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Dear Editor,
Mechanical ventilation-induced lung injury (VILI) is 
associated with an excess of stress, strain, and recruit-
ment/derecruitment of unsteady alveoli (atelectrauma). 
The use of protective ventilatory strategies should mini-
mize their development. Driving pressure as a predictor 
of VILI has been inferred from its association with mor-
tality [1, 2].

Purpose
To correlate driving pressure with stress, strain, and ate-
lectrauma in moderate to severe ARDS.

Methods
Patients with moderate/severe ARDS were included. We 
excluded patients with emphysema, asthma, pneumo-
thorax, or serious conditions of instability:  SaO2 ≤ 90%; 
severe shock, ventricular arrhythmia, or myocardial 
ischemia. Patients were ventilated under similar con-
ditions of tidal volume (TV; 6  ml/kg-PBW) and pla-
teau pressure (PPlat). PEEP was adjusted to reach PPlat 
30  cmH2O. Transpulmonary pressures were measured 
and a chest CT scan performed both at inspiration and 
expiration to analyze lung density. Volume of lung air was 
quantified at the end of expiration (EELV) using Lung 
Volume Analysis Software (Toshiba, Japan).

Stress was defined as transpulmonary pressure at the 
end of inspiration (PTPinsp), lung strain as the relation 
between TV/EELV [3], and atelectrauma as the difference 

between non-aerated lung (100 to –  100  HU) during 
inspiratory and expiratory pause in the CT scan.

We calculated airway driving pressure 
 (DPA  =  PPlat  −  PEEP) and lung driving pressure 
 (DPL = PTPinp − PTPexp).

Data are presented as mean ±  SD. Mann–Whitney U 
test was used to compare variables and Spearman’s corre-
lation test (r) to study their association. Values of p < 0.05 
were considered significant.

Results
Eighteen patients with pneumonia-associated ARDS (pri-
mary ARDS) were included within 72 h of the diagnosis. 
General features were age, 36 ± 11.5 years old; APACHE 
II, 18.5 ± 2.1; Pa/FiO2, 158 ± 40; PEEP, 14 ± 2.7 cmH2O; 
Murray’s score, 3 ±  0.4; respiratory-system compliance, 
24.3 ± 4.4 ml/cmH2O; and mortality, 27.7%.

EELV correlated negatively with stress (r  =  −  0.76, 
p  <  0.001) and atelectrauma (r = −  0.75, <  0.001) and 
positively with  PaO2/FiO2 (r = 0.64, p = 0.007).

DPA and  DPL correlated positively with stress, strain, 
and atelectrauma (Table  1). There were significant dif-
ferences between those with  DPA  ≤  15 (n  =  9) and 
 DPA > 15 cmH2O (stress: 14.1 ± 1 vs. 18.2 ± 2 cmH2O, 
p < 0.01; strain: 0.17 ± 0.1 vs. 0.32 ± 0.3, p < 0.01; atelec-
trauma: 2.9 ± 4 vs. 14.8 ± 9%, p < 0.01).

Discussion
Like other authors, we observed that safe levels of PPlat 
and TV did not prevent high values of stress, strain, and 
atelectrauma in some patients [4], especially in those 
with lower EELV and  PaO2/FiO2 or higher  DPA and  DPL. 
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Adjusting TV to the predicted body weight may result in 
exceeding the limited lung capacity (the “baby lung” con-
cept) [5].  DPA and  DPL express the relation between TV 
and “baby lung” [1]. Decreasing  DPA would reduce the 
VILI risk, even in those patients with safe levels of PPlat 
and TV [1].

Normal to slightly increased chest wall elastance/total 
respiratory system elastance ratio (0.6  ±  0.1) favored 
both  DPA and  DPL correlation similarly. Patients with 
increased extrapulmonary elastance could have different 
results.

Conclusions
DPA and  DPL correlated positively with stress, strain, and 
atelectrauma.
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Table 1 Positive correlation was observed between DP 
and stress, strain and atelectrauma

Stress Strain Atelectrauma

DPA (16.0 ± 3.0 cmH2O) r = 0.73
p < 0.001

r = 0.9
p < 0.001

r = 0.68
p = 0.001

DPL (10.9 ± 2.7 cmH2O) r = 0.75
p < 0.001

r = 0.75
p < 0.001

r = 0.70
p < 0.001
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