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Background: Sutureless aortic valve replacement surgery (AVR) is a reasonable alternative surgical approach in
those patients with aortic stenosis who would benefit from reduced cross clamp time, such as elderly and
high-risk patients. We sought to evaluate the incidence of pacemaker (PM) implantation following sutureless
AVR and to analyse possible pre-operative electrocardiographic and clinical predictors of PM implantation.
Methods and results: Between November 2013 and March 2015, 58 patients (male 43%, age 77.9 + 4.9 years) hav-
ing undergone sutureless AVR with a Perceval prosthesis (Sorin Biomedica Cardio Srl, Saluggia, Italy) were taken
into consideration for our analysis. During a mean follow up of 13.8 4 5.0 months (median 13 months), 14 pa-
tients (24.1%) underwent pacemaker (PM) implantation following sutureless AVR procedure. Among these pa-
tients, 12 (86%) presented IIl degree atrioventricular (AV) block, 1 (7%) presented Il degree AV block, and
remaining one (7%) severe symptomatic bradycardia. The comparison of pre-operative characteristics between
PM group and no PM group highlighted that QRS duration, EuroSCORE II index and chronic renal dysfunction
were significantly associated with the development of AV conduction abnormalities/symptomatic bradycardia
requiring PM implantation (respectively, p = 0.01, p = 0.02 and p = 0.03).

Conclusions: The incidence of PM implantation after sutureless AVR was 24.1% in the present study. The
EuroSCORE II, QRS duration and renal dysfunction were significantly associated with higher risk of AV conduction

abnormalities/symptomatic bradycardia requiring PM placement.

© 2019 Elsevier Inc. All rights reserved.

Introduction

Aortic stenosis is a condition with significant mortality in the pres-
ence of symptoms, and requires mechanical intervention to reduce
this risk. In the absence of intervention, this condition is associated
with very high mortality rates with up to 75% of patients dying within
3 years of symptom onset [1]. Standard aortic valve replacement sur-
gery (AVR) is the gold standard treatment for symptomatic aortic steno-
sis in elderly patients deemed suitable for this operation [2]. It is noted
however, that many patients with severe aortic stenosis over the age of
75 are turned down for standard AVR, often on the basis of age and co-
morbidities [3,4]. It is because of these factors that techniques such as
sutureless AVR and transcatheter aortic valve implantation (TAVI)
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have become increasingly used in patients deemed to be at high risk
for standard AVR.

Whilst TAVI techniques clearly have their merits [5,6], there is a
recognised risk for serious vascular complications [6], prosthetic valve
regurgitation (PVR) [7], and stroke [8]. With regard to mortality, the
median survival time post-TAVI is 3.4 years [9]. Sutureless AVR is con-
sidered in patients with aortic stenosis who would benefit from reduced
cross clamp time, such as elderly and high-risk patients. It serves as an
alternative surgical approach to standard surgical AVR and TAVI. There
is some data to suggest that the use of a sutureless valve may reduce
post-operative complications [10], and also has the potential for reduc-
ing complexity in those patients deemed at higher risk of intra-
operative complications [11]. The purpose of this study was to evaluate
the incidence of pacemaker (PM) implantation following sutureless aor-
tic valve replacement using the Perceval S bioprosthesis (Sorin
Biomedica Cardio Srl, Saluggia, Italy). In addition we sought to evaluate
whether there were any pre-operative predictive indicators to identify
those patients at higher risk of atrioventricular (AV) conduction
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abnormalities/symptomatic bradycardia requiring PM implantation
using this surgical technique.

Methods

Between November 2013 and March 2015, all consecutive patients
having undergone sutureless AVR with a Perceval prosthesis (Sorin
Biomedica Cardio Srl, Saluggia, Italy) were taken into consideration for
our analysis. The Perceval sutureless aortic valve (Sorin Biomedica Car-
dio Srl, Saluggia, Italy) is a collapsible, stent-mounted aortic valve
bioprosthesis that can be placed in a sutureless fashion with a conven-
tional surgical technique. The valve is available in 4 sizes: small
(21 mm), medium (23 mm), large (25 mm), and extra large (27 mm).
An informed consent for the use of personal data and follow-up contact
was also signed by all patients.

Surgical procedure

In the study period, a total of 58 patients were operated on with (n
= 26, 45%) or without associated coronary artery bypass grafting
(CABG). One procedure was a redo AVR. In isolated AVR, a partial
upper J-sternotomy or a right anterior hemithoracotomy was per-
formed. The Perceval implantation technique has been described previ-
ously [10]. General anaesthesia with oro-tracheal intubation and
standard cardiopulmonary bypass were used in all patients.

