


BUNDLE BRANCH BLOCK PATTERNS AND LONG-TERM OUTCOMES IN HEART FAILURE


Abstract
Introduction:
The prognosis of left and right bundle branch blockages (LBBB and RBBB) in hospitalized heart failure (HF) patients remains unknown. There are debates over the type of bundle branch block (BBB) that is associated with an increased mortality risk in people with heart failure (HF). The purpose of this study was to investigate the predictive value of bundle branch blocks in heart failure patients.
Methods:
This prospective observational study included all inpatient admissions with heart failure from January 2023 to December 2023 in our institution. Age group of 18- 90 years is included in this study. Data on baseline characteristics included demographics, clinical and post procedure outcomes.
Results:
In the present study, the ages of the individuals participating were classified. The largest age group was 70-79 years (32%), followed by 60-69 years (27.3%) and 50-59 years (21.3%), with fewer participants younger than 50 years (12%) or older than 79 years (7.3%). The study participants were predominantly male (64%), and the remaining 36% were female. In this study, the presence of bundle branch block (BBB) among participants is shown. The majority of participants (78.7%) did not have BBB, while 21.3% had BBB. Among participants with BBB, the majority had left bundle branch block (LBBB) (75%), while 25% had right bundle branch block (RBBB). 
Conclusion: 
Heart failure patients with LBBB had a significant clinical severity of heart failure at presentation and were more likely to have mortality or hospitalisation for heart failure or cardiovascular events than those without BBB. On the contrary, RBBB did not significantly predict negative outcomes.
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Introduction: 
Heart failure (HF) is a multifaceted clinical illness and a predominant cause of morbidity and mortality, impacting approximately 1 to 2% of adults in developed nations, with prevalence exceeding 10% among individuals over 70 years of age (1). Heart failure is characterized by declining heart function, frequent hospitalizations, and untimely death (2). Acute heart failure (AHF) is characterized by sudden onset of new or worsening symptoms of HF (3). Patients with AHF typically have pre-existing cardiomyopathy, resulting in acute decompensated heart failure (ADHF). Acutely decompensated chronic heart failure (ADCHF) and "de novo" AHF share similar clinical appearance and therapy.  Decompensations may necessitate hospitalization or can be addressed as an outpatient (4). AHF is connected with a 30-day mortality rate of 5–10%. Multiple system, patient, and episode-related risk factors for unfavourable outcomes have been identified in AHF patients (4,5,6). An electrocardiogram (ECG) is a common routine study indicated for all patients with suspected AHF. Arrhythmias, particularly atrial fibrillation, have been extensively investigated for their impact on outcomes (7). Research indicates that atrial fibrillation may lead to negative outcomes, while fast atrial fibrillation as a cause of AHF is associated with a better prognosis. Other electrocardiographic changes, such as conduction blocks, have received far less attention in terms of their impact on prognosis (6).
Approximately 20% of the overall HF population is likely to have a prolonged QRS duration within the first year of diagnosis (8, 9). Prolonged QRS duration, with or without bundle branch block (BBB), has been linked to higher morbidity and death in chronic heart failure patients with low left ventricular ejection fraction (LVEF) (10,11,12). However, this remains a topic of debate in the global HF population. There has been more research on the relation between conduction blocks and heart failure (HF) for left bundle branch block (LBBB) compared to right bundle branch block (RBBB), with some studies indicating a greater mortality risk and others not (13-16). The effects of LBBB and RBBB on the prognosis of HF are debatable (16). Wide QRS was observed when it prolonged more than 120 ms. Complete LBBB or RBBB was defined when morphological criteria were present.
Epidemiology of Bundle Branch Blocks
Over the years, there has been a predominant emphasis on bundle-branch block's importance as a prognostic indicator for mortality and the presence of concurrent
cardiovascular conditions. The epidemiology data mostly originated from patients who were admitted to the hospital, which may have been influenced by the underlying purpose of doing a routine 12-lead ECG (17). Previous studies have examined individuals in good health at regular check-ups and often encountered difficulties due to the factor of age. The Framingham Heart study found that individuals with acquired bundle-branch block had a higher likelihood of experiencing or developing advanced cardiovascular symptoms, particularly in the case of males with left bundle-branch block. The other investigations did not find any evidence of an elevated mortality risk caused by coronary artery disease or hypertension in individuals with left bundle-branch obstruction. Among those under the age of 60 with right bundle-branch block, there was a clear association with hypertension (18). The prevalence of Left bundle branch block (LBBB) in the general population ranges from around 0.06% to 0.1%. Roughly one-third of those diagnosed with heart failure have left bundle branch block (LBBB) as shown in Figure 1. The frequency of occurrence rises in correlation with the severity of left ventricular dysfunction in individuals with heart failure. Right bundle branch block RBBB (Figure 2) is often a gradually worsening degenerative condition affecting the myocardium. The prevalence of right bundle branch block tends to rise with age, affecting as many as 11.3% of individuals by the time they reach 80 years old. There is no notable correlation with cardiac illness, ischemic heart disease, or cardiac risk factors (19).
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Figure 1: ECG features of LBBB
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Figure 2: ECG features of RBBB

