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• Objectives: To assess the safety of minibronchoal-
veolar lavage done by respiratory therapists for the 
evaluation of suspected ventilator-associated pneumo-
nia and to determine the diagnostic agreement be-
tween quantitative lower airway cultures obtained by 
the minibronchoalveolar lavage and protected speci-
men brush techniques. 
• Design: A prospective direct comparison of two 
diagnostic techniques. 
• Setting: An academic tertiary care center in St. 
Louis, Missouri. 
• Patients: 72 consecutive patients suspected of hav-
ing ventilator-associated pneumonia on the basis of 
clinical evidence. 
• Interventions: Sampling of lower airway secretions 
using the protected specimen brush and minibron-
choalveolar lavage techniques. 
• Main Outcome Measures: Clinical complications and 
quantitative cultures of respiratory secretions. 
• Results: 72 patients suspected of having ventilator-
associated pneumonia (first episode) were evaluated 
using minibronchoalveolar lavage. In 42 patients, lower 
airway secretions were also obtained using the pro-
tected specimen brush technique. No change in arterial 
blood oxygen saturation or heart rate occurred after 
minibronchoalveolar lavage (P > 0.2). Mean arterial 
pressure slightly increased with minibronchoalveolar 
lavage (baseline mean pressure, 90.1 mm Hg [CI, 88.4 
to 91.7 mm Hg]; average within-person change, 2.6 mm 
Hg; P = 0.024). Good diagnostic agreement was shown 
for quantitative cultures obtained with the protected 
specimen brush and minibronchoalveolar lavage tech-
niques (kappa statistic, 0.63; concordance, 83.3%); 103 

colony forming units/mL was used as the threshold for 
a clinically significant culture result. 
• Conclusions: Minibronchoalveolar lavage is a safe 
and technically simple procedure for obtaining quanti-
tative lower airway cultures in patients requiring me-
chanical ventilation. Quantitative culture results ob-
tained by minibronchoalveolar lavage are similar to 
those obtained by the protected specimen brush tech-
nique. 

JNosocomial pneumonia is the leading cause of death 
resulting from hospital-acquired infections among criti-
cally ill patients requiring mechanical ventilation (that is, 
ventilator-associated pneumonia) (1-5). Several lines of 
investigation have suggested that previous administration 
of broad-spectrum antibiotics may predispose patients to 
develop ventilator-associated pneumonia caused by anti-
biotic-resistant pathogens (2, 3, 6-8). Additionally, the 
reported mortality rates related to ventilator-associated 
pneumonia caused by antibiotic-resistant organisms are 
substantially greater than rates associated with antibiotic-
sensitive pathogens (5-7). These findings have fueled a 
growing debate about the need for more specific diagnos-
tic techniques for ventilator-associated pneumonia that 
are aimed at directing antibiotic therapy and avoiding its 
needless administration in order to minimize the devel-
opment of antibiotic-resistant infections (9-13). 

Bronchoscopic sampling of lower airway secretions (for 
example, the protected specimen brush technique) is an 
accurate and reproducible method for the evaluation of 
suspected ventilator-associated pneumonia (3, 14-17). As 
part of our ongoing quality improvement efforts (2, 8), we 
have developed a nonbronchoscopic technique—mini-
bronchoalveolar lavage—for establishing the diagnosis of 
ventilator-associated pneumonia and potentially guiding 
the administration of antimicrobial agents. Therefore, we 
did a prospective study to investigate the safety of mini-
bronchoalveolar lavage and to compare the results of this 
method with those of the protected specimen brush tech-
nique (in which bronchoscopy is used). 

Methods 

Study Location and Patients 

Our study was done in the medical intensive care unit (19 
beds) of Barnes Hospital, a 900-bed private teaching hospital, 
between October 1993 and September 1994. All patients receiv-
ing mechanical ventilation for more than 24 hours were prospec-
tively evaluated. Patients suspected on clinical grounds of having 
ventilator-associated pneumonia were eligible for entry into the 
study. The study protocol was approved by the Human Studies 
Committee of the Washington University School of Medicine, 
and informed consent was obtained for all patients receiving 
bronchoscopic procedures. 

