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Abstract 
Objective: Our study aimed to assess the 6 months effect of right ventri-
cular apical (RVA) pacing on RV longitudinal systolic strain (LSS) using 
two-dimensional speckle tracking echocardiography (2D STE). Background: 
RVA pacing differs from the natural conduction through His-Purkinje fibers 
in having slower conduction velocity as well as altering the normal myocardi-
al sequences of activation. Despite the fact that numerous studies have inves-
tigated the effects of RVA pacing on the LV, data on the effects on the RV 
function remain scarce. 2-D STE permits an objective and quantitative as-
sessment of segmental and global myocardial function and has been validated 
against tagged MRI. We used 2-D STE to evaluate the RV LSS in response to 
RVA pacing. Methods: This case-control study was carried out on 60 subjects 
(30 patients implanted with DDD devices for 3rd degree AV block + 30 age 
and sex matched controls) in the period between February 2018 and February 
2020 in the Cardiology Department, Faculty of Medicine, Menoufia Univer-
sity. The patients were evaluated 6 months after their implantation using 
conventional echo, M Mode, Doppler and 2D STE. 2D STE was used to iden-
tify the LSS of RV myocardial segments at the time of aortic valve closure. 
Statistical analysis was conducted using SPSS software v 20. Results: Results 
revealed that RVA pacing resulted in a statistically significant reduction of the 
global RV LSS in patients with DDD pacemakers vs controls (P < 0.05).  
Segmental analysis demonstrated reduction of LSS values of all segments of 
the RV free wall and interventricular septum (P < 0.05). The greatest differ-
ence between the two groups was found in the apical segments (P < 0.05). 
Conclusion: RVA pacing reduces the RV free wall and the global RV LSS. 
Apical segments were the most affected.  
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1. Introduction 

The advent of pacemakers had a significant impact on the quality of life of pa-
tients suffering from conduction problems [1]. However, RV apical pacing itself 
comes with the price of inflicting alterations in myocardial functions that may 
have deleterious clinical consequences [2] [3]. RVA pacing differs from the nat-
ural conduction through His-Purkinje fibers in having slower conduction veloc-
ity as well as altering the normal myocardial sequences of activation [4] [5]. De-
spite the fact that numerous studies have investigated the effects of RVA on the 
LV, data on the effects on the RV function remain scarce. 2-D STE permits an 
objective and quantitative assessment of segmental and global myocardial func-
tion and has been validated against tagged MRI [6]. We used 2-D STE to eva-
luate the RV longitudinal strain (LSS) in response to RVA pacing. 

2. Subjects and Methods 
2.1. Subjects 

This case-control study was carried out on sixty subjects in the Cardiology De-
partment of the Faculty of Medicine, Menoufia University. Subjects in this study 
included thirty patients and thirty age and sex matched apparently healthy vo-
lunteers as controls (Group I). During the period between February 2018 and 
February 2020, the patients enrolled were identified as those implanted with dual 
chamber pacemakers (DDD) in our department for the management of perma-
nent third-degree A-V block. The patients were evaluated during their routine 
programming session after 6 months from their implantation. All subjects were 
enrolled in this study after obtaining their written informed consent and ac-
quiring the approval of the Ethics Committee of the Menoufia University. 

