
Editorials

An Evidence-Based Approach to the Diagnosis
of Ventilator-Associated Pneumonia

Ventilator-associated pneumonia (VAP) is defined as a
pneumonia that develops after 48 hours of mechanical
ventilation. VAP is the most common nosocomial infec-
tion in the intensive care unit (ICU) and an important
cause of morbidity in the ICU. While the incidence varies
according to the diagnostic criteria used and the patient
population, it complicates the hospital course of approxi-
mately 20% of patients receiving mechanical ventilation,
or about 5 episodes per 1,000 ventilator days.1 VAP in-
creases the number of days requiring mechanical ventila-
tion as well as ICU and hospital length of stay; however,
it is unclear if VAP independently increases mortality.1
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Aspiration of colonized oropharyngeal secretions is be-
lieved to be the major pathogenic mechanism causing VAP.2

In mechanically ventilated patients, colonization of the
oropharynx with potentially pathogenic organisms occurs
within 36 hours of intubation, with colonization of the
endotracheal biofilm within 96 hours.3 Using molecular
bio-typing Bahrani-Mougeot and colleagues demonstrated
that 88% of patients with VAP had the same bacteria
isolated from the lungs (via bronchoalveolar lavage [BAL])
as from their oral cavity.4 The common pathogens causing
VAP include Pseudomonas aeruginosa and methicillin
resistant Staphylococcus aureus (MRSA), followed by
Klebsiella pneumoniae, Acinetobacter species, Stenotro-
phomonas maltophilia, Streptococcus pneumoniae, and
Haemophilus influenzae.2 Less common pathogens include
Escherichia coli as well as Enterobacter, Citrobacter, Ser-
ratia, and Legionella species. Polymicrobial infection is
common. Importantly, the incidence of VAP caused by
multiple-drug-resistant (MDR) organisms is increasing.5

VAP caused by an MDR organism(s) is associated with
increased mortality.2,6,7 Risk factors for infection by MDR
organisms include intubation for longer than 7 days, pre-
vious broad-spectrum antibiotics, hemodialysis, hospital-
ization for 2 days or more (in the last 90 d) prior to
admission to the ICU, nursing home residence, immu-
nosuppression, and chronic wound care.5,8,9

The clinical criteria that have “traditionally” been used
to diagnose VAP include a new or progressive pulmonary
infiltrate, together with fever, leukocytosis, and purulent

tracheobronchial secretions. These criteria are, however,
non-specific and of little clinical utility in the diagnosis of
VAP.10,11 An autopsy investigation demonstrated that only
52% of patients with pneumonia at autopsy had a localized
infiltrate on their chest radiograph, and that 40% did not
have a leukocytosis close to their death.12 The Clinical
Pulmonary Infection Score (CPIS) was developed as a
“noninvasive” method to diagnose VAP, and uses a com-
bination of clinical features, together with the culture of a
tracheal aspirate to diagnose pneumonia.13 The CPIS as-
signs 0–12 points based on 6 clinical criteria: fever, leu-
kocyte count, oxygenation, quantity and purulence of se-
cretions, type of radiographic abnormality, and results of
sputum (tracheal aspirate) Gram stain and culture. Both
the original CPIS and the modified CPIS have, however,
proven unreliable for the diagnosis of VAP, with a low
sensitivity and specificity, with considerable inter-observer
variability in the calculation of the score.11,14-16 It should
be emphasized that the upper respiratory tracts of intu-
bated patients are rapidly colonized with potentially patho-
genic organisms and that Gram stain and culture of tra-
cheal aspirates are unable to distinguish between upper-
airway colonization and lower-respiratory-tract infection
(pneumonia).

