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Ventilation induced lung injury (VILI) 

was defined as the lesions derived from 

the application of mechanical ventilation

Vasquez et al (2018)

CONCEPTS
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Mechanisms of VILI

• Barotrauma

• Volutrauma

• Atelectrauma

• Biotrauma

• Ergotrauma

(Brochard; Bersten, 2019)

NEW AIM

Understanding the biophysical causes of  VILI 

changed the focus of concern from the inflation

pattern related to tidal volume and pressures,

to consider harmful exposures of energy.

Marini & Gattinoni (2020)
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UNIFICATION

Comprised of plateau pressure, driving pressure,

PEEP, tidal volume, flow, resistance,

elastance and respiratory rate 

Serpa Neto et al (2018)

ESSENSE 

Mechanical power depicts the

energy transferred to the respiratory system by the

ventilator during a certain period

in joule per minute 

Van der Meijden et al (2019)
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But

Where did it come from?

It came from the phisics

Newton's work formula:

Work (J) = Force (N) . Displacement (m)

In the respiratory sistem, 

Pressures produce volume changes (MARINI, 2018)

Work of breathing =  Stress . Strain
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STRESS

The airway pressure reflects the stress

applied to the lungs and chest wall

Marini, Gattinoni & Rocco (2020) 

STRAIN

It corresponds to change in lung volume, 

that is, 

the alveolar deformation

Marini, Gattinoni & Rocco (2020) 
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WORK OF BREATHING

Work of breathing =  Stress . Strain

or 

Work of breathing (cmH2O.L) =  Pressure (cmH2O) . Tidal volume (L) 

MECHANICAL POWER

Power (cmH2O.L/minute) = RR (1/minute) . Pressure (cmH2O) . Vt (L)

Constant 0.098 to  convert to joule per minute

Mechanical  Power (J/minute) = 0.098 . RR (1/minute) . Pressure (cmH2O) . 
Vt (L) 
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BUT 

HOW CAN IT BE MEASURED?

GEOMETRIC METHOD

Power can be calculated using the geometric method, 

measuring the dynamic inspiratory area of airway pressure 

and volume curve during the respiratory cycle  

Chiumello et al., (2020)
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It’s necessary to know

a little about 

hysteresis…

Hysteresis is defined as 

the different trajectories of the volume in the application

and removal of a certain pressure 

and reflect an imperfect elastic response to deformation…

Chiumello et al., (2020)
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Hysteresis corresponds to the energy required during inflation 

and complete pulmonary deflation, 

that is, 

the effort to overcome parenchymal viscoelasticity 

Marini (2019)

On ventilator display, 

hysteresis is represented 

by the P-V Loop
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Mechanical Power = 

0.098 . RR (1/minute) . P Total (cmH2O) . Vt (L) 

GEOMETRIC METHOD

0.098 . RR .  (PPeak . Vt)

0.098 . 28. 27. 0,34

Mechanical Power  = 25.1 J/minute

GEOMETRIC METHOD
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…In order to make it easier to use mechanical power,

formulas were created for its calculation…

0,098. RR. (∆Vt2 . [0,5xELrs + RR (1 + I:E)/(60 . I:E) x Rwa ]+∆Vt . PEEP)

Gattinonni et al (2016)

Vt x (Flow R + ∫ Flow DT/2C + PEEPl

Marini (2019)

But 

it still remained complex

and they created the surrogate formulas
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Surrugate formulas use variables available

on the ventilator to calculate the 

mechanical power in VCV and PCV

Despite the small differences in relation to the geometric  method 

Chiumello et al (2020)

Surrugate formulas

VCV

0.098.RR.Vt .[ Ppico – 0,5 (PPlateau – PEEP) ]

Gattinonni et al (2016)

Ve . (PPeak + PEEP + Flow Inspiratory /6)
20

Giosa et al (2019)

PCV

0.098 . RR . Vt . (PEEP + ΔPInsp)

Becher et al (2019)
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…What is it for?

