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Abstract

Background: Right ventricular (RV) pacing is established as the 
most common ventricular pacing (VP) strategy for patients with 
symptomatic bradyarrhythmia. Some patients with high VP burden 
suffer deterioration of left ventricular (LV) function, termed pacing-
induced cardiomyopathy (PICM). Patients who pace > 20% of the 
time from the RV apex are at increased risk of PICM, but independ-
ent predictors of increased RV pacing burden have not been eluci-
dated in those who have a permanent pacemaker (PPM) inserted for 
bradyarrhythmia.

Methods: We aimed to identify factors that are associated with in-
creased VP burden > 20%, hence determining those at risk for result-
ant PICM. In this retrospective cohort study, we identified the most 
recent 300 consecutive cardiac implantable electronic device (CIED) 
implants in our center and collected past medical history, electrocar-
diogram (ECG), echo, medication and pacemaker check data.

Results: A total of 236 individuals met inclusion criteria. Of the pa-
tients, 35% had RV pacing burden < 20%, while 65% had VP burden 
≥ 20%; 96.2% of patients with complete heart block (CHB) paced > 
20% (P = 0.002). Utilization of DDD or VVI (75.2% and 89.2% of pa-
tients, respectively) without mode switch algorithms was associated 
with VP > 20% (P < 0.001). Male or previous coronary artery bypass 
grafting (CABG) patients also statistically paced > 20%. Other fac-
tors trending towards significance included prolonged PR interval, 
atrial fibrillation or more advanced age.

Conclusion: High-grade atrioventricular (AV) block was associated 
with an RV pacing burden > 20% over 3 years but this was not consist-
ent in patients with only transient episodes of high-grade AV block. 
We found a significant association between high VP% and male sex, 
previous CABG and the absence of mode switching algorithms.

Keywords: Left bundle branch area pacing; Physiological pacing; 
Preserved LV function; Pacemaker induced cardiomyopathy; RV pac-
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Introduction

Implantation of pacing device leads targeting initial activation 
of the right ventricle (RV) is a well-established therapeutic 
strategy for patients with bradyarrhythmia. However, patients 
who require frequent pacing via the RV lead are at risk of de-
veloping deleterious effects on left ventricular (LV) function, 
commonly termed pacing-induced cardiomyopathy (PICM) 
[1-3]. This, in turn, may also lead to challenging consequences 
such as increased appropriate therapies from implantable car-
dioverter defibrillators (ICDs) [4]. Mitigation of superfluous 
RV pacing is therefore of foremost priority for treating phy-
sicians and is a key tenet of proprietary algorithms amongst 
research and industry innovation [5].

It has not been fully elucidated as to why some patients 
develop cardiomyopathy, while others do not. For example, 
pre-implant electrocardiogram (ECG) studies have demon-
strated limited predicting power [6]. Meta-analyses have iden-
tified broader native QRS, reduced left ventricular ejection 
fraction (LVEF) at time of implant, or increased LV end dias-
tolic diameter as predicting factors [3, 7]. Other meta-analyses 
have found that older age or male sex contributes to PICM [3]. 
Importantly, higher RV pacing burdens of > 20% have been re-
peatedly found to be an independent predictor of PICM in mul-
tiple large studies [1, 8]. While the exact burden of RV pacing 
associated with PICM has been associated with several thresh-
olds, those who pace > 20% of the time from the RV have been 
specifically found to be at increased risk. Studies indicate that 
the incidence of this cardiomyopathy is about 12.3% in those 
who initially had preserved LV function, requiring a cardiac 
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implantable electronic device (CIED) for complete heart block 
(CHB) [1].

While the development of PICM may necessitate an up-
grade to a biventricular system as the disease progresses [9], 
this additional management has limited benefit yielding a 
modest 20-30% improvement in response [10]. Implantation 
success is hinged on coronary venous anatomy and can lead 
to sub-optimal resynchronisation [11]. In order to mitigate this 
complication and the incidence of PICM, left bundle branch 
area pacing (LBBAP) has gained widespread attention as an 
alternative strategy. The potential benefits of LBBAP in those 
with cardiac resynchronization therapy (CRT) indications are 
evident, with comparatively narrower QRS complexes leading 
to rapid LV activation times and specific targeting of the in-
trinsic conduction pathway optimizing resynchronisation and 
thus, promoting reverse remodeling [12-14].

