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ABSTRACT:  The real contribution of the protected specimen brush (PSB) to guide
the choice of antimicrobial therapy in ventilated patients with severe pneumonia is
not well established.  This study aimed to assess how data obtained by PSB changed
the initial empirical therapy.  

One hundred and ten ventilated patients with suspected pneumonia were entered
into a prospective study.  All patients underwent fibreoptic bronchoscopy within
the first 24 h after clinical suspicion of pneumonia.  Specimens were obtained by
PSB and were processed for quantitative cultures using standard methods.  When
patients were started on empirical antibiotics, a standard therapeutic regimen was
followed.  The decision to introduce, withdraw, maintain, or modify antibiotic ther-
apy, according to the PSB culture results, was left to the attending physician.

Pneumonia was the final diagnosis in 45 (41%) of the 110 patients.  Pneumonia
was excluded in 47 (43%) patients and in the remaining 18 (16%) the diagnosis was
uncertain.  The initial therapeutic plans were considered to be adequate in 40 patients
(36%) and inadequate in 37 cases (34%).  In 17 patients (15%), therapeutic changes
were made based on the results of PSB cultures.  In one case appropriate anti-
biotics were introduced; in nine cases the therapeutic regimen was reduced to select
a narrower and rational therapy; and in seven patients therapy was changed because
the prescribed antimicrobial agents were ineffective against the organisms recov-
ered.

This study shows that therapeutic changes were made based on the results of PSB
cultures in 38% of the patients with pneumonia.  In contrast, the PSB technique
has no impact on antimicrobial therapy of patients without pneumonia.
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Bacterial pneumonia is a frequent complication in
mechanically-ventilated patients and a major contributor
to overall morbidity and mortality in the Intensive Care
Unit (ICU) [1, 2].  Several reports have indicated that
information on the infectious status of patients on ven-
tilators with pulmonary infiltrates can be obtained by
using quantitative cultures of samples recovered by pro-
tected specimen brush (PSB) and bronchoalveolar lav-
age (BAL) [3–11].  What is missing is a clear knowledge
of how the data can be employed to aid in patient man-
agement [12, 13]. Are the data useful in medical de-
cision making with respect to maintaining or changing
antibiotics?  Therefore, we have performed a prospec-
tive study to evaluate the accuracy of the therapeutic
plans for severe pneumonia usually employed in our unit
and the contribution of quantitative cultures of PSB spec-
imens to guide the choice of antimicrobial treatment.

Methods

Over a 25 month period, from June 1992 to July 1994,
110 immunocompetent, intubated and mechanically-
ventilated patients entered a prospective study.  Patients
were eligible for the study if they fulfilled the following
criteria: fever >38.5°C; presence of purulent tracheo-
bronchial secretions; leucocytosis (>12,000 cells·mm-3,
>12×109·L-1) or leucopenia (<4,000 cells·mm-3, <4×109·L-1)
and new infiltrates on chest roentgenogram.  When pati-
ents showed at least three of these criteria, radiographic
infiltrates being always present, a fibreoptic bronchosco-
py was performed within the first 24 h after the clinical
diagnosis of pneumonia was suspected.

The procedure was performed whilst patients were ven-
tilated with 100% oxygen, without positive end-expira-
tory pressure and having continuous finger pulse oximetry



(Ohmeda Biox, 3740 Louisville, CO, USA) and electro-
cardiographic monitoring.  The fibreoptic bronchoscope
(Olympus BF-P20D; Olympus Optical Corp. of America,
New Hyde Park, NY, USA) was introduced into the tra-
chea through an endotracheal tube of ≥8 mm diameter
via a sterile connector (Bodai Suction Safe. Y: Sontek
Medical, Lexington, MA, USA) and advanced next to
the orifice of the sampling area to visualize the entrance
to the radiographically abnormal bronchial subsegment.
The telescoping plugged catheter (MBB 120388-5504;
Mill-Rose Laboratories, Mentor, OH, USA) was inser-
ted through the inner suction channel and advanced,
under direct vision, to a wedge peripheral position to
obtain lower airway secretions, according to the tech-
nique described by WIMBERLEY et al. [14].  No suction
was applied before taking the specimen and no local
anaesthetic agents were used.