Data collection

All baseline data were retrospectively collected and analysed. Elec-
trocardiograms were analysed by two cardiologists blinded to clinical
data. Heart rhythm, PR interval, QRS duration (QRSd), presence and de-
gree of atrioventricular block, right bundle branch block (RBBB) and left
bundle branch block (LBBB) were recorded. Briefly, the following elec-
trocardiography (ECG) parameters were obtained: heart rate, junctional
rhythm, paced rhythm, sinus rhythm, atrial fibrillation, LBBB, RBBB, PR
interval, QRSd, QT interval, Tpeak-to-Tend (TpTe) interval, ST-segment
abnormalities, evidence of prior myocardial infarction (pathological Q-
waves) and negative T-waves. The QT intervals were adjusted for
heart rate using Bazett correction and were evaluated in ECGs in
which at least 6 leads were measurable. The TpTe interval was mea-
sured from Tpeak to Tend in the lead Vs; if Vs was not suitable, lead
V, first or Vg was used [12]. This measurement was made using three
consecutive QRS complexes and calculating the average.

In our population, the indication for PM implantation was
established by an experienced cardiologist in the presence of atrioven-
tricular conduction block or symptomatic severe sinus bradycardia
and in case of brady-tachy syndrome if an adequate rate control could
not be achieved using antiarrhythmic medication such as beta blockers,
calcium channel blockers and digoxin.

The following patient characteristics and major preoperative risk
factors were entered into the central database: age, gender, EuroSCORE
I, height, weight, body surface area, hypertension, dyslipidemia, diabe-
tes, ischaemic cardiomyopathy, left ventricular ejection fraction, left
atrial diameter, interventricular septum thickness, peak and mean aor-
tic valve gradient, aortic valve area, previous cerebrovascular accidents
(transient ischaemic attack/stroke), chronic renal dysfunction (creati-
nine clearance <60 ml/min per 1.73 m? [13]), chronic obstructive pul-
monary disease. The EuroSCORE Il is a predictive model for 30-days
operative mortality after cardiac operations in adults. This model pro-
vides a good clinical performance and a much better calibration
correcting the well-known risk overestimation of the previous version
[14].

The following surgical factors with a potential impact on conduction
disorders were also recorded: associated procedures (e.g. CABG, cathe-
ter ablation, other valve surgery), valve size [27 mm (named as XL),
25 mm (or L), 23 mm (or M), 21 mm (or S)], conventional (4 atm) or

reduced ballooning (2 atm), operators. The results were obtained
mainly with the aim to search for any correlation with the rates of post-
operative pacemaker implantation.

Statistical analysis

Continuous variables were shown as mean =+ standard deviation if
data were normally distributed or as median (IQR) if data have non-
normal distribution. Categorical variables were summarized as frequen-
cies (%). Continuous variables were compared by the two-tailed paired
t-test and categorical variables by the x2 test.

Multivariate analysis was performed using a conditional logistic re-
gression model including all the variables predictive of AV conduction
disease/marked sinus bradycardia requiring PM implantation with a p
< 0.1 on univariate analysis.

The EuroSCORE Il was not included in the multivariate model being a
scoring system already including lots of variables usually used to predict
the operatory risk. A p value <0.05 was deemed statistically significant.
Statistical analysis was performed using SPSS 20.0.0 (IBM Inc., Armonk,
New York, USA).

Results
Baseline characteristics

During the study period a total amount of 58 consecutive patients
(male 43%, age 77.9 £ 4.9 years) with severe aortic stenosis having un-
dergone a sutureless AVR procedure were included. Twenty-eight pa-
tients (48%) underwent an isolated AVR procedure; in the rest of
study population AVR was performed in combination with coronary ar-
tery bypass graft (CABG) in 26 patients (45%), surgical pulmonary vein
isolation in 2 (3%), tricuspidal valve replacement (TVR) in 1 (2%) and
both TVR and mitral valve replacement (MVR) in 1 (2%). The mean hos-
pital stay was 17.4 4+ 19.9 days (median 12 days) and the mean inten-
sive care unit stay was 4.6 & 3.2 days (median 4 days).

Baseline characteristics are listed in Table 1.

Pacemaker implantation

During a mean follow up of 13.8 4 5.0 months (median 13 months),
14 patients (24.1%) underwent dual-chamber pacemaker (PM) implan-
tation after the sutureless AVR procedure. Among these patients, 12
(86%) presented IIl degree AV block, 1 (7%) presented Il degree AV
block with pauses >3 s, and remaining one (7%) severe symptomatic
sinus bradycardia (Table 2). The mean time to PM implantation was
5.4 4+ 3.6 days (median 5 days). Ten out of 14 (71%) were found
completely PM-dependent after the PM implantation. The Table 1 also
shows the most significant demographic, procedural and clinical char-
acteristics of those patients having undergone postoperative PM
implantation.

