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Summary
Objective: To determine ventricular remodeling (VR) and the role of clinical and functional variables  in patients with 
normal cardiac function who underwent right ventricular apical pacing (RVAP).

Methods: Among the 268 consecutive patients with standard pacemaker due to complete atrioventricular block (CAVB),
those with left ventricular ejection fraction (LVEF) < 55% and left ventricular end-diastolic diameter (LVEDD) >  53 
mm on Doppler echocardiography were excluded.  Ventricular remodeling was defined as echocardiographic changes 
documented at least six months after implantation, namely, a >10% increase in LVEDD and a  > 20% decrease in LVEF. 
The following variables were analyzed: underlying heart disease, NYHA functional class of  heart failure (HF), time of 
ventricular stimulation, and QRS duration. Statistical analysis included likelihood ratio test, Fisher’s exact test, and 
Wilcoxon rank-sum test. A p value < 0.05 was considered statistically significant.

Results: The study included 75 patients, mean age 70.9 ± 14, of whom 22.6% were male. Mean time between both 
evaluations was 80.2 months. Before implantation, mean LVEF was 72% and LVEDD was 46 mm; after implantation this 
values were 69.7% (p = 0.0025) and 48.5 mm (p = 0.0001), respectively. Mean QRS duration after implantation was 
156 ms. Ventricular remodeling was observed only in four patients (5.3%), and no exploratory variable specified this 
behavior. 

Conclusion: In a long-term follow-up, patients without ventricular dysfunction who underwent RV apical pacing (RVAP)
showed low VR rate, and no analyzed variable was associated with its occurrence.
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Introduction
Cardiac pacing is known to be a safe and effective therapy 

in the management of symptomatic bradyarrhythmias1. The 
development of alternative surgical techniques for implanting 
cardiac stimulation devices was an outstanding scientific 
achievement of the second half of the 20th century. 

The modern era of cardiac pacing dates back to 1958, when 
Elmqvist and Senning implanted the first cardiac pacemaker 
by thoracotomy in a human and, shortly thereafter, Furman 
and Robinson implanted the first endocardial lead2.

Since then, a number of experiments introduced different 
configurations as alternative implantation techniques. The right 
ventricular apex is the preferred site for cardiac stimulation, 
both because it is easily accessible and provides lead stability, 
and remains the most widely used in standard indications3,4.

On the other hand, the last decades were marked by 
technological breakthroughs in the field of implantable 
devices. The algorithmic functions of electronic devices have 
grown increasingly sophisticated, and the leads have become 

safer and biocompatible.

All these were clearly translated into considerable 
improvement in the quality of life of patients implanted with 
these devices.

Despite this evidence, the worsening of clinical conditions 
experienced by some patients was recently associated to 
the RV apical pacing itself.  In these cases, it was found that 
disorders in ventricular activation sequence lead to impaired 
hemodynamic function, similar to that caused by left bundle 
branch block (LBBB)5-7.

Ventricular dyssynchrony induced by pacing may result in 
cellular damage, changes in ventricular geometry and systolic 
function, increase in atrial dimensions, and hemodynamic 
deterioration8,10. Some authors, however, do not agree with 
these findings11. In a recent study, Nahlawi et al12 demonstrated 
that RV pacing has a modest effect on ventricular function 
depression and suggested that further studies be made to 
identify its real pathophysiological mechanisms. 

Recently, another consistent body of clinical evidence emerged 
with the publication of the DAVID 13, MADIT-II14, MOST15, and 
PAVE trials16. The subanalyses of these studies related cardiac 
stimulation (in the RV apex) to higher rates of admissions for 
heart failure (HF). The frequency of atrial fibrillation and mitral 
regurgitation was also found to be higher17,18.
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In light of these findings,  specialists in this field were urged 
to pay closer attention to individual clinical features and think 
carefully when choosing surgical alternatives, such as the use 
of active fixation leads in other sites, like the RV outflow tract 
or resynchronization pacemaker9.

 Therefore, the documentation of ventricular  dyssynchrony 
induced by RV apical pacing may be an important adjunctive 
tool. Tissue Doppler echocardiography, as well as other 
imaging techniques, has proved to be of great value in this 
evaluation19.

However, the critical information necessary to assist 
decision making on the best surgical approach, that is, the 
anatomic and functional behavior of the heart related to 
clinical findings and pacemakers, is yet to be described.  This is 
an analysis of ventricular remodeling (VR) strictly related to the 
anatomic and functional behavior of the heart in pacemaker-
dependent patients3

.

The aim of the present study is two-fold: to evaluate the 
amount of LV remodeling in patients with normal cardiac 
function who underwent RV apical pacing and to identify its 
clinical predictors.

