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Introduction

Critical care medicine has entered a new era character-
ized by the pre-eminence of pathophysiological medi-
cine, mixing evidence, experience and a physiology-based
approach. Physiology is a fundamental part of the knowl-
edge needed to manage critically ill patients, but there is a
large gap between knowing what is normal, i.e. physiology,
and knowing what are the best solutions to cope with dis-
eases, i.e. pathophysiology, if any. After the birth of criti-
cal care in 1952 in the Blegdham Hospital in Copenhagen
[1], mechanical ventilation was universally recognized as
a life-saving technique. It took many years to realize that
mechanical ventilation delivered to reproduce normal
physiology, i.e. achieving normal gas exchange, could injure
the lungs and harm the patient [2—4]. We collectively real-
ized, at the expense of entire research programs, that a
lung-protective ventilation was necessary [5]. We still do
not understand everything, like the undisputable, though
paradoxical, beneficial effect of PEED, in a situation where
“hyperinflation” was considered as the culprit. Because
everything could not fit with too simple a theory, we also
had hard debates around the hemodynamic effects of ven-
tilation, often forgotten when we look at the lung [6]. Last,
despite accumulating evidence, we also failed to recognize
that the potential mechanisms causing ventilator-induced
lung injury were for many of them simply reflecting ventila-
tion-induced lung injury, whatever the source of breathing.
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Evidence of ventilation-induced lung injury
during spontaneous breathing
Mascheroni and colleagues demonstrated in 1988 that
spontaneous hyperventilation could injure the lungs in
a brilliant classical experiment [7], which, very similarly
to the Webb and Tierney seminal paper [4], remained
underappreciated for many years. They injected salicylate
acid into the magna cisterna of spontaneously breath-
ing large animals in order to generate a strong central
metabolic acidosis and stimulate ventilation. Interest-
ingly, they had two control groups, including one group
of animals made acidotic but paralyzed to prevent hyper-
ventilation. This demonstrated that the effects were not
directly caused by the acidosis. What they showed by
following the hyperventilating animals was that their
oxygenation progressively worsened, and that at autopsy
they had developed pulmonary edema and injury similar
to what was later called ventilation-induced lung injury.
Regarding the possibility of injurious spontaneous
breathing on top of mechanical ventilation, Yoshida and
colleagues have performed a series of experiments dem-
onstrating the worsening of lung injury by spontane-
ous ventilation in mechanically ventilated animals with
lung injury [8]. Interestingly, they found that the effects
of spontaneous ventilation depended on the degree of
lung injury. In mild injury, adding spontaneous breath-
ing on top of a monotonous mechanical ventilation was
beneficial, while the opposite was observed in severe
lung injury. In patients with the acute respiratory dis-
tress syndrome (ARDS), Papazian et al. demonstrated
in a series of clinical studies terminated by a large ran-
domized clinical trial that blocking spontaneous breath-
ing with neuromuscular blockers for 48 h decreased lung
inflammation [9] and improved survival [10]. Although
we do not know the precise mechanisms, this strongly
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suggested a deleterious effect of spontaneous breath-
ing under mechanical ventilation. Spontaneous breath-
ing could increase ventilation by breath stacking [11] or
reverse triggering [12], but Yoshida et al. also showed
that, without increasing tidal volume, spontaneous ven-
tilation with a high respiratory drive could induce an
internal redistribution of the inspired tidal volume gen-
erating local injurious forces [13]. Recently, we proposed
the concept of patient self-inflicted lung injury (P-SILI)
to describe all these conditions where a high respiratory
drive induced by local lung injury could result in global
or regional pressure changes susceptible to aggravating
the initial lung injury [14].

Differences between spontaneous breathing

and mechanical ventilation

In theory, the same transpulmonary pressure swings can
be generated by controlled mechanical ventilation, par-
tially assisted ventilation or spontaneous breathing. In a
series of patients submitted to different levels of pressure
support and to controlled mechanical ventilation, and in
whom transpulmonary pressure was measured as airway
minus esophageal pressure, Bellani et al. checked that this
assumption held true [15]. Indeed, when breaths were
matched to have the same volume and flow, transpul-
monary swings were identical whatever the modality of
ventilation. Alveolar pressure, however, differed because
of the different distributions of the respective pressures.
The higher the negative swings in esophageal pressure,
the lower the mean alveolar pressure, which rapidly fell
below PEEP for low levels of support. So a lower than set
PEEP or a frankly negative alveolar pressure could favor
the generation of pulmonary edema in cases of previous
vascular leakage. Negative pressure pulmonary edema
has been well described, and such a phenomenon could
participate in the risks of spontaneous ventilation [16].

Clinical relevance for noninvasive ventilation

Recently, Carteaux et al. have been the first to carefully
monitor the tidal volumes generated by patients with
hypoxemic respiratory failure under noninvasive venti-
lation [17]. Their observations brought three important
conclusions: (1) it is impossible to control the tidal vol-
ume by manipulating the pressure support level on top
of a low PEEP; (2) patients who fail and need intuba-
tion have higher tidal volumes than successful patients;
and (3) an average tidal volume at 9.5 ml/kg or above of
predicted body weight was highly predictive of failure.
Also, as shown previously in many studies, the outcome
of intubated patients failing NIV was poor [18]. Inter-
estingly, a recent study showed that the use of the hel-
met as an interface for NIV was associated with a better
outcome than the traditional oronasal face mask [19].

Whether the possibility to deliver higher PEEP could
be part of the explanation is not known. Higher PEEP
could reduce the drive and the negative pressure swings.
Lastly, the high flow nasal cannula technique has shown
remarkable results in this indication, with an improved
survival in non-intubated patients by comparison with
simple oxygen therapy or noninvasive ventilation [20].
The benefit may result from the washout of the oro-
pharyngeal dead space, reducing the ventilatory needs
and the work of breathing, per breath or per minute,
since the respiratory rate most often drops with this
technique.

Monitoring the patient spontaneous breathing
activity

In patients under partial ventilatory assist, clinicians
should not consider that their patients are “protected”
because they set only modest levels of positive airway
pressure during inspiration using pressure support ven-
tilation. To better understand what forces the patient is
generating, a monitoring of respiratory muscle activity
and/or respiratory drive is necessary. The occlusion pres-
sure, also referred to as P0.1 for the negative pressure
generated at 0.1 s of an occlusion, is a reasonably good
index of the respiratory drive and should be used much
more widely at the bedside to detect patients at high risk
of P-SILI [21, 22].

Conclusion

Ventilation-induced lung injury and P-SILI is a reality.
We should consider noninvasive techniques well adapted
to minimize these risks but also consider mechanical
ventilation as a necessary treatment in some cases. Intu-
bation, sedation and paralysis may be necessary to effi-
ciently deliver a lung-protective ventilation.
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