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Aims Patients who undergo permanent pacemaker (PPM) implantation after transcatheter aortic valve replacement (TAVR) have 
a worse outcome. The aim of this study was to identify risk factors of worse outcomes in patients with post-TAVR PPM 
implantation.

Methods 
and results

This is a single-centre, retrospective study of consecutive patients who underwent post-TAVR PPM implantation from 
11 March 2011 to 9 November 2019. Clinical outcomes were evaluated by landmark analysis with cut-off at 1 year after 
the PPM implantation. Of the 1389 patients underwent TAVR during the study duration and a total of 110 patients 
were included in the final analysis. Right ventricular pacing burden (RVPB) ≥ 30% at 1 year was associated with a higher like
lihood of heart failure (HF) readmission [adjusted hazard ratio (aHR): 6.333; 95% confidence interval [CI]: 1.417–28.311; P = 
0.016] and composite endpoint of overall death and/or HF (aHR: 2.453; 95% CI: 1.040–5.786; P = 0.040). The RVPB ≥30% at 
1 year was associated with higher atrial fibrillation burden (24.1 ± 40.6% vs. 1.2 ± 5.3%; P = 0.013) and a decrease in left ven
tricular ejection fraction (−5.0 ± 9.8% vs. + 1.1 ± 7.9%; P = 0.005). The predicting factors of the RVPB ≥30% at 1 year were 
the presence of RVPB ≥40% at 1 month and the valve implantation depth measured from non-coronary cusp ≥4.0 mm 
(aHR: 57.808; 95% CI: 12.489–267.584; P < 0.001 and aHR: 6.817; 95% CI: 1.829–25.402; P = 0.004).

Conclusions The RVPB ≥30% at 1 year was associated with worse outcomes. Clinical benefit of minimal RV pacing algorithms and bi
ventricular pacing needs to be investigated.
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Graphical Abstract

The presence of cumulative right ventricular pacing burden ≥30% at one year 
after post-TAVR pacemaker implantation was associated with worse outcomes. 

The development of cumulative right ventricular pacing burden ≥30% at one year can be estimated
with and without using the presence of cumulative right ventricular pacing burden ≥40% at one month
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What’s new?

• Contrary to the cumulative right ventricular pacing burden (RVPB) ≥ 
40% which is a well-known predictor of worse outcomes after per
manent pacemaker implantation, this present study demonstrated 
that a lower RVPB ≥30% at 1 year was predictive of worse outcomes, 
atrial tachyarrhythmia, and left ventricular systolic dysfunction in post- 
transcatheter aortic valve replacement (TAVR) patients.

• The presence of RVPB ≥40% at 1 month was the strongest predict
or of the cumulative RVPB ≥30% at 1 year, in addition to the deep 
TAVR valve implantation and other pre-TAVR factors.

• The observation of RVPB ≥40% at 1 month can be used to identify 
patients likely to develop RVPB ≥30% at 1 year and the prompt 
identification of high-risk population may improve their outcomes.

• If such high-risk patients require continuous pacing, in addition to providing op
timal heart failure medications, clinical benefits of left bundle branch or biven
tricular pacing can be considered for well-selected post-TAVR patients.

Introduction
Transcatheter aortic valve replacement (TAVR) is an effective alterna
tive to surgical treatment of severe symptomatic aortic stenosis (AS), 
and TAVR is now widely utilized for patients at low to high risk for car
diac surgery. However, acute high-grade atrioventricular block requir
ing new permanent pacemaker (PPM) implantation has remained one 
of the most common complications following the conventional TAVR 
procedure.1 Indeed, the rate of post-TAVR PPM implantation with 
new generation valves is reported to be between 2.3% and 36.1%.1

Overall, large observational studies have demonstrated that patients 
treated with post-TAVR PPM have an increase in all-cause mortality 
and heart failure (HF) readmission.2,3

Historically, a cumulative right ventricular pacing burden (RVPB) 
more than 40% has been associated with higher long-term mortality 
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and HF readmission.4–6 We previously reported that the presence of 
RVPB ≥40% in patients receiving post-TAVR PPM implantation was as
sociated with a higher mortality and HF readmission at 1 year follow-up 
after TAVR.7 However, given that TAVR-indicated patients are gener
ally older, have underlying structural heart disease as well as other med
ical comorbidities, we hypothesized that other factors may contribute 
to these worse outcomes. The goal of this present study is to identify 
the threshold at which RVPB contributes to the worse outcomes and 
the predicting factors of the high-risk RVPB after the post-TAVR PPM 
implantation.

