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Background Chronic right ventricular pacing may contribute to deterioration in left ventricular ejection fraction (LVEF).
The aim of the study was to identify the prevalence of pacing-induced cardiomyopathy (PICM) in patients
with chronic right ventricular pacing.

Methods Patients attending a pacemaker clinic were retrospectively identified as having had transthoracic echocar-
diographic LVEF measurement during the 12 months prior to device implantation. Those with cardioverter-
defibrillators or biventricular devices were excluded. The remaining patients were invited back for a repeat
echocardiogram. Three (3) different definitions of PICM were employed: 1) follow-up LVEF of <40% if
baseline LVEF was >50%, or an absolute reduction in LVEF >5% if baseline LVEF was <50%; 2) follow-up
LVEF of <40% if baseline LVEF was >50%, or an absolute reduction in LVEF >10% if baseline LVEF was
<50%; 3) absolute reduction in LVEF >10% irrespective of baseline LVEF. Alternate causes of cardiomyo-
pathy were excluded following a chart review.

Results The study cohort of 118 included 67 males (mean age 77.8 & 10.5 years) and 51 females (mean age
76.8 + 11.2 years). The mean time between baseline and follow-up echocardiograms was 3.5 + 1.4 years
(range 1.5-6.4 years). The prevalence of PICM ranged from 5.9 to 39.0% depending on PICM definition.
Multivariate analysis found that PICM was significantly associated with ventricular pacing burden

(p =0.013).

Conclusions The prevalence of pacing induced cardiomyopathy is dependent on current accepted clinical definitions. A
clear definition of PICM is required for a better understanding of the clinical implications of right ventricular
pacing.
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Introduction

Although right ventricular apex (RVA) pacing is a mature
and successful long-term therapy, experimental and clinical
data suggest that it may contribute to a decrease in left
ventricular systolic function [1,2]. A combination of abnor-
mal ventricular activation (electrical dyssynchrony) and
resultant abnormal ventricular contraction patterns
(mechanical dyssynchrony) appears to result in adverse left
ventricular remodelling promoting heart failure, atrial fibril-
lation and increasing mortality [3-5]. Deterioration in left
ventricular systolic function purely related to pacing with
no other identifiable cause is generally referred to as pacing-
induced cardiomyopathy (PICM). There is currently no inter-
nationally accepted definition and previous studies have
variably defined PICM as a reduction in baseline left ventric-
ular ejection fraction (LVEF) from normal (>55%) to follow-
up of <40%, or an absolute reduction in LVEF >10% result-
ing in an LVEF of <50% [6,7]. Importantly, there have been
no major prospective multi-centre randomised studies and
much of our current knowledge is based upon retrospective
studies which have shown a wide variation in PICM preva-
lence of between 3 and 30% [4,6-9].

The aim of the current study was to determine the preva-
lence of PICM in patients with chronic right ventricular
pacing using differing definitions of reduced left ventricular
function.

Methods
Study Population

The pacemaker database (Paceart, Medtronic Inc, Minneap-
olis, MN, USA) at the Princess Alexandra Hospital, Brisbane,
Australia was cross-referenced against the echocardiography
database to identify patients who had undergone a transtho-
racic echocardiogram within the 12 months preceding device
implantation. Patients with an implantable defibrillator,
resynchronisation device or a single chamber atrial pace-
maker were excluded.

Baseline demographics, medical co-morbidities including
diabetes mellitus, body mass index (BMI), systemic hyper-
tension (HTN), a history of prior myocardial infarction,
known coronary artery disease, and current smoking were
collected from a review of the medical records. Other possi-
ble causes of progressive left ventricular deterioration such
as known ischaemic or non-ischaemic cardiomyopathy,
severe valvular or congenital heart disease or a strong family
history of known genetic cardiomyopathy were identified
from chart review. The percentage of ventricular pacing and
the aetiology of the presenting bradyarrhythmias were
recorded from the hospital pacing database.

