
Page 1 of 9

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2018;6(19):389atm.amegroups.com

Review Article

Should we titrate ventilation based on driving pressure? Maybe 
not in the way we would expect
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Abstract: Mechanical ventilation maintains adequate gas exchange in patients during general anaesthesia, 
as well as in critically ill patients without and with acute respiratory distress syndrome (ARDS). Optimization 
of mechanical ventilation is important to minimize ventilator induced lung injury and improve outcome. 
Tidal volume (VT), positive end-expiratory pressure (PEEP), respiratory rate (RR), plateau pressures as well 
as inspiratory oxygen are the main parameters to set mechanical ventilation. Recently, the driving pressure 
(∆P), i.e., the difference of the plateau pressure and end-expiratory pressure of the respiratory system or of 
the lung, has been proposed as a key role parameter to optimize mechanical ventilation parameters. The ∆P 
depends on the VT as well as on the relative balance between the amount of aerated and/or overinflated lung 
at end-expiration and end-inspiration at different levels of PEEP. During surgery, higher ∆P, mainly due to 
VT, was progressively associated with an increased risk to develop post-operative pulmonary complications; 
in two large randomized controlled trials the reduction in ∆P by PEEP did not result in better outcome. In 
non-ARDS patients, ∆P was not found even associated with morbidity and mortality. In ARDS patients, an 
association between ∆P (higher than 13–15 cmH2O) and mortality has been reported. In several randomized 
controlled trials, when ∆P was minimized by the use of higher PEEP with or without recruitment manoeuvres,  
this strategy resulted in equal or even higher mortality. No clear data are currently available about the  
interpretation and clinical use of ∆P during assisted ventilation. In conclusion, ∆P is an indicator of severity 
of the lung disease, is related to VT size and associated with complications and mortality. We advocate the use 
of ∆P to optimize individually VT but not PEEP in mechanically ventilated patients with and without ARDS. 
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Introduction

Optimization of invasive mechanical ventilation is mandatory 
to maintain adequate respiratory function in patients 
undergoing general anaesthesia (1), as well as in critically 
ill patients without (2,3) and with acute respiratory distress 
syndrome (ARDS) (4). Further, different types of mechanical 
ventilation have been proposed, from fully controlled 

to partially assisted and spontaneous breathing (5,6). 
Additionally, non-invasive mechanical ventilation has been 
also proposed in the early or later phases of respiratory 
support (7). However, mechanical ventilation may induce 
lung injury even when used for a limited period of time (1).  
Several parameters have been considered to guide 
mechanical ventilation strategies, taking into consideration 
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the mechanical properties of the respiratory system, lung 
and chest wall, as well as gas-exchange and haemodynamic. 
During controlled mechanical ventilation, some ventilator 
parameters are set by the physician, such as tidal volume 
(VT), positive end-expiratory pressure (PEEP), respiratory 
rate (RR), inspiratory airflow (V’) and inspiratory oxygen 
fraction (8). Other ventilator parameters are derived by 
the interaction between those set by the physician and the 
mechanical characteristics of the respiratory, lung and chest 
wall, like the inspiratory peak (Ppeak) and plateau (Pplat) 
pressure. The inspiratory effort, like inspiratory drive, 
inspiratory pressure time product or work of breathing, 
as well as electrical activity of the diaphragm have been 
additionally considered during assisted or non-invasive 
ventilation modes of ventilation (9). More recently, driving 
pressure (∆P), which is the difference between the static 
airway or transpulmonary pressure at the end-inspiration 
and at the end-expiration, both during controlled or 
assisted ventilation, has been proposed as an additional 
and more useful parameter to set mechanical ventilation. 

In this review, we will discuss the role of ∆P to optimize 
respiratory support both in patients during surgery as well 
as in critically ill patients with and without ARDS, during 
controlled and assisted ventilation.

Measurement of driving pressure

The following paragraphs will describe practical methods to 
measure the ∆P in different clinical settings.

