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A B S T R A C T 

Introduction: Right ventricular pacing can profoundly influence left 
ventricular mechanics, particularly when non‑physiological activation patterns 
induce mechanical dyssynchrony and impaired myocardial deformation. 
Global peak systolic strain is a sensitive marker for detecting pacing‑related 
alterations in ventricular function. This study aimed to evaluate and compare 
global peak systolic strain in patients undergoing right ventricular apical 
versus septal pacing to determine the pacing site associated with more 
preserved myocardial mechanics. 
Material and methods: This randomized historical-control study included 60 
patients undergoing permanent right ventricular pacing at a tertiary cardiac 
center. Participants were equally assigned to apical or septal pacing. 
Standardized echocardiography with speckle-tracking analysis was performed 
to quantify global peak systolic strain, and outcomes were compared using 
appropriate statistical methods under blinded assessment and ethical 
approval. 
Results: Right ventricular pacing was associated with significant impairment 
of left ventricular myocardial deformation. Global longitudinal strain showed a 
stepwise reduction from normal subjects to septal pacing and was most 
severely attenuated with apical pacing (p<0.001). Inferior and mid‑inferior 
segmental strain was preserved with septal pacing but significantly reduced 
with apical pacing compared with both normal and septal groups (p≤0.01). 
Conclusion: This study demonstrates that the site of right ventricular pacing 
is a critical determinant of left ventricular mechanical performance. Although 
septal pacing does not fully replicate physiological ventricular activation, it is 
associated with relatively preserved global and regional myocardial 
deformation and reduced mechanical heterogeneity compared with apical 
pacing. 

  

 

 

Introduction 
Right ventricular pacing has remained a cornerstone 

therapy for the management of bradyarrhythmias 

and conduction system diseases for several decades. 

Traditionally, the right ventricular apical region has 

been favored for lead implantation because of its 

technical simplicity, procedural stability, and 

reliable electrical parameters. However, 

accumulating evidence has demonstrated that 

chronic right ventricular apical pacing can induce 

non-physiological electrical activation patterns, 

leading to mechanical dyssynchrony, adverse 

ventricular remodeling, and progressive 

deterioration of left ventricular systolic function.  

These observations have prompted increasing 

concern regarding the long-term hemodynamic and 

structural consequences of apical pacing, 

particularly in patients who are pacing-dependent or 

require a high percentage of ventricular pacing [1]. 

The recognition that pacing-induced 

cardiomyopathy may develop even in patients 

without pre-existing structural heart disease has 
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intensified the search for alternative pacing sites that 

better preserve physiological ventricular activation. 

Right ventricular septal pacing has emerged as a 

promising alternative, as it is anatomically closer to 

the native His–Purkinje conduction system and may 

facilitate a more synchronous pattern of ventricular 

depolarization. Several electrophysiological and 

imaging studies suggest that septal pacing results in 

narrower QRS complexes and more homogeneous 

myocardial contraction compared with apical 

pacing. Despite these theoretical advantages, 

clinical outcomes have been heterogeneous, and the 

mechanistic effects of septal pacing on global and 

regional myocardial function remain incompletely 

defined [2]. 

Myocardial strain imaging, particularly 

speckle-tracking echocardiography, has 

revolutionized the assessment of ventricular 

mechanics by enabling quantitative evaluation of 

myocardial deformation. Among strain-derived 

parameters, global peak systolic strain has gained 

prominence as a sensitive and reproducible marker 

of systolic performance, capable of detecting subtle 

myocardial dysfunction before conventional 

measures such as left ventricular ejection fraction 

become abnormal. Global peak systolic strain 

reflects the integrated contractile behavior of the 

myocardium and provides valuable insight into the 

impact of altered electrical activation on ventricular 

mechanics. As such, it represents an ideal tool for 

comparing the mechanical consequences of different 

right ventricular pacing strategies [3]. 

Apical right ventricular pacing is known to generate 

an electrical activation sequence that mimics left 

bundle branch block, resulting in early septal 

contraction and delayed activation of the lateral and 

posterior walls. This abnormal sequence leads to 

inefficient energy utilization, regional strain 

disparities, and increased wall stress in 

late-activated segments. Over time, these alterations 

may contribute to myocardial fibrosis, chamber 

dilation, and systolic dysfunction. Global peak 

systolic strain, by capturing the cumulative effect of 

these regional abnormalities, serves as a robust 

surrogate marker of pacing-induced mechanical 

burden and may offer prognostic value beyond 

traditional echocardiographic indices [4]. 

