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Abstract
Markers of inflammation, coagulation, and fibrinolysis predict an
adverse outcome in patients with sepsis. These markers also seem
predictive of an adverse outcome in patients with localized infection
and inflammation, such as in acute lung injury. Whether this is
entirely related to the disease or is also due to ventilation strategies
that may be harmful for the lungs, however, is not clear. In the
present issue of Critical Care, McClintock and colleagues
demonstrate that these biomarkers retain their predictive effect even
if lung-protective ventilation strategies are applied. Besides being
biomarkers that predict outcome in patients with acute lung injury,
their activation of inflammation and coagulation seems also to play a
pivotal role in the pathogenesis of acute lung injury, and may thereby
represent an interesting novel target for therapeutic intervention.

In this issue of Critical Care, McClintock and colleagues have
studied markers of inflammation, coagulation and fibrinolysis
in critically ill patients with acute lung injury [1]. Severe
infection and the consequent systemic inflammation are
associated with significant morbidity and mortality. Risk
stratification of patients upon admission to the emergency
room or the intensive care unit may be required for early
identification of patients at high risk for organ dysfunction or a
complex clinical course. Several biomarkers have been
shown strong predictors of increased morbidity, and even
mortality. Moreover, biomarker studies may be helpful to
further elucidate molecular pathways that are important in the
pathogenesis of disease – and this knowledge may lead to
new therapeutic targets. Biomarkers can then subsequently
serve as surrogate indicators of a potential beneficial effect,
although eventually the ultimate proof of efficacy needs to be
shown on clinically relevant endpoints.

In patients with sepsis, proinflammatory cytokines such as
IL-1 or IL-6 are important biomarkers and independent

predictors of an adverse outcome [2,3]. Inflammatory
activation in patients with severe infection is almost invariably
related to activation coagulation, which in turn may modulate
the inflammatory response [4]. In fact, the presence of a
severe derangement of coagulation (disseminated intra-
vascular coagulation) in patients with sepsis was shown to be
an independent and strong predictor of mortality, probably
even stronger than other risk stratifiers [5,6]. It would be
interesting to see whether this predictive property of
biomarkers of inflammation and coagulation would also be
present in more localized forms of infection and inflammation.

In the present issue of Critical Care, McClintock and
colleagues demonstrate that abnormal markers of inflam-
mation, coagulation and fibrinolysis are significant predictors
of mortality in patients with acute lung injury (ALI) who
required mechanical ventilation [1]. Previous studies also
pointed to a predictive value of inflammatory markers (such as
intercellular adhesion molecule 1 or IL-6) or coagulation
parameters (such as markers for thrombin generation) in
ventilated patients who developed ALI. Since it has been
shown that mechanical ventilation itself may cause lung injury
associated with enhanced inflammatory and coagulation
activation, however, it was not clear how much of the effect
was purely caused by the ALI.

In McClintock and colleagues’ study all patients were treated
with a lung-protective ventilatory strategy with low tidal
volumes [1]. Indeed, this strategy was found to cause less
bronchoalveolar activation of inflammation and coagulation. In
their population, various biomarkers of inflammation, coagula-
tion, and fibrinolysis remained different between survivors and
nonsurvivors, indicating a mediatory role of these systems in
the pathogenesis of ALI apart from the ventilatory insult per
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se. Three biomarkers – IL-8, intercellular adhesion molecule 1
and protein C – were independent predictors of mortality
after multivariate analysis.

The question that arises from the present observations, but
also from other similar studies, is whether these biomarkers
are a true reflection of ongoing localized inflammatory activity
and activation of coagulation and fibrinolysis contributing to
bronchoalveloar fibrin turnover, or whether this is an
epiphenomenal reflection of a systemic disease state. There
is ample evidence, however, that local activation of the
inflammatory–coagulation axis is important in the
pathogenesis of ALI. In fact, local fibrin generation can be
considered host-protective in containing inflammation to the
site of infection [7]. On the other hand, bronchoalveolar
procoagulant activity can be disadvantageous if there is an
excess of fibrin formation (one of the pathologic hallmarks of
adult respiratory distress syndrome (ARDS)) [8].

The mechanisms that contribute to disturbed alveolar fibrin
turnover are thought to be similar to those found in the
intravascular spaces during severe systemic inflammation [9].
Similar to sepsis, alveolar thrombin generation in ARDS and
pneumonia seems to be mediated by the tissue factor–
activated factor VII pathway. Indeed, there is abundant tissue
factor expressed on the surface of activated macrophages
present in the bronchoalveolar space. Patients who develop
ventilator-associated pneumonia indeed have increased
bronchoalveolar levels of soluble tissue factor and factor VII.

An increase in soluble tissue factor, activated factor VII and
tissue factor-dependent factor X activation in bronchoalveolar
lavage fluid has also been demonstrated in patients with
ARDS. In addition, inhibition of the tissue factor–activated
factor VII pathway completely abrogated intrapulmonary fibrin
deposition in patients with ARDS [10]. In association with
enhanced fibrin production, fibrinolytic activity is depressed in
bronchoalveolar lavage fluid of patients with ALI/ARDS or
pneumonia – related to high pulmonary concentrations of
plasminogen activator inhibitor 1, which is increased in ALI/
ARDS and is probably secreted by lung epithelial cells, fibro-
blasts, and endothelial cells [11]. Interestingly, all these
changes concur with the observations of McClintock and
colleagues in their patients with ALI.

The enhanced activation of bronchoalveolar coagulation
seems to be amplified by impaired function of natural anti-
coagulant mechanisms. Along with a reduction in activated
protein C levels, soluble levels of thrombomodulin in pulmo-
nary edema fluid from patients with ALI/ARDS are
significantly higher than those in plasma [12]. This is thought
to be due to oxidation of thrombomodulin and shedding of
thrombomodulin from the cell surface, and is associated with
worse clinical outcomes. The important role of activated
protein S is further illustrated by the observation that
administration of recombinant human activated protein C was

able to block activated bronchoalveolar coagulation in
subjects challenged with intrabronchial endotoxin [13]. In the
observations of McClintock and colleagues, protein C levels
were also one of the strongest predictors of an adverse
outcome. Taken together, these observations point to a
potential therapeutic role of activated protein C, either
systemically or locally, in patients with severe pneumonia.
Interestingly, this notion is supported by studies in which
inhaled activated protein C significantly diminished pulmonary
inflammation in a murine model of intranasal lipopoly-
saccharide-induced ALI/ARDS [14,15].

In conclusion, bronchoalveolar inflammation and coagulation
activation are independent predictors of the outcome in
ventilated patients with ALI, even when the patients are
treated with lung-protective ventilation strategies. Besides
being a marker of increased morbidity and mortality in these
patients, biomarkers of inflammation and coagulation are
likely to be pivotal mediators in the pathogenesis of ALI and
may be considered targets for novel therapeutic interventions.
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