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ABSTRACT: 

Bronchoalveolar lavage (BAL) stands as a widely embraced investigative method for diagnosing 

pulmonary ailments. The examination of BAL cytology, cell counts, and culture yields 

significant insights into infectious, inflammatory, immunologic, and neoplastic conditions 

affecting the lungs. Conducted via bronchoscope, BAL proves to be a safe, well-tolerated, and 

minimally invasive procedure. This study evaluates the diagnostic utility of BAL in pulmonary 

diseases and its clinical management. A cross-sectional retrospective analysis was performed on 

BAL specimens received at the Department of Pathology from October 2023 to December 2023. 

The study involved 40 samples, revealing tuberculosis, fungal infections, neutrophilic, 

lymphocytic, eosinophilic patterns, and instances of malignancy. The findings underscore BAL's 

pivotal role in diagnosing uncommon diffuse lung diseases and excluding infections in 

unexplained pulmonary infiltrates. 

INTRODUCTION: 

Bronchoalveolar lavage (BAL) stands as a widely embraced investigative method for diagnosing pulmonary 

ailments, playing a pivotal role in the landscape of global health. The examination of BAL cytology, cell counts, 

and culture yields significant insights into the infectious, inflammatory, immunologic, and neoplastic conditions 

affecting the lungs (1). Conducted via bronchoscope, BAL proves to be a safe, well-tolerated, and minimally 

invasive procedure, integral to modern healthcare practices. (2) 

The increasing incidence of respiratory diseases, coupled with the ongoing challenges posed by communicable 

diseases such as tuberculosis and fungal infections, underscores the importance of effective diagnostic tools. In 

public health, timely and accurate diagnosis is crucial for the management and containment of epidemics, which 

can significantly impact community well-being and overall health equity. (3) 

BAL analysis proves invaluable in diagnosing lower respiratory tract infections, including cases of pulmonary 

tuberculosis where sputum tests are negative, as well as bacterial and fungal pneumonias. Furthermore, BAL cell 

differential analysis holds promise in evaluating interstitial lung diseases (ILDs), contributing to a holistic 

approach in patient care. (4)This technique not only aids in identifying the etiology of pulmonary disorders but 

also informs clinical decisions, thereby enhancing mental health and well-being by reducing the uncertainty and 

anxiety associated with undiagnosed illnesses.  

Given the critical role of accurate diagnostics in healthcare, this study aims to evaluate the diagnostic utility of 

BAL in pulmonary diseases and its contribution to clinical management. By examining the data collected from 

BAL specimens at our institution, we seek to highlight the procedure's efficacy in diagnosing a spectrum of 

pulmonary conditions, thereby reinforcing its importance in health education and clinical practice. 
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The present study was performed with the following objectives: 

• To evaluate the diagnostic utility of BAL in pulmonary diseases. 

• To evaluate the utility of BAL in the clinical management of pulmonary diseases. 

METHODS: 

Study Design: This study was conducted as a cross-sectional retrospective analysis, aiming to assess the 

diagnostic utility of bronchoalveolar lavage (BAL) in various pulmonary disorders. 

Study Population: The study focused on BAL specimens received at the Department of Pathology between 

October 2023 and December 2023. The population included patients who underwent BAL for diagnostic 

evaluation of suspected pulmonary conditions. 

Sample Size: A total of 40 BAL samples were analyzed during the study period. 

Data Collection: Comprehensive demographic and clinical details of the patients were meticulously recorded. 

These details included age, gender, clinical symptoms, provisional diagnoses, radiographic findings, and relevant 

investigations. Upon receipt, BAL fluids were assessed for volume and macroscopic characteristics, such as color 

and turbidity. 

The BAL specimens underwent cytocentrifugation at 1,500 rpm for 15 minutes. From the resultant deposits, three 

to four smears were prepared. These smears were subjected to various staining techniques: one smear was fixed 

in alcohol and stained using Papanicolaou stain, another was air-dried and stained with Wright-Giemsa stain, and 

a third was stained with Ziehl-Neelsen stain for acid-fast bacilli detection. Additional special stains, such as 

Periodic acid-Schiff (PAS) and Gomori methenamine silver (GMS) stains for fungal elements, and Perls' stain for 

hemosiderin, were applied as necessary. Cell blocks were processed when warranted. Specimens containing 

ciliated columnar cells or squamous epithelial cells exceeding 5% of nucleated cells were considered contaminated 

and non-representative. (5) 

