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Abstract 
 

Background: Right ventricular apical (RVA) pacing has been reported to impair diastolic and systolic function. 
These changes were usually studied by conventional echocardiography, while tissue-doppler imaging (TDI) has 
provided a new way to evaluate global and regional systolic left ventricular (LV) function and abnormal LV relaxa-
tion. We designed this study to evaluate the changes of TDI-derived indices of asynchrony after RVA pacing. 
 
Methods: We followed 41 patients with LV ejection fraction (LVEF) ≥45% and LV end-diastolic dimension 
(LVEDD) ≤ 56 mm who underwent single- or dual-chamber RVA pacemaker implantation for performing pace-
maker analysis and second 2-dimensional (2D) echocardiography and TDI, at least 4.2 months later. 2D meas-
urements included LVEDD, LV end-systolic dimension (LVESD), left atrial (LA) volume and septum to lateral 
asynchrony, while TDI measurements were the peak velocities of myocardial shortening (Sm) and early myocar-
dial relaxation (Em). 
 
Results: Considering the exclusion criteria, 20 patients entered the study with the mean age of 66.05 years and 
follow-up of 7.86 months (4.20-12.25). The reduction of Sm, Em and LVEF, and the increment of LVEDD, 
LVESD, septum to lat asynchrony and LA volume were statistically significant. Changes of all these parameters, 
however, were independent of pacing duration, frequency or mode (single- or dual- chamber). 
 
Conclusions: RVA pacing has deleterious effects on both LV systolic and diastolic parameters of not only con-
ventional echocardiography but also TDI even in patients with normal LV function. Furthermore, LA volume in-
creases significantly. 
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Introduction 
 
Cardiac pacing is known to be a safe and effective 
therapy in the management of symptomatic bradyar-
rhythimas1. The modern era of cardiac pacing dates 
back to 1958.2 The right ventricular apex (RVA) is 
the preferred site for cardiac stimulation and remains 
the most widely used locus in standard indications.3,4 

In concert with data5-14 regarding the adverse 

hemodynamic and clinical effects of the spontaneous 
left bundle branch block (LBBB), newer data are 
emerging, which convincingly indicate that the iatro-
genic variety of LBBB, produced by RVA pacing 
technique, may be equally harmful15-21 since this tech-
nique results in asynchronous patterns of the right and 
left ventricular (LV) contraction and relaxation.22-24 

Chronic RVA pacing has been reported to impair 
diastolic function23,25,26 and reduce systolic contrac-
tion.1,25 These changes were usually studied by con-
ventional echocardiography, while Tissue- Doppler 
Imaging (TDI) allows accurate assessment of the re-
gional timing of mechanical events relative to the 
phases of the cardiac cycle.27-32 It has provided a new 

 
 
 
 

*Correspondence: Ebrahim Fallahzadeh, MD, Assistant Professor 
of Department of Internal Medicine, Nemazee Hospital, Shiraz Uni-
versity of Medical Sciences, Shiraz, Iran. Tel: +98-711-6261082, 
Fax: +98-711-2307594, e-mail: ebrahimfz@yahoo.com 
Received: January 15, 2008 Accepted: August 12, 2008 

mailto:ebrahimfz@yahoo.com


Moarref et al. 
 

WWW.irmj.ir Vol 11 April 2009 194 

way to evaluate global and regional systolic LV func-
tion and abnormal LV relaxation.33 Even this tech-
nique has emerged for prediction of LV function im-
provement after cardiac resynchronization therapy 
(CRT).34 However, data on the changes of TDI-
derived indices of asynchrony after  

RVA pacing are limited. In a study by John et 
al.,35 usefulness of TDI for evaluation of unfavorable 
effects of continuous, atrial- synchronized ventricular 
pacing on ventricular function was investigated in 
patients with normal LV ejection fraction (LVEF), 
but the patients entered the study at least 6 months 
after pacemaker implantation, not before it. 

We, therefore, in this prospective study compared 
conventional echocardiography and TDI indices of 
LV function in patients before and after pacemaker 
implantation to demonstrate the adverse effects of 
iatrogenic LBBB on normal LV systolic and diastolic 
function by TDI technique. 
 
 
Materials and Methods 
 
This study included 41 consecutive patients with 
LVEF ≥ 45% and LV end-diastolic dimension 
(LVEDD) ≤ 56 mm undergoing single- or dual-
chamber pacemaker implantation in RVA. Then, they 
were followed for follow-up (FU) echocardiography 
(by the same cardiologist) and pace analysis after at 
least 4.2 months.  