The brush was aseptically cut into a vial containing 1
mL of sterile 0.9% saline.  The vial was then vigorous-
ly mixed using a vortex mixer for at least 60 s to thor-
oughly suspend all material from the brush.  Specimens
were immediately delivered to the laboratory and proces-
sed for quantitative bacterial and fungal culture using
standard methods, as has been described in previous stu-
dies [9–11, 15].  Bacterial counts of ≥103 colony form-
ing units (cfu)·mL-1 were used as the cut-off point to
establish a positive result.

The time without antibiotics and the type, reason and
duration of treatment received before the procedure were
recorded.  When patients were started on empirical anti-
biotics for a presumptive diagnosis of pneumonia (i.e. a
few hours before or immediately after the bronchoscopic
procedure), the following therapeutic plans were used: 1)
severe community-acquired pneumonia: cefotaxime plus
erythromycin; 2) early-onset pneumonia (present at, or be-
fore, the seventh day of intubation): cefotaxime plus an
aminoglycoside agent; 3) early-onset pneumonia in patients
with impaired consciousness on admission: cefotaxime
plus vancomycin or plus clindamycin;  4) late pneumonia
(developed more than 7 days after intubation): an amino-
glycoside plus ceftazidime or plus piperacillin. 

In patients already receiving antimicrobials, the deci-
sion to withdraw, maintain, or modify antibiotic therapy,
according to the PSB culture results, was left to the atten-
ding physician.  The initial therapeutic strategy was con-
sidered as inadequate if:  1) antibiotics were inactive on
micro-organisms recovered by PSB in significant counts;
2) only a single agent was active against multiresistant
isolated bacteria;  3) antimicrobial drugs were unneces-
sary because the patient did not have pneumonia;  or 4)
no antimicrobial treatment was administered to patients
with pneumonia.

Definite diagnosis of pneumonia (n=45) was based on:
1) identification of consolidated foci and polymorpho-
nuclear leucocyte accumulation in bronchioles and ad-
jacent alveoli at autopsy performed within 5 days after
the bronchoscopic procedure (n=3); 2) a positive result
of blood and/or pleural fluid culture without an extra-
pulmonary  focus of infection (n=16);  3) a rapid cavita-
tion of the lung infiltrate (n=6);  and 4) a clinical outcome
consistent with bacterial pneumonia whilst receiving

appropriate antibiotic therapy for the organisms cultured
in PSB in significant growth (n=33).

Pneumonia was considered definitely excluded (n=47)
if at least one of the following criteria was fulfilled:  1)
full recovery without appropriate antimicrobial therapy
(n=29), or without changes in the antibiotic therapy ini-
tiated at least 72 h before the appearance of infiltrates
(n=12) with alternate explanations for the findings, such
as atelectasis or pulmonary oedema; and 2) no signs of
bacterial pneumonia at autopsy performed within 5 days
after the bronchoscopic procedure (n=6).

Moreover, subsequent changes in clinical course, radio-
graphic findings and modifications in antibiotic therapy
were recorded.  Atelectasis was diagnosed when complete
resolution of the infiltrates occurred during the first 48 h
after its appearance.  Cardiogenic and noncardiogenic pul-
monary oedema was diagnosed by pulmonary arterial
catheterization and response to appropriate therapy.

The number of organisms recovered from PSB is ex-
pressed as cfu·mL-1.  Other results are expressed as mean±
standard deviation or as a percent of total patients.  Deter-
minations of sensitivity and specificity were performed
using standard methods [16].  The Mann-Whitney U test
was used for intergroup comparisons.  A p-value of less
than 0.05 was considered significant.

