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Summary

There has long been a controversy about whether to use a clinical or microbiologic approach to
diagnose ventilator-associated pneumonia (VAP) and about which approach to use in managing
patients. Although the clinical approach has often been criticized, a number of recent studies have
shown that it is possible to use such an approach to effectively manage patients. This approach
involves using all available clinical data to define the presence of pneumonia and then to initiate
empiric therapy in a timely fashion, based on therapy guidelines, modified by local microbiologic
data. Often the clinical diagnosis is made using the clinical pulmonary infection score, and this tool
can be very accurate, especially if it incorporates a Gram stain of a lower-respiratory-tract sample.
Once the clinical diagnosis of VAP is made, all patients should have a tracheal aspirate collected for
culture, followed by prompt initiation of therapy. Using a clinical approach to management, the key
decision point is not whether to start antibiotics, but whether to continue them at day 2–3. This
requires serial clinical evaluation to define whether a response to empiric therapy has occurred.
Based on this assessment, in conjunction with the results of tracheal aspirate cultures, therapy can
be either modified or continued. A number of studies have shown that the clinical approach leads
to a large number of patients receiving adequate empiric therapy, while still permitting de-escala-
tion of antibiotic regimens, along with short durations of therapy. Thus a clinical approach to
management can be successful in allowing for effective management of VAP, without promoting the
unnecessary use of broad-spectrum antimicrobial therapy. Key words: ventilator-associated pneu-
monia, diagnosis, clinical pulmonary infection score, antibiotic, antibiotic resistance, de-escalation.
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Introduction

The diagnosis of ventilator-associated pneumonia (VAP)
has long been a subject of controversy, with no agreement
about whether the decision to start antibiotic therapy, in
the setting of suspected infection, should be guided by
clinical criteria (the “clinical approach”) or by microbio-
logic data from quantitative (often invasive) samples of
lower-airway secretions (the “bacteriologic approach”).1,2

This controversy exists because the clinical definition of
pneumonia, although sensitive, is not very specific, and
many patients with the clinical findings of VAP may have
noninfectious etiologies for their findings of a new lung
infiltrate accompanied by fever, purulent sputum, and leu-
kocytosis. In fact, some studies have reported that as many
as two thirds of all patients with the clinical diagnosis of
VAP may not meet microbiologic criteria for infection.3

The recently published guidelines of the American Tho-
racic Society and the Infectious Disease Society of Amer-
ica have discussed this controversy, and have tried to com-
bine features of both approaches to help guide VAP
management.4 This article focuses on the advantages of
management guided by a clinical approach, pointing out
potential problems of using the bacteriologic approach.

Even though the use of a clinical definition of pneumo-
nia may be overly inclusive, a large body of data has
demonstrated that mortality (including death directly at-
tributable to the presence of pneumonia) in VAP is re-
duced when patients receive prompt and adequate empiric
therapy.5,6 Thus, when faced with a patient who on clinical
grounds may have pneumonia, the clinician must often
initiate broad-spectrum empiric therapy, accounting for all
pathogens that are likely to be causing infection (based on
a knowledge of local patterns of predominant pathogens
and their antibiotic susceptibilities), in an effort to “pro-
tect” the at-risk patient. Unfortunately, this approach has a
number of adverse consequences. First, some patients will
be treated with antibiotics when they are not needed, and
antibiotic use has been identified as a risk factor for sub-
sequent nosocomial pneumonia, particularly with resistant
pathogens.7 Second, many patients with VAP can have
other infections at the same time (sinusitis, central line
infection), and if all episodes of fever and lung infiltrate
are attributed to VAP, these infections may be over-
looked.8,9

