Frequency of Left Bundle Branch Block in Patients with Coronary Artery Disease at Hayatabad Medical Complex, Peshawar
Abstract
Objective: To determine the frequency and clinical significance of left bundle branch block (LBBB) in patients with coronary artery disease (CAD) admitted to the Department of Cardiology, Hayatabad Medical Complex, Peshawar.
Methodology: A prospective cross-sectional study was conducted over six months, from 18th April 2025 to 18th October 2025, including 101 patients aged 40 to 75 years with angiographically confirmed CAD. Consecutive sampling was used to enroll participants. Clinical data were collected through structured proformas, and electrocardiographic evaluation was used to identify LBBB, defined as QRS duration >120 ms with characteristic morphology. Data were analyzed using SPSS version 26. Descriptive statistics summarized demographics, and chi-square and t-tests assessed associations, while logistic regression identified predictors of heart failure hospitalization.
Results: Of the 101 patients, 55 were males (54.5%) and 46 were females (45.5%), with a mean age of 58.4 ± 8.3 years. The prevalence of LBBB was 48.5% (n=49). Hypertension was found in 53.5% and diabetes in 48.5% of patients. Patients with LBBB were significantly older (p=0.015) and had higher BMI (p=0.029). Chi-square analysis showed a significant association between LBBB and hypertension (p=0.023). Logistic regression revealed LBBB (OR=2.12, p=0.027) and hypertension (OR=1.93, p=0.034) as independent predictors of heart failure hospitalization.
Conclusion: Nearly half of CAD patients exhibited LBBB, which was significantly associated with hypertension, older age, and increased risk of heart failure hospitalization. Early recognition of LBBB may improve patient management and prognosis. Larger multicenter studies are recommended to validate these findings.
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Introduction
Left Bundle Branch Block (LBBB) is a major electrocardiographic abnormality often associated with structural or ischemic heart disease, most notably Coronary Artery Disease (CAD). It alters the normal electrical conduction through the ventricles, leading to delayed activation of the left ventricle and consequently abnormal contraction patterns. This conduction disturbance is clinically significant because it not only complicates the diagnosis of myocardial ischemia but also correlates with poorer cardiac outcomes and increased mortality rates among CAD patients.1
Globally, the reported prevalence of LBBB in patients with CAD varies widely, ranging from 0.5% to 6% depending on the studied population and diagnostic criteria. Recent studies emphasize that LBBB is not merely an electrocardiographic finding but a marker of adverse structural remodeling of the myocardium, particularly in those with ischemic etiology.2 This highlights the importance of recognizing its frequency and clinical associations, especially in tertiary care hospitals where the burden of ischemic heart disease is high, such as in Pakistan.
Epidemiological data demonstrate that LBBB is present in 4–6% of stable CAD patients, with an increase in frequency when CAD is associated with comorbidities like hypertension and diabetes mellitus. LBBB patients have been shown to be older, predominantly male and have strong relationships between multi-vessel CAD in both local and international cohorts.3
CAD remains the leading cause of morbidity and mortality worldwide, accounting for approximately one-third of global deaths. In developing countries like Pakistan, rapid urbanization, sedentary lifestyles, and poor dietary habits have increased the prevalence of CAD significantly. The pattern of conduction abnormalities, including LBBB, among Pakistani populations has shown an upward trend with advancing age and comorbidities such as diabetes mellitus and hypertension.4 A study from Tehran found that approximately 8% of myocardial infarction patients had concomitant LBBB, with significant associations to hypertension and ischemic family history.5 Similarly, regional data from Pakistan show a high proportion of intraventricular dyssynchrony among patients with LBBB, indicating impaired ventricular coordination that contributes to reduced cardiac output.4
Recent literature has shown that the frequency of LBBB is higher in older adults and in those with pre-existing ischemic changes on angiography. In a clinical series, 57% of patients with LBBB were found to have ischemic origins, with diabetes mellitus and male sex being key predictors.6 This link between LBBB and severe coronary lesions reinforces its prognostic value. From a pathophysiological standpoint, LBBB alters ventricular depolarization by delaying electrical activation in the left ventricle, resulting in asynchronous myocardial contraction. This electrical delay impairs ventricular efficiency and promotes wall stress and dilatation, ultimately leading to heart failure in chronic cases.7