It is the physiological concept 

that simplifies  the assessment

of mechanical ventilation portraying it 

with for the unification of the set of its components

Vasquez et al (2018)
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There is a tendency to replace the concepts based on 

tidal volume and pressures for understanding 

mechanical power as a VILI generator,

but its predictive accuracy is still unclear

Marini, Rocco & Gattinoni (2020)

However, lower levels of mechanical power are desired…

Coppola et al (2020) 

The quantitative fragmentation of the energy 

required to inflate the lungs may point to protective ventilation strategies 

effective to the reduction of the risk of VILI 

Marini, Rocco & Gattinoni (2020) Vassali et al (2020)

and may clarify the contribution of each component 

of the power to the generation of such injury

Vassali et al (2020)
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The total elastic power is subdivided into two parts:

 Dynamic power corresponds to the energy 

necessary to inflate the lungs.

 Static power corresponds to the potential energy 

stored in the respiratory system by the PEEP.

Colino el al (2019)

The total inflation energy, that is, the mechanical power is equal
to the total elastic power plus the total kinetic power, 

Marini, Gattinoni & Rocco (2020)

which is the energy spent on overcoming the airway 
and tissue resistance to the flow

Colino el al (2019)
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Some evidence about ?

An elevated Mechanical Power regardless of the combination 
of its components can lead to VILI 
Serpa Neto et al (2018)

Especially when it exceeds 12J/minute, whereas over 17J/min 
it is associated with a higher mortality rate  
Coppola el al (2020) 

and between 19 to 24J/minute denotes the severity of ARDS 
Maiolo et al (2018)

Mechanical power evidences
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PCV

Mechanical power in burn patients were elevated and that, 
regardless of mechanical ventilation time, these values are 

related to mortality

Simonete, Alberti da Silva & Franck, 2023

PCV
There is interference in the outcome in the
univariate analysis of mechanical power
and its components, but the multivariate
analysis showed that only mechanical
power correlates with the outcome in
SARS-CoV-2

Franck, Franck & Daoud (2022)
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VCV

Franck, Franck & Feronato (2022)

The univariate analysis did not show
differences in outcome, whereas the
multivariate analysis suggests interference in
the outcome, further estimating that for every
additional unit in mechanical power there is
an increase of 13.4% on the mortality risk.

Some doubts about ?
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IS THE EVALUATION OF MECHANICAL POWER AND ITS 
COMPONENTS SIMILAR IN PRESSURE OR VOLUME 

VENTILATION?

IS THE EVALUATION OF TIDAL VOLUME AND COMPLIANCE IS 
SIMILAR IN PRESSURE OR VOLUME VENTILATION?
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VCV

Franck, Franck & Feronato (2022)

SARS-CoV-2

TIDAL VOLUME & COMPLIANCE

PCV

Franck, Franck & Daoud (2022)

SARS-CoV-2

TIDAL VOLUME & ELASTANCE
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PCV
BURNS

TIDAL VOLUME & ELASTANCE

Simonete, Alberti da Silva & Franck (2023)

WE NEED TO FRAGMENT 

MECHANICAL POWER ?
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The increase in Mechanical Power with increased dynamic elastic power 

and decreased static elastic power influenced the mortality rate of 

patients with SARS-CoV-2

(Franck, Franck & Feronato, 2022) 

Is mechanical power accurate?
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Global lung mechanics provide for a poor

surrogate of alveolar dynamics and methods

for the in-depth analysis of

alveolar dynamics on the level of individual 

alveoli are sparse and afflicted by important

limitations. 

Grune, Tabuchi & Kuebler, 2019 

CAN WE MEASURE ALVEOLAR MECHANICS?
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Alveolar mechanics: A new concept in 
respiratory monitoring 

The concept of alveolar compliance
depend on measuring the transalveolar
pressure using esophageal balloon
manometry and alveolar tidal volume
using volumetric capnometry.

This may have multiple implications in the
understanding of components of
ventilator induced lung injury specifically
alveolar stress, strain, and mechanical
power.

Daoud & Franck, 2023. 

DO WE NEED ANY INDEX?
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I hope to see them soon….

51


