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Positive pressure mechanical ventilation (MV) has
proved to be very useful to support patients with acute
respiratory failure. MV, however, imposes novel cyclic
pressure/volume regimens on the human lung. In healthy
individuals MV has no significant effect when used ap-
propriately, but it is now accepted that MV has important
effects when large volumes are applied to healthy lungs,
or “reasonable” volumes are delivered to diseased lungs
or lungs with impaired perfusion. In addition to air leaks
due to volutrauma or barotrauma [1], it has recently been
accepted that unusual mechanical forces applied to air-
ways can induce lung cell activation (biotrauma) [2, 3].
It took a long time to recognize this effect since many of
the pathways that are turned on by mechanical forces are
the same as those induced by the inflammatory processes
of diseased lungs [4]. Together, these complications are
now termed “ventilator-induced lung injury.”

During MV not only airway bronchial and alveolar
epithelial cells but also other parenchymal cells, such as
fibroblasts, tissue macrophages, and capillary endothelial
cells, are subjected to various unusual mechanical strains
[5, 6]. These include positive pressure, cell stretching,
and shear forces [7]. Cell stretching is observed princi-
pally in lung regions where overdistension occurs,
whereas important cyclic shear stress is typical of tidal
airway recruitment. It is very likely that mechanical forc-
es generated by positive pressure MV play an additive, if
not synergistic role with the primary lung injury [8].
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Supporting this are the recent studies showing that a
“lung-protective approach” by lowering tidal volumes
and/or recruiting collapsed lung is associated with in-
creased survival rate [9, 10]. The cause of decreased
mortality remains somewhat obscure but has to do with
the lowering of the tidal volume and the subsequent low-
ering of airway pressures, since these were the interven-
tions, particularly in the Acute Respiratory Distress Syn-
drome Network trial [10]. Patients with acute lung injury
die of multiple organ system failure (MOSF) associated
or not with secondary infections. It is therefore tempting
to link the decrease in airway distension with the de-
crease in the incidence of the severity of MOSF, although
the relationship may be “true-true, but unrelated.”

In this issue, Stüber et al. [11] measured the effect of
two ventilatory regimens on the levels of lung and circu-
lating inflammatory mediators in patients with acute lung
injury. They found that a “conventional approach” with
low positive end-expiratory pressure (PEEP) and high tid-
al volume significantly increases plasma levels of inflam-
matory mediators. Returning to a “lung-protective ap-
proach” with high PEEP and low tidal volume induced a
rapid decrease in these mediators in plasma. This is remi-
niscent of other situations in which unusual mechanical
forces were applied to the lung. It has, for example, been
shown that bronchoscopy with bronchoalveolar lavage
(BAL) is associated with sepsis-like systemic effects [12]
and with the release into the circulation of inflammatory
mediators [13], particularly in patients with preexisting
lung inflammation or infection. In dogs with Escherichia
coli pneumonia an injurious ventilatory regimen induced
bacteria to translocate from the alveoli to the systemic
circulation [14]. In a recent study Ranieri et al. [15]
showed that a “lung-protective strategy” in patients with
acute respiratory distress syndrome was associated with
fewer circulating and alveolar inflammatory cells and me-
diators after 36 h than in patients receiving conventional
mechanical ventilation. Stüber et al. [11] extended these
findings and studied the kinetics of mediators’ elevation



in plasma and BAL samples with two different ventila-
tory regimens in the same patient. An important observa-
tion was that inflammatory mediators appeared very rap-
idly after the modification of the ventilator settings for
the “low-PEEP/high-tidal volume” regimen (<1 h). This
is hardly compatible with de novo protein synthesis, but
rather consistent with displacement from one compart-
ment to the other. It could therefore be postulated that in-
jurious ventilatory regimens “push” airway mediators in-
to the circulation through an alveolar-capillary barrier of
increased permeability. Surprisingly, the half-life of all
the mediators measured was very short in the circulatory
compartment since a return to baseline was quick after
switching to the lung-protective approach.

Stüber et al. [11] also showed in a subset of patients
that the “more aggressive” ventilatory regimen induced
an increase in inflammatory mediators in the BAL fluid
which persisted after the return to a more protective regi-
men. The airway situation therefore seems different from
that of the circulation. The alveolar space has been shown
to be the site of an intense inflammatory reaction in pa-
tients with acute lung injury [16, 17]. The kinetics of al-
veolar production of inflammatory mediators seem to dif-
fer in the lung from that of other compartments [18]. In
cells from the alveolar compartment mechanical forces
could turn on de novo mediator production, a process that
would persist even after returning to a less aggressive ap-
proach. These authors performed mini-BAL (20 ml) rath-
er than conventional BAL (150 ml). This allowed them to

repeat the procedure and did not affect systemic mediator
release. Because of the small sampling size, it may be
asked, however, whether the mediators measured BAL
fluids originated from the alveolar or the bronchial space.

It is tempting to associate the release of proinflamma-
tory mediators with deleterious systemic effects induced
by the ventilator [19]. However, these results should be
taken with caution. The mediators released into the cir-
culation described by Stüber et al. [11] are principally
“anti-inflammatory” cytokines, such as interleukin 1 re-
ceptor antagonist, interleukin 10, and interleukin 6 [20],
whereas tumor necrosis factor-� showed only a modest
elevation, and interleukin 1� remained undetectable. The
net inflammatory activity (bioactivity) of plasma was not
assessed in this study [16, 17]. It is possible that the sys-
temic response to the injurious ventilation is predomi-
nantly “anti-inflammatory” and inducing secondary im-
mune suppression, as recently proposed for various types
of injury [20]. The proof of an involvement of ventilator-
induced mediators translocation in the development of
MOSF and MOSF-related mortality should come from a
trial aimed at blocking the activity of the mediator(s).
Nevertheless, this study strongly suggests that unusual
mechanical forces applied to diseased lungs induce local
(lung) production of inflammatory mediators and their
translocation from the airways to the circulation. Addi-
tional experimental work is needed to address whether
“ventilator-induced lung injury” translates into “ventila-
tor-induced MOSF” or “ventilator-induced death.”
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