Newer research indicates that even asymptomatic LBBB patients with normal ejection fractions are at risk of developing dyssynchrony-induced cardiomyopathy over time.8 Therefore, identifying LBBB early in CAD patients is crucial to mitigate the risk of progressive ventricular dysfunction. The gender-based analysis of LBBB has also revealed distinct differences. Women with LBBB and CAD often have normal epicardial arteries but evidence of microvascular dysfunction, whereas men tend to exhibit larger left ventricular diameters and longer QRS durations, correlating with greater ischemic burden.9
Clinical recognition of LBBB in acute ischemic syndromes has evolved. Previously, the presence of new-onset LBBB in a patient with chest pain mandated emergent thrombolytic therapy; however, contemporary approaches emphasize the use of more specific electrocardiographic criteria to distinguish true ischemic injury from conduction disturbances without occlusion.1 The association of LBBB with exercise-induced or stress-induced ischemia further highlights its diagnostic challenge. Cases of stress test-induced LBBB often reveal significant coronary lesions despite the absence of classic ischemic symptoms.10
At the Hayatabad Medical Complex, Peshawar, where cardiovascular disease burden is high and resources for advanced imaging are limited, evaluating the frequency of LBBB in CAD patients can provide meaningful insights for early diagnosis and risk stratification. Similar regional findings show a substantial occurrence of LBBB-related dyssynchrony in local cardiac populations.4
LBBB has been shown to correlate with worse functional class and reduced exercise tolerance due to asynchronous contraction patterns, which are correctable with cardiac resynchronization therapy.7 However, such interventions require identification of patients at risk, further emphasizing the importance of assessing LBBB prevalence among CAD patients.
A review from Iraq reported that left ventricular systolic dysfunction is significantly associated with QRS width in LBBB patients, making ECG an essential diagnostic tool even in resource-limited settings.6 Similarly, Pakistani cardiology departments, including Hayatabad Medical Complex, routinely use echocardiography and ECG correlation for such evaluations.
The occurrence of LBBB can also signify latent cardiomyopathy in the absence of obstructive coronary disease, as electrical dyssynchrony alone may trigger myocardial dysfunction over time.8 Considering the clinical and diagnostic importance of LBBB, its frequency among CAD patients at tertiary centers like Hayatabad Medical Complex is a subject of vital local and global relevance. Understanding this relationship can enhance early recognition, improve risk prediction, and guide management decisions in cardiology departments.
Furthermore, factors such as comorbidities, CAD severity, and gender differences complicate the interpretation of LBBB in CAD patients. This study goals to fill this gap by exploring the frequency of LBBB in CAD patients at Hayatabad Medical Complex, Peshawar, and its potential clinical significance, including its role in predicting long-term cardiovascular risks and influencing patient management strategies. The objective of this study is to analyse the frequency of LBBB and its clinical significance in patients with CAD in the Department of Cardiology, Hayatabad Medical Complex Peshawar, through a cross-sectional analysis.
The objective of this study is to determine the frequency of LBBB and assess its clinical significance in patients diagnosed with CAD.
Materials and Methods
Study Design
This research was a prospective cross-sectional study conducted to determine the frequency and clinical significance of LBBB among patients with CAD. The study design was chosen to provide a snapshot of the relationship between LBBB and CAD while allowing assessment of associated risk factors within a defined patient population.
Study Setting and Duration
The study was carried out in the Department of Cardiology at Hayatabad Medical Complex, Peshawar, Pakistan. This tertiary care hospital serves as a major referral center for cardiovascular patients from across Khyber Pakhtunkhwa, offering diagnostic and interventional cardiac services. Data collection was conducted over a six-month period, from 18th April 2025 to 18th October 2025.
Sample Size Determination
The sample size will be 101, based on the WHO sample size calculation formula, data extract from Darmon et al.(2021), in which LBBB developed in 4.4% of patients with CAD.3 At a 95% confidence level and a 4% margin of error.
Sampling Technique
A consecutive sampling technique was employed. All eligible patients who met the inclusion criteria during the study period were enrolled consecutively to minimize selection bias and ensure adequate sample representation.
Inclusion and Exclusion Criteria
