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Adult respiratory distress syndrome (ARDS) is a particu-
lar form of permeability pulmonary edema which, from
a pathophysiological point of view, is characterized by re-
fractory hypoxemia, principally due to intrapulmonary
right to left shunting of blood and a low functional resid-
ual capacity (FRC). Another key feature is the low
thoraco-pulmonary compliance [1, 2]. It has been said
that compliance is low because lung volume is also low,
which has led to the concept that ARDS lungs are similar
to “baby lungs” with a normal specific compliance [3].
Additionally, ARDS is characterized not only by a low
compliance, but also by high airway and tissue resistance
[4—6], although this is beyond the scope of this paper.

Since its original description by Ashbaugh et al. [7] in
the late 60s, when the authors suggested that positive
end-expiratory pressure (PEEP) may be useful in improv-
ing arterial oxygenation of these patients, PEEP has been
widely used in ARDS as standard treatment to reverse se-
vere arterial hypoxemia. Much of the work on PEEP,
lung volume and gas exchange in patients with ARDS has
been done by European investigators. We have since
learnt a lot about PEEP and ARDS, but further intrigu-
ing questions have arisen.

Shortly after the first report on ARDS, two landmark
papers by Falke et al. [8] and Suter et al. [9] were pub-
lished on the effects of PEEP in severe acute respiratory
failure and methods to titrate the PEEP level in these pa-
tients. The most important findings were that improve-
ment of oxygenation by PEEP is basically due to the in-
crease in FRC and redistribution of intrapulmonary
blood flow, and also that the effects of PEEP on lung
volumes and gas exchange depend principally on
pulmonary mechanics.

With regard to pulmonary mechanics, patients with
ARDS present with different patterns of compliance
depending on their evolution [10, 11]. According to this
concept, in the initial phases of ARDS lungs are
edematous and wet and their mechanical characteristic is
a somewhat reduced compliance with an inflection point
in the thoraco-pulmonary pressure-volume (PV) curve,
which is in fact the initial zone of the PV curve rather

than a definite pressure. In this phase the specific com-
pliance is still normal [12]. In late stages of ARDS fibro-
sis develops, the lungs become stiff, there is a very low
thoraco-pulmonary compliance without an inflection
point in the PV curve and specific compliance is probably
low. However, our data indicate that in late stages of
ARDS, the specific compliance is low, that is to say, com-
pliance is lower than expected in relation to the reduced
FRC [13]. Additionally, the data reported by Matamis
and colleagues [11] show that, during ARDS evolution,
while compliance is decreasing, FRC does not change
further giving as a result a specific compliance signifi-
cantly lower in the late phase than in the early phase of
ARDS.

There is considerable clinical evidence that the inflec-
tion point, or better the inflection zone, seen in the
thoraco-pulmonary PV curves, represents the recruitment
of collapsed alveoli, and when this inflection point is
used as PEEP there is a dramatic improvement in oxygen-
ation [10—12, 14—16]. In fact, this is the approach that
we are still using to titrate PEEP levels in “early” ARDS
patients. When evaluating the effects of PEEP on alveo-
lar recruitment it is important to keep in mind that
changes in arterial oxygenation should be viewed together
with changes in cardiac output, which may or may not be
depressed by PEEP, and therefore may influence in-
trapulmonary shunt and arterial partial pressure of oxy-
gen. Additionally, according to the PV curves of the re-
spiratory system, when PEEP recruits alveoli there is an
increase both in FRC and in compliance [17].

However, when there is no inflection and lung com-
plicance is low, as occurs in the late phases, it is not suffi-
ciently clear whether the use of PEEP is beneficial: while
some clinical data suggest that PEEP still helps to im-
prove arterial oxygenation in these cases [14, 18], other
data do not [15]. Furthermore, in this situation, PEEP
may cause alveolar overdistension. We all know that pa-
tients in late phases of ARDS are not easy to ventilate,
and an important question at this point is that related
with ventilator-induced lung injury, namely barotrauma
and pulmonary edema. Barotrauma results from the rup-



384

ture of overdistended alveoli, and several risk factors may
contribute to its development such as high tidal volume
(V1), high inspiratory pressures or PEEP [19, 20]. Pul-
monary edema and alveolar cell injury have been docu-
mented in several animal experimental models when ven-
tilating with high peak airway pressures, about
45 cmH,0 [21, 22]. Additionally, what seems to be more
dangerous than the pressure itself, is the overexpansion
caused by high Vi: it has been demonstrated that it is
the effect of volume more than the effect of pressure that
causes permeability pulmonary edema and diffuse
alveolar damage [23 —23]. Interestingly, PEEP appears to
decrease the amount of edema induced by high volume-
high pressure mechanical ventilation [23]. Another im-
portant aspect is that not only high Vi are dangerous
but that low Vp are as well: in ARDS patients the lowest
complicance is found at high and low Vp, whereas it im-
proves at intermediate V1 [6]; on the other hand, ventila-
tion of isolated non-perfused injured lungs below the in-
flection zone of the PV curves at low airway pressure and
low Vr, produces severe alveolar lesions in animal mod-
els [26]. Finally, the clinical data reported by Hickling
and colleagues [27] suggest a significantly reduced mor-
tality in ARDS patients ventilated with a low peak airway
pressures (usually below 30 cmH,O) by reducing Vy and
allowing hypercapnia.

In recent years there has been a considerable increase
in the use of microcompnuters to study the mechanical be-
haviour of the respiratory system in clinical practice. This
has also been the case for the modern artificial ventila-
tors. These technologic advances have permitted accurate
study of the mechanical characteristics of the respiratory
system [28, 29]. The PV curve performed with the super-
syringe will probably be replaced by the computerized
systems built into the ventilators, which in turn allow
non-invasive determination of the physiologic variables
of interest without disconnecting patients from ventila-
tors, and probably avoiding paralysis.

A stimulating paper on this topic was recently pub-
lished by Ranieri and colleagues [30] who studied eight
ARDS patients and showed that a tidal volume of
10 ml/kg of body weight and a PEEP of 15 cmH,0 was
probably responsible for barotrauma, since the mean end
inspiratory plateau pressure reached 42 cmH,0. These
data of Ranieri and colleagues confirm the importance of
taking lung mechanics into account when dealing with
PEEP in ARDS lungs. In the context of a heterogeneous
and continuously evolving disease such as ARDS, ven-
tilatory management should be adjusted to the mechani-
cal status of the lung. From the data presently available,
this may be accomplished in the usual clinical setting if
various points are taken into account: firstly, by using
moderate PEEP _ levels (8—12c¢mH,0), secondly Vp
should be lower than that previously used (5—10 ml/kg)
in order to maintain tidal ventilation below the flat upper
part of the PV curve [31] and also to allow hypercapnia
if it ensues, thirdly it may be useful to maintain a high
airflow rate in order to minimize lung tissue resistance,
and finally the end-inspiratory plateau pressure should be
monitored by keeping its maximum level at 35 cmH,O.
Accordingly, what seems very important nowadays and

probably should be a direction for the future is to venti-
late safely, that is to say, to follow the old premise of
primum non nocere.
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