Valve size and operators

The bioprosthetic aortic valves were small in 9 patients (16%), me-
dium in 22 (38%), large in 20 (34%) and extralarge in 7 (12%)
(Table 3). The proportion of the aortic prosthesis sizes did not differ be-
tween “PM group” and “no PM group”. The risk of pacemaker implanta-
tion was not also related to the surgeon who had performed the
procedure (Table 3). All the procedures were performed by 2 surgeons.
The operator 1 performed 38 procedures (66%) and the operator 2 per-
formed the remaining 20 (34%). Among 38 procedures performed by
the operator 1, 11 (29%) were followed by the PM implantation com-
pared with 3 out of 20 (15%) performed by the operator 2 (p = 0.2).
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Table 1
Baseline characteristics and comparison between the 2 groups in terms of clinical, ECG and
echocardiographic features.

Whole No PM PMgroup p
group group (N=14) value
(N=58) (N=44)
Age (years) 779+49 781452 775+40 07
Male gender 25 (43) 17 (39) 8 (57) 0.3
Body mass index (kg/m?) 289+44 283445 308439 0.07
Hypertension 43 (74) 31 (70) 12 (86) 0.5
Diabetes 22 (38) 15 (34) 7 (50) 0.4
Dyslipidemia 37 (64) 29 (66) 8 (57) 0.5
Chronic obstructive pulmonary 7(12) 5(11) 2(14) 0.9
disease
Coronary artery disease 30 (52) 23 (52) 7 (50) 0.5
Previous cerebrovascular disease 9(16) 5(11) 4(29) 0.2
Chronic renal dysfunction 13 (22) 7(16) 6(43) 0.03
EuroSCORE I (%) 39+45 314+41 63+51 002
ECG rhythm
- sinus rhythm 52 (89) 40 (91) 12 (86) 0.7
- atrial fibrillation 5(9) 3(7) 2(14)
« paroxysmal 2 (40) 0 2
 persistent 3(60) 3 0
- ectopic atrial rhythm 1(2) 1(2) 0(0)
PR interval (ms) 181.7 &+ 183.0 + 177.7 + 0.6
31.2 33.2 25.4
QRS duration (ms) 1029 + 98.8 + 1159 + 0.01
23.2 21.4 24.6
Heart rate (bpm) 71.8 + 72.6 + 69.6 + 0.5
13.7 12.8 16.3
QTc interval (ms) 437.6 + 437.1 + 439.1 + 0.8
27.5 23.6 37.9
TpTe max (ms) 879 + 86.3 + 929 + 0.1
12.6 11.0 16.0
Right bundle branch block 9(16) 5(11) 4(29) 0.2
Left bundle branch block 12 (21) 8(18) 4(29) 0.5
Left atrial diameter (mm) 427+82 429+89 422+54 08
Interventricular septum thickness  13.9 + 9.5 144 + 1234+32 05
(mm) 10.8

Left ventricular ejection fraction 5664+ 84 570481 554+95 05

(%)

Peak aortic valve gradient 73.8 + 73.6 &+ 744 + 0.9
(mmHg) 25.4 24.9 27.6

Mean aortic valve gradient 44.0 + 44.5 + 426 + 0.7
(mmHg) 16.2 16.5 16.1

Aortic valve area (cmq) 0.69 + 0.72 + 0.59 + 0.1
0.20 0.30 0.15

Categorical variables are expressed as absolute and percentage (in brackets). Continuous
variables are expressed as mean + SD if data were normally distributed. PM: pacemaker.
ECG: electrocardiogram. TpTe max: the maximum value of Tpeak-to-Tend (interval be-
tween the peak and the end of T wave) [12].

Table 3
Comparison between the 2 groups in terms of valve size, type of procedure and operator.
Whole group  NoPMgroup  PMgroup  p value
(N =58) (N =44) (N=14)
Prosthetic valve size
- small 9(16) 7 (16) 2(14) 0.67
- medium 22 (38) 18 (41) 4(29)
- large 20 (34) 15 (34) 5(36)
- extralarge 7(12) 4(9) 3(21)
Type of procedure
- isolated AVR 28 (48) 23 (52) 5(36) 0.36
- AVR and CABG 26 (45) 18 (41) 8(57)
- AVR and PVI 2(3) 2(5) 0(0)
- AVR and TVR 1(2) 1(2) 0(0)
- AVR, TVR and MVR 1(2) 0(0) 1(7)
Surgeons
- Operator 1 38 (66) 27 (64) 11 (69) 0.52
- Operator 2 20 (34) 17 (36) 3(31)

Categorical variables are expressed as absolute and percentage (in brackets). PM: pace-
maker. AVR: aortic valve replacement. CABG: coronary artery bypass graft. PVI: pulmonary
vein isolation. TVR: tricuspid valve replacement. MVR: mitral valve replacement. NS:
nonsignificant.

