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Abstract

Objective: Permanent pacemaker implantation (PPI) after surgical aortic valve re-
placement (SAVR) remains a frequent complication. Predictors, however, have been
mainly investigated in single-center studies. Therefore, nationwide data were used
to identify patients—and procedural risk factors for postoperative PPI.

Materials and Methods: Data were retrospectively collected from the Netherlands
Heart Registration (NHR). Patients enrolled in the NHR undergoing isolated SAVR from
2013 to 2019 were analyzed. Primary endpoint was in-hospital PPI during hospitalization
after SAVR.

Results: From the NHR database, 5600 patients with symptomatic aortic valve stenosis
were included in the study. Crude incidence of post-SAVR PPl was 4.0%. Backward
regression analysis identified previous cardiac surgery (odds ratio [OR]: 1.80; 95% con-
fidence interval [Cl]: 1.18-2.76), extra-corporeal circulation time (OR: 1.01; 95% ClI:
1.00-1.01), vasopressor use (OR: 2.66; 95% Cl: 1.79-3.96) and in-hospital cardiac con-
duction abnormalities (OR: 4.48; 95% CI: 3.36-5.98) as potential predictors for PPI.
Across the time, PPI after SAVR significantly increased (OR: 1.11; 95% Cl: 1.03-1.21).
Conclusions: From this nationwide analysis, PPl after SAVR remains a low but increas-
ingly frequent complication. Several predictive factors for postoperative PPI after SAVR
have been identified and might be useful for patient informed consent about potential

adverse event rate.

Abbreviations: NHR, Netherland Heart Registration; PPI, permanent pacemaker implantation; SAVR, surgical aortic valve replacement.
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1 | INTRODUCTION

Aortic stenosis is the most common valvular disease in adult patients,
occurring in 2%-4% of subjects'? and surgical aortic valve replacement
(SAVR) is still the treatment of choice in younger adults.® Despite tech-
nical progresses and the increasing use of sutureless and rapid-
deployment protheses, permanent pacemaker implantation (PPI) remains
a well-known complication which occurs in 2%-8% of patients under-
going SAVR.*®

Post-SAVR PPI increases intensive care unit and hospital length of
stay although with variable duration between institutions.”® Additionally,
PPI after SAVR has been shown to independently reduce the long-term
survival.” Consequently, it would be a substantial clinical benefit to
identify preoperatively those patients at high-risk for atrio-ventricular
conduction abnormalities, to facilitate postoperative care and to deliver
exhaustive informed consent preoperatively.®

Several studies have suggested risk factors for PPl after SAVR.
Perioperative mechanical injuries to the conduction heart system close to
the aortic valve as annulus debridement or suture placement, are per-
ceived as important contributing factors.” ® Other factors, like reopera-
tions, longer cross-clamping times, absence of preoperative sinus rhythm,
preoperative concomitant aortic regurgitation and, pre-existing conduc-
tion disorders, have also been found to be predictors of PPl post
SAVR.”1° However, our ability to identify patients who are at high-risk of
requiring PPl pre-operatively remains unfortunately sparse’? and mainly
linked to single-centers studies.”*%2"4

Therefore, the purpose of this study was to use a large national
database to determine the contemporary incidence of early postoperative
PPI in patients undergoing isolated SAVR through a multicenter in-
vestigation and to identify patient's criteria and procedural risk factors for
PPI after SAVR in a nationwide registry.

2 | METHODS

2.1 | The Netherlands Heart Registration (NHR)
The NHR is a nationwide registry which registers fundamental pre-,
operative- as well as postprocedural-, (including follow-up)-, data related
to cardiac interventions performed in 16 Dutch heart surgery centers.
The aim of the NHR is to evaluate current practice in the treatment of
heart disease, through all stages of the management process, from the
preoperative diagnosis and work-up, up to several years after the inter-
vention. Data collection and registration are performed by the partici-
pating centers in a secured online environment. For this study,
information related to patients undergoing SAVR was collected. This
study complies with the Declaration of Helsinki and the use of the data
for these purposes was approved by the Maastricht University Medical
Centre Ethical Committee (METC 2020-1528).

2.2 | Study population

From January 1, 2013 to January 1, 2019, 19546 adult patients (age 218
years) were hospitalized in the Netherlands with a diagnosis of aortic
stenosis. From this patient cohort, 9900 underwent an isolated SAVR.
Patients with cardiac congenital pathology and/or concomitant cardiac
surgical procedure were excluded from the study. Patients with bicuspid
aortic valve were included. Patients with ascertainment of PPl in the first
30 days postoperatively were included in the final analysis (n = 5600). The
variable PPl within 30 days postoperative is not a mandatory variable
within the NHR database. Only 9 of the 16 heart surgery centers have
collected this variable.

