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"Blind" protected specimen brushing versus bronchoscopic
techniques in the aetiolological diagnosis of ventilator-

associated pneumonia
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"Blind" protected specimen brushing versus bronchoscopic techniques in the aetiolo-
logical diagnosis of ventilator-associated pneumonia.  S. Bello, A. Tejada, E. Chacón,
M.C. Villuendas, A. Senar, M. Gascón, F.J. Suarez. ERS Journals Ltd 1996.
ABSTRACT:  The aetiological diagnosis of nosocomial pneumonia in intensive care
unit (ICU) patients requires a valid, cheap and safe method.  This method should
be suitable for all mechanically-ventilated patients and all ICUs.  The aim of this
study was to assess the diagnostic yields of three methods:  "blind" bronchial brush-
ing (Accu-Cath)(protective specimen brush-nonbronchofibroscopic (PSB-non BF));
bronchofibroscopic protected specimen brushing (PSB-BF) and bronchoalveo-
lar lavage (BAL).

We prospectively studied the diagnostic values of the three methods as well as
the agreement between microbiological results in 74 patients with 88 episodes of
clinically suspected ventilator-associated pneumonia (VAP) and 22 control subjects.
VAP episodes were also divided into those with (n=24) and without antibiotic pre-
treatment (n=64), and into those with (n=78) and without (n=10) right lower lobe
infiltrates on chest radiography.

No differences were found as regards the bacteriological yield of the three tech-
niques. Furthermore, the rate of concordant results was high; 92% for PSB-BF and
BAL; 84% for PSB-nonBF and BAL; 85% for PSB-nonBF and PSB-BF; and 85%
for PSB-nonBF combined with both bronchoscopic techniques.  The diagnostic yields
in suspected VAP were 66, 59 and 56% for PSB-nonBF, PSB-BF and BAL, respec-
tively.

We conclude that "blind" bronchial brushing has similar accuracy to broncho-
scopic techniques commonly used in the diagnosis of ventilator-associated pneumo-
nia, constituting an interesting alternative in hospitals where fibreoptic bronchoscopy
is not available.
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Inadequate antibiotic treatment is one of the factors
that imply a poor prognosis in nosocomial pneumonia.
On the other hand, the aetiological diagnosis improves
prognosis and reduces the time spent in the intensive care
unit (ICU) [1, 2].  The techniques available for the aeti-
ological diagnosis of pneumonia can be evaluated from
three perspectives.  Firstly reliability, expressed by sensi-
tivity and specificity.  Secondly safety, and thirdly the econo-
mic cost and applicability of each technique in a specific
hospital. The ideal technique, therefore, would be reli-
able, safe and inexpensive.

Protected specimen brushing-bronchofibroscopy (PSB-
BF) and bronchoalveolar lavage (BAL) samples obtained
with the aid of the bronchoscope have a widely-accepted
diagnostic accuracy.  However, limitations for their sys-
tematic use have been observed. Although bronchoscopy
is usually considered as safe, certain drawbacks have
been described [3, 4]. Furthermore, it is an expensive
technique due to costs in personnel, materials and infra-
structure [5]. One further limitation of a practical nature
related to the hospital organization and manpower is that

bronchoscopy specialists are not available in all hospi-
tals and at all times.

For all these reasons, various authors have sought alter-
native techniques that would associate the diagnostic
accuracy of PSB-BF and BAL with lower costs and a
more widespread availability. Studies with the use of
"blind" BAL and those that have focused on demon-
strating the utility of diverse "blind" bronchial brushing
(PSB-nonBF) have been reported [6–8].  ZUCKER et al.
[9] first described this type of bronchial brushing in a
small infant population.  TORRES et al. [10] then assessed
the usefulness of bronchial brushing through a Métras
catheter. MIDDLETON et al. [11] first compared the accu-
racy of PSB-nonBF (Accu-Cath) with PSB-BF, blind
endotracheal aspiration, and BAL in 12 patients with ven-
tilator-associated pneumonia (VAP), and found a similar
recovery of bateria using these four methods [11]. Rec-
ently, LEAL-NOVAL et al. [12] studied 37 cases of pneu-
monia, and compared the microbiological results obtained
by PSB-BF and by a PSB-nonBF (Accu-Cath). Coincident
information was obtained in 83.7%; this percentage
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increased to 100% when pneumonias without right lower
lobe involvement were not included in the analysis. Another
study, [13], of 40 pneumonia and five control patients,
demonstrated that the introduction of a single bronchial
brush through the endotracheal tube is not only a simple
technique but also yields the same results as PSB-BF in
73% of patients.