Echocardiographic findings

Left ventricular ejection fraction, interventricular septum thickness
and left atrial diameter are listed in Table 1. No echocardiographic
parameters were associated with increased risk of post-operatory pace-
maker implantation (Table 1). Mean values of baseline transaortic peak
and mean gradients were 73.8 £+ 25.4 mmHg and 44.0 &+ 16.2 mmHg,
respectively; after the procedure, transaortic peak and mean gradients
significantly decreased to 22.1 4- 8.7 mmHg and 11.8 + 4.8 mmHg, re-
spectively (both p < 0.0001). Aortic valve area (AVA) also significantly
increased after the sutureless AVR from 0.69 + 0.27 cm? to 1.39 +
0.55 cm? (p < 0.0001). Fourteen patients (24%) presented postoperative
paravalvular leak: among them 12 (86%) were mild and 2 (14%)
moderate.

Predictors of pacemaker implantation

The comparison of pre-operative characteristics between PM
group and no PM group highlighted that QRSd, EuroSCORE II index
and chronic renal dysfunction were significantly associated with post-
operative PM implantation (respectively, p = 0.01, p = 0.02 and p =

Table 2
Characteristics of patients having undergone post-operatory pacemaker implantation.
Patients age gender BMI Procedure Valve PM indications Time to Septum QRS Bundle branch Euro-SCORE
(kg/m?) size implant thickness duration  block 11 (%)
(days) (mm) (ms) (LBBB or RBBB)
No.1 82 M 29.7 AVR + CABG XL Il degree AVB 3 12.2 156 RBBB 18.8
No.2 73 M 19.6 AVR + CABG L 11l degree AVB 9 194 98 Absent 123
No.3 81 M 29.7 AVR + CABG L 11l degree AVB 7 9.3 148 RBBB 7.7
No.4 71 F 33.2 AVR S Il degree AVB 1 9.7 144 LBBB 3.7
No.5 75 F 29.0 AVR M 11l degree AVB 3 104 138 LBBB 2.5
No.6 76 M 32.0 AVR M Il degree AVB 4 9.9 92 absent 3.2
No.7 84 F 31.6 AVR + CABG M Il degree AVB 8 11.8 86 Absent 3.2
No.8 73 F 37.8 AVR + CABG M Il degree AVB type 2 & pauses >3 11 12.5 104 Incomplete RBBB 24
s
No.9 82 M 26.6 AVR + CABG XL 11l degree AVB 3 10.2 102 Absent 6.2
No.10 78 M 359 AVR L [Il degree AVB 9 125 104 Absent 139
No.11 76 M 35.6 AVR + MVR + L Severe sinus bradycardia (<40 10 11.7 102 Incomplete LBBB 35
TVR bpm)

No.12 76 M 27.8 AVR + CABG XL Il degree AVB 6 18.6 142 RBBB 3.5
No.13 81 F 30.7 AVR L 11l degree AVB 1 115 118 Incomplete LBBB 3.7
No.14 77 F 26.9 AVR S 11l degree AVB 1 10 88 Absent 3.1

Categorical variables are expressed as absolute and percentage (in brackets). BMI: body mass index. CT: computed tomography. PM: pacemaker. LVEF: left ventricular ejection fraction.
Gender, M: male, F: female. Procedure, AVR: aortic valve replacement; MVR: mitral valve replacement; TVR: tricuspidal valve replacement. CABG: coronary artery bypass graft. AVB:
atrio-ventricular block. Valve size, XL: extralarge, L: large, M: medium, S: small. Postoperatory CT pattern, R/O: round/oval, F: flattened, I: inverted. NA: not available.
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Table 4
Univariate and multivariate logistic regression analysis for the risk of pacemaker implan-
tation after the procedure.

Univariate analysis Multivariate analysis

OR  95%CI p OR 95%Cl p

value value
Male gender 211 0.62-7.17 0.2
Age (years) 098 0.86-1.10 0.7
Body mass index (kg/m?) 1.14 099-1.31 0.7 1.18 099-140 0.06
PR interval (ms) 099 0.98-1.01 0.6
QRS duration (ms) 1.03 1.01-1.06 0.02 1.04 1.01-1.08 0.009
Heart rate (bpm) 098 0.94-1.03 05
QTc interval (ms) 1.00 0.98-1.02 038
TpTe max (ms) 1.04 099-1.09 0.1

Right bundle branch block 3.04 0.69-13.46 0.1
Left bundle branch block 175 044-703 04

