
Editorials

Is It Time to Monitor Flow Bias During Mechanical Ventilation?

During invasive mechanical ventilation, the inspiratory
and expiratory air flows are correlated and dependent on
the ventilator settings and patient characteristics such as
tidal volume and pulmonary compliance. Inspiratory flow,
however, is easier to manipulate than expiratory flow dur-
ing controlled mechanical ventilation. While inspiratory
flow depends mainly on tidal volume, inspiratory time,
and the selected flow pattern, expiratory flow is deter-
mined not only by PEEP and tidal volume, but also (and
fundamentally) by airway resistance and pulmonary com-
pliance. The mechanical properties of the respiratory
system can exert some influence on inspiratory peak
flow only during pressure controlled or pressure support
modes.

Independent of the generated air flows, the net volume
of gas that moves into and out of the lungs during most
normal respiratory cycles tends to be equal, on average.
Otherwise we would observe lung inflation or deflation
over the course of a few respiratory cycles. The same is
not true, however, for the peak or mean flow during the
inspiratory and expiratory phases, which can differ sub-
stantially, resulting in flow bias. A higher peak inspiratory
flow (PIF) than peak expiratory flow (PEF) generates a
flow bias toward the lungs, and the inverse (ie, PIF � PEF)
generates a flow bias toward the mouth.

Since the 1970s, and especially in the past few years,
there has been a growing, although still incipient, concern
about the potential influence of flow bias on mucus move-
ment. According to experimental studies, a PIF-PEF dif-
ference higher than 17 L/min or a PIF/PEF ratio higher
than 1.1 (thresholds that should be interpreted with cau-
tion) may move secretions deeper into the lungs and may
also increase the risk of inflammation propagation by the
movement of biological fluids between 2 lung regions with
different compliances.1-3

The ventilation mode, tidal volume, and inspiratory time
are usually the first variables chosen when starting me-
chanical ventilation, and because the adjustment of the
latter 2 are pre-established upon certain clinical condi-
tions, inspiratory flow is often a consequence of those
choices. In this issue of RESPIRATORY CARE, Ntoumenopou-
los et al present a preliminary study that found that com-
mon ventilator settings generate an inspiratory flow bias.4

Nineteen of the 20 patients they studied had a PIF/PEF
ratio higher than 1.1, and 8 of the 20 patients an absolute

mean inspiratory flow bias greater than 17 L/min. None of
the patients had an expiratory flow bias, which, theoreti-
cally, would favor mucus clearance.

SEE THE ORIGINAL STUDY ON PAGE 1887

The study by Ntoumenopoulos et al4 confirms a previ-
ous suspicion that in clinical practice an inspiratory flow
bias is often imposed by mechanical ventilation.5 That
finding is concerning and evinces the urgent need for more
studies, especially in animals, to investigate the actual in-
fluence of flow bias on mucus movement. If certain ven-
tilation settings substantially hinder secretion clearance in
large animals, we should quickly move to quantify this
potentially harmful phenomenon in humans.

An inspiratory flow bias might be beneficial in certain
clinical conditions such as the initial phase of ARDS. For
instance, we could hypothesize that the use of a low
tidal volume in that condition might be beneficial, not
only because it avoids lung injury, but also because it
avoids generating high elastic recoil pressure at end
inspiration, thus reducing expiratory peak flow. The in-
spiratory flow bias thus generated (low PEF and nor-
mal-range PIF) might help contain the spread of inflam-
matory mediators.5,6 Conversely, a high PIF (commonly
applied in patients with COPD, to shorten the inspira-
tory phase and prolong the expiratory phase) might also
generate an inspiratory flow bias that would be enhanced
by flow limitation during exhalation, but in this case it
might contribute to mucus retention, a potentially hazard-
ous consequence.

Another potential area of application of these con-
cepts is chest physiotherapy. Secretion-clearance tech-
niques might be optimized by including a temporary
expiratory flow bias. During the therapy, or a few min-
utes before starting it, the inspiratory flow might be
reduced and the tidal volume slightly increased to create
an expiratory flow bias. Paralyzed patients and patients
with ineffective cough or mucus hypersecretion would be
the most likely to benefit from this pre-facilitation of mu-
cus clearance.

Future research about secretion movement in mechani-
cally ventilated patients should also study the influence of
gravity, and therefore body position, on mucus movement.
The lung has evolved as a compartmentalized structure,
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well designed to confine damaging biofluids to their sites
of origin.5 This compartmentalization makes the whole
system very complex, subject to influences that cannot be
predicted by simple physical models. It has been proposed
that gravity—more than tidal air flow—might be the most
important factor influencing mucus movement.5 Position
and anatomy should always be considered. Other factors
that may also play a role include changes in the function of
mucociliary transport, thickened secretions from inade-
quate humidification, bed immobility, and muscle weak-
ness. Such considerations highlight the necessity of animal
studies to investigate airway secretion behavior in a bio-
logically branched network.

Given the evidence and its possible implications, it is
time to determine if we should include a quick estimate
of the impact of the ventilator settings on mucus move-
ment in our daily routine for mechanically ventilated
patients.
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