For all of these reasons, some investigators have pro-
posed that whenever VAP is suspected, the patient should
have a sampling of lower-respiratory-tract secretions (by
bronchoscopic protected brush, bronchoalveolar lavage
[BAL], blind brush or lavage, or endotracheal aspirate)
which is then cultured quantitatively and the results used
for several purposes.10,11 The results can be used to decide
whether to start therapy and, at a later time point, whether
to continue it. In addition, the information can be used to

guide specific antibiotic choices, which are initially em-
piric and later organism-directed. Although the logic for
such an approach is appealing, the use of quantitative cul-
tures also has limitations, and it is uncertain whether de-
cisions based on these data can lead to improved pneumo-
nia management, or if this approach will simply mean that
some patients with VAP will have either a delay in the
initiation of therapy or even a lack of therapy in the setting
of a progressive and potentially lethal infection. The po-
tential impact of relying on quantitative cultures will de-
pend on whether this approach is used to determine not
only which antibiotics to use, but whether to withhold
therapy in selected patents, even in the face of a potentially
serious infection.

If quantitative methods are to be used in clinical prac-
tice, they must lead to better outcomes than can be achieved
by other approaches. These improved end points may be
reduced mortality or less use of unnecessary antibiotics.
Recent data have shown that although the use of quanti-
tative cultures can reduce the use of antibiotics in the
intensive care unit (ICU), a similar benefit can occur if
clinical methods are used to guide therapy.9,12–14 There is
less convincing evidence that quantitative culture data can
help reduce pneumonia mortality. However, for such a
claim to be credible, it must be accompanied by a mech-
anism explaining how such a result is possible. Based on
many studies, the only unequivocal way to reduce VAP
mortality is to improve the accuracy of initial empiric
therapy, and it is unlikely that quantitative culture methods
could accomplish this end.

There are many common goals that all clinicians ac-
cept, and they can be achieved using either a clinical or
a bacteriologic approach to management. These goals
include: avoiding untreated patients, delayed therapy, or
inadequate therapy (wrong dose, wrong agent), all in an
effort to reduce the mortality of VAP; and avoiding the
overusage of antibiotics in an effort to control the prob-
lem of antimicrobial resistance. In order to prevent the
overuse of antibiotics, 3 approaches are available: (1)
restricting the use of broad-spectrum agents, (2) limit-
ing the use of antibiotics until the diagnosis of pneu-
monia is certain, or (3) de-escalating therapy, from broad
to narrow, once clinical and culture data are available.
In addition, as the patient’s clinical response to therapy
is observed, it may be possible to avoid overuse of
antibiotics by reducing the duration of therapy to the
shortest effective period.15,16 There may be no single
best way to diagnose and manage VAP, and each hos-
pital is likely to have different capabilities for applying
the various diagnostic techniques. The key issue is to be
sure that, whatever management strategy is used, the
clinician is able to achieve the goals stated above.
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Defining the “Clinical Approach” to
Empiric Therapy of VAP, and Its Accuracy

Methods for Clinical Diagnosis, Including
the Clinical Pulmonary Infection Score

The clinical diagnosis of VAP is made when the patient
has a new or progressive lung infiltrate plus at least 2 of
the following 3 criteria: fever, purulent sputum, or leuko-
cytosis. Although this definition is sensitive, it is not spe-
cific, and some investigators have reported that as few as
one third of all patients who meet these criteria have mi-
crobiologic confirmation of pneumonia using quantitative
cultures.2,3 However, most clinicians use multiple criteria
to diagnose pneumonia, often emphasizing certain find-
ings over others. In fact, such a “weighted” approach to
clinical diagnosis has been developed, in the form of a
clinical pulmonary infection score (CPIS), and this diag-
nostic tool was quite accurate when it was first described.17

The original description of the scoring system assigned
points to patients, based on 6 clinical assessments, each
worth 0–2 points, including: fever, leukocyte count, quan-
tity and purulence of tracheal secretions, oxygenation, type
of radiographic abnormality, and results of sputum culture
and Gram stain. When applied prospectively, the last cri-
teria cannot always be used, and if omitted, the score
varies from 0–10, instead of 0–12, but recently several
modifications of the CPIS have been proposed and ap-
plied, as discussed below.12,18–22