All chest X-rays were reviewed to confirm pacing lead
position which was defined as RVA if the lead was pointing
inferiorly or horizontally in the anteroposterior chest X-ray
and non-RVA if the lead was pointing superiorly, as
described in previous publications [6].

Echocardiography

All patients had undergone standard 2D transthoracic
echocardiographic studies prior to device implant and this
was repeated at study follow-up. Patients were imaged
after lying in the resting state for a minimum of 5 minutes
to ensure data were gathered under basal conditions.
Images were recorded using either an iE33, (Philips
Healthcare, Andover, MA, USA; Vivid 7, E9) or Vivid I,
(GE Medical Systems, Milwaukee, WI, USA). All record-
ings were made in end-tidal expiration, to ensure consis-
tency in the face of haemodynamic variations due to
breathing and to minimise the effect of movement of the
imaging plane. All image clips were recorded over three
consecutive cardiac cycles, and ectopic and post-ectopic
beats were excluded. Left ventricular ejection fraction was
calculated using the Simpson’s biplane method [10]. All
echocardiograms were reviewed by three experienced
operators who were blinded to the clinical and pacing data
of the study.

Definition of Pacing Induced
Cardiomyopathy
Latest European Society of Cardiology (ESC) guidelines
defined heart failure with reduced ejection fraction as
<40% [11]. Current European Association of Echocardiogra-
phy suggests test-retest reliability of LVEF was an absolute
+5% difference [12,13].

In the present analysis, the authors adopted three
definitions:

¢ Definition 1: PICM was defined as a follow-up LVEF of
<40% if baseline LVEF was >50%, or an absolute reduction
in LVEF >5% if baseline LVEF was <50%;

A follow-up LVEF <40% was chosen as the authors felt
that this level of LVEF would likely trigger a clinical inter-
vention such as addition of medical therapy or upgrade to
cardiac resynchronisation therapy (CRT). In addition, it is
also the ESC clinical definition of heart failure with reduced
ejection fraction. An absolute reduction in LVEF >5% was
chosen due to the test-retest reliability of LVEF as stated
above.

¢ Definition 2: PICM was defined as a follow-up LVEF of
<40% if baseline LVEF was >50%, or an absolute reduction
in LVEF >10% if baseline LVEF was <50%.

For this definition, an absolute reduction in LVEF >10%
was chosen as it was considered clinically more significant.

e Definition 3: an absolute reduction in LVEF >10% irre-
spective of baseline LVEF.

This definition was also considered clinically relevant as it
has been used in previous publications.

The project was reviewed in line with the National State-
ment on Ethical Conduct and Human Research (2007) and
considered to be exempt from requiring formal ethical
review.
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Statistical Analysis

Continuous variables in the relationship between PICM and
demographic characteristics, lead position and co-morbidities
were tested using the Mann-Whitney U-test. Categorical vari-
ables were analysed using Pearson Chi-square test or Fisher’s
exact test. As the prevalence of PICM is dependent on definition,
the authors identified independent determinants of the change
in LVEF which would not be directly influenced by the defini-
tion of PICM. A linear mixed model with a diagonal covariance
structure was used with significant univariables included as
covariates in order to identify independent determinants for the
change in LVEF. Statistical significance was established if p-
value was <0.05. The analysis was performed using SPSS Sta-
tistics version 23 (IBM Corp. Armonk, NY, USA).

Results

Database Analysis

Of2,500 patients in the pacing database only 142 patients were
identified as having had a pre-implantation echocardiogram
within the preceding 12 months. After a review of the clinical
charts, 24 were excluded, 17 due to moderate to severe valvular
heart disease, 1 with complex congenital heart disease, 5 due to
known cardiomyopathy and 1 with significant (three vessel)
coronary artery disease. One hundred and eighteen patients
(118), overall mean patient age 77.4+10.8 years, were
included in the analysis of whom 67 were males (mean age

77.8 = 10.5yrs) and 51 females (meanage 76.8 & 11.2 yrs). Dual
chamber pacemakers were implanted in 107 patients (90.7%).
Patient comorbidities are presented in Table 1.