Methods
Study design
This is a single-centre retrospective cohort study of consecutive patients 
who underwent TAVR from 10 March 2011 to 9 November 2019 at 
University Hospitals Cleveland Medical Center. Patients with a pre-existing 
cardiac implantable electronic device or those who received new cardiac re
synchronization therapy after TAVR were excluded from this study. A var
iety of clinical outcomes were evaluated by landmark analysis with cut-off at 
1 year after the device implantation, respectively: all-cause mortality, cardiac 

mortality, HF readmission, the composite endpoint of all-cause mortality 
and/or HF readmission, and the composite endpoint of cardiac mortality 
and/or HF readmission. We collected patient characteristics, pre- and 
post-TAVR electrocardiogram (ECG) and echocardiography, pre-TAVR 
computed tomography (CT) imaging, intra-procedural data, and PPM infor
mation. The cumulative RVPB was calculated and reported based on the in
terrogation algorithm provided by each manufacture. The membranous 
septum (MS) length was measured in a dedicated coronal view as the per
pendicular distance from the annular plane to the beginning of the muscular 
septum with using the pre-TAVR CT imaging.8 The TAVR valve implantation 
depth was measured at the final aortic angiogram.8 The difference between 
the MS length and the implantation depth was measured to define the dis
tance between the two structures (ΔMSID)8 (Figure 1). All measurements 
were performed by three experienced structural interventional cardiologists 
(L.A.P.D, A.F, and SH.Y) who were unaware of clinical outcomes. Medtronic 
CoreValve (Medtronic, Minneapolis, MN, USA), Edwards SAPIEN Valve 
(Edwards Lifesciences, Irvine, CA, USA), and Edwards SAPIEN XT were con
sidered as the early generation devices. Edwards SAPIEN 3, Medtronic Evolut 
R, and Medtronic Evolut PRO were considered as new generation pros
theses. Patients receiving other types of TAVR valves were excluded. This 
study utilized data extracted from our institutional TAVR research registry 
which was approved by the institutional review board at University 
Hospitals Cleveland Medical Center. All patients provided signed informed 

Figure 1 Schematic illustration of cardiac conduction system on cardiac computed tomography and aortic angiogram. Reconstructed coronal view of 
cardiac computed tomography (A), schematic illustration of cardiac conduction system on cardiac computed tomography (B), aortic aortogram in pa
tient with deep valve implantation (C ), and aortic aortogram in patient with shallow valve implantation (D). AVN, atrioventricular node; HisB, His bundle; 
LBB, left bundle branch; LV, left ventricle; MS, membranous septum; NCC, non-coronary cusp; RA, right atrium; RBB, right bundle branch; ΔMSID, the 
difference between the MS length and the implantation depth.

Clinical impact of right ventricular pacing burden in patients                                                                                                                           1443



consent for the data collection. The research reported in this paper adhered 
to Helsinki Declaration as revised in 2013.

Transcatheter aortic valve replacement 
procedure and post-transcatheter aortic valve 
replacement permanent pacemaker 
implantation
Patient selection and the required procedural technique for TAVR were 
decided by a team which included an interventional cardiologist and a car
diac surgeon, per Centers for Medicare & Medicaid Services policy.9 The in
dication for post-TAVR PPM implantation was determined after 
consultation with a cardiac electrophysiologist. In patients with preserved 
sinus rhythm, the dual-chamber PPM was indicated and all ventricular leads 
were placed at the right ventricular septal apex. When available, the algo
rithms to reduce the RVPB were utilized appropriately.10

