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Abstract
Aims: The aims of this study were to determine the appropriateness of permanent pacemaker implantation 
(PPI) after TAVI through an analysis of PM dependency at follow-up, and to assess long-term outcomes of 
patients undergoing PPI after TAVI.

Methods and results: From June 2007 to February 2018, 1,116 consecutive patients without prior PM 
underwent TAVI in our institution. We assessed the incidence and predictors of PM dependency of patients 
who underwent PPI within 30 days, and also the six-year outcomes among patients who did not undergo 
PPI at 30 days. At 30 days, PPI was reported in 145 patients (13.0%). Rates of PM dependency were 
35.7%, 35.8% and 33.3% at 1, 6 and 12 months, respectively. Analysing PPI timing, implantation on day 
1 was found to be a predictor of PM dependency at six months (OR 20.7 [95% CI: 3.4-126.7]; p=0.001) 
and 12 months (OR 7.5 [95% CI: 1.4-40.2]; p=0.019). An interaction between PM dependency and the 
presence of baseline right bundle branch block (RBBB) at six months (pinteraction=0.024) and 12 months 
(pinteraction=0.028) was reported when PPI was performed on the same day as TAVI. At six years, patients who 
received a PM at 30 days showed a higher all-cause death rate (KM estimate 41.7% vs 57%; plog-rank=0.034).

Conclusions: Among patients receiving PPI after TAVI, PM dependency rates were about 33-36% at one 
year. Patients with a baseline RBBB undergoing PPI at day 0 or at day 1 when severe CDs persisted for 
24 hours after TAVI, irrespective of baseline CDs, had a higher chance of being PM-dependent at follow-
ups. Finally, PPI after TAVI was associated with increased six-year mortality.
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Abbreviations
AVB atrioventricular block
AVCD atrioventricular conduction disturbances
CDs conduction disturbances
CTA computed tomography angiography
LBBB left bundle branch block
PPI permanent pacemaker implantation
RBBB right bundle branch block
STS Society of Thoracic Surgeons
TAV transcatheter aortic valve
TAVI transcatheter aortic valve implantation

Introduction
Transcatheter aortic valve implantation (TAVI) is currently a valid 
and less invasive alternative to conventional surgical aortic valve 
replacement (SAVR) for patients with severe, symptomatic aortic 
stenosis (AS)1. On the basis of the favourable outcomes of recent 
randomised clinical trials conducted in high- and intermediate-risk 
populations1, TAVI is progressively being offered to younger and 
lower-risk patients. High-degree atrioventricular conduction dis-
turbances (AVCD) are among the most important issues relating 
to TAVI that need to be investigated further before expanding the 
indications2,3. Left bundle branch block (LBBB) and complete 
atrioventricular block (AVB) are the most frequent conduction dis-
turbances (CDs)4,5. Although a number of predictors of permanent 
pacemaker implantation (PPI) after TAVI have been established in 
many studies6, it remains poorly investigated whether permanent 
pacemakers (PM) implanted in this setting are really necessary. 
The aims of this prospective study were to determine the appropri-
ateness of PPI after TAVI through an analysis of PM dependency 
at follow-up, and to assess long-term outcomes of patients under-
going PPI after TAVI.

Methods
STUDY DESIGN AND POPULATION
This is a single-centre, prospective study including consecu-
tive patients who underwent TAVI in our institution, receiv-
ing most of the devices available on the market (Edwards 
SAPIEN XT and SAPIEN 3 [Edwards Lifesciences, Irvine, CA, 
USA], CoreValve®, Evolut™ R and Evolut™ PRO [Medtronic, 
Minneapolis, MN, USA], ACURATE neo™ TF [Boston 
Scientific, Marlborough, MA, USA], and Portico™ [St. Jude 
Medical, St. Paul, MN, USA]).

Patients with a previous PM implanted were excluded from the 
present analysis (N=129, 10.2%). The study flow chart is shown 
in Figure 1.

CRITERIA FOR PPI AFTER TAVI
All PPI in our cohort followed the indications of the available 
European guidelines7. Patients with persistent high-degree con-
duction disturbances underwent PPI within 24 hours. The reasons 
for postponing PPI after 24 hours despite the occurrence of high-
degree AVCD were transient or intermittent blocks.

Device programming was standardised in all patients. Single-
chamber PMs were programmed to a VVI(R) mode and dual-
chamber PMs to the DDD(R) mode, activating proprietary 
algorithms that minimise ventricular pacing, whenever applicable. 
The lower rate limit was set to 60 beats per minute (bpm) in all 
devices.

FOLLOW-UP DATA
For the purpose of the present analysis, we performed clinical visits 
up to six years and pacemaker device controls at 1, 6 and 12 months 
after the procedure. Furthermore, we performed echocardiographic 
evaluation of left ventricular ejection fraction (LVEF) at 30 days, 1, 
3 and 5 years after TAVI, as per standard practice.

STATISTICAL ANALYSIS
Continuous variables were reported as mean±standard deviation 
(SD). Categorical variables were reported as number and per-
centage. Two-step analysis was used to assess predictive factors. 
First, a single logistic regression was performed. Variables with 
a p-value <0.10 were entered into a multiple logistic regression 
analysis. Results were reported as odds ratio (OR) with a 95% 
confidence interval (CI). Survival curves for the outcomes 
of interest were plotted according to the Kaplan-Meier (KM) 
method. The log-rank sum test was used to compare estimated 
rates. All statistical tests were performed two-tailed, and a sig-
nificance level of p<0.05 was considered to indicate statistical 
significance.

A sensitivity analysis was performed excluding patients receiv-
ing the Lotus™ device (Boston Scientific).

