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Dear Editor,

The current ventilator-induced lung injury theory impli-
cates inflation work (delivered energy from the ventilator
to the respiratory system over each breath) per unit time
[1], which is assessed by the mechanical power (MP) [2].
According to the existing literature, the time scale cur-
rently selected for MP (inflation energy per unit time) is
measured in minutes. According to that convention, MP
is the cumulative inflation energy applied over 1 min. The
reference method for MP assessment is the geometrical
method, which measures the area subtending tidal vol-
ume (AV) to airway pressure (Paw) during each insuffla-
tion and multiplies this area by respiratory rate (RR) as
originally described by Marini et al. [3]. Under a set of
assumptions (classical equation of motion, square inspir-
atory flow), MP can be derived from a complete equation
[2] (see electronic supplemental material), which can be
simplified as previously described by Gattinoni et al. [2]
as follows:

PEEP  Ppia
2 2

MP =RR x AV x Ppeak |5

with PEEP as positive end expiratory pressure, P, as
maximal Paw and P, as elastic Paw. This equation can
be made easily available at the bedside. Our goal in the

present report is to compare the geometrical method and
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the two algebraic methods in patients with acute respira-
tory distress syndrome (ARDS).

This is a secondary analysis of 34 ARDS patients receiv-
ing mechanical ventilation in volume-controlled mode
previously reported [4]. Patients’ next of kin gave agree-
ment for research. From the records of Paw and flow
over time, the reference geometrical MP was measured.
From the same breaths, both complete and simplified
equations were computed. On each breath, compliance,
resistance, total PEEP and P,,),, were obtained by the least
square regression method and P, was directly meas-
ured. The investigation was done in patients in the supine
position 0° and repeated in the prone position 0°. Com-
parisons between methods were performed by Bland and
Altman representation, which provided bias and limits of
agreement, and by computing the absolute error between
methods (common mean divided by bias x 100).

There were 7429 breaths analyzed in supine position
and 7892 breaths in prone position in the 34 patients.
The bias (limits of agreement) were —2.5 J/min (—4.9;
—0.1) between the simplified equation and the reference
in supine position and —2.8 J/min (—5.9; +0.3) in prone
position, —1.9 J/min (—4.4; +0.5) between the complete
equation and reference in supine position and —2.1 J/
min (—4.6; +0.4) in prone position, and —0.5 J/min
(—3.9; +2.8) between simplified and complete equations
in supine position and —0.7 J/min (—3.3; +4.3) in prone
position (Fig. 1). The median (95% confidence intervals)
absolute error was 8.3% (8.2—8.4%) between the simpli-
fied equation and reference and 8.6% (8.5—-8.7%) in supine
and prone positions, respectively. The corresponding val-
ues were 3.9% (3.0-4.0%) and 4.5% (4.4—4.6%) between
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Fig. 1 Graphs of the difference in the mean for the simplified equation and reference (a supine and d prone), simplified and complete equations
(b supine and e prone) and complete equation and reference (c supine and f prone) methods to determine mechanical power (MP). Each dot
represents one breath in a given patient. All the breaths in every patient are shown
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simplified and complete equations, and 5.8% (5.7-5.9%)
and 5.7% (5.7-5.8%) between complete and simplified
equations.

We found a good agreement between simplified and
reference methods in each position. There were slight
and subtle differences between methods, which can
be explained as follows. The geometric method meas-
ures the real phenomenon. The complete equation
assumes constant flow during the whole insufflation
and perfect resistance-elastance behavior for the res-
piratory system, which may not be true. Compliance
and resistance were computed from the least square
regression method and, hence, their slight changes
during inflation are not taken into account. PEEP total
and P, were computed from the least square regres-
sion method. Total PEEP values, not PEEP values, were
used in our calculations. All of these factors may con-
tribute to the differences between methods found in the
present study. Overall, the algebraic methods under-
estimated the reference geometrical MP. The absolute
errors were, however, less than 10% in every instance.
Pyea and Py, must be available for an accurate sim-
plified equation. In patients receiving pressure-con-
trolled ventilation, the set pressure is usually used as
the P, However, with this mode, P, and P, may
be different due to resistive pressure drop. In this case,

end-inspiratory flow is greater than zero. P, should be
obtained by performing end-inspiratory occlusion or
by extrapolating its value to zero flow. The same is true
for volume-controlled mode. However, with the latter,
a short end-inspiratory pause allows a clear distinction
between P, and Py, Finally, our study did not intend
to compare MP in supine and prone positions.

In conclusion, the simplified equation can be used as

an accurate method to compute MP.
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