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In this issue of Intensive Care Medicine, Liu and co-
workers present interesting data regarding the physio-
logical meaning and the potential clinical use of a new
technique aimed at measuring the volume-pressure (P-
V) relationship of the respiratory system [1]. The mea-
surement of the P-V curve has been proposed to assess
the status and progress of acute lung injury (ALI) and
to optimise ventilator strategies [2±4]. These studies
have shown that the P-V curve is characterised by a low-
er (LIP) and an upper (UIP) inflection point. The LIP is
thought to represent the average critical opening pres-
sure above which alveolar units start to re-open, while
the UIP indicates the V-P values above which stretching
and overdistension start to occur [5].

More recently, characteristics of the P-V curve have
been examined in animal models [6±8] and in patients
[9, 10] with ALI to provide the physiological rationale
and study the mechanisms responsible for the pulmo-
nary injury due to mechanical ventilation (ventilator-in-
duced lung injury: VILI). These studies have demon-

strated that tidal inflation starting below the LIP on the
P-V curve (leading to tidal recruitment/derecruitment
of previously collapsed alveoli) and/or tidal ventilation
occurring above the UIP (pulmonary overstretching)
[11] could potentially cause a spectrum of pulmonary
and systemic lesions including (a) air leaks [12], (b) al-
terations in lung fluid balance [13], (c) increases in en-
dothelial and epithelial permeability [14, 15], (d) severe
tissue damage [6], and (e) pulmonary [7] and systemic
[16] production of inflammatory mediators that could
potentially initiate a cascade leading to lung injury and
a systemic inflammatory response [17].

Mead and co-workers, in a classic study, examined
[18] the distribution of pressure during tidal inflation in
a model of heterogeneous lung. They found that atelec-
tatic regions in a non-homogeneously inflated lung
could be exposed to stresses up to about 140 cmH2O
when the transpulmonary pressure was only 30 cmH2O.
These stresses are generated by shear forces due to (a)
the recruitment of atelectatic area surrounded by nor-
mal alveoli and (b) the overdistension of alveoli adja-
cent to atelectatic zones or to the pleura [18]. These
findings led to the concept that recruitment/derecruit-
ment of previously collapsed alveoli and/or pulmonary
overstretching were potential mechanisms responsible
for VILI [19].

Research on the P-V curve therefore appeared to be
important because of its scientific potential (to under-
stand the mechanisms responsible for VILI) and its clin-
ical implications (to prevent and minimize VILI). Sever-
al studies have therefore used the V-P curve to elucidate
the mechanisms of VILI in animal models [6±8]; two
randomized, controlled, clinical trials used the P-V
curve to set a protective ventilatory strategy that was
able to decrease pulmonary and systemic inflammatory
responses [20] and decrease mortality in patients with
the acute respiratory distress syndrome [21]. Because
of this link between VILI and assessment of the P-V
curve, and in an effort to make the measurement of the
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P-V curve available at the bedside, a growing interest in
the development of new technologies and on the clinical
interpretation of the P-V curve has become evident in
the last few years [1, 22±29].

On a review of this recent literature, it appears that a
clear difference in scientific priorities is present among
scientists working on ALI, and it also appears that these
different priorities follow explicit or implicit national re-
search priorities. Much of the clinical work investigating
the use of the P-V curve in patients, and much of the clin-
ical/experimental work trying to integrate physiology
and the molecular manifestation of VILI, has been per-
formed in Europe, Canada, South America, and the Far
East. Notably absent from this list are the United States,
where it appears there has been a lack of interest in clini-
cally oriented applied physiology. This editorial will ex-
amine differences among research priorities on ALI in
the different scientific communities and will address the
potential role of clinical physiology in research on ALI.

In September 1972 the United States Congress ex-
panded the mandate of the National Institute of Health
(NIH) into research and training on respiratory diseases
through the formation of the National Heart, Blood Ves-
sel, Lung and Blood Institute (NHLBI). This action
launched the beginning of intense research efforts into
all aspects of pulmonary biology and medicine in the
United States. The Collaborative Program for Extra-cor-
poreal Support for Respiratory Insufficiency (ECMO
programme, 1973) was the first multicentre collaborative
clinical trial in the critical care setting sponsored by the
NIH. The negative results of this trial [30] led to early ter-
mination of the project and led the NIH to conclude that
little improvement in clinical management of patients
with ALI has been provided by classic physiology [31].
This resulted in a change in direction in NIH-sponsored
research from applied physiology to basic research on
lung injury and repair [32], with a focus on biochemistry,
genetic engineering, and cell and molecular biology. Fol-
lowing these guidelines, the NIH, the richest and most
important granting agency of the world, redirected re-
sources from clinical physiological studies to cellular
and molecular science [33], arguably sounding the death
knell for research into applied respiratory physiology.
Whereas funding remained generous for epidemiology
and public health research projects, substantially fewer
resources were allocated towards physiological investi-
gations focused at the bedside [32±34].

