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Prognosis of ventilator-associated pneumonia: what

lies beneath
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V
entilator-associated pneumonia (VAP) continues to be a
major problem in the care of intensive care unit (ICU)
patients. The incidence of VAP in mechanically venti-

lated patients is high, ranging from 10 to 30%. The clinical
symptoms of VAP are ambiguous and there is no generally
accepted gold standard for the diagnosis of VAP. The
associated mortality is still high at 30–40% [1, 2]. Established
clinical scores and biomarkers are only of limited value in
terms of diagnosis and prognosis. Since VAP is an infectious
disease we traditionally use biomarkers of infection for
diagnostic and prognostic purposes. Inflammatory markers
such as leukocyte count and C-reactive protein (CRP) are still
widely used in the diagnosis of VAP, although it is well known
that sensitivity in the ICU setting is highly limited.

Until recently, only procalcitonin as a more accurate marker
of bacterial infection turned out to be of clinical value.
Procalcitonin is useful for the guidance of antibiotic therapy
in community-acquired pneumonia (CAP), which has been
shown by several studies of the Basel group in recent years
[3, 4]. NOBRE et al. [5] were the first to demonstrate a median
reduction of antibiotic treatment of 4 days (six versus 10)
following a procalcitonin-guided strategy as opposed to a
clinical strategy in patients with VAP. The ProVAP trial
demonstrated that procalcitonin guidance can reduce the
duration of antibiotic therapy in patients with VAP. In the
ProVAP trial STOLZ et al. [6] performed a multicentre, rando-
mised, controlled trial with 101 patients with VAP. Patients
were either assigned to an antibiotic discontinuation strategy
according to American Thoracic Society/Infectious Diseases
Society of America guidelines (control group) or to a strategy
using serial serum procalcitonin measurements (procalcitonin
group). The number of antibiotic-free days patients were alive
28 days after VAP onset was significantly shorter in the
procalcitonin-guided group compared with the reference
group (9.5 days versus 13 days), translating into a reduction
in the overall duration of antibiotic therapy of 27% in the
procalcitonin-guided group.

In the current issue of the European Respiratory Journal, BOECK

et al. [7] bring new insights for the understanding of prognostic

factors in VAP. The authors performed a subanalysis of the
ProVAP trial investigating the prognostic value of the
cardiovascular marker midregional (MR) pro-atrial natriuretic
peptide (MR-proANP) and the inflammatory marker procalci-
tonin. They compared the prognostic value of the biomarkers
with that of the clinical severity scores sequential organ failure
assessment (SOFA) and simplified acute physiology score
(SAPS II) for the prediction of death at 28 days. They found
that both MR-proANP and procalcitonin on VAP onset were
elevated in nonsurvivors compared with survivors. However,
their slope of decline was different. MR-proANP was the best
predictor for survival. The addition of MR-proANP and
procalcitonin to the clinical scores SAPS II and SOFA
significantly improved the predictive value of the scores.

Are biomarkers useful for the prediction of survival in patients
with VAP? To date, reports in the literature provided
conflicting results. One observational study by HILLAS et al. [8]
found that there was no difference in survivors and nonsurvi-
vors in CRP values, whereas procalcitonin levels on day 1 and 7
were higher in nonsurvivors. However, neither CRP nor
procalcitonin threshold values nor their kinetics were good
predictors of survival. The only factor predicting the develop-
ment of septic shock was the SOFA score on day 1. In contrast,
PO’VOA et al. [9] found serial CRP measurements a useful tool to
identify poor outcome from day 4 onwards. Likewise, LUYT et al.
[10] identified a strong predictive potential for procalcitonin for
the prediction of a composite end-point survival, recurrence
and extrapulmonary infection. Finally, SELIGMAN et al. [11]
found CRP and procalcitonin kinetics (decreasing values
during follow-up) predictive of survival.

The main question when we look at the mortality of a disease
is: what are the reasons why patients die? So, why do patients
with VAP die? Besides traumatic brain injury/subarachnoid
haemorrhage, the causes of death in this study were respir-
atory failure/acute respiratory distress syndrome, septic
shock, cardiogenic shock, multiorgan failure or acute liver
failure. Each of these conditions reflects a highly complex
inflammatory and cardiovascular response, and it is tempting
to focus the search for predictors on biomarkers which best
reflect inflammation and cardiovascular compromise. And
what biomarkers are the best indicators of cardiovascular
problems and circulatory failure at the moment? Natriuretic
peptides such as brain natriuretic peptide or atrial natriuretic
peptide (ANP)!