2.3 | Statistical analysis

Continuous variables are described as mean + SD or median (range),
depending on normality. Categorical variables were presented as
frequencies with percentages. The variables were largely complete
with less than 5% missing per variable.

To allow for inclusion of all patients for the regression analysis,
we used stochastic regression imputation with fully conditional spe-
cification to impute the dataset. Imputations were drawn using pre-
dictive mean matching.

First, a univariable logistic regression analysis was performed, with

PPI status as dependent variable. The following variables were considered

9900
SAVR

4300 PPI SAVR
Status unknown*

A

v
5600 SAVR patients
with ascertainment of
PPI within 30 days
post-operative

Study
population

FIGURE 1 Flowchart of patients after surgical aortic valve
replacement (SAVR) leading to permanent pacemaker implantation
(PPI). *The variable PPl within 30 days postoperative is not a
mandatory variable within the Netherlands Heart Registration
database. Only 9 of the 16 heart surgery centers have collected this
variable
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TABLE 1 Baseline characteristics of
patients with or WIthOL!t a 30-da.y Variables®
permanent pacemaker implantation (PPI)

Male sex

after surgical aortic valve
replacement (SAVR) Age, mean (SD)) years
Weight, mean (SD), kg

Creatinine serum level,

median (IQR), umol/L

History of lung disease

Peripheral vascular disease

Diabetes mellitus

Recent myocardial
infarction

Dialysis

Log Euroscore I, median

(IQR), %

Atrial fibrillation

Left ventricular ejection

Total study group
(n=5 600)

3 242 (57.9%)
68.2 (+10.2)
81.9 (+15.4)
82.0 (70.0-96.0)

699 (12.5%)
392 (7.0%)

1 089 (19.5%)
69 (1.2%)

20 (0.5%)
1.4 (0.9-2.2)

413 (13.0%)
55.0 (55.0-60.0)

fraction, median (IQR), %

Systolic pulmonary
pressure, median
(IQR), mmHg

Previous cardiac surgery

Previous coronary surgery

Previous valve surgery

Previous aortic valve
surgery

Previous mitral valve
surgery

Previous aortic surgery

Note: Values are n (%).

25.0 (25.0-25.0)

489 (8.7%)
180 (3.3%)
318 (5.8%)
217 (5.1%)

21 (0.6%)

41 (0.9%)
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PPI
group (n=222)

129 (58.1%)
68.6 (x10.5)
81.1 (x14.6)
83.0 (71.0-97.0)

24 (10.8%)
15 (6.8%)
42 (19.6%)
4 (1.8%)

0 (0%)
1.8 (1.2-3.4)

18 (15.1%)
55.0 (55.0-55.0)

25.0 (25.0-25.0)

40 (18.0%)

12 (5.5%)

27 (12.3%)
20 (14.2%)

1 (0.9%)

2 (1.0%)

WILEY—*2

No PPI group
(n=5 378)

3 113 (57.9%)
68.1 (+10.2)
81.9 (+15.5)
82.0 (70.0-96.0)

675 (12.6%)
377 (7.0%)

1 047 (19.7%)
65 (1.2%)

20 (0.5%)
1.4 (0.9-2.1)

395 (12.9%)
55.0 (55.0-60.0)

25.0 (25.0-25.0)

449 (8.3%)

168 (3.2%)

291 (5.5%)
197 (4.8%)

20 (0.6%)

39 (0.8%)

Abbreviations: IQR, interquartile range; PPI, permanent pacemaker implantation.

®Numbers are presented as valid percentage, excluding missing values.

potential predictors of PPI: sex, age, weight, creatinine serum level, dia-
betes mellitus, left ventricular ejection fraction, systolic pulmonary pres-
sure, history of lung disease, peripheral vascular disease, previous cardiac
surgery, recent myocardial infarction, dialysis, Euroscore Il, atrial fibrilla-
tion, previous coronary surgery, previous valve surgery, previous aortic
valve surgery, previous mitral valve surgery, previous aortic surgery,
prosthetic valve type, extra-corporeal circulation time, ischemic time, in-
otropic use, vasopressor use, peri-operative myocardial infraction, in-
hospital respiratory insufficiency, and in-hospital cardiac conduction ab-
normalities. Subsequently, a multivariable logistic regression analysis was
carried out, once with all potential predictor variables (fully adjusted
model), and once with backward stepwise elimination on all potential
predictors, to arrive at a model with only significant independent pre-
dictors. Due to the explorative nature of the study, every variable from

the univariate analysis were put in the multivariate model.

