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Assessment of Ventricular Dissynchrony in 
Right Ventricular Single Chamber Pacing 
using Echocardiografi c Parameters
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Background: Right ventricular apical pacing has been used since the early years of pace-makers, despite the fact that it determined non-

physiological ventricular depolarization. As medical technologies developed, septal lead implantation became feasible, in order to outrun the 

above mentioned inconveniences. The question whether the apical or septal lead position is better still gives rise to a lot of controversies. 

Different echocardiographic parameters are currently used to assess the impact of specifi c sites of stimulation on ventricular function. The aim 

of the study was to determine which of the followed synchronicity parameters varied signifi cantly during apical stimulation, compared to septal 

stimulation in patients requiring single chamber pacing.

Material and method: Fifty-nine patients admitted between January 1st – December 31st 2012 either for battery replacement or for fi rst im-

plant of a single chamber pace-maker were included in this prospective study. Thirty-eight of them had the lead placed in the apex of the right 

ventricle and 21 on the interventricular septum. All were subjected to echocardiografi c examination after device implantation. Measurements 

included complete chamber and valvular assessment, apart from the synchronicity evaluation, that comprised interventricular mechanical 

delay (IVMD), septal to posterior wall delay (SPWMD) and electro systolic delays (ESD), in order to assess the presence and compare the 

relevance of interventricular and intraventricular dissyncrony. All the investigations were in accordance with the Declaration of Helsinki.

Results: Although preejection times were signifi cantly different, there were no statistically signifi cant differences (p = 0.06) between the val-

ues of IVMD in the two groups, as well as regarding the longitudinal intraventricular dyssynchrony expressed by ESD. Signifi cant differences 

appeared though, between the values of SPWMD, refl ecting the fact that radial intraventricular dissyncrony is present in apical stimulation.

Conclusions: During apical right ventricular pacing, radial intraventricular dissyncrony appears, while in the case of septal pacing this param-

eter is close to normal. Surprisingly, although right ventricular pacing determines interventricular and longitudinal intraventricular dissincrony, 

we found no signifi cant differences in this respect, between apical and septal pacing.
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Introduction
Since the beginning of the pace-maker era, single chamber 
pacing meant using an apical lead placed in the right ven-
tricle. Th e internal anatomy of this chamber allows passive 
lead positioning without special maneuvers. Th e method 
is fast, easy to perform and does not require special lead 
characteristics, despite the fact that it determines non-
physiological ventricular depolarization. By placing the 
stimulation electrode in the apex of the right ventricle the 
sequence of depolarization is reversed. Th e method is still 
in use, many patients presenting good clinical outcome 
over decades, and no ventricular functional impairment. 
On the other hand, some patients develop subsequent 
systolic dysfunction and this fact raises the suspicion that 
right ventricular apical pacing might be responsible for 
the alteration of systolic function in these cases [1,2]. As 
medical technologies developed, septal lead implantation 
became feasible, in order to outrun the above mentioned 
inconveniences. Th e question whether the apical or sep-
tal lead position is better, still gives rise to a lot of con-

troversies. In both situations QRS complexes get wider in 
diff erent degrees, the electrical aspect of paced complexes 
being similar to those of left bundle branch block (LBBB). 
Although current guidelines defi ne dyssynchrony by QRS 
duration, there is a poor relation between LV dyssynchrony 
and QRS width, as one third of patients with QRS >150 
ms do not show dissynchrony, whereas patients with a nar-
row QRS often exhibit it [3]. 

Diff erent methods, including echocardiographic param-
eters, are currently used to assess the impact of specifi c sites 
of stimulation on ventricular function. Various echocardio-
graphic techniques have been proposed to quantify LV dys-
synchrony, including simple methods such as Doppler and 
M-mode echocardiography, or more complex ones, such as 
pulsed wave and colour tissue Doppler imaging (TDI), de-
formation imaging, and more recently, three-dimensional 
echocardiography [4]. Using pulsed wave Doppler record-
ings across the aortic and pulmonary valves, the aortic 
and pulmonary pre-ejection times can be determined. An 
aortic pre-ejection time longer than 140 ms and a diff er-
ence between aortic and pulmonary pre-ejection times, 
also known as interventricular mechanical delay (IVMD), 
longer than 40 ms are considered indicative of interven-
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tricular dyssynchrony [5]. Using M-mode in parasternal 
short or long axis views of the left ventricle, another pa-
rameter, septal to posterior wall motion delay (SPWMD), 
fi rst described by Pitzalis [6], may be obtained, by measur-
ing the time interval between the peak systolic contraction 
of the septum and the peak inward contraction of the pos-
terior wall. A SPWMD >130 ms is a sign of intraventricu-
lar radial dyssynchrony [6]. Similar to patients with LBBB, 
most of the patients with right ventricular pacing present 
a so called “septal fl ush“ that makes the measurement of 
SPWMD in M-mode diffi  cult. Th erefore, the use of M-
mode combined with colour coded tissue Doppler imag-
ing permits the enhancing of wall movements and makes 
the measurement more reliable. Electrosystolic delays 
(ESD) are assessed using pulsed wave TDI, by measuring 
the time interval between QRS onset and peak systolic (S) 
wave on pulsed-wave-TDI on opposite walls. Th e presence 
of intraventricular longitudinal dyssynchrony is defi ned as 
a diff erence between ESD of opposite walls greater than 60 
ms, as described by Bax [7]. 