The aim of our study was to identify factors which may be 
associated with an increased RV pacing burden > 20% in those 
who have a device inserted for a bradyarrhythmia indication, 
to effectively guide first-line pacing strategy selection.

Materials and Methods

Study design and data source

This was a retrospective cohort study whereby the most recent 
300 consecutive CIED implants in our center from 2017 to 
2020 were included. We collected 3-year follow-up data on 
RV pacing lead percentage utilization. We included patients 
over the age of 18 years who had a PPM inserted for a brad-
yarrhythmia indication and who had follow-up in our tertiary 
center pacing clinic. We excluded patients who had ICD or 
biventricular devices inserted or those who had their follow-
up in peripheral hospitals. We performed a chart review for 
each patient, collating patient medical data, pre-implant ECG 
parameters, echo features such as chamber size or valvular le-
sions and PPM clinic notes.

Patient medical and pacing data

We collated patient medical historical data (age, sex, cardio-
vascular risk factors, previous coronary intervention), medica-
tion lists (antiarrhythmics, rate lowing medication, common 
cardiovascular medications) and admission ECG parameters 
prior to PPM insertion using a standard data extraction form. 
ECG data included admission rhythm (sinus rhythm (SR), 
atrial fibrillation (AF)/flutter, junctional escape rhythm, ven-
tricular escape rhythm), PR interval, the presence and type of 
AV nodal block, the presence and type of bundle branch or 
fascicular block, QRS duration, axis deviation and QTc (calcu-
lated via Fredericia formula). Admission ECG and pre-implant 
echocardiography are represented as number of patients “n” 
(total proportion of the group which is comprised by that vari-
able).

Echocardiographic data comprised left ventricular sys-
tolic function (categorized broadly into normal LVEF > 50%, 

mildly impaired LVEF 40-50%, moderately impaired LVEF 
30-40% or severely impaired LVEF < 30%), cardiac chamber 
sizes (normal or enlarged) and valvular lesions with a mod-
erate severity or greater as per the departmental echo report. 
Echocardiograms performed during the PPM insertion admis-
sion or the 3 months prior to insertion of PPM were included. 
Reports were reviewed and parameters including chamber size, 
LV function and severity of valvular lesions were considered.

We analyzed indications for insertion (symptomatic paus-
es in SR or AF, symptomatic atrial bradycardia, transient high-
grade AV block, sustained symptomatic Mobitz 2, sustained 
symptomatic CHB), pacemaker settings at time of insertion 
(VVI, DDD or AAI<->DDD utilizing proprietary pacing miti-
gation algorithms) and pacing check parameters over 3 years, 
most importantly RV pacing burden recorded as the percentage 
of total beats (ventricular pacing (VP)%). The VP% burden 
was calculated by combining the total number of any ventricu-
lar paced combinations. For example, atrial sensing with VP 
percentage was added to atrial pacing with VP for those with a 
dual chamber pacemaker.

Patients who had an indication of high-grade AV block 
such as CHB or second-degree heart block (Mobitz 2) were 
separated depending on whether the block was sustained up 
to time of implant or transiently identified on cardiac rhythm 
monitoring with associated symptoms. A new variable for 
pacemaker indication, “transient high-grade AV block”, was 
created and combined symptomatic patients with both CHB or 
Mobitz 2 indications for whom the AV block episodes resolved 
prior to PPM insertion.

Statistical analysis

Our cohort was stratified according to those who had a VP% 
burden < 20% and those with a VP% burden ≥ 20%. Descrip-
tive analysis of the association between the VP% and inde-
pendent variables described was undertaken. All continuous 
variables were examined for normality within the two groups 
using the Shapiro-wilk test of normality. If the continuous 
variables were normal then means (standard deviations (SDs)) 
were presented whereas for non-normal distributions, the me-
dian with interquartile range (IQR) were used. For comparison 
of continuous data between the VP% burden groups, t-tests 
(for normal) and non-parametric test Wilcoxon rank sum test 
(for non-normal data) were used. For comparisons between 
VP% groups for categorical data, then Chi-square tests were 
utilized.