All consecutive patients 
undergoing TAVI from June 2007 

to February 2018 (n=1,243)

Patients without prior PM
(n=1,116, 89.8%)

PPI within 30 days after TAVI
(n=145, 13.0%)

In-hospital survivors who 
underwent PPI within 30 days

(n=141, 12.6%)

1 month PM-dependent
patients (n=39/109, 35.7%)

6 months PM-dependent
patients (n=29/81, 35.8%)

12 months PM-dependent
patients (n=23/69, 33.3%)

Predictors of PPI
at 30 days, survival 
rates at 6 years

Predictors of PM 
dependency at follow-ups,
survival rates at 6 years

Figure 1. Study flow chart.
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The statistical software package SPSS, Version 24.0 (IBM 
Corp., Armonk, NY, USA) was used for all statistical analyses.

All outcomes were reported according to the Valve Academic 
Research Consortium-2 definitions8. Transcatheter aortic valve 
(TAV) oversizing was calculated as area oversizing (%) = (TAV 
area/annulus area – 1)×100 9. Pacemaker dependency was defined 
as the absence of an escape or intrinsic rhythm for 30 seconds dur-
ing temporary back-up pacing at a rate of 30 bpm10.

Results
POPULATION
A total of 1,116 patients with a mean age of 80.9±5.3 years were 
considered for the present analysis. At 30 days following TAVI, 
145 patients (13.0%) had a permanent PM implanted. Baseline 
demographic, clinical, electrocardiographic, echocardiographic 
and computed tomography characteristics of the study popula-
tion are summarised in Table 1. All patients had severe sympto-
matic AS, with a mean transaortic gradient of 50.5±16.1 mmHg 
and a mean aortic valve area of 0.6±0.2 cm2. Most patients were 
in sinus rhythm (80.4%), 8.9% of them had a left bundle branch 
block (LBBB) and 8.2% of them had a right bundle branch block 
(RBBB) at baseline. The predicted 30-day mortality, as assessed 
by the Society of Thoracic Surgeons (STS) mortality score, was 
4.4±3.4%. Almost 3/4 of patients (73.8%) were in New York 
Heart Association functional Class III or IV before the procedure. 
Patients who received a permanent PM within 30 days more com-
monly had an RBBB at baseline (26.9% vs 5.7%, p<0.01) and 
received a bioprosthesis with a higher degree of oversizing (22.6% 
vs 16.3% by area, p<0.01).

PROCEDURAL AND 30-DAY OUTCOMES
Procedural data are shown in Supplementary Table 1. Most of 
the procedures were performed through the transfemoral access 
(97%) and under local anaesthesia (97.3%). Either self-expand-
ing (CoreValve [36.3%], Evolut R [24.3%], Evolut PRO [1.4%], 
Portico [1.6%], ACURATE neo TF [8.9%]), or balloon-expand-
able (SAPIEN XT [11.3%], SAPIEN 3 [15.9%]) TAVs were used. 
Balloon predilatation was performed in 947 patients (84.9%), 
more commonly in patients who underwent PPI within 30 days 
(91.7% vs 83.8%, p=0.003). Device success was obtained in 
987 patients (89.2%). Patients undergoing PPI had a lower rate 
of optimal device implantation depth according to manufacturers’ 
indications (87.6% vs 94.9%, p<0.05).

The 30-day outcomes are listed in Table 2. Overall, the 30-day 
mortality rate was 3.9%. Major stroke and major vascular com-
plications were reported in 1.3% and 9.9% of patients, respec-
tively. Patients who received a PM at 30 days had a higher rate of 
more-than-mild paravalvular regurgitation (PVR) (10.3% vs 4.3%, 
p<0.05).

PPI AND PM DEPENDENCY
PPI and PM dependency outcomes are reported in Table 3. At 
a median of 23.9 months (IQR 9.4-44.6), a total of 180 patients 

had received a PM. One hundred and thirty-eight (12.4%) patients 
underwent PPI during the index hospitalisation, while seven 
patients (0.6%) were re-hospitalised within 30 days due to high-
degree AVB.

Among the 145 patients receiving a PM within 30 days, 113 
(77.9%) had complete AVB, 10 (6.9%) had symptomatic advanced 
incomplete AVB, 6 (4.1%) were affected by sick sinus syndrome 
(SSS) and 16 (11.0%) had atrial fibrillation with low ventricular 
response. In this group, the rate of PM dependency was 35.7%, 
35.8% and 33.3% at 1, 6 and 12 months, respectively.

Table 1. Baseline characteristics.

