 

An oversized bioprosthesis tends to recoil, leading to 
loss of contact between the prosthesis and the annulus which 
could be responsible for altered kinetics of the leaflets, incom-
plete valve opening, increased gradients, paravalvular leakage 
and possibly important aortic regurgitation. 

To address this problem, manufacturers recommended 
choosing the smaller valve size when hesitating between two 
sizes. In the specific case of Perceval S, a group of researchers 
went further and recommended modifying the sizing method 
and implanting the valve size given by the sizer when the white 
obturator (larger) passes through the annulus with friction23.

Regarding our cohort, looking into the distribution of 

Risk Factor Univariate Analysis Multivariate Analysis

OR 
(95% CI)

p
OR 

(95% CI)
p

Preoperative atrial fibrillation 1.46 (0.32-6.68) 0.624

Preoperative first-degree atrioventricular block 2.11 (0.61-7.27) 0.236

Preoperative LBBB 2.92 (0.82-10.4) 0.098
1,85 

(0,43-7,90)
0,405

Preoperative RBBB 11.7 (2.89-47.3) 0.001 7,28 
(1,37-38,64) 0,020

Large prosthesis* 1.87 (0.82-4.3) 0.139

Type of prothesis 1.54 (0.672-3.51) 0.309

Table 5
Risk Factors for In-hospital  
Permanent Pacemaker Implantation

CI – confidence interval, LBBB - left bundle branch block, OR – odds ratio, RBBB - right 
bundle branch block.
*Intuity 25 and 27, Perceval L and XL.
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cases per year and valve prosthesis (Table 4), we can conclude 
that there is a continuous decrease in PPM implantation rates 
through the years, especially between the years of 2017 (17%) 
and 2018 (6.4%).

One of the reasons that might justify this considerable 
decrease is the change in the sizing method in our center, 
starting in 2018, when the sizing method recommendations 
were altered in order to prevent oversizing.  

We can further speculate that this downward tenden-
cy in PPM implantation over the years can be related to the 
effect of the learning curve as well as the surgeon experience.

CONCLUSIONS
Rapid deployment aortic bioprostheses implantation, 

with both Intuity and Perceval valves, was associated with a 
12.9% rate of PPM implantation. This stands within the PPM 
implantation rate intervals which have been previously re-
ported. The choice of this type of bioprosthesis reduces aortic 
cross-clamping and CPB times, as well as myocardial ischemia, 
and yields excellent haemodynamic results. However, increased 
postoperative complications like PPM implantation need to be 
taken in consideration. In order to maximize the benefit/risk 
ratio, the final decision whether or not to use RDAV should 
be made on a case-by-case basis, considering the existence of 
both preoperative conduction disorders, especially right bun-
dle branch block, and extension of annular calcification.
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