Statistical analyses were performed on STATA V.17. A 
two-tailed P-value of < 0.05 was considered statistically sig-
nificant.

Ethical approval

The study protocol was reviewed and ethically approved by the 
Beaumont Hospital Clinical Audit & Governance Committee 
(Institutional Review Board reference number CA2022/050). 
This study was conducted in compliance with the ethical 
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standards of the responsible institution on human subjects as 
well as with the Helsinki Declaration.

Results

Patient characteristics

Of the 236 patients who met our inclusion criteria, 82 patients 
(35%) had a VP% burden < 20% and were placed in group 1, 
while 154 patients (65%) were found to have VP burden ≥ 20% 
(group 2). Baseline patient demographics and medications are 
described in Table 1.

Overall, we identified more males (VP ≥ 20%: 70.8% vs. 
29.2%; P = 0.021), and more individuals who had undergone 
coronary artery bypass grafting (CABG) (VP ≥ 20%: 80% vs. 
20%; P = 0.048). Median age of implant was 77 years (IQR: 
68 - 82) in VP < 20% vs. 77.5 years in VP ≥ 20% (IQR 72.5 - 
84) (P = 0.059).

Use of heart rate limiting medications such as beta-block-

ers was not significantly different between the VP burden 
groups (VP < 20%: 40.95% vs. VP ≥ 20%: 59.05%; P = 0.96). 
This was a similar trend for calcium channel blockers (VP < 
20%: 38.6% vs. VP ≥ 20%: 61.4%; P = 0.73) and antiarrhyth-
mic class 1 or class 3 medications (VP < 20%: 0%, 40.9% vs. 
VP ≥ 20%: 100%, 59.09%; P = 0.4, 0.99, respectively).

Admission ECG and echocardiography

All patients in VP < 20% (100%) had admission ECGs for 
review. One hundred and twenty-nine patients had admission 
ECG data available in VP ≥ 20% (83%). There was no signifi-
cant difference between groups in terms of admission rhythm 
(median heart rate or QRS duration) (Table 2). The median PR 
interval in SR in VP ≥ 20% was found to be 200 ms, with half 
of that cohort demonstrating first-degree heart block > 200 ms. 
The median PR interval in VP < 20% was within the normal 
range at 190 ms.

In terms of echocardiographic parameters, 73 patients in VP 
< 20% (89%) had echocardiographic data available versus 115 

Table 1.  Past Medical History and Medication

Variable VP% < 20% (n = 82), frequency  
(%) or median (IQR)

VP% ≥ 20% (n = 154), fre-
quency (%) or median (IQR) P-value

Past medical history
  Sex
    Male 42 (52.2%) 102 (66.2%) 0.021*
    Female 40 (47.8%) 52 (32.8%)
  Age at implant 77 (68 - 82) 77.5 (72.5 - 84) 0.059
  Hypertension 52 (63.4%) 87 (56.5%) 0.12
  Diabetes 16 (19.5%) 32 (20.8%) 0.24
  PCI 21 (25.6%) 32 (20.8%) 0.87
  CABG 4 (4.9%) 16 (10.4%) 0.048*
  Stroke/TIA 19 (23.2%) 22 (14.3%) 0.40
  PVD 4 (4.9%) 11 (7.1%) 0.25
  Dyslipidemia 55 (67%) 81 (52.6%) 0.95
  Atrial fibrillation 29 (35.4%) 59 (38.3%) 0.052
Medication
  Antiplatelet 54 (65.9%) 72 (46.7%) 0.44
  Beta-blocker 43 (52.4%) 62 (40.3%) 0.96
  Antiarrhythmic (class 1) 0 (0%) 1 (100%) 0.40
  Antiarrhythmic (class 3) 9 (11%) 13 (8.4%) 0.99
  Calcium channel blocker 22 (26.8%) 35 (22.7%) 0.73
  DOAC/warfarin 26 (31.7%) 50 (32.5%) 0.14
  ACEi/ARB 41 (50%) 61 (39.6%) 0.93
  MRA 6 (7.3%) 16 (10.4%) 0.08
  Statin 63 (76.8%) 91 (59.1%) 0.95