Controlled mechanical ventilation

During controlled mechanical, the driving pressure of the 
respiratory system (ΔPrs) is defined as the difference between 
the plateau pressure of the airways at end-inspiration  
(PPLAT,rs) and PEEP. If the transpulmonary pressure is 
considered, the transpulmonary driving pressure (ΔPL) is 
calculated as ΔPL = (PPLAT,rs – POES,end-insp) – (PEEP − POES,end-exp)  
where POES,end-insp is the oesophageal pressure at end 
inspiration and POES,end-exp is the oesophageal pressure at 
end-expiration. The ΔPrs and ΔPL represent the distending 
pressure received by the respiratory system or the lung, 
respectively, when VT is delivered. In other words,  
ΔPrs = VT/compliance of the respiratory system (Cst,rs) or 
ΔPL = VT/compliance of the lung (Cst,L). From a theoretical 
point of view, if the Cst,rs or Cst,L, are linked to the aeration 
of the lungs at end-expiration, ΔP is a simple parameter 
at the bedside evaluating the distension of the respiratory 
system or the lungs induced by VT standardized by the 
pulmonary aeration, namely a surrogate of the dynamic 
lung strain. As an example (see Figure 1), in a patient 
ventilated with a VT of 500 mL, with an aerated lung 
volume at end-expiration of 2,000 mL and the Cst,rs of  
100 mL/cmH2O, the relative ΔPrs will be 5 cmH2O. On the 
other hand, in a patient ventilated with a VT of 500 mL, 
with an aerated lung volume at end-expiration of 500 mL 
and the Cst,rs of 25 mL/cmH2O, the relative ΔPrs will be  
20 cmH2O. This means that the VT delivered to lungs with a 
relevant loss of aeration induces greater distending pressure 
to the respiratory system and the lungs compared to the 
same VT applied to well aerated lungs. The consequence is 
that, to apply a low distending pressure in presence of loss 
of aeration, a reduction in VT will be necessary.

As shown in Figure 2, ΔP may be affected by: (I) VT 
size, i.e., the volume difference between end-inspiration 
and end-expiration; (II) PEEP, increasing the aerated 
lung size at end-expiration, thus improving Cst,rs and/or 
Cst,L. If PEEP is too high, yielding overdistension, or too 

Figure 1 Effects of loss of aeration on the driving pressure. The 
use of 500 mL tidal volume applied to a lung with no loss of 
aeration and high compliance does not result in tidal hyperinflation 
(A). The same tidal volume applied to a lung with lower 
compliance and relevant loss of aeration can result in relevant tidal 
hyperinflation, as suggested by the presence of high ∆P and a stress 
index above 1 (B). The reduction of VT to 250 mL can balance 
this phenomenon (C). VT, tidal volume; Crs, compliance of the 
respiratory system; ∆P, driving pressure.
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low, yielding collapse, ΔP will further increase. Thus, the 
application of PEEP influences ΔP, depending on delivered 
VT. In experimental (10) and clinical (11) studies, it has 
been shown that different VT may deeply affect the aerated 
lung at end-expiration. In other words, higher VT, and 
consequently, higher Pplat, yield higher lung volume at 
end-expiration, in a dynamic recruitment process. Thus, ∆P 
should be cautiously interpreted if, during inspiration, VT 
progressively recruits or over-distends aerated or previously 
partially collapsed lung regions (12). Thus, VT may 

differently affect ΔP in presence of intra-tidal collapse and 
de-collapse and/or excessive overdistension. The combined 
measurement with stress index might improve the correct 
interpretation of ΔP. If at higher VT or PEEP, ΔP increases 
as well as stress index, this suggests overinflation of the 
lung; on the other side if ΔP increases but stress index 
decreases this likely mean that overinflation is associated 
with progressive recruitment and de-recruitment of alveolar 
units. Other factors may affect the correct measurement and 
interpretation of ΔP, such as the duration of the inspiratory 
pause/hold used to measure Pplat and the correct evaluation 
of PEEP. In most of the current studies, Pplat was measured 
0.5 s after onset of the end-inspiratory pause and the PEEP 
used was the ventilator setting instead of the measured 
total PEEP. A recent study (13) showed that ΔP values 
are significantly altered by the manner in which Pplat and 
PEEP are measured: the measurement of ΔP is feasible 
during controlled mechanical ventilation, but its correct 
evaluation is not always easy to perform at the bedside with 
commonly used monitoring systems.