The aim of the present study was to evaluate the accu-
racy of PSB-nonBF (Accu-Cath® model PCC 215) for
the aetiological diagnosis of VAP and its comparison to
PSB-BF and BAL.

Materials and methods

Patients

A total of 88 clinically suspected VAP episodes were
studied in 74 patients.  They had been mechanically-ven-
tilated for at least 48 h prior to the onset of clinical mani-
festations of VAP.  Clinical suspicion of pneumonia was
based on criteria described elsewhere [14]. Bronchial
sampling was performed in 14 patients more than once,
due to suspected recurrence of VAP.  The study excluded
patients with severe immunodeficiency and those with
contraindications for bronchoscopic procedures [14–
16].

The following information was obtained from the
patients' medical records: name, history, findings on clin-
ical examination, file number, age, gender, main cause
of ICU admission, antibiotic treatment on the study day,
and radiological manifestations.

The mean age of the patients studied was 52±20 yrs;
and 77% of the patients were male.  The two most fre-
quent diagnostic groups were:  severe head trauma (39%)
and postsurgery (18%). The other diagnostic groups were:
cerebral stroke (12%);  anoxic encephalopathy after car-
diac arrest (4%); chronic obstructive pulmonary disease
(COPD) (13%);  and a "miscellaneous" group (13%). Of
the 88 episodes studied, 24 were receiving antibiotic
treatment 24 h prior to sampling;  and 64 were not. Right
lower lobe involvement was observed in 78 episodes.

A small group of 22 mechanically-ventilated patients
with no clinical criteria for VAP and who were not receiv-
ing antibiotic treatment was also evaluated.

This study was approved by the Ethics Committee of
Hospital Miguel Servet. 

Study design

The three techniques evaluated in this prospective study
were: PSB-BF, PSB-nonBF and BAL. The microbiolog-
ical information obtained was assessed: 1) by comparing
the different percentages of significant, nonsignificant
and sterile cultures; and 2) by studying the concordant
and divergent microbiological information obtained from
each of the three techniques. Bronchoscopic or "blind"
bronchial brushing were randomly performed. However,
PSB-BF was always performed before BAL. Bronchial
and blind samples were obtained consecutively and with-
in a 30 min time-period. 

Methodology

Bronchial sampling (PSB-BF, PSB-nonBF and BAL)
was performed upon all patients enrolled into the study.
Prior to the bronchoscopic procedure, the patient was
ventilated with 100% oxygen for 15–20 min and later
sedated with Midazolam.  Pancuronium was also admin-
istered as a muscle relaxant.  The administration of local
anaesthetics was avoided. All patients underwent pulse
oximetry monitoring during the bronchofibroscopic pro-
cedures. During bronchoscopy, patients were manually
ventilated with a Kuhn© bag through a T-tube placed at
the distal end of the endotracheal tube (Superset Catheter
Mount with a Swivel Elbow, 15M-15F, TW2 6RS).  The
bronchial sampling was performed in the area of maxi-
mal radiological involvement. In case of diffuse infil-
trates, BAL was carried out in the middle lobe or in the
lingula. Following a brief inspection of the bronchi
through the bronchofibroscope (Olympus Type 20D),
sampling was performed with PSB-BF following a tech-
nique described previously [17], using a discardable micro-
biology brush (No. 2.8, Palex, S.A.). BAL was then
performed by instilling three 50 mL aliquots, of NaCl
0.9%; the first aliquot was discarded as it was consi-
dered to be contaminated from bronchial secretions. The
samples were immediately (less than 5 min) carried to
the microbiology laboratory.