Two-Dimensional (2D) echocardiography and 
TDI were performed, using a commercially available 
ultrasound system (Acuson Sequoia, Siemens, and 
Mountain View, CA, USA) according to American 
Society of Echocardiography Guidelines.36,37 

2D measurements included LV dimension at end-
diastole (LVEDD) and end-systole (LVESD) and left 
atrial volume (LAV) at end-systole from the apical 4-
and 2-chamber views (method of discs). LVEF was 
measured, using the Simpson’s rule. The peak veloc-
ity average of myocardial shortening (Sm) and the 
peak velocity average of early myocardial relaxation 
(Em) were measured, using TDI in the apical 4- and 
2- chamber view by placement of a 3-mm sample 
volume at the lateral, septal, anterior and inferior mi-
tral annulus.36  

Exclusion criteria were 1) Spontaneous wide QRS 
complex (≥ 120 msec) (n=5), 2) Recent or during FU 
acute coronary syndrome (ACS) (n=1), 3) Significant 
valvular heart disease (n=1), 4) Pacing frequency 

<90% (n=3), 5) Cardiac or non-cardiac death (n=8), 
6) Losing FU (n=3) 7) Muscular dystrophy, 8) Car-
diac surgery and 9) atrial fibrillation rhythm. 

The data are presented as mean±standard deviation. 
The patients were used as their own controls and com-
parison was performed, using paired t-test. The p-value 
<0.05 was considered as statistically significant.  
 
 
Results 
 
Twenty patients, whose demographic and echocardio-
raphic characteristics prior to pacemaker implantation 
are displayed in Table 1, entered the study. The mean 
age of the group was 66.05 years (35-83) and 65% 
were female. They were followed for 7.86 months 
(4.20-12.25). Indication of pacemaker implantation was 
complete atrioventricular block (CAVB) in 17 patients 
and sick sinus syndrome (SSS) in the others. Pacemak-
ers were single-chamber (VVIR) in 13 patients and the 
remaining had dual-chamber (DDDR) variety. 
 

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

 
Changes in all the measured parameters were sig-

nificant, as represented in Figure 1 and Table 2. Sm 
[cm/sec] decreased from 6.65 to 5.27 (p<0.001) and 
Em [cm/sec] from 7.32 to 5.10 (p<0.001). LAV 
[mm3] increased from 37.31 to 54.32 (p<0.001) and 
septum to lateral asynchrony [msec] from 18.35 to 
61.65 (p<0.001). LVEF [%] variation was from 70.28 
to 60.65 (p=0.001) and LVESD [mm] from 27.44 to 
31.91 (p=0.001). LVEDD [mm] increased from 46.07 
to 49.63 (p=0.005). 

Table 1: Demographic and echocardiographic data 
prior to pacemaker implantation 
Parameter Value (%) 
Age (years) 66.05±10.84 
Female  13 (65) 
Follow-up Duration (mo)   7.86±2.44 
Pacing indication  
CAVB 
SSS 

 
17 (85) 
  3 (15) 

Pacing mode 
VVIR 
DDDR 

 
11 (55) 
  9 (45) 

LVEF (%) 70.28±11.16 
LVEDD (mm) 46.07±6.61 
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Fig 1: Variation of Tissue- Doppler Imaging parameters 
(Em and Sm); pre- and post- pacemaker implantation. 
Em=peak velocity of early diastolic myocardial relaxa-
tion, Sm= Peak velocity of myocardial shortening 
 
 
Discussion 
 
Several studies have demonstrated the deleterious 
consequences of short, mid and long-term RVA pac-
ing on both systolic and diastolic LV function, espe-
cially in the presence of congestive heart failure 
(CHF). However, a few of them used TDI technique 
(instead of conventional echocardiography) for this 
purpose. In a longitudinal controlled study including 
24 young patients with a mean FU of 9.5 years, RVA 
pacing led to irreversible LV systolic and diastolic 
dysfunction.17 

In another study on 12 patients with RVA pacing, 
regional myocardial perfusion and wall motion ab-
normalities were demonstrated near the site of ven-
tricular stimulation at 6 months after implantation, 
and these abnormalities increased and extended to 
remote sites with duration of pacing at 18 months of 
FU. This resulted in a significant reduction in global 

LV function.20 In addition, during a 20 month FU in a 
MADIT II sub-study, the patients (n=369) having 
high cumulative RV pacing (>50%), had a higher in-
cidence of new or worsened heart failure (HF) or 
death compared to patients (n=198) with infrequent 
RV pacing.38 

In another study on 17 patients with chronic HF 
and a dual-chamber implantable cardioverter defibril-
lator, who were randomized either to back-up pacing 
or permanent RV pacing for 3 months, the authors 
concluded that for patients with chronic HF and ade-
quate AV conduction, every effort should be made to 
minimize permanent RV pacing.39  

Among 307 chronic patients, 54% had symptoms 
of HF, with a slightly higher prevalence in those with 
single chamber pacemakers (57%) compared to a 
dual-chamber device (50%).40 With increasing years 
of pacing, an increasing prevalence of both HF due to 
LV systolic dysfunction and of atrial fibrillation was 
documented. 

