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Abstract

Implantable cardiac pacing systems are a safe and effective
treatment for symptomatic irreversible bradycardia. Under
the proper indications, cardiac pacing might bring significant
clinical benefit. Evidences from literature state that the action
of the artificial pacing system, mainly when the ventricular lead
is located at the apex of the right ventricle, produces negative
effects to cardiac structure (remodeling, dilatation) and function
(dissinchrony). Patients with previously compromised left ven-
tricular function would benefit the least with conventional right
ventricle apical pacing, and are exposed to the risk of developing
higher incidence of morbidity and mortality for heart failure.
However, after almost 6 decades of cardiac pacing, just a reduced
portion of patients in general would develop these alterations. In
this context, there are not completely clear some issues related
to cardiac pacing and the development of this cardiomyopathy.
Causality relationships among QRS widening with a left bundle
branch block morphology, contractility alterations within the left
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ventricle, and certain substrates or clinical (previous systolic dys-
function, structural heart disease, time from implant) or electrical
conditions (QRS duration, percentage of ventricular stimulation)
are still subjecte of debate. This review analyses contemporary
data regarding this new entity, and discusses alternatives of
how to use cardiac pacing in this context, emphasizing cardiac
resynchronization therapy.

Descriptors: Pacemaker, Artificial. Cardiomyopathy, Dilated.
Ventricular Dysfunction.

Resumo

A estimulacio cardiaca artificial (ECA) é o tratamento mais
seguro e eficaz para a bradicardia sintomatica irreversivel.
Nas indicac¢bes propicias, pode trazer grande beneficio clinico.
Contudo, as evidéncias mostram que a acio da ECA geraria,
em alguns casos, efeitos deletérios a estrutura e fisiologia
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Abreviations, acronyms & symbols

%CVP Percentual ventricular pacing
AAI Atrial detection and stimulation
ACP Artificial cardiac pacing

AF Atrial fibrillation

AV Atrioventricular

AVB Atrioventricular block

HF Heart failure

HR Heart rate

1AV Atrioventricular interval

ICD Implantable cardioverter-defibrillators
LBBB Left Bundle Branch Block

PPM Permanent pacemaker

RMit Mitral regurgitation

SND Sinus node dysfunctions

VVI Ventricular detection and pacing

cardiacas. Este potencial efeito negativo da ECA convencional
poderia ser mais acentuado principalmente em pacientes com

INTRODUCTION

Artificial cardiac pacing (ACP) is a consolidated, safe
and effective treatment strategy that has been evolving for 60
years. A large number of devices are implanted annually in
Brazil and the world. Although permanent pacemakers (PPM)
and implantable cardioverter-defibrillators (ICD), associated
or not with cardiac resynchronization therapy (CRT), have
improved the prognosis of millions of patients!'], in some
cases, cardiomyopathy appears as a result of the artificial anti-
physiological ventricular activation induced by the ACP. The
goal of this review is to address the evidence on the causes
and consequences related to this secondary heart disease in
relation to the profile of patients where this condition is more
prevalent, in addition to the possible strategies to prevent it
from occurring in patients who need ACP.

Artificial cardiac pacing in different contexts

The classic recommendations for the implantation of
electronic ACP devices have been properly listed in the
various Guidelines on the subject*™. In general, PPMs are
associated with an improvement in symptoms and quality
of life in sinus node dysfunctions (SND), but without any
significant impact on survival®3. The prescribed systems
are dual chamber, with its variations (DDD - sequential
atrioventricular detection and stimulation; DDI - detection
and atrioventricular pacing not synchronized to the P wave),
or the single-atrial chamber system (AAI - atrial detection and
stimulation). The latter, only in well-selected patients, when
the atrioventricular (AV) conduction has been preserved. The

comprometimento prévio da funcio ventricular esquerda e,
sobretudo, quando o eletrodo é colocado em posiciio apical do
ventriculo direito (VD). Intrigante é, contudo, que apds quase
6 décadas de ECA do VD, apenas uma reduzida parcela de
pacientes apresenta esta condicio clinicamente manifesta. Os
determinantes do surgimento ou nio da cardiopatia por ECA
nio estdo totalmente esclarecidos. Ainda é motivo de debate
a existéncia de uma relaciio de causalidade entre o padrao de
BRE artificial secundério a ativacdo antifisiolégica ventricular,
alteracdes da dindmica contratil ventricular, e condi¢des clinicas
(disfuncgio sistolica prévia, cardiopatia estrutural preexistente,
tempo desde o implante) ou elétricas (duracido do intervalo
QRS, dose percentual de estimulagdo ventricular). Esta revisao
aborda dados contemporineos sobre esta nova entidade e
discute alternativas de como utilizar a ECA neste contexto, com
énfase na terapia de ressincronizacio cardiaca.