Presenting Cardiac Rhythm

The rhythm at device implant was high grade atrioventricu-
lar block (AVB) in 77 patients (65.3%), sinus node disease in
21 (17.8%) and tachy-brady syndrome in 20 (16.9%).

Prevalence of PICM

The mean interval between baseline echocardiogram and
device implant was 34 69 days and the mean time
between baseline and follow-up echocardiograms was 3.4
+ 1.4 years (range 1.5-6.4 yrs). There was a significant
decline in LVEF from baseline to follow-up (62.3 +11.1
vs 56.0 = 9.7%, p < 0.001) in the entire study cohort. A total
of 15 patients (12.7%) had impaired LVEF (<50%) at
baseline.

Based on PICM definition 1; 11 of 118 patients had PICM
giving a prevalence of 9.3%. The mean baseline LVEF of the
PICM and non-PICM groups was 55.5+12.1% and
63.0 £10.9% respectively (p =0.045) and at follow-up
was 35.5+ 6.7% and 58.2 +7.0% respectively (p < 0.001).

Based on PICM definition 2; 7 of 118 patients had PICM
giving a prevalence of 5.9%. The mean baseline LVEF of the
PICM and non-PICM groups was 62.0+92% and
62.3 +£11.3% respectively (p =0.84) and at follow-up was
33.9+7.2% and 57.4 + 8.0% respectively (p < 0.001).

Based on PICM definition 3; 46 of 118 patients had PICM
giving a prevalence of 39.0%. The mean baseline LVEF of the
PICM and non-PICM groups was 69.8+7.9% and
57.4 +10.2% respectively (p < 0.001) and at follow-up was
51.7 £ 10.2% and 58.8 & 8.3% respectively (p < 0.001). How-
ever, of these 46 patients, 31 patients still had a LVEF >50%
on follow-up.

In addition, 10 patients (8.5%) had a >10% improvement in
LVEF at follow-up compared to baseline.

Ventricular Pacing Burden

Based on PICM definition 1, the mean percentage pacing
burden in the PICM and non-PICM groups were
68.6 + 37.5% and 59.6 & 41.3% respectively (p = 0.65).

For definition 2; the mean percentage pacing burden in the
PICM and non-PICM groups were 82.3 +28.5% and
59.1 + 41.2% respectively (p = 0.19).

Table 1 Patient characteristics (n = 118) for the total group included in the study.

Comorbidities

Diabetes

Coronary artery disease
Previous myocardial infarction
Hypertension
Hyperlipidaemia

Obstructive sleep apnoea
Current smoking

Mean Body Mass Index — BMI (kg/m?)
Pre-implant medications:

Beta blockers

ACE inhibitors

ARB

Aldosterone antagonist

Total Number Percentage
32 27.1
36 30.5
17 14.4
87 73.7
57 48.3
9 7.6
8 6.9 (n=116)
292+ 6.6 (n=117)
21.7%
34.8%
23.2%
7.3%

Abbreviations: BMI, body mass index; ACE, angiotensin-converting-enzyme; ARB, angiotensin receptor blocker.
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For definition 3; the mean percentage pacing burden in the
PICM and non-PICM groups were 70.7 +36.6% and
53.9 + 42.3% respectively (p = 0.025).

When ventricular pacing burden was arbitrarily dichotom-
ised into >40% or <40%, patients with >40% ventricular
pacing burden appeared to show a greater decline in LVEF
with RVA lead position compared to non-RVA, although
overall patient numbers were small (Figure 1).

There was no difference in the pacing burden between
patients with reduced LVEF at baseline (<50%) versus those
with preserved LVEF at baseline (LVEF > =50%), (52.6 +
40.1 vs. 61.6 + 41.0%, p = 0.419 by Mann Whitney U test).

