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Sirs: It is now established in patients with acute respira-
tory distress syndrome (ARDS) that mechanical venti-
lation per se may affect mortality [1]. Selecting the
most appropriate ventilatory support is as urgent and
important as the search for the cause and determining
the consequent pathogenetic treatment. In ªbuyingº
time for the resolution of the disease, the possible iatro-
genic effects of mechanical ventilation need to be mini-
mized as much as possible. The iatrogenic costs of me-
chanical ventilation are thought to be: (a) high inspired
oxygen fraction, (b) high pressures (ªbarotraumaº) and
large tidal volumes (ªvolutraumaº), and (c) intratidal
collapse and reinflation (ªatelectraumaº). There is no
evidence that high inspired oxygen fraction is actually
dangerous in ARDS. On the other hand, high inspirato-
ry plateau pressures can cause various pulmonary le-
sions [2]. However, what it is important is not the pres-
sure per se but the delivered volume, which, if excessive,
may lead to high transpulmonary pressure with conse-
quent stretching of the pulmonary tissues [3]. Moreover,
the importance has recently been stressed of the interac-
tion between inspiratory and expiratory phase. Even at
low plateau pressures (20±25 cmH2O) most of the de-

pendent lung regions open up, and if positive end-expi-
ratory pressure (PEEP) is not sufficient, they collapse
at end-expiration [4]. Intratidal collapse and reinflation
generate shear forces which can increase capillary per-
meability and induce activation of inflammatory factors
leading to local and systemic inflammatory processes
(ªbiotraumaº) [5].

Thus at the moment two strategies of ventilatory sup-
port are suggested in severe ARDS: (a) small tidal vol-
umes (< 6 ml/kg), low plateau pressures (< 35 cmH2O),
respiratory rate to control PaCO2 and pH within as nor-
mal a range as possible, with PEEP titrated to achieve
an ªacceptableº oxygenation (PaO2 between 80 and
100 mmHg) [1, 6, 7, 8]; (b) low tidal volumes and pla-
teau pressures, with PEEP sufficiently high to assure
the lung open at end-expiration (ªopen lung approachº)
[9]. In this case PEEP is titrated just above the inflection
point of the inspiratory limb of the pressure-volume
(PV) curve of the respiratory system [10, 11]. However,
the use of high inspiratory oxygen fraction together
with tidal volume so small as to lead to severe hypercap-
nia (i. e., low VA/Q ratios), even in presence of relative-
ly high PEEP levels may facilitate the occurrence of re-
absorption atelectasis. This can cause a deterioration in
oxygenation and respiratory mechanics and increase
ªshear stressº trauma [12].

These considerations suggest that the following anal-
ysis of the mechanical properties of the respiratory sys-
tem (compliance and resistance) may be useful in
ARDS:

± To characterize the underlying pathology and deter-
mine the amount of lung parenchyma available for
ventilation together with the potential for recruit-
ment during the course of the disease [13]

± To set the mechanical ventilation within the ªsafeº
zone of the PV curve region: (a) to avoid large tidal
volumes with excessive overdistension (upper inflec-
tion point) and excessively low tidal volumes, (b) to
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select PEEP necessary to adequately maintain open
the lung at end-expiration (lower inflection point)

± To select appropriate respiratory rate and duty cycle
times

Among the methods proposed for characterizing the pa-
thology and selecting PEEP and tidal volume [14, 15],
the PV curve of the respiratory system is gaining increa-
sing popularity [16]. However, the application of respi-
ratory mechanics measurements in clinical practice has
been limited by the fact that these measurements are
usually time consuming and cumbersome. On-line mon-
itoring of respiratory mechanics makes it easier and
more feasible for clinicians to perform these measure-
ments [17]. The ease of measurement is in fact insepara-
ble from its precision and accuracy. Nunes and Takala,
in this issue of Intensive Care Medicine, show that me-
asurements of respiratory mechanics and the PV curve
may be easily obtained in a clinical setting using a de-
dicated device.

It has been suggested that the initial slope of the PV
curve (starting compliance) estimates the amount of
aerated tissue at atmospheric pressure. The lower in-
flection point (or more precisely the lower inflection
zone) indicates the pressures around which most of the
recruitment may occur. The slope of the PV curve after
the lower inflection point (inflation compliance) related
to starting compliance may give some estimate of the
amount of recruitment (the higher the ratio, the greater
the recruitment) [13]. The upper inflection point indi-
cates the pressure at which the stretching of the pulmo-
nary units becomes the prevalent phenomenon. More-
over, the PV curve may allow inferences on the underly-
ing pathology: the presence of an inflection point sug-
gests compression atelectasis, while its absence suggests
consolidation [18]. Unfortunately, the PV curve is only a
very simplistic mirror of the reality and has many pitfalls
[19].

