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Pneumonia remains a significant cause of morbidity and 
mortality among patients in Intensive Care Units (ICUs). 

Ventilator-associated pneumonia (VAP), a subset of nosoco-
mial pneumonia, poses a considerable challenge, contribut-
ing to prolonged ICU stays, increased healthcare costs, and 
higher mortality rates.[1,2] Accurate and timely diagnosis of 
pneumonia in ICU patients is crucial for guiding appropriate 
antimicrobial therapy and improving clinical outcomes.[3]

Bronchoalveolar lavage (BAL) and endotracheal aspirate 
(ETA) are two commonly employed methods for obtain-
ing lower respiratory tract samples for microbiological 
analysis. BAL, performed using a bronchoscope, is consid-
ered the gold standard due to its ability to provide a rep-
resentative sample from the lower airways.[4,5] However, it 
is an invasive procedure that requires specialized equip-
ment and trained personnel, making it less feasible in 
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some clinical settings. ETA, on the other hand, is a simpler, 
less invasive technique that can be performed without a 
bronchoscope, but its diagnostic accuracy compared to 
BAL remains a subject of debate.[6,7]

Several studies have investigated the diagnostic utility of 
BAL and ETA in different clinical scenarios. For instance, Ver-
hulst et al.[8] compared bronchial aspirates with BAL in chil-
dren with protracted bacterial bronchitis and found that 
while the results were comparable in the majority of cases, 
discrepancies existed that could impact treatment deci-
sions. Similarly, a study by Hussain et al.[9] demonstrated 
that non-bronchoscopic BAL techniques could achieve di-
agnostic accuracy comparable to bronchoscopic methods 
in diagnosing VAP. Zaidi et al.[10] evaluated single-use and 
conventional bronchoscopes for BAL in a research setting, 
finding that single-use bronchoscopes provided a higher 
BAL volume yield while maintaining comparable cell viabil-
ity and yield. Furthermore, studies have indicated that the 
choice of sampling technique can significantly impact clini-
cal outcomes and antibiotic stewardship.[11,12]

Recent advances in microbiological techniques and mo-
lecular diagnostics have also enhanced our understanding 
of the microbial landscape in lower respiratory tract infec-
tions. Molecular methods, such as polymerase chain reac-
tion (PCR) and next-generation sequencing (NGS), offer 
higher sensitivity and specificity in detecting a broad range 
of pathogens, including those not easily cultured. These 
technologies are increasingly being integrated into clinical 
practice, complementing traditional culture methods and 
providing a more comprehensive diagnostic approach.[13–15]

The present study aims to compare the microbiological cul-
ture results of BAL and ETA in ICU patients with pneumonia 
to determine if they yield similar diagnostic outcomes. By 
analyzing the similarities and differences between these 
two sampling methods, we hope to provide insights that 
could guide clinical decision-making and optimize patient 
care in critical care settings.

Methods

Study Design and Patient Selection
This retrospective study was conducted in the Intensive 
Care Unit (ICU) of a tertiary care hospital over an 18-month 
period. The study included 71 tracheostomized patients 
who were diagnosed with bacterial pneumonia and re-
quired mechanical ventilation for at least 15 days. The in-
clusion criteria were based on clinical suspicion of pneu-
monia, including fever, leukocytosis, new or worsening 
infiltrates on chest radiography, and purulent respiratory 
secretions. Patients with deranged coagulation profiles, 
extreme ventilatory and oxygenation demands, or tracheal 
obstructions were excluded from the study.[16]

Sample Collection
Bronchoalveolar lavage (BAL) and endotracheal aspirate 
(ETA) samples were collected from each patient. BAL was 
performed using a flexible bronchoscope. The bronchoscope 
was wedged into a sub-segmental bronchus, and 100 mL of 
sterile saline solution was instilled in 20 mL aliquots and sub-
sequently aspirated. ETA samples were collected by suction-
ing secretions from the lower respiratory tract through the 
endotracheal tube using a sterile suction catheter.[16,17]

Microbiological Analysis
All samples were sent to the microbiology laboratory 
for quantitative cultures. BAL and ETA specimens were 
processed within two hours of collection. Each sample 
was diluted and plated on appropriate culture media, 
including blood agar, MacConkey agar, and chocolate 
agar. Plates were incubated at 37°C in 5% CO2 for 24–48 
hours. Colony counts were performed, and isolates were 
identified using standard biochemical tests and matrix-
assisted laser desorption/ionization time-of-flight mass 
spectrometry (MALDI-TOF MS).[18,19]