The mean pre-pacing QRS width for the group as a whole
was 120.5 + 27.7 ms (n = 81) and the mean post-pacing QRS
width was 147.1 £32.9 ms (n = 95).

Ventricular Lead Position

There were no statistical differences between RVA versus
non-RVA pacing position in patients with and without PICM
regardless of PICM definition: definition 1 (p > 0.99), defini-
tion 2 (p = 0.46) or definition 3 (p = 0.26).

Co-Morbidities

There were no significant differences in the prevalence of
active smokers, diabetes or HTN between the PICM and non-
PICM groups regardless of PICM definition (all p > 0.05).
There were no significant gender differences between the
PICM and non-PICM groups regardless of definition of
PICM: definitions 1 (p =0.35), 2 (p =0.70) or 3 (p = 0.85).

Multivariate Analysis

As shown in the results above, the prevalence of PICM
appears dependent on its definition. Therefore, identifying
independent determinants of prevalence of PICM by
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multiple logistic regression would be inappropriate. In con-
trast, identifying independent determinants of the change in
LVEF is not affected by PICM definition. Thus, linear mixed
modelling was used to identify determinants of the change in
LVEF on follow-up. On univariable analysis, the change in
LVEEF on follow-up was correlated with age (p = 0.003), BMI
(p =0.025) and ventricular pacing burden (p = 0.002). There
was no difference between RVA versus non-RVA pacing
position (p = 0.34) nor was there any correlation with pacing
duration (p =0.34). On multivariable analysis, age, BMI,
pacing burden were included in the linear mixed model.
The only independent predictor of change in LVEF on fol-
low-up was ventricular pacing burden (p = 0.013). Figure 2
shows that there is a gradual progressive development of
PICM over time irrespective of the definition of PICM.

Discussion

The results of this study show that if definition 1 and 2 are
adopted, where left ventricular function is reduced to a
degree associated with a clinically accepted definition of a
cardiomyopathy, the prevalence of PICM varies between 5.9
and 9.3%. In contrast, if definition 3 is accepted where there is
a reduction in left ventricular function from baseline, but not
to a level where a clinical definition of cardiomyopathy
would be generally accepted, then the prevalence is much
higher at 39%. We feel definitions 1 and 2 are more likely to
represent the true prevalence and that definition 3 over
estimates its value. We suggest that the criteria in definition
3 could be re-characterised as a pacing induced reduction in left
ventricular function.

There is a wide variation in the published prevalence of
PICM [4,6-9]. Although this may be related to study design
and relatively small patient numbers a major cause is the
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Figure1 In patients with ventricular pacing burden >40% (left panel), there was a trend towards greater decline in LVEF on
follow-up with RVA pacing compared to RVNA pacing (change in LVEF 10.0 4= 14.2 vs. 4.5 4 12.6%, p = 0.075). In patients
with ventricular pacing burden <40% (right panel), there was no difference in the change in LVEF between RVA versus

RVNA pacing (3.5 £ 10.1 vs. 3.2 £+ 8.8%, p = 0.93).

Abbreviations: LVEF, left ventricular ejection fraction; RVA, right ventricular apex; RVNA, right ventricular non-apical.
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Figure 2 Freedom from pacing-induced cardiomyopa-
thy (PICM) over time, in months. The solid line is PICM
definition 1, dotted line is definition 2 and dashed line is
definition 3.

