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Abstract
Very few data exist on the clinical impact of Transcatheter Aortic Valve Implantation (TAVI) 
on heart rhythm conduction disturbances and early predictors for Pacemaker (PM), Implantable 
Cardioverter Defibrillator (ICD) or Cardioverter Defibrillator resynchronization (CRT-D). The aim 
of this study was to investigate whether the patients after TAVI (in POLTAVI registry) have heart 
rhythm conductions disturbances and what are the predictors for pacemaker implantation during 
in-hospital stay. We analyzed 330 patients from POLTAVI registry with severe symptomatic aortic 
stenosis and high risk for surgery. RBBB (n=11 [18.6%] vs. n=7 [58.3%]; P=0.004) and larger aortic 
annulus diameter (P=0.007) were significantly more frequent in patients who required PM or ICD 
or CRT-D implantation after TAVI. Continuous RV pacing during procedure was significantly 
more frequent in patients who needed PM implantation after TAVI (P=0.0001). Patients who 
needed pacing device implantation after TAVI had significantly wider QRS (>120 ms) and markedly 
more often bifascicular block with or without atrio-ventricular I° block (P=0.002). Pacemaker 
implantation after TAVI was necessary in 19.2% of patients with CoreValve and 8.3% with Edwards 
Sapien valve. The independent risk factor for pacing after TAVI in logistic regression analysis was 
CoreValve implantation (HR 3.93 95% CI 1.78 - 8.65; P=0.0007). The independent risk factor for 
PM implantation is usage of CoreValve. RBBB before the TAVI procedure bifascicular block with 
or without atrio-ventricular I° block after TAVI, continuous pacing during the TAVI procedure and 
larger aortic valve diameter were the main factors associated with long-term pacing.
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Introduction
Aortic Stenosis (AS) is the most common valvular heart disease in Europe and North America 

and it is strictly related to higher morbidity and mortality. Nowadays it affects approx. 3% to 7% 
of subjects >65 years. Severe AS should be diagnosed when Aortic Valve Area (AVA) is between 
0.8 cm2 to 1 cm2, and critical AS when the AVA is below 0.8 cm2. According to current European 
Society of Cardiology (ESC) guidelines the decision about conventional cardiac surgery or 
Transcatheter Aortic Valve Implantation (TAVI) due to AS should be considered by heart team [1]. 
Sometimes, limitations for conventional cardiac surgery e.g. high risk of surgery, porcelain aorta, 
disabling arthritis, liver cirrhosis, dementia, recurrent pulmonary emboli, severe heart failure, re-
operation, uncontrolled diabetes or obesity reduce the access to the conventional procedure [2]. 
Transcatheter aortic valve implantation is an alternative method for patients who are not suitable 
to conventional cardiac surgery due to severe comorbidities. Indications for TAVI include: severe, 
symptomatic AS with logistic Euro SCORE ≥ 20%. The results of PARTNER 1 study already proved 
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the efficacy of percutaneous aortic valve replacement in this group 
of patients, whereas up today there a very few data considering 
TAVI in intermediate-risk patients with severe AS. The SURTAVI 
study evaluated the clinical outcomes in intermediate-risk patients 
with severe, symptomatic aortic stenosis who underwent CoreValve 
implantation or surgical treatment [3]. The study was conducted in 
1660 patients and showed non-inferiority for TAVI comparing to 
surgery in mentioned above group of patients [3]. What is more, 
TAVI was associated with lower rates of acute kidney injury, atrial 
fibrillation and transfusion requirements, whereas surgery had 
lower rates of residual aortic regurgitation and need for pacemaker 
implantation [3].

Further, PARTNER 2 study evaluated the clinical outcomes 
in 2032 intermediate-risk patients with severe AS who underwent 
Edward Sapien valve implantation or surgical intervention [4]. The 
results showed similar rates for death and neurological events in the 
surgical and TAVI treated groups. However, TAVI procedure was 
associated with lower rates of acute kidney injury, bleeding events 
and atrial fibrillation, whereas surgery was associated with lower rates 
of paravalvular regurgitation [4].

Nevertheless, patients who underwent TAVI, due to its low 
invasive character, seem to have better quality of life and decreased 
number of severe peri- and post-procedural complications. In Europe, 
several types of aortic valve prosthesis are available, however Edwards 
SAPIEN and CoreValve are still used most frequently [5]. Data from 
numerous publications showed that TAVI might be associated 
with increased incidence of heart rhythm conduction disturbances, 
however larger data from Polish cohort of patients are missing [5].

The aim of this study was to investigate whether the patients who 
underwent TAVI, from POLTAVI registry [6], have similar heart 
rhythm conductions disturbances and what are the main predictors 
for permanent pacing during in-hospital stay.