In contrast, septal right ventricular pacing has been 

proposed to mitigate these adverse effects by 

promoting a more physiological pattern of 

ventricular activation. By engaging septal 

myocardium closer to the conduction system, septal 

pacing may reduce interventricular and 

intraventricular dyssynchrony, preserve longitudinal 

fiber shortening, and maintain more uniform strain 

distribution across myocardial segments. Several 

studies have reported improved regional strain 

profiles and reduced mechanical dispersion with 

septal pacing compared with apical pacing; 

however, the extent to which these regional benefits 

translate into preservation of global peak systolic 

strain remains a subject of ongoing investigation [5]. 

The assessment of global peak systolic strain in 

patients with right ventricular pacing is particularly 

relevant in contemporary clinical practice, where 

long-term pacing exposure is increasingly common 

due to aging populations and expanded indications 

for device therapy. Identifying pacing strategies that 

minimize adverse myocardial remodeling is 

essential for improving long-term outcomes and 

reducing the incidence of pacing-induced 

cardiomyopathy. While emerging pacing techniques 

such as His-bundle and left bundle branch pacing 

offer promising physiological alternatives, they are 

not universally feasible and remain technically 

challenging in certain patient populations. 

Consequently, optimizing conventional right 

ventricular pacing sites, including the choice 

between apical and septal positions, continues to 

hold substantial clinical importance [6]. 

Despite growing interest in septal pacing, existing 

data comparing global peak systolic strain between 

apical and septal right ventricular pacing remain 

limited and sometimes contradictory. Variability in 

lead positioning techniques, imaging 

methodologies, patient selection, and duration of 

pacing exposure has contributed to inconsistent 

findings across studies. Furthermore, many 

investigations have focused primarily on regional 

strain or electrical parameters, with less emphasis on 

global deformation indices that more 

comprehensively reflect ventricular performance. A 

systematic and quantitative comparison of global 

peak systolic strain between these two pacing 

strategies is therefore essential to clarify their 

relative mechanical impact [7]. 

In this context, the present study aims to evaluate 

global peak systolic strain in patients undergoing 

right ventricular apical pacing and to determine 

global peak systolic strain in those receiving right 

ventricular septal pacing, followed by a direct 

comparison between the two pacing sites. By 

leveraging advanced strain imaging, this 

investigation seeks to provide mechanistic insight 

into how pacing location influences overall 

ventricular mechanics. A clearer understanding of 

these differences may inform clinical 

decision-making, guide lead placement strategies, 

and ultimately contribute to improved preservation 

of myocardial function in patients requiring 

long-term right ventricular pacing. 

 

Material and methods 

Study Design and Setting: The present 

investigation was designed as a randomized clinical 

study with a historical control framework. The study 
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was conducted at Shahid Madani Heart Hospital, a 

tertiary referral center affiliated with Tabriz 

University of Medical Sciences, Tabriz, Iran. Patient 

enrollment and data collection were carried out over 

a defined period spanning from the beginning of 

2011 to the end of 2013. The study focused on 

patients undergoing permanent right ventricular 

pacing and aimed to assess the mechanical 

consequences of different ventricular lead positions 

on myocardial deformation parameters. 

Study Population and Sampling Method: A 

census sampling approach was employed, whereby 

all eligible patients who met the predefined 

inclusion criteria during the study period were 

consecutively recruited. The final study population 

consisted of 60 patients, who were equally allocated 

into two groups: right ventricular apical pacing 

(n=30) and right ventricular septal pacing (n=30). 

This sampling strategy was chosen to minimize 

selection bias and to ensure adequate representation 

of the target population receiving long-term 

ventricular pacing at the study center. 

Inclusion and Exclusion Criteria: Eligible 

participants were adult patients indicated for 

permanent pacemaker implantation due to 

symptomatic bradyarrhythmias, including 

high-grade atrioventricular block and sick sinus 

syndrome, with an anticipated high ventricular 

pacing burden. All included patients had preserved 

baseline left ventricular systolic function and no 

history of clinical heart failure prior to device 

implantation. Patients were required to have 

adequate transthoracic echocardiographic image 

quality to allow reliable strain analysis. Exclusion 

criteria encompassed prior myocardial infarction, 

known cardiomyopathies, significant valvular heart 

disease (greater than mild severity), congenital heart 

disease, atrial fibrillation or other persistent 

arrhythmias interfering with strain measurements, 

previous cardiac surgery, chronic renal failure, 

uncontrolled systemic hypertension, diabetes 

mellitus with established end-organ damage, and 

any condition likely to affect myocardial mechanics 

independently of pacing. Patients with incomplete 

clinical records or suboptimal echocardiographic 

data were also excluded from the analysis. 