Descritores: Marca-Passo Artificial. Cardiomiopatia Dilatada.
Disfuncio Ventricular.

single ventricular chamber mode (VVI - ventricular detection
and pacing) would not bring any benefits because of the worse
clinical outcome (loss of AV synchrony during sinus rhythm
with risk of appearance of the pacemaker syndrome)?¢!,
When the heart rate (HR) response is inadequate for the
patient’s level of activity (chronotropic incompetence), and
when it has to be brought towards the metabolic demand
of the moment, the enabling of biosensors is indicated. In
this case, the letter R is added to the nomenclature, which
indicates the mode of operation of the device. For example:
DDD-R.

In patients with symptomatic atrioventricular block (AVB),
the dual chamber mode is once again the one of choice,
especially because it maintains the AV sequence, although in
specific patient profiles, as well as in chronic atrial fibrillation
(AF) with slow ventricular response, VVI pacing offers similar
resultst”®], Less often, in 1t degree AVB with a very prolonged
PR interval (PRi) (>300 ms), dual chamber ACP is employed
to correct the dyssynchrony due to the AV decoupling>>°-111,

Atrioventricular, intraventricular and interventricular
synchrony

In the 1990s, Pachon et al.l®! described the ventricular
pacemaker syndrome. They observed that right ventricular
ACP produced negative effects on the myocardial structure
and function, with clinical expression of heart failure (HF).
These harmful effects originated primarily in ventricular
dyssinchrony (QRS widening), artificial left bundle branch
block pattern (LBBB), the appearance or worsening of mitral
regurgitation (RMit), and other effects attributed to the action
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of the anti-physiological activation of the RV (Chart 1). They
distinguished it from classic pacemaker syndrome, which is
typically caused by AV dyssynchrony in patients with PPM®!,

It is known that maximum cardiac efficiency depends on
the mechanically synchronous contraction of the ventricular
walls, enabled by the coordinated action of different segments
through the propagation of the electrical stimulus in all
components of the conduction system!'>!3), This is represented
graphically in the ECG by duration of the QRS interval
(diQRS) of less than 120ms. Conventional ACP of the RV
alters the morphology and the diQRS, varying according to
the degree of activation of the specific conduction tissue, the
presence of previous heart disease and the topography of the
electrode in the RV.

The appearance of abnormal electrical delay because
of the spreading of the stimulus outside the physiological
conduction system, compromises the mechanical ventricular
efficiency and characterizes the dyssynchrony. It is generally
acknowledged'®!¥! that the LBBB pattern alters the contractile
pattern of the ventricular walls and promotes the paradoxical
contraction of the interventricular septum. It also causes
dyssynchrony of the papillary muscles, with additional
functional impairment of the RMit!'7), generating loss of
systolic efficiency and higher morbidity and mortality due to
HF6.10.12-15.18-23] Tt jg estimated that up to 50% of the cases of
ACP of the RV evolve in this way, and this would explain the
reason why some patients do not present a satisfactory clinical
improvement, even though the electrical disturbance is being
treated by the ACP®L.

The myocardial contraction by the ACP would be
hemodynamically efficient, but mechanically anti-
physiological. This forces the patient to live with a certain

Chart 1. Acute and chronic effects associated with conventional right
ventricle apical pacing.