Inclusion criteria for the patients: 1) Patients were identified as those im-
planted with DDD pacemakers (6 months post implant) as a treatment of per-
manent 3rd degree AV block. Third degree AV block was identified in ECG by: 
regular P-P interval, regular R-R interval, lack of apparent relationship between 
the P waves and the QRS complexes (A-V dissociation) and more P waves are 
present than QRS complexes. 2) The atrial lead was placed in the right atrial ap-
pendage and the ventricular lead placed in the right ventricular apex using active 
fixation leads (confirmed by fluoroscopy). 3) Patients should have LV EF 
of >50%. 4) Pacemaker telemetry should indicate atrial pacing to be less than 
30% (i.e. atrial rhythm dominated by intrinsic sinus activity) and ventricular 
pacing should be over 90% of the time (i.e. ventricles are pacemaker dependent). 
Exclusion criteria of the patients included: 1) DDD pacemakers implanted for 
indications other than permanent third degree (complete) heart block (e.g. in-
termittent 3rd degree HB, Mobitz II HB, symptomatic sick sinus syndrome... 
etc.). 2) Ventricular lead placed outside the right ventricular apex (e.g. septal). 3) 
DDD pacemakers implanted less than 6 months before enrollment. 4) Patients 
with chronic or paroxysmal supraventricular or congenital heart block. 5) Unsa-
tisfying echocardiographic images. 6) Presence of congenital heart disease as 
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ebstein anomaly or left to right shunts … etc. 7) Previous cardiac surgery (e.g. 
valve replacement, valve repair, CABG, repaired defect) or cardiac interventional 
procedures as PCI. 8) Structural heart disease; hypertrophic obstructive cardi-
omyopathy, restrictive cardiomyopathy, dilated cardiomyopathy, ischemic car-
diomyopathy. 9) Presence of moderate or severe valve lesions (stenosis or re-
gurge). 10) Pericardial disease (pericardial effusion, constrictive pericarditis). 11) 
Evidence of pulmonary hypertension with EPASP > 40 mmHg. 12) Resting ECG 
or echocardiographic evidence of myocardial ischemia. As for controls, inclu-
sion criteria included: 1) Age and sex matched to patients. 2) Intrinsic atrial si-
nus rhythm followed by normally conducted ventricular activation. 3) LV EF > 
50%. Exclusion criteria for controls involved: 1) History of any supraventricular 
or ventricular dysrhythmia. 2) Having abnormally conducted ventricular activa-
tion by surface ECG (RBBB, LBBB, LAHB, LPHB, grade I A-V block). 3) LV EF 
< 50%. 4) EPASP > 40 mmHg 

2.2. Methods 

The subjects were divided into two groups as the following; Group I: Controls 
with normal sinus rhythm and normal conduction and Group II: Patients with 
DDD pacemakers for 3rd degree AV block. All patients underwent history taking, 
physical examination and routine ECG. A transthoracic echocardiographic ex-
amination was performed using vivid e9, general electric health care (GE Vin-
gemed, Norway) equipped with a harmonic M5S variable frequency (1.7 - 4 
MHz) phased-array transducer while the patient was in the left lateral position 
based on recommendations of the American Society of Echocardiography (ASE) 
[7]. 

Routine 2-D and M Mode evaluation of the left ventricle were done to eva-
luate LV dimensions and ejection fraction [8]. Also, for the right side of the 
heart, 2D measurements were done in the apical 4 chamber view during 
end-diastole to evaluate the right ventricular transverse basal internal dimen-
sions at the level of tricuspid annulus [9]. M-mode was done on the tricuspid 
valve annulus at the right ventricular free wall to assess TAPSE (Tricuspid an-
nular plane systolic excursion) which was quantified as the length of the excur-
sion of the tricuspid annular plane during systole [10]. Continuous wave doppler 
was done for the tricuspid valve to exclude any valvular problem and to evaluate 
EPASP [11]. 

Assessment of the RV strain by 2D STE was done by obtaining the modified 
apical 4 chamber view and then tracing the endocardial borders of the endsys-
tolic frame. On the basis of this line, the computer automatically created a region 
of interest (ROI) including the entire transmural wall, and the software selected 
suitable natural acoustic markers (speckles) moving with the tissue for tracking. 
The software algorithm then tracked the speckle patterns on a frame by frame 
basis using the sum of absolute difference algorithm timed to the aortic valve 
closure. Finally, the software automatically tracks and accepts segments of good 
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tracking quality and rejects poorly tracked segments, while allowing the ob-
server to manually override its decisions based on visual assessments of track-
ing quality [12]. Image analysis was performed offline on a personal computer 
(PC) workstation using custom analysis software (Echopac PC, Version 113, 
GE Healthcare). 