*P < 0.05. ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; CABG: coronary artery bypass grafting; DOAC: direct 
oral anticoagulant; IQR: interquartile range; MRA: mineralocorticoid receptor antagonist; PCI: percutaneous coronary intervention; PVD: peripheral 
vascular disease; TIA: transient ischemic attack; VP: ventricular pacing.
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patients in VP ≥ 20% (74%). No significant difference was ob-
served between the two groups with respect to any of the cham-
ber size, LV function or severity of valvular lesions examined.

PPM indication and implantation settings

When comparing implantation indications between both 
groups (Table 3), devices were inserted in VP < 20% and VP ≥ 
20% for tachy-brady syndrome (18.3% vs. 20.8%), Mobitz 2 
(9.8% vs. 10.4%), or transient high-grade AV block (14.6% vs. 
16.9%) at relatively even distributions. VP < 20% comprised 
a greater proportion of symptomatic bradycardia patients 
(17.1% vs. 5.8%) and those with sustained CHB were signifi-

cantly more likely to be in the VP ≥ 20% group (VP < 20%: n 
= 1 (1.2%) vs. VP ≥ 20%: n = 25 (16.2%); P = 0.002) (Table 3).

Additionally, we observed significant differences in terms 
of RV pacing mode switch algorithms (P < 0.001) (Table 3). 
VP < 20% utilized mode switch algorithms to a greater extent 
than VP ≥ 20% (67% vs. 19%). In contrast, VP ≥ 20% had 
more straightforward VVI or DDD modes at time of implanta-
tion (VP < 20%: 3.7%, 29.3% vs. VP ≥ 20%: 20.7%, 60.3%, 
respectively) (Table 3).

VP burden change over time

In the VP < 20% group, as shown in Figure 1, the mean pacing 

Table 2.  Admission ECG and Pre-Implant Echo Parameters

Variable VP% < 20% (n = 82), fre-
quency (%) or median (IQR)

VP% ≥ 20% (n = 129), fre-
quency (%) or median (IQR) P-value

Admission ECG
  Sinus rhythm 48 (58.5%) 67 (51.9%) 0.63
  Atrial fibrillation/flutter 21 (25.6%) 28 (21.7%) 0.71
  Other 13 (15.8%) 34 (26.4%) 0.81
  Heart rate (bpm), median (IQR) 57.5 (40 - 70) 58 (42 - 65) 0.99
  PR interval (ms), median (IQR) 190 (160 - 240) 200 (160 - 236) 0.45
  QRS (ms), median (IQR) 108 (94 - 139) 107.5 (95.5 - 128.5) 0.53
  QTc (ms), median (IQR) 430 (400 - 451) 420.5 (400 - 442.5) 0.27
Echocardiogram VP% < 20% (n = 73), frequency (%) VP% ≥ 20% (n = 115), frequency (%) P-value
LV function 0.48
  Normal LV function 57 (78.1%) 84 (73%)
  Mildly impaired 12 (16.4%) 19 (16.5%)
  Moderately impaired 1 (1.4%) 7 (6.2%)
  Severely impaired 3 (4.1%) 5 (4.3%)
LV EDD 0.82
  Normal 66 (90.4%) 101 (87.8%)
  Increased 7 (9.6%) 14 (12.2%)
LA size 0.22
  Normal 46 (63%) 62 (53.9%)
  Enlarged 27 (37%) 53 (46.1%)
RV size 0.22
  Normal 62 (84.9%) 90 (78.2%)
  Enlarged 10 (15.1%) 24 (21.8%)
RA size 0.09
  Normal 61 (83.6%) 83 (72.2%)
  Enlarged 12 (16.4%) 31 (17.8%)
Moderate+ TR 6 (8.2%) 18 (15.6%) 0.14
Moderate+ MR 10 (13.7%) 16 (13.9%) 0.95
Moderate+ AS 3 (4.1%) 12 (10.4%) 0.12