Data Collection 

The following data were prospectively collected by one of the 
investigators: patient age, sex, APACHE III (Acute Physiology 
and Chronic Health Evaluation III) score (18), Organ System 
Failure Index, hospital admission diagnosis, body temperature, 
leukocyte count, presence or absence of purulent tracheobron-
chial secretions, and antibiotic use at the time of the evaluation. 
All chest roentgenograms were prospectively reviewed by the 
principal investigator (MK), as were the roentgenographic re-
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ports (24 to 48 hours later) for independent confirmation of the 
presence or absence of pulmonary infiltrates. 

We also prospectively screened each patient for possible alter-
native causes for fever and radiographic densities as suggested by 
other investigators (19, 20). Patients were also evaluated for the 
occurrence of complications caused by the sampling of airway 
secretions with either the minibronchoalveolar lavage or the pro-
tected specimen brush techniques. We also analyzed whether 
these procedures caused complications, including clinically signif-
icant arterial blood oxygen desaturation (< 90%), hypotension 
(mean arterial pressure < 60 mm Hg), tachycardia (heart rate > 
120 beats/min), bradycardia (heart rate < 60 beats/min), arrhyth-
mias, bronchial hemorrhage, pneumothorax, and death. 

Definitions 

The definition of ventilator-associated pneumonia was modi-
fied from criteria established by the American College of Chest 
Physicians (21). Ventilator-associated pneumonia was considered 
to be present when a new or progressive pulmonary infiltrate 
developed in conjunction with one of the following: radiographic 
evidence of pulmonary abscess formation (that is, cavitation 
within preexisting pulmonary infiltrates), histologic evidence of 
pneumonia in lung tissue, presence of substantial growth on a 
quantitative culture obtained from the lower airways using tech-
niques that minimize contamination with upper respiratory tract 
flora (for example, the minibronchoalveolar lavage or the pro-
tected specimen brush technique) (15, 22, 23), or a positive blood 
or pleural fluid culture. Blood and pleural fluid cultures could 
not be related to another source, and both had to be obtained 
within 48 hours before or after respiratory sampling. The micro-
organism^) recovered from blood or pleural fluid cultures also 
had to be identical to the organisms recovered from cultures of 
lower airway secretions. 

Ventilator-associated pneumonia was considered to be absent 
when postmortem examination (done within 3 days of the suspi-
cion of ventilator-associated pneumonia) showed no histologic 
evidence of lung infection; a definitive alternative cause was 
established; or no substantial growth occurred on a reliable lower 
airway culture in association with the resolution of one of the 
following: fever, infiltrate, or leukocytosis. This last criterion was 
required to occur without the addition of new antimicrobial 
therapy or without a change in preexisting antimicrobial therapy. 
All other cases were defined as indeterminate. 

Scores from the APACHE III test were calculated in a stan-
dard manner (18), and the Organ System Failure Index was 
modified from that used by Rubin and coworkers (24). Minor 
bronchial hemorrhage was defined by the presence of new red 
blood streaking of airway secretions aspirated from the endotra-
cheal tube. Major bronchial hemorrhage was defined as the 
aspiration of more than 30 mL of red blood from the endotra-
cheal tube. 

Collecting Lower Airway Secretions 

By local protocol, the fraction of inspired oxygen was increased 
to 1.0 before both minibronchoalveolar lavage and bronchoscopy 
were done. Patients first had bronchoscopy in which the pro-
tected specimen brush technique was used and then had mini-
bronchoalveolar lavage. Both procedures were done within 4 
hours of one another. The lung being sampled was selected by 
the principal investigator on the basis of the distribution of the 
pulmonary infiltrates. Pulse oximetry, heart rate, and arterial 
blood pressure were continuously monitored during and after 
these procedures. All respiratory therapists doing minibronchoal-
veolar lavage were shown how to do this technique and were 
supervised by the principal investigator before doing the proce-
dure independently. 