Results

The study population consisted of 110 mechanically-
ventilated patients (74 males and 36 females) with a mean
age of 49±19 yrs (range 14–83 yrs).  Patients had been
admitted to the ICU and required ventilatory assistance
because of respiratory failure, impaired consciousness or
loss of muscular strength as a result of neurological dis-
orders (n=29) (head injury 14, cerebrovascular disease
7, drug overdose 5, status epilepticus 2, meningitis 1);
postoperative respiratory insufficiency (n=32) (heart sur-
gery 11, thoracic surgery 8, abdominal surgery 7, neuro-
surgery 6); acute exacerbation of COPD (n=6); severe
community-acquired pneumonia (n=1); multiple trauma
(n=14); heart failure (n=14); and miscellaneous condi-
tions (n=14). The mean length of time during which pati-
ents were mechanically-ventilated was 8.5±11.7 days
(range 1–71 days).  Forty seven patients (45%) had been
receiving antibiotics for an average of 6.7±6.8 days (range
1–28 days), but in all except 12 cases, antibiotic therapy
was stopped at least 48 h before fibreoptic bronchoscopy.

Pneumonia was the final diagnosis in 45 (41%) of the
110 patients.  In 47 (43%) patients pneumonia was exclu-
ded and in the remaining 18 (16%) the diagnosis could
not be accurately defined.  PSB yielded significant bacte-
rial growth (≥103 cfu·mL-1) in 33 out of 45 patients with
pneumonia (73%), nonsignificant growth in three, and
was sterile in nine.  In the 47 patients without pneumo-
nia, PSB cultures were sterile in 40 and exhibited growth
of micro-organisms in concentrations lower than 103

cfu·mL-1 in seven.
All but 12 patients were off long-term antibiotic ther-

apy when bronchoscopy was carried out.  The clinical
condition of 26 patients made it possible to wait for the
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microbiological results of PSB before deciding whether
or not to introduce antibiotics, although the ultimate deci-
sion was always left to the best opinion of the attending
physician.  In fact, despite obtaining only one positive
microbiological result, 19 out of these 26 cases were
finally treated and only seven remained off antibiotics.
Seventy two patients (44 with pneumonia and 28 with-
out pneumonia) were started on empirical antibiotics
according to the standard regimen in the peribroncho-
scopic period (2 or 3 h before or immediately after the
bronchoscopy).  In 22 patients who did not have pneu-
monia, this empirical antibiotic treatment was promptly
discontinued based on clinical and radiographic findings
in the subsequent follow-up, rather than on the results
of PSB.  Sixteen patients developed early pneumonia;
18 had late nosocomial pneumonia; 10 patients devel-
oped early-onset pneumonia whilst ventilated because of
impaired consciousness; and one was admitted to the
ICU because of severe community-acquired pneumonia.

The aetiological agents of pneumonia are shown in
table 1.  Haemophilus influenzae (13), Pseudomonas aerug-
inosa (7) and Acinetobacter calcoaceticus (4) were the
Gram-negative organisms most often isolated, account-
ing for the 24, 13 and 7% of the total causative organ-
isms (55), respectively. The most frequently isolated

Gram-positive organisms were Streptococcus pneumoniae
(eight cases, 15%) and Staphylococcus aureus (seven
cases, 13%).  Pneumonia was polymicrobial in 11 cases
(24%) and there were three pneumonias that were not
diagnosed on microbiological basis (necropsy findings
in two, and rapid cavitation of pulmonary infiltrates in
one patient).

In forty out of 110 patients (36%), the initial thera-
peutic plans were considered adequate, either because
antibiotics were not started in the group of patients with-
out pneumonia (n=7), or because the micro-organisms
isolated by either PSB (n=18), blood and/or pleural fluid
(n=8), or both (n=7), in patients with pneumonia were
adequately treated by the selected regimen.  In contrast,
initial therapeutic plans were considered inadequate in
37 cases (34%) (table 2): in one infected patient because
antibiotics were not started empirically; eight patients
with pneumonia because the initial empirical therapy was
not effective on the recovered organisms (seven from
PSB and one from blood culture); and in 28 patients who
did not have pneumonia and received empirical anti-
microbial agents.  In the remaining 33 patients, the ade-
quacy or inadequacy of the initial therapeutic plan could
not be defined: there were 12 cases (all belonging to the
nonpneumonia group) in which no new therapeutic plan
was formulated because antibiotics, initiated at least 72 h
before the bronchoscopic procedure, were not ended; in
the patients with pneumonia of unknown aetiology (n=3),
no modification of the initial therapeutic plan was car-
ried out; and, finally, there were 18 patients in whom
antibiotics were started despite a negative microbiologi-
cal result of PSB.  In these patients a definite diagnosis
could not be accurately established because they did not
meet any of the above-mentioned criteria of pneumonia
and, in those who died, an autopsy was performed more
than 5 days after the bronchoscopic procedure or it was
denied.

