
Intensive Care Med (2016) 42:814–816
DOI 10.1007/s00134-016-4320-9

WHAT’S NEW IN INTENSIVE CARE

Ten physiologic advances that improved 
treatment for ARDS
Laurent Brochard1,2 and Göran Hedenstierna3,4* 

© 2016 Springer-Verlag Berlin Heidelberg and ESICM 

Acute respiratory distress syndrome (ARDS) was first 
described 1967 [1]. Mortality is high, around 30–40  %, 
with only slow decrease over the years. How can one 
then say that there are physiologic advances that have 
improved pulmonary treatment? One reason is that 
patients with increasing disease severity and increasing 
age are more frequently admitted to intensive care units 
and there receive the diagnosis of ARDS. Earlier they may 
have been lost before any diagnosis was made.

Below are listed ten physiologic advances that have 
been of importance to understand the pathophysiology of 
ARDS and have guided improvements in treatment.

 1. Imaging pulmonary pathophysiology
  Imaging methods such as computerized tomography, 

electrical impedance tomography, positron emis-
sion tomography, and ultrasound have helped us to 
understand the pathophysiology of ARDS [2]. Imag-
ing techniques have also enabled regional analysis 
of lung function and distribution of inflammation, 
the latter providing new information on ventilator-
induced lung injury (VILI). These advances have 
guided new treatment and “fine-tuning” of exist-
ing treatment, in particular in optimizing ventilator 
support. Figure 1 shows examples of visualization of 
morphological abnormalities, of lung function, and 
of sites of inflammation in the lung.

 2.. Baby lung and protective ventilation
  A large part of the ARDS lung is initially collapsed or 

poorly aerated or overinflated. Ventilated lung vol-
ume is dramatically reduced. This lung is nicknamed 
“baby lung” because only one-third or one-fourth of 
a normal lung is available for ventilation [3]. Harm-

ful stretches driven to the ventilated “baby lung” 
with ventilation set to “normal lungs” have been 
demonstrated, initiating not only baro/volutrauma 
but also biotrauma. Strategies to minimize collapse 
and overdistension have been emphasized in order 
to create “protective ventilation”. Tidal volume (VT) 
has been reduced from 12 to 15 ml/kg body weight 
(once assumed to facilitate gas exchange) to 6 ml/kg 
predicted body weight (the predicted weight being a 
better way to adapt to lung size) [4] with further pos-
sible decrease. This simple approach is life-saving.

 3. Driving pressure
  Decreasing VT or increasing end-expiratory lung vol-

ume both reduce the lung stretch that is frequently 
expressed as stress (external forces) and strain (inter-
nal deformation). Driving pressure (DP), i.e., the dif-
ference between end-inspiratory and end-expiratory 
airway pressure, can be considered a clinical esti-
mate of stress (pressure) and strain (relation to lung 
volume) as it is inversely proportional to respiratory 
compliance [5]. It contains information that reflects 
both disease severity and the effects of VT and pres-
sure settings. Ventilator settings and lung conditions 
that enable lower DP result in better survival.

 4. Lung recruitment and PEEP titration
  Reopening collapsed lung reduces shunt and possibly 

strain. An open lung should be less prone to inflam-
mation and less strain should decrease VILI. Once 
recruited, the lung should stay open and this can be 
achieved by titrating an optimum PEEP. How to per-
form the recruitment maneuver and how to select 
patients recruitable with high PEEP are still under 
debate [6, 7]. Whether this requires the systematic 
recording of transpulmonary pressure is another 
issue that causes debate.
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 5. Prone position
  Prone position may improve outcome in severe 

ARDS [8]. It seems to create a more homogene-
ous distribution of ventilation, perfusion, and pos-
sibly reduced lung strain. The last of these can be 
expected if ventilation is distributed in proportion 
to regional lung volume. It may be that improved 
outcome by using prone position is not necessar-
ily related to improved gas exchange but rather to 
decrease in regional lung strain.

 6. Avoiding intubation
  The pathophysiology of acute respiratory failure at 

an early stage is a complex interplay between a high 
level of work of breathing [9] and blood flow redistri-
bution towards the respiratory muscles while there 
are theoretical concerns that the high levels of ven-
tilation may lead to lung injury. Interestingly, high 
flow nasal cannula therapy seems to offer the best 
approach to minimize the risks associated with intu-
bation and mechanical ventilation and improve sur-
vival [10].