AS: aortic stenosis; ECG: electrocardiogram; EDD: end-diastolic diameter; LA: left atrial; LV: left ventricular; MR: mitral regurgitation; RA: right atrial; 
RV: right ventricular; TR: tricuspid regurgitation; VP: ventricular pacing.
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burden over 3 years in VP < 20% was 3% in year 1, 7% in year 
2 and 11% in year 3. All individuals paced less than 20% VP in 
year 1. In the second year of follow-up, eight patients (9.75%) 
started pacing > 20% of the time, and in the third year, 21 pa-
tients (25.6%) paced > 20% of the time.

In VP ≥ 20%, pacing burdens monitoring over 3 years 
demonstrated a mean of 76% in year 1, 80% in year 2, and 
80.8% in year 3.

Discussion

PICM

Due to variations in defining PICM, the reported incidence 
within the literature can vary widely [2]. However, it has been 
demonstrated that the deleterious effects most commonly oc-
cur shortly after device implantation [15]. Patients who utilize 
their RV lead to a greater extent are more likely to develop this 
phenomenon which may involve clinical signs and symptoms 
of heart failure, LV systolic impairment, LV negative remod-
eling and dilation, mitral regurgitation and AF [16].

Poorer outcomes associated with RV pacing, as compared 
to intrinsic activation, reflect the interventricular dyssynchrony 
arising from abnormally late activation of the LV lateral wall 
which subsequently increases myocardial work and oxygen 
consumption [17, 18]. This may further lead to deteriorations 
in LVEF (< 50%) and PICM [19]. The negative deleterious 
effects of long-term RV pacing in heart failure patients were 
first described in the DAVID trial [20] and have since been 
expanded in both experimental and clinical studies.

Factors associated with high VP%

The leading risk factor for development of PICM has repeat-
edly reported to be a high RV pacing burden. This has been 

studied at gradually reducing thresholds, with data now dem-
onstrating that a total burden of > 20% is an independent risk 
factor, therefore validating the cut-off utilized in the current 
study. To our knowledge, this is the first report to examine pa-
tient factors leading to a high RV pacing burden in bradyar-
rhythmia, with existing studies merely highlighting proposed 
theories of underlying ventricular rate.

Similar to previous reports examining independent predic-
tors of PICM [15, 16], our results showed that persistent high-
grade atrioventricular (AV) block was associated with a VP > 
20%. Our patient cohort excluded ICDs and so the LVEFs of 
our patients are generally preserved. Notably, the incidence of 
PICM is strongly associated with an RV pacing burden > 20% 
in patients with CHB and preserved LVEF [17].

While previous studies have demonstrated higher RV pac-
ing burden leading to worse clinical outcomes following PPM 
implantation [21-23], these findings remain much less refined 
in patients undergoing cardiac surgery, specifically CABG. 
Our study demonstrated a significant relationship between VP 
> 20% and prior CABG, which could be explained by a num-
ber of factors. While the cardiac conduction system is already 
disrupted in patients with valvular heart disease due to myo-
cardial fibrosis and calcification, intraoperative tissue injury 
and local edema could also result in further cardiac system 
disturbances [24]. This may subsequently lead to significant 
AV block and bradyarrhythmias, requiring higher RV pacing 
burden and pacemaker “dependency” in the long term [25]. 
Even in the absence of coronary artery disease, changes in ven-
tricular blood perfusion due to high non-physiological VP may 
lead to regional myocardial perfusion defects and widespread 
mechanical dyssynchrony.

Male sex was found to be an associated factor with high 
VP% in our study. Rather than being as a result of an inde-
pendent sex-related physiological difference, we believe that 
this finding is likely secondary to differences in indication. It 
is well known that male sex is an independent risk factor for 
high-grade AV nodal disease [26].