The methodology for the PSB-nonBF sampling was as
follows: using aseptic techniques, the PSB-nonBF kit was
opened (Accu-Cath, Pulmonary Culture Catheter with
Cytology Brush, model PCC-215; HML Medical Inc.).
The double-sheathed, balloon-tipped, plugged catheter
was introduced through the endotracheal tube and was
advanced to its most distal position. The inner catheter
was slid out of the external sheath and the balloon was
everted and filled with 6 mL of air. The brush was then
advanced through the inner sheath; following several
expulsion and retraction movements, the brush was left
retracted in the channel, the balloon deflated and the
entire catheter removed.  The distal end of the brush was
cut and placed aseptically in the test tube with 1 mL of
Tryptisoil (tryptone-soy bean), as was done with PSB-
BF. The samples were also sent to the microbiology labo-
ratory in less than 5 min.

Processing of bronchial samples

"Blind" and bronchoscopic brushing.  Upon receipt in
the laboratory, the samples were immediately and vigo-
rously shaken into a "vortex"; and then 0.01 and 0.1 mL
aliquots were inoculated into the following agar media:
blood, chocolate, and BCYE-α. All cultures were incu-
bated at 37°C under aerobic and anaerobic conditions
and in a CO2-enriched atmosphere. Cultures were eval-
uated for growth 24 and 48 h later and were discarded,
if negative, after 5 days.

Processing of bronchoalveolar lavage. One chocolate
agar plate was cultured with 0.01 mL of the BAL.  The
rest of the fluid was centrifuged with the supernatant for
culture.

Evaluation of the quantitative cultures.  From the bac-
terial growth obtained on the chocolate agar plates (0.01



and 0.1 mL of the transport medium from the two bronchial
brushings, or 0.01 mL of the BAL), colony counts were
performed.  Multiplying this number by either 10 or 100,
the number of growth colonies per cubic centimeter was
obtained. The PSB-BF and PSB-nonBF cultures were
"significant" if growth was at least 1,000 colony-forming
units (cfu)·mL-1, or if obligate pathogens (e.g. Mycobac-
terium tuberculosis, Legionella pneumophila) were iden-
tified. The cut-off point for the BAL was ≥104 cfu·mL-1

[15]. Fungal growth was not considered.

Definitions

Suspected VAP. The diagnosis of clinically suspected
VAP was made on clinical grounds. Modified criteria
[14] were used along with the appearance of a new and
persistent radiological infiltrate or along with changes in
the previous radiological pattern. At least two of the fol-
lowing criteria were required: 1) fever >38°C; 2) leuco-
cyte count >12×109 cells·L-1; and 3) an increase of bronchial
secretions or change in their characteristics.  Pneumonia
was the suspected diagnosis once all other clinical enti-
ties were ruled out (e.g. cardiac failure, atelectasis).  In
all cases, the clinical and radiological findings appeared
at least 48 h after mechanical ventilation. 

Absence of suspected VAP.  Those patients who did not
meet clinical criteria for pneumonia, or if showing any
of the criteria, had another proven diagnosis. 

Concordant cultures.  When the quantitative cultures of
the different techniques offered the same information
(quantitatively and qualitatively). A positive quantitative
culture had more than 103 and 104 cfu·mL-1 for the brush
and for the BAL procedures, respectively. A negative
culture was sterile or had no significant quantitative
growth. Besides the same degree of quantitative growth,
the same microorganisms had to be identified. 

Discordant cultures.  When the techniques tested offered
contradictory (not coincident) microbiological informa-
tion in the quantitative growth.

Statistical analysis

Statview 4.0, 1992 software was used.  The number
of organisms recovered with PSB-BF, BAL and PSB-
nonBF was expressed as colony-forming units per mil-
lilitre. Quantitative categories analysis was made using
the chi-squared test and percentage difference analysis.
A p-value less than 0.05 was considered significant.

Results

Overall results (n=88)

Tables 1 and 2 show the results obtained with quan-
titative cultures.  The greatest diagnostic yield was obtained
with PSB-nonBF (57%), followed by PSB-BF (51%),
and by BAL (48%). No significant differences were found
for the sensitivity rates between the three techniques (χ2

=1.57).

The cultures obtained by PSB-BF and BAL agreed in
81 episodes (92%);  PSB-nonBF and BAL in 74 (84%);
and the two bronchial brushings in 75 (85%).  The micro-
biological information obtained by PSB-nonBF combined
with both bronchoscopic procedures agreed in 75 pneu-
monias (85%).

