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Abstract
BACKGROUND 
Permanent pacemaker implantation has the potential to impact left ventricular 
(LV) function and hence quality of life (QoL) in the long term.

AIM 
To assess the effect of single- and dual-chamber pacing on LV function and QoL.

METHODS 
This study included 56 patients who underwent permanent pacing: Dual pacing, 
dual sensing, dual responsive and rate responsive (DDDR) for the initial 3 months 
and ventricular pacing, ventricular sensing, inhibited response and rate 
responsive (VVIR) for the next 3 months, and DDDR mode for the last 3 months. 
Throughout the study period, various echocardiographic parameters, functional 
status, and QoL were measured to assess the impact of pacing on LV function 
compared with baseline and at every 3 months interval.

RESULTS 
A significant change appeared in cardiac function after VVIR pacing which 
included diastolic properties of LV as shown by increase in isovolumic relaxation 
time from (85.28 ± 9.54 ms) to (89.53 ± 9.65 ms). At the 3-, 6-, and 9-month follow-
up, reduction in LV ejection fraction was observed to be 62.71 ± 4.66%, 61.07 ± 
4.41%, and 58.48 ± 3.89%, respectively. An increase in the QoL scores was noted at 
every follow-up visit.

https://www.f6publishing.com
https://dx.doi.org/10.4330/wjc.v16.i11.644
mailto:drmonikab@gmail.com
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CONCLUSION 
An apparent depressant effect on LV function due to right ventricular pacing, with a higher incidence of adverse 
outcomes in the VVIR mode. In addition, an upsurge in QoL scores for the study population was noted, which 
indicates improvement in the QoL of patients post-pacing, irrespective of the mode. Generally, the DDDR mode is 
a highly preferable pacing mode.

Key Words: Artificial pacemaker; Echocardiography; Left ventricular function; Quality of life

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Pacemaker implantation is a common treatment for cardiac conduction disorders, but the impact of right ventricular 
pacing (RVP) on left ventricular (LV) function remains a concern. Limited information is available on the acute and early 
effects of RVP on LV function, particularly when comparing dual pacing, dual sensing, dual responsive and rate responsive 
(DDDR) with ventricular pacing, ventricular sensing, inhibited response and rate responsive (VVIR) pacemakers. This study 
found that RVP adversely affects LV function, with more significant impairment observed in VVIR mode compared to 
DDDR mode. However, both modes led to improvements in quality of life (QoL). The findings support the use of DDDR 
mode over VVIR mode for better clinical outcomes and preservation of LV function, while also improving QoL.

Citation: Haque M, Bhandari M, Pradhan A, Vishwakarma P, Singh A, Shukla A, Sharma A, Chaudhary G, Sethi R, Chandra S, 
Jaiswal A, Dwivedi SK. Impact of single chamber and dual chamber permanent pacemaker implantation on left ventricular function: 
An observational study. World J Cardiol 2024; 16(11): 644-650
URL: https://www.wjgnet.com/1949-8462/full/v16/i11/644.htm
DOI: https://dx.doi.org/10.4330/wjc.v16.i11.644

INTRODUCTION
Defects in cardiac impulse generation and conduction occur at various levels in the cardiac conduction system, starting 
from the sinus node to the Purkinje fibres which depolarize the ventricles. When this intrinsic cardiac automaticity or 
conduction integrity fails, an external stimulus is required to drive the myocytes to the threshold through excitation-
contraction coupling, and pacemakers provide that external stimulus[1]. Implantation of pacemakers is an effective 
treatment option, especially for patients with sick sinus syndrome (SSS) and atrioventricular (AV) conduction disorders
[2]. The types of implants include single-chamber [single-atrial chamber pacemakers atrial pacing, atrial sensing and 
inhibited response (AAI), and single-ventricular chamber pacemakers ventricular pacing, ventricular sensing, inhibited 
response and rate responsive (VVIR) and double-chamber chamber pacemakers dual pacing, dual sensing, dual 
responsive and dual pacing, dual sensing, dual responsive and rate responsive (DDDR)[3].