Protected specimen brush samples were obtained using bron-
choscopy in a standard manner (15). Intravenous sedation with 
either diazepam or midazolam was administered along with 10 
mL of 1% lidocaine solution instilled down the endotracheal 
tube before passage of the bronchoscope. The bronchoscope was 
then advanced through the endotracheal tube to a position prox-
imal to the segmental orifice to be sampled. A sheathed pro-
tected catheter (Microbiology Specimen Brush: Microvasive, Bos-
ton Scientific Corporation, Watertown, Massachusetts) was 

advanced 3 cm out of the bronchoscope, and the inner cannula 
was protruded to eject the distal carbon wax plug into the large 
airway. The inner catheter was then advanced into the desired 
segmental orifice, and the brush was subsequently protruded to 
obtain airway secretions. 

Minibronchoalveolar lavage was done using a prepackaged, 
commercially available telescoping catheter (BAL Cath, Ballard 
Medical Products, Draper, Utah). The telescoping catheter was 
passed through the endotracheal tube using an accompanying 
prepackaged access port adapter, with the curved tip of the 
catheter directed toward the desired lung (25). The catheter was 
advanced until resistance was met, after which the inner catheter 
was similarly advanced until resistance was again encountered, 
signifying that it was in a "wedged" position. Twenty-five milli-
liters of sterile, physiologic saline solution was then injected 
through the catheter and then reaspirated using the same sy-
ringe. The aspirated lavage sample and the cut end of the pro-
tected specimen brush were placed in sterile tubes containing 1 
mL of sterile physiologic saline solution for transfer to the mi-
crobiology laboratory. 

Microbiological Analysis 

The tubes containing the respiratory specimens were first vor-
texed for 15 seconds. A 0.01-mL calibrated loop was placed into 
the respective specimens and then onto the center of three media 
plates (blood agar, chocolate agar, and MacConkey agar). The 
media plates were then streaked using the pin-wheel streak 
method and incubated in C 0 2 at 35 °C (23). Bacterial culture 
growth was quantitated according to the number of colonies 
observed per plate: Fewer than 10 colonies per plate represented 
less than 103 colony-forming units (CFU)/mL; 10 to 100 colonies 
per plate represented 103 to 104 CFU/mL; 100 to 1000 colonies 
per plate represented 104 to 105 CFU/mL; and more than 1000 
colonies per plate represented greater than 105 CFU/mL. All 
identified microorganisms were reported with their antibiotic sen-
sitivities. We used a previously established and validated quanti-
tative threshold (> 103 CFU/mL) for both sampling methods to 
support the diagnosis of ventilator-associated pneumonia (15, 22, 
23). 

Statistical Analysis 

The safety of minibronchoalveolar lavage was assessed by com-
paring the patient's baseline heart rate, blood pressure, and pulse 
oximetry readings (obtained before doing the procedure during a 
period of inactivity) with the values most changed from baseline 
(obtained during the procedure and for 5 minutes after its com-
pletion). A paired statistical analysis was done using the Student 
Mest for this portion of the analysis. The individual complication 
rates for the two procedures were compared using the chi-square 
statistic. All changes in heart rate, blood pressure, and pulse 
oximetry are reported as average within-person changes along 
with their variance. All other results are expressed as mean 
values ± SD (continuous variables) or as a percentage of the 
group value they were derived from (categorical variables). 

The degree of variability for statistically significant culture 
results obtained by the protected specimen brush and minibron-
choalveolar lavage techniques was assessed by use of the kappa 
statistic. Kappa values greater than 0.75 are arbitrarily considered 
to indicate excellent agreement, values between 0.4 and 0.75 
indicate moderate agreement, and values less than 0.4 indicate 
poor agreement (26). P values less than 0.05 were considered 
significant. 