Assisted or non-invasive mechanical ventilation

It is commonly believed that the estimation of Pplat (and 
hence ΔP) is unreliable during assisted ventilation or 
spontaneous effort, since a sufficiently stable inspiratory 
hold cannot be achieved (14). Further, one must consider 
that the contribution of spontaneous effort cannot be 
estimated without the additional use of oesophageal 
pressure measurement. For these reasons, Pplat and ΔP 
are often thought to be accurately measurable only during 
controlled mechanical ventilation, and even paralysis, but 
not in presence of spontaneous effort. However, it has been 
proposed the possibility to estimate the ΔP even during 
assisted and spontaneous breathing (15). This might be 
performed during pressure support ventilation, or other 
modes of pressure limited ventilation, if the ventilator allows 
to perform an inspiratory hold in assisted modes, which is 
not always the case. A brief inspiratory hold is maintained 
at end of inspiration and may result in the measurement 
of a reasonably accurate Pplat. The airway pressure 
waveform does not reflect the inspiratory effort (negative 
Pes deflection), except when the inspiration is interrupted. 
An inspiratory hold during a positive pressure breath 
without spontaneous effort results in a slight decrease in the 
inspiratory pressure as the flow reduces to zero yielding the 
Pplat; this is the distending inspiratory pressure generated by 
the application of VT. On the other hand, an inspiratory hold 

Figure 2 Effects on driving pressure and stress index of the 
application of the same tidal volume on lungs with different 
characteristics. In lungs with relevant loss of aeration and poor 
recruitment potential, the tidal volume is distributed to a small 
aerated volume, which undergoes tidal hyperinflation, with very 
high ∆P and stress index well above 1 (A). In similar conditions 
but with lungs that can be opened during the respiratory cycle, 
∆P will be high and stress index slightly increased (B). With a 
modest loss of aeration, ∆P and stress index can be kept within 
acceptable ranges easily (C). In a lung where static hyperaeration 
is present already at end-expiration, such as in a patient where the 
lung is kept open with the use of an unnecessarily high PEEP, tidal 
hyperinflation can overlap to the static hyperaeration (D). VT, tidal 
volume; Crs, compliance of the respiratory system; ∆P, driving 
pressure; PEEP, positive end-expiratory pressure.
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during a positive pressure breath with spontaneous effort 
results in an increase in the airway pressure, which is again 
the Pplat. In this case the difference between the level of 
inspiratory support at end-inspiration and Pplat reflect both 
the size of the VT and the additional (hidden) contribution 
of the spontaneous effort at the end of inspiration (16). 
However, in case of active inspiratory effort, the ΔP of the 
respiratory system will underestimate the real ΔP of the lung, 
which includes the maximal inspiratory negative swing of 
the oesophageal pressure. In conclusion, an inspiratory hold 
during assisted ventilation allows measurement of the total 
distending pressure, i.e., Pplat and derivation of compliance 
as well as ΔP, which might allow a better setting of protective 
ventilation during spontaneous breathing. However, this 
measurement appears to be valid only in presence of low to 
moderate inspiratory effort.

Driving pressure during anaesthesia

Protective mechanical ventilation strategies using low VT 
with low to moderate levels of PEEP have been shown to 
improve outcomes and reduce post-operative pulmonary 
complications for patients who have had surgery (8,17,18), 
and efforts have been made to understand whether the 
use of individualized ventilator settings can improve 
outcome (19). However, in this clinical setting, the role 
of ΔP is debated. More recently, the optimization of ΔP 
has been considered as a tool to optimize mechanical 
ventilation during surgery in an attempt to minimize  
post-operative pulmonary complications and improve 
outcome. In a retrospective hospital registry based study 
in 69,265 consecutively enrolled patients who underwent a 
non-cardiac surgical procedures, the use of intraoperative 
protective ventilation, with VT less than 10 mL/kg predicted 
body weight and PEEP equal or higher than 5 cmH2O was 
associated with a decreased risk of post-operative respiratory 
complications (20). In this study, a PEEP of 5 cmH2O and a 
plateau pressure of 16 cmH2O or less were associated with 
the lowest risk of postoperative pulmonary complications. 
Interestingly, ΔP higher than 16 cmH2O was associated 
with an increased risk to develop post-operative pulmonary 
complications. In another retrospective study, including 
109,360 adults undergoing mechanical ventilation during 
surgery, post-operative pulmonary complications were found 
to be more common after pressure-controlled ventilation 
compared to volume-controlled ventilation. VT and ΔP were 
varied more frequently with pressure-controlled ventilation 
compared with volume-controlled ventilation independently 

