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The widespread use of positive-pressure ventilation for
ongoing life support began after its value was demon-
strated with a dramatic reduction in mortality during the
1952 polio epidemic in Copenhagen [1]. From this year
until now, mechanical ventilation has become the most
common procedure in the management of critically ill
patients, and indeed, it was the main reason for the
establishment of intensive care units. Over the last several
decades, the utilization of mechanical ventilation has

changed significantly and, therefore, the outcome of
patients who require respiratory support has improved.

In this issue of Intensive Care Medicine, Metniz et al.
[2] describe the utilization of mechanical ventilation in
299 units from 35 countries that participated in the SAPS
3 study [3]. In general, their results are similar to those
published in previous epidemiological studies of
mechanical ventilation [4–7]. An important first point is
that more than half of the patients received mechanical
ventilation immediately on admission to the intensive
care unit. This fact confirms that mechanical ventilation is
the most important procedure or technique during the
daily clinical practice in the intensive care units. How-
ever, it is surprising to note the low rate of utilization of
non-invasive ventilation (4.2% at admission and 7.3%
during the first 3 days) even in patients with chronic
pulmonary obstructive disease (17% of COPD patients
received non-invasive ventilation). These data are in
contrast with results reported in previous studies. Esteban
et al. [7] showed a significant increase in the utilization of
non-invasive ventilation in a period of 6 years: from 4%
in 1998 to 11% in 2004; this increment was especially
large in the subset of patients with COPD (from 17 to
44%). Similarly, a survey of 70 French intensive care
units showed that first-line non-invasive ventilation was
significantly more common than 5 years earlier (23 vs.
16%) [8]. Why are these results different between stud-
ies? First, it is likely that regional and geographic
differences may have played a role. In the current study
[2], the authors showed significant variation in NIV use
across regions from 1.3% (Eastern Europe) to 14%
(Northern Europe). In the study by Esteban et al. [7], there
were also regional differences, with NIV rates in 2004
varying from 15% in Europe to 7% in Latin-America and
5% in USA-Canada (data not previously reported). Sec-
ond, seasonal differences may have influenced the case-
mix included in each study. Seasonal variations in the
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incidence of exacerbations of COPD have been reported
[9, 10], and as this is the disease with the strongest evi-
dence of benefit from non-invasive ventilation [11], it
makes sense the seasonal differences may also be seen in
NIV use. The studies by Esteban et al. [7] and Demoule
et al. [8] were carried out in March but they included
different proportions of COPD patients (7 vs. 17%),
whereas this study by Metnitz et al. [2] was performed in
October, November and December, and included 7% of
patients with exacerbations of COPD. Last, this finding of
limited NIV use may be a result of increased successful
use of non-invasive ventilation outside the ICU (e.g., in
the emergency room, recovery room, hospital ward). This
in turn could have created a form of selection bias,
whereby only patients with a poor clinical evolution were
admitted to the ICU for ongoing ventilatory support.

Despite the introduction of several new ventilator
modes, assist-control volume-cycled ventilation contin-
ues to be the most commonly used mode. However, the
authors also reported regional differences in the utili-
zation of modes of ventilation; notable findings include
that in the units from Australasia synchronized inter-
mittent mandatory ventilation (SIMV) with pressure
support (PSV) was most common, while in units from
Northern Europe, the prevalent mode was pressure-
controlled ventilation (PCV). This latter point is con-
sistent with a previous point, prevalence study
performed in the Nordic countries, which found that the
majority of patients (86%) were ventilated with pres-
sure-regulated modes [12]. The observed diversity can
be explained because at the present time there is no
strong evidence suggesting that one mode of ventilation
should be chosen over another [13] and individual
physicians’ preferences will go toward the utilization of
modes with which they are most familiar.