Baseline
Overall 

(n=1,116)
No PPI 

(n=971)
PPI 

(n=145)
p-value

Age, median (IQ) 82 (78-84) 82 (78-84) 82 (78-85) 0.208

STS mortality, 
mean±SD 4.4±3.4 4.4±3.4 4.4±3.0 0.853

Female, n (%) 648 (58.1) 567 (58.6) 81 (55.9) 0.528

Hypertension, n (%) 962 (86.2) 833 (87.0) 129 (89.0) 0.518

Diabetes, n (%) 323 (28.9) 281 (29.5) 42 (29.0) 0.898

Prior PCI, n (%) 227 (20.3) 193 (20.1) 34 (23.4) 0.360

Prior CABG, n (%) 92 (8.2) 78 (8.1) 14 (9.7) 0.540

Prior MI, n (%) 162 (14.5) 141 (14.7) 21 (14.5) 0.937

Prior stroke, n (%) 56 (5.0) 46 (4.8) 10 (6.9) 0.339

Renal impairment,  
n (%)§ 155 (13.9) 133 (13.7) 22 (15.2) 0.642

NYHA III-IV, n (%) 826 (74.0) 720 (75.7) 106 (73.1) 0.682

Electrocardiogram

Sinus rhythm, n (%) 897 (80.4) 779 (82.8) 118 (81.4) 0.791

Atrial fibrillation, n (%) 177 (15.9) 152 (16.2) 25 (17.2) 0.904

1st degree atrio-
ventricular block, n (%) 108 (9.7) 88 (9.5) 20 (13.8) 0.125

2nd degree atrio-
ventricular block, n (%) 1 (0.1) 0 (0.0) 1 (0.7) 0.319

Left bundle branch 
block, n (%) 99 (8.9) 91 (9.6) 8 (5.5) 0.062

Right bundle branch 
block, n (%) 92 (8.2) 53 (5.7) 39 (26.9) <0.010

Echo and CTA measurements

LVEF, mean±SD 53.3±11 53.2±11.2 54.3±9.1 0.236

Mean aortic gradient, 
mean±SD 50.5±16.2 50.5±16.6 50.6±12.5 0.908

AVA, cm2, mean±SD 0.6±0.2 0.6±0.2 0.6±0.2 0.636

Annulus area, cm2, 
mean±SD 4.2±0.9 4.2±0.9 3.8±0.8 <0.010

TAV oversizing by area, 
%±SD 16.9±12.8 16.3±12.2 22.6±16.0 <0.010

§GFR <30 ml/min according to the Cockcroft-Gault formula. AVA: aortic 
valve area; CABG: coronary artery bypass grafting; CTA: computed 
tomography angiography; LVEF: left ventricular ejection fraction; 
MI: myocardial infarction; NYHA: New York Heart Association; 
PCI: percutaneous coronary intervention; PPI: permanent pacemaker 
implantation; STS: Society of Thoracic Surgeons; TAV: transcatheter 
aortic valve
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PPI on day 1 was found to be a predictor of PM dependency 
both at 6 months (OR 20.7 [95% CI: 3.4-126.7]; p=0.001) and 
12 months (OR 7.5 [95% CI: 1.4-40.2]; p=0.019), with a trend 
towards statistical significance at 1 month (OR 3.1 [95% CI: 1.0-
9.6]; p=0.056] (Figure 2). PPI the same day as TAVI (persistent 
high-degree CDs) or at day 2 and days 3-30 (transient or intermit-
tent CDs) were not found to be associated with PM dependency 
at follow-up.

In an exploratory analysis, we assessed the PM depend-
ency at 30 days, 6 months and 12 months in a pre-speci-
fied subgroup of patients with baseline RBBB (Supplementary 
Table 2-Supplementary Table 4). An interaction between PM 

dependency and the presence of baseline RBBB at six months 
(pinteraction=0.024) and 12 months (pinteraction=0.028) was reported 
when PPI was performed on the same day as TAVI. No correla-
tions at day 1, day 2 and days 3-30 were found.

Evaluating predictors of PPI within 30 days, at multivariate 
analysis a higher TAV oversizing (16.3% vs 22.6% by area; OR 
1.040 [95% CI: 1.015-1.065]; p<0.01) and pre-existing RBBB 
(26.9% vs 5.7%; OR 4.505 [95% CI: 1.976-10.269]; p<0.01) were 
associated with increased risk of PPI (Figure 3).

LONG-TERM OUTCOMES
Long-term outcomes up to six years are reported in Figure 4. 
At six-year follow-up, patients who received a PM at 30 days 
showed a higher overall mortality rate (KM estimate 41.7% vs 
57%; plog-rank=0.034) (Figure 4A). In an exploratory analysis, no 
interaction effect of more-than-mild PVR at one month over the 
association between PPI within 30 days and overall mortality was 
reported at six years (pinteraction=0.824).

Table 2. 30-day outcomes.

30-day outcomes
Overall 

(n=1,116)
No PPI 

(n=971)
PPI 

(n=145)
p-value

All-cause death, n (%) 53 (4.7) 44 (4.5) 9 (6.2) 0.556

Cardiovascular death, 
n (%) 33 (3.0) 30 (3.1) 3 (2.1) 0.219

Myocardial infarction, 
n (%) 4 (0.4) 4 (0.4) 0 (0.0) 0.436

Major stroke, n (%) 15 (1.3) 11 (1.1) 4 (2.8) 0.855

New-onset LBBB,  
n (%) 84 (7.5) 73 (7.5) 11 (7.6) 0.423

New-onset AF, n (%) 74 (6.6) 67 (6.9) 7 (4.8) 0.743

Major vascular 
complications, n (%) 110 (9.9) 91 (9.4) 19 (13.1) 0.223

Major or life-
threatening bleeding, 
n (%)

215 (19.3) 177 (18.2) 38 (26.2) 0.041

AKI 2-3, n (%) 15 (1.3) 11 (1.1) 4 (2.8) 0.249

Echo measurements

Mean gradient, 
mean±SD 8.9±4.3 8.9±4.4 8.7±3.9 0.663

More-than-mild PVR, 
n (%) 57 (5.1) 42 (4.3) 15 (10.3) 0.023

AF: atrial fibrillation; AKI: acute kidney injury; LBBB: left bundle branch 
block; PPI: permanent pacemaker implantation; PVR: paravalvular 
regurgitation

Table 3. PPI and dependency outcomes.