Myocardial Variations in regional blood flow
metabolism/perfusion  Variations in regional demand for oxygen
Remodeling Asymmetric myocardial hypertrophy
Histopathological changes (ion channels)
Ventricular dilation
Hemodynamics Reduction of cardiac output
Increased filling pressures
Electrical Slowing of intrinsic electrical activation
Artificial left bundle branch block
Mechanical Changes of regional contraction (strain)

Mechanical interventricular dyssynchrony
Mechanical interventricular dyssynchrony
Functional mitral regugitation

degree of ventricular dysfunction and dyssynchronopathy,
which is clinically more or less evident depending mostly
on the myocardial functional reserve mechanisms and on the
pre-existing myocardial condition®!. For this reason, in some
cases of normal hearts, LBBB induced by ACP may apparently
not cause a very significant impairment of the left ventricular
function, or the dysfunction may remain subclinical and take
years to be noticed, making it seem that other factors were
involved in this dyssynchronopathy>+27,

Hori et al.?”), on the other hand, suggested that
electromechanical dyssynchrony in the context of ACP could
be more serious if associated with systolic dysfunction and
LBBB from other causes, more than when normal LV ejection
fraction (LVEF) and LBBB by artificial activation of the
RV occurs isolated. However, the diQRS could not exactly
reflect the degree of mechanical dyssynchrony generated
by the ACP in patients with preserved systolic function.
Although the ECG appears similar, LBBB from ACP has some
peculiar characteristics®?®!. When analyzed by Tissue Doppler
Echocardiography, the artificially induced contractile delay
pattern can be different when compared to LBBB from other
causes, not necessarily expressing a significant underlying
heart disease®. The BioPace study®® (follow-up longer
than 5 years of more than a thousand patients) is under way,
which addresses the potential secondary negative effects of
ACP ofthe RV prospectively, especially whether the electrical
dyssynchrony generated by artificial LBBB is comparable
to the LBBB of other etiologies, or if the damage depends
on the pre-existence of ventricular dysfunction or structural
heart disease.

Still from a hemodynamic perspective, it is said that
the maintenance of intra- and interventricular synchrony
would be more important than the AV synchrony for a
better myocardial function!®!!. These events, however, are
definitely related. When we program the atrioventricular
interval (1IAV),and depending ontheunderlying disease (SND
or AVB), we can generate different percentage (“doses”)
of cumulative ventricular pacing (%CVP) and, therefore,
potentially several degrees of dyssynchronopathy2°2l,
which may already be present with a CVP between 25%
and 40%"1332, Despite the great theoretical importance
of the sequential atrioventricular electrical coordination,
this does not mean the certainty of mechanical synchrony
between these chambers. Studies?**3*4 have found that ACP,
especially when RV apical, impairs the left atrial drain,
which harms ventricular filling despite maintaining the
AV sequence. This effect would also be more pronounced
in patients with previous systolic dysfunction, and less
when the 1AV is optimized and the LVEF is preserved.
This stresses both, the role of better iAV to mitigate the
iatrogenic potential of the artificial activation of the RV, as
the importance of the existence of a substrate, for example
the systolic dysfunction, for the synergism of these effects.
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Evidence, myths and truths: how much is important?

The specific profile of patients predisposed or vulnerable
to the emergence of harmful electromechanical effects
produced by ACP is still up to debate and the subject
of research. Due to factors that haven’t yet been fully
understood, but that are evident after 6 decades of cardiac
pacing, the unfavorable clinical outcome is not a condition
that can be associated 100% with ACP!3-15],

A substantial number of studies associated ACP of the RV
with an increased risk of HF and other outcomes (especially
atrial fibrillation). Almost none of these, however, directly
registered a higher mortality, and many were based on the
analysis of small populations (Table 1). Several of them are
also the result of comparisons between the AAI and DDD
modes against the VVI mode, counting, in the latter case,
with the potential bias of AV dyssynchrony in the genesis of
these alterations.

The importance of such clinical characteristics as the
substrate for the development of heart disease in the context
of ACP, and not necessarily because of ACP, has been
emphasized in other publications. Studies show that the
greatest risk of an unfavorable outcome could be determined
by the pre-existence of other factors, such as: structural heart
disease, systolic dysfunction (LVEF<40 %), left ventricular
mass index >130g/m?or coronary artery disease!?’2),

