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ABSTRACT

Introduction- One of the main causes of morbidity and death for patients hospitalized to the intensive care unit is pneumonia. In
these patients, bronchoalveolar lavage (BAL) is frequently utilized to aid in the diagnosis and characterization of pneumonia.
Compared to BAL, mini-BAL and ETA are less intrusive, expensive, and time-consuming diagnostic tools. The present study
was conducted to compare microbiological examination of aspirate, taken by fiberoptic bronchoscope, mini-bal and et-aspirate
from patients with diagnosis of pneumonia in intensive care unit.

Material & methods- The prospective study was conducted at department of pulmonary and critical care medicine, Shatabdi
hospital, KGMU Lucknow for a period of 7 months among 59 intubated patients with diagnosis of pneumonia admitted in ICU.
Aspiration was done through BAL, mini BAL and ETA. Data were stored in the microsoft excel software (2010) and analysed
through SPSS 22nd version.

Results- The mean age of patients was 57.0+£13.2 years. Out of 59 patients 57.6% were male and 42.3% were females. Of BAL
samples, bacteria were isolated in 14 (23.7%) and fungi were isolated in 21 (35.5 %). Of mini-BAL samples, bacteria were
isolated in 15 (25.4%) and fungi were isolated in 17 (28.8%) and in ETA sample bacteria were isolated in 11 (18.6%) and fungi
were isolated in 11 (18.6%). Strong correlations for bacterial and fungal detection between BAL and mini-BAL (r = 0.830 and r
= 0.820, respectively).

Conclusion- The isolation rates of fungus and bacteria in BAL and mini-BAL samples were shown to be strongly correlated. The
data clearly favors the use of mini-BAL sample as a less intrusive, more affordable, and easier option to traditional BAL
sampling in these patients but it is not a definitive method of approach.
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INTRODUCTION

A frequent respiratory condition that includes lung tissue consolidation, inflammation, and infection of the alveoli
called pneumonia.[1] Patients in intensive care units (ICUs) frequently contract pneumonia, which carries a high risk
of death for the afflicted individuals. A mix of imaging, clinical, and laboratory criteria are used to diagnose
pneumonia.[2-5] Early detection and antibiotic treatment can save lives. But there's no gold standard when it comes
to diagnosing pneumonia. The Centres for Disease Control and Prevention (CDC) have defined semi-quantitative or
nonquantitative cultures of sputum acquired by deep coughing, induction, aspiration, or lavage as one of the criteria
for pneumonia.[6] The process utilised to collect airway samples is crucial due to the possibility of upper airway
contamination, which complicates the identification of the causal organism and increases the risk of using the wrong
kind of antibiotic. In order to avoid upper airway contamination, flexible fiberoptic bronchoscopy (FOB) should be
used. The efficacy of diagnostic modalities, such as protected-specimen brushing and flexible bronchoscopy with
bronchoalveolar lavage (BAL), has been shown in multiple studies [7-11]. These modalities are traditionally used to
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help guide the early and appropriate therapy in critically ill patients presenting with pneumonia. While
bronchoscopy itself carries a significant risk in patients presenting with thrombocytopenia and hypoxemia,
bronchoscopic methods offer good diagnostic yields; nevertheless, these sample techniques are expensive and
typically require highly trained operators to perform. Furthermore, a number of factors, including bleeding,
specimen contamination, hypoxemia, airway spasm, and arrhythmia, can make these invasive procedures
problematic [12-14]. The aforementioned discoveries have led to the evaluation of novel and less invasive
diagnostic techniques in recent years, especially in the diagnosis of ventilator-associated pneumonia (VAP) [15-18].
These techniques include mini-BAL and endotracheal aspiration (ETA). Mini-BAL was initially applied
successfully in 1989 to diagnose hospital-acquired pneumonia [19]. However, there is not enough information
available to compare the diagnostic utility of ETA and mini-BAL to BAL and other bronchoscopic techniques in
patients with pneumonia who are in ICU. Because of this, there is growing curiosity about the viability and
diagnostic potential of these minimally invasive techniques, especially the mini-BAL. Hence the present study was
conducted to compare microbiological examination of aspirate, taken by fiberoptic bronchoscope, mini-bal and et-
aspirate from patients with diagnosis of pneumonia in intensive care unit.