Overall 
(n=1,116)

PPI, n (%) 180 (16.1)

In-hospital PPI, n (%) 138 (12.4)

PPI within 30 days, n (%) 145 (13.0)

Implantation reason §

Complete atrioventricular block, n (%) 113 (77.9)

Other than complete atrioventricular block, n (%) 10 (6.9)

Sick sinus syndrome, n (%) 6 (4.1)

Low-rhythm atrial fibrillation, n (%) 16 (11.0)

Pacemaker dependency

1-month, n (%*) 39 (35.7)

6-month, n (%**) 29 (35.8)

12-month, n (%***) 23 (33.3)
§percentage calculated among 30-day PPI. *among 109 controls. 
**among 81 controls. ***among 69 controls. PPI: permanent 
pacemaker implantation

PPI on day 0
(n=56, 39.7%)

PPI on day 1
(n=26, 18.4%)

 0.1 0.2 0.5 1 2 5 10 20  0.05 0.1 0.5 5 10 50 100 500  0.01 0.1 10 100

PPI on day 2
(n=15, 10.6%)

Odds ratios with confidence interval Odds ratios with confidence interval Odds ratios with confidence interval

1.25 (0.47-3.31); p=0.65

3.06 (0.97-9.61); p=0.06

1.25 (0.31-5.10); p=0.76

2.99 (0.91-9.86); p=0.07

20.70 (3.38-126.72); p<0.01

1.31 (0.21-8.32); p=0.77

1.60 (0.45-5.60); p=0.46

7.47 (1.38-40.24); p<0.05

0.46 (0.04-4.67); p=0.51

PM dependency at 1 month
(39/109, 35.7%)

PM dependency at 6 months
(29/81, 35.8%)

PM dependency at 12 months
(23/69, 33.3%)

Figure 2. PPI timing predictors of PM dependency on follow-ups.
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5.276 (2.268-12.270); p<0.01

1.040 (1.015-1.065); p<0.01

Right bundle branch block
TAV oversizing by area

 Univariate analysis p-value Multivariate analysis p-value
 (OR [CI])  (OR [CI])

RBBB 6.461 (4.069-10.258) <0.010   5.276 (2.268-12.270) <0.010

TAV oversizing by area 1.035 (1.012-1.059) <0.010 1.040 (1.015-1.065) <0.010

Annulus area 0.477 (0.297-0.766) <0.010  0.118

Optimal implantation depth* 0.383 (0.217-0.677) <0.010  0.105

Balloon predilatation 2.138 (1.156-3.954) 0.015  0.818

CoreValve TAV 3.077 (2.146-4.410) <0.010  0.508

SAPIEN XT TAV 0.304 (0.131-0.705) <0.010  0.640

 –1 0 1 2 3 4 5 6 7 8 9 10 11 12

Odds ratios with confidence interval

Figure 3. Multivariate logistic regression analysis with pacemaker implantation <30 days. According to manufacturers’ instructions for use (IFU).
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57.0%

41.7%

Number at risk 
Time (days) 0  365 730 1,095 1,460 1,825 2,190
Patients 
without PM 882  657 458 300 195 135 86
Patients 
with PM 143  113 85 61 43 28 19

Patients without PM
Patients with PM

A B

Figure 4. Kaplan-Meier survival estimates at six years. A) KM curves of patients who underwent PPI within 30 days from TAVI and those who 
did not. B) KM curves of patients who were PM-dependent at one-month follow-up and those who were not.

Analysing in-hospital survivors who underwent PPI within 30 days 
from TAVI, PM-dependent patients at one month showed a higher 
overall mortality rate compared to non-dependent patients (KM 
estimate 28.3% vs 49.1%; plog-rank=0.068) at six years (Figure 4B).

Finally, on transthoracic echocardiography, patients undergoing 
PPI within 30 days from TAVI showed a reduced LVEF at 30-day 
(53.6% vs 56.2%, p=0.01), 1-year (54.2% vs 57.7%, p<0.01), 

3-year (51.1% vs 56.2%, p<0.05) and 5-year (48.0% vs 55.4%, 
p=0.10) follow-up (Supplementary Table 5).

Discussion
PPI after TAVI and its consequences remain an issue of debate in 
a real-world setting. TAVI has been considered for lower-risk and 
younger patients during recent years, but the impact of prostheses 
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on the conduction system and the consequent risk of PPI necessity 
is a factor to take into account in the Heart Team decision-making 
process. Although the clinical consequences of a PPM after TAVI 
remain the subject of ongoing debate, the deleterious effects of 
CDs and a decrease in left ventricular function induced by a right 
ventricle-based paced rhythm are supported by solid evidence in 
other clinical settings11-13.

The main findings of our analysis were the following. 1) Among 
patients undergoing PPI within 30 days after TAVI, PM depend-
ency at follow-up was found in approximately 1/3 of patients, with 
consistent rates both at six and 12 months. 2) Patients had higher 
chances of being PM-dependent if PPI occurred at day 1 after 
TAVI (severe conduction disturbance persisting for 24 hours) or 
even at day 0 if baseline RBBB was present. Patients with severe 
CDs and no RBBB undergoing early (same day) PPI, and patients 
with intermittent CDs undergoing PPI after day 1 had a higher 
possibility of being found to be PM non-dependent at follow-up. 
3) PPI increased the overall long-term mortality rate after TAVI. 
Moreover, PM dependency at one month was demonstrated to 
have a negative impact on overall survival rates after TAVI.

PM DEPENDENCY AFTER TAVI
A few studies have reported on PM dependency after TAVI, explor-
ing small samples of patients14-16. It is to be stressed that the defi-
nition of PM dependency itself is not uniform among studies; this 
makes a comparison complicated. In our study, we defined PM 
dependency as the absence of an escape or intrinsic rhythm for 
30 seconds during temporary back-up pacing at a rate of 30 bpm.

At controls of the devices, patients undergoing PPI within 
30 days after the procedure showed dependency rates of 35.7%, 

35.8% and 33.3% at 1, 6 and 12 months, respectively. Nevertheless, 
PM dependency at controls was found not to be consistent for 
a certain percentage of patients, thus supporting the individual 
variability of infra-Hisian conduction system response on stimuli, 
as reported by Schernthaner et al17.