from the level of ΔP (i.e., higher or lower than 19 cmH2O) 
or PEEP (higher or lower than 5 cmH2O). These data seem 
to support the use of volume-controlled ventilation during 
surgery, particularly for patients at higher risk to develop 
post-operative pulmonary complications (21). These studies 
were based on the analysis of administrative data of large 
cohorts of patients. These findings were confirmed from 
individual data meta-analysis from randomized controlled 
trials in 2,250 patients undergoing non-cardiac surgery (22). 
Multivariate analysis suggested that ΔP was proportionally 
associated (i.e., without any specific threshold) with the 
development of post-operative pulmonary complications. 
Further, in a mediation analysis, ΔP was the only significant 
mediator of the effects of protective ventilation on 
development of pulmonary complications after surgery. Thus, 
findings from a retrospective, prospective observational and 
individual data meta-analysis from randomized controlled 
trials suggest an association between ΔP during surgery and 
the risk to develop post-operative pulmonary complications. 
The main drawback of these association analyses is that they 
are unable to define a causative link between ΔP and the 
occurrence of respiratory complications: the main clinical 
question remains whether the manipulation of ΔP during 
mechanical ventilation in patients undergoing surgery can 
affect post-operative outcome. Two mechanical ventilation 
strategies may be used to reduce ΔP: (I) use of lower VT; (II) 
titrating PEEP in order to minimize ΔP, at a constant VT. 
The reduction in VT and consequently ΔP has been found 
the main strategy to reduce the risk of developing post-
operative pulmonary and/or non-pulmonary complications 
after surgery (8,17). Individual randomized controlled trials 
adequately powered have not been performed to directly test 
the hypothesis that lower VT alone is directly influencing 
post-operative outcome. However, studies published so far do 
not suggest any potential benefit of higher VT during surgery 
on post-operative outcome. Two randomized controlled trials 
investigated the effect of PEEP, at constant protective VT, 
during surgery on post-operative outcome (pulmonary and/
or extrapulmonary complications) (23,24). In 900 patients 
at risk for postoperative pulmonary complications who 
were planned for open abdominal surgery under general 
anaesthesia ventilated at VT of 8 mL/kg, the application of 
PEEP 12 cmH2O with recruitment manoeuvres compared 
to PEEP 2 cmH2O without recruitment manoeuvres 
significantly improved the compliance of the respiratory 
system, thus reducing ΔP, without affecting post-operative 
pulmonary complications (23). Further, PEEP 12 cmH2O 
was associated with an increased post-operative plasma levels 
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of Clara cell protein 16 (CC-16), a marker of epithelial 
lung injury (25) suggesting pulmonary overdistension (26).  
Another randomized controlled trial  investigated  
1,012 patients scheduled to have abdominal surgery with an 
expected duration above 2 h, ventilated with low VT and a 
PEEP either set to a fixed value of 5 cmH2O or individually 
set to achieve the lowest driving pressure (24). Individually 
tailored PEEP resulted in lower driving pressure (10.4 versus 
13.2 cmH2O), without determining changes in post-operative 
pulmonary and systemic complications during the first 7 days  
after surgery. Overall, these data suggest that the reduction 
in ΔP determined by PEEP-induced recruitment, even 
when individually titrated, was not effective to reduce  
post-operative complications and improve outcome after 
surgery during ventilation with protective VT. These 
findings are in line with those reported previously, showing 
no beneficial effect of reduction in ΔP on the incidence of  
post-operative pulmonary complications (22). On the other 
side, levels of PEEP associated with an increase in ΔP, during 
protective VT, might be associated with an increased risk 
of post-operative pulmonary complications (22). However, 
several authors have started to challenge the concept that the 
lung should be kept open to minimise lung injury (27,28). 
Moreover, physiologic studies question the reliability of ΔP 
to assess the dynamic strain when relevant PEEP-induced 
lung aeration is present (29). All these studies excluded obese 
patients with body mass index higher than 35 kg/m2. A large 
randomized controlled trial has been recently completed, 
investigating the effects of higher PEEP (12 cmH2O) with 
recruitment manoeuvre compared to lower PEEP (4 cmH2O) 
without recruitment manoeuvre in obese patients with Body 
Mass Index higher than 35 kg/m2 and undergoing surgery (30). 
In this study, it is expected a marked reduction in ΔP with 
higher PEEP, thus more information about relationships 
between ΔP and post-operative complications will be 
available soon in obesity. Future studies could better explore 
the potential beneficial effects of individually titrated PEEP, 
not to the minimal ΔP, but to the maximal level of PEEP to 
avoid further increase in ΔP, and thus overdistension. 

