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Background: Left bundle branch area pacing (LBBAP) is a recently proposed method for conduction system pacing. We performed a meta-analysis of controlled studies to compare the clinical outcome in patients who received LBBAP vs. biventricular pacing (BVP) for cardiac resynchronization therapy (CRT).

Methods: PubMed, Embase, and Cochrane's Library databases were searched for relevant controlled studies. A random-effect model incorporating the potential heterogeneity was used to synthesize the results.

Results: Four non-randomized controlled studies including 249 patients with heart failure (HF) for CRT were included, and the patients were followed for 6–12 months. Compared with BVP, LBBAP was associated with significantly shortened QRS duration [mean difference (MD): −29.18 ms, 95% confidence interval (CI): −33.55–24.80, I2 = 0%, P < 0.001], improved left ventricular ejection fraction (MD: 6.93%, 95% CI: 4.69–9.17, I2 = 0%, P < 0.001), reduced left ventricular end-diastolic dimension (MD: −2.96 mm, 95% CI: −5.48 to −0.44, I2 = 0%, P = 0.02), and improved New York Heart Association class (MD: −0.54, 95% CI: −0.84 to −0.24, I2 = 65%, P < 0.001). Moreover, patients who received LBBAP were more likely to achieve echocardiographic [odds ratio (OR): 5.04, 95% CI: 2.17–11.69, I2 = 0%, P < 0.001] and clinical (OR: 7.33, 95% CI: 1.62–33.16, I2 = 0%, P = 0.01) CRT responses.

Conclusion: Current evidence from non-randomized studies suggests that LBBAP appears to be a promising method for CRT, which is associated with more remarkable improvements of symptoms and cardiac function in HF patients with indication for CRT.
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INTRODUCTION

For heart failure (HF) patients with reduced ejection fraction and complete left bundle branch block (LBBB), cardiac resynchronization therapy (CRT) with biventricular pacing (BVP) has been established as an effective therapy that has been associated with improved left ventricular (LV) function and clinical symptoms (1, 2). However, about 30% of patients do not respond to CRT delivered by conventional BVP (3). In addition, the procedure of BVP implantation is complex, and for patients with venous malformations or coronary vein stenosis, implantation of LV pacing leads is sometimes technically difficult (4). Subsequently, physiological pacing approaches have been investigated to achieve CRT, including His-bundle pacing (HBP) and left bundle branch area pacing (LBBAP) (5). Although HBP could achieve physiologic electromechanical synchrony by facilitating conduction through the native His-Purkinje system, HBP is associated with high pacing threshold and risk of abnormal sensing, which limited its use for CRT delivering (6). LBBAP is a newly developed physiological pacing strategy that can effectively achieve narrowed QRS waves and improved LV function in HF patients with indication for CRT (7). In addition, compared with HBP, LBBAP is of lower thresholds, higher R wave amplitude, and easier to perform, which makes it a potential optimal technique to deliver CRT (8). Although primary case series reporting LBBAP delivered CRT showed promising results (9), controlled studies comparing the efficacy and safety of LBBAP vs. BVP in HF patients with indication for CRT are rare (10–13). Moreover, results of these studies were not consistent, probably due to the limited number of HF patients included in each study (10–13). Accordingly, we performed a meta-analysis of controlled studies to compare the influences of CRT delivered by LBBAP vs. BVP on QRS duration (QRSd), LV function, clinical symptoms, and CRT response in these patients.



METHODS

This systematic review and meta-analysis was prepared in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) (14) and the Cochrane's Handbook (15) guidelines during the study design, implementation, data analysis, and results reporting processes.


Database Searching

PubMed, Embase, and Cochrane's Library databases were searched for relevant studies using the terms of (1) “left bundle branch pacing” OR “left bundle branch area pacing” and (2) “biventricular” OR “cardiac resynchronization therapy” OR “CRT”. The search was limited to human studies published in English. The references of the related original and review articles were also screened manually for potential relevant studies. The final literature searching was performed on January 16, 2021.



Study Selection

Studies were included if they fulfilled the following criteria: (1) published as full-length article in English; (2) designed as randomized or non-randomized controlled studies, without restrictions of the sample size and follow-up duration; (3) including patients with HF who underwent CRT with LBBAP or BVP; and (4) reported at least one of the following outcomes during follow-up, including QRSd, echocardiographic parameters [left ventricular ejection fraction (LVEF) and left ventricular end-diastolic dimension (LVEDD)], New York Heart Association (NYHA) class, echocardiographic or clinical CRT response rates, and the incidence of adverse events including all-cause mortality or HF rehospitalization. Echocardiographic CRT response was defined as an LVEF improvement of at least 5% at follow-up compared with that at baseline, and clinical CRT response was defined as decreasing NYHA functional class for at least one grade at the last follow-up compared with the basal value (16). Reviews, editorials, preclinical studies, and single-arm studies without a BVP control group were excluded. When duplications of the data were found, the results of the most recent publications with longer follow-up durations were included in the meta-analysis.