AAI are indicated in selected patients in whom only sinus node dysfunction is present and AV node conduction is 
preserved, whereas VVI, VVIR, and double-chamber pacemakers are indicated in patients with AV block and complete 
heart blocks[3]. During the implantation of permanent pacemaker devices, the endocardial right ventricular pacing (RVP) 
lead is often positioned at the right ventricular (RV) apex[2]. It is well known that RVP alters normal signal conduction 
and may result in a reduction in the left ventricular ejection fraction (LVEF). Therefore, it is paramount to measure left 
ventricular (LV) function, especially during RVP[4]. Deterioration of LV function can be measured using 2D echocardio-
graphy and strain imaging techniques after dual- and single-chamber pacemaker implantation[5,6]. Quality of life (QoL) 
is a scientific outcome measurement strategy that evaluates treatment effectiveness and is widely assessed using the SF-36 
score[6]. In addition, previous studies have shown that permanent pacemaker implantation leads to improvement in 
symptoms and QoL[7].

The long-term effects of right ventricular apical pacing have been previously studied; however, little information is 
available on the acute and early effects of RVP on LV function. Hence, this study aimed to evaluate the impact of RVP on 
LV function by comparing LV function impairment in dual- and single-chamber pacemakers, along with its impact on 
QoL.

MATERIALS AND METHODS
Study population
The study population included patients admitted for pacemaker implantation at a tertiary healthcare centre in India. 
Participating patients were those of all ages and of both sexes who were willing to provide consent and were undergoing 
permanent pacemaker implantation. Patients with preexisting LV systolic dysfunction were excluded.

https://www.wjgnet.com/1949-8462/full/v16/i11/644.htm
https://dx.doi.org/10.4330/wjc.v16.i11.644
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Study design and methodology
This single-centre, hospital-based, prospective, observational study was conducted over a period of 9 months, during 
which a total of 56 patients were enrolled. Detailed demographic characteristics and baseline LV function parameters 
were recorded upon admission. The study population was initially kept in the DDDR mode for 3 months, post which the 
mode was changed to VVIR for the next 3 months, followed again by the DDDR mode. Thus, we had a cross-over study 
design. The pacemaker programming was conducted by the same person. After pacemaker implantation, echocardio-
graphic parameters such as the LV size, LVEF, LV diastolic function, and LV strain were measured using Vivid E-95 4D 
cardiac ultrasound system (GE Health Care Technologies Inc, Chicago Illinois, United States). Echocardiography was 
performed by the same person on follow-up-for-changes in LV function. Echocardiographic imaging was repeated every 
3 months to measure the impact of the pacemaker on LV function. In addition, the functional status of all patients was 
measured using the treadmill test, and they were categorised into the New York Heart Association (NYHA) functional 
class based on the observed symptoms, which were repeated at intervals of 3 months.

The QoL of the enrolled participants was assessed using the SF-36 questionnaire, which covers eight health domains: 
Physical functioning (10 items), bodily pain (2 items), role limitations due to physical health problems (4 items), role 
limitations due to personal or emotional problems (4 items), emotional well-being (5 items), social functioning (2 items), 
energy/fatigue (4 items), and general health perceptions (5 items). The scores for each domain ranged from 0 to 100, with 
higher scores indicating a more favourable health state. The patients received medications for comorbidities, such as 
hypertension, diabetes, or dyslipidaemia, as per the standard guidelines. Patients with LV dysfunction were prescribed 
heart failure therapy according to the guidelines.

Statistical analysis
All data were analysed using SPSS software (Version 16). Categorical variables are presented as frequencies and per-
centages, whereas continuous variables are presented as means and standard deviations. McNemar’s test was used to 
establish a significant association between the study groups and various parameters. A P value of < 0.05 was considered 
statically significant.