Methodology:
All in-patient admissions with Heart Failure, irrespective of Ejection Fraction are included in this study. The age group varies from 18- 90 years. ECG patterns of the Heart Failure is going to be analysed, includes QRS < 80 ms is considered as normal.  QRS >120ms is considered as conduction block, and 80-120 ms is considered as incomplete conduction block. The pattern of conduction block is categorised as LBBB/ RBBB/ Nonspecific Conduction Block.  The prognostic value in terms of mortality, ICU stay, hospitalisation duration, need for inotropes, hemodynamic stability, presence of arrythmia, NYHA classification at discharge and at 1 month were analysed. Echocardiogram parameters includes, LVEF, EDD, LV filling pressure, Pulmonary Artery Pressure (PAH), shall be analysed between Heart Failure patients with and without Bundle Branch Block.  Analysis of cardiorenal syndrome among heart failure patients with and without Bundle Branch Block. The presence of anemia, Ferritin levels and transferrin saturation shall also be analysed among the two groups. The inclusion criteria isare all hospitalised heart failure patients between age group 18-90 years, heart failure with HFrEF, HFpEF, HFmEF and the exclusion criteria is not willing to participate in the study, reversible causes of BBB.
Ethical clearance:
This study was approved by the ethics committee bearing the IEC no------ and informed consent was obtained from all the participants.
Statistical analysis:
Data obtained was entered into excel sheet (MS office 2007).  All continuous variables were assessed for normality using Shapiro–Wilk’s test.  Continuous variables following Gaussian distribution were expressed as mean ± standard deviation (SD).  Otherwise, they were expressed as median (inter quartile range).  Comparison of continuous variables was done using independent sample t test.  Comparison of categorical variables was taken care of by Chi – square test or Fishers exact test based on the number of observations. All p-values < 0.05 were considered as statistically significant. Data analysis was carried out by SPSS version 25.0.
Results:
In this study, the presence of bundle branch block (BBB) among participants is shown. The majority of participants (78.7%) did not have BBB, while 21.3% had BBB. Types of BBB distribution with BBB, the majority had left bundle branch block (LBBB) (75%), while 25% had right bundle branch block (RBBB).
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Figure: 3 & 4 Presence of BBB (Bundle Branch Block) Distribution and types of BBB

Risk Factors Distribution
Risk factors among participants include no risk factors (44%), CKD (18%), COPD
(7.3%), and other conditions such as OSA (2.7%) and amyloidosis (2%). Some participants had multiple conditions, such as CKD and COPD (3.3%).
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Figure 5: Risk Factors Distribution
Medications Prescribed
The most commonly prescribed medications were beta-blockers (71.3%), diuretics (71.3%), and MRAs (56%). Other medications include SGLT2 inhibitors (39.3%), ARNI (26.7%), and others.