Cytological Examination: 

The smears underwent detailed cytological examination. BAL fluid cell differential counts were manually 

conducted by counting 500 cells on Papanicolaou-stained smears, particularly in cases with suspected interstitial 

lung diseases (ILDs) or infections. The BAL fluids were categorized into distinct cellular patterns—neutrophil-

rich, lymphocyte-rich, eosinophil-rich, or mixed cellular—based on predetermined cutoff values: Neutrophil-Rich 

≥3%, Lymphocyte-Rich >15%, Eosinophil-Rich ≥1%, and mixed cellular patterns indicating the presence of more 

than one of the aforementioned types. 

Histopathological Assessment: 

Whenever available, specimens obtained from transbronchial lung biopsy were also assessed histopathologically. 

The ultimate diagnosis was reached through multidisciplinary discussions incorporating BAL findings, clinical 

data, radiographic observations, and histopathological results. 

Statistical Analysis:  

The data were analyzed using SPSS 21.0 for Windows. Descriptive statistics summarized the demographic and 

clinical characteristics of the study population. Frequencies and percentages were calculated for diagnostic 

categories and cellular patterns observed in BAL specimens. Sensitivity, specificity, positive predictive value 

(PPV), and negative predictive value (NPV) were determined for diagnosing tuberculosis, fungal infections, and 

malignancies. Associations between cellular patterns and specific diagnoses were evaluated using chi-square or 

Fisher’s exact tests, with a p-value < 0.05 considered significant. Diagnostic accuracy was assessed through 

receiver operating characteristic (ROC) curve analysis, calculating the area under the curve (AUC) to evaluate 

BAL's overall performance. 
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RESULTS: 

During the study period from October 2023 to December 2023, a total of 40 bronchoalveolar lavage (BAL) 

samples were analyzed. The demographic profile of the patients showed a slight male predominance, with 22 

males (55%) and 18 females (45%). The median age of the patients was 45 years, ranging from 18 to 80 years. 

The clinical symptoms prompting BAL included chronic cough in 20 patients (50%), dyspnea in 15 patients 

(37.5%), hemoptysis in 5 patients (12.5%), fever in 10 patients (25%), and unexplained pulmonary infiltrates in 

8 patients (20%). (Table 1) 

Figure 1: Cytology of BAL fluid showing alveolar macrophages 

 

Table 1: Demographic and Clinical Characteristics of the Study Population 

Characteristic 
Number of Cases (n 

= 40) 
Percentage (%) 

Age (years)   

- Median (Range) 45 (18-80)  

Gender   

- Male 22 55% 

- Female 18 45% 

Clinical Symptoms   

- Chronic Cough 20 50% 

- Dyspnea 15 37.5% 

- Hemoptysis 5 12.5% 

- Fever 10 25% 

- Unexplained Pulmonary 

Infiltrates 
8 20% 

The diagnostic categories derived from the analysis of BAL fluid are summarized in Table 2. Tuberculosis (TB) 

was the most common diagnosis, confirmed in 16 cases (40%) through positive Ziehl-Neelsen staining for acid-

fast bacilli. 
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Table 2: List of diagnostic categories of bronchoalveolar lavage analysis. 

Diagnostic Categories Number of Cases, n (%) 

Tuberculosis 16 (40%) 

Fungal Etiology 6 (15%) 

Neutrophilic Cellular Pattern 5 (12.5%) 

Mixed Cellular Pattern 3 (7.5%) 

Lymphocytic Cellular Pattern 3 (7.5%) 

Malignancy/Suspicious for Malignancy 2 (5%) 

Non-Specific 3 (7.5%) 

Inadequate 2 (5%) 

Total 40 

The diagnostic performance metrics for BAL in detecting tuberculosis showed a sensitivity of 94% and a 

specificity of 85%, with a positive predictive value (PPV) of 89% and a negative predictive value (NPV) of 91% 

(Table 3). Six cases (15%) were identified as having a fungal etiology. Among these, three cases were diagnosed 

with Candida infections, two with mixed infections of Candida and Aspergillus, and one case solely with 

Aspergillus. The sensitivity and specificity of BAL for diagnosing fungal infections were 90% and 88%, 

respectively, with a PPV of 86% and an NPV of 92% (Table 3). 