Results from the non-suspected VAP group (n=22)

With PSB-BF sterile cultures were obtained in 20 pro-
cedures (91%);  with BAL in 19 (86%); and with PSB-
nonBF in 17 (77%). When comparing these findings, no
significant differences were found.

Results from episodes with vs without antibiotic treat-
ment

In the subgroup of suspected VAP without antibiotic
treatment (n=64), significant growth was observed in 38
with PSB-BF (59%); in 42 with PSB-nonBF (66%);  and
in 36 with BAL (56%). Very high agreement in the
microbiological yield was observed in PSB-BF and BAL,
92% (58 out of 64); PSB-nonBF and BAL, 84% (54 out
of 64); and PSB-BF and PSB-nonBF, 85% (54 out of
64). Combining PSB-nonBF with PSB-BF and BAL, the
results agreed in 85% of the pneumonias (54 out of 64).  

In the subgroup of cases receiving antibiotics (n=24),
significant growth was observed in 7 (29%) with PSB-
BF, in 8 with PSB-nonBF (33%), and in 6 with BAL (25%).

No significant differences were observed between the
techniques when the cultures with no growth and with
nonsignificant growth were grouped together for analy-
sis (χ2 =0.38).  In this subgroup, PSB-BF agreed with
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Table 1.  –  Overall results of microbiology (all three
techniques combined) in 88 episodes of clinically sus-
pected ventilator-associated pneumonia

No growth (no growth or nonsignificant growth) 34 (39%)
Growth (significant growth) 54 (61%)
Monobacterial growth 43
S. aureus 8
Ps. aeruginosa 14
A. calcoaceticus 7
H. influenzae 2
S. pneumoniae 5
Enterobacter spp. 3
L. pneumophila 1
S. epidermidis* 1
Corynebacterium spp.* 1
E. coli 1
Polymicrobial growth 11
H. influenzae + S. aureus (2)
S. viridans + Enterobacter spp. + A. calcoaceticus*

S. aureus + K. pneumoniae + Ps. aeruginosa
S. marcescens + A. calcoaceticus
Ps. aeruginosa + Corynebacterium spp. + S. aureus*

S. epidermidis + Corynebacterium spp. + H. influenzae*

H. influenzae + E. coli + S. aureus
E. coli + P. mirabilis
S. aureus + Ps. aeruginosa

*:  patients with severe malnutrition in whom thoracic surgery
was performed and improvement was observed after specific
antibiotherapy.
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BAL results in 23 out of 24 cases (96%).  PSB-nonBF
agreed with the two bronchoscopic techniques combined
in 21out of 24 patients (88%).  The three diagnostic tech-
niques had a much higher diagnostic yield in VAP episodes
without antibiotic pretreatment.

Diagnostic value of the three techniques (only patients
without antibiotic pretreatment included).

The sensitivity and specificity rates are shown in table
3.  The sensitivity for suspected VAP episodes was not
significantly different for PSB-BF vs BAL (p=0.72);
PSB-BF vs PSB-nonBF (p=0.48); and PSB-nonBF vs BAL
(p=0.28).  The specificity also was not significantly dif-
ferent (p=0.28).

Results in pneumonia episodes with/without radiologi-
cal involvement of the right lower lobe (RLL)

In episodes without RLL involvement (n=10), signifi-
cant growth of cultures was obtained with the three tech-
niques in five patients (50%).  It must be noted that none
of these patients were receiving any antibiotic treatment
at the time of the sampling.  The microbiological infor-
mation yielded with these techniques was identical in
the 10 cases (100%).

In episodes with RLL involvement (n=78), significant
growth of cultures was obtained in 40 patients with PSB-
BF (51%);  in 37 with BAL (47%);  and in 45 with PSB-
nonBF (58%).  No significant differences were observed
between the technique used (χ2 =1.644; p>0.1). In episodes
with radiologically demonstrated RLL involvement, PSB-
BF and BAL agreed in 71 out of 78 cases (91%);  PSB-
nonBF and BAL in 64 out of 78 (82%); PSB-BF and
PSB-nonBF in 65 out of 78 (83%);  and PSB-nonBF and
both bronchoscopic techniques in 65 out of 78 pneumo-
nias (83%). The data were similar to those observed in
the total study population and those found in the popu-
lation without RLL involvement (100%) (Fisher's exact
test).

