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COMMENTARY

Preserving spontaneous breathing during
mechanical ventilatory support: an old yet
fascinating story
Enrico Calzia1* and Rolf Dembinski2
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Abstract
Facilitation of early spontaneous breathing activity is
the most important measure to shorten weaning and
avoid ventilator-induced lung injury and diaphragmatic injury in mechanically ventilated patients. However, the optimal degree of spontaneous muscle
activity and ventilator support remains to be determined. Furthermore, effectiveness in relation to the
pathophysiology of respiratory failure is unclear. In this
regard the experimental study by Saddy and colleagues reveals interesting insights into the pathophysiology of ventilator-induced injury. More
important, their results raise important questions that
should be evaluated in further studies.
In a recent issue of Critical Care, Saddy and colleagues
[1] present an important article on the impact of partial
ventilatory support on lung tissue inflammation and diaphragm dysfunction in mechanically ventilated rats.
Their data reveal surprising results, in particular showing that the degree of diaphragmatic injury may depend
not only on the amount of spontaneous respiratory activity preserved by applying specific settings of mechanical support, but also on the etiology of acute lung
injury; that is, pulmonary versus extrapulmonary acute
respiratory distress syndrome (ARDS). The present article reminds us that the question posed by Milic-Emili in
a commentary published nearly 30 years ago as to
whether weaning is an art or a science [2] is still valid,
albeit a substantial body of available evidence now
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clearly explains several pathophysiological details of respiratory muscle failure in ICU patients [3,4].
Of course, the relevance of animal models in translational research may always be questioned. This is particularly the case for rodent models, as the validity of
the inflammatory response in these species as a model
for human diseases has been challenged very recently
[5]. Furthermore, respiratory mechanics widely differs
between humans and rodents, as suggested, for example,
by the different physiological respiratory rates that are
relatively higher in the latter species and may, therefore,
influence gas transport and exchange [6]. Nevertheless,
the present study has the major merits of, firstly, having
included diaphragm function and morphology (a relevant topic that still deserves fundamental research), and,
secondly, having quantified diaphragmatic activity under
different experimental conditions by means of the pressure–time product. This variable is calculated by tracing
the esophageal pressure and is therefore particularly
challenging to measure in small animals, but it is close
to clinical reality as it is fairly well accessible in humans
and may therefore support translating experimental results into clinical conditions [7].
Taken together, the present data confirm, in principle,
the well accepted notions that passive mechanical ventilation quickly damages the diaphragm [8] and promotes
lung injury by atelectasis formation [9]. However, they
also reveal that the impact of mechanical ventilation
may be more difficult to explain, especially in extrapulmonary ARDS. In fact, under partial spontaneous
breathing combined with low degree of ventilator support the authors observed an unexpected increase in diaphragmatic injury whereas atelectasis formation
decreased comparable to pulmonary ARDS.
These fairly surprising results may remind us that the
impact of mechanical ventilation on lung tissue and the
diaphragm is still far from being completely understood
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and merit intensive study in the future. In particular,
some effort should be spent reproducing in the experimental conditions factors that potentially influence the
response to mechanical ventilation in clinical settings.
For example, most ICU patients are affected by coexisting diseases, especially cardiovascular diseases, diabetes, and chronic obstructive pulmonary disease, which,
independent of the acute condition, also influence the
muscular and diaphragmatic function and may even accentuate the impact of mechanical ventilation.
Animal models mimicking conditions of co-existing
chronic diseases should therefore be recommended to
improve translation of experimental data into clinical situations and may be considered as the next step in studying the impact of mechanical ventilation and partial
spontaneous breathing on diaphragm and lung tissue.
Furthermore, most patients requiring mechanical ventilator support are affected by septic conditions leading to
organ dysfunction and metabolic disorders. The utility
of partial spontaneous breathing for maintaining diaphragmatic function has been well demonstrated in several experiments and nicely confirmed in the present
study, but the effects of spontaneous breathing under
septic conditions still need to be investigated. Finally, it
is well known that not only restriction of passive movement but also muscular overload due to increased work
of breathing may cause structural diaphragmatic damage
that is characteristic for weaning failure. Thus, another
important task of further studies is to find the perfect
balance between diaphragmatic loading and unloading
with regard to diaphragmatic and pulmonary function.
In this context it will be interesting to see if modern
spontaneous breathing modes may find their role in future concepts of lung and diaphragmatic protective ventilation strategies.
In summary, the present article improves our knowledge in a fundamental topic of critical care and should
encourage us to further study the influence of mechanical ventilatory support on lung tissue and diaphragm
function, which is likely to be an important key to improving patient outcome in the ICU.
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