Antibiotic Susceptibility Testing
Antibiotic susceptibility testing was performed using the 
Kirby-Bauer disk diffusion method on Mueller-Hinton agar, 
according to the guidelines of the Clinical and Laboratory 
Standards Institute (CLSI). Minimum inhibitory concentra-
tions (MICs) were determined using the broth microdilu-
tion method for selected antibiotics. The results were inter-
preted based on CLSI breakpoints.[20]

Statistical Analyses
Descriptive statistics were used to summarize patient demo-
graphics and clinical characteristics. Continuous variables 
were expressed as mean±standard deviation (SD) or median 
with interquartile range (IQR), as appropriate. Categorical 
variables were expressed as frequencies and percentages. The 
microbiological culture results of BAL and ETA samples were 
compared using the Pearson chi-square test or Fisher’s exact 
test for categorical variables and the paired t-test for continu-
ous variables. A p-value of <0.05 was considered statistically 
significant. All statistical analyses were performed using SPSS 
software version 21.0 (IBM Corp., Armonk, NY, USA).[21,22]

Results
The study analyzed the clinical characteristics, microbio-
logical culture results, and outcomes of 71 tracheosto-
mized ICU patients diagnosed with bacterial pneumonia.

Clinical Characteristics
The clinical characteristics of the patients are summarized 
in Table 1. The median age of the patients was 75 years (Q1: 
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62, Q3: 81). The age distribution showed that the majority 
of patients were between 75–84 years old (43.7%), followed 
by those aged 40–64 years (23.9%). The cohort consisted of 
31 males (43.7%) and 40 females (56.3%). The predominant 
diagnosis was pneumonia (97.2%), with a small percentage 
diagnosed with aspiration pneumonia (2.8%).

As shown in Table 1, the patient population was predomi-
nantly elderly, with a slightly higher number of females. 
The primary clinical diagnosis was pneumonia, reflecting 
the study's focus on bacterial pneumonia in ICU patients.

Comparison of Parameters with Outcomes
Table 2 presents the comparison of various parameters 
with patient outcomes (discharge vs. exitus). The analysis 
revealed a statistically significant relationship between 
age groups and mortality (p=0.008). Patients aged 75–84 
and 85+ had higher mortality rates. There was no signifi-
cant association between gender or the number of co-
morbidities and mortality.

According to Table 2, higher age was significantly associ-
ated with increased mortality, while gender and the num-
ber of comorbidities did not show a significant association 
with patient outcomes.

Microbiological Culture Results
Table 3 compares the isolation status of bacteria from en-
dotracheal aspirates (TA) and bronchoalveolar lavage flu-
id (BALF). The analysis showed statistically significant dif-
ferences in the distribution of bacterial isolates between 
TA and BALF (p<0.001). Notably, TA samples had higher 
rates of non-fermentative gram-negative bacteria com-
pared to BALF samples.

According to Table 3, TA samples showed a higher in-
cidence of non-fermentative gram-negative bacteria 
compared to BALF samples. This indicates that TA may 

be more likely to detect certain pathogens, but with po-
tential differences in bacterial distribution between the 
two sampling methods.

Relationship Between Comorbidities and Isolation 
Status
Table 4 shows the relationship between the total number 
of comorbidities and the isolation status of TA and BALF 
samples. There were no statistically significant associations 
between the number of comorbidities and the isolation 
status (p=0.089).

Table 4 indicates that the number of comorbidities did not 
significantly influence the isolation status of bacterial sam-
ples from TA and BALF.

Initial and Subsequent Parenteral Antibiotic Treat-
ments
Table 5 presents the initial and subsequent parenteral 
antibiotic treatments administered to the patients. The 
most common initial treatments included combinations 
of cephalosporins, beta-lactam/beta-lactamase inhibi-
tors, and carbapenems. Subsequent treatments showed 
similar trends. The analysis did not find a significant re-
lationship between the changes in antibiotic treatments 
and patient mortality (p=0.334).

According to Table 5, the most commonly used initial an-
tibiotic treatment was dual combination therapy (49.3%), 
followed by carbapenem combination therapy (26.8%). 