Statistical analysis
Qualitative variables were reported as number (percentage) and quanti
tative variables as mean ± standard deviation or median [interquartile 

range (IQR)] based on each variable distribution. Categorical variables 
were compared with Pearson’s χ2 test or Fisher’s exact test. Mann– 
Whitney test and Wilcoxon signed rank test were used for quantitative 
variables with non-normal distribution. Two-sided Student’s t-test was 
used for quantitative variables with normal distribution. All P-values 
were two-sided, and P-values less than 5% were considered as significant. 
Survival rates were reported by Kaplan–Meier analysis, and log-rank test 
was used to compare the outcome between groups. Cox proportional 
hazard models (cumulative outcomes) were utilized to evaluate clinical 
outcomes, and all multivariable models were adjusted based on baseline 
differences with P-value less than 5%. The area under the receiving curve 
in receiver-operator curve with Youden’s index was used to assess the 
predictive accuracy. Multivariable logistic regression analysis with for
ward stepwise algorithm (likelihood ratio) using the significance level 
5% was used to extract the predictive covariates. The number of points 
assigned to each variable equalled its regression coefficient rounded to 
the nearest whole number and all points were summed for obtaining 
the risk score in each patient. The linearity assumption of continuous 
variables were evaluated using Cox regression with spline transformed 
continuous variables and the hazard ratio (HR) of 1 (y-axis = 0) was cho
sen as the transitional point to convert the analyzed quantitative vari
ables to the categorical ones. The spline regression analyses were 
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Figure 2 Linear-spline cox regression analysis of right ventricular pacing burden. All-cause mortality (A), cardiac mortality (B), heart failure readmis
sion (C ), and the composite endpoint of cardiac mortality and/or heart failure readmission (D). TAVR, transcatheter aortic valve replacement.

1444                                                                                                                                                                                       T. Tsushima et al.



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics in patients who survived 1 year after post-TAVR pacemaker implantation