variability in definition. Retrospective studies have inherent
and fundamental limitations. In the two major published
studies a majority of paced patients were excluded due to
failure to achieve study entry criteria. For example,
Khurshid’s group noted that of 1,750 patients in their pacing
database, 1,473 were excluded from analysis, the majority
due to an absence of a follow-up echocardiogram [6]. In
Kiehl’s study, a total of 823 patients were analysed and
28.2% of patients were excluded from analysis [7]. These
highly selected groups may not, therefore, be representative
of the pacing population from which the cohort was drawn,
suggesting potential selection bias. In addition PICM is vari-
ably defined: either a >10% decrease in LVEF, with resultant
LVEF <50% or a post-pacemaker LVEF <40%, or the require-
ment for CRT upgrade [6-8]. Of the two largest published
studies the incidence of PICM was 12.3% and 19.5% respec-
tively [4,6,7]. Our results suggest a lower prevalence. We
believe this to be due to both the study design, where all
patients were followed-up with echocardiography regard-
less of clinical indication and the different definitions of
PICM. The more purposive prospective methodology of
our study overcomes the issue of missing echo follow-up
data inherent in retrospective database analyses. However, a
disadvantage is that relatively small patient numbers were
enrolled and may have under- or overestimated the true
prevalence. Only a large scale, multi-centre prospective
study with long follow-up will provide a definitive determi-
nation of the prevalence of PICM and consensus on the
appropriate PICM definition would be mandatory before
such a study is undertaken. The importance of defining
the size of the problem has significant health care implica-
tions. Currently more than 1,000,000 new pacemakers are
implanted worldwide each year and, as populations age, this
number will continue to increase [14]. In addition, although
every patient paced from the right ventricle is exposed to
both electrical and mechanical dyssynchrony only a relative
minority develop clear evidence of PICM [6,7,15]. The ability

to accurately predict which paced patient will develop clini-
cal heart failure has important implications and might allow
more targeted pacing modes from the time of presentation
[16].

A robust statistical finding in our study was an association
with pacing burden, irrespective of the definition of PICM.
This has also been a consistent finding in a number of pub-
lications and meta-analyses [6,18]. Kiehl noted that a pacing
burden greater than 20% was an important determinant as
well as a lower pre-pacemaker implantation LVEF whereas
other studies suggest >40% burden is relevant [7,8,17,18]. In
the Mode Selection Trial (MOST) an increase in pacing bur-
den of 10% translated to an increased hospitalisation rate of
20% [3]. An increased burden of ventricular pacing therefore
appears to be a risk factor for developing PICM.

Outcomes from meta-analyses also suggest that PICM is
more likely to develop when baseline LV function is impaired
[17,18,21]. The majority of our patients had preserved LV
function prior to enrolment and LVEF was not deemed a risk
factor on multivariate analysis although overall patient num-
bers were small. However, our data study does concur with
others studies in finding an increase in the frequency of PICM
over time. Although PICM has been described as rarely occur-
ring within one month of pacemaker implantation, often it
takes years to develop [6,7,17,21]. Very long-term follow-up,
up to 19 years, in children does suggest ongoing deleterious
effects of right ventricular pacing [19,20].

Another potential risk factor for PICM cited in literature is
right ventricular pacing lead position. Septal pacing has been
suggested as an alternative to RVA pacing but comparative
studies have provided variable results [17,18,21,22]. A num-
ber of studies have reported no significant difference
between RVA and non-RVA pacing in the development of
PICM [6,7,23]. We have found the same but also note that, in
terms of pacing lead position, RVA pacing may be associated
with greater falls in LVEF over time compared to non-RVA
pacing. A similar result has been noted in two meta-analyses
[17,18]. Data from various studies support the concept that
high ventricular pacing burden, a lower baseline LVEF and
RV apical pacing combine to increase the risk of PICM. An
interesting and unique observation in the present study was
that a small percentage of patients (8.5%) had an improve-
ment in ejection fraction. The cause of this is not evident. It
may be related to variation in the error inherent in measuring
LVEF with echocardiography or perhaps to change of medi-
cal therapy during the follow-up period, not determined
from the database. More work is required to establish
whether this is a genuine pacing related effect or not.