Table 1. Clinical characteristics of the patients

Features	 n		  %

Age, median [Q1 Q3]		  75 [62 81]
	 25–39	 3		  4.2
	 40–64	 17		  23.9
	 65–74	 14		  19.7
	 75–84	 31		  43.7
	 85+	 6		  8.5
Sex
	 Male	 31		  43.7
	 Female	 40		  56.3
Diagnoses
	 Aspiration pneumonia	 2		  2.8
	 Pneumonia	 69		  97.2

Table 2. Comparison of parameters with outcomes

Parameters	 Discharge	 %	 Exitus	 %	 p 
		  (n=33)		   (n=38)

Gender					     0.777
	 Male	 15	 45.5	 16	 42.1
	 Female	 18	 54.5	 22	 57.9
Age groups					     0.008
	 25–39	 1	 3	 2	 5.3
	 40–64	 14	 42.4	 3	 7.9
	 65–74	 7	 21.2	 7	 18.4
	 75–84	 10	 30.3	 21	 55.3
	 85+	 1	 3	 5	 13.2
Number of comorbidities					     0.052
	 1	 6	 18.2	 17	 44.7
	 2	 11	 33.3	 10	 26.3
	 3+	 16	 48.5	 11	 29
Comorbidities					     0.656
	 Pulmonary	 1	 3	 1	 2.6
	 Cardiac	 5	 15.2	 10	 26.3
	 Cerebral	 4	 12.1	 5	 13.2
	 Renal	 1	 3	 0	 0
	 Others	 22	 66.7	 22	 57.9
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The subsequent treatments showed a similar pattern, with 
carbapenem combination therapy being the most frequent 
(42.3%) and dual combination therapy (36.6%).

Table 6 indicates that there was no significant relationship be-
tween the initial and subsequent parenteral antibiotic treat-
ments and patient mortality (p=0.334). Table 6 compares the 
outcomes of patients who had the same or different initial 
and subsequent parenteral antibiotic treatments. The analy-
sis shows no significant relationship between the changes 
in antibiotic treatments and patient mortality (p=0.334). This 
indicates that modifications in antibiotic therapy did not sig-
nificantly influence the mortality outcomes in this cohort of 
ICU patients with bacterial pneumonia.

Discussion
This study aimed to compare the microbiological culture 
results of bronchoalveolar lavage (BAL) and endotracheal 
aspirate (ETA) in ICU patients with bacterial pneumonia 
and evaluate their diagnostic accuracy and impact on 
patient outcomes. Our findings revealed significant dif-

Table 3. Comparison of TA and BALF isolation status

BALF isolates	 No	 %	 Enterobacteriacea	 %	 Non-fermentative	 %	 p 
	 isolation				    gram (-) bacteria	

TA isolates							     
No Isolation	 11	 73.3	 4	 10.8	 5	 26.3	 <0.001
Enterobacteriaceae	 2	 13.3	 33	 89.2	 4	 21.1	
Non-fermentative gram	 0	 0	 0	 0	 9	 47.4	
Corynebacterium sp.	 1	 6.7	 0	 0	 0	 0	
Enterobacteriaceae and Moraxella catarrhalis	 1	 6.7	 0	 0	 1	 5.3	

TA: Endotracheal aspirates; BALF: Bronchoalveolar lavage fluid.

Table 4. Relationship between total number of co-morbidities and TA and BALF isolation status
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Table 5. Initial and subsequent parenteral antibiotic treatments

Initial parenteral antibiotic treatments	 n	 %	 Subsequent parenteral antibiotic treatments	 n	 %

Cephalosporins/Beta-lactam/beta-lactamase	 10	 14.1	 Cephalosporins/Beta-lactam/beta-lactamase	 6	 8.5 
inhibitor combinations			   inhibitor combinations	
Tetracyclines/Macrolides/Fluoroquinolones	 1	 1.4	 Tetracyclines/Macrolides/Fluoroquinolones	 3	 4.2
Carbapenem monotherapy	 4	 5.6	 Carbapenem monotherapy		  5	 7
Carbapenem combination	 19	 26.8	 Carbapenem combination		  30	 42.3
Dual combination		 35	 49.3	 Dual combination		  26	 36.6
Triple combination	 2	 2.8	 Triple combination		  1	 1.4

Table 6. Relationship between outcomes and comparison of initial 
and subsequent parenteral antibiotics

Outcomes	 The same	 %	 Differ	 %	 p

Discharge	 18	 41.9	 15	 53.6	 0.334
Exitus	 25	 58.1	 13	 46.4
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ferences between the two sampling methods, with impli-
cations for clinical practice.

