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Driving pressure (ΔP) is defined as the distending pres-
sure above the applied positive end-expiratory pressure 
(PEEP) required to generate tidal volume (Vt). It is gener-
ated by the elastic forces developed during tidal inflation. 
Driving pressure is therefore affected by the magnitude 
of tidal inflation and the elastances of the lung and chest 
wall, and it can be expressed as the ratio between Vt and 
the compliance of the respiratory system (Crs) (ΔP = Vt/
Crs) [1]. The elastance (and its inverse, compliance) of 
the lung reflects the functional size of the lung. Because 
the specific elastance of the baby lung is unaffected by 
acute respiratory distress syndrome (ARDS) (i.e., unaf-
fected lung regions maintain their normal mechanical 
properties), increases in overall elastance of the lung 
reflects lung volume loss: elastance increases as the num-
ber of lung units (acini) available to participate in tidal 
ventilation decreases. The relationship between elastance 
and lung volume was demonstrated in a classic computed 
tomography (CT) scan study by Gattinoni et  al. [2]. In 
intubated patients, ΔP can be easily calculated in quasi-
static conditions as plateau pressure (Pplat) minus total 
PEEP [3]. However, even though this measurement is 
completely reliable in completely passive patients, it may 
lead to errors due to the effect of respiratory muscles in 
patients on assisted ventilation.

Why is driving pressure clinically relevant?
The importance of ΔP was first described in a post hoc 
analysis of various randomized trials that assessed the 
use of low Vt ventilation or higher PEEP in patients with 
ARDS [1]. The results of this analysis showed that during 

controlled ventilation, higher levels of ΔP were indepen-
dently associated with mortality, regardless of the level of 
PEEP, Vt, or Pplat. Additionally, ΔP was shown to medi-
ate the association between Vt and mortality or between 
PEEP and mortality. Similarly, higher ΔP has also been 
associated with ARDS development in patients with no 
clinical evidence of lung injury at the time of intubation 
[4].

A recent secondary analysis of five randomized tri-
als showed that the mortality benefit of lowering Vt in 
patients with ARDS was only observed in those patients 
with high elastance of the respiratory system, suggesting 
that lung stress, rather than lung inflation per se, was a 
determinant of ventilator-induced lung injury (VILI) [5]. 
When ΔP was low (< 15   cmH2O), there was no differ-
ence in mortality between high Vt (12 mL/kg) and low Vt 
(6 mL/kg). Thus, setting Vt according to ΔP may allow for 
a further reduction of Vt when it generates excessive lung 
stress. Similarly, allowing higher Vt in patients with low 
elastance can facilitate spontaneous breathing and mini-
mize the need for sedation [5]. However, as yet, there are 
no clinical trials focusing on clinical outcomes to defini-
tively assess the effect of titrating Vt to a target ΔP.

The frequency of tidal inflation may also contribute to 
VILI. However, recent data have shown that the impact 
of decreasing ΔP on reducing mortality was four times 
stronger compared with the effect of decreasing res-
piratory rate (RR) [6]. In other words, reducing ΔP by 
1  cmH2O is likely to be associated with benefit unless RR 
needs to be increased by 4 or more breaths/min because 
of respiratory acidosis. In this case, in isocapnic condi-
tions, the overall effect would be null. Thus, the deleteri-
ous effects of hypercapnia, such as the increased risk of 
right ventricular failure, should be balanced with improv-
ing minute ventilation by increasing RR.
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How do I measure driving pressure at the bedside?
During controlled mechanical ventilation, in the absence 
of asynchronies, ΔP can be easily calculated in quasi-
static conditions by doing a short inspiratory pause of 
0.2–0.3 s to measure Pplat. In ARDS patients, a safe ΔP is 
likely < 15  cmH2O [1].

In mechanically ventilated spontaneously breathing 
patients, the same measurement can be performed by 
administering short-acting sedatives (subtle signals of 
reverse triggering have to be scrutinized and avoided). If 
inspiratory effort persists, a bolus of short-acting myor-
elaxant could be added. Then, Pplat and total PEEP could 
be measured, and Crs can be calculated. Once this meas-
urement is performed, as we know Vt breath by breath, 
one can rapidly know how much ΔP the patient does at 
every inspiration (ΔP = Vt/Crs) (Fig. 1a and b).