Randomization and Blinding: Patients were 

randomly assigned to receive either right ventricular 

apical or right ventricular septal lead placement 

using a computer-generated random allocation 

sequence. Randomization was performed prior to 

device implantation to ensure balanced group 

distribution. Due to the nature of the intervention, 

blinding of the implanting electrophysiologist was 

not feasible. However, echocardiographic image 

acquisition and strain analysis were conducted by 

experienced cardiologists who were blinded to the 

pacing site allocation. In addition, statistical analysis 

was performed by an independent investigator 

unaware of group assignments, thereby minimizing 

assessment and analytical bias. 

Study Procedures: All patients underwent standard 

permanent pacemaker implantation according to 

contemporary clinical guidelines. In the apical 

pacing group, the ventricular lead was positioned at 

the right ventricular apex, confirmed 

fluoroscopically. In the septal pacing group, the lead 

was advanced and fixed to the right ventricular 

septum, with positioning verified using multiple 

fluoroscopic views to avoid inadvertent anterior or 

free-wall placement. Electrical parameters, 

including pacing threshold, sensing amplitude, and 

lead impedance, were assessed intraoperatively and 

confirmed to be within acceptable ranges. 

Following implantation, patients were scheduled for 

standardized transthoracic echocardiographic 

evaluation after achieving stable pacing 

dependency. Echocardiographic examinations were 

performed using commercially available ultrasound 

systems equipped with speckle-tracking software. 

Standard two-dimensional images were acquired in 

accordance with current echocardiographic 

recommendations, ensuring optimal frame rates for 

strain analysis. Global peak systolic strain was 

derived from apical views by averaging segmental 

longitudinal strain values across the left ventricle. 

All echocardiographic data were digitally stored and 

analyzed offline. Global peak systolic strain 

measurements were obtained by tracing the 

endocardial border at end-systole, with automated 

tracking verified and manually adjusted when 

necessary. Care was taken to ensure consistent 

region-of-interest placement and tracking quality 

across all segments. Measurements were averaged 

over three consecutive cardiac cycles to reduce 

beat-to-beat variability. 

Statistical Analysis: Statistical analyses were 

performed using SPSS software. Continuous 

variables were expressed as mean ± standard 

deviation, while categorical variables were 

presented as frequencies and percentages. Normality 

of data distribution was assessed using the 

Kolmogorov Smirnov test. Comparisons between 

the apical and septal pacing groups were conducted 

using independent-samples t-tests or Mann Whitney 

U tests, as appropriate. A two-sided p-value of less 

than 0.05 was considered statistically significant. 

 

Ethical Considerations: This study was derived 

from the cardiology residency thesis of Dr. Kamran 

Mohammadi, completed in 2013, and the present 

analysis focuses specifically on the final three 

predefined specific objectives related to myocardial 

strain assessment. The research protocol was 

reviewed and approved by the Ethics Committee of 

Tabriz University of Medical Sciences. All 
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procedures conformed to the ethical principles 

outlined in the Declaration of Helsinki. Written 

informed consent was obtained from all participants 

prior to enrollment. Patient confidentiality was 

strictly maintained, and all data were anonymized 

before analysis. No additional interventions beyond 

standard clinical care were imposed on participants 

as part of this study. 

 

Results 

The average duration between pacemaker 

implantation and echocardiographic evaluation in 

patients with right ventricular septal pacing was 

185 ± 86 days, with follow-up periods ranging from 

approximately five to seven months. Left ventricular 

systolic performance was notably impaired in this 

group, with ejection fraction values substantially 

below normal limits. Mean ejection fraction was 

42.5% using conventional two-dimensional 

echocardiography and 42.7% when assessed by 

three-dimensional imaging, both demonstrating a 

statistically significant reduction compared with 

standard reference values. 

Assessment of myocardial deformation revealed a 

pronounced decline in global longitudinal peak 

systolic strain. The mean global strain value in the 

septal pacing cohort was -12.1%, which was 

markedly lower than expected for a normal left 

ventricle. Segment-specific analysis showed 

consistent attenuation of strain across all septal 

regions, including apical, mid, and basal segments. 