In patients with recommendation for PPM in SND, the
risk of developing chronic AF and cerebral vascular accident
(CVA) — stroke - was more strongly determined by previously
present clinical variables than by artificial pacing of the RV,
when AV synchrony was maintained™-!. A post-hoc analysis
of DANPACEP" revealed that it can be safe to use the DDD-R
mode in patients with SND and without heart disease with
preserved systolic function. The DDD-R pacing in this study
did not generate differences in terms of HF when compared to
the AAI-R mode (with intrinsic ventricular activation). After a
mean follow-up of 5.4 years (which some consider insufficient
for the profile of the patients under study), the absolute drop
in LVEF was less than 5%. The authors stressed, however, that
the clinical characteristics (age, hypertension, coronary artery
disease, left ventricular diastolic diameter and/or previous
systolic dysfunction) are probably the major determinants of
the risk of developing symptomatic HF in the presence of ACP,
independent of the site of the electrode (apical vs. non apical)
and the percentage of CVPF7,

The classic MOST studyP¥, which was designed
to demonstrate the differences between the ACP with
physiological AV sequence (DDD-R) versus VVI-R in 2,010
patients with SND and preserved LVEF, revealed that a
percentage of CVP exceeding 40% is an independent predictor
of the onset of HF. This point is taken as a reference in several
Guidelines?!. Although seemingly contradictory, however,
until today no full light has been shed on the reasons that
explain this study’s observation that in the bicameral mode,

which is theoretically more physiological for the temporal
preservation of AV, the required dose of CVP to trigger
deleterious effects attributed to ACP corresponded to half (40%
vs. 80%) of the one required in the VVIR system for the same
damagel. A possible explanation could be the dyssynchrony
aggregated to an 1AV that was not ideally programmed in
the DDD group, confirming that the AV sequence is, in fact,
different from the concept of AV synchrony. Also relevant
in this context, a sub-analysis of MOST revealed that the
evolution to HF actually happens in less than 10% of cases,
mostly associated with coronary artery disease or prior
structural heart disease!*’!.

Although the literaturel®1213:1921.22] and the positioning
of the scientific community are strongly indicative of the
fact that any patient under the action of ACP is potentially
vulnerable to the appearance of this heart disease, many of the
same publications also stress that patients without previous
heart disease have a good tolerance to artificial pacing of the
RVI6131537 For Sweeney and Prinzen, the risk of developing
HF in 2 years in structurally normal hearts lies between 0.76%
and 1.7 %, which is probably similar to what can be expected
in the normal population without a PPM[3311, However, even
depending on the relationship between the elapsed time since
the implant and the percentage of CVP dose, it is interesting
to see that today there are millions of patients with devices
that artificially activate the RV, and we are nevertheless not
experiencing an HF epidemic due to this fact.

On this point about the relationship between the time since
the first implant and the progression to heart disease because of
ACP in patients with congenital AVB and without known prior
structural heart disease, Yu et al.*!! define heart disease associated
with ACP when the LVEF <45% and there is ventricular
dyssynchrony caused by artificial activation of the RV, in the
absence of another cardiomyopathy that could justify it. In this
profile of patients with prolonged follow-up times, an incidence
0f 9% in the st year after implantation of PPM is described!l.
Other authors presented a variable prevalence: 13% After 9.7
years (£ 2.9 years) of artificial pacing of the RVI*2, up to 15.4%
after almost 25 years (24.6+5.6 years) of ACP*!. When assessing
the correlation between ACP, HF and the presence of specific
antibodies, Sagar et al.*y found an association with specific
antibodies in a group of patients with a PPM for congenital AVB
without structural heart disease. This restates that, in this context,
the risk could very well not derive simply from the effect of ACP,
but instead be related to other etiological agents.

As cited, several publications!!>?#% confirm the negative
effects of ACP of the RV (Table 2) in this clinical- pathological
context. There is a record that the highest risk of heart
disease by ACP occurs when this generates greater degrees of
intraventricular dyssynchrony™, in addition to the presence
of other factors being necessary, for example, ventricular
remodeling, arterial hypertension, coronary heart disease etc.,
reinforcing the thesis of the need for a substrate.
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Table 1. Studies on the stimulation of the right ventricle associated with outcomes.