Data Extraction and Quality Evaluation

Two independent authors performed the literature search, data extraction, and quality assessment according to the predefined inclusion criteria. Discrepancies were resolved by consensus and discussion with another author. The extracted data included the details regarding study and patient characteristics; LVEF, LVEDD, and QRSd at baseline in patients treated with LBBAP or BVP; and follow-up durations. Quality of randomized controlled studies was evaluated with the Cochrane's Risk of Bias Tool (15). Quality of non-randomized controlled studies was evaluated with the Newcastle–Ottawa Scale (NOS) (17). This scale judges the quality of each non-randomized controlled study regarding three aspects: selection of the study groups, the comparability of the groups, and the ascertainment of the outcome of interest.



Statistical Analyses

Mean difference (MD) was used as the general measures for the outcomes of continuous variables, whereas odds ratio (OR) was used for the categorized variables. The 95% confidence intervals (CIs) for MD and OR were also calculated. The heterogeneity among the included studies was detected by the Cochrane's Q-test (15, 18) and the I2-test (19). An I2 > 50% indicated significant heterogeneity. A random-effect model was used to pool the results of the included studies because this model was considered to incorporate the potential heterogeneity of the included studies and could therefore retrieve a more generalized outcome (15). Potential publication bias was assessed by visual inspection of the funnel plot as well as the Egger regression asymmetry test (20). RevMan (version 5.1; Cochrane Collaboration, Oxford, UK) software was used for the meta-analysis and statistics.




RESULTS


Searching Results

The process of literature searching is shown in Figure 1. Briefly, 98 records were retrieved by initial database searching and exclusion of the duplications. By screening via title and abstract of the publications, 78 were subsequently excluded, mainly because they were irrelevant to the objective of the current study. The remaining 20 records underwent full-text review, and 16 were further excluded for the reasons listed in Figure 1. Finally, four studies (10–13) were retrieved.


[image: Figure 1]
FIGURE 1. Flowchart of database search and study identification.




Study Characteristics and Quality Evaluation

Overall, four prospective non-randomized controlled studies, including 90 HF patients with LBBAP for CRT and 159 patients with BVP for CRT, were included in the meta-analysis (Table 1) (10–13). These studies were all performed in China and published between 2020 and 2021. All of the studies included HF patients with indication for CRT. Patients who received LBBAP and BVP were generally frequency-matched on age; sex; histories of ischemic heart disease; NYHA class; QRSd, LVEDD, and LVEF at baseline; and medications for HF (Table 1). Patients were followed for 6 months in three studies (10–12) and for 12 months in the other one study (13). The quality of the included studies was generally good, with the NOS varied between 8 and 9 points (Table 2).


Table 1. Characteristics of the included studies.
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Table 2. Details of study quality evaluation via the Newcastle–Ottawa Scale.
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Changes of QRSd, Cardiac Function, and Clinical Symptoms

Pooled results with a random-effect model showed that compared with BVP, LBBAP was associated with significantly shortened QRSd (MD: −29.18 ms, 95% CI: −33.55–24.80, I2 = 0%, P < 0.001; Figure 2A), improved LVEF (MD: 6.93%, 95% CI: 4.69–9.17, I2 = 0%, P < 0.001; Figure 2B), reduced LVEDD (MD: −2.96 mm, 95% CI: −5.48 to −0.44, I2 = 0%, P = 0.02; Figure 2C), and improved NYHA class (MD: −0.54, 95% CI: −0.84 to −0.24, I2 = 65%, P < 0.001; Figure 2D).


[image: Figure 2]
FIGURE 2. Forest plots for the meta-analysis comparing influences of LBBAP and BVP on QRSd, cardiac function, and clinical symptoms in HF patients with indication for CRT. (A) QRSd, (B) LVEF, (C) LVEDD, and (D) NYHA class.




CRT Response Rate and Incidence of Adverse Events During Follow-up

Pooled results with a random-effect model showed that compared with patients who received BVP, patients who received LBBAP were more likely to achieve echocardiographic (OR: 5.04, 95% CI: 2.17–11.69, I2 = 0%, P < 0.001; Figure 3A) and clinical (OR: 7.33, 95% CI: 1.62–33.16, I2 = 0%, P = 0.01; Figure 3B) CRT responses. No patient died during follow-up, whereas the risk of HF rehospitalization was not statistically different between patients who received LBBAP or BVP (OR: 0.47, 95% CI: 0.05–4.33, I2 = 0%, P = 0.51; Figure 3C).