In conclusion, higher ΔP during surgery was associated 
with an increased risk to develop pulmonary and/or systemic 
complications in the post-operative period. The reduction in 
VT is the easiest and cheapest way to reduce ΔP potentially 
improving post-operative outcome. From randomized 
controlled trials and individual data meta-analysis,  
the application of PEEP to minimize ΔP, at constant 
protective VT, does not seem to be associated with a 
reduction in post-operative complications.

Driving pressure in non-ARDS critically ill patients

Many patients admitted to the intensive care unit requiring 
invasive mechanical ventilation do not have ARDS (31). 
A recent study found that patients without ARDS are 
characterized by higher in-ICU and in-hospital mortality 
than expected (32). On average roughly 50% of patients 
without ARDS received a VT higher than 8 mL/kg predicted 
body weight, and 10% to 20% of them were ventilated 
with a ΔP higher than 15 cmH2O, mainly in those at risk 
of ARDS. However, in this study neither a difference in ΔP 
between patients at risk of ARDS and those not at risk, nor 
an association between higher ΔP and mortality was found. 
In a further analysis, only higher peak pressure, but not ΔP 
or other ventilation variables, were independently associated 
with higher in-hospital mortality (33). This finding was 
reproduced in another retrospective analysis which included 
a cohort of 622 ventilated adult patients without ARDS 
on day 1 of mechanical ventilation, where ΔP was not 
associated with hospital mortality in whom compliance was 
also not associated with mortality (34). There are several 
possible explanations for the lack of association between ΔP 
and hospital mortality in patients without ARDS. First, ΔP 
is a way of representing the VT adjusted for the compliance 
and can be calculated from these parameters. There is 
actually no evidence that compliance is a major risk factor 
for mortality in patients without ARDS; second, most of the 
patients were receiving assisted ventilation and spontaneous 
breathing. During an assisted breath, the patient generates 
different amount of inspiratory efforts and the measured 
Pplat may be a poor surrogate for the static pressure at  
end-inspiration of the respiratory system or the lung; 
moreover, data were derived from a retrospective analysis 
of large administrative database with all the limitations of 
this study design. Another study investigating different 
mechanical ventilation settings and their associations with 
outcome in patients with and without ARDS is actually 
ongoing in several intensive care units in Asia (35). This 
study will provide information about the role of ΔP in 
middle-income countries. Additionally, a randomized 
controlled trial is ongoing evaluating the potential effects 
of restricted versus liberal PEEP, and consequently ΔP, in 
non-ARDS patients (36). On the other side, a lower VT has 
been reported in observational trials to be associated with a 
reduction in respiratory function worsening and improved 
outcome (37,38). A recent randomized controlled trial (39)  
has been completed and compared the effects of a low 
VT strategy (4 to 6 mL/kg predicted body weight) versus 
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intermediate VT (8 to 10 mL/kg predicted body weight) 
on the number of ventilator-free days and alive at day 28. 
This study will give new valuable information about the 
role of VT and ΔP titration on morbidity and outcome in  
non-ARDS patients.

Driving pressure in ARDS patients

The role of ΔP in ARDS, as a main parameter associated 
with mortality or used to optimize PEEP and mechanical 
ventilation, is controversial. A recent post hoc analysis of 
individual data from patients enrolled in randomised trials, 
suggested that ΔP may be more important than traditional 
ventilatory variables in predicting outcome in mechanically 
ventilated patients with ARDS (40). Further, it was found 
an association between the magnitude of ΔP variation in 
response to PEEP and mortality. When PEEP increase 
resulted in an increased ΔP, mortality increased, when 
PEEP was associated with no changes in ΔP, mortality 
did not change, whereas when PEEP was associated with 
a decrease of ΔP, mortality was lower. The effect of ΔP 
was even more important than VT or Pplat to determine 
mortality. However, it should be noted that all the studies 
included in the analysis limited the level of Pplat at levels 
below a safety margin of 35 cmH2O. Further, studies 
using different VT were included in this analysis, making 
difficult to separate the individual effects of VT and PEEP 
on outcome. In an attempt to eliminate this confounding 
factor, ΔP was evaluated only in two ARDS trials in which 
low VT ventilation was strictly applied in both arms (41). 
When ventilating patients with low VT, ΔPrs was a risk 