1 year RVPB <30% (n = 36) 1 year RVPB ≥30% (n = 74) P-value

Baseline characteristics

Male 19 (52.8%) 44 (59.5%) 0.506

Age 82.4 ± 8.8 81.5 ± 8.1 0.324

BMI 29.3 ± 9.3 30.7 ± 7.0 0.080

Hypertension 35 (97.2%) 70 (94.6%) 1.000

Diabetes mellitus 15 (41.7%) 33 (44.6%) 0.726

Chronic kidney disease 11 (30.6%) 28 (37.8%) 0.395

Hyperlipidaemia 26 (72.2%) 55 (74.3%) 0.726

Prior stroke 4 (11.1%) 11 (14.9%) 0.769

Peripheral artery disease 6 (16.7%) 20 (27.0%) 0.203

Pre-existing CAD 17 (47.2%) 45 (60.8%) 0.130

Prior PCI 10 (27.8%) 19 (25.7%) 0.806

Prior CABG 6 (16.7%) 25 (33.8%) 0.073

Prior surgical AVR 1 (2.8%) 1 (1.4%) 0.542

History of AF 4 (11.1%) 20 (27.0%) 0.067

New-onset AF after the device implantation 3 (8.3%) 16 (21.6%) 0.094

STS score 7.5 ± 5.8 6.7 ± 4.9 0.558

Baseline electrocardiogram

Pre-existing RBBB 11 (30.6%) 48 (64.9%) <0.001

Pre-existing LBBB 2 (5.6%) 1 (1.4%) 0.241

Pre-existing AVBa 9 (25.0%) 17 (23.0%) 0.758

New-onset LBBB 12 (33.3%) 13 (17.6%) 0.054

Baseline PR (milliseconds) 192.5 ± 51.7 191.4 ± 43.9 0.735

Baseline QRS (milliseconds) 110.8 ± 25.7 126.0 ± 28.9 0.018

Delta PR (post-pre) (milliseconds) 22.6 ± 60.0 38.8 ± 89.2 0.405

Delta QRS (POST-PRE) (milliseconds) 26.2 ± 25.3 31.1 ± 27.0 0.484

Echocardiographic data

Baseline LVEF (%) 56.1 ± 10.8 58.0 ± 10.0 0.308

Baseline Vmax (m/sec) 4.1 ± 0.8 4.1 ± 0.6 0.788

Baseline AVA (cm2) 0.8 ± 0.2 0.8 ± 0.2 0.948

Baseline mean AVPG (mmHg) 43.4 ± 15.3 41.6 ± 13.6 0.538

LVEF 1 year after TAVR (%) 56.6 ± 10.1 53.3 ± 11.7 0.097

Delta LVEF (%) 1.1 ± 7.9 −5.0 ± 9.8 0.005

Procedural Values

Self-expanding valve 27 (75.0%) 56 (75.7%) 0.882

BAV before deployment 23 (63.9%) 53 (71.6%) 0.536

BAV after deployment 6 (16.7%) 6 (8.1%) 0.202

New-generation valve 26 (72.2%) 49 (66.2%) 0.416

Transfemoral approach 36 (100.0%) 70 (94.6%) 0.174

Implantation depth from NCC (mm) 5.4 ± 3.3 6.3 ± 2.9 0.072

Implantation depth from NCC more than 4.0 mm 17 (48.6%) 57 (78.1%) 0.004

Implantation depth from LCC (mm) 5.5 ± 3.2 6.0 ± 3.0 0.393

Length of membranous septum (mm) 5.0 ± 2.7 5.1 ± 1.7 0.164

ΔMSID from NCC (mm) 0.8 ± 4.2 1.1 ± 3.5 0.700

ΔMSID from LCC (mm) 0.5 ± 4.6 1.0 ± 3.5 0.600

PPM information

PPM implantation without defibrillator 34 (94.4%) 74 (100.0%) 0.593

Continued 
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performed with R statistical software package (version 3.5.1 for Mac, R 
Foundation for Statistical Computing, Vienna, Austria). All of other ana
lysis was performed with IBM® SPSS® Statistics Version 27 software 
(SPSS, Chicago, IL).

Results
Of the 1389 patients who underwent TAVR during the study duration, 
a total of 198 patients received post-TAVR PPM implantation. The de
vice follow-up data at 1 year after the PPM implantation was available 
on 110 patients who were included in the final analysis. The median 
age was 83.0 (IQR: 77.0–88.0) years old, and the median of the obser
vational period was 1.5 (IQR: 0.50–2.70) years after the device 
implantation.

Clinical impact of the cumulative right 
ventricular pacing burden on 
post-transcatheter aortic valve 
replacement outcomes
With linear spline regression analysis, a cumulative RVPB ≥30% 1 year 
after the post-TAVR PPM implantation was associated with higher car
diac mortality, HF readmission, and the composite endpoint of cardiac 
mortality and/or HF readmission (Figure 2). The baseline characteristics 
between patients with RVPB <30% and ≥30% at 1 year were summar
ized in Table 1.

During the observed period, the presence of 1 year RVPB ≥30% 
was significantly associated with HF readmission and the composite 
endpoints (Table 2 and Figure 3). On the other hand, in comparison 
to the development of 1 year RVPB ≥30%, clinical outcomes in pa
tients with 1 year RVPB <40% and ≥40% were insignificant in this 
present study (see Supplementary material online, Table S1). In add
ition, the development of 1 year RVPB ≥30% was significantly re
lated to higher atrial fibrillation (AF) burden and the reduction in 
left ventricular systolic function at 1 year after the PPM implantation 
(Table 1). With multivariate Cox regression analysis, baseline 
(pre-TAVR) QRS ≥150 milliseconds and the presence of RVPB 
≥30% at 1 year after the post-TAVR PPM implantation were signifi
cantly associated with the development of HF readmission and the 
composite endpoints (see Supplementary material online, Tables 
S2–S4).

Risk factors associated with a higher right 
ventricular pacing burden
The development of RVPB ≥30% at 1 year after post-TAVR PPM im
plantation was significantly associated with the presence of RVPB 
≥40% at 1 month after the post-TAVR PPM implantation and the 
TAVR valve implantation depth measured from non-coronary cusp 
(NCC) ≥ 4.0 mm (see Supplementary material online, Table S5). 
These values demonstrated good predictive accuracy (Figure 4). 
Given the RVPB ≥40% at 1 month was not available at the timing of 
the initial post-TAVR PPM implantation, we also performed the multi
variable logistic regression analysis without including the RVPB ≥40% at 
1 month (see Supplementary material online, Table S6). The identified 
predictors of 1 year RVPB ≥30% were pre-TAVR RBBB, TAVR valve 
implantation depth measured from NCC ≥4.0 mm, and PPM indication 
with complete heart block (CHB).