Materials and Methods
We analyzed 330 patients from POLTAVI registry (an obligatory 

national registry for TAVI) (n=45; 13.6%) in whom Pacemaker 
(PM) or Implanted Cardioverter-Defibrillator (ICD) or cardioverter 

defibrillator resynchronization (CRT-D) were implanted during in-
hospital stay in 2013 (Figure 1).

All patients who underwent TAVI suffered from severe 
symptomatic aortic stenosis and were at high risk for conventional 
cardiac surgery. Majority of TAVI procedures were done in general 
anesthesia under transesophageal or transthoracic echocardiographic 
(TEE/TTE) guidance. CoreValve or Edwards Sapien aortic prosthesis 
were implanted. The entire cohort of patients was divided into 
two groups: with and without implanted pacing device. Clinical 
characteristic of both study groups is presented in Table 1.

Among patients who underwent TAVI and had implanted PM 
or ICD or CRT-D 24.4% suffered from diabetes mellitus, 84.4% had 
arterial hypertension and 15.6% had chronic pulmonary obstructive 
disease (Table 2). The mean value of Left Ventricular Ejection 
Fraction (LVEF) in patients with and without implanted device was 
53.3 ± 11.4 and 54.6 ± 11.0%; P=0.51, respectively. QRS width was 
assessed at baseline and after the TAVI using 12-fold ECG recorder.

Statistical analysis
All data are presented as mean ± SD. Statistical analysis was 

performed using non-parametric Kruskal - Wallis test and χ2 test. 
Multivariate and univariate logistic regression model was used 
to assess the independent factors for pacing device implantation 
in patients who underwent TAVI. In each case P value <0.05 was 
considered as statistically significant.

Results and Discussion
Before TAVI procedure in patient who needed PM or ICD or 

CRT-D implantation after TAVI significantly more often, RBBB (n=11 
[18.6%] vs. n=7 [58.3%]; P=0.004), VF/VT incidence (P=0.035) and 
larger aortic annulus diameter (23.8 ± 2.9 vs. 25.4 ± 2.6; P=0.007) were 
observed. Continuous RV pacing during procedure was significantly 
more frequent in patients who needed PM implantation after TAVI 
(P=0.0001). A continuous RV pacing was not routine in all patients 
except in those who developed advanced conduction disorders. 
In ECG performed after TAVI in patients who needed pacemaker 
implantation significantly wider QRS (>120 ms) and markedly more 
often bifascicular block with or without atrio-ventricular I° block were 
observed (P=0.002) (Table 3). 19.2% of patients with CoreValve and 
8.3% with Edwards SAPIEN Valve required pacemaker implantation. 
The only one independent risk factor for permanent pacemaker after 
TAVI in logistic regression analysis was CoreValve implantation (HR 
3.93 95% CI 1.78 - 8.65; P=0.0007) (Table 4).

It is known for many years that transcatheter aortic valve 
implantation is a procedure which may affect conduction system and 
lead to conduction disturbances. Our results are similar to previously 
published data which showed that TAVI procedure is directly 
associated with atrio-ventricular blocks and bundle branch blocks 
[7,8]. McDonnell KM et al published that new LBBB occurs more 
frequently in patients who had CoreValve prosthesis implanted (29% 
to 60%) comparing to those with implanted Edwards SAPIEN (6% 
to 30%). The authors showed however, that only 5% of all patients 
who underwent TAVI in fact needed pacemaker implantation after 
3 months, and after 1 year - 18% [8]. What is more, approx. 9% to 
49% patients with implanted CoreValve prosthesis and 0% to 27% 
with Edwards SAPIEN prosthesis needed pacemaker implantation 
due to high-grade atrio-ventricular block [7]. However, Roten et al. 
reported that the time of PM implantation after TAVI does matter - it 

Figure 1: Patients from POLTAVI registry qualified to current analysis.
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is possible that majority of atrio-ventricular blocks resolve after TAVI 
and only LBBB may remain [9]. However, it is not clear even if the 
AV block resolves, if those patients are at higher risk of the complete, 
recurrent AV block [9]. Moreover data, on long-term prognosis for 
patients with LBBB after TAVI are conflicting [10,11].

The issue of consequences of conduction rhythm disturbances 
after TAVI still remains unclear. In 2012 Houthuizen P et al. [12] 
reported that mortality in patients who underwent TAVI and had 
new-onset LBBB is significantly higher than in those without new-
onset LBBB [12]. On the other hand Urena et al., Testa et al. and Nazif 

et al. showed no correlation between new-onset persistent LBBB and 
mortality [13-15]. Nevertheless, Urena et al. and Nazif et al. reported 
the lack of Left Ventricular Ejection Fraction (LVEF) improvement in 
patients with new-onset persistent LBBB [13,15]. Moreover, Urena et 
al. showed worsen functional class and higher rate of PM implantation 
and Nazif et al. [15] reported higher rate of hospitalization for heart 
failure in those patients [13,15].