	Medications
	Frequency
	Percent

	Beta-blockers
	107
	71.3

	ARNI
	40
	26.7

	SGLT2 Inhibitors
	59
	39.3

	Diuretics
	107
	71.3

	Digoxin
	7
	4.7

	Vericiguat
	14
	9.3

	Ivabradine
	0
	13.3

	ARB
	12
	8.0



Table 1: Medications Prescribed
Device Therapy or Surgery
Most participants (68.7%) had no device therapy or surgery.
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Figure 6: Device Therapy or Surgery
This table focuses on clinical outcomes and functional status both before and after
treatment. The New York Heart Association (NYHA) classification, which assesses heart
failure severity, had a mean score of 3.41 prior to treatment, indicating that most participants experienced severe limitations, with a relatively low standard deviation of 0.677. Post treatment, the NYHA class improved to a mean of 1.720, reflecting a significant improvement in heart failure symptoms, with a standard deviation of 0.6252. The mean duration of 67 hospitalization was 6.873 days, with a wide variation (standard deviation of 4.6966), suggesting differing lengths of hospital stays among participants. The 6-minute walk test (6MWT), which measures exercise tolerance, showed a mean distance of 220.1 meters prior to treatment, with substantial variability (standard deviation of 113.1734). Post-treatment, the 6-minute walk test results improved, with a mean distance of 461.4 meters, reflecting enhanced physical capacity, though the standard deviation remained high (198.6896). NT-proBNP, a marker for heart failure severity, decreased after treatment, with a mean of 3052.133 pg/mL and a standard deviation of 3744.2621. Finally, the filling pressure post-treatment had a mean of 10.247 mmHg, indicating improved diastolic function, with a moderate variability (standard deviation of 3.5425).


	
	Mean
	Standard deviation

	NYHA class prior
	3.41
	.677

	NYHA class post treatment
	1.720
	.6252

	Duration of hospitalisation (days)
	6.873
	4.6966

	6min walk test (meters)-prior
	220.100
	113.1734

	6 min walk test (meters)- post treatment
	461.400
	198.6896

	NTPROBNP-post
	3052.133
	3744.2621

	LV filling pressure-post 
	10.247
	3.5425


Table 2:  Parameters before and after intervention

Discussion:
Heart failure (HF) remains a leading cause of morbidity and mortality worldwide, affecting millions of people and placing a significant burden on healthcare systems. The complex interplay between structural heart disease, impaired myocardial function, and neurohormonal activation often leads to various electrophysiological abnormalities, including conduction system disturbances such as bundle branch block (BBB). BBB, whether right bundle branch block (RBBB) or left bundle branch block (LBBB), can have significant implications for both the pathophysiology and management of heart failure (17).  BBB in heart failure patients disrupts the normal sequence of ventricular depolarization, potentially worsening left ventricular dysfunction and contributing to adverse clinical outcomes. LBBB, in particular, has been associated with dyssynchronous ventricular contraction, which may exacerbate heart failure symptoms and increase the risk of arrhythmias and sudden cardiac death. While cardiac resynchronization therapy (CRT) has shown benefit in select patients with LBBB. The impact of other BBB patterns, including RBBB and non-specific intraventricular conduction delay (IVCD). On long-term, outcomes remain less well understood (18). This study aims to examine the prognostic significance of different bundle branch block patterns in patients with heart failure. In this study, the prevalence of bundle branch block (BBB) among participants revealed that a significant majority (78.7%) did not exhibit any form of BBB, while 21.3% were identified as having the condition. Among those with BBB, left bundle branch block (LBBB) was the most prevalent, occurring in 75% of cases, while right bundle branch block (RBBB) accounted for 25%. These findings align with the literature, as studies by Baldasseroni et al. (18) and Tabrizi et al. (20) report that LBBB is notably common in heart failure patients, affecting approximately 20% to 25% of this population. Conversely, the occurrence of RBBB in heart failure patients is less frequent. Research by Abdel-Qadir et al. (21) and Barsheshet et al. (22) indicates that RBBB typically affects only about 7% to 10% of this patient group. Our results support these observations, underscoring the tendency for LBBB to be more prevalent than RBBB in heart failure contexts.