Our study raises a number of clinically important issues
specifically that only small numbers of patients underwent
echocardiography prior to device implant. Most patients
requiring a pacemaker are admitted urgently, may not have
had any prior cardiac evaluation and many do not undergo
echocardiography at the time of the implant. In addition, even
though there is concern about the long-term effect of right
ventricular pacing few patients undergo regular surveillance
[6]. None of the patients in our study presented with clinical
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signs of left ventricular impairment and the latter only came to
light with a repeat echocardiogram suggesting that waiting for
patients to present with clinical symptoms implies left ventric-
ular impairment may already be advanced.

Our study results and others would support periodic and
even regular echocardiographic surveillance, the frequency
dictated by currently known risk factors such as pacing
burden and baseline left ventricular function. Monitoring
of LV function may enable pre-emptive intervention in those
who are at risk of LVEF decline. An alternative is to await
clinical events, i.e. when patients present with symptoms or
signs of heart failure, rather than invest time and expense in
repeat echocardiography. Regular monitoring allows early
introduction of optimal medical therapy which may delay or
prevent further deterioration possibly negating the need for
upgrade. It might also enable recognition of other causes of
left ventricular deterioration not evident at the time of pre-
sentation for pacing [24]. Although current guidelines on the
use of echocardiography do not support regular surveillance
unless there is a change in clinical status [25], we advocate for
surveillance of paced patients becoming an integral part of
clinical management. The frequency could be determined by
the two factors of LV function at presentation and the pacing
burden. Where baseline LV function is preserved, surveil-
lance should be recommended every 2, or perhaps 3 years,
and if LVEF falls <50% or by more than 10%, then annual
echocardiography would be prudent with introduction of
medical therapy.

Study Limitations

This study was performed in a single centre with relatively
small numbers and represents a highly selected patient group.
Although extensive measures were taken to review cases for
other causes of impaired LV function rather than purely pac-
ing, these causes may not have been identified or even known
at this stage. Although pre-implant IVCD/Bundle branch
block and use of medications (BB, ACE-I, ARB, aldosterone
antagonists) may have an influence on PICM, these were not
explored in detail due toincomplete data. Inaddition, selection
bias may have inadvertently been introduced in that patients
with impaired or poor left ventricular function at device
implantation may have preferentially undergone pre-implan-
tation echocardiograms and/or septal lead positioning.

Overall, however, the study participants were observed
over a reasonable follow-up period and represent a real
world group of patients. Finally, although the database
was retrospectively reviewed to identify patients who had
undergone echocardiography within 12 months of device
implant, these patients were prospectively invited to
undergo a repeat echocardiogram. As far as we are aware,
this is the only such study of this design in this area.

Conclusions

We interpret the true prevalence of PICM between 5.9 and
9.3%. However, a reduction in LVEF with pacing occurs in a

significant proportion of patients (39.0%). On multivariate
analysis the only significant risk factor for development of
PICM is high ventricular pacing burden. We recommend that
all patients should have baseline echocardiograms at the time
of implantation. Regular surveillance should be performed in
all patients with right ventricular pacing: those with pre-
served LVEF at baseline and with a high pacing burden
(>40%) should have echocardiograms every 2 years and
those with impaired baseline LVEF (<50%), annually.

Conflict of Interest

None.

Funding Source

None.

References

[1] Wilkoff BL, Cook JR, Epstein AE, Greene HL, Hallstrom AP, Hsai H, et al.
Dual-chamber pacing or ventricular backup pacing in patients with an
implantable defibrillator: the Dual Chamber and VVI Implantable Defi-
brillator (DAVID) Trial. JAMA 2002;288(24):3115-23.

[2] Hillock RJ, Mond HG. Pacing the right ventricular outflow tract septum:
time to embrace the future. Europace 2012;14(1):28-35.

[3] Sweeney MO, Hellkamp AS, Ellenbogen KA, Greenspon AJ, Freedman
RA, Lee KL, et al. Adverse effect of ventricular pacing on heart failure
and atrial fibrillation among patients with normal baseline QRS duration
in a clinical trial of pacemaker therapy for sinus node dysfunction.
Circulation 2003;107(23):2932-7.