Alternately, if we want to avoid sedatives, we can 
reasonably estimate ΔP by some simple and practical 
maneuvers recently described. The first one requires an 
end-inspiratory occlusion during spontaneous breath-
ing (mainly validated for pressure support ventilation), 
in those patients who achieve complete relaxation of the 
respiratory muscles. In these patients, a stable airway 
pressure measurement will be obtained. Driving pressure 
obtained using an end-inspiratory hold during PSV was 
correlated with mortality in one study [7] and can be cal-
culated by simply subtracting Pplat minus PEEP (Fig. 1c), 
although the Pplat can be challenging to measure in 

patients with vigorous respiratory muscle effort and 
active expiratory efforts [8] (Fig.  1d). This maneuver 
requires visual inspection of airway tracings. Unstable 
Pplat tracings should be discarded [9], but they are not 
that common.

A third method can be used to estimate the “dynamic 
ΔP”, which includes the resistive forces generated dur-
ing inspiration, leading to a slight overestimation of 
ΔP, being thus called dynamic ΔP. In this case, we per-
form an expiratory pause and let the patient breathe. 
The swing in airway pressure generated by the patient’s 
inspiratory effort when the airway is occluded (ΔPocc) 
can be used to estimate the component of dynamic ΔP 
generated by the inspiratory muscles (Pmusc) during 
non-occlude breaths: Pmusc = − 0.75 × �Pocc. Pocc is 
multiplied by 0.75 to estimate Pmusc to account for dif-
ferences in the forces generated during quasi-static ver-
sus quasi-isotonic muscle contractions (a function of the 
force–velocity relationship of the diaphragm). This cor-
rection factor was empirically derived and validated in 
the original study describing the use of Pocc [10]. The 
ventilator component of ΔP is approximated by the set 
pressure support level above PEEP (or by peak pressure 
above PEEP) (Fig. 1e):

Considering the resistive component that is intrin-
sically added to this calculation, dynamic ΔP values 

�Pdyn = PSVset − (0.75 ∗�Pocc)

Fig. 1 The four methods to estimate driving pressures (∆P) during spontaneous breaths: Representative tracings of proximal and esophageal 
pressures obtained from a single patient at different moments in time. The patient was ventilated under pressure support ventilation and subse-
quently submitted to muscle paralysis with succinylcholine (A). The patient was monitored with EIT and, during paralysis, we ensured that minute 
ventilation was the same as during pressure support ventilation. We also ensured that EELZ (representing the EELV) did not change significantly, 
in order to operate at the same global lung volume, with similar mechanics of the respiratory system. After performing a short inspiratory 
and expiratory pause (0.5 s) we measured quasi-static compliance and driving pressure (22.5 mL/cmH2O and 13.3  cmH2O, respectively). In panel 
B, the patient was ventilated under pressure support ventilation set at 5  cmH2O, when we measured VT = 300 mL. ∆P was then calculated as Vt/
Crs = 300/22.5 = 13.3  cmH2O. Note that we ensured that VT at panel A was the same as the VT in panel B. In panel C, the patient was also ventilated 
under pressure support ventilation set at 5  cmH2O, and then we performed an inspiratory pause. Note that airway pressures increase substantially 
during the pause, disclosing the hidden effort the patient was performing during the inspiratory phase preceding the pause (now transformed in 
elastic recoil pressures). Note that negative swings in esophageal pressure were regular across the cycles, with little interference of the maneuver. 
∆P is then calculated as Pplat – PEEP = 13  cmH2O (showing negligible underestimation). In panel D, we can observe the effect of expiratory muscles 
activity during the inspiratory pause generating a persistent increase in the airway pressure during the inspiratory pause. The expiratory muscles 
were activated every breath (we could recognize this by comparing esophageal pressures during paralysis). Moreover, there was a clear reaction to 
the maneuver with a stronger contraction of the expiratory muscles. In panel E, the patient was still ventilated under pressure support ventilation 
set at 5  cmH2O, and then we performed an expiratory pause. Note that airway pressures drop substantially during the pause, with similar magni-
tude (called Pocc, = – 15.7  cmH2O) as the esophageal pressure drop, disclosing the intended effort to be performed in the next breath. Note that 
the negative swing in esophageal pressure is slightly higher during the occluded breath, when compared to previous ones. This is accounted for 
by the K factor (0.75) used in this calculation: ∆P = PS − (0.75 × Poccl) = 5 − (0.75 × − 15.7) = 16.8  cmH2O. This method represents the dynamic 
∆P, overestimating the previous one by 3.8  cmH2O. A great part of this overestimation is caused by the resistive forces that are not subtracted from 
airway/muscle pressures when using this method. In panel F, we can observe Vt and electrical impedance tomography plethysmograph before 
and after paralysis (black dotted line). As we can observe, before paralysis, the amount of ∆P and Vt generated is the sum of the relaxation of the 
expiratory muscles, the ventilator and the inspiratory effort. After paralysis, the ∆P and Vt generated depend only on the ventilator as the muscle 
activity is completely abolished. In panel G, we used the same tracings and expiratory pause as in panel E. But we used it to calculate dynamic 
transpulmonary ∆P (∆PL). In this case, the coefficient 0.66 intrinsically subtract the chest wall component involved in all previous calculations. Still, it 
overestimates methods B and C because it was not meant to subtract resistive forces as in method D. We can assume that it represents the peak of 
dynamic lung stress during spontaneous breaths. Studies validating the safe levels for this variable are under way