Comparable reductions were also observed in the 

anterior septal segments, indicating that septal 

pacing was associated with widespread impairment 

of septal myocardial mechanics rather than a 

localized effect. 

In addition to septal involvement, longitudinal strain 

was reduced in non-septal myocardial territories. 

Deformation of the anterior, lateral, posterior, and 

inferior walls was uniformly diminished, with 

variability in the degree of impairment across 

different segmental levels. The lateral and inferior 

walls exhibited particularly low strain values at the 

apical and mid-ventricular levels, while posterior 

basal segments showed relatively higher but still 

abnormal deformation. Overall, these findings 

indicate a global and heterogeneous reduction in 

myocardial strain in patients undergoing right 

ventricular septal pacing (figure 1). 

 

 
Figure 1. Left Ventricular Global Longitudinal Strain in Normal Subjects Versus Septal and Apical Right 

Ventricular Pacing 

 

As shown in the boxplot, global longitudinal peak 

systolic strain demonstrated a statistically 

significant stepwise difference among the three 

groups. Subjects in the normal group exhibited the 

most negative strain values, consistent with 

preserved left ventricular myocardial deformation. 

In contrast, both pacing groups showed a significant 

attenuation of strain magnitude. Compared with the 

normal group, patients undergoing right ventricular 
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septal pacing had significantly less negative strain 

values (p<0.001), indicating impaired longitudinal 

systolic function. This reduction was further 

accentuated in the right ventricular apical pacing 

group, which displayed the highest median strain 

values and the narrowest negative deformation 

range. Pairwise comparison revealed that strain 

impairment in the RVA group was significantly 

greater than in the RVS group (p<0.01). 

Additionally, the RVA group showed greater 

upward displacement of the interquartile range and 

increased dispersion, suggesting enhanced 

mechanical heterogeneity and ventricular 

dyssynchrony. Overall, these findings indicate a 

progressive deterioration of myocardial strain from 

normal subjects to septal pacing and most markedly 

to apical pacing, supporting the superiority of septal 

pacing over apical pacing in preserving left 

ventricular mechanical function (figure 2). 

 

 

 

 
Figure 2. Comparative Analysis of Post‑B Values Among Normal, RVS, and RVA Groups 

 

The analysis of inferior segment peaks systolic 

strain (Inf. A) demonstrated a clear and clinically 

meaningful differentiation among the study groups. 

The normal reference group showed preserved 

myocardial deformation with a mean Inf. An of 

approximately −20.6 ± 2.6%. Patients undergoing 

right ventricular septal pacing (RVS) exhibited 

strain values that were slightly less negative but 

largely comparable to normal, and the difference 

between the RVS and normal groups did not reach 

statistical significance (p=0.073), suggesting 

relative preservation of inferior wall contractile 

mechanics with septal lead placement. In contrast, 

subjects with right ventricular apical pacing (RVA) 

showed a marked attenuation of inferior segment 

strain, with significantly less negative Inf. A values 

compared with the normal group (p<0.001), 

indicating substantial impairment of regional 

systolic deformation. Moreover, direct comparison 

between the two pacing strategies revealed 

significantly lower strain in the RVA group than in 

the RVS group (p=0.001), highlighting the 

unfavorable mechanical consequences of apical 

pacing on inferior myocardial function. 

Collectively, these findings indicate that inferior 

wall deformation is selectively preserved with septal 

pacing, whereas apical pacing is associated with 

pronounced regional systolic dysfunction, 

supporting the mechanical advantage of septal lead 

positioning over apical pacing (figure 3). 
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Figure 3. Inferior Segment Peak Systolic Strain (Inf. A) in Normal Subjects and Right Ventricular Pacing Sites 

 

The comparison of inferior mid-segment peak 

systolic strain (SPSS-Inf. M) revealed a clear and 

progressive alteration in regional myocardial 

deformation across the three study groups. Normal 

subjects demonstrated preserved systolic function 

with a mean SPSS-Inf. M of −20.6 ± 2.6%, 

reflecting normal longitudinal shortening of the 

inferior mid-left ventricular segment. Patients with 

right ventricular septal pacing (RVS) showed 

slightly reduced but still comparable strain values 

(−19.9 ± 2.7%), and the difference between the RVS 

and normal groups did not reach statistical 

significance (p=0.068), suggesting that septal pacing 

largely maintains physiological contraction patterns 

in this region. In contrast, right ventricular apical 

pacing (RVA) was associated with a substantial 

reduction in strain magnitude, with mean SPSS-Inf. 