RESULTS
This study comprised 56 patients, among whom 73.2% were male. The mean age observed for the study population was 
57.11 ± 11.87 years, and the majority of patients (42.9%) belonged to the age group above 60 years (Figure 1). The 
indication for pacemaker implantation in all patients was complete heart block. None of the patients had sinus node 
dysfunction. The atrial lead was a tined lead placed in the right atrial appendage, and the RV endocardial lead was 
placed at the apex. The post-ventricular atrial refractory period (PVARP) was programmed in the automatic mode 
(autonomous PVARP, approximately 250 ms) to enhance protection against pacemaker-induced tachycardia.

Various echocardiographic parameters, physical tests, and QoL domains were assessed at baseline and at 3, 6, and 9 
months. Measurements of several systolic and diastolic parameters revealed significant differences at various follow-ups (
P < 0.05). The LVEF, measured using the Simpson method, showed that the mean baseline LVEF was 64.03 ± 5.36%, 
which decreased to 62.71 ± 4.66% after 3 months, indicating a mean change of 2.06%. At the 6-month follow-up, the mean 
LVEF was 61.07 ± 4.41%, and at the 9-month follow-up, a further decrease of 2.33% was observed. The mean LV end-
diastolic diameter (LVEDD), a key parameter for assessing ventricular performance, increased at each follow-up. 
Specifically, LVEDD increased by 2.60% at 3 months, by 5.19% at 6 months, and by 3.10% at 9 months. A reduction in 
stroke volume was noted, with a 5.15% decrease at 6 months and a more pronounced 7.59% decrease at 9 months. Global 
longitudinal strain, an echocardiographic parameter used to detect LV systolic dysfunction, declined by 6.71%, 16.21%, 
and 8.37% at the 3-, 6-, and 9-month follow-ups, respectively. The mean value of LV end-systolic dimension (LVESD) was 
23.96 ± 1.46 mm at 3 months, which increased to 25.98 ± 1.30 mm at 6 months. Isovolumic relaxation time (IVRT), which 
measures diastolic function, increased at every follow-up. At 3 months, the mean IVRT was 85.27 ± 9.54 ms, rising to 93.07 
± 10.38 ms at 9 months. The QoL scores improved at every follow-up, with a mean score of 74.41 ± 12.83 at 3 months, 
82.05 ± 7.46 at 6 months, and 90.44 ± 5.89 at 9 months. The mean values of other measured parameters and their statistical 
values are summarised in Table 1. According to the NYHA classification, a large proportion of patients (92.85%) had class 
1 heart failure at baseline, whereas at the 9-month follow-up, a greater number of patients (58.9%) had progressed to class 
2 heart failure. These findings were statistically significant (P < 0.05). Further details are provided in Table 2. Outcomes 
such as atrial fibrillation (AF) and stroke were lower in the dual-chamber mode than in the single-chamber mode. None 
of the patients had AF or flutter at baseline. However, at 6 months, two patients developed transient AF, which reverted 
to sinus rhythm in one patient at 9 months. Further details are presented in Table 3.

DISCUSSION
Several studies have demonstrated the long-term effects of right ventricular apical pacing; however, information 
regarding its acute and early effects on LV function is limited. In the present study, the first significant change in LV 
function was observed in LVEF. Ejection fraction, which links preload, afterload, and contractility, is one of the most 
useful indices of LV function. Our study detected a subtle change in hemodynamic performance through a significant 
decrease in LVEF, consistent with previous studies where LVEF was observed to be 59.8 ± 12 in the DDDR mode of 
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Table 1 Various parameters at baseline and at 3 months follow-up intervals

Variable Parameter Baseline 3 months 3 months 6 months 6 months 9 months P value

mean ± SD 63.69 ± 5.19 62.51 ± 4.76 62.51 ± 4.76 61.14 ± 4.71 61.14 ± 4.71 58.58 ± 4.24LVEF (M Mode) 
(%)

% Mean change 1.85 2.20 1.80

mean ± SD 64.03 ± 5.36 62.71 ± 4.66 62.71 ± 4.66 61.07 ± 4.41 61.07 ± 4.41 58.48 ± 3.89LVEF (Simpson) 
(%)

