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The Return of Physiology in Pediatric
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ur understanding how to use mechanical ventilation (MV) has much
improved over the recent decades. Considerable focus is being placed
on evolving concepts including driving pressure (DP) and mechanical

power (MP), which can provide a more individualized approach to ventilatory
management (1). These concepts have also gained interest in the pediatric crit-
ical care community, which immediately raises the question of whether the data
from adults apply to critically ill children. In this issue of Pediatric Critical Care
Medicine, Diaz et al (2) studied DP and MP in a post hoc analysis of data col-
lected in 30 children undergoing general anesthesia and 38 with Pediatric Acute
Lung Injury Consensus Conference defined pediatric acute respiratory distress
syndrome (PARDS). DP and MP were significantly higher in PARDS patients,

*See also p. 870.
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but the real message is that it makes us ask ourselves
how we should interpret DP and MP in PARDS?

Early knowledge on ventilator management came
from the operating theater, where the goal was to achieve
normal gas exchange and prevent atelectasis. Then, in the
early days of critical care medicine, the common approach
was to deliver large tidal volumes (VT), ranging from 10
to 15mL/kg, “without causing pulmonary damage,” but
such was the risk of barotrauma that “prophylactic tube
thoracostomies” were considered (3-5). Building on ear-
lier practices and observations, linking supraphysiologic
VT to the development of ventilator-induced lung injury
(VILI), the Acute Respiratory Distress Syndrome (ARDS)
Network conducted their landmark trial comparing 6 mL/
kg predicted bodyweight (PBW) combined with limiting
plateau pressures (Pplat) to 30cm H,O versus 12mL/kg
PBW and Pplat to 50cm H,O (6, 7). Mortality in the low
VT was 9% less, giving rise to the concept of lung-protec-
tive ventilation (LPV). LPV entails using low VT, but it
remains unclear what “low” really means since in adult
ARDS comparing 6 versus 10mL/kg PBW or 7 versus
10mL/kg PBW have not shown mortality benefit (8). We
also have to remember the impact of the problem of lung
heterogeneity in ARDS pathology. Here, we think of the
degree of normally aerated tissue being much smaller
(i.e., the “baby lung”) (9). Such heterogeneity may lead
to regional tidal overdistension, even if 6mL/kg PBW VT
is used, indicating that much smaller VT is necessary in
some patients (10).

Based on the baby lung concept (i.e., respiratory
system compliance [Crs] is linearly related to the
amount of inflatable lung volume), Amato et al (11)
hypothesized that scaling V1 to Crs would better cor-
relate with lung stress and patient outcome. Through
multilevel mediation analyses of data from 3,562
patients with ARDS enrolled in nine randomized con-
trolled trials (RCTs), the authors showed that higher
DP was associated with increased mortality and that
reducing DP by limiting Pplat and increasing positive
end-expiratory pressure (PEEP) was associated with
increased survival. Taking this concept one step fur-
ther, Gattinoni et al (12) introduced MP as a measure
and potential driver of VILI. The formula to calculate
MP was based on the equation of motion and reflects
the energy per breathing cycle multiplied by ventila-
tion frequency delivered to the respiratory system (13).

The concept of DP and MP are illustrative of the con-
temporary, physiology-driven way of thinking about
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MYV, although it is unclear if these parameters drive
VILI or simply reflect disease severity (1). There are
no RCTs that demonstrate DP or MP improved out-
come when a ventilator strategy focused on DP or MP
in adult ARDS. Limiting DP and MP requires reducing
VT and/or increasing PEEP. However, unlike manage-
ment of supportive ventilation in adults, we have yet to
prove that large VT ventilation leads to VILI in children
(14). We do know from observational data that there is
a direct relationship between VT and better outcome,
and experimental models suggest an age-related sus-
ceptibility to VILL in other words, the larger the VT, the
better the outcome (14-16). For PEEP, we know that
pediatric critical care practitioners tend to use low lev-
els of PEEP and inherently accept higher Fro,, although
such practices may lead to worse outcomes (17-19).

Not a single threshold of VT has been associated
with mortality in mechanically ventilated children
with or without ARDS (20). These above observations
may be explained by the preferential use of a pres-
sure controlled (PC) mode of ventilation in children.
Importantly, DP and MP were developed in adult
ARDS patients ventilated with a volume controlled
(VC) mode of ventilation. By design, this mode has a
constant inspiratory flow and a zero flow state generat-
ing Pplat. PC ventilation does not have a zero flow state
and does not generate Pplat. Peak inspiratory pressure
is dependent on the resistive properties of the respi-
ratory system and therefore a poor surrogate of Pplat
(21). For VC, the operator sets the VT, but for PC, the
operator sets the inspiratory pressure and the delivered
VT is dictated by Crs (22). Thus, the lower the com-
pliance, the lower the VT will be for a given pressure.
It may therefore be surmised that in pediatrics, the
concept of DP unknowingly already has been applied
to a certain degree. Provocatively, this would strongly
suggest abandoning any ventilator mode to requires
the operator to set a certain VT in patients with lung
injury. Diaz et al (2) found higher DP among PARDS
patients, but the clinical meaning of these observations
was not addressed.

In their contribution, Diaz et al (2) also addressed the
problem that two key components of MP (i.e., VT and
respiratory rate [RR]) are age dependent (i.e., the older
the child, the larger the VT and the lower the RR), mak-
ing injurious thresholds for MP not uniform across the
pediatric age-range and poorly reflecting underlying
lung pathology (2, 23). This calls for normalization of
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MP, since they nicely showed that without normaliza-
tion MP was comparable between patients with and
without PARDS. Nonetheless, it remains to be deter-
mined if normalization to Crs might be a better alter-
native as has been observed in adult ARDS (24).

DP and MP teach us that ventilation is about phys-

iology and that one approach does not suit all cases of
PARDS. While we do not have data on injurious thresh-
olds for these indices, being aware of the many limita-
tions of them, and the fact that we do not know what the
best VT and PEEP is, it seems appropriate to incorporate
these ideas into our daily practice. Ventilate gently, limit
stress and strain and do not generate too much heat.
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