Other factors known to increase the risk for PICM devel-

Table 3.  Indications for PPM, Implantation Settings and VP% Burden Over 3 Years

Indication VP% < 20% (n = 82), frequency (%) VP% ≥ 20% (n = 154), frequency (%) P-value
Tachy-brady syndrome 15 (18.3%) 32 (20.8%)
CHB (sustained) 1 (1.2%) 25 (16.2%) 0.002*
Mobitz-2 (sustained) 8 (9.8%) 16 (10.4%)
Pauses (underlying SR) 6 (7.3%) 5 (3.2%)
Pauses (underlying AF) 26 (31.7%) 41 (26.6%)
Symptomatic bradycardia 14 (17.1%) 9 (5.8%)
Transient high-grade AV block 12 (14.6%) 26 (16.9%)
PPM settings VP% < 20% (n = 82), frequency (%) VP% ≥ 20% (n = 121), frequency (%) P-value
VVI 3 (3.7%) 25 (20.7%) < 0.001*
DDD 24 (29.3%) 73 (60.3%)
RV pacing mitigation algorithm 55 (67%) 23 (19%)

*P < 0.05. AF: atrial fibrillation; AV: atrioventricular; CHB: complete heart block; PPM: permanent pacemaker; RV: right ventricular; SR: sinus rhythm; 
VP: ventricular pacing.



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org104

Factors Associated With High RV Pacing Cardiol Res. 2024;15(2):99-107

opment include ischemic heart disease, likely due to higher 
pacing rates than the patient’s initial pre-implantation rate 
[21], age, and male gender. This is consistent with our results 
in which a significantly greater proportion of men were found 
to have a VP burden ≥ 20% at the time of analysis. Despite 
the fact that more men than women under the age of 80 years 
receive PPMs [27], male sex has been correlated with new on-
set LV systolic dysfunction following pacemaker implantation 
[28]. Male patients are also more likely to receive a pacemaker 
for AV block [29], which is independently associated with 
high pacing burden. Indeed, the incidence of PICM is strongly 
associated with an RV pacing burden > 20% in patients with 
CHB and preserved LVEF [1]. As described in our study, 
pacing > 20% was almost exclusively associated with CHB. 

Patients with transient high-grade AV block demonstrated a 
mixed picture over our 3 years of follow-up, but if followed 
for longer one may expect the transient AV block to become 
more sustained and pacing burden to increase. The indication 
of “transient high-grade AV block” comprised equal propor-
tions of both groups; however, from an absolute number per-
spective, 26 of 38 patients (68%) categorized into this group 
paced > 20%. Whether patients with transient high-grade AV 
block should get a physiological device as first-line remains 
unclear. Progression of pacing burden between both groups 
over 3 years is displayed in Figure 1.

Notably, a wider baseline QRS complex has also been 
found to be significant in determining PICM, with an increased 
incidence of PICM with a paced QRS duration > 150 ms [1]. 

Figure 1. Box and whisker chart demonstrating the progression of VP% burden over 3 years in group 1 and group 2 individually. 
“X” represents the average value, while the box and the additional line contained within the box represent median and interquar-
tile range. VP: ventricular pacing.
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Albeit this finding has been identified in studies with small 
sample sizes and insufficient follow-up durations [14], these 
results lend itself to the clinical utility of electrocardiography 
as a non-invasive tool to identify QRS duration as a parameter 
of synchronous ventricular activation.

Further considerations: potential contributing factors

Our study found a trend towards significance when looking at 
patients with a background of AF with increased age at time of 
implant of device whether they were paced > 20% of the time. 
These factors would suggest worsened intrinsic conductive 
disease. Age at time of implant has been previously reported 
as a risk factor for incidence of PICM. Zhang et al found that 
for each year of life, the hazard ratio (HR) determined an in-
creased risk of 6%, HR 1.06 (1.04 - 1.08, P < 0.001) [30]. They 
defined PICM by incident clinical heart failure, not via echo-
cardiographic LVEF analyses. This risk was not replicated in 
all studies which used other definitions of PICM [31]. More 
recently, a meta-analysis by Somma et al of 57,993 patients 
found most contributory factors to be baseline LVEF, native 
QRS duration, RV pacing percentage and paced QRS duration 
[2]. Other risk factors did include male sex, history of myocar-
dial infarction, or background of AF.