Age as a Significant Predictor of Mortality
Our study identified age as a significant predictor of mortal-
ity among ICU patients with bacterial pneumonia. Patients 
aged 75–84 and 85+ had notably higher mortality rates. This 
aligns with existing literature, which consistently reports 
increased mortality risk with advancing age in critically ill 
patients.[23,24] The American Thoracic Society and Infectious 
Diseases Society of America guidelines also emphasize the 
need for heightened vigilance and tailored treatment strat-
egies for older patients due to their increased susceptibility 
to severe infections and poorer outcomes.[25]

Comparison of Microbiological Culture Results
The comparison of microbiological cultures from BAL and ETA 
samples showed significant differences in bacterial isolation. 
Notably, ETA samples had a higher incidence of non-fermen-
tative gram-negative bacteria, while BAL samples presented 
a more diverse bacterial profile. This finding is consistent with 
previous studies that highlighted the variability in pathogen 
detection between different sampling methods.
For instance, Verhulst et al.[8] reported similar discrepancies 
in their comparison of bronchial aspirates and BAL samples 
in children, underscoring the impact of sampling tech-
niques on diagnostic accuracy. Hussain et al.[9] also dem-
onstrated that non-bronchoscopic BAL techniques could 
achieve diagnostic accuracy comparable to bronchoscopic 
methods in diagnosing ventilator-associated pneumonia 
(VAP). Zaidi et al.[10] evaluated single-use and conventional 
bronchoscopes for BAL in a research setting, finding that 
single-use bronchoscopes provided a higher BAL volume 
yield while maintaining comparable cell viability and yield.
[10] Furthermore, studies have indicated that the choice of 
sampling technique can significantly impact clinical out-
comes and antibiotic stewardship.[26–30]

Impact of Comorbidities on Isolation Status
The relationship between the number of comorbidities 
and the isolation status of bacterial samples did not show 
statistically significant associations. This suggests that the 
presence of comorbid conditions did not significantly af-
fect the microbiological findings from TA and BALF samples. 
Similar findings have been reported in other studies, where 
comorbidities did not significantly influence the types of 
pathogens isolated or the outcomes of infections.[31,32]

Antibiotic Treatment and Patient Outcomes
The analysis of initial and subsequent parenteral antibiotic 
treatments revealed that changes in antibiotic regimens 
did not significantly impact patient mortality (p=0.334). 

This is in line with the study by Chastre and Fagon, which 
highlighted that while appropriate antibiotic therapy is 
crucial, other factors such as patient age, severity of illness, 
and underlying health conditions play more critical roles 
in determining outcomes in ICU patients with pneumonia.
[11,33] Additionally, the guidelines by the American Thoracic 
Society emphasize the importance of individualized treat-
ment plans that consider patient-specific factors to opti-
mize outcomes.[34]

Clinical Implications and Recommendations
Our study underscores the importance of selecting appro-
priate sampling methods for accurate diagnosis of bacte-
rial pneumonia in ICU patients. The significant differences 
in pathogen detection between BAL and ETA samples 
suggest that reliance on a single method may lead to in-
complete or inaccurate diagnostic information. Integrat-
ing both methods, when feasible, could provide a more 
comprehensive assessment of the microbial landscape and 
guide more effective treatment strategies.
Moreover, the findings highlight the critical need for tai-
lored treatment approaches for older patients, who are at 
a higher risk of mortality. Clinicians should consider age-
specific factors and comorbidities when developing treat-
ment plans to improve patient outcomes.
Future research should focus on refining diagnostic pro-
tocols and exploring the potential benefits of combining 
multiple sampling methods to enhance diagnostic accura-
cy. Additionally, studies investigating the impact of various 
antibiotic regimens on different patient subgroups could 
provide further insights into optimizing treatment strate-
gies for ICU patients with bacterial pneumonia.

Conclusion
In conclusion, this study highlights the significant impact 
of age on mortality in ICU patients with bacterial pneu-
monia and the variability in pathogen detection between 
BAL and ETA samples. The findings support the need for 
comprehensive diagnostic approaches and individualized 
treatment strategies to improve patient outcomes. Further 
research is needed to refine diagnostic and therapeutic 
protocols, with a focus on enhancing the care of older pa-
tients and those with multiple comorbidities.
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