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The influence of right ventricular apical pacing on left atrial
volume in patients with normal left ventricular function

AR Moaref', E Fallahzadeh’, J Zamani', KhS Najib’

1. Cardiovascular Research Center, 2. Internal Medicine Department, 3. Pediatric Department, Shiraz University of Medical

Science, Shiraz Iran

Background: Right ventricular apical (RVA) pacing has been reported to induce several deleterious effects
particularly in the presence of structural heart disease but can also involve patients with normal left ventricular
(LV) function. Left atrial (LA) enlargement is one of these effects, but the majority of studies have measured LA
dimension rather than volume.

Objective: The present prospective study was designed to assess the effect of RVA pacing on LA volume in
patients with normal LV function.

Patients and Methods: The study comprised 41 consecutive patients with LV ejection fraction > 45% and LV
end diastolic dimension < 56 mm who underwent single-or dual- chamber pacemaker implantation in RVA and
followed for LA volume measurement and pacemaker analysis at least during the ensuing 4.2 months.

Results: Inall, 21 patients were excluded from the study due to five spontaneous wide QRS complex (>120msec),
one recent acute coronary syndrome,one significant valvular heart disease, three pacing frequency <90%, eight
death or losing follow up in three cases. In remaining 20 patients, LA volume ragned from 21 to 54 mm3 with
mean of 37.3+9.7 mm3 prior to pacemaker implantation that increased to 31 to 103 mm3 (54.3+17.0) during
follow-up (P<0.001).

Conclusion: RVA pacing might lead to an increase in LA volume even in patients with normal LV function.
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Introduction
he right ventricular apex (RVA) is the
preferred site for cardiac stimulation
in the management of symptomatic Brady ar-
rhythmias' and remains the most widely used
in standard indications?.

Chronic RVA pacing has been reported to
induce several deleterious effects such as im-
pairment of diastolic function®*® and reduction
in systolic contraction, promotion of ventricu-
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lar remodeling and arrhythmias as well as left
atrial (LA) enlargement®. These side effects
particularly occur in the presence of structural
heart disease but can also involve patients with
normal left ventricular function®. In this man-
ner, LA enlargement has been taken into con-
sideration less than other echocardiographic
parameters and the majority of relative stud-
ies have measured LA dimension rather than
LA volume, which is a better measurement of
LA size and provides a favorable prognostic
value. In addition,in some studies, LA volume
expressed the severity of diastolic dysfunction
and correlated with left ventricular end-diastol-
ic dimension (LVEDD), left ventricular
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end-systolic dimension (LVESD) and left ven-
tricular ejection fraction (LVEF). Therefore this
prospective study was undertaken to assess
the influence of RVA pacing on LA volume in
the presence of normal LV function.

Patients and Methods
Study population: This study included 41 con-
secutive patients with LVEF = 45% and LVEDD
< 56 mm that underwent single- or dual- cham-
ber pacemaker implantation in RVA. They were
then subjected to follow-up (FU) echocardiog-
raphy by the same cardiologist and pace anal-
ysis after at least 4.2 months.
Echocardiographic Measurement

2-Dimensional (2D) transthoracic echocar-
diography (TTE) was performed using a com-
mercially available ultrasound system (Acuson
CV 70, Siemens), according to American So-
ciety of Echocardiography Guidelines (9,10),
and LA volume was measured at end-systole
from the apical 4-and 2-chamber views (discs
methods).
Exclusion Criteria

These involved spontaneous wide QRS
complex (= 120 msec) in 5 ,acute coronary
syndrome (ACS) occurring recently or dur-
ing FU in one, significant valvular heart dis-
ease (VHD) in one , pacing frequency <90%
in three, cardiac or non- cardiac death in eight,
and losing FU in three patients.
Statistical Analysis

Data are presented as mean + standard
deviation. Patients were used as their own
controls and comparison was performed using
paired t-test. A p-value <0.05 was considered
statistically significant.

Results
Patients characteristics
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Table 1. Demographic and echocardiographic

data prior to pacemaker implantation

Parameter Value
Age (years) 66.1£10.8
Female 13 (65%)
Follow up (month) 7.9£2.4
Pacing indication

CAVB 17 (85%)

SSS 3 (15%)
Pacing mode

VVIR 11 (55%)

DDDR 9 (45%)
LVEF (%) 70.3+11.2
LA volume (mm3) 37.349.2
LVEDD (mm) 46.146.616

CAVB= Complete Atrio Ventricular Block, LA volume=Left Atrial volume,
LVEDD= Left Ventricular End-Diastolic Dimension, LVESD= Left Ven-
tricular End-Systolic Dimension, SSS= Sick Sinus Syndrome.