The only factor associated with PM dependency was found to 
be PPI on day 1 after TAVI, which in our practice was carried out 
in those patients with persistent high-degree CDs, whereas very 
early PPI (same day as TAVI) was not associated with PM depend-
ency. This strongly supports the current ESC guidelines indication 
of a period of watchful waiting for any recovering of physio-
logical impulse conduction after transient damage caused by the 
deployment of metal-framed TAVs. Nevertheless, we reported an 
interaction between RBBB at baseline and PM dependency at six 
and 12 months, with a higher rate of PM-dependent patients with 
RBBB at baseline when PPI was performed on the same day as 
TAVI. This supports the appropriateness of an immediate PPI after 
the procedure if a patient with a diseased right intraventricular 
conduction system develops a complete AVB, as a result of the 
injury of the remaining non-diseased conduction system due to the 
TAV implanted (Figure 5).

Interestingly, patients who had the PM implanted at day 2 and 
days 3-30 after TAVI were mostly found not to be PM-dependent 
at follow-up. The explanation for this finding can be attributed to 
our timing of PPI in case of intermittent or transient high-degree 
AVB. In fact, these patients probably underwent too short a period 
of observation before PPI. According to these results, patients 
with transient episodes of high-degree AVB could benefit from 
a longer period of watchful waiting before PPI to avoid inappro-
priate implants, which would prolong postoperative in-hospital 

TAVI

Post-procedure
high-degree CDs

PPI at day 0
recommended

PPI at day 1
recommended

24 hours rhythm
monitoring

>72 hours rhythm
monitoring*

Baseline RBBB No baseline RBBB

Persistent high-
degree CD

PPI at day 0 or 1
NOT recommended

Intermittent or transient
high-degree CD

Figure 5. Timing recommendation for PPI after TAVI. *Timing of monitoring must be tailored according to each patient’s characteristics. 
CD: conduction disturbance; PPI: permanent pacemaker implantation; RBBB: right bundle branch block
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stay. However, the exact timing for waiting before PPI remains 
unknown, and the data collected in this study do not allow any 
recommendations to be made concerning this important issue.

PREDICTORS OF PPI AFTER TAVI
The close proximity between the aortic valve and the conduc-
tion system explains the genesis of periprocedural CDs during 
TAVI18. The interaction of the stent frame of a valve prosthesis 
may lead to direct trauma, compression, haemorrhage, ischae-
mia, or infarction of the conduction system, as demonstrated by 
necropsy studies19.

Furthermore, in a large meta-analysis involving 11,210 TAVI 
patients, Siontis et al demonstrated that baseline disorders of the 
conduction system are important predictors of PPI after the proce-
dure20. In our study, RBBB was confirmed to be the strongest pre-
dictor of PM implantation after TAVI6. Once again, this highlights 
the impact on the left-side conduction system of TAVI devices and 
the consequent higher risk of developing a complete AVB with the 
necessity for permanent pacing if the right side of the conduction 
system is already involved.

Moreover, a higher degree of TAV oversizing was found to be 
related with PPI after the procedure21. This is reasonable due to the 
higher compression force of the device on the conduction system 
tissue, as a result of the radial force of a larger stent into a rela-
tively smaller annulus.

IMPACT OF PPI AND DEPENDENCY ON SURVIVAL
As TAVI is being offered to younger and lower-risk patients, the 
impact of PM implantation and dependency on overall mortality 
is a matter of debate.

To date, the association of PM with midterm mortality remains 
controversial, which may reflect differences in PPI indications, 
PM dependency, and ventricular pacing rates across studies. 
Urena et al demonstrated that patients with a new PM experienced 
a decrease in LVEF at one year post TAVI22. It was observed that 
pacing dependency >40% is a predictor of the development of 
heart failure23,24. Ventricular dyssynchrony can cause reduced car-
diac output, systolic and diastolic dysfunction, reduced myocardial 
perfusion, sympathetic activation, endothelial dysfunction, and 
long-term adverse structural changes – that is, “pacing-induced 
heart disease”11.

The latest report from the STS/TVT Registry encompass-
ing 9,785 TAVI recipients demonstrated an increased risk in 
one-year overall mortality among patients who had a PM after 
TAVI (adjusted hazard ratio 1.31; 95% CI: 1.09-1.58; p=0.003)25. 
Nevertheless, an analysis by Buellesfeld et al26 revealed that the 
12-month all-cause mortality rate was similar among patients 
without PM (18.0%), patients with PM before TAVI (22.9%), and 
patients with PM after TAVI (19.4%).

In our study, patients who underwent PPI within 30 days after 
the procedure showed a higher mortality rate and a reduced LVEF 
up to six-year follow-up. Moreover, PM dependency at one-month 
control was found to be associated with a higher estimated overall 

mortality rate at six years, although this did not reach statisti-
cal significance. We can speculate that the higher pacing rate of 
PM-dependent patients, as previously identified, impacts on myo-
cardial function. This might lead to a higher mortality rate.

Limitations
Limitations of our analysis include the relatively small sample size 
and its single-centre nature. In addition, PQ and QRS durations at 
baseline and at follow-up were not investigated prospectively. PM 
dependency is a variable parameter at follow-up and the definition 
of dependency itself is not uniform among studies, thus rendering 
a comparison with other series complicated. However, we used the 
definition most frequently adopted in the literature. Furthermore, 
follow-up on pacemaker dependency was performed in a “survival 
cohort”, with death possibly exerting a competing risk that may 
have biased our results. Finally, the impact of PPI on late mortality 
was not adjusted for confounding variables and we cannot exclude 
that this relationship could be an epiphenomenon.