First, the lack of a lower inflection point does not
necessarily indicate lack of recruitment. If recruitment
is proportional to the applied pressure, a linear PV
curve results. Second, the presence of an inflection point
may indicate the beginning of alveolar recruitment and
not the region around which most of recruitment occurs
[20]. Third, the PV curve of the respiratory system inte-
grates the PV curves of the lung and chest wall. If the
mechanical properties of the chest wall are altered, the
PV curve of the respiratory system cannot be represen-
tative of lung behavior. The inflection points (lower
and upper) of the respiratory system may be due to the
inflection points of the chest wall and not of the lung,
leading to erroneous interpretations of the PV curve of
the respiratory system [21, 22]. It has been shown that
mechanical alterations in the chest wall, due to an in-
creased intra-abdominal pressure, are common in pa-
tients with ARDS stemming from abdominal disease

[23]. Indeed, the meaningful assessment of mechanics
should include the measurement of esophageal pressure
to partition the respiratory system mechanics and un-
derstand the lung and chest wall interactions. Fourth,
respiratory mechanics investigates the lung as whole,
while in reality the same lung presents regional mechan-
ical differences, and one lung may differ from the other
both in underlying pathology (prevalent consolidation
vs. atelectasis) and in mechanical characteristics. Fifth,
the mechanical measurements, as usually performed, as-
sume that the only variations in the respiratory system
are due to changes in volumes and pressures, while in-
trathoracic blood volume is considered unchanged.
However, when high intrathoracic pressures are reached
during the PV curve, part of the blood is squeezed out
from the thorax. Optoelectronic plethysmography sug-
gests that part of the changes in lung volume usually in-
terpreted as recruitment or derecruitment are due to
pressure-dependent blood shift [24]. Sixth, clinical rele-
vant data of the PV curve are usually derived from the
inspiratory limb. While this procedure may be appropri-
ate to studying the process of recruitment, it is impor-
tant to realize that derecruitment follows a different
pattern and is related to the expiratory limb of the PV
curve. This may be extremely relevant for PEEP selec-
tion, as PEEP is an expiratory and not an inspiratory
phenomenon. Unfortunately, the expiratory limb is usu-
ally ignored, while major efforts are currently focused
only on the inspiratory phase.

Another important issue regarding respiratory me-
chanics is the measurement of resistances. Inspiratory
resistance is the result of the sum of airway resistances
and ªadditionalº resistances due to viscoelastic proper-
ties and gas distribution inhomogeneities within the re-
spiratory system. In ARDS both airway ªadditionalº
and expiratory resistances are increased [25]. Respirato-
ry resistance may be increased as the result of reduced
lung volume, reduced caliber (due to local edema and/
or increased smooth muscle tone), or both. Thus it is im-
portant to identify the pathophysiological causes of in-
creased airway resistance and to select the appropriate
respiratory rate and an effective bronchodilator treat-
ment [26]. However, the automatic measurement of re-
sistance as proposed by Nunes and Takala presents
some limitations. First, the computation of total resis-
tances does not distinguish between airway and ªaddi-
tionalº resistance. Second, the resistance includes that
of the tube, which can change markedly with time, giv-
ing inappropriate measurement of the actual airway re-
sistance. Third, the inspiratory and expiratory resistanc-
es are computed as averages. This measurement may be
misleading since expiratory resistance is generally high-
er than inspiratory resistance. Fourth, the difficulty in
relating airway resistance to absolute lung volume
makes this measurement extremely poor from a clinical
point of view.
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Thus, for all these reasons, measurements of respira-
tory mechanics and PV curve cannot be easily used as a
surrogate measure of the degree of alveolar inflation
and recruitment. Consequently, they need to be consid-
ered with extreme caution when used to select the venti-
latory setting.

In conclusion, recent efforts to develop and test new
devices for providing easy, accurate, and precise respira-
tory mechanics data at the bedside must be encouraged.
However, we need more information of the physiologi-
cal meaning of information derived from respiratory

mechanics and it possible limitations. The incorrect use
of respiratory mechanics information could produce
more negative than positive effects on treatment.

The sirens are alluring and sexy, but they can be dan-
gerous if listened to without precautions!

Sirens sing a nice song, attracting the traveler: but near
by a heap of human putrefied bones and putrid bodies
lie. Go beyond fast and stop your ears, so that you
don't listen their voice." (Homer, Odyssey, Chap. XII,
59±66)
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