In 17 patients (15%), therapeutic changes were made
based on the results of PSB cultures.  In one case, appro-
priate antibiotics were introduced; in nine cases the thera-
peutic regimen was reduced to select a narrower and more
rational therapy; and in seven patients therapy was changed
because the prescribed antimicrobial agents were ineffec-
tive against the organisms recovered.  In this latter group
the microorganisms involved were Acinetobacter cal-
coaceticus (4), Staphylococcus aureus (2), Pseudomonas
aeruginosa (1) and Serratia marcescens (1).  With respect
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Table 1  –  Micro-organisms (n=55) isolated in 45 patients
with pneumonia

Pneumonia Micro-organism n

Community-acquired pneumonia (n=1) S. pneumoniae 1
Early nosocomial pneumoniae (n=16) H. influenzae 5

S. pneumoniae 4
S. aureus 2
E. coli 2
P. aeruginosa 1
M. morgagni 1
P. mirabilis 1

Early nosocomial pneumonia and H. influenzae 6
impaired consciousness (n=10) S. aureus 3

S. pneumoniae 2
S. viridans 2
E. cloacae 1
E. coli 1

Late nosocomial pneumonia (n=15)* P. aeruginosa 6
A. calcoaceticus 4
S. aureus 2
H. influenzae 2
K. influenzae 2
S. marcescens 2
S. pneumoniae 1
P. cepacea 1
P. mirabilis 1
E. cloacae 1
E. coli 1

*: three pneumonias were not diagnosed on microbiological
basis. H. influenzae: Haemophilus influenzae; P. aeruginosa:
Pseudomonas aeruginosa; A. calcoaceticus: Acinetobacter cal-
coaceticus; S. pneumoniae: Streptococcus pneumoniae; S. aureus:
Staphylococcus aureus; S. marcescens: Serratia marcescens;
E. coli: Escherichia coli; S. viridans: Streptococcus viridans;
K. pneumoniae: Klebsiella pneumoniae; E. cloacae: Enterobacter
cloacae; M. morgagni: Morganella morgagni; P. mirabilis:
Proteus mirabilis; P. cepacea: Pseudomonas cepacea.

Table 2. – Causes of inadequate initial empirical strategy

Therapeutic plan inadequate
n=37  (34%)

No pneumonia Pneumonia

Treated with ATB ATB not ATB not
n=28 effective started

n=8 empirically
n=1

PSB† BC†

n=7 n=1

ATB: antibiotics; PSB protected specimen brush; BC: blood
cultures.  †: specimen on which change was based.



to changing therapeutic plans, we have not found any
significant association when age or days of mechanical
ventilation among patients with pneumonia were con-
sidered.

No complications related to PSB use were encountered
during this study.

Discussion

The aim of this study was to evaluate the usefulness
of PSB, in terms of modifying a standard antibiotic reg-
imen.  The study showed that in 17 out of the 110 patients
(25%), therapeutic changes were made based on the
results of PSB cultures.  These comprised 38% of the
45 patients with a final diagnosis of pneumonia.  On the
other hand, according to our results, the PSB technique
had no impact on the antimicrobial therapy of patients
without pneumonia.

There have been few studies in which the clinical use-
fulness of quantitative cultures of PSB specimens has
been prospectively assessed.  In a study by FAGON and
co-workers [17], empirical therapeutic plans were found
to be inappropriate in 58% of patients, either because
antibiotics were not used or because organisms respon-
sible for pneumonia were not sensitive to the selected
regimen.  More recently, the same group [18] found that
only 33% of therapeutic plans proposed for patients with
suspected nosocomial pneumonia represented effective
therapy.