[4] Gebauer RA, Tomek V, Salameh A, Marek J, Chaloupecky V, Mateka T,
et al. Predictors of left ventricular remodelling and failure in right
ventricular pacing in the young. Eur Heart ] 2009;30(9):1097-104.

[5] Gillis AM. Optimal pacing for right ventricular and biventricular devices:
minimizing, maximizing, and right ventricular/left ventricular site con-
siderations. Circ Arrhythmia Electrophysiol 2014;7(5):968-77.

[6] Khurshid S, Epstein AE, Verdino R], Lin D, Goldberg LR, Marchlinski FE,

et al. Incidence and predictors of right ventricular pacing-induced car-

diomyopathy. Heart Rhythm 2014;11(9):1619-25.

Kiehl EL, Makki T, Kumar R, Gumber D, Kwon DH, Rickard JW, et al.

Incidence and predictors of right ventricular pacing-induced cardiomy-

opathy in patients with complete atrioventricular block and preserved

left ventricular systolic function. Heart Rhythm 2016;13(12):2272-8.

Zhang XH, Chen H, Siu CW, Yiu KH, Chan WS, Lee KL, et al. New-onset

heart failure after permanent right ventricular apical pacing in patients

with acquired high-grade atrioventricular block and normal left ventric-
ular function. J Cardiovasc Electrophysiol 2008;19(2):136—41.

Wei A, Pu J. Genetic mechanisms of patients with complete atrioventric-

ular block developing heart failure after long-term right ventricular

pacing. Heart Rhythm 2015;5101:001-13.

[10] Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA,
et al. Recommendations for chamber quantification: a report from the
American Society of Echocardiography’s Guidelines and Standards
Committee and the Chamber Quantification Writing Group. ] Am Soc
Echocardiography 2005;18(12):1440-63.

[11] Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, et al.
2016 ESC Guidelines for the diagnosis and treatment of acute and chronic
heart failure: The Task Force for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology. Eur Heart J
2016;37(27):2129-200.

[12] Gottdiener JS, Livengood SV, Meyer PS, Chase GA. Should echocardi-
ography be performed to assess effects of antihypertensive therapy? Test-
retest reliability of echocardiography for measurement of left ventricular
mass and function. ] Am Coll Cardiol 1995;25(2):424-30.

[13] Galderisi M, Henein MY, D'Hooge J, Sicari R, Badano LP, Zamorano JL,
et al. Recommendations of the European Association of

[7

[8

9


http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0005
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0005
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0005
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0005
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0010
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0010
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0015
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0015
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0015
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0015
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0015
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0020
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0020
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0020
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0025
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0025
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0025
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0030
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0030
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0030
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0035
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0035
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0035
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0035
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0040
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0040
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0040
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0040
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0045
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0045
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0045
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0050
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0050
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0050
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0050
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0050
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0055
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0055
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0055
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0055
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0055
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0060
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0060
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0060
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0060
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0065
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0065

Right Ventricular Pacing and Pacing Induced Cardiomyopathy

1033

Echocardiography: how to use echo-Doppler in clinical trials: different
modalities for different purposes. Eur ] Echocardiography 2011;12
(5):339-53.

[14] Mond HG, Proclemer A. The 11th world survey of cardiac pacing and
implantable cardioverter-defibrillators: calendar year 2009-a World Soci-
ety of Arrhythmia’s project. Pacing Clin Electrophysiol 2011;34(8):1013-27.

[15] Kaye G. Pacing site in pacemaker dependency: is right ventricular septal
lead position the answer? Expert Rev Cardiovasc Ther 2014;12(12):1407-17.