Conclusions
Among patients receiving PPI after TAVI, PM dependency rates 
were about 33-36% at one year. Patients experiencing severe CDs 
persisting for 24 hours had a higher chance of being PM-dependent 
if PPI was carried out at day 1 or on the same day as TAVI if base-
line RBBB was present. Patients with severe CDs and no RBBB 
undergoing same-day PPI, and patients with transient or intermit-
tent CDs undergoing PPI after day 1 had a higher possibility of 
being found to be PM non-dependent at follow-up. Finally, PPI 
after TAVI was associated with increased six-year mortality, par-
ticularly in patients who were PM-dependent.

Impact on daily practice
On the basis of the favourable outcomes of recent randomised 
clinical trials conducted in high- and intermediate-risk popu-
lations, TAVI is progressively being offered to younger and 
lower-risk patients. High-degree atrioventricular conduction dis-
turbances (AVCD) are among the most important issues of TAVI 
that need to be investigated further before expanding the indica-
tions. In our study, PM dependency rates were about 33-36% at 
one year among patients who underwent PPI within 30 days from 
TAVI. Patients experiencing severe CDs persisting for 24 hours 
had a higher chance of being PM-dependent if PPI was carried 
out at day 1 or on the same day as TAVI if baseline RBBB was 
present. Moreover, PM-dependent patients after TAVI seem to 
have a higher incidence of long-term mortality. Careful rhythm 
monitoring during the first hours after the procedure is of para-
mount importance for limiting PPI to those patients experiencing 
persisting high-degree CDs, whereas longer monitoring seems to 
be the optimal strategy for those with intermittent severe CDs. 
Nevertheless, further larger, longer-term analyses of the impact 
of PPI and PM dependency on overall survival after TAVI are 
necessary to support this strategy.



882

EuroIntervention 2
0
1
9

;1
5

:8
75

-8
8

3

Conflict of interest statement
M. Barbanti is a consultant for Edwards Lifesciences and is an 
advisory board member for Biotronik. C. Tamburino has received 
speaker honoraria from Medtronic, Abbott Vascular, Edwards 
Lifesciences and Boston Scientific. The other authors have no 
conflicts of interest to declare.

References
1. Barbanti M, Webb J, Gilard M, Capodanno D, Tamburino C. Transcatheter 
aortic valve implantation in 2017: state of the art. EuroIntervention. 2017;13: 
AA11-21.

2. Piazza N, Onuma Y, Jesserun E, Kint PP, Maugenest AM, Anderson RH, de 
Jaegere PP, Serruys PW. Early and persistent intraventricular conduction 
abnormalities and requirements for pacemaking after percutaneous replace-
ment of the aortic valve. JACC Cardiovasc Interv. 2008;1:310-6.

3. Sinhal A, Altwegg L, Pasupati S, Humphries KH, Allard M, Martin P, 
Cheung A, Ye J, Kerr C, Lichtenstein SV, Webb JG. Atrioventricular block after 
transcatheter balloon expandable aortic valve implantation. JACC Cardiovasc 
Interv. 2008;1:305-9.

4. Nazif TM, Dizon JM, Hahn RT, Xu K, Babaliaros V, Douglas PS, 
El-Chami MF, Herrmann HC, Mack M, Makkar RR, Miller DC, Pichard A, 
Tuzcu EM, Szeto WY, Webb JG, Moses JW, Smith CR, Williams MR, 
Leon MB, Kodali SK; PARTNER Publications Office. Predictors and clinical 
outcomes of permanent pacemaker implantation after transcatheter aortic valve 
replacement: the PARTNER (Placement of AoRtic TraNscathetER Valves) trial 
and registry. JACC Cardiovasc Interv. 2015;8:60-9.

5. Roten L, Meier B. Left bundle branch block after transcatheter aortic valve 
implantation: still a matter of concern? JACC Cardiovasc Interv. 2014;7: 
137-9.

6. Maan A, Refaat MM, Heist EK, Passeri J, Inglessis I, Ptaszek L, Vlahakes G, 
Ruskin JN, Palacios I, Sundt T, Mansour M. Incidence and Predictors of 
Pacemaker Implantation in Patients Undergoing Transcatheter Aortic Valve 
Replacement. Pacing Clin Electrophysiol. 2015;38:878-86.

7. The Task Force on cardiac pacing and resynchronization therapy of the 
European Society of Cardiology (ESC). Developed in collaboration with the 
European Heart Rhythm Association (EHRA), Brignole M, Auricchio A, 
Baron-Esquivias G, Bordachar P, Boriani G, Breithardt OA, Cleland J, 
Deharo JC, Delgado V, Elliott PM, Gorenek B, Israel CW, Leclercq C, Linde C, 
Mont L, Padeletti L, Sutton R, Vardas PE. 2013 ESC Guidelines on cardiac 
pacing and cardiac resynchronization therapy. Rev Esp Cardiol (English Ed). 
2014;67:58.

8. Kappetein AP, Head SJ, Généreux P, Piazza N, Van Mieghem NM, 
Blackstone EH, Brott TG, Cohen DJ, Cutlip DE, Van Es GA, Hahn RT, 
Kirtane AJ, Krucoff MW, Kodali S, Mack MJ, Mehran R, Rodés-Cabau J, 
Vranckx P, Webb JG, Windecker S, Serruys PW, Leon MB; Valve Academic 
Research Consortium-2. Updated standardized endpoint definitions for trans-
catheter aortic valve implantation: The Valve Academic Research Consortium-2 
consensus document. EuroIntervention. 2012;8:782-95.

9. Barbanti M, Leipsic J, Binder R, Dvir D, Tan J, Freeman M, Norgaard B, 
Hansson N, Cheung A, Ye J, Yang TH, Maryniak K, Raju R, Thompson A, 
Blanke P, Lauck S, Wood D, Webb J. Underexpansion and ad hoc post-dilation 
in selected patients undergoing balloon-expandable transcatheter aortic valve 
replacement. J Am Coll Cardiol. 2014;63:976-81.