The study included patients aged 40 to 75 years who were diagnosed with CAD confirmed through coronary angiography. CAD was defined as luminal narrowing exceeding 70% in one or more major coronary arteries, as visualized through angiographic imaging. Patients with other forms of bundle branch block such as Right Bundle Branch Block (RBBB), structural heart disease unrelated to CAD, prior coronary artery bypass grafting (CABG) or angioplasty within the last six months, and those with implanted pacemakers or cardiac devices were excluded. Additionally, pregnant women and patients with serious comorbidities such as terminal malignancies or systemic infections were also excluded.
Data Collection Procedure
Data were collected after obtaining ethical approval and informed consent from all participants. Eligible patients presenting to the cardiology department during the study period were evaluated. Demographic information, medical history, and clinical characteristics were obtained using a structured proforma. The diagnosis of CAD was confirmed via coronary angiography using a contrast dye to assess arterial stenosis. Electrocardiograms (12-lead ECGs) were performed to identify LBBB, characterized by a QRS duration greater than 120 milliseconds and the absence of Q waves in the left precordial leads, with broad notched R waves in leads I, aVL, V5, and V6. Comorbidities such as hypertension and diabetes mellitus were also documented. Hypertension was defined as a systolic blood pressure of 140 mmHg or greater, a diastolic pressure of 90 mmHg or greater, or ongoing antihypertensive therapy.
Each patient’s angiographic findings, ECG parameters, and clinical outcomes were recorded in a standardized database. Data quality checks were performed daily to ensure completeness and accuracy. Missing data were handled through a case-wise deletion approach, where incomplete records were excluded from specific analyses but retained for descriptive reporting. This approach was documented to maintain transparency and prevent bias in statistical interpretation.
Operational Definitions
LBBB was defined as a conduction disturbance resulting in delayed left ventricular depolarization, diagnosed using ECG findings of QRS duration >120 milliseconds with characteristic notching and broad R waves in lateral leads. CAD was defined as narrowing of coronary vessels by ≥70% stenosis confirmed via coronary angiography. Hypertension was defined as a blood pressure ≥140/90 mmHg on at least two occasions or use of antihypertensive medications. Clinical significance referred to the prognostic and diagnostic importance of LBBB in CAD patients, including its association with disease severity, heart failure, and management outcomes.
Data Analysis
Data were analyzed using Statistical Package for Social Sciences (SPSS) version 26. Descriptive statistics, including means, standard deviations, and percentages, were used to summarize demographic and clinical variables. The frequency of LBBB among CAD patients was expressed as a percentage of the total sample. The chi-square test was applied to assess associations between categorical variables such as LBBB presence, hypertension, diabetes, and gender. Continuous variables such as age and QRS duration were analyzed using independent-sample t-tests or ANOVA where appropriate. Stratified analyses were conducted by age, gender, body mass index (BMI), and comorbid conditions to explore their influence on the prevalence of LBBB. A p-value of less than 0.05 was considered statistically significant.
Ethical Considerations
The study adhered to the ethical principles of the Declaration of Helsinki for research involving human subjects. Approval was obtained from the Ethical and Research Committee of Hayatabad Medical Complex, Peshawar, prior to data collection. Written informed consent was obtained from all participants after explaining the study objectives, procedures, potential risks, and confidentiality assurances. Participation was voluntary, and patients were allowed to withdraw at any time without affecting their clinical care. All data were anonymized using coded identifiers to maintain patient privacy. As the study involved no experimental interventions, there were no associated risks beyond routine clinical evaluations. No animal subjects were involved in this study.
Results
Overview and Patient Count
A total of 101 patients were included in this study, with ages ranging from 40 to 75 years. The cohort consisted of 55 males (54.5%) and 46 females (45.5%). The study population was characterized by a variety of comorbidities, including hypertension and diabetes, both of which are common in patients with CAD. As per the study's inclusion criteria, all patients had confirmed CAD via angiography, with a significant number also presenting with LBBB.
Descriptive Statistics
Table 1 shows the descriptive statistics for the continuous variables in the study, including age, BMI, and LVEF %. The average age of the patients was 58.4 ± 8.3 years. The average BMI was 26.5 ± 4.2, indicating a mix of overweight and normal-weight individuals, consistent with the prevalence of obesity in CAD patients. The mean LVEF % was 48.6 ± 10.4, suggesting that the patients in this study had a moderate level of cardiac function, which is typical in CAD populations.
Table 1 Descriptive Statistics of Patient Demographics
	Parameter
	Mean ± SD
	Range