MATERIAL & METHODS

The prospective study was conducted at department of pulmonary and critical care medicine, Shatabdi hospital,
KGMU Lucknow for a period of 7 months among all intubated patients with diagnosis of pneumonia on clinical-
radiological basis at Pulmonary and critical care medicine ICU. Ethical permission was taken from the institutional
ethical committee before the commencement of study. Written informed consent was taken from patients or their
relatives after explaining them the complete procedure.

For sample size calculation following assumptions are made.

P(1-p)
n=22
dZ

Where,
P=Prevalence =16%,
Odds ratio=2.5, 0=0.05, Power=80%
Confidence interval=95%
=59
Therefore total 59 patients were enrolled in this study. Following were the inclusion and exclusion criteria-
Inclusion criteria-

1. Allintubated patients with diagnosis of pneumonia in our ICU were included in the study.

2. The mini-BAL catheter is usually directed into the right lung; however, in one third of the patients it may be
inserted into the left lung. It was difficult to perform chest X-ray after the procedure. For these reasons,
patients with bilateral pneumonia were included in the study.

3. Age more than 13 years.

4. Patient giving written informed consent will be taken.

5.

Exclusion criteria-

1. Deranged coagulopathy, extreme ventilatory and oxygenation demands and tracheal obstruction.

2. Age less than 13 years.

3. Not giving consent to take part in study.

4,
ETA sample collection : ETA collection was performed using a sterile suction catheter of size 12 French (Fr)
introduced through the endotracheal tuber (ET) until resistance was encountered (level of the carina in the trachea),
retracted approximately 2 cm and sample collected in a sterile container by suction. The samples were aspirated into
a sterile polypropylene collector tube.

Mini-BAL sample collection :Non-bronchoscopic BAL is collected by double catheter technique. For this method,
we need two different size suction catheters, where smaller one could pass easily through the larger one, e.g. 16 Fr
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and 8 Fr catheters. Advancing a catheter through the endotracheal tube blindly until resistance is met, infusing
sterile saline through the catheter (typically three 20 mL aliquots) and then aspirating using the syringe or wall
mount suction via mucus trap (the catheter is estimated to be located in the distal endobronchial airway).

BAL sample collection : the bronchoscope is advanced distally into the bronchopulmonary segment of
interest until it occludes the bronchus, thereby “wedging” the scope. Sequential aliquots of normal saline
totaling at least 100 ml (and no more than 300 ml) should be instilled and at least 30% returned for optimal
sampling. A minimum 5 ml (and ideally 10-20 ml) is needed for cellular analysis.

After sample collection of patients within 24™ hour of intubation were examined for bacterial c/s, fungal c/s, KOH
mount , AFB. Later on final outcome would be assessed and efficacy of BAL , mini BAL and et aspirate were
compared. Statistical analysis: Data were stored in the microsoft excel software (2010) and spss 22nd version.
Descriptive analysis was performed using number (n) and percent (%) for qualitative data and median and IQR for
quantitative data. Statistical analysis were assembled to chi-squared test was used to study association between
qualitative variables and comparison between groups was performed using mann-whitney test for quantitative
variables. Statistical difference was considered in all cases at p <0.05.

RESULTS

The mean age of patients was 57.0+13.2 years. Out of 59 patients 57.6% were male and 42.3% were females. Co
morbidities seen were diabetes mellitus (28.8%), cardiac disease (10.1%), renal disease (8.4%) and liver disease 1
(1.6%). The average APACHE Il score was 24.2+8.2 as shown in table 1.

Table 1:Demographic, clinical data of patients

Variable Frequency (%)/ Mean + SD
Age (years) 57.0+£13.2
Male 34 (57.6)
Female 25 (42.3)
Diabetes mellitus 17 (28.8)
Cardiac disease 6 (10.1)
Renal disease 5 (8.4)
Liver disease 1(1.6)
APACHE Il 24.248.2

Of BAL samples, bacteria were isolated in 14 (23.7%) and fungi were isolated in 21 (35.5 %). Of mini-BAL
samples, bacteria were isolated in 15 (25.4%) and fungi were isolated in 17 (28.8%) and in ETA sample bacteria
were isolated in 11 (18.6%) and fungi were isolated in 11 (18.6%) as shown in table 2.

