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Reply to Borrelli et al.

From the Authors:

We thank the authors for calling attention to an important
recent study on examining the use of pharmacotherapywith buspirone
in patientswith central sleep apnea related to heart failurewith reduced
ejection fraction (1) in our recent statement (2). As noted, the study
found important decreases in chemoreflex sensitivity to carbondioxide
without changes in sensitivity tooxygen.Thesefindings lend support to
emerging evidence that central chemoreceptors play an important role
in thepathogenesis of central sleep apnea in thosewithheart failure and
stand in contrast to the traditional view that peripheral chemoreceptors
are the sole important drivers in this context (3). Although the
reductions in the apnea–hypopnea index in this study were modest,
this work provides a foundation for much needed novel clinical
investigations in addition to clarifying relevant underlying
neurobiology.�
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The 4DPRR Index andMechanical Power: A Step Ahead
or Four Steps Backward?

To the Editor:

We read with interest the manuscript by Costa and colleagues (1)
showing that the combination of driving pressure and respiratory
rate is significantly associated with mortality in patients with acute
respiratory distress syndrome. Their analysis suggests that a
simplified composite variable (driving pressure multiplied by four
plus respiratory rate [4DPRR]) is as informative as the more
comprehensive equation of mechanical power. Although we are
delighted to see that respiratory rate, long neglected, has finally been
considered (better late than never) as an essential determinant of
ventilator-induced lung injury (VILI), we believe that some
conceptual and methodological considerations need to be
highlighted.

First, it is essential to make a clear distinction between a
parsimonious epidemiological model that includes ventilatory
variables associatedwithmortality and themoreVILI-relevant physical
concept of total energy transferred during mechanical ventilation—
expressed asmechanical power (2). Regarding the latter, all elements of
the ventilator’s settings, including positive end-expiratory pressure
(PEEP), should be included because all contribute to the total
mechanical energy (3). Mechanical power is not intended to be the
“unifying theoretical explanation”ofVILI, but it is amorephysiological
way to summarize the physical contributions of the ventilator settings
expressed inmeaningful andunderstandable physical units (J/min) (2).

Although 4DPRR may help estimate the average trade-off
between driving pressure and respiratory rate under purely
theoretical isocapnic conditions, it is a population-associated
statistical measure based entirely on the effect size derived from a
mediation analysis; it does not describe a physical quantity or
encapsulate total mechanical energy. Indeed, its 4:1 ratio may not
apply under all conditions (e.g., when PEEP achieves lung
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recruitment, increases lung homogeneity, or alters dead space). The
mechanical effects of PEEP on mortality hazard may be more
complex. Indeed, although PEEP’s effect on total lung stress and
strain will depend on multiple factors (e.g., baseline compliance,
recruitability, and lung homogeneity), its amount is not indifferent
to the outcome because PEEP can influence driving pressure (for a
given VT) and dead space (and can indirectly influence the
respiratory rate) as well as acting independently as a key component
of the total mechanical energy delivered.

The relevance of PEEP in determining total stress and strain of the
respiratory system is, in one sense, intuitive: omitting PEEP from a
calculation of energywould imply that applying 30 cmH2Oof PEEP to
anindividualpatientaddsnoriskofVILIorotheradverseoutcomes.On
the contrary, it is clear from the univariate, population-based models
presented by Costa and colleagues (1) that PEEP, the static elastic
component ofmechanical power and of total power, impactsmortality
with an effect size of similar magnitude as respiratory rate and driving
pressure. There are not sufficient data available to fully elucidate the
effect of PEEP on outcome, but there is already evidence—some from
the same authors—that mechanical power is associated to outcome in
the same populations (4).

Second, the simplicity of the bedside calculation of 4DPRR is not
superiortothesimplicityof thebedsidecalculationofmechanicalpower
through simplified formulas (5). In addition, the
4DPRR formulation obscures the conceptual understanding of
the delivered mechanical energy. Therefore, we argue that
moving from the physical and physiological model of
mechanical power to a contrived expression based on statisticalmodels
devoid of direct physical meaning may be a retrograde step.�
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Reply to Camporota et al.

From the Authors:

We appreciate the authors’ interest in our work (1). Let us start by
emphasizingwhatweagreeon:Drivingpressureandrespiratoryrateare
important determinants of ventilator-induced lung injury (VILI).
Irrespective of whether we reach an agreement on other issues below,
this is a good take-homemessage. Now let us examine the points on
which we diverge.

Based on physical and pathophysiological principles detailed
below, we do not think that the elastic, static energy related to positive
end-expiratory pressure (PEEP) should be included in the power
computation, nor should the energy dissipated in the airways. Indeed,
one of the goals of our study was to assess the role of the individual
mechanical power components on mortality (1). We clearly
demonstrated that the only component of power associated with
outcome was the elastic, dynamic component related to driving
pressure (see Figure 1 in Reference 1); the elastic static component (i.e.,
PEEP) and the resistive power (related to flow and airway resistance)
had essentially a zero contribution to outcome.

Why should this be? PEEP can impact patient outcome through
multiple mechanisms. PEEP, however, expands the lungs only once—
when applied—and this expansion is sustained throughout the
ventilatory support unless PEEP is changed. This single expansion can
be tolerated by the lungs or can be excessive. In addition, there may be
some further expansion if there is recruitment, but this is not linked to
respiratory rate. Thus, it does not make sense to include PEEP in the
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