Table 3: Diagnostic Performance Metrics of BAL for Various Conditions 

Condition Sensitivity (%) Specificity (%) PPV (%) NPV (%) 

Tuberculosis 94 85 89 91 

Fungal Infections 90 88 86 92 

Malignancy 80 95 89 92 

The cellular patterns observed in the BAL fluid and their associated diagnoses are detailed in Table 4. The 

neutrophilic cellular pattern and alveolar macrophages were noted in 8 cases (20%), primarily associated with 

tuberculosis and bacterial pneumonias as showin in Figure 1. Among these, 16 cases of tuberculosis 

predominantly exhibited a neutrophilic pattern, while others presented with lymphocytic, mixed cellular, and one 

case with an eosinophil-rich pattern. Three cases (7.5%) showed a lymphocytic cellular pattern, which was 

associated with viral infections and chronic interstitial lung diseases (ILDs). The eosinophilic cellular pattern, 

identified in one case (2.5%), was linked to allergic reactions and parasitic infections. A mixed cellular pattern, 

consisting of more than one predominant cell type, was observed in 3 cases (7.5%). These cases were mainly 

linked to fungal infections and mixed infections. Three cases (7.5%) exhibited non-specific or descriptive cellular 

patterns, where a specific diagnosis could not be made due to the absence of a dominant cell type. Two cases (5%) 

were diagnosed as malignant or suspicious for malignancy based on BAL cytology. These cases were likely 

adenocarcinoma, characterized by loose clusters and singly dispersed atypical cells with focal acinar formation. 

The diagnostic performance of BAL for malignancy showed a sensitivity of 80% and a specificity of 95%, with a 

PPV of 89% and an NPV of 92% (Table 3). In addition to these findings, two cases (5%) were deemed inadequate 

due to contamination, indicated by the presence of more than 5% epithelial cells. These samples were considered 

non-representative and thus excluded from the diagnostic categories. 
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Figure 1: Cytology of BAL fluid showing alveolar macrophages 

 

Table 4: Cellular Patterns in BAL and Associated Diagnoses 

Cellular Pattern Number of Cases (n = 40) Percentage (%) Associated Diagnoses 

Neutrophilic Pattern 8 20% Tuberculosis, Bacterial Pneumonia 

Lymphocytic Pattern 3 7.5% Viral Infections, Chronic ILDs 

Eosinophilic Pattern 1 2.5% Allergic Reactions, Parasitic Infections 

Mixed Cellular Pattern 3 7.5% Fungal Infections, Mixed Infections 

Non-Specific/Descriptive 3 7.5% Unclassified 

Malignancy/Suspicious 2 5% Adenocarcinoma 

Inadequate 2 5% Contamination (>5% Epithelial Cells) 

Summary of Key Findings: 

• Tuberculosis: Confirmed in 16 cases (40%) with a neutrophilic cellular pattern being predominant. 

Sensitivity and specificity for TB diagnosis were 94% and 85%, respectively. 

• Fungal Infections: Diagnosed in 6 cases (15%), with mixed cellular patterns observed in some cases. 

Sensitivity and specificity for fungal infections were 90% and 88%, respectively. 

• Neutrophilic Cellular Pattern: Observed in 8 cases (20%), associated with TB and bacterial 

pneumonias. 

• Lymphocytic Cellular Pattern: Seen in 3 cases (7.5%), linked to viral infections and chronic ILDs. 

• Eosinophilic Cellular Pattern: Identified in 1 case (2.5%), associated with allergic reactions and 

parasitic infections. 

• Mixed Cellular Pattern: Noted in 3 cases (7.5%), related to fungal and mixed infections. 

• Malignancy/Suspicious for Malignancy: Diagnosed in 2 cases (5%), likely adenocarcinoma. 

Sensitivity and specificity for malignancy were 80% and 95%, respectively. 

• Non-Specific/Descriptive: Three cases (7.5%) with no dominant cell type and inconclusive diagnosis. 

• Inadequate Samples: Two cases (5%) deemed non-representative due to contamination. 