Using all 6 criteria, Pugin et al compared the CPIS to
the quantitative diagnosis of pneumonia using broncho-
scopic BAL (and calculating a bacterial index).17 The bac-
terial index is the numeric sum of the logarithmic concen-
trations of each of the organisms present in the BAL sample.
The correlation between the CPIS and the bronchoscopic
BAL bacterial index was 0.8, showing that clinical diag-
nosis can be as accurate as a microbiologic approach. In
addition, if a CPIS � 6 was used as a clinical definition of
pneumonia, then 93% of the BAL samples from such pa-
tients were diagnostic of pneumonia by microbiologic cri-
teria. In addition, if the CPIS was � 6, no patient satisfied
the microbiologic definition of pneumonia. Thus, using a
CPIS � 6 as the clinical definition of pneumonia had a
sensitivity of 93% and a specificity and positive predictive
value of 100%. In another study, using post-mortem lung
biopsy to define the presence of pneumonia, the CPIS had
a sensitivity of 77% and a specificity of 42%.23 A study of
38 patients revealed a higher diagnostic accuracy, with a
sensitivity of 77% and a specificity of 85%.24 Although
many physicians do not routinely calculate the CPIS, the
aggregate score is very similar to a clinician using all
available data to decide how strongly the diagnosis of
pneumonia is suspected, and the findings from studies of

the CPIS suggest that the clinical diagnosis of VAP may
not be so inaccurate.

Continued interest in the CPIS as a diagnostic tool has
led to several recent studies that suggest some utility for
the tool, but the studies are all somewhat different from
each other and from earlier studies because of method-
ologic variations.18–22 Most of the studies have used a
“modified” clinical scoring system, finding that they could
not routinely apply Pugin’s method because of the un-
availability of tracheal-aspirate cultures at the time of ini-
tial clinical evaluation, or because the ICU nurses did not
record sputum volume or the laboratory did not measure
band forms of white blood cells. In addition, some of the
recent studies actually calculated the CPIS retrospectively,
and it remains uncertain if this leads to the same results as
when collected prospectively. In a 2004 study, one group
looked at the reproducibility of the score itself by having
2 observers calculate the score, although some of these
calculations were done retrospectively.21 The investigators
found that interobserver variability was large and that it
was often the result of ambiguities in the scoring system or
missing data that were required to calculate the score.
When all the data were available, the kappa score for level
of agreement was only 0.16. In spite of these data, it is
difficult to understand such variability, since most of the
data points are objective, and the one subjective variable,
quantity of secretions, was omitted from this analysis.

Studies comparing the accuracy of CPIS to a bacterio-
logic diagnosis of VAP using quantitative cultures have
shown a wide range of sensitivity and specificity, but it
does appear that the accuracy of the CPIS can be improved
if a reliable lower-respiratory-tract sample is obtained and
studied carefully with a Gram stain.18 In a study of 99
patients, of whom 69 had VAP using quantitative BAL
criteria, the investigators used a modified CPIS that did
not include any microbiologic study of lower-respiratory-
tract secretions, and this led to a sensitivity of 83% but a
specificity of only 17%.21 Flanagan et al compared the
CPIS to nonbronchoscopic lung lavage data in a popula-
tion of 145 patients.20 The CPIS for all 34 patients with
VAP was significantly higher than the score of the non-
pneumonia patients (7.6 vs 4.1, p � 0.0001), and using a
score of 7 to diagnose pneumonia, the sensitivity was 85%,
the specificity 91%, the positive predictive value 61%, and
the negative predictive value 96%. It is interesting that the
CPIS performed so well, since these authors used a mod-
ified score that did not include culture data or Gram stain
of lower-respiratory-tract secretions. In another study, us-
ing microbiologic confirmation of pneumonia as the ac-
cepted standard, the prospective finding of a CPIS score � 6,
using the Pugin scoring system, was associated with an
odds ratio of pneumonia of 3.0, and this score, and no
other clinical finding, predicted the presence of pneumo-
nia.25 A score � 6 was present in 61% with VAP and 34%
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without this diagnosis. In contrast, Fartoukh et al found
that the CPIS correlated poorly with a BAL diagnosis of
VAP, unless a Gram stain of respiratory secretions was
included in the score.18 In this study, 40 of 79 patients had
BAL-confirmed pneumonia, and the CPIS for those with
confirmed VAP was 6.5 versus 5.9 in those without (p �
0.07), but this involved a scoring system without a Gram
stain of respiratory secretions. When a Gram stain of a
BAL sample was added to the CPIS scoring system (sim-
ilar to Pugin’s original description), then the score for
confirmed VAP was 8.2, compared to 6.4 in those without
VAP (p � 0.001). It remains to be determined if a similar
degree of accuracy could be obtained with a Gram stain of
a tracheal aspirate, thus allowing an accurate diagnosis
without either quantitative cultures or invasive sampling.