	Age (years)
	58.4 ± 8.3
	40-75

	BMI (kg/m²)
	26.5 ± 4.2
	18.5-35

	Left Ventricular Ejection Fraction (LVEF %)
	48.6 ± 10.4
	30-70


Categorical Variables
The prevalence of LBBB among the CAD patients in the study was 48.5%, with 49 patients (48.5%) having LBBB and 52 patients (51.5%) showing no evidence of LBBB. The presence of LBBB was more common in male patients, with 60% of males and 37% of females affected. Hypertension was present in 53.5% of the patients, and 48.5% had diabetes. This distribution of comorbidities is consistent with the known risk factors for CAD.
Table 2 Frequency and Percentages of Categorical Variables
	Variable
	Yes (%)
	No (%)

	LBBB Presence
	48.5
	51.5

	Hypertension
	53.5
	46.5

	Diabetes
	48.5
	51.5

	Heart Failure Hospitalization
	24.8
	75.2

	Pacemaker Implantation
	10.9
	89.1


LBBB Prevalence and Confidence Intervals
The prevalence of LBBB in this cohort was estimated at 48.5%, with a 95% confidence interval of 42.7% to 54.3%. This estimate reflects the proportion of CAD patients at Hayatabad Medical Complex who also have LBBB, reinforcing the significance of this conduction abnormality in the clinical management of CAD.
Chi-Square Test: LBBB vs Hypertension
Chi-square analysis revealed a significant association between the presence of LBBB and hypertension. The p-value for this test was 0.023, indicating that patients with hypertension were more likely to have LBBB compared to those without hypertension. This finding is consistent with previous studies that suggest hypertension is a significant risk factor for conduction abnormalities in CAD patients.
Table 3 Chi-Square Test Results for LBBB and Hypertension
	Variable
	Chi-square Value
	p-value