Author Type of Operation Follow-up Patients in study n LVEF Results
study Mode

Albertsen RCT DDDxAAI 1 Year SND 50 >60% Reduction of LVEF in

(2008) group DDD

Pastore Cohort DDD 1 Year Subgroups 153 Sub-groups Apical RV pacing induces

(2008) according to LV dyssynchrony depending

LVEF on basal LVEF

Nahlawi Cohort DDD 1 Week Preserved LVEF 12 Mean 66.5% RV pacing results in

(2004) worsening of LVEF

Vernooy Cohort DDD Mean 7 years Ablation of the 45 - Prolonged RV pacing

(2006) His bundle induces ventricular
remodeling and reduction
of LVEF

Schmidt RCT DDDxAAI - Subgroups 33 >35% or RV pacing prolongs QRS

(2007) according to <35% independent of LVEF.

LVEF Dyssynchrony related with

LVEF <35%

Tops Cohort - 6 Months Ablation of the 58 - 57% of those with RV

(2007) His bundle pacing presented LV
dyssynchrony, reduction
of LVEF and worsening of
functional class

Andersen RCT AAIxVVI 8 Years SND 225 - AAI mode with

(1997) improvement in survival
(RRR 34%), lower
incidence of AF (RRR 46%)
and thromboembolic events
(RRR53%)

Nielsen RCT AAIRXDDDR-1 3 Years SND 177 - AAI mode with lower

(2003) and DDDR-S incidence of AF (7.4% x
17.5% in DDDR-1 MODE
X 23.3% in DDDR-s mode)

Lamas RCT VVIRxDDDR 33 Months SND 2010 - DDDR Mode with lower

(2002) incidence of AF (HR
0.79) and reduction of
HF symptoms, with no
difference in mortality due
to CVA

Wilkoff RCT VVIXDDDR 18 Months Indication of 506 - VVI mode with more

(2002) 1ICD hospitalization for HF, and
death (HR 1.61)

Olshansky VVIxDDD 1 Year Indication of 988 - DDD Mode with less events

(2007) RCT hysteresis ICD (RRR 33%)

Tops VDD 1 Year AV and ablation 55 Mean 46% 49% developed

(2006) Cohort od the AV node dyssynchrony of the LV

RCT=randomized clinical trial; SND=sinus node disease; LVEF=left ventricular ejection fraction; RV=right ventricle; LV=left ventricle; RRR=relative
risk reduction; AF=atrial fibrillation;, HF=heart failure; CVA=cerebral vascular accident-stroke; ICD=implantable cardioverter defibrillator
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The vast majority of patients with implantable cardioverter-
defibrillators (ICD) have a pre-existing heart disease. There are
records that these conditions have a worse evolution with artificial
(apical) activation of the RV, the main site for placing the shock
electrode!®!®. In these cases, the risk approximates 50% for the
development of ACP’s associated cardiomyopathy within 2
years!'?l. Retrospective studies of the results of DAVIDE? and
MADIT-IT"9 indicate that ACP of the RV is less tolerated when
there is previous systolic dysfunction. Up to the 1* year, HF
symptoms arose in the dependence of CVP percentage (>40% in
DAVIDF? and >50% in the MADIT 11¢Y), which was a clear dose-
response relationship®??. It is important to highlight, however, that
in DAVIDP2, the patients programmed for a DDD-R with a long
TAV, who accumulated 11% of CVP, made up the group with the
best tolerance for ACP. This could suggest that, in this population,
it is best not to stimulate the RV from the apex. And if there is
no other way, then it should be done with the best AV synchrony.

This hypothesis also proved to be valid according to the results
of the INTRINSIC RV, confirming that in some scenarios, a
certain CVP percentage of the RV may be necessary, provided
that the AV synchrony is preserved. This study revealed after
1 year of follow-up that a high cumulative CVP percentage is
associated with a higher rate of hospitalization for HF, ventricular
tachycardia and mortality. However, better results were obtained
in the group with a CVP between 10-19% (2.8% of occurrences)
when compared to the group with <10% (8.1% of occurrences)*’..
The reason for these findings would once again lie in the inherent
harm of the decoupling of the AV produced by the algorithm that
minimized the activation of the RV.

It is important to highlight, however, that there is no concrete
data on the role that some assisting drugs, such as those that
affect the renin-angiotensin-aldosterone system and that have
proven beneficial in the context of the clinical treatment of HF,
would play in secondary structural remodeling of the ACP of
the RV, both in the scenario of patients without heart disease
(preventive effect), as in those with impaired systolic function.