A group of French investigators calculated the CPIS
retrospectively in 201 patients who had a bronchoscopic
evaluation at the time of pneumonia suspicion, and mea-
sured the score on days 1 and 3.22 The score on day 1 did
not include any respiratory-tract culture data, while this
information, as well as data about radiographic progres-
sion, was incorporated into the score at day 3. The authors
found that the initial CPIS score, calculated without bac-
teriologic information, was similar in both groups (6.4 vs
6.2), but the values were significantly different on day 3
(8.7 vs 7.0, p � 0.0001). In fact the data on day 3 were
associated with a sensitivity of 89% and a negative pre-
dictive value of 84%. Thus, using a clinical approach,
patients could be started on empiric therapy when there
was any clinical suspicion of VAP, but therapy continued
beyond day 3 only if the CPIS remains elevated. The
French investigators acknowledged that using the CPIS in
this fashion might allow for a clinical strategy that per-
mitted the use of less antibiotics than with a traditional
clinical strategy, but they argued that a bacteriologic ap-
proach was even better and led to a more selective appli-
cation of antimicrobial therapy.

In addition to its value in diagnosing VAP, the CPIS has
other uses. In one study, investigators found that the du-
ration of therapy was directly correlated (r � 0.419,
p � 0.001) with the CPIS score at the time of pneumonia
diagnosis.14 In this study, the CPIS was calculated pro-
spectively, and the mean score for patients with VAP was
7.2, using microbiologic data in the calculation. Another
study used the CPIS to define if a patient was responding
to therapy. In this study, Luna et al found that the CPIS,
when calculated prospectively and followed serially
throughout the course of VAP management, fell in patients
who survived, but not in those who did not.19 The most
accurate indicator of adequate therapy was a rapid im-
provement in the ratio of PaO2

to fraction of inspired ox-
ygen (PaO2

/FIO2
ratio), and this improvement was evident

in responding patients by day 3. Thus, initial values of the
CPIS may help guide the duration of therapy, while serial

measurements of the CPIS could be used to guide the
modification of antibiotics during the course of therapy
(discussed below). In applying a clinical approach to man-
agement, available data suggest that an assessment of pa-
tient response should be done at day 3 of therapy. For
patients who do not have a fall in score at this time point,
careful reassessment is necessary, while for those with a
good response it may be possible to design an abbreviated
course of therapy.

Comparison of Clinical and Bacteriologic Diagnosis

While many investigators have argued that invasive
methods are more accurate than the clinical diagnosis of
VAP, not all studies support that contention. For example,
Marquette et al did prospective quantitative cultures in 28
patients who subsequently died and had the diagnosis of
VAP defined histologically at autopsy, and they reported
that no quantitative method had a sensitivity � 60%.26

Similarly, Kirtland et al performed autopsy studies on 39
patients and found that no quantitative diagnostic method
had a high positive predictive value for VAP, but that
tracheal aspirates were 87% sensitive for defining the or-
ganisms that were present in lung tissue.27 This finding has
generally been corroborated by other investigators, and
based on these studies it seems safe to conclude that tra-
cheal aspirates, studied qualitatively, will rarely fail to
grow an organism that can be found in lung tissue or with
bronchoscopy.28–30