10. Nagatomo T, Abe H, Kikuchi K, Nakashima Y. New onset of pacemaker 
dependency after permanent pacemaker implantation. Pacing Clin 
Electrophysiol. 2004;27:475-9.

11. Elder DH, Lang CC, Choy AM. Pacing-induced heart disease: understand-
ing the pathophysiology and improving outcomes. Expert Rev Cardiovasc 
Ther. 2011;9:877-86.

12. Zhang ZM, Rautaharju PM, Soliman EZ, Manson JE, Cain ME, Martin LW, 
Bavry AA, Mehta L, Vitolins M, Prineas RJ. Mortality risk associated with 
bundle branch blocks and related repolarization abnormalities (from the 
Women’s Health Initiative [WHI]). Am J Cardiol. 2012;110:1489-95.

13. Zhou Q, Henein M, Coats A, Gibson D. Different effects of abnormal acti-
vation and myocardial disease on left ventricular ejection and filling times. 
Heart. 2000;84:272-6.

14. Koos R, Mahnken AH, Aktug O, Dohmen G, Autschbach R, Marx N, 
Hoffmann R. Electrocardiographic and imaging predictors for permanent pace-
maker requirement after transcatheter aortic valve implantation. J Heart Valve 
Dis. 2011;20:83-90.

15. Makki N, Dollery J, Jones D, Crestanello J, Lilly S. Conduction distur-
bances after TAVR: Electrophysiological studies and pacemaker dependency. 
Cardiovasc Revasc Med. 2017;18:S10-3.

16. Naveh S, Perlman GY, Elitsur Y, Planer D, Gilon D, Leibowitz D, Lotan C, 
Danenberg H, Alcalai R. Electrocardiographic Predictors of Long-Term Car-
diac Pacing Dependency Following Transcatheter Aortic Valve Implantation. 
J Cardiovasc Electrophysiol. 2017;28:216-23.

17. Schernthaner C, Kraus J, Danmayr F, Hammerer M, Schneider J, Hoppe UC, 
Strohmer B. Short-term pacemaker dependency after transcatheter aortic valve 
implantation. Wien Klin Wochenschr. 2016;128:198-203.

18. Tawara S. Das Reizleitungssystem de Saugetierherzens. Eine Anatomich-
hisologische Studie uber das Atrioventricularbundel und die Purkinjeschen 
Faden. Jena: Verlag von Gustav Fischer; 1906.

19. Moreno R, Dobarro D, López de Sá E, Prieto M, Morales C, Calvo Orbe L, 
Moreno-Gomez I, Filgueiras D, Sanchez-Recalde A, Galeote G, Jiménez-
Valero S, Lopez-Sendon JL. Cause of complete atrioventricular block after 
percutaneous aortic valve implantation: insights from a necropsy study. 
Circulation. 2009;120:e29-30.

20. Siontis GC, Jüni P, Pilgrim T, Stortecky S, Büllesfeld L, Meier B, 
Wenaweser P, Windecker S. Predictors of permanent pacemaker implantation 
in patients with severe aortic stenosis undergoing TAVR: a meta-analysis. J Am 
Coll Cardiol. 2014;64:129-40.

21. Leber AW, Eichinger W, Rieber J, Lieber M, Schleger S, Ebersberger U, 
Deichstetter M, Vogel J, Helmberger T, Antoni D, Riess G, Hoffmann E, 
Kasel AM. MSCT guided sizing of the Edwards Sapien XT TAVI device: 
impact of different degrees of oversizing on clinical outcome. Int J Cardiol. 
2013;168:2658-64.

22. Urena M, Webb JG, Tamburino C, Muñoz-García AJ, Cheema A, Dager AE, 
Serra V, Amat-Santos IJ, Barbanti M, Immè S, Briales JH, Benitez LM, Al 
Lawati H, Cucalon AM, García del Blanco B, López J, Dumont E, 
Delarochellière R, Ribeiro HB, Nombela-Franco L, Philippon F, Rodés-
Cabau J. Permanent pacemaker implantation after transcatheter aortic valve 
implantation: impact on late clinical outcomes and left ventricular function. 
Circulation. 2014;129:1233-43.

23. Steinberg JS, Fischer A, Wang P, Schuger C, Daubert J, McNitt S, Andrews M, 
Brown M, Hall WJ, Zareba W, Moss AJ; MADIT II Investigators. The clinical 
implications of cumulative right ventricular pacing in the multicenter automatic 
defibrillator trial II. J Cardiovasc Electrophysiol. 2005;16:359-65.

24. Sharma AD, Rizo-Patron C, Hallstrom AP, O’Neill GP, Rothbart S, 
Martins JB, Roelke M, Steinberg JS, Greene HL; DAVID Investigators. Percent 
right ventricular pacing predicts outcomes in the DAVID trial. Heart Rhythm. 
2005;2:830-4.

25. Fadahunsi OO, Olowoyeye A, Ukaigwe A, Li Z, Vora AN, Vemulapalli S, 
Elgin E, Donato A. Incidence, Predictors, and Outcomes of Permanent 
Pacemaker Implantation Following Transcatheter Aortic Valve Replacement: 
Analysis From the U.S. Society of Thoracic Surgeons/American College of 
Cardiology TVT Registry. JACC Cardiovasc Interv. 2016;9:2189-99.

26. Buellesfeld L, Stortecky S, Heg D, Hausen S, Mueller R, Wenaweser P, 
Pilgrim T, Gloekler S, Khattab AA, Huber C, Carrel T, Eberle B, Meier B, 
Boekstegers P, Jüni P, Gerckens U, Grube E, Windecker S. Impact of permanent 



883

EuroIntervention 2
0
1
9

;1
5

:8
75

-8
8

3

PM dependency after TAVI: incidence, predictors and long-term outcomes

pacemaker implantation on clinical outcome among patients undergoing trans-

catheter aortic valve implantation. J Am Coll Cardiol. 2012;60:493-501.