With technological developments, is there a best
strategy for cardiac pacing?

As of today, there is no unanimous definition of the best
system, mode of operation or anatomic site for ACP!'”). Among
the vulnerable individuals, the unfavorable evolution for the
appearance of heart disease because of ACP could be linked
to the interaction of at least 3 factors: (1) patient-substrate:
normal heart versus pre-existing heart disease and systolic
dysfunction (LVEF< 45 %)!13.15.1827.314849). (2) ACP time and
dose (%CVP): worse if >40% of timel3235465%; and (3) degree of
dyssynchrony generated (ventricular lead sitet-1:52, diQRS
generated™ and artificial LBBBP),

The interposition of RV pacing in individuals with pre-existing
systolic dysfunction (variable proportion of those who receive a
conventional PPM, but a significant group within those who implant
ICDs)?Y accelerates the onset of heart disease by ACP and it is

probably in this group that ACP of the RV should be minimized or
even eliminated, when possiblel>%), In search of a better clinical
outcome, we grouped the ways of using ACP in two sets:

» Using algorithms to minimize RV pacing through the
manipulation of the iAV (programming of the device);

+ Using variants of cardiac stimulation systems: a) atrial
single-chamber (AAI); b) alternative sites for the electrode
implant; ¢) multisite pacing: biventricular and bifocal of the RV.

Most of the algorithms that minimize the ACP of the RV are
basically looking for functionality in the AAI-R mode. Some of
them are complemented with backup ventricular pacing (change to
the DDD-R mode). However, these algorithms can at the same time
produce AV decoupling and dyssynchrony by allowing for long,
unrestricted and non-physiological iAVs. A better AV synchrony
optimizes the myocardial pump by allowing atrial contraction at
the appropriate pre-ejective ventricular moment. It also maximizes
the diastolic ventricular filling (pre-loading). The AV synchrony is
also beneficial to the mitral valve functioning and maintains the
atrial pressures at significantly lower levels!'”). AV dyssynchrony,
on the other hand, reduces cardiac output at rest from 20% to up
to 50%!%°¢. A meta-analysis of more than 7,000 patients (Figure
1), which compared the ACP based on atria (AAI operation
and, therefore, intrinsic QRS) with conventional stimulation of
the RV, did not reveal significant differences in mortality or in the
combined outcome of stroke and mortality or hospitalization for
HF®7), In another publication it was demonstrated that the iPR and
the dose (%) of atrial stimulation were independent predictors of
AV dissociation. When AV decoupling occurred, the cumulative
CVP increased 10 times in comparison to patients without this
electromechanical effect™.

OR (CI 95%)

Mortality ——t 0,95 (0,87-1,03); P=0,19
CVA or CVD death —— 0,94 (0,85-1,04); P=0,18
CVA | 0,81 (0,67-0,99); P=0,035

Hospitalization for HF _ 0,89 (0,77-1,03); P=0,12
Atrial Fibrillation —— 0,80 (0,72-0,89); P<0,001
0.5 1.0 15
ATRIAL BASED PACING VENTRICULAR PACING

CVA: cerebral vascular accident - stroke; CVD, cardiovascular disease; HF: heart failure; OR: odds
ratio; CI: confidence interval.

Healey JS, Toff WD, Lamas GA et al. Circulation 2006;114:11-17
Fig. 1 - Meta-analysis of atrial-based pacing vs. ventricular
pacing.

In a comprehensive manner, without distinguishing
between patients with normal systolic function and those
with impaired LVEF, the current Guidelines?** recommend
(level of evidence C) the use of algorithms that are able to
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maximally exploit the intrinsic AV conduction. However, we
are not sure if with this form of stimulation we are not at the
same time, in certain contexts and patient profiles (iPR> 300
ms), changing the sequence of mechanical coupling between
atria and ventricles®?. The maximum limit of iAV before AV
dyssynchrony appears, however, has not been determined
exactly, and neither are there data available to establish how
much the minimization of the stimulus of the RV, at the
expense of AV dyssynchrony, outweighs the risk of artificial
ventricular activation.