Table 2: Bacteriological and mycological results of BAL , mini-BAL and ET aspirate samples

Results | BAL |  MiniBAL | ETA
Bacteriological results
Acinetobacter baumannii 5(8.4) 3(3.3) 2 (1.6)
Streptococcus pneumonia 1(1.6) 2(3.3) 1(1.6)
MSSA 1(1.6) 2(3.3) 1(1.6)
Cupriavidus pauculus 1(1.6) 0 0
Enterococcus faecium 1(1.6) 1(1.6) 1(1.6)
Pseudomonas aeruginosa 1(1.6) 1(1.6) 0
Staphyloccus aureus 1(1.6) 1(1.6) 1(1.6)
E . coli 1(1.6) 1(1.6) 0
Klebsiella spp. 1(1.6) 1(1.6) 1(1.6)
Haemophillus influenzae 0 1(1.6) 1(1.6)
Proteus mirabilis 0 0 1(1.6)
Enterobacter spp 0 0 0
Serratia spp 0 1(1.6) 1(1.6)
Moraxella catarrhalis 0 0 0
Ciratobacter freundii 0 1(1.6) 1(1.6)
No agent 40 (67.7) 42 (71.1) 47 (79.6)
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Mycological results
Candida spp. 15 (25.4) 13 (22) 9 (15.2)
Aspergillus spp. 2(3.3) 1(1.6) 1(1.6)
Yeast 4 (6.7) 3(5.0) 1(1.6)
No agent 38 (64.4) 42 (71.1) 48 (81.3)

Strong correlations for bacterial and fungal detection between BAL and mini-BAL (r = 0.830 and r = 0.820,
respectively). In view of detecting bacterial agents, ETA correlated weakly both with BAL and mini-BAL (r = 0.467
and r = 0.420, respectively) whereas there were no correlations to detect fungal agents. Mycobacterial and viral
agents were not isolated in any of the samples as shown in table 3. Mortality was seen in 24 subjects (40,6%). There
was no mortality difference between subjects in whom respiratory pathogens were isolated compared to subjects in
whom no respiratory pathogens were isolated. There were no complications associated with any of the sampling
methods.

Table 3: Correlation of methods

Variable Variable Correlation coefficient
BAL bacteriology Mini BAL bacteriology 0.830
BAL bacteriology ETA bacteriology 0.467
Mini BAL bacteriology ETA bacteriology 0.420
BAL mycology Mini BAL mycology 0.820
BAL mycology ETA mycology 0.085
Mini BAL mycology ETA mycology -0.156
DISCUSSION

Pneumonia is a major issue, whether it is acquired in the community or is related to medical care. Antibiotics are the
primary therapeutic choice. Research indicates that a timely initiation of adequate antibiotic treatment reduces
mortality.[20] Selecting the right antibiotic is challenging since it can be challenging to identify the causing
organisms. Due of this challenge, wide spectrum antibiotics are typically employed, at least initially, until
assessments by microbiologists are completed. Endotracheal suction samples from patients in intensive care may
contain contamination from the upper airways, leading to inaccurate results.[21] For this reason, physicians must get
trustworthy, uncontaminated lower respiratory tract samples. To identify the specific diagnostic method for
pneumonia, microbiological analysis of the specimens taken during broncoscopy is thought to be the best course of
action.[22,23] Nevertheless, bronchoscopy is an intrusive, costly, skill-intensive technique that takes longer to
complete and disturbs the respiratory mechanics, hemodynamics, and oxygenation of patients receiving intensive
care.[24-27] As a result, a simpler method is required. Protected mini BAL is less expensive, requires less training,
takes less time, and has less of an impact on hemodynamics or oxygenation. It is also simpler to perform.[28] The
present study was done to compare to compare microbiological examination of aspirate, taken by fiberoptic
bronchoscope, mini-bal and et-aspirate from patients with diagnosis of pneumonia in intensive care unit. A previous
study [29] that included 104 patients with pneumonia revealed a 38% BAL microbe isolation ate. A study
conducted on 199 patients who had fever, pulmonary infiltrates, haematological malignancy, and chest imaging
revealed that 59% of the patients had bacterial and/or fungal organism isms isolated by BAL [8]. In a related
investigation, 49% of BAL samples from 93 neutropenic patients had respiratory bacteria [9]. In a different study,
57 patients had a microorganism isolation rate for BAL of 63% [30]. These investigations bolster the usefulness of
BAL in characterising pneumonia pathogens in patients with compromised immune systems. Our study found that
59.2% of bacterial and/or fungal pathogens were isolated by BAL, which is consistent with other research. Mini-
BAL was utilised by Rouby et al [19] in 1989 to diagnose nosocomial pneumonia. They came to the conclusion that
mini-BAL is a highly effective, affordable, reproducible, and conveniently applied alternative diagnostic tool to
bronchoscopic techniques of respiratory sampling. In a similar vein, mini-BAL was employed by Kollef et al. [17]
to assess patients with VAP. In 46.2% of the cases, they were able to isolate at least one respiratory pathogen. In 82
patients with possible VAP, a different study evaluated the diagnostic performance features of ETA and miniBAL. It
found that mini-BAL was considerably more specific than ETA for the microbiological diagnosis of pneumonia
[31]. There were no side effects that the patients could link to the mini-BAL operation. Our study found that 54.2%
of bacterial and/or fungal pathogens were isolated by mini-BAL, and 37.2% by ETA which is consistent with other
research. We found a strong correlation between the isolation rates of bacterial and fungal organisms in the two
methods. On the other hand, our data demonstrate a weak correlation between BAL and ETA for bacterial and/or
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fungal isolation. According to our research, there is no discernible difference in the survival rates of patients with
and without respiratory pathogen isolation. Due to the extremely unique characteristics of this group, which
includes respiratory failure and the requirement for treatment in intensive care unit, the number of individuals in our
study is limited.