 7. Managing spontaneous breathing
  The recent observations concerning patient–venti-

lator asynchrony and its association with mortality 
[11] explain in part that the management of sponta-
neous breathing remains so complex and why, at the 
initial stage, a complete paralysis of the respiratory 
muscles may help to decrease strain and improve 
survival [12]. Several mechanisms may be at play, 
causing a deleterious interaction of spontaneous 
and mechanical breathing (such as local increases 

in strain, reflex contractions occurring under deep 
sedation [13] as well as breath stacking). There is a 
need for a closer monitoring which, as a result, may 
allow titrating respiratory muscle activity. Preserving 
respiratory muscle function also has a lot of poten-
tial benefits and seems essential at the weaning stage 
[14].

 8. Shifting our objectives for gas exchange
  For many years higher oxygenation and normalized 

alveolar ventilation were the objectives of mechani-
cal ventilation. Pioneer works in ARDS showed that 
the price to pay for “normalizing” these physiologic 
variables was lung injury. This major conceptual shift 
allowed us to accept trade-offs, with thresholds still 
under investigations, especially regarding PaCO2 
levels. We also completely shifted the early concept 
of the “ventilator lung” being caused by high FIO2 
to being caused by excessive strain [15]. As often 
occurs in medicine, we may rediscover in the future 
that oxygen toxicity does play some role.

 9. Understanding the determinants of oxygenation
  Because oxygenation is still the number one param-

eter observed by clinicians, understanding its deter-
minants in the context of ARDS has enormously 
helped the individualization of ventilatory and 
hemodynamic management. Indeed, oxygenation 
is influenced by alveolar recruitment, but also by 
venous blood saturation and shunt (both influenced 
by cardiac output), FIO2, and intracardiac shunt [16]. 
The complex nature of these relationships means 

Fig. 1 Axial images of lung morphology assessed by computed tomography (CT; left panel), lung function (ventilation and perfusion) by single 
photon emission computed tomography (SPECT; middle panel), and lung inflammation by positron emission tomography (PET; right panel) in 
clinical (CT) and experimental (SPECT, PET) ARDS. Left panel CT image with pulmonary window displaying bilateral dorsal consolidations with air 
bronchogram. Further anterior is a layer of ground glass opacities and most anterior is normal-appearing lung parenchyma. By courtesy of Tomas 
Hansen, Department of Radiology, University Hospital, Uppsala, Sweden. Middle panel Distributions of ventilation (V) and perfusion (Q) obtained by 
inhalation of short-lived krypton gas (81mKr) and intravenous injection of microspheres labelled with technetium (99mTc). Note ventilation in anterior 
regions without perfusion and perfusion in dependent regions without ventilation. By courtesy of Enn Maripuu, Department of Hospital Physics, 
University hospital, Uppsala, Sweden. Right panel Distribution of inflammation obtained by intravenous injection of radioactive 18F-fluorodeoxyglu-
cose. Note predominance of inflammation in the mid regions of the lung, sparing the anterior and also most of the dorsal regions. By courtesy of 
Joao Batista Borges, Department of Surgical Sciences, Uppsala University, Uppsala, Sweden
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that an optimal management needs a good under-
standing of physiology.

 10. Understanding when ventilation is not enough
  Acknowledging that mechanical ventilation is caus-

ing excessive strain has led to the concept of com-
pletely or partially resting the lung, early in the his-
tory of ARDS. Complete lung rest is obtained with 
extracorporeal membrane oxygenation and seems 
to be reserved for severe cases, while partial rest 
obtained with CO2 removal techniques offers an 
exciting alternative to our current standards [17].

Conclusion: bedside pathophysiology is the key 
for translational research
Progress in ARDS research has been driven by epidemi-
ology, experimental research, and bedside physiology. 
Ignoring one of these three components (or thinking 
that one of them will solve everything) leads to wasting 
time, energy, and money at the expense of patients. The 
key for future translational research, hopefully integrat-
ing biologic markers for diagnosis and classification, will 
continue to need a better understanding of mechanisms.
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