When alternative ACP strategies are considered, through
single-chamber atrial functioning, either by placing a single
electrode or by programming the AAI mode, one must face
the non-negligible risk of symptomatic associated AVB, which
incidence is variable in the literature. The Brazilian Guidelines™
cite an incidence of 8.4% in this context. If the patient with
SND has some other kind intraventricular conduction or atrial
fibrillation disorder, the incidence increases to more significant
values®*%, Tt is worth pointing out that the first clinical
manifestation of AV dysfunction is syncope in up to 50% of
casesY, which, paradoxically, is one of the most important
symptoms to be relieved by implantation of a PPM.

Endocardial cardiac pacing has traditionally been
performed with implantation of the electrode at the apex
of the RV because of the electrical stability and, above all,
the surgical ease, since it is the most accessible transvenous
way!!®l. Virtually all studies on artificial ventricular pacing
have shown some kind of influence of the activation site on
the cardiac hemodynamics. For this reason, alternatives for
the stimulation of different topographies instead of the apex of
the right ventricle have been assessed, especially the outflow
tract of the RV, a septal and para-Hissian location, or even the
endocardial pacing of the LV. Studies in patients with SND and
preserved AV conduction, with randomization for the apical
versus the outflow tract of the RV, and that contemplated these
aspects, demonstrated the superiority of the latter location in
terms of LVEF and remodeling when the follow-up exceeded
18 months!®%4, Because of the methodological differences for
the confirmation of the position of the electrode, however, and
because we know that a great part of the hemodynamic results
would depend on the obtained diQRS[®”, until the moment
these findings have not been incorporated into the Guidelines.

Pachén et al.[¢%8] ysed bifocal pacing of the RV
(conventional electrodes in septum and apex) in an attempt
to promote the resynchronization of the LV. Despite the
relatively small number of patients, the authors observed a
reduction in diQRS and mitral regurgitation, in addition to
significant improvement of systolic and diastolic function,
which resulted in functional and quality of life improvements
for the individuals. They proposed this alternative for cases
with less myocardial impairment, as would be the case in
heart conditions exclusively secondary to ACP, and/or when
CRT is not possible by placing the LV electrode via coronary

sinus. Despite the apparent good results, the most recent
Guidelines* also don’t consider this proposal.

With the evidence and the clinical practice, an understanding
is mounting of the role of primary prevention of HF by CRT. To
prevent heart disease induced by ACP, there could be benefits
to the upgrade to a multisite pacing system when is indicated
to implant a device (PPM or ICD) and there is reduced when
there is reduced LVEF (<35 or 40%), and the prediction of high
cumulative CVPE-](Table 2). While the European Guidelines® do
not establish a definite value for CVP, the American Guidelines™
mention that it must exceed 40% for a recommendation Ila.
The American Guidelines also state that despite the absence of
symptoms at the time of elective replacement of the conventional
PPM generator, when there is reduced LVEEF, the upgrade to CRT
could be associated with a better outcomel6>%-7,

Table 2. ESC Guidelines — Recommendations for cardiac
resynchronizatin therapy directly or upgrade from a conventional
pacing system in patients with heart failure and formal indication
for cardiac pacing therapy.

Class Level of
evidence
1. Upgrade of conventional PM or I B
ICD

CRT is indicated in HF patients with

LVEF <35% and a demand for high

percentage of ventricular pacing who

persist in the NYHA functional class

III or IV even with optimized medical

treatment

Recommendation

2. CRT in a direct way ITa B
CRT should be considered in

patientis with HF, depressed LVEF

and a demand for high percentage

of ventricular pacing under risk of

worsening od HF symptoms

PM=pacemaker; ICD=mplantable cardioverter defibrillator;
CRT=cardiac resynchronization therapy, HF=heart failure; LVEF=left
ventricular ejection graction; NYHA=New York Heart Association.
Brignole M, Auricchio A, Baron-Esquivias G, Bordachar P, Boriani
G, Breithardt OA, et al.l’/

However, from the same perspective that the role of multisite
pacing is more a preventive than a therapeutic strategy, the theory
arises that in patients with preserved or less compromised systolic
function, CRT could revert the dyssynchrony artificially produced
by the action of ACP!*7!1. There is also evidence!'*™ that it would
be plausible to prescribe CRT for these patients since the first
implant. A prospective and randomized study!! reported the
superiority of CRT in comparison to apical RV pacing in patients
with preserved LVEF and bradycardia. A post-hoc analysis of
the MADIT-CRT! found up to 38% of patients with EF>30%
(ranging from 30-45.3%), with these patients having significant
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clinical benefits with CRT and, surprisingly, showing an even
more pronounced reduction of the risk of events when compared
to those with more depressed LVEF (reduction of 44% of primary
outcomes, including mortality from any cause).