factor for death in ARDS patients, as it was Pplat or Cst,rs. 
However, these data originated from trials from which most 
ARDS patients were excluded due to strict inclusion and 
exclusion criteria, and thus these findings should be also 
validated in independent observational studies in patients 
ventilated with a lung protective strategy. Another study (42)  
investigated the possible influence of the chest wall 
compliance on the effects of ΔP of the respiratory system on 
optimal PEEP setting and mortality. Using PEEP titration 
to target positive transpulmonary pressure via oesophageal 
manometry caused both improved compliance and lower ΔP, 
and strategies leading to decreased respiratory system and 
transpulmonary ΔP at 24 h were associated with improved 
28-day mortality. A retrospective single-centre study (43) 
found that ΔP was not associated with mortality in obese 
ARDS patients contrary to non-obese ARDS patients. 
In a series of ARDS patients receiving extracorporeal 
membrane oxygenation (ECMO) for refractory hypoxemia, 
showed that ΔP during ECMO was the only ventilator 
setting that showed an independent association with  
in-hospital mortality (44). A recent metanalysis, confirmed 
an association between higher ΔP and mortality in 
mechanically ventilated patients with ARDS, with similar 
ΔP cut-offs (13–15 cmH2O) (45). However, in severe 
ARDS patients ventilated with protective VT, setting PEEP 
targeted on minimal ΔP with recruitment manoeuvres 
resulted in higher mortality in one trial (46), thus not 
supporting the routine use of this ventilation strategy in 
patients with ARDS (47). This observation is confirmed by 
the fact that Pplat is even better associated with mortality 
than ΔP (48). In Table 1 are shown changes in ΔP, at 

Table 1 Driving pressure and mortality in 7 randomised trials in ARDS patients 

Study Intervention vs. control
Intervention Control

Mortality
N ∆P N ∆P

Brower 2004 (49) Higher vs. lower PEEP 264 12.3 (6.9) 249 15.1 (7.8) n.s.

Mercat 2008 (50) Higher vs. lower PEEP 380 12.9 (4.0) 372 14.0 (5.0) n.s.

Meade 2008 (51) Higher PEEP + RM vs. lower PEEP 471 14.6 (7.4) 507 14.8 (5.9) n.s.

Xi 2010 (52) RM vs. no RM 55 13.7 (6.2) 55 13.6 (5.8) n.s.

Hodgson 2011 (53) Higher PEEP + RM vs. lower PEEP 10 12.6 (5.7) 10 16.9 (4.7) n.s.

Kacmarek 2016 (54) Higher PEEP + RM vs. lower PEEP 94 12.1 (5.4) 101 13.6 (5.2) n.s.

Cavalcanti 2017 (46) Higher PEEP + RM vs. lower PEEP 481 11.7 (6.0) 490 13.4 (6.1) Higher with  
PEEP + RM

Data of ∆P are presented as mean (SD). N = number of patients included in the intervention or control group. ARDS, acute respiratory distress  
syndrome; PEEP, positive end-expiratory pressure; ∆P, driving pressure; RM, recruitment manoeuvre; n.s., no significant differences  
in mortality between intervention and control group.
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constant protective VT, reported in randomized controlled 
trials, investigating the effects of higher versus lower PEEP 
on mortality in ARDS. No association between changes in 
ΔP induced by PEEP and mortality was observed.

Conclusions

Optimization of mechanical ventilation is important to 
minimize ventilator-induced lung injury and improve 
outcome. ΔP is an indicator of severity of the lung disease, 
mainly related to VT size and associated with complications 
and mortality. We recommend the use of ΔP to optimize VT 
but not PEEP during surgery, and in critically ill patients 
with and without ARDS. Further information is needed 
about the possible use of ΔP to optimize ventilator setting 
during assisted mechanical ventilation. 
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