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Cardiac implantable electronic device procedure history 
as the most important predictor of poor 2-year survival after 
transcatheter aortic valve replacement
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INTRODUCTION
Aortic valve stenosis is an increasingly com-
mon cause of heart failure in the aging pop-
ulation in highly developed countries. Over 
time, the development of the transcatheter 
aortic valve replacement (TAVR) procedure 
extended this technique to intermediate and 
low surgical-risk patients, and this indication 
was recently approved by US Food and Drug 
Administration [1]. Our study aimed to assess 
survival of patients undergoing TAVR over 
a 2-year follow-up and to identify preoperative 
risk factors for a poor 2-year prognosis.

METHODS

Study population
This retrospective observational study was 
conducted at the Central Clinical Hospital of the 
Medical University of Lodz — a tertiary regional 
academic care center. The study included symp-
tomatic patients suffering from severe aortic 
stenosis who were scheduled for TAVR by a local 
Heart Team between March 2015 and February 
2020 following the applicable guidelines [2]. 
A total of 130 patients after the TAVR procedure 
were assessed. The full exclusion criteria were 
as follows: incomplete medical documentation 
and lack of consent for the proposed invasive 
treatment. The characteristics of the patients 
included in the study are summarized in Sup-
plementary material, Table S1.

Analyzed parameters 
Source data included in the analysis were 
obtained from the electronic database of the 

hospital. The pre-procedure characteristics of 
the patients were analyzed, including demo-
graphics, previous history of comorbidities, 
basic laboratory parameters assessed on 
admission to the hospital, echocardiographic 
findings, and surgical risk assessed using ap-
propriate scales. Patients were also classified 
according to age and surgical risk assessment 
following the algorithm from the latest rec-
ommendations of the European Society of 
Cardiology for the management of valvular 
disease [3].

Procedural details
Based on the medical history, previous echo-
cardiographic assessment, and multislice 
computed tomography analysis, the patients 
were qualified for a procedure with appropri-
ate vascular access. 

Follow-up and study endpoints
All collected data were assessed for correlation 
with 2-year survival. One patient was excluded 
from the 2-year survival analysis due to death 
on the day of surgery related to the surgery 
itself. Survival data were based on the status 
in the central register of citizens. We collected 
follow-up data from all patients included in 
the study.

Statistical analysis
Qualitative variables were presented as 
numbers with the appropriate percentage. 
Continuous variables were presented as me-
dian and interquartile range (IQR). Univariable 
Cox regression was performed to identify 
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factors associated with the occurrence of death in the 
2-year follow-up period. Then, statistically significant varia- 
bles (as identified by univariable analysis) and other  
variables (identified as important in a literature search) 
were included in the multivariable model, and forward 
stepwise Cox regression was performed. Survival probabil-
ity over time was presented using the Kaplan-Meier curve. 
The log-rank test was used to compare survival between 
groups. A P-value below the level of 0.05 was considered 
statistically significant. All calculations were carried out in 
STATISTICA 13.3 software.

RESULTS AND DISCUSSION
The median age in the study group was 82 years (medi-
an [IQR], 82 [75–85] years). Women accounted for 63% 
(n = 82) of patients and men for 37% (n = 48). Most of 
the patients (75%, n = 98) were classified as class III or 
IV according to the New York Heart Association (NYHA). 
In the study population, 78% (n = 102) underwent TAVR 
using trans-femoral access, 17% (n = 22) with trans-apical 
access, and 5% (n = 6) with an alternative approach. The 
percentage of 2-year survival was 76% (n = 98), whereas 
the percentage of 1-year survival was 81% (n= 105). The 
probability of survival over time in the study population 
was presented in the form of the Kaplan-Meier survival 
curve (Figure 1A). Our results of univariable Cox regres-
sion indicated that factors such as male sex, prior cardiac 
implantable electronic device (CIED) history (overall 
and separately in the pacemaker subgroup), chronic 
inflammatory lung disease, reduced vs. preserved left 
ventricular ejection fraction (LVEF), and femoral vascular 
access are significantly associated with the occurrence 
of death during the 2-year follow-up  period after TAVR 
(Supplementary material, Table S2). In the CIED catego-
ry, 85% (n = 17) were cardiac pacemakers, 10% (n = 2) 
implantable cardioverter defibrillators, and 5% (n = 1) 
cardioverter defibrillators with resynchronization func-
tion. The chronic lung disease category consisted of 
chronic obstructive pulmonary disease (56% [n = 14]), 
asthma (16% [n = 4]), and other chronic lung diseases 
and overlapping syndromes (28% [n = 7]). In the next 
step, Cox forward stepwise regression was carried out, 
and its results showed a significant and independent 
effect of the following factors: prior CIED history (hazard 
ratio [HR], 3.19; 95% CI, 1.38–7.37; P = 0.007), reduced 
vs. preserved LVEF (HR, 2.95; 95% CI, 1.32–6.58; P = 0.008), 
and chronic inflammatory lung diseases (HR 2.50; 95% CI, 
1.11–5.63; P = 0.03) on the occurrence of death in 2-year 
follow-up time after TAVR (Supplementary material, Figure 
S1). Kaplan-Meier survival curves and log-rank test were 
used to present differences between survival distribution 
at 2-year follow-up in this group (Figure 1B–D).