% Mean change 2.06 2.62 2.33

mean ± SD 40.57 ± 4.07 41.01 ± 3.55 41.01 ± 3.55 43.78 ± 3.04 43.78 ± 3.04 45.14 ± 3.07LVEDD (MM)

% Mean change -2.60 -5.19 -3.10

mean ± SD 22.76 ± 2.40 23.96 ± 1.46 23.96 ± 1.46 25.98 ± 1.30 25.98 ± 1.30 27.71 ± 1.56LVESD (MM)

% Mean change -5.25 -8.42 -6.67

mean ± SD 84.96 ± 20.38 80.41 ± 17.89 80.41 ± 17.89 76.26 ± 16.44 76.26 ± 16.44 70.48 ± 11.30SV (ML)

% Mean change 5.36 5.15 7.59

mean ± SD 1.08 ± 0.191 1.18 ± 0.15 1.18 ± 0.15 1.36 ± 0.18 1.36 ± 0.18 1.50 ± 0.166E/A

% Mean change -8.86 -14.93 -10.63

mean ± SD 9.05 ± 2.41 9.82 ± 2.52 9.82 ± 2.52 10.79 ± 3.03 10.79 ± 3.03 11.59 ± 3.60E/E’

% Mean change -8.48 -9.83 -7.48

mean ± SD 81.39 ± 9.45 85.25 ± 9.54 85.25 ± 9.54 89.53 ± 9.54 89.53 ± 9.54 93.07 ± 10.38IVRT (MS)

% Mean change -4.78 -4.98 -3.95

mean ± SD 187.79 ± 32.58 194.84 ± 31.20 194.84 ± 31.20 204.79 ± 31.04 204.79 ± 31.04 214.46 ± 31.01DT (SEC)

% Mean change -3.75 -5.11 -4.72

mean ± SD 1.50 ± 0.53 1.73 ± 0.43 1.73 ± 0.43 1.99 ± 0.43 1.99 ± 0.43 2.26 ± 0.46TR (M/S)

% Mean change -15.03 -15.02 -13.60

mean ± SD 17.47 ± 5.89 20.59 ± 6.90 20.59 ± 6.90 23.35 ± 7.83 23.35 ± 7.83 26.66 ± 9.96PASP (MM/HG)

% Mean change -17.87 -13.41 -14.16

mean ± SD -17.95 ± 2.95 -16.74 ± 2.86 -16.74 ± 2.86 -14.03 ± 2.34 -14.03 ± 2.34 -12.85 ± 1.95GLS (%)

% Mean change 6.71 16.21 8.37

mean ± SD 13.37 ± 3.23 11.83 ± 3.08 11.83 ± 3.08 9.75 ± 2.69 9.75 ± 2.69 8.58 ± 2.30TMT (METS)

% Mean change 11.48 17.65 11.90

mean ± SD 69.83 ± 12.29 74.41 ± 12.83 74.41 ± 12.83 82.05 ± 7.46 82.05 ± 7.46 90.44 ± 5.89QoL

% Mean change -6.55 -10.27 -10.23

< 0.001

DT: Deceleration time; GLS: Global longitudinal strain; IVRT: Isovolumic relaxation time; LVEDD: Left ventricular end-diastolic diameter; LVEF: Left 
ventricular ejection fraction; LVESD: Left ventricular end-systolic dimension; PASP: Pulmonary arterial systolic pressure; QoL: Quality of life; SV: Stroke 
volume; TMT: Treadmill test; TR: Tricuspid regurgitation.

Table 2 New York Heart Association classification at baseline and at 3 months follow-up intervals, n (%)

NYHA Baseline 3 months 6 months 9 months

Class 1 52 (92.85) 45 (80.40) 14 (25.00) 10 (17.90)

Class 2 4 (7.15) 11 (19.60) 38 (67.90) 33 (58.90)

Class 3 0 (0.00) 0 (0.00) 4 (7.10) 13 (23.20)

NYHA: New York Heart Association.
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Table 3 Outcomes at baseline and at 3 months follow-up intervals, n (%)

Outcomes Baseline 3 months 6 months 9 months

Atrial fibrillation 0 (0.00) 0 (0.00) 2 (3.60) 1 (1.80)

Stroke 0 (0.00) 0 (0.00) 1 (1.80) 0 (0.00)

Figure 1 Age distribution among study participants.

pacing. However, a significant decrease in LVEF was observed for both pacing modes in our study, suggesting that RVP 
impacts LV function, particularly by altering LVEF.