The extraction of risk prediction models for the development of 
RVPB ≥30% at 1 year was attempted in this present study. Without in
cluding the RVPB ≥40% at 1 month, the regression coefficient esti
mates were pre-TAVR RBBB (1.000), TAVR valve implantation depth 
measured from NCC ≥4.0 mm (1.071), and PPM indication with 
CHB (1.293). Therefore, the suggested covariates were 1 point, re
spectively. With including the RVPB ≥40% at 1 month, the regression 
coefficient estimates were TAVR valve implantation depth measured 
from NCC ≥4.0 mm (1.919) and the RVPB ≥40% at 1 month 
(4.057). The suggested covariates were 2 and 4, respectively. The per
formance of these risk prediction models was summarized in Figure 5.

Discussion
The main findings of the present study are highlighted as follows: (i) the 
presence of RVPB ≥30% at 1 year after the post-TAVR PPM implant
ation portended worse outcomes, (ii) the presence of RVPB ≥30% at 
1 year was associated with higher AF burden and left ventricular (LV) 
systolic dysfunction after the PPM implantation, (iii) the presence of 
RVPB ≥40% at 1 month after the post-TAVR PPM implantation was 
the strongest predictor of the development of RVPB ≥30% at 1 year, 
and (iv) some of pre-TAVR factors and the deep valve implantation 
depth measured from non-coronary cusp ≥4.0 mm were also related 
to the development of RVPB ≥30% at 1 year.

The clinical impact of the post-TAVR PPM implantation has varied 
among different studies, and the inconsistency can be related to 
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Table 1 Continued  

1 year RVPB <30% (n = 36) 1 year RVPB ≥30% (n = 74) P-value

CHB as the PPM indication 17 (47.2%) 62 (83.8%) <0.001

Timing of PPM implantation after TAVR (days) 4.5 ± 5.9 3.7 ± 10.7 0.007

Pacing mode (DDD) 32 (88.9%) 66 (89.2%) 0.363

1 year RAPB (%) 37.2 ± 28.4 28.9 ± 30.8 0.050

1 month RVPB (%) 29.8 ± 38.5 85.1 ± 27.4 <0.001

1 year RVPB (%) 5.1 ± 7.8 87.6 ± 20.7 <0.001

1 year AF burden (%) 1.2 ± 5.3 24.1 ± 40.6 0.013

Values are n (%) or mean ± SD. 
AF, atrial fibrillation; AVA, aortic valvular area; AVB, atrioventricular block; AVPG, aortic valvular pressure gradient; AVR, aortic valve replacement; BAV, balloon aortic valvuloplasty; BMI, 
body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CHB, complete heart block; ΔMSID, difference between membranous septum and valve 
implantation depth; LBBB, left bundle branch block; LCC, left coronary cusp; LVEF, left ventricular ejection fraction; NCC, non-coronary cusp; PCI, percutaneous coronary 
intervention; PPM, permanent pacemaker; RAPB, right atrium pacing burden; RBBB, right bundle branch block; RVPB, right ventricular pacing burden; TAVR, transcatheter aortic 
valve replacement, and Vmax, maximum transvalvular aortic velocity. 
aThe prior AVB includes any kinds of AVB before TAVR and all of them were either first or second-degree AVB.
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Table 2 Clinical outcomes of right ventricular pacing burden more than 30% 1 year after post-TAVR pacemaker implantation

RVPB <30%  
(n = 36)

RVPB ≥30%  
(n = 74)

Unadjusted HR  
(95% CI)

P-value Adjusted HR  
(95% CI)

P-value

All-cause mortality 8 (22.2%) 23 (31.1%) 1.687 (0.754–3.777) 0.203 2.122 (0.777–5.799) 0.142

Cardiac mortality 2 (5.6%) 8 (10.8%) 2.296 (0.487–10.827) 0.293 4.361 (0.509–37.341) 0.179

HF readmission 3 (8.3%) 22 (29.7%) 4.615 (1.375–15.494) 0.013 6.333 (1.417–28.311) 0.016