Compared to the largest TAVR registry which included 
over 275 000 patients, the population we studied was 
characterized by a higher risk assessed by the Society of 
Thoracic Surgeons (STS)/American College of Cardiolo-

gy (ACC) TAVR score (3.34% vs. 3.18%), also the median 
age of the patients in our study was higher (82.00 years 
vs. 81.00 years) [4]. The 1-year survival in non-missing pa-
tients collected in the mentioned registry was 84.38%, but it 
should be noted that taking into account patients without 
follow-up, in whom higher one-year mortality should be 
expected, 1-year survival in the registry was only 65.93%, 
which is lower than that in our center (81.40%).

CIED history proved to be the most important factor 
for poor prognosis in our study. We assume that it may 
be correlated with higher structural damage of the my-
ocardial tissue which caused conduction disorders and 
was an indication for prior pacemaker therapy. Another 
mechanism may be related to the coexistence of device-re-
lated tricuspid regurgitation which, according to various 
studies, affects from 7% to 45% of patients with CIED and 
is associated with higher risk of mortality after TAVR in 
medium-term follow-up (HR/OR, 1.96; 95% CI, 1.35–2.85; 
P <0.001) [5, 6]. Due to the small number of implantable 
cardioverter-defibrillator (ICD)/ cardiac resynchronization 
therapy with defibrillator (CRT-D) devices (15%, n = 3) in the 
CIED group, the expected protective effect on survival was 
not observed in our analysis. To the best of our knowledge, 
our study is the first study to evaluate the influence of CIED 
history on prognosis in this group of patients, and this issue 
may be the subject of further research.

Results of many trials, including the Partner 2 trial, 
similar to our observations, confirm the importance of re-
duced ejection fraction as an independent factor for death 
from cardiovascular causes (HR, 1.42; 95% CI, 1.11–1.81; 
P = 0.005), while total mortality despite a tendency toward 
increased values (adjusted HR, 1.20; 95% CI, 0.99–1.47; 
P = 0.07) did not reach statistical significance [7]. In our 
study population, 19% (n = 25) of all patients were also 
affected by chronic inflammatory lung diseases, and it was 
an independent factor for increased mortality. In compar-
ison, in the CoreValve US Pivotal Trial study, inflammatory 
diseases of the lungs affected as many as 55% of patients 
who qualified for TAVR. In the group of people with lung 
diseases of moderate severity, 1-year mortality was 28.1% 
in the Partner 2 trial and was higher than in study subjects 
without these burdens, where it was only 19.2% (P = 0.03). 
A similar relationship was also maintained during the three-
year follow-up [8].

It must be noted that clinical parameters which are 
often taken into account in risk evaluation, such as NYHA 
functional class, level of natriuretic peptides, age, and sur-
gical risk scores proved to be irrelevant for 2-year survival 
prognosis in our study [9].

Study limitations
The study was conducted as a single-center retrospective 
study with a relatively small group of subjects. All of these 
factors may have led to an increased risk of selection bias 
and accidental findings in relation to the factors correlated 
with the study endpoint.
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CONCLUSIONS
Percutaneous structural interventions are the way forward 
in the treatment of valvular disease, and TAVR is a procedure 
with an indisputable role in improving the prognosis of 
patients with severe aortic stenosis. In our retrospective 
study, CIED history was the most statistically significant 
factor associated with 2-year survival after TAVR.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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Figure 1. Two-year survival after TAVR. Kaplan-Meier curves for overall survival (A). Kaplan-Meier curves with log-rank test for comparison of 
2-year survival differences after the TAVR procedure between groups with CIED vs. no CIED history (B), HFrEF vs. HFpEF (C), chronic inflamma-
tory lung diseases vs. no chronic inflammatory lung diseases (D)

Abbreviations: CIED, cardiovascular implantable electronic device; HFrEF, heart failure with reduced ejection fraction; HFpEF, heart failure 
with preserved ejection fraction; TAVR, transcatheter aortic valve replacement
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