Hypertension 232 045-1195 03
Dyslipidemia 0.64 0.19-2.21 0.5
Diabetes mellitus 187 0.55-633 03
Coronary artery disease 0.87 0.26-291 0.8
Previous cerebrovascular ~ 3.04 0.69-13.46 0.1
disease

Chronic renal dysfunction  5.14 1.37-19.33 0.01 11.10 2.04-60.46 0.005
LVEF (%) 0.98 091-1.05 05
Left atrial diameter (mm) 0.99 0.92-1.06 0.8
Septal thickness (mm) 092 0.72-1.17 05
EuroSCORE II 1.15 1.01-1.31 0.04

AF: atrial fibrillation. BMI: body mass index. LA: left atrium. CAD: coronary artery disease.
BP: blanking period. HR: hazard ratio. CI: confidence intervals. TpTe max: the maximum
value of Tpeak-to-Tend (interval between the peak and the end of T wave). LVEF: left ven-
tricular ejection fraction.

0.03) (Table 1). The remaining demographic, clinical, procedural and
echocardiographic parameters were not significantly related to PM
implantation (Table 1). Combined procedures (CABG, TVR, MVR)
were not associated with increased risk of AV conduction disease re-
quiring PM implantation; even the single types of CABG did not pres-
ent a correlation with higher rate of conduction disease and PM
implantation.

As the Table 4 shows, univariate analysis confirmed these findings.
Of note, the multivariate model including QRSd, chronic renal dysfunc-
tion and body mass index showed that both QRSd and chronic renal
dysfunction remained strongly associated with increased risk of postop-
erative PM implantation (OR 1.04, 95%CI 1.01-1.08, p = 0.009 and OR
11.10, 95%CI 2.04-60.46, p = 0.005, respectively). Therefore, each
10 ms increase in QRSd was found to increase 10.4 times more the like-
lihood of PM implantation; also presence of a baseline chronic renal
dysfunction was also found to increase 11.1 times more the likelihood
of PM implantation. Of note, each 1-point increase in the EuroSCORE II
scoring system was found to increase by 15% the likelihood of a postop-
erative PM implantation.

Other complications

Three post-operatory deaths (5.2%) occurred in the study popula-
tion: a patient having undergone isolated AVR procedure died after
3 days because of cardiogenic shock and cardiac arrest; another one
having undergone combined AVR + CABG died from cardiogenic
shock 6 days post-procedure; the third death occurred 8 days post-
procedure due to acute respiratory sepsis caused by Klebsiella pneumo-
nia leading to respiratory insufficiency. Other peri-procedural and post-
procedural complications were: 2 (3.4%) bacterial pneumonia success-
fully treated with antibiotical therapy; 2 (3.4%) significant pleural effu-
sions requiring drainage with thoracentesis (respectively 1300 and
750 ml of hemorragic fluids drained) with a good resolution; 1 (1.7%)
acute renal failure in a patient with pre-existing chronic kidney disease,
with a prompt resolution and a favorable outcome.

Discussion

With the availability of alternative interventional techniques in se-
vere aortic stenosis, patient selection is of paramount importance with
respect to the intervention chosen. To achieve the best outcome for an
individual patient with severe aortic stenosis, a tailored approach re-
garding choice of treatment must be made, taking into account comor-
bidities, demographic factors and the pre-operative assessment.

Of the data that is currently available regarding sutureless AVR, the
incidence of permanent pacemaker (PM) implantation is nearly 4
times higher than standard AVR, with rates of PM implantation with
standard AVR being described as 4.1% in a study by Erdogan et al. [15],
and 8.5% in a study by Dawkins et al. [16]. The published rates of pace-
maker implantation post-TAVI range from 6% to 34% [17-23].In a Cana-
dian multicentre cohort study of 215 patients, the rate of PM
implantation with the Perceval S bioprosthesis (Sorin Biomedica Cardio
Srl, Saluggia, Italy) was 17% [24]. A meta analysis examining differences
in short-term outcomes between sutureless and conventional aortic
valve prostheses found a significantly higher rate of PM implantation
with sutureless valves (9.1% vs 2.4%; p = 0.025) [25].

Our study revealed a high percentage of PM insertions following
sutureless AVR at our centre at 24.14% of 58 patients. It is noted that
this population is an elderly cohort with a mean age of 77.9 +
4.9 years, and that of the 14 patients who underwent PM implant, 8
(57%) had a concomitant procedure.

The Cavalier Trial is the largest trial to date examining outcomes of
patients' receiving the Perceval sutureless valve. It is a prospective
multicentre study of 658 patients, and the rate of PM implantation in
this population was 11.6% [26].