Secondary effects and associated iatrogenic response

In our trial, both bronchoscopic studies as well as the
PSB-nonBF were innocuous and  also very well-tolerated
by the patients. Minimal episodes of haemoptysis were
observed that in no case required specific treatment.

Discussion

Correct diagnosis of ventilator-associated pneumonia
requires a simple but safe technique, with a high degree
of reliability. We investigated whether the Accu-Cath
brush (Model PCC 215) met these characteristics, and
found that this technique had an accuracy similar to that
of the two bronchoscopic techniques, PSB-BF and BAL,
commonly used in the diagnosis of VAP. Accu-Cath is
a "blind" protected specimen bronchial brush (the tip is
covered externally by plastic) with an inflatable balloon
tip to avoid contamination of the samples, as described
by other authors [17, 18].

One of the greatest problems with our study, as occurs
with most investigations in VAP, is the correct diagno-
sis, if it is based exclusively on clinical-radiological crit-
eria, because mechanically-ventilated patients frequently
develop other conditions with a similar clinical picture
[19–22], and techniques to be considered "gold standard"

Table 2. – Results obtained with quantitative cultures

Technique Significant growth Nonsignificant growth No growth

Quantitative growth from all suspected VAP episodes studied (n=88)
PSB 45 (51) 3 (3) 40 (45)
BAL 42 (48) 7 (8) 39 (44)
PSB-nonBF 50 (57) 6 (7) 32 (36)
Quantitative growth from the control group (n=22)
PSB 1  (5) 1 (5) 20 (91)
BAL 1  (5) 2 (9) 19 (86)
PSB-nonBF 2  (9) 3 (14) 17 (77)
Quantitative growth from the suspected VAP episodes without antibiotic pretreatment (n=64)
PSB 38 (59) 3 (5) 23 (36)
BAL 36 (56) 6 (9) 22 (34)
PSB-nonBF 42 (66) 4 (6) 18 (28)
Quantitative growth from the suspected VAP episodes with antibiotic pretreatment (n=24)
PSB 7 (29) 0 (0) 17 (71)
BAL 6 (25) 1 (4) 17 (71)
PSB-nonBF 8 (33) 2 (8) 14 (58)

Percentage values are presented in parenthesis.  VAP:  ventilator-associated pneumonia;  PSB:  pro-
tected specimen brush;  BAL:  bronchoalveolar lavage;  PSB-nonBF:  PSB-non-fibroscopic.

Table 3. – Diagnostic value of the three techniques for
the subgroup of episodes without antibiotic pretreatment
(n=64)

PSB-BF BAL PSB-non BF

Sensitivity (n=64)
n 38 36 42
% 59±6 56±5 66±6

95 %CI 47–72 46–67 54–77

Specificity (n=22)
n 21 21 20
% 95 95 91
Bp 77.2–99.9 77.2–99.9 70.8–98.9

n:  number of positives. 95% CI: 95% confidence interval; Bp:
binomial probability. For further definitions see legend to table 2.



(lung biopsy and blood culture) have some limitations
in their specificity [23].  As it is difficult to establish in
practice a diagnosis of true VAP, most of the published
studies have been made in patients with suspected VAP
based on clinical criteria [9–14, 24–30], as we did in our
study.

Some microorganisms, especially Haemophilus influen-
zae, Streptococcus pneumoniae, L. pneumophila and
anaerobic bacteria, are very sensitive to saline transport
media, and their concentrations decrease from 97 to 45%
after one hour of exposure [31].  For this reason, we pre-
ferred a nonsaline medium (1 mL of tryptone-soy bean
(Tryptisoil®)), as was pointed out previously [16].  We
have not considered the fungal growth, because it does
not play an important role in nosocomial pneumonia
except in neutropenic patients, not included in this study
[32].  Whilst in other series, progressive dilutions of the
original sample were cultured, in our study, only two
quantities of known sample were cultured (0.1 and 0.01
mL). We, therefore, may have undervalued some of the
bacterial growth "limit" and hence obtained a lower sen-
sitivity.