Consistent with these studies, we observed a sta-
tistically significant reduction in EF and septum to 
lateral asynchrony as conventional echocardioraphic 
characters of systolic LV dysfunction and also sig-
nificant increment in LVEDD as a marker of diastolic 
LV dysfunction.  

Regarding TDI technique, John et al. studied 21 
patients with normal LV systolic function who had 
underwent conventional dual-chamber pacemaker 
implantation for SSS at least 6 months prior to enter-
ing the study. After a minimum FU of 3 months, the 
effects of ventricular pacing were evaluated by con-
ventional echocardiography and TDI. Both methods 
showed significant reduction in systolic LV function, 
represented as decrease in LVEF and Sa (peak sys-
tolic velocity of filling wave at the septal and lateral 
mitral annulus). But LV diastolic function did not 

Table 2: Pre-and post- pacemaker implantation echocardiographic findings of patients with right ventricular api-
cal pacing. 
 Pre-pacemaker Post-pacemaker Change (%) p value 
LVEF [%] 70.28±11.16 60.65±13.21 13.75↓ 0.001 
LAV [ml] 37.31±9.68 54.32±16.97 45.59↑ <0.001 
LVEDD [mm] 46.07±6.61 49.63±6.67 7.72 ↑ 0.005 
LVESD [mm] 27.41±6.21 31.91±7.76 16.38↑ 0.001 
Sm [cm/sec] 6.65±1.42 5.27±0.98 20.75 ↓ <0.001 
Em [cm/sec] 7.32±2.21 5.10±1.52 30.32 ↓ <0.001 
Septum to lateral asynchrony [msec] 18.35±15.87 61.65±24.35 235.96 ↑ <0.001 
Em=Peak velocity of early diastolic myocardial relaxation (by tissue-Doppler imaging), LAV=Left atrial volume, 
LVEDD=Left ventricular end-diastolic diameter, LVEF=Left ventricular ejection fraction (by Simpson’s rule), LVESD=Left 
ventricular end-systolic diameter, Sm=Peak velocity of myocardial shortening (by tissue-Doppler imaging). 
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show significant changes in both conventional and in 
TDI (as Ea which is peak early diastolic velocity of 
filling wave at the septal and lat mitral annulus). 
However, in our study a significant reduction was 
demonstrated not only in LV systolic (Sm) but also in 
LV diastolic function (Em), using TDI technique. 

Changes of all the mentioned parameters, how-
ever, were independent of pacing duration, frequency 
or mode (single- VS dual- chamber). This is most 
likely due to short-duration and restrictive range of 
FU (mean=7.86 months), high cumulative pacing in 
all patients (>90%) and the limited number of pa-
tients, respectively.  

One of the deleterious effects of RVA pacing is 
LA enlargement.41 However, we did not find any 
study that measured LAV for this purpose. For ex-
ample, when Nielsen et al.33,42 followed 177 patients 
with SSS and AAIR or DDDR pacemaker for 
2.9±1.1 years, they concluded that only DDDR 
group had increased LA diameter and no changes 
occurred in LA diameter during AAIR pacing. 
Therefore, they suggested that atrial pacing be pre-
ferred over RVA pacing in patients with SSS and 
normal AV conduction. 

In our study, the mean LA volume increment was 
from 37.31 mm3 to 54.32 mm3, which was statistically 
significant. However, it did not correlate with FU dura-
tion, pacing frequency or mode. The positive correlation 
of LAV with LVEDD and LVESD and the negative 
correlation with LVEF had been demonstrated by 
Teresa et al.43 In a study on 140 adults who were re-
ferred for a clinically- indicated echocardiogram, 

they proved that LAV correlates positively with age, 
body surface area, cardiovascular risk score, LVEDD 
and LVESD and negatively with LVEF. This was 
also true for patients without a history of atrial ar-
rhythmias or VHD; LAV expressed the severity of 
diastolic dysfunction and provided an index of car-
diovascular risk and disease burden.  

RVA pacing has deleterious effects on both LV 
systolic and diastolic parameters of not only conven-
tional echocardiography but also TDI even in patients 
with normal LV function. In addition, LAV increases 
significantly and this increase correlates with LV sys-
tolic and diastolic dysfunction. According to this 
study which is consistent with the majority of previ-
ous studies, we can not be complacent with such a 
routine practice any longer and it may direct our at-
tention to alternate sites of pacing, such as the LV 
and/or the RV outflow tract. 

Although our patients had no evidence of ACS, 
they may have had clinically silent coronary artery 
disease that contributed to the functional myocardial 
abnormalities; limited number of patients and FU du-
ration are other limitations.  
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