Another study!”™ that compared conventional pacing
in complete AVB with CRT in 918 patients with a mean
LVEF of 40%, showed that the combined outcome of death
from any cause, emergency treatment for HF, and increase
in end-systolic volume of the LV, was less frequent with
biventricular pacing (53.3% vs. 64.3%). The result of this
study suggests that CRT supports the ventricular function
in patients who require ACP and with moderately reduced
LVEF. These data were supported by the PACE study!’!,
which demonstrated that the potential deleterious effects of
RV apical pacing could be avoided with CRT in patients with
moderately reduced LVEF.

In conclusion, is there a best strategy for cardiac pacing?
The analyzed literature reports that the vast majority of patients
with a structurally normal heart and preserved systolic function
tolerates, in varying degrees, any changes generated by ACP of
the RV. This is possible due to the operation of mechanisms of the
myocardial functional reserve. When there is a prior impairment
of systolic function and, probably, these compensatory
mechanisms have been exhausted, the set of alterations, such
as the increase of diQRS, ventricular dyssynchrony and the
artificially generated LBBB, gives rise to the ventricular
pacemaker syndrome!® and clinically manifest HF. Therefore,
when the implantation of a device is indispensable, one must
thoroughly assess the patient-substrate set, the systolic function
and the AV conduction in order to estimate the cumulative CVP
and to establish, based on this, the decision flow (Figure 2)2.
In patients with AV dyssynchrony and a structurally normal

Expected percentage
of RV pacing

v\

| >40% | [ <40% |

*There are no large-scale studies that
assessed the risks or benefits of the

algorithms to reduce rigth ventricular
pacing in patients with high level AVB.
RV: right ventricle; LVEF: left
ventricular ejection fraction; CRT:
cardiac resynchronization therapy;

| LVEF |_>] Normal ‘_ SND: sinus node disease; AVB:
atrioventricular block.
v
Primary Rhythm
Disturbance
CRT SND AVB
E*
v

Activate specifc algorithms that
reduce RV pacing

Akerstrom F, Arias MA, Pachén M et al. World J Cardiol 2013;5(11):410-419.

Fig. 2 - Proposed flowchart on how to avoid unnecessary
right ventricular pacing in patients with indication for
conventional pacemakers and without indication for cardiac
resynchronization therapy.

heart (preserved LVEF), a programming that allows for non-
physiological iAVs or that may cause AV uncoupling, may not
be suitable. When the AV conduction is preserved, one should
look to minimize RV pacing by the use of specific algorithms,
also trying not to generate paradoxical AV dyssynchrony. If
ACP of the RV is mandatory, and if there is no concomitant
systolic dysfunction or structural heart disease, we can be
confident that the probability of the patient progressing to HF
by ACP is low!!3152223.27373] In these patients, one can try to
implant the electrode in a septal position or in the RV outflow
tract in order to obtain a more favorable activation vector with
greater probability of capturing the intrinsic conduction system
and producing lower diQRS. In patients with LVEF <50% and
anticipation of high CVP percentage (>40%), CRT should be
stratetic choice.

CONCLUSION

ACP is a safe and effective therapy for the treatment of
irreversible bradyarrhythmias, but it is not devoid of potential
adverse effects. Patients who receive devices for conventional
indications, and who have structurally normal hearts and
preserved LVEF, often present less secondary heart diseases
from ACP, even with high doses of cumulative artificial
activation (%CVP) of the RV. In the absence of a substrate and
predisposing factors, some doubt remains about which clinical,
hemodynamic, structural or even genetic circumstances we
should care for to avoid heart disease induced by ACP of the
RV. Cardiac resynchronization therapy emerges, in the context
of dyssyncropathy, extended diQRS, artificial LBBB pattern
and %CVP by ACP, as the most promising option for treatment,
while the role of other strategies remains controversial.
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