CONCLUSION

To conclude, we found a strong association between the BAL and mini-BAL techniques for the isolation of bacterial
and fungal pathogens. According to our research, mini-BAL can be a substitute for BAL in the early diagnostic
evaluation of pneumonia among patients admitted in Intensive care unit but not a definitive approach. A prospective
validation of this findings ought to be conducted at other centers with higher case counts.

REFERENCES

1. Mandell LA, Wunderink RG, Anzueto A, et al. Infectious DiseasesSociety of American American Thoracic Society
consensus guidelines on the management of community—acquired pneumonia in adults. Clin Infect. 2007;Dis 44.

2. American Thoracic Society, Infectious Diseases Society of America. Guidelines for the management of adults with
hospital-acquired, ventilator—associated and health care associated pneumonia. Am J Respir Crit Care Med. 2005;171:388—
416.

3. Fagon J, Patrick H, Haas DW. Treatment of gram—positive nosocomial pneumonia. Prospective randomized comparison of
quinupristin dalfopristin versus vancomycin. Am J Respir Crit Care Med. 2000;161:753-762.

4. Chastre J, Wunderink R, Prokocimer P, et al. Efficacy and safety of intravenous infusion of doripenem versus imipenem in
ventilator— associated pneumonia: a multicenter, randomized study. Crit Care Med. 2008;36:1089-1096.

5. The Canadian Critical Care Trials Group. A randomized trial of diagnostic techniques for ventilator-associated pneumonia.
N Engl J Med. 2006;355:2619-2630.

6. Garner JS, Jarvis WR, Emori TG, et al. CDC definitions for nosocomial infections. Am J Infect Control. 1998;16:128-140.

7. JK, Mehta AC: Role of flexible bronchoscopy in immunocompromised patients with lung infiltrates. Chest 2004;125:712—
722

8. Hummel M, Rudert S, Hof H, Hehlmann R, Buchheidt D: Diagnostic yield of bronchoscopy with bronchoalveolar lavage
in febrile patients with hematologic malignancies and pulmonary infiltrates. Ann Hematol 2008; 87:291-297.

9. Gruson D, Hilbert G, Valentino R, Vargas F, Chene G, Bebear C, Allery A, Pigneux A, Gbikpi-Benissan G, Cardinaud JP:
Utility of fiberoptic bronchoscopy in neutropenic patients admitted to the intensive care unit with pulmonary infiltrates. Crit
Care Med 2000;28:2224-2230.

10. Boersma WG, Erjavec Z, van der Werf TS, de Vries-Hosper HG, Gouw AS, Manson WL: Bronchoscopic diagnosis of
pulmonary infiltrates in granulocytopenic patients with hematologic malignancies: BAL versus PSB and PBAL. Respir
Med 2007;101:317-325.

11. Rafid A, Agusti C, Jimenez P, Angrill J, Benito N, Danés C, Gonzalez J, Rovira M, Pumarola T, Moreno A, Torres A:
Pulmonary infiltrates in non-HIV immunocompromised patients: a diagnostic approach using noninvasive and
bronchoscopic procedures. Thorax 2001;56:379-387.