For many years, physicians have chosen ventilator tidal
volumes between 10 and 15 ml/kg. This practice in the
past was justified by the fact that early experience with
mechanical ventilation came from anesthesiology, where
the aim of mechanical ventilation was to avoid atelectasis
and maintain good oxygenation during a surgical inter-
vention. However, we now recognize the importance of
ventilator-induced lung injury [14], with both animal
studies and early non-controlled human trials suggesting
that certain ventilator settings (high tidal volumes and low
levels of positive end-expiratory pressure) could affect the
extent of lung injury and even influence outcome. A
number of randomized trials have evaluated the influence
of the ventilatory on the outcome of the mechanically
ventilated patient with acute lung injury (ALI) [15].
Summarizing these studies shows a significant effect on
mortality at day 28 with lung-protective ventilation using
smaller tidal volumes (relative risk 0.74; 95% confidence
interval: 0.61–0.88) [15]. However, debate continues,
regarding to what extent it is the low tidal volume strat-
egies being protective, or the high volume strategies being

harmful; while most clinicians and experts agree that
cyclic overdistention of alveoli should be avoided, the
optimal target tidal volume remains to be determined. For
this reason, the use of tidal volume limitation is in evo-
lution [7] but is not universally practiced. In this study by
Metnitz et al. [2] a third of patients with ARDS criteria
were ventilated with a tidal volume higher than 8 ml/kg
of actual body weight (approximately equivalent to
10 ml/kg of predicted body weight); data on plateau
pressure were unavailable. These data suggest to us that
while many clinicians are clearly focused on protecting
the lung in ALI, there remains room for improvement in
our delivery of mechanical ventilation to ALI patients.

Probably, no aspect of mechanical ventilation has
been the subject of such an extensive literature as the
use of positive end-expiratory pressure (PEEP). From
the initial favorable experience of Petty and Ashbaugh
[16], extensive research has been undertaken to under-
stand the mechanisms of its beneficial actions and to
determine its optimal level [17]. Although the applica-
tion of a prophylactic PEEP can have a beneficial effect
in patients without hypoxemic respiratory failure [18],
most recent studies have focused on the effect on PEEP
on mortality of patients with ALI or ARDS [19, 20].
The use of higher versus conventional levels of PEEP
does not appear to have a large effect on in all-comers
with ALI. However, in those with the most severe
forms of disease and the worst hypoxemia, there is a
suggestion that higher levels of PEEP may be beneficial
in reducing the need for rescue therapy and perhaps
even in reducing mortality [21, 22]. In addition,
observational data suggest that the use of very low
levels of PEEP may be suboptimal in ARDS patients
[23]; in this regard, the fact that 16% of patients with
ARDS in the current study were ventilated with a PEEP
lower than 5 cm of water may be concerning.

Where mechanical ventilation should be going in the
future? One role for the mechanical ventilator is to ‘‘buy
time’’, allowing the patient to recover from the disease
causing respiratory failure. During this period, the ideal
ventilation would be that one that it further does not
damage the respiratory muscle or lung parenchyma. For
this objective, probably each patient needs an individual
setting. While lower tidal volumes around 6–8 ml/kg
PBW may be a reasonable starting point in many patients,
we should recognize that this may not be ideal for every
patient—some individual tailoring may be necessary [24,
25]. Patient-ventilator dyssynchrony has also been related
to outcome and may be an increasing focus in the future
[26]. Two newly available modes, proportional assist
ventilation (PAV) and neurally adjusted ventilatory assist
(NAVA) certainly appear to optimize synchrony—we
await further studies to establish their effects on outcomes
of importance to patients [27]. Last, what is the optimal
PEEP? Nobody knows for certain, but one way to help
determine it could be the use of esophageal pressures to
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estimate the transpulmonary pressure—a practice we
anticipate increasing in the coming years [28].
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Montañez AM, Anzueto A (2008)
Evolution of mechanical ventilation in
response to clinical research. Am J
Respir Crit Care Med 177:170–177

8. Demoule A, Girou E, Richard JC, Taille
S, Brochard L (2006) Increased use of
noninvasive ventilation in French
intensive care units. Intensive Care Med
32:1747–1755

9. Vilkman S, Keistinen T, Tuuponen T,
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