Results 

Respiratory therapists did minibronchoalveolar lavage 
in 72 patients with suspected ventilator-associated pneu-
monia during the study period. Forty-two patients also 
had bronchoscopy with protected specimen brush sam-
pling of airway secretions. All but three of the broncho-
s c o p e procedures were done by the principal investigator; 
the remaining three were done by other pulmonary at-
tending physicians. In 30 patients, consent for bronchos-
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Table 1. Patient Characteristics* 

Characteristic Patients Who Had Patients Who Had 
Both PSB and mBAL Only mBAL (n = 30) 

(n = 42) 

Age, v 51.6 ± 19.3 48.5 ± 10.9 
Women/men, n/n 20/22 17/13 
APACHE III score 41.7 ± 14.6 43.4 ± 9.6 
Organ System Failure Index 2.2 ± 1.1 2.0 ± 1.1 

Underlying medical condition, n(%) 
Pulmonary disease 

Obstructive lung disease 3(7.1) 2(6.7) 
Pneumonia 8 (19.0) 3 (10.0) 
Noncardiogenic pulmonary edema 6 (14.3) 7 (23.3) 
Malignancy 1 (2.4) 0 
Aspiration 7(16.7) 4 (13.3) 
Other 2(4.8) 1(3.3) 

Cardiac disease 
Congestive heart failure 4(9.5) 6 (20.0) 
Cardiogenic shock 2(4.8) 1 (3.3) 

Neurologic disease 4(9.5) 3 (10.0) 
Miscellaneous 5(11.9) 3 (10.0) 

* APACHE = Acute Physiology and Chronic Health Evaluation; mBAL = minibronchoalveolar lavage; PSB = protected specimen brush. Means are 
expressed ± SD. P > 0.05 for all comparisons. 

copy was denied by the patient, his or her surrogate, or 
the attending physician. Patient characteristics and sever-
ity of illness are shown in Table 1. Thirteen patients 
(31.0%) in the group receiving both minibronchoalveolar 
lavage and bronchoscopy died during hospitalization com-
pared with 8 patients (26.7%) receiving minibronchoal-
veolar lavage alone. 

No statistically significant differences were noted in the 
mean values for heart rate (mean baseline rate, 98.7 
beats/min [95% CI, 95.4 to 101.9 beats/min]; average 
within-person change, 1.9 beats/min) or arterial blood 
oxygen saturation (mean baseline saturation, 97.2% [CI, 
96.5% to 97.9%]; average within-person change, —0.5%) 
resulting from minibronchoalveolar lavage. A small but 
statistically significant change in mean arterial pressure 
(mean baseline pressure, 90.1 mm Hg [CI, 88.4 to 91.7 
mm Hg]; average within-person change, 2.6 mm Hg; P = 
0.024) occurred with minibronchoalveolar lavage. Of the 
25 mL of lavage fluid that was instilled, the average 
amount of fluid obtained from minibronchoalveolar la-
vage was 4.4 ± 1.4 mL (CI, 4.1 to 4.7 mL). The average 
time required for the respiratory therapists to do mini-

bronchoalveolar lavage was 23.7 ± 8.9 seconds (CI, 21.6 
to 25.8 seconds). 

The observed clinical complications for each procedure 
are shown in Table 2. No significant differences in com-
plication rates could be shown between the minibron-
choalveolar lavage and protected specimen brush tech-
niques for the 42 patients having both procedures. Among 
the 72 patients having minibronchoalveolar lavage, cough-
ing was the most common complication (66.7%), followed 
by minor bronchial hemorrhage (8.3%), tachycardia 
(2.8%), and severe hypoxemia (1.4%). The two patients 
developing sinus tachycardia had heart rates of 130 and 
159 beats/min, respectively; the one patient with severe 
hypoxemia had an arterial blood oxygen saturation of 
87%. All observed complications occurring with minibron-
choalveolar lavage were transient, resolving shortly after 
completion of the procedure. No patient deaths were 
directly attributed to the minibronchoalveolar lavage or 
bronchoscopy procedures. 