There have, however, been a number of studies of quan-
titative cultures of tracheal aspirates to both diagnose the
presence of pneumonia and also to define the etiologic
pathogens. In several studies the sensitivity of tracheal
aspirates, using a cutoff of 105 CFU/mL, has been � 80%
for identifying an etiologic pathogen: results that were
often comparable to bronchoscopic findings in the same
patients being more sensitive than protected-specimen-
brush and similar to BAL.31–33 In one study of nonre-
sponding patients with VAP, the tracheal aspirate was pos-
itive in several patients when the bronchoscopy was not,
and the authors suggested that, based on the clinical find-
ings of the patients, the bronchoscopic findings were falsely
negative.32 Compared to protected-specimen-brush results,
tracheal aspirates had a sensitivity of 82% and a specificity
of 79% in a small study of 15 surgical patients, using
a threshold of 104 colony-forming units (CFU)/mL.33

Another study used the CPIS to define the presence of
VAP in 60 surgical patients, and quantitative cultures of
both tracheal aspirates (at 105 CFU/mL) and BAL (at
104 CFU/mL) were comparably sensitive for identifying
the etiologic agents.31 In the studies showing high sensi-
tivity of quantitative tracheal aspirates, the specificity was
as low as � 50% at a threshold of 105 CFU/mL, but rose,
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at the expense of sensitivity, if a threshold of 106 CFU/mL
was used.

Thus, if clinical diagnosis is used to decide when to start
therapy, and microbiologic data from tracheal aspirates are
used to define the organisms present in the lung and their
antibiotic susceptibilities, it is possible to treat pneumonia
at its earliest time point and to target therapy to the patho-
gens that are present. One limitation of this approach is
that not all organisms present on a tracheal-aspirate culture
are necessarily pathogens, as some may represent coloniz-
ing organisms, but conversely, it is unlikely that an organ-
ism causing pneumonia will not be present in a tracheal-
aspirate culture. Therefore, tracheal aspirates can be used,
in a clinical approach to management, to guide de-escala-
tion therapy, ruling out the presence of a highly resistant
pathogen if the cultures do not show such organisms.

Studies Showing the Efficacy of a Clinical Approach

Several studies have now shown that it is possible to use
a clinical management approach to limit the use of anti-
biotics and thereby control resistance but still treat patients
with suspected VAP in an aggressive fashion.12–14 In a
study by Singh et al, patients with suspected VAP were
clinically evaluated with the CPIS, which included mea-
surements of fever, leukocytosis, appearance of tracheal
secretions, radiographic patterns, and oxygenation to as-
sess the likelihood of pneumonia.12 If the score was � 6
(each of the 5 features was scored 0–2, for a maximum of
10 points), patients were diagnosed as having pneumonia
and treated for 10–21 days. However, for those with a
score of � 6, there was a randomization to “standard care”
or 3 days of ciprofloxacin at 400 mg every 8 hours. After
3 days, for the patients treated with ciprofloxacin, the CPIS
was measured again, adding the criteria of radiographic
progression and the results of respiratory cultures (now
giving a maximum score of 14, based on 7 clinical crite-
ria), and if the score remained � 6, antibiotics were stopped.
Using this approach, 42 patients with a score of � 6 re-
ceived standard therapy, and 39 were randomized to 3
days of ciprofloxacin therapy. Only 11 of the 39 patients
needed antibiotics for � 3 days (because the CPIS had
increased to � 6), and the rest of the group had therapy
stopped after 3 days. The entire short-course therapy group
had the same clinical course (CPIS at day 3) and the same
mortality as the 42 patients randomized to standard ther-
apy. However, antibiotic resistance was less frequent and
the withholding of therapy was more frequent in the short-
course therapy group. Thus, the authors demonstrated the
safety and feasibility of using a clinical assessment as a
method to limit the use of prolonged antibiotic therapy in
patients with suspected VAP.