Th e aim of this study was to determine which of the 
followed synchronicity parameters varied signifi cantly dur-
ing apical stimulation, compared to septal stimulation in 
patients requiring single chamber pacing.

Material and method
Th is prospective study included 62 consecutive patients 
admitted between January 1st – December 31st 2012 to the 
Cardiology Clinic of the County Emergency Clinical Hos-
pital of Tîrgu Mureș, either for battery replacement or for 
fi rst implant of a single chamber pace-maker. All patients 
were subjected to echocardiographic examination after de-
vice implantation, using a Vivid S5 GE equipment. Patients 
with poor acoustic window were excluded, thus pacing pa-
rameters were recorded from 59 patients, out of which 38 
had the lead placed in the apex of the right ventricle (group 
I) and 21 on the interventricular septum (group II). Th e 
mean age of the patients was 67.8 ± 8.9 years for patients 
with septal stimulation and 69.9 ± 10 years for those with 
apical lead, with a gender ratio of 37/22 males versus fe-
males. Measurements included complete chamber and 

valvular assessment, left ventricular functional evaluation, 
apart from the synchronicity evaluation, that comprised 
interventricular mechanical delay (IVMD), as a marker of 
interventricular dyssynchrony, septal to posterior wall mo-
tion delay (SPWMD) and electro systolic delays (ESD), 
as signs of intraventricular dyssynchrony (radial and lon-
gitudinal, respectively). Standard echocardiographic meas-
urements were enclosed in our examination protocol for 
all patients along with dyssynchrony parameters registered 
in a special chart. Meanwhile, medical history and clini-
cal outcome of the patients were registered. Data obtained 
were processed using Graphpad. 

Results
Coronary artery disease was the main cause of conduc-
tion disturbances that led to pacemaker implantation, 
in 33 cases (55.9%). Other conditions included: dilated 
cardiomyopathy in 13 cases (22%), valvular diseases in 12 
cases (20.2%) and hypertrophic cardiomyopathy, in one 
patient. Enlarged left ventricle, with an end-diastolic di-
ameter above 60 mm, was found in 17 patients, the ma-
jority of them being paced apicaly (12 patients), while 5 
patients had a septal lead. A number of 47 patients (77%) 
had an ejection fraction above 50% (16 with septal stimu-
lation and 31 with apical lead). Among the remaining 12 
patients, 10 patients (three with septal lead and seven with 
apical stimulation) had an ejection fraction between 40–
49% and two were below 40%, both of them with septal 
lead. Since data regarding the left ventricular systolic func-

Table I. Mean values for synchronicity parameters measured for 
the two groups

Apical stimulation 
(n = 38)

Septal stimulation 
(n = 21)

TPA (ms) 149.9 (± 42) 137.7 (± 43)

TPP (ms) 115.4 ( ±40) 111.0 (± 30)

IMIV (ms) 31.8 (± 2.3) 27.7 (±1.2)

SPWMD (ms) 118.7 (±20.5) 106.2 (±12.3)

ESD1-ESD2 (ms) 50.9 (± 2.8) 51.8 (±2.3)

TPA – aortic preejection time; TPP – pulmonary preejection time; IMIV – interventricular me-
chanical delay; SPWMD – septal to posterior wall motion delay; ESD – electrosystolic delay
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Fig. 1. Method used to measure aortic preejection time Fig. 2. Method used to measure pulmonary preejection time
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tion before cardiac pacing were not available in all cases, we 
were not able to compare these values. 