Multicollinearity across variables was assessed. In addition, the trend of
PPI over time was also analyzed by univariable regression analysis. A
p value of less than .05 was considered statistically significant. All analyses
were performed using SPSS v26 (IBM Corp).

3 | RESULTS
3.1 | Baseline characteristics and procedural
outcomes

Between 2013 and 2019, 5600 patients were identified in the da-
tabase as receiving a SAVR with an ascertainment of the post-
operative PPI status. The flowsheet of the study sample is described
in Figure 1. The crude incidence of postoperative PPl was 4.0%
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Total study group
(n=5 600)

PPI group

Variables® (n=222)

Procedural characteristics

Type of extra-corporeal
circulation (ECC)

5125 (91.5%)
153 (2.7%)
284 (5.1%)

204 (91.9%)
7 (3.2%)
11 (5.0%)

Conventional ECC
Mini ECC
ECC type unknown

ECC time, mean (SD), min 97.1 (+37.2) 113.9 (£56.4)
Ischemic time, mean (SD), min 68.9 (x24.4) 77.9 (£36.7)
Circulation arrest 7 (0.1%) 0 (0%)
Circulation arrest time, mean 0.0 (+ 0.03) 0.0 (+ 0.0)

(SD), min
Prosthetic valve type

Bioprosthetic valves 4604 (82.2%) 180 (81.1%)

Mechanical valve 995 (17.8%) 42 (18.4%)

Bioprosthesis type

Stented valves 4425 (96.1%) 174 (96.7%)

Stentless/sutureless valves 159 (3.5%) 2 (0.6%)

Inotropic use 1279 (44.4%) 57 (50.4%)

Vasopressor use 2 082 (72.2%) 93 (82.3%)

Intraoperative PPI 12 (0.2%) 12 (5.4%)

Perioperative myocardial 285 (5.2%) 14 (6.4%)
infarction

Intraoperative intra-aortic 10 (0.3%) 0 (0%)
balloon pump

Outcomes

In-hospital respiratory 52 (1.1%) 4 (2.1%)

insufficiency

In-hospital cardiac 1 723 (30.8%) 143 (64.4%)

conduction abnormalities

In-hospital mortality 60 (1.1%) 2 (0.9%)

Note: Values are n (%).

TABLE 2 Procedural characteristics of
patients with or without a 30-day
permanent pacemaker implantation (PPI)
after surgical aortic valve

replacement (SAVR)

No PPI group
(n=5 378)

4 921 (91.5%)
146 (2.7%)
273 (5.1%)

96.4 (£36.1)
68.5 (+23.8)
7 (0.1%)

0.0 (+ 0.03)

4 424 (82.3%)
953 (17.7%)

4251 (96.1%)
157 (3.5%)

1 222 (44.1%)
1989 (71.8%)
0 (0%)

271 (5.1%)

10 (0.3%)

48 (1.0%)

1 580 (29.4%)

58 (1.1%)

Abbreviations: Cl, confidence interval; ECC, extra-corporeal circulation; IQR, interquartile range;

min, minutes; PPI, permanent pacemaker implantation.

®Number value are presented as valid percentage, excluding missing values.

(n =222 patients). Baseline characteristics of the included patients
are listed in Table 1. The total study group included 57.9% men and
the median log Euroscore Il was 1.4 (0.9-2.2). The procedural
characteristics and outcomes are reported in Table 2. No patients
included in the final analysis received an implantable cardioverter-
defibrillator (ICD) device. Between 2013 and 2019, a significative
trend for increasing PPl across the time (odds ratio [OR]: 1.11; 95%
confidence interval [Cl]: 1.03-1.21; p <.05) was observed. The PPI
rate remains stable from 2013 to 2015 before reaching a peak in
2017 with a PPI rate of 6.0% (Figure 2).