M values of −16.2 ± 2.8%, which were significantly 

less negative than those observed in normal subjects 

(p<0.001). Moreover, direct comparison between 

the two pacing strategies demonstrated significantly 

more impaired inferior mid-segment deformation in 

the RVA group compared with the RVS group 

(p=0.034). Collectively, these findings indicate that 

RVA pacing induces marked regional systolic 

dysfunction in the inferior mid-segment, whereas 

septal pacing better preserves myocardial mechanics 

and remains closer to the normal reference pattern 

(figure 4). 
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Figure 4. Comparison of Inferior Mid-Segment Peak Systolic Strain (Inf. M) Among Normal Subjects, Right 

Ventricular Septal Pacing, and Right Ventricular Apical Pacing 

 

Discussion 

The present study demonstrates that the site of right 

ventricular pacing exerts a substantial influence on 

left ventricular systolic performance and myocardial 

mechanics. In summary, patients with septal right 

ventricular pacing exhibited a global reduction in 

left ventricular contractile function and longitudinal 

myocardial deformation, yet these alterations were 

less pronounced and more homogeneous than those 

observed with apical pacing. In contrast, right 

ventricular apical pacing was associated with more 

severe attenuation of global strain, greater regional 

heterogeneity, and more marked impairment of 

inferior and mid-ventricular myocardial segments. 

Collectively, these findings suggest that septal 

pacing offers a mechanical advantage over apical 

pacing by more closely preserving physiological 

ventricular activation and limiting the extent of 

pacing-induced dyssynchrony and myocardial 

dysfunction (8,9). 

The observed impairment of left ventricular systolic 

function in patients undergoing contrast, right 

ventricular apical pacing was associated with more 

severe attenuation of global strain, greater regional 

heterogeneity, and more marked impairment of 

inferior and mid-ventricular myocardial segments. 

Collectively, these findings suggest that septal 

pacing offers a mechanical advantage over apical 

pacing by more closely preserving physiological 

ventricular activation and limiting the extent of 

pacing-induced dyssynchrony and myocardial 

dysfunction (8,9). 

The reduction in global longitudinal strain observed 

in the septal pacing group highlights the sensitivity 

of deformation-based indices in detecting early 

myocardial dysfunction. Longitudinal strain 

primarily reflects the function of sub endocardial 

fibers, which are particularly vulnerable to 

abnormalities in activation timing and wall stress. 

Even modest deviations from physiological 

conduction can impair the coordinated shortening of 

these fibers, leading to a uniform decrease in 

longitudinal deformation despite relatively 

preserved conventional systolic indices. This 

explains why strain analysis reveals mechanical 

impairment in septal pacing patients that may not be 

fully appreciated using traditional 

echocardiographic parameters alone (12,13). 

Segmental analysis of septal myocardial 

deformation revealed that strain attenuation was not 

confined to a single septal region but extended 

across basal, mid, and apical segments. This diffuse 

involvement suggests that direct septal stimulation 

alters the longitudinal stress distribution along the 

entire septum rather than producing a focal 

mechanical disturbance. Early septal activation can 
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generate paradoxical motion and inefficient force 

transfer between the septum and the left ventricular 

free wall, thereby compromising septal contribution 

to overall ventricular performance. The consistency 

of this effect across multiple septal levels 

underscores the global impact of septal pacing on 

interventricular mechanics (14,15). 

Importantly, the reduction in myocardial 

deformation extended beyond the septum to involve 

non-septal regions, including the anterior, lateral, 

posterior, and inferior walls. This finding indicates 

that pacing-induced dyssynchrony propagates 

throughout the left ventricle, affecting regions 

remote from the pacing site. In a healthy heart, 

ventricular contraction relies on finely coordinated 

temporal interactions between different myocardial 

segments. Disruption of this coordination leads to 

abnormal load redistribution and altered myocardial 

fiber interactions, ultimately resulting in globally 

diminished strain even in regions not directly 

activated by the pacing stimulus (16,17). 