Longitudinal systolic strain was assessed for the RV free wall and interventri-
cular septum. Each wall was divided into three segments; basal, mid, and apical. 
Value of longitudinal systolic strain (LSS) of each segment at the time of aortic 
valve closure was calculated and then used to estimate the average of each wall. 
The average of all segments combined was considered as the global RV strain. 

2.3. Statistical Methods 

Statistical presentation and analysis of the present study was conducted using 
the mean, standard deviation (SD) and student t-test by statistical package for 
social science (SPSS) V20 software for windows. Regarding the statistical testing, 
p < 0.05 was considered statistically significant. 

3. Results 

Regarding gender, the controls (Group I) included 16 females and 14 males 
while the patients (Group II) included 18 females and 12 males with no statistic-
al difference between the two groups (P value > 0.05) shown in Table 1. Regarding 
age, there was no statistical difference between the mean values of the controls 
(Group I) and the patients (Group II) (P value > 0.05) as shown in Table 2. 

By taking the medical history from the patients, there was no significant sta-
tistical difference between the controls (Group I) and the patients (Group II) re-
garding smoking, diabetes mellitus and hypertension (P value > 0.05) as shown 
in Table 3. 
 

Table 1. Comparison between the controls (Group I) and the patients (Group II) regarding gender. 

Gender 

Groups 

Chi-Square Group I (n = 30) 
(Controls) 

Group II (n = 30) 
(Patients) 

Total (n = 60) 

N % N % N % X2 P-value 

Male 14 46.6 12 40 26 43.3 
2.347 0.988 

Female 16 53.4 18 60 34 56.7 

 
Table 2. Comparison between the controls (Group I) and the patients (Group II) regarding age. 

Age 

Groups T-Test 

Group I 
(Controls) (n = 30) 

Group II 
(Patients) (n = 30) 

t P-value 

Range 46 - 68 49 - 72 
−1.945 0.057 

Mean ± SD 59.63 ± 6.672 62.6 ± 5.028 
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Table 3. Comparison between the controls (Group I) and the patients (Group II) regarding smoking, diabetes mellitus and 
hypertension. 

Medical History 

Groups 

Chi-Square Group I 
(Controls) (n = 30) 

Group II 
(Patients) (n = 30) 

Total (n = 60) 

N % N % N % X2 P-value 

Smoking 6 20 7 23.33 13 21.67 0.098 0.754 

Diabetes Mellitus 9 30 4 13.33 13 21.67 2.455 0.117 

Hypertension 12 40 18 60 30 50 2.4 0.121 

 

Our results showed that despite the RV basal dimension did not have a statistical 
difference between the two groups (P value > 0.05), the lateral TAPSE had a re-
duced value in Group II in comparison to Group I (P < 0.001) as shown in Table 
4. 

Two-dimensional STE revealed that the global RV LSS showed a statistically 
significant lower mean value of the patients (Group II) than the controls (Group 
I) (P value < 0.001) as shown in Table 5 and illustrated in Figure 1. 

Segmental analysis of 2-D STE the RV free wall revealed that the LSS showed a 
statistically significant lower mean value of all the segments of the patients 
(Group II) than the controls (Group I) (P value < 0.05) as shown in Table 6. The 
apical segments showed the greatest difference in mean values as illustrated in 
Figure 2. 

Segmental analysis of 2-D STE the interventricular septum revealed that the 
LSS showed a statistically significant lower mean value of all the segments of the 
patients (Group II) versus the controls (Group I) (P value < 0.001) as shown in 
Table 7 and Figure 3. The apical segments showed the greatest difference in 
mean values. 