As the clinical criteria of VAP lack specificity, a num-
ber of diagnostic techniques have been reported that at-
tempt to distinguish between patients with lung infection
from those colonized with potentially pathogenic organ-
isms or those with a tracheobronchitis. Lower-respiratory-
tract sampling is based on the premise that the lower re-
spiratory tract is normally sterile, that there is a good
correlation between the concentration of bacteria in the
lung and the severity of the pulmonary inflammatory pro-
cess, and that BAL quantitative culture closely correlates
with the concentration of bacteria in the lung.17 Chastre
and colleagues documented the similarity between BAL
quantitative cultures obtained from patients who were dy-
ing with VAP and quantitative cultures obtained soon after
their death.18 Fagon and colleagues compared a diagnostic
approach based on lower-respiratory-tract sampling and
quantitative culture with that of the “standard approach”
using clinical criteria and tracheal aspirates.19 Compared
with the noninvasive strategy, the invasive strategy was
associated with fewer deaths at 14 days, earlier resolution
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of organ dysfunction, and less antibiotic use in patients
suspected of having VAP. A meta-analysis of randomized
controlled trials of invasive diagnostic strategies demon-
strated that this technique led to a change in antibiotics in
over 50% of patients.20

Several factors limit the routine use of bronchoscopic-
directed BAL in the clinical setting; bronchoscopy is ex-
pensive, time-consuming, and not readily available in many
ICUs. A number of investigators have demonstrated a high
concordance between the results of quantitative culture of
BAL fluid performed via bronchoscopy with that performed
“blindly” (m-BAL).13,21 The advantages of m-BAL are that
bronchoscopy is not required and that sampling can readily
and safely be performed by trained respiratory thera-
pists.22,23 This is a very practical and cost-effective alter-
native to invasive diagnostic testing. In this issue of
RESPIRATORY CARE, Fujitani and colleagues compared the
results of m-BAL and quantitative culture with those of
qualitative culture of tracheal aspirates in 256 patients with
suspected VAP.24 Concordance between the 2 techniques
was only 58%. Most importantly, the diagnosis of VAP
based on endotracheal aspirate was associated with a high
rate of both false positive and false negative results, many
of these misclassifications involving MRSA and P aerugi-
nosa. These results have important clinical ramifications;
if endotracheal aspirates are used to diagnose VAP, many
patients with VAP caused by MRSA and P. aeruginosa
would receive inadequate or no antibiotic treatment, while
many patients without VAP would unnecessarily receive
broad-spectrum antibiotics.

The Canadian Critical Care Trials Group randomized
patients with suspected VAP to undergo either BAL and
quantitative culture, or endotracheal aspiration with non-
quantitative culture of the aspirate.25,26 Patients were fur-
ther randomized to therapy with meropenem or meropenem
and ciprofloxacin. There was no difference in any of the
outcome measures between the invasive and noninvasive
groups, nor between antibiotic treatment with combination
or monotherapy. This study is often cited to support the
use of a noninvasive approach to diagnose VAP, as well as
to support monotherapy in the treatment of suspected
VAP.27 It should, however, be noted that patients sus-
pected of being infected with MRSA, P. aeruginosa, or
other MDR organisms were excluded from this study. This
is a critical issue in interpreting the results of this study, as
S. aureus and P. aeruginosa are the 2 most common patho-
gens causing VAP, and infection with an MDR organism
is an independent predictor of mortality. Furthermore, all
patients received a broad-spectrum carbapenem (mero-
penem), making it unlikely to detect any difference in
outcome between any of the groups of patients infected
with highly susceptible pathogens.

Multiple studies have demonstrated that the most im-
portant factor determining the outcome of VAP is the early

initiation of appropriate antibiotic therapy.8,28-30 Due to the
spectrum of potential pathogens and the increasing prev-
alence of MDR organisms, a broad-spectrum, multi-drug,
empirical antibiotic protocol is required in most patients
with suspected VAP (except those at low risk of infection
with an MDR organism). BAL and quantitative culture
allows for the de-escalation of antibiotics once a patho-
gen(s) is identified. Furthermore, negative lower-respira-
tory-tract cultures can be used to stop antibiotic therapy in
a patient who had cultures obtained in the absence of an
antibiotic change in the past 72 hours.9 The results of the
study by Fujitani and colleagues demonstrate that such an
approach is not feasible using qualitative culture of endo-
tracheal aspirates.

It should be acknowledged that m-BAL and quantitative
culture have a number of limitations, most notably a false-
negative rate of between 3–10% and a delay of up to
48 hours before the results are available.31-33 With the
expanding use of biomarkers and rapid assays for bacterial
products it is likely that in the future these techniques will
be combined with the results of m-BAL to more accurately
diagnose VAP and identify the implicated pathogens.34
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