Table 3 shows all positive quantitative cultures obtained 
by either sampling technique for the patients having both 
procedures. Seventeen (40.5%) of the paired specimens 

Table 2. Clinical Complications* 

Complication Patients Who Had Both Patients Who Had 
PSB and mBAL (n - 4 2 ) Only mBAL (n = 30) 

PSB mBAL 
Only 

Severe hypoxemia (Sa02 < 90%), n(%) 4(9.5) 1 (2.4) 0 
Arrhythmias, n 0 0 0 
Tachycardia (heart rate > 120 beats/min), n(%) 5 (11.9) 1 (2.4) 1 (3.3) 
Bradycardia (heart rate < 60 beats/min), n 0 0 0 
Hypotension (MAP < 60 mm Hg), n 0 0 0 
Bronchial hemorrhage, n(%) 

Minor 4(9.5) 5(11.9) 1(3.3) 
Major 0 0 0 

Coughing during procedure, n(%) 24 (57.1) 29 (69.0) 19 (63.3) 
Pneumothorax, n 0 0 0 

* MAP = mean arterial pressure; mBAL = minibronchoalveolar lavage; PSB = protected specimen brush; Sa02 = arterial blood oxygen saturation. 
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Table 3. Results of Positive Quantitative Cultures* 

Patient Recovered Organism PSB mBAL 
Number CFU/mL 

1 Staphylococcus aureus 103 to 104 103 to 104 

2 ORSA 103 to 104 103 to 104 

3 Enterobacter cloacae NG 103 to 104 

4 Enterobacter aerogenes NOF <103 

5 Pseudomonas aeruginosa NG <103 

6 Pseudomonas aeruginosa NG 103 to 104 

7 ORSA NG 103 to 104 

8 Enterobacter cloacae NG 104 to 105 

9 Enterobacter cloacae 103 to 104 103 to 104 

Acinetobacter calcoaceticus <103 

10 ORSA >105 >105 

Enterobacter cloacae <103 

Enterobacter aerogenes <103 

11 ORSA NG 104 to 105 

Enterobacter cloacae <103 

12 Klebsiella pneumoniae NG 103 to 104 

13 Escherichia coli NG <103 

14 Candida albicans <103 104 to 105 

15 Xanthomonas maltophilia NG <103 

16 Candida albicans 
)3-hemolytic streptococci 

<103 <103 

(non-Group A) <103 <103 

17 Streptococcus pneumoniae 104 to 105 104 to 105 

Escherichia coli <103 <103 

Klebsiella pneumoniae <103 

18 Staphylococcus aureus 103 to 104 104 to 105 

19 ORSA 103 to 104 >105 

20 Staphylococcus aureus 103 to 104 103 to 104 

21 Staphylococcus aureus 104 to 105 >105 

Aspergillus fumigatus <103 

22 Staphylococcus aureus 103 to 104 104 to 105 

* mBAL = minibronchoalveolar lavage; NG = no growth; NOF = 
normal oral flora; ORSA = oxacillin-resistant Staphylococcus aureus. 
PSB = protected specimen brush. For all other patients, the quantitative 
cultures either showed no growth or only growth of normal oral flora. 

were obtained from patients who had not received any 
antimicrobial therapy for at least 72 hours. For 20 
(47.6%) of the paired specimens, existing antimicrobial 
therapy was unchanged for at least 72 hours before the 
development of suspected ventilator-associated pneumo-
nia and before lower airway sampling. In the remaining 
five patients (11.9%), antimicrobial therapy was begun or 
was changed within 72 hours of the clinical suspicion of 
ventilator-associated pneumonia and lower airway sam-
pling. 

When the minibronchoalveolar lavage technique was 
used, almost twice as many different organisms were ob-
tained than when the protected specimen brush technique 
was used (29 isolates and 15 isolates, respectively). Cul-
ture results from three of the protected specimen brush 
samples and two of the corresponding minibronchoalveo-
lar lavage samples indicated that Candida albicans or 
Aspergillus fumigatus were potential pathogens. In two of 
these three patients (patients 14 and 21), transbronchial 
lung biopsy specimens showed direct invasion of lung 
tissue by fungal elements consistent with a diagnosis of 
nosocomial fungal pneumonia. Among the 42 patients 
having both diagnostic procedures, 14 (33.3%) were clas-
sified as having ventilator-associated pneumonia, 24 
(57.2%) were classified as not having ventilator-associated 
pneumonia, and 4 patients (9.5%) could not be classified. 