4. Discussion 

Evidence supports that pacemakers made a significant impact on the quality of 
life of patients suffering from conduction problems [13]. Unfortunately, RV 
apical pacing itself induces alterations in myocardial functions that may have 
harmful clinical sequalae [2] [3]. RVA pacing differs from His-Purkinge system 
in having slower conduction velocity as well as altering the natural myocardial 
sequences of activation [4] [5]. The effect of RVA pacing on the LV has been 
thoroughly investigated by several studies. Studies as MOST [14], DAVID [15] 
and MADIT II [16] indicated that ventricular dyssynchrony induced by pacing 
can create an anatomical and functional substrate capable of impairing heart 
function in the long term. They observed an increase in the risk of atrial fibrilla-
tion, mitral regurgitation and hospital admissions due to heart failure in patients 
with a high percentage of RVA paced beats, particularly those with ventricular 
dysfunction prior to the implant [17]. 

https://doi.org/10.4236/wjcd.2020.105023


A. Soliman et al. 
 

 
DOI: 10.4236/wjcd.2020.105023 252 World Journal of Cardiovascular Diseases 
 

Table 4. Comparison between the controls (Group I) and the patients (Group II) regard-
ing RV basal dimension and tricuspid annular plane systolic excursion (TAPSE). 

Item 
Groups T-Test 

Group I 
(Controls) (n = 30) 

Group II 
(Patients) (n = 30) 

t P-value 

RV basal 
(cm) 

Range 2.7 - 3.9 2.5 - 3.9 
−1.866 0.067 

Mean ± SD 3.323 ± 0.261 3.470 ± 0.343 

TAPSE 
(cm) 

Range 1.9 - 2.9 1.7 - 2.5 
4.838 <0.001* 

Mean ± SD 2.300 ± 0.274 2.007 ± 0.187 

 
Table 5. Comparison between the controls (Group I) and the patients (Group II) regard-
ing the RV free wall and global RV longitudinal systolic strain (LSS). 

LSS 
Groups T-Test 

Group I 
(Controls) (n = 30) 

Group II 
(Patients) (n = 30) 

t P-value 

RV free wall 
Range −28.67 - −19 −26.53 - −5.87 

−5.771 <0.001* 
Mean ± SD −24 ± 2.545 −17.290 ± 5.838 

Global RV 
Range −25.5 - −17.17 −22 - −7.9 

−6.660 <0.001* 
Mean ± SD −20.37 ± 1.987 −14.623 ± 4.295 

 

 
Figure 1. Comparison between the controls (Group I) and the patients 
(Group II) regarding the global RV longitudinal systolic strain (LSS). 

 

 
Figure 2. Comparison between the controls (Group I) and the patients 
(Group II) regarding longitudinal systolic strain (LSS) of segments of 
RV free wall. 
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Table 6. Comparison between the controls (Group I) and the patients (Group II) regard-
ing longitudinal systolic strain (LSS) of segments of RV free wall. 

RV free wall LSS 
Groups T-Test 

Group I 
(Controls) (n = 30) 

Group II 
(Patients) (n = 30) 

t P-value 

Basal 
Range −30 - −17 −31.23 - −5.99 

−2.713 0.009* 
Mean ± SD −24.367 ± 3.908 −20.622 ± 6.473 

Mid 
Range −31 - −19 −29.02 - −4.82 

−5.121 <0.001* 
Mean ± SD −25.167 ± 3.163 −18.474 ± 6.422 

Apical 
Range −31 - −16 −26.39 - −0.06 

−6.398 <0.001* 
Mean ± SD −22.467 ± 5.015 −12.776 ± 6.609 

 
Table 7. Comparison between the controls (Group I) and the patients (Group II) regard-
ing longitudinal systolic strain (LSS) of segments of interventricular septum. 