[image: Figure 3]
FIGURE 3. Forest plots for the meta-analysis comparing influences of LBBAP and BVP on CRT response rates and incidence of adverse events during follow-up. (A) echocardiographic response, (B) clinical response, and (C) HF hospitalization.




Publication Bias

The publication bias for the current meta-analysis was not estimated since only three to four studies were available for each outcome.




DISCUSSION

In this meta-analysis, by pooling the results of four non-randomized controlled studies, we found that for HF patients with indication for CRT, LBBAP is associated with significantly shortened QRSd, improved LVEF, reduced LVEDD, and decreased NYHA class as compared with conventional BVP at the end of the follow-up. Besides, patients who received LBBAP delivered CRT had higher echocardiographic and clinical response rates than those who received BVP delivered CRT, although the incidence of HF hospitalization was not different between patients from the two groups. These findings suggest that compared with conventional BVP, LBBAP is associated with more remarkable improvements of symptoms and cardiac function in HF patients with indication for CRT, which should be validated in randomized controlled trials (RCTs). Considering the technique feasibility of LBBAP, this novel physiological pacing strategy appears to be promising for HF patients with indication for CRT.

To the best of our knowledge, this study is the first meta-analysis comparing the efficacy between LBBAP and BVP delivered CRT in patients with HF. Since no RCTs regarding the comparative efficacy of LBBAP and BVP delivered CRT have been published, results of the meta-analysis may provide the current evidence-based overview regarding the comparative efficacy of LBBAP and BVP delivered CRT in HF patients during a follow-up of up to 1 year. Previous studies with epicardial activation mapping indicated that electrical dyssynchrony remained despite the use of BVP, suggesting that activation time and pattern could not be corrected to a physiological level by BVP delivered CRT (21). Among new strategies of conduction system pacing, although LBBAP could not achieve normal physiological activation maintained via the right bundle as HBP (22, 23), compared with BVP, LBBAP is associated with a significantly further decreased QRSd of −29.2 ms, as evidenced in our meta-analysis. In this meta-analysis, greater improvement of LVEF was achieved by LBBAP delivered CRT compared with BVP delivered CRT, which is paralleled with the more remarkable shortened QRSd in patients after LBBAP delivered CRT. Since a significant association between QRS narrowing and shorter attained QRSd with clinical and echocardiographic CRT responses has been indicated in previous studies, the further shortened QRSd may explain the benefits of LBBAP over BVP on cardiac function and clinical symptoms in HF patients, as well as the increased CRT response during follow-up (24). No significant difference in adverse events, such as HF hospitalization, was observed between groups. However, only four events of HF hospitalization were reported during a follow-up duration of up to 1 year, and our meta-analysis is underpowered for the detection of the potential benefits of LBBAP over BVP on clinical outcomes of HF patients. Large-scale RCTs with longer follow-up durations are warranted.

Although HBP may be more effective to achieve ventricular activation to the physiological level than LBBAP, pilot studies have showed a few technical advantages of LBBAP over HBP, including lower and more stable thresholds, higher implant success rates, and comparable ventricular mechanical synchrony of similar magnitude as HBP (13). With the accumulated experiences and continuous advances in implantation techniques, LBBAP may become an alternative strategy to HBP for CRT delivering with conduction system pacing (25, 26).

Our study has limitations. Firstly, as a meta-analysis of non-randomized controlled studies, although key variables have been frequency-matched, we acknowledged that the potential imbalance of other clinical characteristic of the patients may confound the findings. Ongoing RCTs may validate our findings (27). Secondly, the number of studies and patients is quite limited, whereas the findings of the studies seemed very consistent. In addition, patients were followed for 6–12 months in the studies included in the meta-analysis; the potential long-term benefits of LBBAP over BVP need to be investigated in studies with longer follow-up durations. Besides, as mentioned before, our meta-analysis is not of adequate statistical power to detect the potential benefits of LBBAP over BVP on clinical outcomes of HF patients, and large-scale RCTs with adequate follow-up durations are needed to validate the clinical benefits of LBBAP. Finally, the four included studies were all performed in Chinese centers with early performance of LBBAP. The experiences and skills of the surgeons may affect the comparative efficacy between LBBAP and BVP in HF patients for CRT.

In conclusion, results of this meta-analysis showed that compared with BVP, LBBAP is associated with more remarkable improvements of symptoms and cardiac function in HF patients with indication for CRT. These findings suggested that LBBAP appears to be a more promising method for CRT. The benefits of LBBAP over BVP for HF patients with indication for CRT should be validated in high-quality RCTs.
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