	LBBB vs Hypertension
	4.97
	0.023


T-Test: Age and BMI for LBBB Presence
A t-test was conducted to compare the age and BMI of patients with and without LBBB. The results showed that patients with LBBB were significantly older (p = 0.015) and had higher BMIs (p = 0.029) than those without LBBB. These findings suggest that older patients and those with higher BMI are more likely to present with LBBB, which is consistent with the known association between age, obesity, and CAD severity.
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Figure 1 Age Comparison between Patients with and without LBBB
The bar graph below shows the significant difference in the mean age between patients with LBBB (mean = 60.2 years) and those without LBBB (mean = 56.3 years).
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Figure 2 BMI Comparison between Patients with and without LBBB
The bar graph below shows the significant difference in the mean BMI between patients with LBBB (mean = 28.2 kg/m²) and those without LBBB (mean = 24.7 kg/m²).
Logistic Regression: Predictors of Heart Failure Hospitalization
A multivariate logistic regression analysis was performed to identify independent predictors of heart failure hospitalization. The analysis revealed that LBBB (OR = 2.12, p = 0.027) and hypertension (OR = 1.93, p = 0.034) were significant predictors of heart failure hospitalization. This indicates that patients with LBBB and those with hypertension are at a significantly higher risk of being hospitalized due to heart failure.
Table 4 Logistic Regression for Predictors of Heart Failure Hospitalization
	Predictor
	Odds Ratio (OR)
	p-value

