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Acute respiratory distress syndrome (ARDS) is of major 
concern for the intensivist, as ARDS can only be treated 
in the intensive care unit (ICU). A cornerstone treatment 
is mechanical ventilation in order to buy time while the 
disease leading to ARDS can be cured. Therefore, the 
first aim of mechanical ventilation is to maintain a viable 
gas exchange. Over the years we realized that the cost of 
mechanical ventilation, as measured by the occurrence 
of ventilator-induced lung injury (VILI) [1], was too high 
if the target of the mechanical ventilation was normal 
blood gases. From there, permissive hypercapnia and 
oxygen saturation between 85 and 90 % were accepted to 
decrease the risk of VILI.

To better tailor the ventilator settings, particularly to 
avoid potentially dangerous intratidal collapse and decol-
lapse, increased attention was devoted to the characteri-
zation of the pathology underlying ARDS. To date, lung 
CT scan is the gold standard to assess the distribution 
of strain and from there to make inferences to minimize 
the occurrence of VILI. It should be mentioned, how-
ever, that no study demonstrated that patient outcome 
can be influenced from lung CT scan findings, essen-
tially because no study has been done with this objective. 
Since ARDS lung characteristics cannot be monitored 
using CT imaging, methods feasible at the bedside are 
very attractive and lung ultrasound (US) is one of them 
[2]. One limitation of lung US is that the measurements 
do not quantify physical findings. Even though an aera-
tion score has been developed, it is not quantitative as 
the Hounsfield units are for CT [3]. This US aeration 

score has been shown to correlate with PEEP-induced 
recruited lung volume obtained from the pressure–vol-
ume curve [4] and with weaning failure during spontane-
ous breathing trial [5]. Recently, however, it was shown 
that recruitment measured by CT scan (as re-inflation 
of previously not inflated regions) is not correlated with 
recruitment measured by the pressure–volume curve 
[6]. This last method and, by inference the US method, 
actually measure together both the aeration of previously 
non-aerated regions and a better inflation of lung regions 
already aerated. The regional hyperinflation, however, 
cannot be measured accurately either with CT (because 
of the mass increase of the ARDS lung) or lung US.

Haddam et  al. [7] performed a multicenter study in 
51 ARDS patients with the aim to predict the oxygena-
tion response to the prone position session from using 
lung US aeration score. The patients included suffered 
equally from either primary or secondary lung injury and 
received appropriate lung-protective mechanical ventila-
tion. The authors found that changes in PaO2/FIO2 ratio 
and lung aeration score did not correlate in either early or 
late stage of prone position regardless of the focal or non-
focal nature of ARDS. The same was true for changes 
in PaCO2. For the oxygenation to increase, and for the 
PaCO2 to decrease, from increased regional lung aeration 
the blood should continue to flow towards those reaer-
ated lung areas.

Why did the increased aeration in the lung US score 
not correlate with the improvement in oxygenation, a 
result which is not surprising?

  • The first reason is that not only ventilation but also 
perfusion is a critical determinant of oxygenation. 
The present results may indicate that in the subset of 
patients investigated by Haddam et al. [7] the pulmo-
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nary blood flow was diverted away the reaerated lung 
regions in the prone position. This is not in line with 
the fact that the pulmonary blood flow continues to 
prevail in the dorsal regions in the prone position, as 
observed in many animal studies [8].

  • The second reason is that lung US aeration score 
does not measure reaeration accurately, although the 
lung US findings found by Haddam et al. [7] are qual-
itatively in line with the lung CT findings (increased 
aeration in dorsal lung regions associated with a 
decreased in aeration in ventral lung regions in the 
prone position).

  • The third reason is that the aeration LUS score show-
ing reaeration tracks hyperinflation and not only lung 
recruitment. At the very end, the present lung US 
findings are consistent with two previous CT stud-
ies [9, 10]. The change in oxygenation in the prone 
position did not correlate with either the static dis-
tribution of densities in the dorsal lung regions [10] 
or with lung recruitability in the supine position [9].

  • The fourth reason is that the oxygenation response 
was not defined from predetermined criteria but ret-
rospectively from the median value over the whole 
cohort. This method does not test the response to 
proning in a given patient.

In summary, the changes in aeration as seen by US or 
even more accurately quantitated by the CT scans cannot 
automatically predict the oxygenation response in every 
patient. The gas exchange in fact is only determined by 
the VA/Q ratio of the different regions, while at best the 
imaging techniques may only quantitate the degree of 
inflation, which is not equivalent to the degree of venti-
lation (part of the lung may be in fact hyperinflated and 
not ventilated, producing a different response for oxygen 
uptake and CO2 clearance).

Is it important to predict oxygenation response to prone 
position ventilation? The response to this question is likely 
no. First, those trials that found benefits to patient out-
come, either in meta-analysis [11] or in a single trial [12], 
included patients without taking into account oxygenation 
response to proning. Second, the main goal of mechani-
cal ventilation in ARDS patients is to provide viable gas 
exchange, preventing, at the same time, excessive strain to 
the lung. Dramatic increase in oxygenation or PaO2 higher 
than levels sufficient to provide an adequate oxygen trans-
port to the tissues is not required during the ARDS treat-
ment. In fact, in the ARMA trial those patients who were 
randomized to the higher tidal volume group had better 
oxygenation within the first week after randomization than 
those patients allocated to the lower tidal volume group 
but with a significantly worst outcome [13].

In conclusion, lung US allows monitoring of lung aera-
tion at the bedside and the present results [7] are the 
expression of a negative control group: it was expected 
that lung US aeration score would not correlate with 
changes in gas exchange and this is what was found.
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