A recent study by Vogt et al. looked specifically at the incidence and
predictors of permanent pacemaker insertion in 258 patients undergo-
ing sutureless AVR using the Perceval bioprosthesis [27]. The incidence
was found to be 10.5% (27 patients), and RBBB was found to be an inde-
pendent pre-operative predictor of PM insertion (p < 0.001), and there
was a trend towards QRSd even though this variable was not a predictor
of PM insertion (p = 0.06).

In the present study we found QRSd to be a significant predictor of
PM insertion, as was chronic renal failure, with p values of 0.009 and
0.005 respectively by univariate analysis. In contrast to the study by
Vogt et al., we did not find RBBB to be a significant predictor of PM inser-
tion, nor did we find a significant association with age. This might be ex-
plained by our relatively small sample size.

Of note, there was some similarity with our findings regarding QRSd.

We used the EuroSCORE Il scoring system, which we found had a sig-
nificant correlation in predicting post-operative PM insertion. Indeed,
each 1-point increase in the EuroSCORE II scoring system was found to
increase by 15% the likelihood of a postoperative PM implantation. Of
note, the study by Vogt et al. and the Cavalier Trial both used the original
EuroSCORE scoring system, which has been superseded by the
EuroSCORE I scoring system since 2011. The former trial did not find
any association between the EuroSCORE log and post-operative PM
insertion.

With regards to our finding of increased PM insertions in those pa-
tients with chronic renal disease, as this condition has a strong associa-
tion with advanced vascular calcification, it is possible that the
decalcification of the aortic annulus may be more limited in these pa-
tients. This in turn, may lead to a stiffer, less-compliant aortic root, re-
quiring higher deployment pressures, and potentially compromising
the underlying conduction tissue.

Limitations

The most important limitation of this study is related to its observa-
tional design. In addition, as all data have been collected in a single cen-
tre, the results should not be generalized. The relatively small number of
patients may also represent another limitation of our study.
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Conclusions

In conclusion, the incidence of PM implantation after sutureless AVR
was 24.1% in the present study.

Interestingly, the EuroSCORE 11, a chronic kidney dysfunction and
QRSd were significantly associated with AV conduction abnormalities
and symptomatic bradycardia requiring PM insertion post-Perceval
sutureless AVR.

Declaration Competing of Interest
None.

References

[1] Carabello BA, Paulus W]J. Aortic stenosis. Lancet 2009;373(9667):956-66. https://
doi.org/10.1016/S0140-6736(09)60211-7.

[2] Vahanian A, Alfieri O, Andreotti F, Antunes MJ, Baron-Esquivias G, Baumgartner H,
et al. Guidelines on the management of valvular heart disease (version 2012): the
Joint Task Force on the Management of Valvular Heart Disease of the European So-
ciety of Cardiology (ESC) and the European Association for Cardio-Thoracic Surgery
(EACTS). Eur ] Cardiothorac Surg 2012;42:51-44. https://doi.org/10.1093/ejcts/
ezs455.

[3] Charlson E, Legedza AT, Hamel MB. Decision-making and outcomes in severe symp-
tomatic aortic stenosis. ] Heart Valve Dis 2006;15:312-21.

[4] Iung B, Baron G, Butchart EG, Delahaye F, Gohlke-Barwolf C, Levang OW, et al. A pro-
spective survey of patients with valvular heart disease in Europe: the Euro Heart
Survey on Valvular Heart Disease. Eur Heart ] 2003;24:1231-43.

[5] Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG, et al. Transcatheter
aortic-valve implantation for aortic stenosis in patients who cannot undergo sur-
gery. New Engl ] Med 2010;363:1597-607. https://doi.org/10.1056/
NEJMo0a1008232.

[6] Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svensson LG, et al. Transcatheter
versus surgical aortic-valve replacement in high-risk patients. New Engl ] Med 2011;
364:2187-98. https://doi.org/10.1056/NEJMoa1103510.

[7] Genereux P, Head S, Hahn R, Daneault B, Kodali S, Williams MR, et al. Paravalvular
leak after transcatheter aortic valve replacement: the new Achilles' heel? A compre-
hensive review of the literature. ] Am Coll Cardiol 2013;61:1125-36. https://doi.org/
10.1016/j.jacc.2012.08.1039.

[8] Daneault B, Kirtane AJ, Kodali SK, Williams MR, Genereux P, Reiss GR, et al. Stroke
associated with surgical and transcatheter treatment of aortic stenosis: a compre-
hensive review. ] Am Coll Cardiol 2011;58:2143-50. https://doi.org/10.1016/j.jacc.
2011.08.024.

[9] Toggweiler S, Humphries KH, Lee M, Binder RK, Moss RR, Freeman M, et al. 5-year
outcome after transcatheter aortic valve implantation. ] Am Coll Cardiol 2013;61:
413-9. https://doi.org/10.1016/jjacc.2012.11.010.