(See figure on next page.)
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calculated by this method should call attention when-
ever exceeding by 3–5  cmH2O the estimates provided 
by the second method (inspiratory pause). In this case, 
expiratory muscle activity can be suspected and the first 

method can be used to obtain more reliable measure-
ment of ΔP. Moreover, as the relaxation of the expiratory 
muscles causes an increase in Vt (corresponding to the 
volume driven by restoration of transpulmonary pressure 
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at end exhalation), this expiratory activity generates a 
true increase in ΔP (Fig. 1f ).

Finally, the Pocc measurement has also been validated 
in multiple studies [10, 11] to estimate the dynamic 
transpulmonary driving pressure (ΔPLdyn) as a surrogate 
of lung stress, i.e., the component of ΔP spent to distend 
the lung only, and also including the resistive forces to 
move gasses through airways and endotracheal (ET) tube 
(Fig. 1g):

Pocc-based methods may overestimate static lung-dis-
tending pressure because of the resistive forces required 
to move gasses through airways and ET tube. However, 
it has been previously suggested that the dynamic pres-
sure (rather than the static) may be more relevant dur-
ing spontaneous breathing under assisted ventilation 
because of the regional variation in lung-distending 
pressure under dynamic conditions, as evident from the 
pendelluft phenomenon [12]. The precise upper limit of 
acceptable values remains to be determined. However, 
recent trials have targeted values of ΔPLdyn is between 15 
and 20  cmH2O [11, 13], but more studies are required to 
confirm this threshold. When using any of these methods 
in daily clinical practice, if total PEEP cannot be meas-
ured, set PEEP is used to calculate ΔP.

How to control driving pressure in spontaneously 
breathing patients?
Spontaneously breathing patients with an appropriate 
respiratory drive respond to changes in pressure sup-
port, which means that an increase in pressure support 
will be associated with a substantial decrease in inspira-
tory effort, leading to better control of ΔP. However, 
controlling ΔP in patients with an inappropriate respira-
tory drive is more challenging as they do not respond to 
changes in pressure support, keeping the same inspira-
tory effort regardless the increase in pressure support 
and, therefore, generating higher ΔP. Some of these 
patients may respond to an increase in PEEP level by 
inhibiting respiratory drive due to the Hering-Breuer 
reflex [13, 14]. Promoting slight alkalosis and increasing 
 FiO2 to achieve normal  PaO2 levels may be useful. Alter-
natively, a simulation analysis performed in a cohort of 
patients with ARDS showed that extracorporeal carbon 
dioxide removal may also help [13] in those patients with 
higher alveolar dead space fraction or lower Crs and 
patients treated with higher  CO2 extraction [15]. How-
ever, this hypothesis should be tested in future trials. 
Finally, if none of these measures works, one may have to 
give sedatives to the patient. In this scenario, short-acting 
sedatives may be the preferred ones. Finally, if ΔP cannot 
be limited using these strategies, partial neuromuscular 

�PLdyn = (Ppeak − PEEP)− (0.66 ∗�Pocc)

blockade may also facilitate lung-protective ventilation in 
sedated patients, decreasing ΔPL and work of breathing 
[13, 16].

Limitations
In terms of assessing the risk of VILI, from a physiologi-
cal perspective, we should measure ΔPL. However, we 
measure ΔP more often because it is easier at the bed-
side. Moreover, the results of a recent large observational 
study that included patients with ARDS showed that ΔPL 
did not improve 60-day mortality prediction compared 
with ΔP [17]. This result suggests that chest wall driving 
pressure may also be associated with disease severity and 
outcome. From a practical point of view, assuming that 
the compliance of the chest wall does not change sub-
stantially during intensive care unit admission, differ-
ences in ΔP may reflect changes in ΔPL.

In conclusion, ΔP may be the most robust single vari-
able associated with mortality in patients with ARDS as 
it considers both the severity of the disease and the ven-
tilator settings. In the era of personalized medicine, one 
single Vt size does not fit all. Driving pressure may help 
to titrate Vt according to the size of the lungs and poten-
tially improve outcomes. However, this approach needs 
to be tested in specifically designed randomized trials.
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