Table 4 shows the concordance between the quantita-
tive lower airway cultures obtained by the protected spec-

imen brush and the minibronchoalveolar lavage tech-
niques stratified according to the presumed clinical status 
of these patients. Among these 42 paired culture results, 
the overall concordance was 83.3% with a kappa statistic 
of 0.63. 

Discussion 
Our study shows that minibronchoalveolar lavage is a 

safe and simple procedure for obtaining quantitative cul-
tures of lower airway secretions. Minibronchoalveolar la-
vage was associated with only a small and clinically un-
important increase in mean arterial pressure. Patient 
complications occurring with minibronchoalveolar lavage 
were similar to those occurring with the protected speci-
men brush technique. We also observed good overall 
diagnostic agreement among the quantitative cultures ob-
tained by these two methods. 

Our findings are unique in two important respects. 
First, they show for the first time that respiratory thera-
pists can safely do minibronchoalveolar lavage in patients 
with respiratory failure requiring mechanical ventilation. 
Second, they show that a nonphysician-directed method of 
obtaining quantitative lower airway cultures may have 
accuracy similar to that of a physician-directed broncho-
scope technique. 

The use of fiberoptic bronchoscopy for the evaluation 
of ventilator-associated pneumonia has developed, in part, 
because of the proven inaccuracy of clinical judgment for 
establishing the presence or absence of this diagnosis (27, 
28). Combining microscopic examination of cells recov-
ered by bronchoalveolar lavage (to show the number of 
cells containing intracellular bacteria) with quantitative 
cultures obtained by the protected specimen brush tech-
nique is an approach reported to have a sensitivity of 
100% and a high level of specificity (> 95%) for the 
diagnosis of nosocomial pneumonia (10, 29). However, 
other investigators have found these same bronchoscopic 
methods to have unacceptably high false-negative and 
false-positive rates (15, 30-33) that result primarily from 
previous antimicrobial administration (34, 35) and under-
lying bacterial colonization of the airways (36). These 
limitations, along with the lack of data showing improve-
ments in patient outcomes after the use of these diagnos-
tic methods, have resulted in requests for their validation 
in prospective clinical trials before their general accep-
tance (9, 11). 

Nonbronchoscopic techniques have also been devel-
oped for the evaluation of ventilator-associated pneumo-

Table 4. Diagnostic Agreement between the Techniques* 
Technique Ventilator-Associated Pneumonia 

Present Absent Uncertain 
(n = 14) (n = 24) ( n - 4 ) 

Protected specimen brush 
<103 CFU/mL 4 24 4 
>103 CFU/mL 10 0 0 

Minibronchoalveolar lavage 
<103 CFU/mL 0 23 2 
>103 CFU/mL 14 1 2 
Concordance, % 71.4 95.8 50.0 

* CFU = colony-forming units. 
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nia, but they have the same limitations as those noted 
above for the bronchoscope methods. However, nonbro-
nchoscopic approaches have been advocated as potentially 
better alternatives because of their minimal invasiveness, 
wide availability, and relative inexpensiveness compared 
with fiberoptic bronchoscopy (9). The principle nonbron-
choscopic techniques that have been investigated include 
quantitative cultures of endotracheal aspirates and blind-
catheter sampling of the lower airways. Several studies 
(20, 22, 37-45) have now shown that these techniques 
have rates of diagnostic accuracy similar to those of bron-
choscopy-directed sampling methods. In one of these 
studies (22), minibronchoalveolar lavage had a sensitivity 
of 70% and a specificity of 69% compared with postmor-
tem histologic and bacteriologic analysis of lung tissue 
(22). These results compare favorably with the findings of 
an earlier investigation (46) that compared postmortem 
tissue examination with culture results obtained by the 
protected specimen brush technique. 