Supplementary data
Supplementary Table 1. Procedural characteristics.
Supplementary Table 2. Interaction effect of baseline RBBB 
among one-month PM-dependent patients.
Supplementary Table 3. Interaction effect of baseline RBBB 
among six-month PM-dependent patients.

Supplementary Table 4. Interaction effect of baseline RBBB 
among 12-month PM-dependent patients.
Supplementary Table 5. Echocardiographic evaluation of left 
ventricular ejection fraction up to five years.

The supplementary data are published online at: 
https://eurointervention.pcronline.com/ 
doi/10.4244/EIJ-D-18-01060
 

https://eurointervention.pcronline.com/doi/10.4244/EIJ-D-18-01060


Supplementary data 

Supplementary Table 1. Procedural characteristics. 

Procedural Overall 

(n=1,116) 

No PPI 

(n=971) 

PPI  

(n=145) 

p-value 

Device success, n (%) 987 (88.4) 865 (89.8) 122 (84.1) 0.109 

Optimal implantation depth*, n (%) 1,048 (93.9) 921 (94.9) 127 (87.6) 0.011 

Transfemoral, n (%) 1,083 (97) 942 (97) 141 (97.2) 0.931 

Other approaches, n (%) 33 (3.0) 29 (3.0) 4 (2.8) 0.768 

Predilatation, n (%) 947 (84.9) 814 (83.8) 133 (91.7) <0.01 

Post-dilatation, n (%) 122 (10.9) 99 (10.2) 23 (15.9) 0.319 

TAV implanted     

First-generation TAV, n (%) 531 (47.5) 437 (45) 93 (64.1)  

CoreValve, n (%) 405 (36.3) 318 (32.7) 87 (60.0) <0.01 

Edwards SAPIEN XT, n (%) 126 (11.3) 120 (12.4) 6 (4.1) <0.01 

Second-generation TAV, n (%) 585 (52.5) 534 (55) 52 (35.9)  

Evolut R, n (%) 269 (24.1) 235 (24.3) 34 (23.4) 0.708 

Evolut PRO, n (%) 16 (1.4) 16 (1.6) 0 (0.0) <0.01 

Edwards SAPIEN 3, n (%) 177 (15.9) 166 (17.1) 11 (7.6) 0.224 

Portico, n (%) 18 (1.6) 15 (1.5) 3 (2.1) 0.646 

ACURATE neo, n (%) 99 (8.9) 95 (9.8) 4 (2.8) 0.044 

Lotus, n (%) 3 (0.3) 3 (0.3) 0 (0.0) 0.502 

*According to manufacturers’ instructions for use (IFU). 

PPI: permanent pacemaker implantation; TAV: transcatheter aortic valve 

 

 

Supplementary Table 2. Interaction effect of baseline RBBB among one-month PM-

dependent patients. 

Implantation 

time 

One-month PM-dependent patients 

Overall (N=37) RBBB (N=12) No RBBB (N=25) pinteraction 

Day 0  14 (37.8%) 7 (58.3%) 7 (28.0%) 0.573 

Day 1  10 (27.0%) 3 (25.0%) 7 (28.0%) 0.779 

Day 2  4 (10.8%) 2 (16.7%) 2 (8.0%) 0.999 

Day 3 to 30  9 (24.4%) 0 (0.0%) 9 (36.0%) 0.999 

PM: pacemaker; RBBB: right bundle branch block 

 

 

 



Supplementary Table 3. Interaction effect of baseline RBBB among six-month PM-dependent 

patients. 

Implantation 

time 

Six-month PM-dependent patients 

Overall (N=27) RBBB (N=10) No RBBB (N=17) pinteraction 

Day 0  13 (48.2%) 8 (80.0%) 5 (29.4%) 0.024 

Day 1  8 (29.6%) 1 (10.0%) 7 (41.2%) 0.999 

Day 2  2 (7.4%) 1 (10.0%) 1 (5.9%) 1.000 

Day 3 to 30  4 (14.8%) 0 (0.0%) 4 (23.5%) 0.999 

PM: pacemaker; RBBB: right bundle branch block 

 

 
 
Supplementary Table 4. Interaction effect of baseline RBBB among 12-month PM-dependent 

patients. 

Implantation 

time 

12-month PM-dependent patients 

Overall (N=23) RBBB (N=7) No RBBB (N=16) pinteraction 

Day 0  10 (43.5%) 6 (85.7%) 4 (25.0%) 0.028 

Day 1  7 (30.4%) 1 (14.3%) 6 (37.5%) 0.083 

Day 2  1 (4.3%) 0 (0.0%) 1 (6.3%) 1.000 

Day 3 to 30  5 (21.7%) 0 (0.0%) 5 (31.2%) 0.999 

PM: pacemaker; RBBB: right bundle branch block 

 

 

 

Supplementary Table 5. Echocardiographic evaluation of left ventricular ejection fraction up 

to five years. 

 

Left ventricular ejection fraction Overall 

(n=1,116) 

No PPI 

(n=971) 

PPI  

(n=145) 

p-value 

Baseline, meanSD 53.311 53.211.2 54.39.1 0.236 

30-day, meanSD 55.88.9 56.29.0 53.68.0 0.012 

1-year, meanSD 57.18.0 57.77.9 54.27.8 <0.01 

3-year, meanSD 55.28.7 56.27.9 51.110.5 0.026 

5-year, meanSD 53.89.8 55.48.1 48.013.5 0.103 

PPI: permanent pacemaker implantation; SD: standard deviation 

 

 

 