3.2 | Univariable analysis

In the univariable analysis (Table 3), following variables showed a
crude significant association with PPl postoperatively: previous car-
diac surgery (OR: 2.41; 95% Cl: 1.69-3.44, p <.001), higher log
Euroscore Il (OR: 1.03; 95% Cl: 1.01-1.04, p <.01), previous valve
surgery (OR: 2.35, 95% ClI: 1.55-3.58, p <.001), previous aortic valve
surgery (OR: 2.57; 95% Cl: 1.62-4.07). Longer extra-corporeal cir-
culation time (OR: 1.01; 95% Cl: 1.01-1.01; p <.001) and longer is-
chemic time (OR: 1.01, 95% Cl: 1.01-1.02; p <.001) led to more risk
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FIGURE 2 Trends of permanent pacemaker implantation (PPI) after surgical aortic valve replacement (SAVR) over time. Trends of PPl across
time. The rate of PPI after SAVR significantly rises up over time (OR: 1.11; 95% ClI: 1.03-1.21; p <.05). Cl, confidence interval: OR, odds ratio

of PPI. Also, use of vasopressors (OR: 2.34, 95% Cl: 1.59-3.43;
p <.001) and in-hospital cardiac conduction abnormalities (OR: 4.35,
95% Cl: 3.29-5.76; p <0.001).001) significantly increased the risk
of PPI.

3.3 | Multivariable analysis
By multicollinearity approach extra-corporeal circulation time and
ischemic time were correlated and therefore we decided to put only
extra-corporeal circulation time in the final multivariable model. In
the multivariable analyses (Table 4), we identified seven variables that
were independent risk factors of postoperative PPI. Previous cardiac
surgery (OR: 3.23; 95% Cl: 1.34-7.77; p=.01) and previous mitral
valve surgery (OR: 3.25; 95% Cl: 1.28-8.32; p <.01) increased the
risk for PPI. Per-operatively, the use of a stentless valve (OR: 0.17;
95% Cl: 0.04-0.83; p =.03), longer extra-corporeal circulation time
(OR: 1.01; 95% Cl: 1.00-1.01; p <.00) and the use of vasopressors
(OR: 2.52; 95% CI: 1.68-3.79; p <.001) increased the risk of PPI.
Postoperatively, in-hospital cardiac conduction abnormalities (OR:
4.88; 95% Cl: 3.61-6.60; p <.001) led to more risk for PPI.

By using a backward stepwise elimination (Table 5); previous
cardiac surgery, extracorporeal circulation time, use of vasopressors
and in-hospital cardiac conduction abnormalities were confirmed to

lead to a higher rate of postoperative PPI.

4 | DISCUSSION

Our study provides a large-sample analysis of potential patient's,
procedural and electrophysiological-related risk factors for PPI after
SAVR. Additionally, we described the trend of the phenomenon
across a 6-year period. We identified four potential predictors for
PPI, as followed: previous cardiac surgery, longer extra-corporeal
circulation time, use of vasopressor and in-hospital cardiac conduc-
tion abnormalities. Between 2013 and 2019, the rate of PPI sig-
nificantly increased over the time.

Association between conduction rhythm disorder and sub-
sequent requirement of PPl with SAVR is well known.” In this
study cohort, 3.9% of the patients received a PPI after isolated
SAVR procedure. This rate is in accordance with previous pub-
lished data from registries, as the GARY registry, reporting 3.9%
to 5.1%'>1¢ of PPI after isolated SAVR. Also, surgical cohorts of
randomized control trials as the PARTNER studies®”*® showed
similar rates of PPl at 30 days in the SAVR study arms. Higher
rates of postoperative PPl until 11.6% at 30 days have been
described in study investigating sutureless valves.” Our work
included different valve types, contributing maybe to the lower
rate of PPl reported. Analysis in the valve subtype was un-
fortunately not available. Interestingly, rate of PPl may even be
lower after transcatheter aortic valve implantation (TAVI) than
SAVR in in high-risk patients.” However, the extension of TAVI
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TABLE 3 Univariable analysis of 30-day permanent pacemaker
implantation (PPI) after surgical aortic valve replacement (SAVR)

Variables OR (95% ClI) p Value
Male sex 0.99 (0.76-1.30) 95
Age, years 1.00 (0.99 - 1.02) .54
Weight, kg 1.00 (0.99-1.01) 40
Creatinine serum level, umol/L 1.00 (1.00-1.00) .68
History of lung disease 0.85 (0.55-1.30) 44
Peripheral vascular disease 0.96 (0.56-1.64) .89
Diabetes mellitus 1.00 (0.71-1.41) .98
Recent myocardial infarction 1.50 (0.54-4.15) 44
Log Euroscore 11,% 1.03 (1.01-1.04) <.01
Atrial fibrillation 1.30 (0.93-1.84) .13
Left ventricular ejection fraction, % 0.99 (0.97-1.00) .08
Systolic pulmonary pressure, mmHg 1.01 (0.99-1.03) .55
Previous cardiac surgery 2.41 (1.69-3.44) <.001
Previous coronary surgery 1.74 (0.95-3.18) .07
Previous valve surgery 2.35 (1.55-3.58) <.001
Previous aortic valve surgery 2.57 (1.62-4.07) <.001
Previous mitral valve surgery 1.60 (0.77-3.31) 21
Previous aortic surgery 0.77 (0.31-1.89) .56
Prosthetic valve characteristics