In this study, over 73.2% of the study population was male, similar to previous studies in which the majority of par-
ticipants were male[8,9]. Moreover, in a study conducted by Kim et al[10], the mean age was 58 years, comparable to that 
in this study (57.11 ± 11.87 years); however, in the previous study, the mean age was higher, at 73 ± 10 years[8].

IVRT is the time interval between the end of aortic ejection and the beginning of ventricular filling. In our study, a 
slight increase in IVRT values (89.53 ± 9.54 ms) was found in patients in the VVIR, similar to the findings of Dwivedi et al
[9], who reported a significantly higher value in the VVIR pacing mode (135.24 ± 28.54 ms). In our study, no significant 
differences in IVRT values were observed in the DDDR. The mean LVEDD and LVESD in the VVIR in our study were 
43.78 ± 3.04 mm and 25.98 ± 1.30 mm, respectively, whereas in the study by Dwivedi et al[9], the respective values were 
51.6 ± 1.01 mm and 39.6 ± 1.00 mm (VVIR mode).

A study conducted by Gupta et al[11] in 2021 estimated the E/A and E/E´ ratios and observed a progressive increase in 
their values over a 6-month period, suggesting a deterioration in LV diastolic function. Our results indicate that the ratios 
remained within normal limits for both pacing modes throughout the study period, consistent with a previous study that 
measured the E/A ratio during dual-chamber pacing, where it was noted to be 0.95 ± 0.2[12].

In this study, the complications of pacemaker implantation were not significantly different between the single- and 
DDDR modes. The overall incidence of AF at the 6-month follow-up (VVIR mode) was 3.6%, whereas it was lower at the 
9-month follow-up (DDDR mode), i.e., 1.8%. However, in a study conducted by Mueller et al[13], a higher incidence of 
tachycardia was observed in patients with dual-chamber implantation. A study by Fisher et al[14] in 1988 indicated that 
the risk of stroke in patients with cardiac pacing is uncertain, although stroke has been reported in 4.5%-23% of paced 
patients with SSS during long-term follow-up. In our recent study, among 56 of our study population, 1.8% (1 patient) 
developed stroke during the VVIR mode (Figure 2).

Previous studies have suggested that a superior QoL is observed in patients with dual-chamber pacing. In a study by 
Lamas et al[15] in 1998, QoL was evaluated using the SF-36 scoring method, which showed no significant differences 
between the ventricular pacing and dual-chamber pacing groups at the 3- and 18-month follow-up. Our results 
demonstrate a significant improvement in the QoL scores for the study population in both dual- and single-pacing 
modes. Figure 2 depicts the centre all illustration of these study.

Limitations
This was a single-centre, prospective study conducted at a tertiary healthcare facility with a small sample size. After 
switching the pacemaker mode to the dual-chamber mode, the patients were followed for a short period. Additionally, 
the effect of different pacing sites on LV function was not evaluated, as only the RV apex lead position was available for 
this study. Although the patients received the medications for associated comorbidities as per the guidelines but 
treatment data was not assessed.
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Figure 2 Central illustration of the study depicting the cross over design and benefits of dual chamber pacing.

CONCLUSION
This study suggests that RVP has a depressant effect on LV function, particularly in the VVIR mode. The DDDR mode 
appeared to achieve better clinical outcomes, with lower incidences of AF, stroke, and heart failure compared with the 
VVIR mode. Furthermore, health-related QoL significantly improved after pacemaker implantation. Overall, these 
findings indicate that the DDDR pacing mode is preferable to the VVIR mode.
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