An important consideration in our investigation was the 
financial implications associated with providing these di-
agnostic procedures. The direct patient charges at our 
institution for obtaining a protected specimen brush sam-
ple include $532 for the technical support required to do 
bronchoscopy, $60 for the protected specimen brush tech-
nique, and (on average) more than $500 for physician 
fees. In comparison, the charges for minibronchoalveolar 
lavage are $24 for the respiratory therapist and $75 for 
the catheter. This represents a potential savings of almost 
$1000 when minibronchoalveolar lavage is substituted for 
the protected specimen brush technique. However, total 
savings depend both on these direct savings and on the 
balance of false-positive and false-negative results pro-
duced by these tests with their ensuing costs and patient 
charges. 

Several limitations of our investigation should be noted. 
Because of the lack of an established diagnostic criterion 
standard, the exact operating characteristics (sensitivity, 
specificity, predictive values, diagnostic accuracy) for the 
two procedures examined in our study could not be de-
termined. Examination of postmortem lung tissue (bacte-
riologic and histologic) has been used as an independent 
reference (control) with which to determine the precise 
diagnostic yield of similar bronchoscopic and nonbroncho-
scopic procedures (22, 33, 46). However, histologic sam-
pling errors, the effects of previous antibiotic administra-
tion on tissue cultures, and problems related to the timing 
of postmortem lung examination have substantially lim-
ited the diagnostic utility of this procedure (22, 23). 

In an attempt to develop a usable reference standard, 
some investigators (21) have advocated that predeter-
mined criteria for the diagnosis of ventilator-associated 
pneumonia be used when evaluating new diagnostic tech-
niques. However, such an approach is flawed by the cir-
cular reasoning of establishing diagnostic criteria based, in 
part, on the same test results (for example, protected 
specimen brush cultures) that a study is attempting to 
assess for accuracy. Other investigators (47) have sug-
gested that diagnostic approaches that err on the side of 
overdiagnosing ventilator-associated pneumonia should be 
clinically accepted when compared with less sensitive al-
ternatives. This approach is based on the premise that the 
risk for not treating an individual patient with pneumonia 

probably outweighs the risk for unnecessary antibiotic 
administration (47). Our results indicate that minibron-
choalveolar lavage is at least as sensitive as the protected 
specimen brush technique for diagnosing ventilator-asso-
ciated pneumonia. Similar findings (38, 39) have been 
shown for quantitative cultures of endotracheal aspirates 
and samples from blind bronchial suctioning using a lower 
airway catheter. 

Another important limitation of our investigation is 
that we studied a relatively small number of patients. 
Larger studies using independent criteria to establish the 
diagnosis of ventilator-associated pneumonia (for exam-
ple, histologic examination and blood or pleural fluid 
cultures) are required to determine the exact operating 
characteristics of the minibronchoalveolar lavage and pro-
tected specimen brush techniques. We also obtained all 
protected specimen brush samples before doing minibron-
choalveolar lavage. This practice may have influenced our 
results from minibronchoalveolar lavage culture by the 
introduction of contaminated upper airway secretions into 
the lower airways during bronchoscopy. Finally, the lack 
of an established diagnostic criterion standard prevented 
us from conducting a complete economic analysis because 
we could not assess the effect of patient charges associ-
ated with the treatment of false-positive culture results. 

We have shown that respiratory therapists can safely 
and accurately do the minibronchoalveolar lavage tech-
nique. If the results of our study are confirmed by further 
investigations, then minibronchoalveolar lavage may be-
come an acceptable alternative to bronchoscopy for the 
evaluation of suspected ventilator-associated pneumonia. 
These findings, including the fact that minibronchoalveo-
lar lavage is relatively inexpensive, also suggest that it may 
be a useful method for the serial evaluation of suspected 
nosocomial pneumonia in patients requiring prolonged 
mechanical ventilation. Future investigations are required 
to validate these results, establish their general applica-
bility, and determine the utility of quantitative cultures 
obtained by minibronchoalveolar lavage to influence clin-
ical decision making and to affect patient outcomes. 
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