In our high VP% group, the median PR interval was quali-
fied as first-degree heart block with 200 ms, in comparison the 
median PR interval in the low paced group was 190 ms, within 
the normal range. First-degree heart block may naturally pro-
gress to more significant AV block, and studies suggest that 
PR prolongation may be a risk marker for either progression 
to a more significant block over time, or the co-existence of 
transient high-grade AV block [32].

This phenomenon also raises the question of post-ventric-
ular atrial refractory period (PVARP) optimization, where pa-
tients with first-degree AV block would be more likely to pace 
more frequently due to the operator settings on their device. 
First-degree AV block as a marker of more significant underly-
ing conductive disease has been theorized as one of the reasons 
why patients from this cohort have worse responses to CRT 
than those without first-degree heart block [32, 33].

Clinical implications

Our findings suggest that patients who require a device inser-
tion for CHB should strongly consider avoiding an RV only 
pacing device as their first-line pacing option, due to the high 
VP% burden and high risk of progressing to PICM, and these 
data can reasonably be extrapolated to any patient other than 
CHB indication who the treating physician is sure will be pac-
ing dependant such as those post AV nodal ablation. Converse-
ly, if a patient requires a device for sporadic and occasional 
symptomatic brady episodes without high-grade AV block, it is 
likely that an RV lead is acceptable given its low complication 
rate, less lab time and widespread availability.

Following our analyses, a challenge remains; for a remain-
der of patients, it is unclear as to whether they will be pacing 

dependant or not, or how quickly they will progress. We have 
identified several risk factors that are either significantly as-
sociated or trend towards significance in this single-center ret-
rospective study which may in time comprise a weighted risk 
stratification tool or score.

Limitations

While the results of the present study are robust, there are a 
few limitations to consider. Firstly, as this is a retrospective 
chart review, an accurate record of indications for pacemaker 
insertion may have been complicated by the substantial over-
lap between tachy-brady syndrome, AF with pauses and symp-
tomatic bradycardia. Our data are reliant on clinical record 
keeping.

Secondly, by excluding ICD implantation recipients, for 
the most part only patients with LVEF > 40% were captured. 
While our findings may not be generalizable to those who have 
severe LV dysfunction, the selection of our specific patient co-
hort was guided by current guidelines for his bundle pacing.

The study is likely to be statistically underpowered for 
comparisons due to the small sample size in some groups. 
Larger prospective studies with longer term follow-up are re-
quired to create more complex prediction models. Multiple 
statistical tests were applied to these data, and if a correction 
for this was applied, for example the Bonferroni correction, 
to reduce the risk of type 1 error, only the results showing as-
sociations with indications and PPM would remain. Another 
limitation is that this is a single-center study, and so potentially 
lacks generalizability of the results.

Conclusions

Unsurprisingly, sustained high-grade AV block was associated 
with an RV pacing burden > 20% over 3 years. Of note, this 
finding was not consistent in patients with transient episodes 
of high-grade AV. Careful consideration should be given to 
pacing lead implant technique in those who present with symp-
tomatic non-sustained high-grade AV block as our data suggest 
these patients do not pace > 20% of the time when followed 
up over 3 years.

We found a significant association between high VP% and 
male sex in addition to previous CABG. Other factors to con-
sider include prolonged PR interval, a history of AF or a more 
advanced age at time of implant. We also identified a signifi-
cant association between the absence of proprietary ventricular 
mode switching algorithm use and increased VP%.

Learning points

RV pacing is still recommended as first-line bradycardia ther-
apy in those who are expected to utilize VP occasionally, es-
pecially in the absence of other markers of marked underlying 
conductive disease.

Other than high-grade AV block, factors to consider as 
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representing greater underlying conductive disease include 
male sex or previous CABG. Other important considerations 
include a history of AF, a prolonged PR interval or more ad-
vanced age at time of implant.

There is a distinct separation between groups in terms 
of pacing burden, with the majority either pacing very little 
(mean = 3%, 7% and 11% over 3 years, respectively) or very 
high (mean > 80% from year 1).
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