In Europe, funding for physiological research with
immediate implications for clinical practice has been
emphasised. In addition, the clinical practice of inten-
sive care medicine has always been strongly based on
the ªphysicalº presence of the attending intensivist at
the bedside. In all European teaching hospitals, inten-
sive care units (ICUs) are closed, and academic and clin-
ical activities are inextricably coupled, leading to a
strong investigative focus that is tightly linked to clinical

practice. The relative lack of financial resources (no Eu-
ropean agencies have anywhere near the resources of
the NIH, even on a per capita basis) for wide-scale im-
plementation of molecular biology approaches to inte-
grate/replace applied physiology techniques and the
lack of non-medical personnel in the ICU (forcing the
academic attending to stay at the bedside), led Europe-
an clinician-scientists to research models strongly relat-
ed to clinical practice. As a consequence, applied physi-
ology grew and proliferated, leading Europeans to con-
tribute to the literature with high quality clinical re-
search. However, the lack of strong integration among
European ªICU physiologistsº and their/our inability
to propose a project integrating applied physiology, ba-
sic science, and clinical epidemiology supported by the
BIOMED project (the European Community pro-
gramme supporting medical research) arguably has lim-
ited the clinical impact of European applied physiology.
This could be attributed to the focus on answering de-
tailed physiological questions rather then verifying the
clinical effectiveness of various physiological approach-
es. In addition, the impact of randomised trials based
on ªEuropeanº physiological studies has been limited
by the relatively small sample sizes of many studies [35].

Research on VILI and the use of the P-V curve to un-
derstand mechanisms and set a protective ventilatory
strategy is a paradigm of the consequences of the discor-
dance between basic science, applied physiology, and
clinical research. Although investigation of the P-V
curve in patients originated over 15 years ago in Europe
[2±4], no large-scale clinical trials testing the utility of
the P-V in clinical practice were performed until recent-
ly. Furthermore, although a large number of experimen-
tal studies correlated P-V curves to histological [6] and
biological [7, 16] manifestations of VILI, only two ran-
domised trials showed that protective ventilatory strate-
gy individually tailored to the P-V curve minimised pul-
monary and systemic inflammation [20] and decreased
mortality in patients with ALI [21]. However, despite
the fact that several studies have: (a) proposed new
techniques to perform P-V curves at the bedside [22,
23, 26], (b) confirmed that the LIP and UIP correspond
to central tomographic evidence of atelectasis and over-
distension [25, 27, 28], and (c) demonstrated the ability
of the P-V curve to estimate alveolar recruitment with
positive end-expiratory pressure [9, 10], no large studies
have assessed whether such measurement can be per-
formed in all ICUs as a monitoring tool to orient venti-
lator therapy. On the other hand, the NIH/NHLBI re-
cently announced that a large randomised trial (840 pa-
tients with ALI) demonstrated a 20±25 % reduction in
mortality in patients receiving 6 ml/kg tidal volume as
compared with a more standard (12 ml/kg) strategy of
mechanical ventilation [36, 37]. However, the study pro-
tocol of this trial did not include the use of the P-V curve
to set protective ventilatory strategy and limited ªpul-

1041



monary protectionº to a fixed low (6 ml/kg) tidal vol-
ume. The NIH/NHLBI study therefore unequivocally
confirmed that VILI is an important determinant of
mortality in patients with ALI. However, we do not
know if the routine measurement of the P-V curve at
the bedside may be used to further minimise VILI as
predicted by experimental studies [6, 7] and suggested
in the European [20] and Brazilian [21] trials. It is inter-
esting that therapeutic approaches directed at the mo-
lecular aspects of ALI failed to improve outcome
[38±43], whereas the only trials demonstrating a signifi-
cant reduction in mortality in patients with ALI focused
on physiologically oriented intervention (decreasing tid-
al volume to minimise VILI) [36, 37].

What then is the role of applied physiology in in-
creasing our understanding of the mechanisms responsi-
ble for ALI and in optimising supportive therapy? First-
ly, despite the funereal announcement of the NIH [31],
applied physiology is not dead. Arguably, the most im-
portant scientific contribution in relation to ALI since
the original description is the ªdiscoveryº of VILI. The
only current treatment that has been shown to save pa-
tients' lives with ALI is not based on molecular biology
or genetic engineering but is based on an ªapplied phys-
iology interventionº. This is not to say that basic science
studies are not useful; indeed, it appears that one of the
mechanisms by which protective ventilatory strategies
are effective may be by limiting ªbiotraumaº (i. e., the

release of mediators due to mechanical ventilation)
[17]. Thus, integration of molecular biology and physiol-
ogy may indicate novel therapeutic strategies for VILI
and indeed for the underlying process leading to ALI.
Secondly, specifically in terms of the P-V curve, applied
physiologists still have to provide clinicians with clear
evidence that measurement of the P-V curve provides
additional benefit over the use of small tidal volumes.
In order to accomplish this goal, a controlled ªphysio-
logically based trialº involving hundreds of patients
and different ICUs should be performed. However, be-
fore this can be initiated, physiologists, clinicians, and
industry must develop a standardised procedure to ob-
tain measurements of the P-V curve easily at the bed-
side. This procedure must be (a) simple, (b) rapid and
safe, and (c) provide reproducible information on how
to set ventilator settings, perhaps based on assessment
of the LIP and UIP. Only with the integration of basic
science, applied physiology, and epidemiology will we
be able to develop optimal therapies for the treatment
of patients with ALI.

Jesus voce magna clamavit: ªLazare, veni foras!º pro-
diit, qui fuerat mortus, ligatus pedes et manus institis.
John XI, 43.44.
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