The study comprised 20 patients whose
demographic and echocardiographic charac-
teristics prior to pacemaker implantation are
described in Table 1.

The patients aged from 35-83 (66.1+£10.8

years); and 65% were female. They were fol-
lowed for 7.9 months (4.2-12.3 months)?. In-
dication for pacemaker implantation was com-
plete atrioventricular block (CAVB) in 17 pa-
tients and sick sinus syndrome (SSS) in 3 cas-
es. Pacemakers were single-chamber (VVIR)
in 13 patients and dual- chamber (DDDR) and
in the others.
Echocardiographic parameters: As shown in
Fig. 1, LA volume (mm?3) prior to pacemaker
implantation ranged from 21 to 54 (37.3+9.7)
and in FU echocardiography became 31 to
103 (54.3£17.0), and the differences were sta-
tistically significant (P<0.001).

Discussion
Over the last decade several studies have
demonstrated the deleterious consequences
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Fig 1. Variation of Left atrial volume, pre— and post
— pacemaker implantation.

of RVA pacing'®?2.In this connection, a longitu-
dinal controlled study was carried out that in-
cluded 24 young patients (with mean FU of 9.5
years), whose RVA pacing led to irreversible
LV systolic and diastolic dysfunction™. How-
ever a few investigations have evaluated LA
enlargement as a side effect. Nielsen et al fol-
lowed, in a randomized trial, 177 patients with
SSS and normal atrioventricular conduction
with AAIR or DDDR pacemaker for 2.9+1.1
years and found that LA diameter increased
significantly in DDDR but not in AAIR group?".
However, contrary to our study, comparing LA
volume before and at least during FU of pace-
maker implantation, no significant changes
were found in any of the patients and LA dila-
tion was possibly caused by the abnormal ac-
tivation sequence and mechanical contraction

References

1 Tse HF, Lau CP. Long-term effect of right ventricular pacing on
myocardial perfusion and function. J Am Coll Cardiol. 1997; 29:
744-9.

2 Cock CC, Giudici MC, Twisk JW. Comparison of the hemodynamic
effects of right ventricular outflow-tract pacing with right ventricu-
lar apex pacing. Europace. 2003; 5: 275-8.

3 Bedotto JB, Grayburn PA, Black WH, et al. Alterations in left ven-
tricular relaxation during atrioventricular pacing in humans. J Am
Coll Cardiol 1990, 15:658-64.

4 Betocchi S, Piscione F, Villari B, et al. Effects of induced asynchro-
ny on left ventricular diastolic function in patients with coronary
artery disease. J Am Coll Cardiol 1993; 21: 1124-31.

5 Stojnic B, Stojanov P, Angelkov L, et al. Evaluation of asynchro-
nous left ventricular relaxation by doppler echocardiography dur-
ing ventricular pacing with AV synchrony (VDD): Comparison with
atrial pacing (AAI). PACE 1996; 19: 940-4.

6 Antonis SM. The deleterious consequences of Right ventricular
Apical pacing: Time to Seek Alternate Site pacing. PACE 2006; 29:

Iranian Cardiovascular Research Journal Vol. 1, No. 3, 2008

www.icrj.ir

pattern of ventricles induced by RVA pacing®-%
which was associated with a decrease in the
LV systolic?? 2® and diastolic dysfunction?.

Teresa SMT et al.” in a study on 140 adults
referred for a clinically-indicated echocardio-
gram, demonstrated that LA volume corre-
lated positively with age, body surface area,
cardiovascular risk score, LVEDD and LVESD
and negatively with LVEF. Also, LA volume ex-
pressed the severity of diastolic dysfunction
and provided an index of cardiovascular risk
and disease burden in patients without a his-
tory of atrial arrhythmias or valvular heart dis-
eases.

Conclusion

RVA pacing can lead to an increase in LA
volume even in patients with normal LV func-
tion. However, the study was limited in that our
patients who had no evidence of ACS, may
have had clinically silent coronary artery dis-
ease that contributed to LA volume increase,
with additional limitation imposed by FU dura-
tion.
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