[16] Curtis AB, Worley SJ, Chung ES, Li P, Christman SA, St John Sutton M.
Improvement in Clinical Outcomes With Biventricular Versus Right
Ventricular Pacing: the BLOCK HF Study. ] Am Coll Cardiol 2016;67
(18):2148-57.

[17] Shimony A, Eisenberg M], Filion KB, Amit G. Beneficial effects of right
ventricular non-apical vs: apical pacing: a systematic review and meta-
analysis of randomized-controlled trials. Europace 2012;14(1):81-91.

[18] Hussain MA, Furuya-kanamori L, Kaye G, Clark J, Doi SAR. The effect of
right ventricular apical and nonapical pacing on the short- and long-term
changes in left ventricular ejection fraction: a systematic review and
meta-analysis of randomized-controlled trials. Pacing Clin Electrophy-
siol 2015;38(9):1121-36.

[19] Tantengco MV, Thomas RL, Karpawich PP. Left ventricular dysfunction
after long-term right ventricular apical pacing in the young. ] Am Coll
Cardiol 2001;37(8):2093-100.

[20] Janousek J, van Geldorp IE, Krupickova S, Rosenthal E, Nugent K,
Tomaske M, et al. Permanent cardiac pacing in children: choosing
the optimal pacing site: a multicenter study. Circulation 2013;127
(5):613-23.

[21] Weizong WW, Zhongsu W, Yujiao Z, Mei G, Jiangrong M, Yong Z, et al.
Effects of right ventricular nonapical pacing on cardiac function: a meta-
analysis of randomized controlled trials. Pacing Clin Electrophysiol
2013;36(8):1032-51.

[22] Kaye GC, Linker NJ, Marwick TH, Pollock L, Graham L, Pouliot E, et al.
Effect of right ventricular pacing lead site on left ventricular function in
patients with high-grade atrioventricular block: results of the Protect-
Pace study. Eur Heart ] 2015;36(14):856-62.

[23] Riahi S, Nielsen JC, Hjortshoj S, Thomsen PE, Hojberg S, Moller M, et al.
Heart failure in patients with sick sinus syndrome treated with single
lead atrial or dual-chamber pacing: no association with pacing mode or
right ventricular pacing site. Europace 2012;14(10):1475-82.

[24] Forotan H, Rowe MK, Korczyk D, Kaye G. Cardiac Sarcoidosis Left
Ventricular Impairment and Chronic Right Ventricular Pacing: Pacing
or Pathology? Heart Lung & Circ 2017;26(11):1175-82.

[25] Douglas PS, Garcia MJ, Haines DE, Lai WW, Manning W], Patel AR, et al.
Appropriate use criteria for echocardiography: a report of the american
college of cardiology foundation appropriate use criteria task force. ] Am
Coll Cariol 2011;57(9):1126-66.


http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0065
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0065
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0065
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0070
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0070
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0070
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0075
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0075
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0080
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0080
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0080
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0080
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0085
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0085
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0085
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0090
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0090
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0090
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0090
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0090
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0095
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0095
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0095
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0100
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0100
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0100
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0100
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0105
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0105
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0105
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0105
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0110
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0110
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0110
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0110
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0115
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0115
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0115
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0115
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0120
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0120
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0120
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0125
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0125
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0125
http://refhub.elsevier.com/S1443-9506(18)30726-1/sbref0125

	The Prevalence of Pacing-Induced Cardiomyopathy (PICM) in Patients With Long Term Right Ventricular Pacing - Is it a Matter Of Definition?
	Introduction
	Methods
	Study Population
	Echocardiography
	Definition of Pacing Induced Cardiomyopathy
	Statistical Analysis

	Results
	Database Analysis
	Presenting Cardiac Rhythm
	Prevalence of PICM
	Ventricular Pacing Burden
	Ventricular Lead Position
	Co-[22_TD$DIFF]Morbidities
	Multivariate Analysis

	Discussion
	Study Limitations

	Conclusions
	Conflict of Interest
	Funding Source
	References