Composite (all-cause mortality and/or HF) 10 (27.8%) 31 (41.9%) 2.001 (0.978–4.094) 0.058 2.453 (1.040–5.786) 0.040

Composite (cardiac mortality and/or HF) 4 (11.1%) 22 (29.7%) 3.213 (1.101–9.373) 0.033 4.108 (1.163–14.508) 0.028

CI, confidence interval; HF, heart failure; HR, hazard ratio; RVPB, right ventricular pacing burden.
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Adjusted HR: 2.122; 95% CI: 0.777–5.799
P = 0.198 by log-rank test
P = 0.142 by Cox regression

Adjusted HR: 4.361; 95% CI: 0.509–37.341
P = 0.280 by log-rank test
P = 0.179 by Cox regression

Adjusted HR: 6.333; 95% CI: 1.417–28.311
P = 0.007 by log-rank test
P = 0.016 by Cox regression

Adjusted HR: 4.108; 95% CI: 1.163-14.508
P = 0.024 by log-rank test
P = 0.028 by Cox regression

Figure 3 Clinical outcomes of 1 year right ventricular pacing burden ≥30% cumulative incidence curves evaluated by landmark analysis with cut-off at 
1 year for long-term outcomes: all-cause mortality (A), cardiac mortality (B), heart failure readmission (C ), and the composite of cardiac mortality and/or 
heart failure readmission (D). CI, confidence interval, HR, hazard ratio; TAVR, transcatheter aortic valve replacement.
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limitations in each study design and follow-up duration. The largest sys
tematic review and meta-analysis (n = 42 927) showed that post-TAVR 
PPM implantation was associated with both all-cause mortality and HF 
readmission.3 These findings were consistent with other large-sample 
studies.1–3

Right ventricular (RV) pacing has been associated in some patients 
with LV systolic dysfunction and subsequent HF readmission.4–6 RV pa
cing can provoke LV electro-mechanical dyssynchrony, functional mitral 
regurgitation, and subsequent LV systolic dysfunction after the PPM im
plantation.5–6,11 Post hoc analysis of both MOST and DAVID trials de
monstrated the cumulative RVPB ≥40% was an independent predictor 
of HF readmission.4–6 This present study demonstrated that a lower 
RVPB ≥30% was predictive of worse outcomes in post-TAVR popula
tion. In comparison with the baseline characteristics of MOST and 
DAVID trials, our present cohort was characterized by advanced age 
and high prevalence of multiple medical comorbidities.4,5 These clinical 
features can be related to underlying myocardial fibrosis which is newly 

recognized as contributing to pathophysiology of post-TAVR out
comes.11 In patients who underwent TAVR, the baseline myocardial fi
brosis was significantly associated with LV systolic dysfunction, higher 
extent of pathological LV remodelling, and the development of clinical 
HF and cardiac death after TAVR.11 Furthermore, the initiation of RV 
apical pacing in patients with pre-existing myocardial fibrosis demon
strated both immediate and medium-term deterioration in LVEF with 
a significant increase in the mechanical dyssynchrony index.12 In that 
study, 20% of patients were upgraded to cardiac resynchronization 
therapy (CRT). Patients undergoing CRT upgrades were characterized 
by significant pre-existing myocardial fibrosis.12 Based on these findings, 
it is possible that post-TAVR patients with significant baseline myocar
dial fibrosis, who subsequently undergo RV apical pacing, will develop 
acute dyssynchrony with resultant decrease in LVEF and worse 
outcomes.