Our study showed that the diagnostic yield (sensi-
tivity) and specificity of the PSB-nonBF in patients with-
out antibiotic treatment was 66 and 91%, respectively.
Previous studies have reported similar values for vari-
ous PSB-nonBF techniques. Using a simple protected
brush, HA-PHAM et al. [27] obtained a sensitivity of 64.7%
and a specificity of 93.5%. With an analogous brush,
JORDA et al. [13] identified the probable organisms involved
in 80% of the pneumonias. TORRES et al. [10] obtained
a sensitivity of 61% and a specificity of 100% by brush-
ing through a Métras catheter. MIDDLETON et al. [11] com-
pared the recovery of bacteria using four techniques
(PSB-BF, PSB-nonBF, BAL and semiquantitative bron-
chial aspirate). In four patients, using the Accu-Cath,
they obtained a significant growth of 7 of the 9 organ-
isms found by PSB-BF (considered by the authors as
"almost-gold standard" technique). They also concluded
that the bacterial recovery was similar using these four
techniques. However, the small size of their sample (12
VAP patients) was an important limitation to reaching
firm clinical conclusions [11]. If we consider all of
the published reports, only the sensitivity obtained by
LEAL-NOVAL et al. [12], which was only 35%, is marked-
ly different. The differences may be explained by the
percentage of patients receiving antibiotic treatment at
the time of sampling, and the variation in laboratory
methodology. 

There were no significant differences in the specificity
of the PSB-nonBF between our series (91%) and others
[10, 13].  The high specificity obtained by TORRES et al.
[10] (100%) is remarkable;  and may be due to the inclu-
sion of clinical and histological criteria.

Regarding our comparison of PSB-nonBF with pro-
cedures of recognized reliability (PSB-BF and BAL), we
observed a very acceptable agreement between the infor-
mation obtained by PSB-nonBF and that by the bron-
choscopic techniques in the overall population and in
each of the subgroups, as has also been shown in other
series [10–13, 27].

The diagnostic yield from the PSB-BF in our study
was similar to that obtained by several investigators [10,
18, 24], but lower than that reported by others [30, 33,

34], perhaps due to difference in culture methodology.
The specificity obtained in our PSB-BF study was simi-
lar to that reported by many authors [10, 28–30, 35].

We found a diagnostic value for the BAL lower than
that found in other studies [6, 7, 21, 24, 36].  Again, this
could be due to the methodology employed in our labor-
atory (culture of two quantities of known sample), as
done by other authors [36], since we did not apply the
most frequently performed quantitative method of pro-
gressive dilutions [21, 22, 29]. Furthermore, we have
used only 10 µL inocula, and not both 10 µL and 100
µL inocula [36], which invariably reduces the sensitivi-
ty. The specificity of BAL has been reported to vary
from 69 to 71% [21, 29], even to 100% [22, 36].  Again,
this can be due to a difference in the cut-off points con-
sidered, from simple bacterial growth to 104 cfu·mL-1.
The specificity obtained in our study was similar to that
reported by those who considered 104 cfu·mL-1 as the
cut-off point.

The agreement found between the two bronchoscopic
techniques is remarkable (table 3) both in groups with
and without antibiotic therapy.  Our findings showed that
the diagnostic yield was 10–52% greater in the group
without antibiotic treatment, in agreement with other stud-
ies. Several authors reported a decrease in sensitivity and
specificity with the use of antibiotics before sampling
[19, 27]. Therefore, it is recommended that antibiotics
should not be administered 24 h prior to the use of these
techniques in order to obtain maximum diagnostic yield
[16].

An additional important issue is whether it is strictly
necessary to perform the bronchial sampling in the involved
lung area to obtain the greatest accuracy of protected
brushing specimens.  Our results could suggest that it is
not necessary to sample the exact site which is radio-
logically involved. "Blind" brushing had the same relia-
bility for the diagnosis of pneumonias with radiological
involvement of the RLL as for those without. However,
the small number of cases with no RLL involvement
does not permit us to draw definitive conclusions in this
respect. Furthermore, previous studies have reported con-
tradictory findings [6, 12, 28].

In conclusion, our findings suggest that the "blind"
protected specimen brush has a similar diagnostic yield
and specificity to bronchoscopic techniques. Sampling
with the "blind" protected specimen brush (Accu-Cath)
is a simple and reliable alternative. This could be inter-
esting in those circumstances where standard broncho-
scopic techniques are not available.
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