Mean values of preejection times recorded for all 59 
patients, as well as mean IVMD for both stimulation 
regimens and the diff erences between electrosystolic de-
lays (ESD), are shown in Table I. Depending on the pro-
grammed ventricular rate, the preejection times vary, but 

the diff erence between aortic and pulmonary preejection 
times, IVMD, is not infl uenced by frequency. Th erefore, 
we compared only the values of IVMD between the two 
groups. Although preejection times were signifi cantly dif-
ferent, there were no statistically signifi cant diff erences (p 
= 0.06) between the values of IVMD in the two groups. 

Regarding longitudinal intraventricular dyssincrony ex-
pressed by the diff erences between electromechanical de-
lays measured at septal and lateral wall levels, mean values 
obtained were not consistent statistically with any signifi -
cance. Signifi cant diff erences appeared though, between 
the values of SPWMD. Mean values for patients with sep-
tal stimulation (Figure 6) appear to be lower than those for 
apical pacing (Figure 7), indicating a superior result in case 
of septal stimulation. However, values of SPWMD varied 
widely, some of them being collected as negative numbers, 
and causing a negative skewness.

Discussions
Following-up pacemaker carriers for years, a decrease in 
left ventricular systolic function was observed, especially 
in those having an apical lead [8]. Th e extent of ventricu-
lar functional impairment depends on many factors, that 
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Fig. 3. Method used to determine SPWMD using pulsed wave 
TDI

Fig. 5. Measurement of electrosystolic delay at the base of the 
lateral wall

Fig. 4. Measurement of electrosystolic delay at the base of the 
interventricular septum

Fig. 6. Values of SPWMD measured for patients with septal 
stimulation

Fig. 7. Values of SPWMD measured for patients with apical 
stimulation  
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include structural changes existent prior to pacing, that 
are obviously independent of lead position. On the other 
hand, a discrepancy appeared when patients with no se-
vere left ventricular enlargement developed heart failure 
after right ventricular pacing. Meanwhile, others experi-
enced no functional impairement. Knowing that during 
apical stimulation the sequence of ventricular stimulation 
is altered, this was thought to represent the main cause of 
new onset heart failure. In order to outrun that, septal pac-
ing was implemented, especially after the results of several 
clinical trials have been published [9], but controversy still 
persists. Diff erent methods were used to assess whether 
septal stimulation is more harmless than apical stimula-
tion. In our study, we found that some echocardiographic 
parameters can be used in order to point out the changes 
induced by diff erent sites of stimulation. 

Although right ventricular pacing itself induces inter-
ventricular dyssynchrony, we found that even if this was 
present, there was no statistically signifi cant diff erence be-
tween apical and septal pacing in this regard. Th e main 
parameter used was the calculation of interventricular 
mechanical delay (IVMD), by measuring the preejection 
times [5,6]. Another parameter used was the diff erence of 
electrosystolic delays (EDS) between two opposite sites of 
the left ventricle. Th is parameter is a marker of the exist-
ence of intraventricular longitudinal dyssynchrony [10]. In 
our groups of study, even if the individual values exceeded 
in some cases the cut-off  value of 60 ms, the mean values 
showed no signifi cant diff erences. Th e third echocardio-
graphic parameter that we analyzed was the septal to pos-
terior wall motion delay (SPWMD), as a marker of intra-
ventricular radial dyssynchrony. As it can be seen in Figures 
1 and 2, values obtained for this parameter varied widely, 
some of them being collected as negative numbers, when 
the time interval between the two structures in motion 
was highly prolonged. Th is caused a discrepancy, since the 
mean values obtained in the statistical analysis were close, 
but analyzing the medians and the variance we were able 
to conclude that this was the only parameter that outlined 
the diff erence between septal and apical stimulation in fa-
vor of the fi rst. Th is may be responsible in some extent for 
the decreasing in left ventricular ejection fraction and also 
for the elevation of left ventricular pressures, possibly fol-
lowing the development of secondary mitral regurgitation. 

Similar results were obtained in invasive studies [11], that 
outlined the fact that the best mechanical performance was 
achieved when the right ventricle was paced at the inter-
ventricular septum in the non-apical mid-to-superior seg-
ments. Th ese matters, along with the study of systolic and 
diastolic function in paced patients were not comprised in 
our study, but need further extended studies. 

Conclusions
Despite the fact that all patients had interventricular dys-
synchrony caused by right ventricular single chamber pac-
ing, only the values of SPWMD were altered in patients 
with apical pacing compared to those with septal pacing, 
confi rming the fact that intraventricular radial dyssynchro-
ny was associated in case of apical pacing.
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