12. Silver MR, Balk RA: Bronchoscopic procedures in the intensive care unit. Crit Care Clin 1995;11:97-109.

13. Turner JS, Willcox PA, Hayhurst MD, Potgieter PD: Fiberoptic bronchoscopy in the intensive care unit — a prospective
study of 147 procedures in 107 patients. Crit Care Med 1994;22:259-264.

14. Jin F, Mu D, Chu D, Fu E, Xie Y, Liu T: Severe complications of bronchoscopy. Respiration 2008;76:429-433.

15. Geraci G, Pisello F, Sciume C, Li Volsi F, Romeo M, Modica G: Complication of flexible fiberoptic bronchoscopy.
Literature review. Ann Ital Chir 2007;78:183-192.

16. Bacakoglu F, Uysal FE, Basoglu OK, Aydemir S, Arda B: The diagnostic value of non-bronchoscopic mini-BAL in
ventilator associated pneumonia. Solunum 2007; 9: 139-146.

17. Kollef MH, Ward S: The influence of miniBAL cultures on patient outcomes: implications for the antibiotic management
of ventilator-associated pneumonia. Chest 1998; 113:412-420.

18. Wu CL, Yang DI, Wang NY, Kuo HT, Chen PZ: Quantitative culture of endotracheal aspirates in the diagnosis of
ventilator-associated pneumonia in patients with treatment failure. Chest 2002;122:662-668.

19. Rouby JJ, Rossignon MD, Nicolas MH, Martin de Lassale E, Cristin S, Grosset J, Viars P: A prospective study of protected
bronchoalveolar lavage in the diagnosis of nosocomial pneumonia. Anesthesiology 1989; 71: 679— 685.

20. Alvarez-Lerma F. Modificiation of empiric antibiotic treatment in patients with pneumonia acquired in the intensive care
unit. ICU- acquired pneumonia study group. Intensive Care Med. 1996;22:387— 394.

21. loanas M, Ferrer R, Angrill J, et al. Microbial investigation in ventilator— associated pneumonia. Eur Respir J.
2000;17:791-801.

22. Shorr AF, Sherner JH, Jackson WL, et al. Invasive approaches to the diagnosis of ventilator—associated pneumonia: a
meta—analysis. Crit Care Med. 2004;33:46-53.

23. Schnabel RM, Van der Velden K, et al. Clinical course and complications following diagnostic bronchoalveolar lavage in
critically ill mechanically ventilated patients. BMC Pulmonary Medicine. 2015;15:107.

24. Cracco C, Fartoukh M, Prodanovic H, et al. Safety of performing fiberoptic bronchoscopy in critically ill hypoxemic
patients with acute respiratoey failure. Intensive Care Med. 2013;39:45-52.

2313



25.

26.

27.

28.

29.

30.

31.

Journal of Cardiovascular Disease Research

ISSN: 0975-3583,0976-2833 VOL14, ISSUE 09, 2023

Estella A. Effects on respiratory mechanics of bronchoalveolar lavage in mechanically ventilated patients. J bronchology &
interv pulmonol. 2010;17:228-231.

Du Rand IA, Blaikley J, Booton R, et al. British Thoracic Society Bronchoskopy Guideline Group. British Thoracic Society
guideline for diagnostic flexible bronchoscopy in adults: accredited by NICE. Thorax. 2013;68:i1-i44.

Fujitani S, Yu VL. Diagnosis of ventilator-associated pneumonia: Focus on nonbronchoscopic techniques
(nonbronchoscopic bronchoalveolar lavage, including mini-BAL, blinded protected specimen brush, and blinded bronchial
sampling) and endotracheal aspirates. J Intensive Care Med. 2006;21:17-21.

Campbell GD. Blinded invasive diagnostic procedures in ventilator associated pneumonia. Chest. 2000;117:207-211.

Jain P, Sandur S, Meli Y, Arroliga AC, Stoller JK, Mehta AC: Role of flexible bronchoscopy in immunocompromised
patients with lung infiltrates. Chest 2004;125:712-722.

Forsléw U, Remberger M, Nordlander A, Mattsson J: The clinical importance of bronchoalveolar lavage in allogeneic SCT
patients with pneumonia. Bone Marrow Transplant 2010;45:945-950.

Arora SC, Mudaliar YM, Lee C, Mitchell D, Iredell J, Lazarus R: Non-bronchoscopic bronchoalveolar lavage in the
microbiological diagnosis of pneumonia in mechanically ventilated patients. Anaesth Intensive Care 2002;30:11-20

2314