Mechanical valves Ref

bioprosthetic valves

Stented valves 0.92 (0.66-1.30) .64

Stentless valves 0.28 (0.07-1.17) .08
ECC time, min 1.01 (1.01-1.01) <.001
Ischemic time, min 1.01 (1.01-1.02) <.001
Inotropic use 1.23 (0.94-1.61) .13
Vasopressor use 2.34 (1.59-3.43) <.001
Peri-operative myocardial infarction 1.35 (0.79-2.31) 27
In-hospital respiratory insufficiency 1.63 (0.59-4.52) .35
In-hospital cardiac conduction 4.35 (3.29-5.76) <.001

abnormalities

TABLE 4 Multivariable analysis of 30-day permanent pacemaker
implantation (PPI) after surgical aortic valve replacement (SAVR)

Variables OR (95% ClI) p Value
Male sex 0.96 (0.69-1.34) .82
Age, years 1.00 (0.98-1.02) .80
Weight, kg 1.00 (0.99-0.99) 31
Creatinine serum level, umol/L 1.00 (0.99-1.00) .34
History of lung disease 0.65 (0.40-1.04) .07
Peripheral vascular disease 1.11 (0.62-1.97) 73
Diabetes mellitus 0.88 (0.61-1.26) 48
Recent myocardial infarction 1.48 (0.51-4.33) 47
Euroscore 11,% 0.99 (0.96-1.03) .67
Atrial fibrillation 1.36 (0.93-1.99) A2
Left ventricular ejection fraction, % 0.99 (0.97 - 1.01) .25
Systolic pulmonary pressure, mmHg 1.01 (0.99-1.03) .54
Previous cardiac surgery 3.23 (1.34-7.77) .01
Previous coronary surgery 0.43 (0.18-1.05) .07
Previous valve surgery 0.40 (0.16-1.04) .06
Previous aortic valve surgery 1.57 (0.74-3.34) 24
Previous mitral valve surgery 3.25 (1.28-8.32) .01
Previous aortic surgery 0.45 (0.15-1.34) .15
Prosthetic valve types

Mechanical valves Ref

bioprosthetic valves

Stented valves 0.96 (0.60-1.53) .85

Stentless valves 0.17 (0.04-0.83) .03
ECC time, min 1.01 (1.00-1.01) <.001
Inotropic use 1.20 (0.89-1.62) 24
Vasopressor use 2.52 (1.68-3.79) <.001
Perioperative myocardial infarction 1.38 (0.78-2.45) 27
In-hospital respiratory insufficiency 1.40 (0.47-4.13) 55
In-hospital cardiac conduction 4.88 (3.61-6.60) <.001

abnormalities

Abbreviations: Cl, confidence interval; ECC, extra-corporeal circulation;
min, minutes; OR, odds ratio; PPI, permanent pacemaker implantation.

indications in low-risk patients is still a matter of debate. Addi-
tional data with longer follow-up in this specific population is
currently needed, as the patients being less than 65 years of age
still represent a grey area.”®

In our study, history of previous cardiac surgery was found to
increase the risk of PPI postoperatively. Van Mieghem et al.?* also
demonstrated the negative effect of previous cardiac operation on
PPI after SAVR. Multiple surgical valve procedures’ and prior valve

Abbreviations: Cl, confidence interval; ECC, extra-corporeal circulation;
min, minute.

surgery”? has also been described to be risk factors for postoperative
PPI. This relationship highly suggests that direct trauma at the time of
surgery or ischemic injury during previous surgery can hugely pre-
dispose patients to a PPl in the follow-up. Suture injury, impingement
of the implanted valve against conduction ways or localized pressure
along the atrioventricular conduction axis due to residual calcic ma-
terials can provide the substrate for developing rhythm disturbances

leading to PPI postoperatively.?® 2°
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TABLE 5 Backward stepwise elimination of 30-day permanent
pacemaker implantation (PPI) after surgical aortic valve
replacement (SAVR)

Variables OR (95% Cl) p Value

Previous cardiac surgery 1.80(1.18-2.76) <.01

ECC time, min 1.01 (1.00-1.01) <.001

Vasopressor use 2.66 (1.79-3.96) <.001

In-hospital cardiac conduction 4.48 (3.36-5.98) <.001

abnormalities

Abbreviations: Cl, confidence interval; ECC, extra-corporeal circulation.