Methods
Case series - Study sample was selected by a single 

examiner from among 268 consecutive patients seen at the 
Pacemaker Clinic of the Heart Institute of the University of 
São Paulo Medical School (HCFMUSP) between August 2004 
and February 2005. Those with the following characteristics 
were eligible for the study: 1) diagnosis of complete AV 
block (CAVB); 2) transthoracic echocardiogram (TTE) prior to 
permanent pacemaker implantation showing left ventricular 
ejection fraction (LVEF) > 55% and left ventricular end-diastolic 
diameter (LVEDD) < 53 mm; 3) control echocardiography  
more than six months after implantation; 4) ventricular lead 
placed in the RV apex, with stimulation thresholds <1.5 V, 
pulse width of 0.5 ms and R-wave > 5 mV, irrespective of 
polarity (unipolar or bipolar). 

Pacemakers were programmed to meet the individual 
needs of each patient. Exclusion criteria were: intermittent AV 
block; the presence of multisite RV pacing, resynchronization 
pacemaker, or implantable cardioverter-defibrillator; patients 
who underwent heart transplantation; severe lung disease; 
muscular dystrophies;  non-apical ventricular lead. 

Study design - Figure 1 depicts a schematic representation 
of the study protocol. The first clinical and functional 
evaluation was performed before pacemaker implantation and 
the second, the most recently performed, at least six months 
after implantation. 

Left ventricular remodeling was defined as structural changes 
found in a comparative analysis of both echocardiographic 
examinations. The following parameters were considered: 
increase in LVEDD > 10% and decrease in LVEF > 20%. 

All patients were assessed for heart disease, HF functional 
class (NYHA), time of ventricular stimulation, presence of AV 
synchrony, and paced-QRS duration on ECG.

Transthoracic echocardiogram - LVEDD was analyzed 

in millimeters (mm) by M-mode echocardiography, and 
LVEF was analyzed in percentages (%) by two-dimensional 
echocardiography. The Echocardiographic Division of the 
Heart Institute was entrusted with the examinations. The 
current Brazilian Echocardiography Society guidelines were 
followed, as were the instructions provided by the team 
responsible for outpatient follow-up. 

Clinical evaluation - Clinical evaluation was based on 
the analysis of data from institutional medical records prior 
to pacemaker implantation and at the time of the last TTE 
examination. The New York Heart Association (NYHA) criteria 
for HF functional class were used20.

Time of ventricular stimulation - Defined as time elapsed 
(in months) between permanent pacemaker implantation and 
the second TTE examination.

Atrioventricular synchrony - Atrioventricular synchrony was 
defined as atrial and ventricular sequential depolarization, 
regardless of artificial stimulation. The presence of synchrony 
was established at the time of pacemaker implantation, and 
later changes were not taken into consideration. 

QRS complex analysis - The duration of paced-QRS 
complex (milliseconds) was assessed in a 12-lead surface 
electrocardiogram (ECG) calibrated at 0.1 mV/mm and paper 
speed of 25 mm/sec. The time interval from pacemaker spike 
to the end of the QRS complex was considered.

Statistical analysis - Ventricular remodeling rate was 
measured by registering the absolute values of occurrences. 
Functional echocardiographic behavior was assessed by 
comparing pre- and post-pacemaker implantation means using 
the Wilcoxon rank-sum test. Fisher’s exact test was performed 
for associated risk factors for VR,  the likelihood ratio test was 
used for classificatory parameters, and the Wilcoxon rank-
sum test, for quantitative parameters. A p value < 0.05 was 
considered statistically significant. 

Results
Of the 268 patients evaluated, 75 were eligible for the 

study. This population’s characteristics, prior to pacemaker 
implantation, are described in Table 1. Mean age of the group 
was 70.9 ± 14, and 22.6% of the subjects were male. The 
most frequent heart diseases were Chagas heart disease (33%) 
and hypertensive heart disease (32%). Mean LVEF before PM 
implantation was 72%, and LVEDD was 46 mm. Sixty-nine 
patients (92%) were in NYHA functional class I or II; six patients 
were in class III and no patient was in class IV.  

Echocardiographic examinations considered for VR analysis 
were performed, on average, 1.6 days before and 80.2 months 
after pacemaker implantation.

After pacemaker implantation, LVEF decreased from 72.6% 
to 69.7% (p = 0.0025) and LVEDD increased from 46.4 mm 
to 48.5 mm (p = 0.0001), and both changes were statistically 
significant (Fig. 2).