Ibrahim et al compared the management of 50 patients
with VAP in a time period without an antibiotic protocol

to 52 patients with VAP who were managed by an ICU-
specific protocol.13 The protocol-directed therapy was
based on information about ICU-specific pathogens and
their susceptibilities and required initial intravenous com-
bination antimicrobial treatment with vancomycin, imi-
penem, and ciprofloxacin. The guideline also required that
antibiotic treatment be modified after 48 hours, based on
the results of cultures, and de-escalation was commonly
achieved. In fact, only 2% remained on all 3 drugs for a
complete course of therapy, 36.5% of patients had one
drug discontinued, and 61.5% had 2 antibiotics stopped
within 48 hours of treatment. This high rate of de-escala-
tion was achieved even though 25% of the pathogens were
Pseudomonas aeruginosa and 15.4% were methicillin-re-
sistant Staphylococcus aureus, and other multiple-drug-
resistant pathogens were also present. In addition to using
less antibiotics, an additional feature of the protocol was
an attempt to limit therapy to a 7-day course of appropriate
antibiotic(s) for patients with VAP. Administration of an-
timicrobials beyond day 7 was recommended only for pa-
tients with persistent signs and symptoms consistent with
active infection (eg, fever � 38.3°C, circulating leukocyte
count � 10,000/mL, lack of improvement on the chest
radiograph, continued purulent sputum). Use of the guide-
line was associated with a statistically significant increase
in the administration of appropriate antimicrobial treat-
ment (94% of the protocol patients got accurate therapy,
compared to � 50% in the absence of a protocol) and a
decrease in the development of secondary episodes of an-
tibiotic-resistant VAP. A significant reduction in the total
duration of antimicrobial treatment, to 8.1 � 5.1 days from
14.8 � 8.1 days, (p � 0.001) was also achieved.

In a more recent study, Micek et al developed a policy
to discontinue antibiotics when patients with suspected
VAP were found to have a noninfectious cause of lung
infiltrates or to have resolution of clinical signs of pneu-
monia.14 Essential to effectively implementing this policy
was a plan to diagnose pneumonia clinically and then use
broad-spectrum empiric therapy for all patients, which in-
cluded cefepime, ciprofloxacin or gentamicin, and vanco-
mycin or linezolid. This therapy led to 93.5% of patients
getting initially effective therapy. Using this approach, com-
pared to a group randomized not to receive this interven-
tion, 94.7% of the discontinuation group (n � 142) had a
recommendation to stop therapy, and this recommendation
was followed in 88.7% of all patients (n � 126) within 48
hours of the recommendation. The duration of therapy was
related to the magnitude of clinical findings initially present,
as reflected by the CPIS. Duration of therapy was reduced
to as low as 5.8 days in those with Gram-negative bacteria,
even though resistant organisms were commonly present.

A 2005 study has shown the utility of the CPIS, along
with tracheal aspirate surveillance cultures, to drive
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a successful clinical approach to management of VAP pa-
tients.34 In this study, 299 ventilated patients were fol-
lowed daily and had diagnostic bronchoscopy when they
had a clinical suspicion of pneumonia. Of the 75 who had
a diagnostic BAL, 41 had positive results. In those with a
BAL confirmation of the clinical suspicion of pneumonia,
the CPIS was 6.6, compared to 5.0 in those without con-
firmation (p � 0.001). Initial empiric therapy was chosen
for these patients, based on a strategy of using the results
of twice-weekly surveillance cultures of endotracheal as-
pirates, and this led to 95% of the VAP patients receiving
adequate therapy. In addition, this approach led to only
35% of those who were BAL-negative receiving initial
antibiotic therapy at a time when it was not needed. In
addition, when surveillance culture data were used to guide
empiric therapy choices, only 45% of the patients with
VAP received broad-spectrum �-lactam antibiotics, yet
even with this relatively low rate, there was still a high
frequency of adequate therapy. Thus a clinical approach
combined with tracheal-aspirate surveillance cultures led
to adequate therapy, without excessive use of antibiotics in
general, and without overuse of broad-spectrum agents in
particular.

