
Humidification During Invasive Mechanical Ventilation: Less Lung
Inflammation With Optimal Gas Conditioning

During normal breathing, the upper airway warms and
moistens the inspired air such that, at the level of the main
carina, humidity reaches 44 mg H2O/L (100% relative
humidity at 37°C, the average core temperature of hu-
mans). Conversely, during invasive mechanical ventila-
tion, orotracheal or tracheostomy tubes bypass the upper
airways, determining a decrease of approximately 75% of
respiratory gas conditioning.1 As a result, at least some
degree of artificial humidification is necessary inasmuch
as it avoids mucociliary failure, epithelial damage, airway
obstruction, and reduction in respiratory compliance. The
optimal level of humidity and temperature, however, still
remains to be determined. Some authors2,3 have suggested
that normal values during spontaneous breathing should
also apply to invasive mechanical ventilation. Likewise,
based on experimental and clinical studies, the 2012 Amer-
ican Association for Respiratory Care guideline1 recom-
mends a range of gas moisture between 33 and 44 mg
H2O/L and temperature between 34 and 41°C with a rel-
ative humidity of 100%. This range, however, has never
been put to the test in terms of relevant outcomes, such as
airway and lung inflammation.

In the current issue of RESPIRATORY CARE, Jiang et al4

evaluated 5 different levels of gas conditioning in healthy
rabbits under invasive mechanical ventilation. They as-
sessed the effects of a wide range of absolute humidity on
airway epithelium damage and on lung inflammation us-
ing cytokines in the bronchoalveolar lavage fluid, histo-
logic lung injury score, and wet to dry ratio of the lungs.
They found less lung inflammation and less epithelial dam-
age in the group with more physiological gas conditioning,
considering the core temperature of rabbits.

Mechanical ventilation is a supportive treatment and
can be life-saving in many conditions. However, depend-

ing on the ventilator settings and on the underlying lung
disorder, mechanical ventilation can in itself promote or
perpetuate lung injury, a consequence known as ventilator-
induced lung injury. This injury is attributed to excessive
stress (tension) and strain (deformation) of the lung cells,
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which express chemical signals (mechanotransduction) for
the production of inflammatory cytokines and, depending
on the intensity of these forces, cell damage or death.5,6

The findings of Jiang et al4 suggest that air conditioning,
specifically temperature and absolute humidity, can also
contribute to ventilator-induced lung injury. Of note, these
findings suggest that experimental ventilator-induced lung
injury studies have to be interpreted with caution, always
taking into account the amount of humidification applied.
This is particularly important since, in many of those stud-
ies, animals were ventilated without humidification at all.
It is possible that some inconsistent results, mainly in an-
imals with healthy lungs,7 could be reconciled by taking
into account the degree of humidification.

It is interesting to speculate on the mechanism by which
unfavorable air conditioning could lead to lung inflam-
mation. It is well known that regions of damaged airway
epithelium promote lung injury through production of
mediators, such as pro-inflammatory cytokines, which par-
ticipate in recruitment/activation of inflammatory cells, in-
duction of alveolar cell death, and disruption of the alveolar
capillary barrier.8 This mechanism is an important compo-
nent of the physiopathology of ventilator-induced lung in-
jury9 and of some airway diseases, such as COPD and
asthma.10,11 In the case of air conditioning, it is possible that
the trigger is the epithelium damage associated with low hu-
midity, usually a few mm below the tip of the tracheal tube.12

The implications of these results for humans and clini-
cal practice are not straightforward. First, the core tem-
perature of rabbits is 1–2°C higher than for humans, so
these studied temperature settings cannot be translated di-
rectly to humans. Second, lung inflammation was very
mild, and it is not clear whether, with time, it would worsen
enough to have an impact on clinical outcomes of patients.
The results of clinical studies using less effective humid-
ification devices13 suggest otherwise. However, avoidance
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of even mild degrees of inflammation can be relevant in
the scenario of previously injured lungs, known to be more
sensitive to second hits. In conclusion, no matter how
appealing the concept of physiological air conditioning
can be, it remains to be proven whether it improves the
prognosis of ICU patients.
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