Sepsis and cardiovascular complications are the main causes of
death in VAP. There are some mechanisms that might be
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responsible for the marked increase in MR-proANP in patients
with VAP. Plasma concentrations of ANP are increased in
patients with chronic heart failure, renal disease and sepsis,
and predict impaired left ventricular ejection fraction [12].
This is supported by the results of the present study that
showed, although only moderate, significant positive correla-
tions of MR-proANP with cardiac, pulmonary and renal
comorbidities. In patients with VAP, cardiac failure and con-
secutive elevation of MR-proANP might be due to underlying
pre-existing cardiac disease or septic cardiomyopathy. In studies
on biomarkers by the German CAP Competence Network
(CAPNETZ) trial, they have demonstrated that the cardiovasc-
ular biomarkers proANP, pro-arginin vasopressin (proAVP),
pro-endothelin-1 and pro-adrenomedullin (proADM) are good
predictors of short- and long-term outcome in CAP and even
superior to inflammatory markers [13–15]. Interestingly, we
found that proAVP, MR-proANP and MR-proADM are pre-
dictive for mortality in patients with CAP independently
of a pre-existing diagnosis of chronic heart disease or heart
failure. In the setting of pneumonia, irrespective of if it is CAP
or VAP, underlying and possibly previously unknown cardio-
vascular or renal disease may be aggravated due to acute
inflammatory activation. Although the underlying cardiovasc-
ular disease might not appear directly clinically evident, it
could result in higher serum levels of MR-proANP. This
hypothesis is supported by our finding that MR-proANP was
a stronger predictor of mortality compared with the history
of congestive heart failure or other comorbidities alone. The
study by BOECK et al. [7] demonstrated the same phenomenon in
VAP which we found in CAP. In their study, MR-proANP was
the strongest predictor of mortality, whereas the frequency of
cardiac, pulmonary and renal comorbidities was not differ-
ent between survivors and nonsurvivors. Taken together, the
elevation of MR-proANP might be attributable to hidden
cardiovascular comorbidities or to cardiovascular dysfunction
as a consequence of the acute infection of VAP. Thus, the clinical
benefit of MR-proANP as a cardiovascular marker could be the
identification of VAP patients with an underlying cardiovasc-
ular morbidity or severe sepsis, both imposing the patient to
increased risk of death.

What could biomarkers in VAP be used for in the future?
Procalcitonin could be used for a better diagnosis of VAP and
sepsis and for the guidance of antibiotic therapy, a very
important issue in order to reduce selection pressure and
multiresistance. MR-proANP could be used for the identifica-
tion of patients with a high cardiovascular risk. In these patients,
increased attention to possible cardiovascular disease and closer
medical follow-up may be indicated and could result in a better
outcome. Whether the better predictive potential of MR-
proANP and procalcitonin translates into clinically relevant
prediction tools of mortality from VAP remains to be deter-
mined. In fact, in the present study as well as in recent CAP
studies, it could be shown that clinical scores and biomarkers
can both be merged and result in superior predictions of
mortality [7, 13–15]. A combination of a clinical score such as
SOFA or SAPS II with MR-proANP for risk assessment and
procalcitonin for guidance of antibiotic therapy is an attractive
approach awaiting validation in independent future cohorts.

Scores have one problem as one can see again in this study:
they are composed of several parameters, which make the

calculation of the scores time consuming. The SOFA and SAPS
II score are validated for the ICU. Although they include six
single parameters in the SOFA and 15 single parameters in the
SAPS II score with the intention to compose a complex system
of different pathophysiological aspects of a disease treated in
the ICU, the scores are inferior to MR-proANP as a single
biomarker to predict mortality. There is only one sensible
explanation why a biomarker like MR-proANP might be better
compared to a complex score: the biomarker is not an indicator
for one exclusive disease or single physiological disturbance.
A relevant biomarker for prognosis, such as MR-proANP,
reflects not a single but multiple pathophysiological aspect of a
disease. There are other biomarkers on the horizon with
multiplex functions. The most promising one seems to be MR-
proADM which possesses not only cardiovascular activity but
also anti-inflammatory and anti-bacterial functions, which
might be very helpful especially in the difficult setting of an
ICU. Thus, we have to await the results of future studies in
well defined cohorts applying different sets of biomarkers and
combinations of scores and biomarkers to clarify the role this
new approach may have in clinical practice.
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