[10] Santarpino G, Pfeiffer S, Schmidt ], Concistre G, Fischlein T. Sutureless aortic valve re-
placement: first-year single-center experience. Ann Thorac Surg 2012;94:504-8.
https://doi.org/10.1016/j.athoracsur.2012.04.024.

[11] Santarpino G, Pfeiffer S, Concistre G, Grossmann I, Hinzmann M, Fischlein T. The Per-
ceval S aortic valve has the potential of shortening surgical time: does it also result in
improved outcome? Ann Thorac Surg 2013;96:77-81. https://doi.org/10.1016/j.
athoracsur.2013.03.083.

[12] Antzelevitch C, Sicouri S, Di Diego JM, Burashnikov A, Viskin S, Shimizu W, et al. Does
Tpeak-tend provide an index of transmural dispersion of repolarization? Heart
Rhythm 2007;4:1114-6. https://doi.org/10.1016/j.hrthm.2007.05.028.

[13] Webster AC, Nagler EV, Morton RL, Masson P. Chronic kidney disease. Lancet 2017,
389:1238-52. https://doi.org/10.1016/S0140-6736(16)32064-5.

[14] Di Dedda U, Pelissero G, Agnelli B, De Vincentiis C, Castelvecchio S, Ranucci M. Accu-
racy, calibration and clinical performance of the new EuroSCORE II risk stratification
system. Eur ] Cardiothorac Surg 2013;43:27-32. https://doi.org/10.1093/ejcts/
ezs196.

[15] Erdogan HB, Kayalar N, Ardal H, Omeroglu SN, Kirali K, Guler M, et al. Risk factors for
requirement of permanent pacemaker implantation after aortic valve replacement. J
Card Surg 2006;21:211-5 discussion 216-17 https://doi.org/10.1111/j.1540-8191.
2006.00216.x.

[16] Dawkins S, Hobson AR, Kalra PR, Tang AT, Monro JL, Dawkins KD. Permanent pace-
maker implantation after isolated aortic valve replacement: incidence, indications,
and predictors. Ann Thorac Surg 2008;85:108-12. https://doi.org/10.1016/j.
athoracsur.2007.08.024.

[17] Roten L, Wenaweser P, Delacretaz E, Hellige G, Stortecky S, Tanner H, et al. Incidence
and predictors of atrioventricular conduction impairment after transcatheter aortic
valve implantation. Am ] Cardiol 2010;106:1473-80. https://doi.org/10.1016/j.
amjcard.2010.07.012.

[18] Piazza N, Nuis R], Tzikas A, Otten A, Onuma Y, Garcia-Garcia H, et al. Persistent con-
duction abnormalities and requirements for pacemaking six months after transcath-
eter aortic valve implantation. Eurolntervention 2010;6:475-84. https://doi.org/10.
4244/E1J30V614A80.

[19] Khawaja MZ, Rajani R, Cook A, Khavandi A, Moynagh A, Chowdhary S, et al. Perma-
nent pacemaker insertion after CoreValve transcatheter aortic valve implantation:
incidence and contributing factors (the UK CoreValve Collaborative). Circulation
2011;123:951-60. https://doi.org/10.1161/CIRCULATIONAHA.109.927152.

[20] Jilaihawi H, Chin D, Vasa-Nicotera M, Jeilan M, Spyt T, Ng GA, et al. Predictors for per-
manent pacemaker requirement after transcatheter aortic valve implantation with
the CoreValve bioprosthesis. Am Heart ] 2009;157:860-6. https://doi.org/10.1016/
j.ahj.2009.02.016.

[21] Haworth P, Behan M, Khawaja M, Hutchinson N, de Belder A, Trivedi U, et al. Predic-
tors for permanent pacing after transcatheter aortic valve implantation. Catheter
Cardiovasc Interv 2010;76:751-6. https://doi.org/10.1002/ccd.22457.

[22] Godin M, Eltchaninoff H, Furuta A, Tron C, Anselme F, Bejar K, et al. Frequency of
conduction disturbances after transcatheter implantation of an Edwards Sapien aor-
tic valve prosthesis. Am ] Cardiol 2010;106:707-12. https://doi.org/10.1016/j.
amjcard.2010.04.029.

[23] Ferreira ND, Caeiro D, Adao L, Oliveira M, Goncalves H, Ribeiro J, et al. Incidence and
predictors of permanent pacemaker requirement after transcatheter aortic valve im-
plantation with a self-expanding bioprosthesis. Pacing Clin Electrophysiol 2010;33
(11):1364-72. https://doi.org/10.1111/j.1540-8159.2010.02870.x.