Longer ischemic time peroperatively was found to increase
the risk of PPl postoperatively significantly. These findings are in
line with previous studies demonstrating the negative influence
of longer cumulative cross-clamp times.”?¢ %% Longer clamping
time obviously increases the hemodynamic stress and is known to
cause a higher degree of inflammation, that can lead to ischemic
injury, and subsequently to further degradation of the conduction
system. However, we reported a mean cardiac bypass time of
97.1 (£37.2) min, which is higher than reported in previous stu-
dies for SAVR.”*%?? Even if the PPI rate remains in the range of
previous published materials, we do not have an explanation for
such a finding.

In our patient cohort, presence of in-hospital conductions ab-
normalities was a strong predictor of postoperatively PPI. Pre-
operative conduction system disease is well described as a cause of
PPl postoperatively.’® Also, the absence of preoperative sinus
rhythm has been reported as predictors for PPl after valvular sur-
gery.” Gonzales Barbeito et al.%° in their series of 519 patients un-
dergoing SAVR with a PERCEVAL S sutureless prosthesis identified
disorders of intraventricular conduction and right bundle branch
block as predictors for postoperative PPI. In their analysis, atrial fi-
brillation was not investigated as rhythm disturbances leading to PPI.
A study reporting perioperative predictors of atrioventricular block
after coronary artery bypass surgery identified atrial fibrillation as
strong predictors for conductions disturbances postoperatively®*
confirming our findings.

The effect of using vasopressor during cardio-surgical interven-
tion is poorly investigated.>” By increasing the automaticity of the
sino-atrial node and slowing down the atrio-ventricular conduction,
vasopressor may potentialize previous or concomitant lesions indu-
cing a deceleration of the atrio-ventricular conduction, leading to
higher subsequent postoperative PP1.?>°% Furthermore, the use of
dobutamine has been related to the development of postoperative
ventricular arrhythmias, emphasizing the potential impact of vaso-
pressor on the heart conduction system.>* However, as we had no
details about the kind of vasopressor used, we were unable to con-
clude about a specific molecule causing post-SAVR PPI.

Our findings indicate that PPI rate increased over the time,
reaching a peak of 6% in 2017. This increasing trend has been
also reported in the analysis of the GARY registry.'® A possible

CARDIAC SURGERY

explanation for this increase may be related to the use of rapid-
deployment and/or sutureless valves. As we were not able to
provide information about the type of valves used, caution is the
parent of safety but the use of sutureless and rapid deployment
devices has been increased over the last 15 years,*® for sure
playing a role in the postoperative outcomes. A recent ltalian
experience®® demonstrated the link between the surgeon's ex-
perience and the incidence of PPl postoperatively when using the
Perceval aortic valve. The increasing trend of postoperative PPI
observed in out cohort may reflect the extended use of sutureless
and rapid deployment devices requiring an accomplished learning
curve to reach comparable results in term of PPl when compared
with classical stented valves.

5 | LIMITATIONS

Our analysis has several limitations. The main limitation is inherent to
the retrospective and observational nature of the study, with the
related biases of this methodology. We obtain no data about the
status of a preoperative PPI, pacemaker indication and type of pa-
cemaker provided. Some other well-known predictors for post-
operative PPl (as bundle branch block, nature of in-hospital
conduction abnormalities, valve type and size) were not listed in the
registry, making us unable to study it. Nevertheless, this national
population-based analysis provided a large series of patients, allowing
us to conclude about trends and association, even if we cannot draw
conclusions on possible cause and effects. We feel confident of our
model being robust and statistically valid to identify important pre-
dictive factors for pacemaker implantation that may be relevant to

decision making.

6 | CONCLUSIONS

In this nationwide analysis, we identified several factors, like previous
cardiac surgery, extra-corporeal circulation time, use of vasopressors
and in-hospital conduction abnormalities, as predictive factors for
postoperative PPl in adult patients undergoing isolated SAVR. The
rate of PPl increased across the time, emphasizing the potential
amplitude of this complication and the impact on current practice.
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