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Ventilator-associated pneumonia: approaching the

horizon
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V
entilator-associated pneumonia (VAP) continues to be a
disturbing problem in the care of intensive care unit
(ICU) patients. Although much progress has been

achieved in the past two decades, many issues remain
unresolved, and mortality still reaches 30–40% [1, 2]. In this
issue of the European Respiratory Journal, two contributions are
devoted to VAP. Although quite divergent in scope, they all
reflect the many difficulties researchers must face when
approaching this issue. After all, it seems that tremendous
efforts have to be made to even recognise how such difficulties
could be avoided in future, more sophisticated study designs.

The first contribution approaches the question of whether
prone positioning reduces the incidence of VAP and its
mortality [3]. The authors investigated the effect of prone
positioning on the incidence of VAP in a large cohort of 2,409
patients admitted over a 9-yr period to 12 French ICUs. They
found that prone positioning had no effect on the risk of VAP.
Also, they were unable to detect a decrease in mortality,
although in patients receiving prone positioning for more than
1 day, mortality may have in fact been reduced. However,
mortality was not reduced in patients with acute respiratory
distress syndrome (ARDS) at admission.

Positioning as a means to decrease the risk of VAP is
continuously attracting much interest. In the 1990s, semi-
recumbent positioning was shown to reduce VAP rates [4, 5].
This was explained by a reduction of aspiration of contami-
nated gastric juice [4, 6]. Since then, it has become the standard
of care in most instances; however, its application in clinical
practice continued to be difficult [7]. Prone positioning was
primarily introduced as a measure to improve oxygenation. It
may, however, also have use as a preventive tool based on
better secretion drainage if used early after initiation of
mechanical ventilation. Conflicting results were reported as
regards the development of VAP [8, 9]. In theory, prone
positioning may even favour the development of VAP by
increasing the dissemination of pathogens colonising the
tracheobronchial tree. However, in a recent meta-analysis
comprising four randomised controlled trials studying the

prone position with a total of 1,018 patients, the comparison of
prone versus supine position group showed a moderate trend
toward better outcomes regarding the incidence of clinically
diagnosed VAP among patients in the prone position (OR 0.80,
95% CI 0.60–1.08) [10].

Several limitations of the study by MOUNIER et al. [3] must be
taken into account. Use of prone positioning was not standar-
dised and may thereby have included selection bias. The
median duration of use was 1 day, and no patient received it
for longer than 3 days. However, there was also no reduction in
risk of VAP in patients receiving prone positioning for at least
2 days. Nevertheless, perhaps the most important message of
the study is that it does not favour VAP. Instead, the standard of
care was semi-recumbent positioning, thought to be protective
against the development of VAP, and prone positioning turned
out not to be inferior to semi-recumbent positioning.

However, recent data published by BASSI et al. [11] seriously
challenge semi-recumbent positioning. In an animal study, they
could show that, following tracheal intubation, gravitational
force influences tracheal mucus clearance. When the trachea is
oriented above horizontal, a flow of mucus from the proximal
trachea toward the lungs is highly associated with bacterial
colonisation of the airways and pneumonia. According to these
data, optimal positioning could be below horizontal [11].
Whether this will be practical, and if so to what extent, remains
to be investigated. In any case, what the authors did was to
study prone positioning below horizontal. Thus, further
investigation will have to focus on the feasibility of such
positioning, possible modifications (e.g. lateral positioning) and
its effects on oxygenation and development of VAP.

The second contribution deals with biomarkers in VAP. Are
biomarkers useful tools for the prediction of survival and
septic shock in patients with VAP? HILLAS et al. [12] performed
an observational study of 45 patients with microbiologically
confirmed VAP. They measured C-reactive protein (CRP) and
procalcitonin (PCT) at days 1, 4 and 7 and evaluated the
predictive potential of defined thresholds, as well as kinetics.
They found that neither CRP and PCT thresholds nor their
kinetics are good predictors of both outcomes, either due to
their lack of strength or to the lack of early responsiveness
which could influence antimicrobial treatment decisions. There
was, however, some potential for PCT on day 1 to predict the
development of septic shock.

The results are in contrast to three recent reports. First, PÓVOA

et al. [13] described that CRP thresholds in serial determinations
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are a useful tool to identify poor outcome from day 4 onwards.
Secondly, LUYT et al. [14] identified a strong predictive potential
for PCT level on days 1, 3 and 7 for the composite endpoint
survival, recurrence and extrapulmonary infection. Finally,
SELIGMAN et al. [15] found CRP and PCT kinetics (decreasing
values during follow-up) predictive of survival.