Only four patients (5.3%) showed VR according to 
established criteria (Fig. 3). No statistical significance was 
found for the following variables: underlying heart disease, 
NYHA functional class, time of ventricular stimulation, and 
paced-QRS duration on ECG (Tab. 2). 
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Mean age of the subgroup that evolved with VR was 61.5 
± 16. Three patients had Chagas heart disease, and one 
patient was hypertensive. All patients were in NYHA functional 
class II. With reference to echocardiographic parameters, the 
following was noted: LVEDD increased, on average, 14.6% 
(48.7 mm pre-implantation to 57 mm post-implantation), and 
LVEF decreased, on average, 24.2% (69.2% pre-implantation 
to 52.5% post-implantation). Paced-QRS duration was 170 ms. 
Atrioventricular synchrony was preserved in three patients. 
Mean time of ventricular stimulation was 113 ± 4 months.

Discussion
This study’s findings suggest that RV apical pacing virtually 

does not cause myocardial anatomic and functional changes. 
In a primary analysis, this information is very practical and 
useful and, to some extent, surprising, because patients were 
followed-up on for a long period. Therefore, if RV apical pacing 
is not considered physiological and, generally speaking, if 
the ensuing sequence of myocardial electrical activation is 
deemed deleterious, as it produces hemodynamic, structural, 
and functional changes in the heart9, why have our patients 
evolved so favorably?

First and foremost, Pastore et al21 have demonstrated 
recently, through surface ECG mapping, that pacemaker-
induced LBBB does not share exactly the same characteristics 
as spontaneous LBBB. 

In case of cardiac pacing, it is known that the immediate 
activation of the interventricular septum increases the strain on 
the LV lateral wall22. Such imbalance of regional forces causes 
abnormal septal contraction towards the RV, which becomes 
even more delayed compared to the LV. Finally, there may 
be an increase in LV end-systolic diameter or decrease in the 

interventricular septum regional ejection fraction23,24.
However, our observations, drawn from clinical experience 

at the Pacemaker Clinic of the Heart Institute, suggest that these 
pathophysiological  mechanisms only account for hemodynamic 
deterioration in the setting of cardiomyopathy. 

Fig. 1 - Study design. CP - Cardiac pacing; RVAP - right ventricular apical pacing; ECHO - echocardiogram; CAVB - complete atrioventricular block; PM - pacemaker; 
RV - right ventricle; ICD - implantable cardiac defibrillator.
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ELIGIBLE
PATIENTS

EVALUATION O F LEFT V ENTRICULAR
REMODELING (TTE)

PRESENT
(GROU I)

ABSENT
(GROUP II)

Total number of patients n=75

Age, years (SD) 70.9 ± 14.3

Sex

Female 58 (77.3%)

Male 17 (22.7%)

Underlying heart disease

Chagasic 25 (33.3%)

Hypertensive 24 (32%)

Idiopathic 18 (24%)

Ischemic 8 (10.6%)

Echocardiographic parameters (SD)

LVEDD (mm) 46 ± 3.18

LVEF (%) 72 ± 4.86

HF functional class (NYHA)

I 26 (34.7%)

II 43 (57.3%)

III 6 (8%)

SD: standard deviation; LVEDD: LV end-diastolic diameter; LVEF: left 
ventricular ejection fraction; HF: heart failure.

Table 1 – Characteristics of the study population
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Nielsen et al25 described a decrease in inferior, septal 
and global myocardial blood flow during RV pacing, when 
compared to AAI pacing in the same population.

Other studies comparing the AAI(R) vs. DDD(R) and DDD(R) 
vs. VVI(R) pacing modes evaluated the role of RV apical pacing 
in ventricular remodeling 15,26-28. In great part, these studies’ 
findings suggest impairment of myocardial function.

The DAVID trial13 compared the clinical efficacy of 
implantable cardioverter-defibrillator (ICD) programmed to 
the DDDR mode-70 bpm vs. VVI mode – 40 bpm (PM turned 
off) and showed greater mortality and admission rates for CH in 
the DDDR group. These authors attempted to correlate clinical 
behavior and RV apical pacing, but pacemaker dependence 
was lower than 60% and all patients had LVEF < 35%, reducing 
considerably the strength of clinical correlation.

Likewise, the MADIT II14 trial, which included only patients 
with severe heart dysfunction, showed greater HF rate in 

the ICD group than in the control group (drug therapy). The 
worsened behavior (19.9% x 14.9%) was attributed to the ICD 
ventricular backup pacing feature. 

On comparing the characteristics of the population of 
the studies mentioned above with those of our population, 

Fig. 3 - Ventricular remodeling (VR) in the population that underwent RV 
apical pacing.
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TVP (months) 78.3 ± 47.9 113 ± 41.8 p = 0.131

IC: insuficiência cardíaca; ms: milissegundos; TEV: tempo de 
estimulação ventricular.