Summary of the Clinical Approach

The clinical approach to VAP management is based on
the following management strategy (Fig. 1). Use all the
available clinical data (including CPIS) to decide if pneu-
monia is present, and make the decision whether to use
antibiotics based on this assessment. Prior to starting ther-
apy, collect a tracheal aspirate from an intubated patient,
and start antibiotics based on existing treatment algorithms,
supplemented by a knowledge of local microbiologic data.
Continue antibiotics, pending tracheal-aspirate cultures and
serial assessment of clinical response, but once this infor-
mation is available, make a decision about whether to
discontinue, modify, or simplify antibiotic choices. This
decision can usually be made by the third day. At this
time, if the patient’s clinical findings have completely re-
solved and the cultures are negative (in the absence of
changing antibiotics within 72 h of collecting the culture),
then it may be possible to conclude that pneumonia was
not present, and if the likely diagnosis is another process
(atelectasis, heart failure), then therapy can be stopped. If
cultures are positive and the patient is improving, then it
may be possible to narrow (to monotherapy) and to focus

Fig. 1. Summary of the clinical approach to managing suspected ventilator-associated pneumonia (VAP). The key features of this approach
are to start empiric therapy as soon as there is a clinical suspicion of pneumonia, but to make an effort to collect a tracheal aspirate sample
for culture from all patients and then start therapy based on existing guidelines, modified by a knowledge of local microbiology. A key
feature of this approach is to reevaluate the patient at day 2–3, using serial clinical assessments and the results of tracheal-aspirate cultures.
Based on this assessment, a decision should be made about whether to focus therapy, using de-escalation when possible. If the patient
is not responding at day 3, a careful evaluation for unusual pathogens, VAP complications, noninfectious diagnoses, and a search for other
sites of infection is essential. (Adapted from Reference 4.)
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(to a less broad-spectrum agent) therapy, unless a highly-
resistant pathogen is present. If at the same time point the
patient is not improving, then cultures should be used to
assure that all pathogens present are being treated. Regard-
less of whether cultures are positive or negative, if the
patient is not improving, then diagnostic studies should be
done to search for other sites of infection that could co-
exist with VAP (central line infection, intra-abdominal
abscess, sinusitis), noninfectious processes (acute lung in-
jury, inflammatory lung disease), unusual organisms (vi-
ruses, fungi), or complications of VAP or its therapy (em-
pyema, antibiotic-induced colitis, pulmonary embolism).

Problems With Quantitative Cultures and
Their Use for the Management of Suspected VAP

The reliance on quantitative cultures to guide manage-
ment decisions in VAP has a number of practical limita-
tions, including: (1) some patients will have false-positive
results, as a consequence of prolonged mechanical venti-
lation and subsequent airway colonization, thereby negat-
ing some of the putative value of quantitative cultures; (2)
some patients may have false-negative results, and de-
pending on the management strategy, this could result in a
delay in the initiation of therapy; (3) a number of technical
considerations affect the results of quantitative cultures,
and these may explain why the reported accuracy of in-
vasive methods (from one method to another and from one
investigator to another) vary so widely; (4) quantitative
methods rely on the idea that there is a bacteriologic “thresh-
old,” or a bacterial concentration below which infection is
absent (and not treated), and this concept may be biolog-
ically implausible, since infection is on a microbiologic
continuum; and (5) the accuracy of quantitative sampling
is greatly influenced by antibiotic therapy, and many pa-
tients with suspected VAP are already on antibiotics.1,35

If a bacteriologic management approach is used, then a
quantitative cutoff is chosen to decide whether pneumonia
is present. This approach could be problematic if antibi-
otics are withheld until quantitative data show a threshold
concentration of organisms. Several studies have suggested
that VAP is on a histologic and bacteriologic continuum,
and that low counts may not necessarily mean no pneu-
monia but, rather, early (and potentially treatable) pneu-
monia.36,37 In an animal model of VAP in piglets, Wermert
et al found that there was no exact bacteriologic threshold
to define the presence of histologic pneumonia.37 This
may be related to the finding in this study that the histo-
logic lesions of pneumonia were unevenly distributed through-
out the lung, and thus no sampling method could reliably
sample well enough to find all patients with pneumonia.