IVS LSS 
Groups T-Test 

Group I 
(Controls) (n = 30) 

Group II 
(Patients) (n = 30) 

t P-value 

Basal 
Range −24 - −10 −20 - −6.51 

−3.376 0.001* 
Mean ± SD −16.600 ± 3.490 −13.354 ± 3.944 

Mid 
Range −27 - −14 −19.65 - −3.53 

−7.52 <0.001* 
Mean ± SD −16.967 ± 2.953 −12.348 ± 3.809 

Apical 
Range −28 - −14 −21.29 - −0.03 

−10.31 <0.001* 
Mean ± SD −19.700 ± 4.268 −14.247 ± 5.732 

 

 
Figure 3. Comparison between the controls (Group I) and the patients 
(Group II) regarding longitudinal systolic strain (LSS) of segments of RV 
free wall. 

 
Unfortunately, data on the effects on the RV function remain scarce. Poroy-

liev et al. studied the effect of 3-month RVA pacing on right and left ventricular 
functions of the 53 patients implanted with DDD devices. Left ventricular and 
RV function were assessed with TDI and speckle tracking echocardiography 
(STE). The patients were divided according to the percentage of cumulative ven-
tricular pacing (Cum VP%) into <40% (Group 1) or >40% (Group 2) in DDD 
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mode. Their results showed that at mean follow up of 7 months there was signif-
icant decrease in GLS of LV in Group 2 (p = 0.001, 95% CI −4.28156 to 
−1.29264) but no change in RV global and RV free wall strain (p = 0.063; p = 
0.249). They concluded that permanent pacing inflicted a decrease in LV strain 
however the RV global and RV free wall strain were not significantly changed 
from their baseline parameters [18]. In a substudy of the PROTECT-PACE 
(Protection of left ventricular function during right ventricular pacing) study, 
they sought to investigate the effect of pacing on RV synchrony, RV function, 
and TR, and their association with LV function. Echocardiography was per-
formed just after implantation and at 2 years. Their results showed that RV pac-
ing appears to worsen TR, an effect which might be caused by elevated LV filling 
pressure due to LV dysfunction. The effect of RV pacing site on RV and TR me-
chanics was minor [19]. Vanturi et al. studied the effect of RVA pacing on TR 
grade regardless of the mechanical interference to the valve by the electrode. 
Their results showed that TR grade increases significantly with active RV pacing. 
This effect of pacing could not be attributed to acute changes in the RV area or 
to a possible interference with valve closure by the presence of an endovascular 
electrode [20]. 

We used 2-D STE to compare the RV LSS in patients with DDD pacemaker 
after 6 months (Group II) and compare them with age and sex matched controls 
(Group I). Our results showed that despite the RV basal dimension did not have 
a statistical difference between the two groups, the lateral TAPSE was mildly re-
duced in the patients (Group II) (P < 0.001). 2D STE of the RV revealed that 
global RV LSS in the patients (Group II) had a statistically significant reduced 
LSS mean value than (Group I) (P value < 0.001). Segmental analysis of 2-D STE 
of the RV free wall demonstrated that the LSS had a statistically significant lower 
mean value of all the segments of the patient group (II) than the control group 
(I) (P value < 0.001). The apical segments showed the greatest affection. Also, 
segmental analysis of LSS of interventricular septum demonstrated that the there 
was a statistically significant lower mean value of all the segments of the patients 
(Group II) versus the controls (Group I) (P value < 0.001).  

We explained the abovementioned results on the basis of the electromechani-
cal alterations induced by artificial RVA pacing regarding slower conduction 
velocity with the resultant mechanical delay and dyssynchronous mechanical 
contraction. Apical segments were the greatest to be affected possibly due to in-
flammatory sequalae surrounding the site of lead implantation in the RV apex. 
RVA pacing also induced early activation of the apical segments and delayed ac-
tivation of the basal segments. The combined effect of the previous mechanisms 
resulted in reduction of the net segmental LSS at the time of aortic valve closure 
reducing the effective global RV LSS. 

5. Conclusion 

RVA pacing induced electromechanical alterations in the sequence of ventricular 
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activation that resulted in the reduction of the LSS of the RV free wall and Septal 
LSS at time of aortic valve closure. This resulted in the reduction of global RV 
LSS. The apical segments showed the greatest affection. 
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