These conflicting results highlight the difficulties in evaluating
the prognostic potential of biomarkers in patients with VAP. In
the study by HILLAS et al. [12], the number of patients is limited.
The microbial spectrum is highly unusual, with excess inci-
dences of (multi)resistant Acinetobacter spp. and Pseudomonas
aeruginosa. Accordingly, mortality rates were high (35.6%). Since
biomarkers reflect present and ongoing systemic inflammation,
any evaluation of their prognostic potential is highly dependent
on the adequacy of, and response to, antimicrobial treatment.
Unfortunately, no such information is provided in the report.
Conversely, medical and surgical patients are mixed, and ARDS
from different causes is included. The real challenge in
evaluating biomarkers is to build up a homogeneous study
population as far as possible, to carefully define the rate of
appropriate initial antimicrobial treatment, to provide the rate of
treatment failures, and to assess possible additional confoun-
ders of systemic inflammation, such as relapses and super-
infections [16]. A good reason to believe that there is a
considerable prognostic potential for biomarkers in patients
with VAP is provided by studies of patients with lower
respiratory tract infections and community-acquired pneumo-
nia (CAP), a much more homogeneous population as regard to
host response, expected pathogen patterns and treatment failure
rates [17–19]. Therefore, the aforementioned efforts may be
rewarding in the future.

Are biomarkers helpful in reducing antibiotic exposure of
patients with VAP? This question was addressed in the
December issue of the European Respiratory Journal by STOLZ

et al. [20], who reported a multicentre randomised controlled trial
assigning patients to either a PCT-guided group of antimicrobial
treatment discontinuation or to a control group following an
antimicrobial discontinuation strategy according to American
Thoracic Society/Infectious Diseases Society of America guide-
lines. The final decision about treatment selection and duration
was made by the attending physician. The authors found that the
number of antibiotic free days alive 28 days after VAP onset was
significantly shorter in the PCT-guided group (9.5 days versus 13
days), translating into a reduction in the overall duration of
antibiotic therapy of 27% in the PCT-guided group.

Reduction of antimicrobial exposure may be achieved at
several steps of clinical evolution. First, antimicrobial treat-
ment may be stopped 48–72 h after careful clinical and
microbiological re-evaluation of the patient, based on the
judgment that the presence of VAP turned out to be unlikely
[21–23]. Secondly, de-escalation may be performed, adjusting
antimicrobial treatment to culture results. This may result in
reduction of dual therapy to monotherapy [24]. Finally,
antimicrobial treatment may be stopped at day 8, according
to evidence provided by a landmark study [25]. Except for
pneumonia caused by bacteremic Staphylococcus aureus and
perhaps P. aeruginosa, this approach seems adequate for most
patients, unless infections other than VAP or complications
such as lung abscesses have emerged.

Unfortunately, STOLZ et al. [20] focused primarily on the third
option, i.e. reduction of overall antimicrobial treatment dura-
tion. Obviously, despite the fact that 27% of patients did not
have positive culture results, antimicrobial treatment was not
stopped in any of them. Another chance to reduce antimicrobial
treatment was missed by the failure to rely on quantitative
cultures. Several isolates may not have been ‘‘causative micro-
organisms’’, and antimicrobial treatment may have been
inadequate. De-escalation, although reported to have been
taught and applied, was not systematically performed in the
control group. Conversely, overall treatment duration was far
too long in both groups, since it was well above the 8 days
established as appropriate length of stay [25]. Although
treatment discontinuation at day 7 was significantly higher in
the PCT-guided group (35% versus 18%) and although,
unfortunately, antimicrobial treatment for reasons other than
VAP was not subtracted from total exposure duration, the value
of a biomarker-based strategy is highly questionable if it is
reported to fall behind an established clinical target. A similar
failure also devalued the conclusions from a trial of PCT-guided
treatment duration in patients with CAP [26]. The clinical target
is not to blame if clinicians are not willing or able to adhere with
it. Instead, continuous medical teaching seems mandatory,
insisting on the many options to reduce antimicrobial exposure.

The study by STOLZ et al. [20] would have been better designed
as an interventional study, clearly defining and executing
treatment stops, de-escalation and duration, and providing
options for overruling in individual cases. As it stands, PCT-
guided strategy primarily seems to be an educational rather
than physiological tool of reduction of antimicrobial treatment
exposure. The critical issue, however, is whether biomarkers
such as PCT allow the cessation of antimicrobial treatment, an
increase in de-escalation rates, and a reduction of antimicrobial
treatment duration beyond the clinical target of 8 days. There
is evidence from a small Swiss study that a protocol based on
serial PCT measurement allows reduction of antibiotic treat-
ment duration and exposure in patients with severe sepsis and
septic shock, without apparent harm, to a median treatment
duration of even 6 days. This was true despite the option to
overrule recommendations by PCT values [27]. Nevertheless,
so far, this issue remains to be confirmed and should urgently
be investigated further.

In conclusion, compared with lower respiratory tract infections
and CAP, current data regarding the appropriate use of
biomarkers in VAP are less conclusive. CRP may be used
primarily used to confirm the appropriateness of antimicrobial
treatment [28]. PCT holds much promise as a tool to reduce
antimicrobial exposure; however, the cost-effectiveness of PCT
kinetics has not been established. After all, valuable progress is
also to know where to go on from here.
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