In contrast to septal pacing, right ventricular apical 

pacing produced a more profound and 

heterogeneous impairment of left ventricular 

mechanics. Apical pacing initiates depolarization at 

a site far removed from the native conduction 

system, creating a markedly abnormal activation 

pattern characterized by delayed basal and lateral 

wall contraction. This reverse sequence of activation 

promotes substantial intraventricular dyssynchrony, 

inefficient myocardial work, and increased 

mechanical stress. Consequently, global 

longitudinal strain is more severely attenuated, and 

regional deformation becomes highly variable, 

reflecting the disorganized nature of ventricular 

contraction under apization at a site far removed 

from the native conduction system, creating a 

markedly abnormal activation pattern characterized 

by delayed basal and lateral wall contraction. This 

reverse sequence of activation promotes substantial 

intraventricular dyssynchrony, inefficient 

myocardial work, and increased mechanical stress. 

Consequently, global longitudinal strain is more 

severely attenuated, and regional deformation 

becomes highly variable, reflecting the disorganized 

nature of ventricular contraction under apical pacing 

conditions (18,19). 

The stepwise deterioration in myocardial 

deformation observed from normal subjects to septal 

pacing and ultimately to apical pacing supports the 

concept of a continuum of pacing-induced 

mechanical dysfunction. As the pacing site deviates 

further from the physiological conduction pathway, 

the degree of electrical and mechanical 

dyssynchrony increases, leading to progressively 

worse ventricular performance. This gradient 

reinforces the importance of pacing site selection 

and suggests that even modest improvements in 

activation sequence, as achieved with septal pacing, 

can translate into meaningful preservation of 

myocardial mechanics (20,21). 

The greater dispersion ofuced mechanical 

dysfunction. As the pacing site deviates further from 

the physiological conduction pathway, the degree of 

electrical and mechanical dyssynchrony increases, 

leading to progressively worse ventricular 

performance. This gradient reinforces the 

importance of pacing site selection and suggests that 

even modest improvements in activation sequence, 

as achieved with septal pacing, can translate into 

meaningful preservation of myocardial mechanics 

(20,21). 

The greater dispersion of strain values and increased 

mechanical heterogeneity associated with apical 

pacing are particularly relevant from a 

pathophysiological perspective. Mechanical 

non-uniformity within the ventricle leads to regional 

differences in wall stress, energy consumption, and 

myocardial workload, which can promote adverse 

remodeling over time. Such heterogeneity is a 

recognized substrate for progressive ventricular 

dilation and functional decline. (22,23). 

The relative preservation of inferior wall 

deformation in patients with septal pacing carries 

important clinical implications. The inferior wall 

plays a critical role in longitudinal shortening and 

overall left ventricular efficiency. Maintaining 

coordinated contraction in this region helps sustain 

effective ventricular emptying and limits 

compensatory stress on other myocardial segments. 

Septal pacing may better preserve inferior wall 

mechanics by avoiding excessive delays in 

activation and reducing abnormal tethering forces 

that commonly affect this region during apical 

pacing (24,25). 

The pronounced impairment of inferior 

mid-ventricular deformation observed with apical 

pacing reflects the vulnerability of this region to 

pacing-induced dyssynchrony. Mid-ventricular 

segments serve as a mechanical bridge between 

apical and basal regions, and disruption of their 

contraction timing can have disproportionate effects 

on global ventricular mechanics. Apical pacing 

exaggerates temporal mismatches along this axis, 

whereas septal pacing maintains a more balanced 

activation pattern that partially preserves 

mid-segment function (26,27). 

Overall, the findings of this study support the 

mechanical superiority of septal over apical right 

ventricular pacing in preserving left ventricular 

function. Although septal pacing does not fully 

replicate physiological activation and is associated 

with measurable reductions in myocardial 

deformation, the extent and heterogeneity of 

dysfunction are substantially less than those induced 

by apical pacing. These results emphasize the value 
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of advanced echocardiographic techniques, 

particularly global and regional longitudinal strain 

analysis, in evaluating pacing-related myocardial 

effects.  

 

Conclusion 

This study demonstrates that the site of right 

ventricular pacing is a critical determinant of left 

ventricular mechanical performance. Although 

septal pacing does not fully replicate physiological 

ventricular activation, it is associated with relatively 

preserved global and regional myocardial 

deformation and reduced mechanical heterogeneity 

compared with apical pacing. In contrast, apical 

pacing induces pronounced global strain attenuation, 

significant regional dysfunction particularly in the 

inferior and mid-ventricular segments and greater 

dyssynchrony, reflecting unfavorable alterations in 

ventricular activation and contraction patterns. 

These findings underscore the value of strain-based 

echocardiographic assessment in detecting 

pacing-related myocardial dysfunction and support 

septal lead positioning as a mechanically superior 

strategy for preserving left ventricular function in 

patients requiring permanent right ventricular 

pacing. 
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