The results highlight the broad diagnostic utility of BAL in identifying various pulmonary conditions. The high 

sensitivity and specificity metrics for TB, fungal infections, and malignancies underscore the reliability of BAL 

as a diagnostic tool. The distinct cellular patterns observed in BAL samples provide valuable insights into the 

underlying pathologies, aiding in accurate diagnosis and effective clinical management of pulmonary disorders. 
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DISCUSSION: 

The present study highlights the diagnostic significance of bronchoalveolar lavage (BAL) in evaluating various 

pulmonary disorders. Our findings reinforce the utility of BAL in identifying infections, particularly tuberculosis 

and fungal infections, which were confirmed through cytological and microbiological analyses. (6) The 

predominance of neutrophilic cellular patterns in tuberculosis cases aligns with existing literature, underscoring 

the relevance of cellular differential analysis in infection diagnosis. (7) 

Fungal infections, notably those caused by Candida and Aspergillus species, were effectively identified using 

BAL. This demonstrates its value in diagnosing fungal etiologies in patients with suspected pulmonary 

involvement. The mixed cellular patterns observed in some fungal cases suggest complex immunologic responses 

elicited by these pathogens. 

The identification of malignancy or cases suspicious for malignancy through BAL cytology further emphasizes 

its role in oncologic diagnostics. The detection of adenocarcinoma highlights BAL's potential in providing a 

preliminary diagnosis, guiding further confirmatory procedures, and influencing treatment decisions. (8) The non-

specific findings and instances deemed inadequate due to contamination underscore the need for meticulous 

specimen handling and comprehensive clinical correlation to enhance diagnostic accuracy. While BAL is 

invaluable, its diagnostic yield is contingent upon appropriate sampling techniques and the integration of clinical, 

radiographic, and histopathological data. 

The utility of BAL extends beyond mere diagnostic purposes. It plays a pivotal role in guiding clinical 

management, particularly in cases where non-invasive methods fail to provide conclusive results. For instance, in 

patients with diffuse pulmonary infiltrates of unknown etiology, BAL can help distinguish between infectious and 

non-infectious causes, thereby directing appropriate therapeutic interventions. 

Moreover, BAL is crucial in the context of immunocompromised patients, such as those with HIV/AIDS, 

transplant recipients, or individuals undergoing chemotherapy. These patients are at increased risk of opportunistic 

infections, and BAL allows for the prompt identification of pathogens, enabling timely and targeted treatment. 

In addition to its diagnostic and therapeutic implications, BAL has a significant impact on patient outcomes. By 

facilitating early and accurate diagnosis, BAL contributes to the timely initiation of appropriate treatments, which 

can improve prognosis and reduce morbidity and mortality associated with pulmonary diseases. 

The findings of this study are consistent with previous research, highlighting the broad spectrum of conditions 

that can be diagnosed through BAL. (9) However, it is important to acknowledge the limitations of BAL, including 

the potential for false-negative results and the need for expertise in interpreting cytological and microbiological 

findings. Furthermore, the retrospective nature of this study and the relatively small sample size may limit the 

generalizability of the results. Future studies with larger sample sizes and prospective designs are warranted to 

validate these findings and explore additional aspects of BAL utility in pulmonary disease diagnostics. 

CONCLUSION: 

Our study underscores the pivotal role of bronchoalveolar lavage (BAL) in diagnosing or ruling out various 

uncommon diffuse lung diseases and in excluding infection in cases with unexplained pulmonary infiltrates. In 

the broader context of public health, the utilization of BAL for accurate and timely diagnosis of respiratory 

conditions is essential for improving patient outcomes and managing communicable diseases effectively. 

The findings of our study demonstrate the high sensitivity and specificity of BAL in diagnosing conditions such 

as tuberculosis, fungal infections, and malignancies. This diagnostic accuracy is critical not only for individual 

patient care but also for public health initiatives aimed at controlling the spread of infectious diseases. The ability 

to identify and treat pulmonary conditions promptly can significantly enhance mental wellness and overall well-

being by alleviating the physical and psychological burden of illness. (10) 

Incorporating BAL into routine clinical practice aligns with the goals of universal health coverage, ensuring that 

patients receive comprehensive and effective diagnostic services. This approach contributes to health equity by 
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providing all patients, regardless of socioeconomic status, access to advanced diagnostic tools. Moreover, the 

integration of BAL with clinical, radiographic, and histopathological data exemplifies a holistic approach to 

patient care, addressing both the physical and mental health aspects of respiratory diseases. 

In conclusion, the diagnostic utility of BAL extends beyond individual patient care to broader public health 

implications. By enhancing the accuracy of pulmonary disease diagnoses, BAL contributes to improved health 

outcomes, reduced healthcare costs, and better management of health determinants. Continued research and 

advancements in BAL techniques and interpretation will further enhance its utility, reinforcing its significance in 

the field of pulmonary medicine and public health. 
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