We have conducted a prospective study in which patients
with clinical pneumonia have been allocated to receive
conventional empirical antibiotic regimens to determine
the role of PSB data in managing these patients. We
have observed that pneumonia was accurately diagnosed
in only 45 of 110 cases, reflecting the difficulty in dis-
tinguishing pneumonia on clinical grounds alone.  Since
PSB culture results are not available for 24–48 h, it was
not helpful in making the initial decisions of whether
therapy was required and which antibiotics were appro-
priate.  Thus, 44 of 45 patients who had pneumonia, and
28 of 47 patients who did not have pneumonia were ini-
tially treated according to previously established and
widely accepted therapeutic strategy [19–22].  These thera-
peutic regimens were also supported by our previous
knowledge of the most frequent organisms isolated in
our unit [10].

According to our empirical therapeutic plans and allow-
ing for the microbiological results obtained, cefotaxime
alone would have adequately covered  most of the micro-
organisms causing early-onset pneumonias (all but one
case of P. aeruginosa pneumonia).  Moreover, two "unex-
pected" cases of S. aureus pneumonia in this group would
also have been properly treated with cefotaxime.  Our
data show that the introduction of vancomycin in the
aspiration induced early-onset pneumonia is not indis-
pensable, because all the S. aureus pneumonias in this
group (30%) were methicillin-sensitive.  However, the
prevalence of methicillin-resistant S. aureus in our hos-
pital has risen from 3% in 1992 to 12% in 1994.  Moreover,
therapeutic changes based on an ineffective antibiotic

regimen against the organisms recovered by PSB inclu-
ded two cases of methicillin-resistant S. aureus, belong-
ing to the late-onset pneumonia group.

Some limitations of this study must be considered before
the results can be generalized to clinical practice. Conside-
ring the PSB technique, patient therapy may be affected
in two ways: 1) clinicians may prescribe more appropri-
ate antibiotics for patients who need them (patients who
have pneumonia); or, 2) clinicians may withhold antibiotics
in patients who do not have pneumonia.  Even if the out-
come of an individual patient without pneumonia may
not dramatically improve by withholding antibiotics in
that patient, empirical broad-spectrum antibiotic therapy
is not without risk.  It induces drug toxicity and adverse
drug reactions [23], the development of resistant flora
and superinfection [24].  Furthermore the total cost invol-
ved in managing these patients is increased [5].  In addi-
tion, to falsely attribute fever, leucocytosis and pulmonary
infiltrates to pneumonia may also lead to potentially fatal
misdiagnosis in these critically ill patients.  Therefore, to
be able to demonstrate this potential advantage (i.e. to
withhold antibiotic therapy in patients without pneumo-
nia) of the PSB technique over a strategy based only on
clinical evaluation would have been important.  Obviously,
this would have been possible only if the attending phy-
sicians had discontinued antimicrobial agents when the
test results were negative. However, as we have found
in other works [9–11], the use of the PSB gave a signifi-
cant percentage of false-negative results (12 out of 45).
Considering this diagnostic sensitivity, there would re-
main a risk that basing antibiotic therapy on nonsignifi-
cant PSB results might lead to a substantial proportion of
patients with pneumonia not receiving appropriate ther-
apy.  Therefore, in our study, a negative PSB result usu-
ally led to maintaining empirical antibiotics and, therefore,
unnecessary antibiotic therapy was not always avoided
by PSB cultures.  Moreover, purulent tracheobronchitis is
one of the most frequent nosocomial infections in intu-
bated patients and it would probably require antibiotics,
even though PSB cultures were negative.

Another limitation of the study design is that of the
45 patients considered to have pneumonia, only 18 deve-
loped late nosocomial pneumonia.  All other patients
developed early-onset infection and one patient was inclu-
ded in the study because of community-acquired pneu-
monia.  This fact could explain why empirical treatment
was frequently effective in these patients.  It is much
harder to determine empirically an effective treatment in
patients with late-onset pneumonia.  However, we have
not found any significant association between changing
therapeutic plans and days of mechanical ventilation
among patients with pneumonia. The PSB technique
might be higher in a different study population.

Some issues still remain to be resolved.  Whether the
benefits of using PSB compensate for its potential neg-
ative consequences of either not treating some patients
with pneumonia, or not avoiding unnecessary antibiotics
in noninfected patients and its costs, is difficult to assess.
Furthermore, a randomized study would be required to
clarify whether specific antimicrobial treatment produces
a better patient outcome than does empirical therapy.
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