If a bacteriologic threshold is to be used to define the
need for antibiotic therapy, then certainly the result ob-
tained should be reliable and reproducible. However, for

both protected-specimen-brush and BAL, studies have
shown that when multiple repeat samples are taken from
the same patient, at the same time, the results may vary
between positive and negative.38,39 The lack of reproduc-
ibility may be an inherent methodologic limitation of bron-
choscopy, or as suggested by the histologic data, since
VAP is a patchy process, not all samples will be taken
from an area involved with pneumonia. Variability can
also occur from operator to operator and from center to
center. This explains why there is a wide reported range of
sensitivity and specificity of invasive methods in the lit-
erature. For example, protected-specimen-brush has a re-
ported sensitivity varying from 38% to 100%, and some
centers that have had poor results with protected-speci-
men-brush have had excellent results with BAL, and vice
versa.1,10,11,40 With this type of experience reported in the
literature, how can one decide which method to use and
which to rely upon? One possible answer is to use multiple
types of samples in any one patient, but the accuracy of
this effort, compared to clinical management, remains un-
certain.

Many patients with suspected VAP are on antibiotics,
which can cause false-negative results, but one recent study
has shown that this is less likely if the patient has been on
therapy, without change, for at least 72 hours before di-
agnostic sampling.35 In this setting, quantitative cultures
may be positive and may show a resistant organism, al-
though it seems likely that the same data could be obtained
from an endotracheal-aspirate culture. If, however, the pa-
tient has had an antibiotic change within 24 hours of un-
dergoing a quantitative sampling, then the sensitivity of
invasive methods may be as low as 40%, making these
methods unreliable.35 A meta-analysis of bacteriologic sam-
pling methods has concluded that very few studies have
been well-conducted. The suggestions from this analysis
were that future studies be conducted only on populations
with a high clinical suspicion of pneumonia, that a clear
and independent gold standard be selected for defining the
sensitivity and specificity of the test being evaluated, that
BAL involve at least a 140-mL sample, and that samples
be collected prior to change or initiation of antibiotic ther-
apy.41

Summary

There are multiple approaches to managing VAP, and a
clinical approach can be successful for assuring timely and
adequate antibiotic therapy, while at the same time avoid-
ing the overuse of antibiotics. In order to be successful, a
clinical approach should: (1) include use of all available
clinical data to define the suspicion of pneumonia and
guide the decision about when to treat, (2) collect lower-
respiratory-tract samples for culture before the initiation of
therapy, and (3) reevaluate the clinical response and cul-
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ture data at day 2–3 of therapy, with an aim to focus
therapy to the most narrow-spectrum regimen that is ef-
fective. When a clinical approach has been applied, it has
often involved the use of the CPIS to define both the
presence of pneumonia and the response to therapy. Sev-
eral large studies have shown that even without the use of
quantitative microbiology, effective management of VAP
can be achieved without promoting the unnecessary use of
broad-spectrum antimicrobial therapy.
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Discussion

The discussion pertaining to Dr Niederman’s presentation took place together with the discussion that followed Dr
Chastre’s presentation, which appears following that paper (Chastre J. The Invasive [Quantitative] Diagnosis of
Ventilator-Associated Pneumonia. Respir Care 2005;50[6]:797-807).

THE CLINICAL DIAGNOSIS OF VENTILATOR-ASSOCIATED PNEUMONIA

796 RESPIRATORY CARE • JUNE 2005 VOL 50 NO 6