The incidence of new-onset LBBB or high atrio-ventricular block 
were the main points of interest in many studies. However, in author's 
opinion, there is not enough data evaluating this problem especially 

 without pacing device n=285 
(86.4%) with pacing device n=45 (13.6%) P value

Corevalve 143 (50.2 %) 34 (75.5%) 0.002

Edwards SAPIEN 122 (42.8 %) 11 (24.5%) 0.02

Cardiogenic shock 6 (2.1 %) 0 0.412

Tamponade 5 (1.8 %) 2 (4.4%) 0.264

Embolization 7 (2.5%) 3 (6.7%) 0.129

Continuous stimulation during TAVI procedure 8.28 (2.8 %) 18 (40%) <0.0001

Table 1: Groups characteristic during TAVI procedure.

 without pacing device n=285 (86.4%) with pacing device n=45 (13.6%) P value

Age 78.3 ± 7.7 80.6 ± 5.6 0.056

Male 115 (40.4%) 25 (55.6%) 0.049

Smoking 46 (14.8%) 7 (15.6%) 0.889

Logistic Euroscore (%) 19.1 ± 13.9 19.8 ± 13.4 0.734

STS score (%) 8.9 ± 8.8 9.7 ± 8.0 0.442

NYHA I 2 (0.7%) 1 (2.2%) 0.323

NYHA II 64 (22.5%) 6 (13.3%) 0.161

NYHA II 196 (68.8%) 32 (71.1%) 0.756

NYHA IV 23 (8.1%) 6 (13.3%) 0.253

Diabetes mellitus 106 (37.2%) 11 (24.4%) 0.095

Arterial hypertension 246 (86.3%) 38 (84.4%) 0.733

Chronic lungs diseases 49 (17.2%) 7 (15.6%) 0.791

TIA 37 (13.0%) 6 (13.3%) 0.956

Myocardial infarction 77 (27.0%) 11 (24.4%) 0.714

PCI 12 months before TAVI 66 (23.2%) 16 (35.6%) 0.074

CABG 52 (18.3%) 11 (24.4%) 0.334

Porcelain aorta 39 (13.8%) 3 (6.7%) 0.186

Table 2: Group characteristic.

ECG after TAVI without pacing device  n=285 (86.4%) with pacing device n=45 (13.6%) P value

Sinus rhythm 199 (79.0%) 10 (23.3%) <0.0001

AF/AFl 48 (19.1%) 3 (7.0%) 0.053

Heart rate (beats/min) 75.3 ± 12.0 71.1 ± 12.7 0.038

QRS (ms) 117.5 ± 27.4 137.3 ± 36.3 0.0002

Conduction disturbances 85 (30.2%) 20 (44.4%) 0.051

LBBB 60 (21.4%) 13 (28.9%) 0.242

Bifascicular block 8 (2.84%) 7 (15.6%) 0.0001

RBBB 11 (39.1%) 4 (8.9%) 0.136

Bifascicular block and A-V I° block 6 (2.1%) 5 (11.1%) 0.002

Table 3: A comparison between patients with and without pacing device who underwent TAVI.

A-V: Atrio-Ventricular; LBBB: Left Bundle Branch Block; RBBB: Right Bundle Branch Block; AF: Atrial Fibrillation; AFl: Atrial Flutter
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in Polish cohort of patients. Most of the published results are in 
agreement with ours, that CoreValve implantation is an independent 
risk factor for PM implantation. The differences between CoreValve 
and Edwards SAPIEN prosthesis is caused not only because of the 
differences in shape or physical properties but also due to different 
models of implantation. There are suggestions that deep implantation 
of CoreValve or bigger size of balloon might cause damage atrio-
ventricular node or left bundle branch [5]. In analogy, present study 
showed the correlation between sizes of aortic annulus and related to 
this situation, bigger balloon used during procedure and necessity of 
PM implantation. To prevent heart rhythm conduction disturbances 
it would be more reasonable to use moderate or small size of balloons 
in accordance to morphologic criteria of aorta and Left Ventricular 
Outflow Tract (LVOT).

Although there are data about heart rhythm conduction 
disturbances after TAVI nevertheless it was not previously described 
what the risk factors are for long term pacing in-hospital stay. 
In present study we showed that some ECG changes e.g. RBBB or 
bifascicular block should increase vigilance during TAVI procedure.

Conclusion
TAVI may result in heart rhythm conduction disturbances. The 

independent risk factor for PM implantation is usage of CoreValve. 
The main risk factors for long-term pacing are: right bundle branch 
block before TAVI procedure, bifascicular block with or without atrio 
- ventricular I° block after TAVI, necessity for continuous pacing 
during TAVI procedure and larger aortic valve diameter.
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