In our current study most common complaints among participants were found to be shortness of breath (90.7%), followed by palpitations (13.3%), angina (18%), pulmonary embolism (24%), and others such as oliguria (5.3%) and fatigue (4%). Hindman et al., (23,24) found that patients with LBBB may experience symptoms such as dyspnea (shortness of breath), chest pain, and palpitations. LBBB is often associated with more severe cardiac conditions and may lead to worsened symptoms due to impaired ventricular function. Brugada et al., (25) found patients with RBBB may experience syncope (fainting), fatigue, and dizziness. In certain cases, RBBB has also been associated with an increased risk of arrhythmias and sudden cardiac death when accompanied by other ECG abnormalities. The findings from our study, which categorized the QRS complex into Normal conduction (78.7%) and Bundle Branch Block (21.3%), align with previous research emphasizing the clinical significance of QRS morphology in various conduction disorders. Notably, Kabutoya et al. (26) demonstrated that a larger preprocedural QRS area in patients with left bundle branch block (LBBB) was predictive of a favourable prognosis for those undergoing cardiac resynchronization therapy (CRT). Their observation that LBBB patients exhibited a significantly larger QRS area (218 ± 99 μVs) compared to those with right bundle branch block (RBBB) and other conduction delays highlights the potential for QRS area as a prognostic marker in CRT. Conversely, Datino et al. (27) shed light on the dynamic nature of QRS morphology, particularly in patients with organic RBBB. Their study revealed that significant changes in QRS morphology could occur during rapid atrial pacing (RAP) and supraventricular tachycardia (SVT), with these alterations being independent of the original bundle branch block pattern. Notably, such changes were observed more frequently in RBBB


In our study, we found that participants with coronary artery disease (CAD) exhibited a lower prevalence of bundle branch block (BBB) at 13.1% compared to those with other conditions, with this difference being statistically significant (P=0.001). Interestingly, other conditions such as diabetes mellitus (DM) and hypertension (SHT) did not show a significant association with the presence of BBB. These findings contrast with the work of Hamby et al., (28) who reported that patients with left bundle branch block (LBBB) and CAD experienced significantly greater impairment of left ventricular function than those without LBBB. Their study underscored the relationship between LBBB and more severe forms of CAD, as well as worsening heart failure symptoms. Importantly, they did not find significant differences related to the presence of diabetes or hypertension, aligning with our results and suggesting that CAD may be a more critical factor in the context of LBBB. Additionally, Heinsimer et al., (29) examined patients with exercise-induced LBBB and found that those with underlying CAD were more likely to develop permanent LBBB, with worse long-term outcomes. Over their follow-up period, 7 out of 8 patients who transitioned to permanent LBBB had underlying CAD, further emphasizing the profound influence of CAD on the progression of LBBB.

Conclusion:
In conclusion, this study highlights the significant impact of BBB patterns, particularly LBBB, on the long-term outcomes of heart failure patients. LBBB is associated with worse cardiac function, longer hospital stays, and less improvement in functional status following treatment. The findings underscore the importance of considering advanced heart failure therapies, such as CRT, in these patients to improve outcomes. Clinicians should remain vigilant in identifying BBB patterns in heart failure patients, as early intervention could significantly affect prognosis.


Limitations and Future Research
While this study provides valuable insights into the impact of BBB patterns on heart failure outcomes, several limitations must be acknowledged. First, the study did not stratify outcomes based on the duration of heart failure, which could influence the prevalence of BBB and its associated outcomes. Additionally, the relatively small sample size may limit the generalisability of the findings to broader populations.

Future research should focus on larger, multicentre studies to validate these findings and explore the long-term effects of CRT in patients with different BBB patterns. Moreover, studies that assess the role of emerging therapies, such as SGLT2 inhibitors, in heart failure patients with BBB would be valuable in determining whether these therapies can improve outcomes in this high-risk population.
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