[24] Mazine A, Teoh K, Bouhout I, Bhatnagar G, Pelletier M, Voisine P, et al. Sutureless
aortic valve replacement: a Canadian multicentre study. Can ] Cardiol 2015;31:
63-8. https://doi.org/10.1016/j.cjca.2014.10.030.

[25] Hurley ET, O'Sullivan KE, Segurado R, Hurley JP. A Meta-analysis examining differ-
ences in short-term outcomes between sutureless and conventional aortic valve
prostheses. Innovations (Phila) 2015;10:375-82. https://doi.org/10.1097/IMI.
0000000000000221.

[26] Laborde F, Fischlein T, Hakim-Meibodi K, Misfeld M, Carrel T, Zembala M, et al. Clin-
ical and haemodynamic outcomes in 658 patients receiving the Perceval sutureless
aortic valve: early results from a prospective European multicentre study (the Cav-
alier Trial). Eur ] Cardiothorac Surg 2016;49:978-86. https://doi.org/10.1093/ejcts/
ezv257.

[27] VogtF, Pfeiffer S, Dell'Aquila AM, Fischlein T, Santarpino G. Sutureless aortic valve re-
placement with Perceval bioprosthesis: are there predicting factors for postopera-
tive pacemaker implantation? Interact Cardiovasc Thorac Surg 2016;22:253-8.
https://doi.org/10.1093/icvts/ivv330.


https://doi.org/10.1016/S0140-6736(09)60211-7
https://doi.org/10.1016/S0140-6736(09)60211-7
https://doi.org/10.1093/ejcts/ezs455
https://doi.org/10.1093/ejcts/ezs455
http://refhub.elsevier.com/S0022-0736(19)30311-5/rf0015
http://refhub.elsevier.com/S0022-0736(19)30311-5/rf0015
http://refhub.elsevier.com/S0022-0736(19)30311-5/rf0020
http://refhub.elsevier.com/S0022-0736(19)30311-5/rf0020
http://refhub.elsevier.com/S0022-0736(19)30311-5/rf0020
https://doi.org/10.1056/NEJMoa1008232
https://doi.org/10.1056/NEJMoa1008232
https://doi.org/10.1056/NEJMoa1103510
https://doi.org/10.1016/j.jacc.2012.08.1039
https://doi.org/10.1016/j.jacc.2012.08.1039
https://doi.org/10.1016/j.jacc.2011.08.024
https://doi.org/10.1016/j.jacc.2011.08.024
https://doi.org/10.1016/j.jacc.2012.11.010
https://doi.org/10.1016/j.athoracsur.2012.04.024
https://doi.org/10.1016/j.athoracsur.2013.03.083
https://doi.org/10.1016/j.athoracsur.2013.03.083
https://doi.org/10.1016/j.hrthm.2007.05.028
https://doi.org/10.1016/S0140-6736(16)32064-5
https://doi.org/10.1093/ejcts/ezs196
https://doi.org/10.1093/ejcts/ezs196
https://doi.org/10.1111/j.1540-8191.2006.00216.x
https://doi.org/10.1111/j.1540-8191.2006.00216.x
https://doi.org/10.1016/j.athoracsur.2007.08.024
https://doi.org/10.1016/j.athoracsur.2007.08.024
https://doi.org/10.1016/j.amjcard.2010.07.012
https://doi.org/10.1016/j.amjcard.2010.07.012
https://doi.org/10.4244/EIJ30V6I4A80
https://doi.org/10.4244/EIJ30V6I4A80
https://doi.org/10.1161/CIRCULATIONAHA.109.927152
https://doi.org/10.1016/j.ahj.2009.02.016
https://doi.org/10.1016/j.ahj.2009.02.016
https://doi.org/10.1002/ccd.22457
https://doi.org/10.1016/j.amjcard.2010.04.029
https://doi.org/10.1016/j.amjcard.2010.04.029
https://doi.org/10.1111/j.1540-8159.2010.02870.x
https://doi.org/10.1016/j.cjca.2014.10.030
https://doi.org/10.1097/IMI.0000000000000221
https://doi.org/10.1097/IMI.0000000000000221
https://doi.org/10.1093/ejcts/ezv257
https://doi.org/10.1093/ejcts/ezv257
https://doi.org/10.1093/icvts/ivv330

	Electrocardiographic and clinical predictors of permanent pacemaker insertion following Perceval sutureless aortic valve im...
	Introduction
	Methods
	Surgical procedure
	Data collection
	Statistical analysis

	Results
	Baseline characteristics
	Pacemaker implantation
	Valve size and operators
	Echocardiographic findings
	Predictors of pacemaker implantation
	Other complications

	Discussion
	Limitations
	Conclusions
	Declaration Competing of Interest
	References