Table 2 – Analysis of clinical variables for ventricular remodeling

Fig. 2 - Variation of echocardiographic parameters before and after RV apical pacing. Figure A shows LVEF decrease after pacemaker implantation (p = 0.0025); figure 
B shows the significant increase in LVEDD with pacemaker (p = 0.0001). CP: cardiac pacing; LVEDD: LV end-diastolic diameter; LVEF: left ventricular ejection fraction; 
RV: right ventricle.
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a clear difference in myocardial function impairment is 
noted. In our study, myocardial dysfunction was an exclusion 
criterion, and in the other studies underlying heart disease 
was markedly severe.

In addition, as far as LBBB is concerned, and drawing 
an analogy with the clinical behavior of asymptomatic 
hypertensive patients with normal cardiac function, the 
importance of conduction disturbance is entirely diverse. 
Despite showing mechanical changes due to the rapid septal 
activation relative to the LV free wall, these changes are 
unable to exhaust the cellular energy supply, and myocardial 
performance tends to be maintained10, 25.

Nielsen et al.25 findings, which correlated changes in 
myocardial blood flow with RV apical pacing, should be analyzed 
in the light of the pathophysiological mechanisms known to 
be associated with dilated and ischemic cardiomyopathy. In 
these cases, regional ischemia may account for a deleterious 
vicious cycle that tends to worsen HF in the presence of prior 
myocardial dysfunction.

Another documented piece of evidence is the correlation 
between cardiac pacing and severe mitral regurgitation secondary 
to papillary muscle lesion by abnormal electromechanical 
activation19. Of course, for any valve dysfunction of this 
magnitude to manifest itself, the primary anatomic change must 
be severe, caused by major cardiac involvement.

This was the only study to evaluate VR in a population 
characterized by normal cardiac function at study entry and 
that was totally dependent on apical ventricular pacing. 

Conversely, the scientific evidence published thus far 
on VR related to RV apical pacing is based on comparison 
of clinical findings with the physiological stimulation mode 
(AAI) in patients with sinus node disease15,26-28. Well, these 
patients have a distinctive clinical behavior. In this respect, 
the subanalyses of all the mentioned studies are subject to 
criticism, because, regardless of the anatomic and functional 
changes and the presence of HF, atrial fibrillation was invariably 
the single predictive event of higher mortality, correlated with 
high stroke rates and also with ventricular pacing mode. This 
happened because these trials were not designed to evaluate 
this primary endpoint.

Our study, on the other hand, defined VR on the grounds 
of documented echocardiographic changes of clinical and 

functional impact. Pathoanatomical changes were not taken 
into account, since myocardial biopsy is not routinely performed 
in these patients. The most relevant findings of our study, 
namely, significant decrease in LVEF from 72.6% to 69.7% (p 
= 0.0025) and significant increase in LVEDD from 46.4 mm 
to 48.5 mm (p = 0.0001), do not imply any change in the 
therapeutic strategy. 

However, the criterion used to define VR allowed 
identifying patients with unfavorable clinical course entirely 
related to RV apical pacing, because pacemaker dependence 
was absolute.

In sum, based on the main topics of this discussion, the initial 
question about the behavior of our patients can be answered: 
cardiac function is the key element of the analysis, and 
pacemaker-induced LBBB causes hemodynamic deterioration 
in the presence of myocardial impairment. Stratification 
by transthoracic echocardiogram prior to PM implantation 
(documentation of normal cardiac function) is enough to 
identify the population at high risk to evolve without VR after 
RV apical pacing.

The limitation of our study is related to the fact that patients 
were selected from outpatient visits. Obviously, the patients 
enrolled in the study were selected previously on the basis of 
a favorable clinical course. Effects of comorbidities related to 
PM implantation, that is, complications caused by the cardiac 
pacing itself, were not considered.

On the other hand,  the low VR rate found in our study  
and the strict criteria to define remodeling, the clinical and 
functional relevance of which may have underestimated the 
number of patients that evolved with slight change in cardiac 
function, precluded identification of VR predictive factors.

Conclusions
Ventricular remodeling prevalence in patients without 

cardiomyopathy and under RV apical pacing is low (5.3%). Our 
study did not  identify VR associated factor in this subgroup. 
There is little evidence that HF represents a limiting factor 
for indication of RV apical pacing to treat bradyarrhythmias 
in patients with normal cardiac function. Consequently, 
prospective, randomized, larger studies are needed to confirm 
these findings.
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