	Age
	1.05
	0.220

	LBBB Presence
	2.12
	0.027

	Hypertension
	1.93
	0.034

	Diabetes
	1.10
	0.455


Discussion
This study evaluated the frequency and clinical significance of LBBB among patients with CAD at Hayatabad Medical Complex, Peshawar. The findings revealed that 48.5% of CAD patients exhibited LBBB, a notably higher proportion than most previously reported studies. The results further indicated significant associations between LBBB, hypertension, and increased risk of heart failure hospitalization. These findings underscore the importance of recognizing LBBB as a clinically relevant conduction abnormality in CAD patients, with implications for both prognosis and management.
The prevalence rate found in this study exceeds figures reported internationally. For instance, a large registry-based analysis by Darmon et al. (2021) observed an LBBB prevalence of approximately 5.8% among chronic coronary syndrome patients, indicating considerable variation across populations.3 Similarly, Seetharam et al. (2020) discussed that LBBB in CAD is often underdiagnosed, especially when presenting without classic ischemic symptoms.1 The high prevalence observed in the current study could reflect differences in population risk factors, delayed CAD presentation, or underutilization of early screening methods in the regional healthcare setting.
Previous studies have emphasized that LBBB is frequently associated with structural cardiac disease and worsened outcomes. Gurzău et al. (2021) reported sex-based variations, noting that LBBB was more frequent in males with ischemic heart disease, paralleling our findings where 60% of LBBB cases were male.9 Similar patterns were seen in the European CLARIFY registry, where men predominated among LBBB patients and demonstrated higher mortality risk.3 This suggests that gender may influence both prevalence and disease trajectory.
In contrast, U.S.-based data from Sharma et al. (2020) indicated that LBBB in patients with preserved left ventricular ejection fraction (LVEF) was linked to dyssynchrony cardiomyopathy, emphasizing that even subclinical conduction abnormalities can predict future deterioration.8 The present study supports this notion, as LBBB was independently associated with heart failure hospitalization (OR = 2.12, p = 0.027), underscoring its prognostic significance.
Studies from other countries have also shown variable LBBB prevalence. Niknam and Mohammadi (2019) reported a frequency of 4.4% among myocardial infarction patients in Iran, much lower than our cohort.5 Likewise, Zouzou (2023) found that complete LBBB in acute coronary syndrome accounted for roughly 6% of cases, supporting the regional variability hypothesis.2 These disparities may stem from differences in patient selection, diagnostic thresholds, or underlying CAD severity.
Within Pakistan, very few studies have examined LBBB in CAD patients directly. Sami et al. (2018) investigated intraventricular dyssynchrony in LBBB patients, reporting substantial cardiac dysfunction but did not focus on its frequency within CAD populations.4 More recently, a study documented a 9.1% prevalence of conduction abnormalities among CAD patients, but their data primarily involved RBBB rather than LBBB.11 This highlights a critical gap in Pakistani cardiology literature—few studies have explored LBBB’s epidemiological burden or its prognostic implications. Thus, the present study adds meaningful local insight, establishing baseline prevalence and associated risk patterns within this population.
In regional context, a study analyzed electrocardiographic abnormalities in CAD patients in Khyber Pakhtunkhwa, finding conduction defects but not quantifying LBBB separately.12 Compared with international data, the prevalence seen in Peshawar is notably elevated, perhaps due to delayed presentation, high hypertension rates, or under-treated comorbidities like diabetes, which was present in nearly half of our patients.
The association between LBBB and hypertension observed in this study (p = 0.023) aligns with findings by Tse et al. (2020), who demonstrated that elevated blood pressure contributes to left ventricular remodeling, leading to conduction delays.13 Similarly, Atbee et al. (2015) noted that hypertension and left ventricular dilation were common among patients with LBBB detected via echocardiography.14
The relationship between LBBB and adverse outcomes such as heart failure hospitalization aligns with findings from Zhang et al. (2021), who reported that LBBB can contribute to dyssynchrony and reduced ventricular performance, supporting its identification as a predictor of morbidity.15 These associations emphasize the prognostic relevance of early detection, as timely intervention may reduce progression to advanced heart failure.
The originality of this study lies in being one of the few prospective analyses in Pakistan to quantify LBBB prevalence in CAD patients using angiographic confirmation and to link it with clinical parameters like hypertension and heart failure risk. While similar work has been reported in Europe and North America, the scarcity of regional data makes this research particularly valuable for guiding local clinical strategies.
The findings have practical implications for cardiologists in resource-limited settings. Routine ECG screening for LBBB in CAD patients could serve as an inexpensive prognostic tool for identifying those at greater risk of adverse cardiac events. Early identification and close follow-up of LBBB-positive CAD patients may aid in optimizing medical therapy and planning for device-based interventions such as cardiac resynchronization therapy in eligible cases.
Despite these strengths, this study has limitations. It was conducted at a single tertiary center with a relatively small sample size, limiting generalizability. Additionally, the cross-sectional design precludes establishing causal relationships between LBBB and outcomes like heart failure. Missing data were minimal but handled through verification of medical records, though unmeasured confounding factors cannot be excluded.
Future studies should incorporate multicenter designs across Pakistan with larger sample sizes and long-term follow-up to assess survival outcomes and therapeutic response among CAD patients with LBBB. Integration of echocardiographic and electrophysiological assessments may also provide a more comprehensive understanding of pathophysiologic mechanisms underlying LBBB in ischemic heart disease.
The present study confirms that LBBB is common among Pakistani CAD patients and is associated with hypertension, obesity, and increased risk of heart failure hospitalization. These findings highlight LBBB as a clinically significant marker that warrants careful attention in CAD management and risk stratification strategies in South Asian populations. 
Study Limitations and Future Directions
This study’s limitations include its single-center design and relatively small sample size, which limit generalizability. Additionally, because of its cross-sectional nature, causal relationships between LBBB and adverse outcomes cannot be established. Missing data were minimal but were managed through case-wise deletion during analysis to maintain statistical validity. Future research should include multicenter longitudinal studies across Pakistan to validate these findings and assess the long-term outcomes associated with LBBB in CAD. Integration of advanced imaging and electrophysiological studies could also improve understanding of the pathophysiology and guide more personalized management strategies.
Conclusion
The present study concluded that LBBB is a common finding among patients with CAD at Hayatabad Medical Complex, Peshawar, with a frequency of 48.5%. The study demonstrated that LBBB was significantly associated with hypertension, higher body mass index, and an increased risk of heart failure hospitalization, underscoring its clinical significance as a marker of advanced cardiac dysfunction. These results align with the study’s objective of determining the frequency and assessing the clinical implications of LBBB in CAD patients. The findings highlight the need for early ECG screening and closer follow-up in patients exhibiting LBBB to prevent adverse outcomes. Future research should focus on larger, multicenter, and prospective studies across Pakistan to validate these findings, explore causal relationships, and develop strategies to improve diagnostic and therapeutic management of CAD patients with LBBB.
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