It is well known that long-term asynchronous ventricular pacing can 
lead to AF secondary to the left atrial overload and the subsequent 
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Figure 4 Risk factors of 1 year right ventricular pacing burden ≥30% the area under the receiving curve in receiver-operator curve demonstrated 
predictive accuracy of each parameter: the cumulative right ventricular pacing burden ≥40% 1 month after the post-TAVR PPM implantation (A), the 
TAVR valve implantation depth measured from non-coronary cusp (NCC) ≥ 4.0 mm (B), Pre-TAVR RBBB (C ), and PPM indication with CHB (D). AUC, 
area under the receiving curve in receiver-operator curve; CHB, complete heart block; CI, confidence interval; NCC, non-coronary cusp; NPV, negative 
predictive value; PPM, permanent pacemaker; PPV, positive predictive value; RBBB, right bundle branch block; ROC, receiver-operator curve; RV, right 
ventricular; TAVR, transcatheter aortic valve replacement.
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remodelling of the atrium.5,13 However, even patients with ‘physiologic’ 
dual-chamber pacing with atrioventricular synchronization remain at 
high risk of developing new AF after PPM implantation.14 Pre-existing 
hypertension, left atrial enlargement, advanced age, and high cumulative 
RVPB were independent predictors of new AF development after dual- 
chamber PPM implantation.15,16 Patients with sinus node dysfunction 
exposed to the cumulative RVPB >50% were highly likely to develop 
new AF after dual-chamber PPM implantation.14 Given the convention
al TAVR-indicated patients had age-relevant risk factors for atrial fibro
sis and sinus node dysfunction in spite of their predominant 
presentation of normal sinus rhythm prior to TAVR, hypothetically pa
tients with 1 year RVPB ≥30% might develop high AF burden.17

Several studies attempted to predict RV pacing dependency following 
post-TAVR PPM implantation.8,18,19 In these studies, PPM dependency 
was generally defined as the presence of complete atrioventricular dis
sociation in patients with normal sinus rhythm or the presence of a lower 
escape rhythm <50 bpm in AF over 30–60 s.8,18,19 However, there are 
no prior studies to predict high RVPB following post-TAVR PPM 

implantation. Our present study reported that the presence of RVPB 
≥40% at 1 month after post-TAVR PPM implantation was the strongest 
predictor of RVPB ≥30% at 1 year. In clinical practice, patients are rou
tinely seen within 4–6 weeks of device implantation. Therefore, the ob
servation of RVPB ≥40% at 1 month can be used to identify patients likely 
to have RVPB ≥30% at 1 year and the prompt identification of high-risk 
population may improve their outcomes. If such high-risk patients pre
sented with some recovery of the infra-nodal conduction, there may 
be an opportunity to utilize algorithms that minimize RV pacing. If pacing 
is necessary, then the timing and indication for an upgrade to biventricular 
pacing can be considered with providing optimal HF management to such 
post-TAVR patients.20 Alternatively, the development of RVPB ≥30% at 
1 year can be estimated at the end of TAVR procedure without waiting 
for the development of RVPB ≥40% at 1 month. The present study 
showed three suggestive risk factors. If the patient was considered as 
high-risk of RVPB ≥30% at 1 year, clinical benefits of left bundle branch 
pacing or biventricular PPM can be considered for well-selected 
post-TAVR patients at the timing of initial PPM implantation.

Area under receiving curve: 0.738;
95% CI: 0.620–0.856; p < 0.001
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Figure 5 Risk-prediction models on 1 year right ventricular pacing burden ≥30%. Regarding the figures about the suggested models in figure 5, the Y- 
axis means the estimated risk (%) of development of RVPB >30% at one year after the post-TAVR PPM implantation. The X-axis means the summed 
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Study limitations
This is a single-centre retrospective observational study, and the sam
pling bias cannot be excluded. There was no centralized core labora
tory to evaluate the utilized cardiovascular imaging and no central 
committee to verify the reported clinical events in our present study. 
Because some patients were mainly followed by outside medical health
care systems after TAVR, there is a possibility of missing some longitu
dinal follow-up results. Related to the relatively small study sample size, 
there is a substantial risk of overfitting a limited number of predictors in 
the present multivariable models. Finally, the suggestive risk prediction 
models were not internally validated in this present study.

Conclusions
In patients with post-TAVR PPM implantation, the presence of RVPB 
≥30% at 1 year was significantly associated with atrial tachyarrhythmia, 
LV systolic dysfunction, and worse clinical outcomes. In addition to 
other predictors, the presence of RVPB ≥40% at 1 month was highly 
predictive of the future progression to RVPB ≥30% at 1 year. 
Whether pacing strategies to provide cardiac resynchronization or to 
minimize RV pacing can improve patient outcomes in this population 
will need to be evaluated. Additional prospective and multi-centre ran
domized trials should be undertaken.
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