Manual Hyperinflation: Is It Effective?

Patients receiving invasive mechanical ventilation who
are unable to breathe spontaneously or produce an effec-
tive cough may retain pulmonary secretions leading to
bronchial obstruction and atelectasis with the attendant
adverse effects.!:> To enhance airway clearance, a maneu-
ver known as manual hyperinflation, which involves lung
ventilation with a manual resuscitator, was first described
more than 50 years ago.> By simulating a normal cough,
this maneuver is intended to mobilize secretions from
smaller airways toward the trachea, where they can be
removed easily with airway suction.! Manual hyperinfla-
tion was (and perhaps still is) used primarily in a routine
and prophylactic basis with airway suctioning to achieve
mucus clearance.* However, considering the current con-
sensus on endotracheal suctioning of mechanically venti-
lated patients, which only recommends this procedure when
there are signs of accumulated pulmonary secretions,’ it
appears contradictory to use manual hyperinflation as a
routine in clinical practice.

Manual hyperinflation has also been applied with a sec-
ond aim: to open collapsed lung units not associated with
airway secretion obstruction in surgical patients.® How-
ever, taking into account the accumulated evidence that
lung hyperinflation causes only transitory alveolar recruit-
ment (ie, for a matter of seconds) if it is not followed by
sufficient PEEP,’- it seems prudent to use the ventilator to
improve lung volume instead of manual hyperinflation.

The fact that manual hyperinflation is also applied to
recruit alveoli in patients without copious secretions has
created confusion in the literature. Its use, indication, and
expected outcomes are frequently mistaken. This might
explain, at least in part, why manual hyperinflation has not
become a standard practice worldwide, even with the ex-
perts’ recommendations on how to apply it to remove
secretions.*10-11 According to the literature, the maneuver
should apply a larger than normal volume (up to 50%
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greater than the set tidal volume) with a slow inspiratory
flow, followed by an inspiratory pause of 1-2 s and then
a rapid release of the bag to produce high expiratory flow.
Inconsistencies in the indication and application of manual
hyperinflation may have contributed to the association of
manual hyperinflation with only short-term improvements
in lung compliance, oxygenation, and secretion clearance
but not on important clinical outcomes.!-!?

SEE THE ORIGINAL STUDY ON PAGE 760

At the beginning of the 21st century, ventilator hyper-
inflation was proposed as an alternative to manual hyper-
inflation.’3 Ventilator hyperinflation is applied with the
mechanical ventilator and was designed to mimic manual
hyperinflation (ie, the application of a high tidal volume
with a low inspiratory flow, an inspiratory pause, and high
expiratory flow). Clinical studies have previously com-
pared manual hyperinflation with ventilator hyperinflation
and found no significant differences in the amount of se-
cretions recovered, respiratory compliance, or oxygen-
ation.!.'214 However, ventilator hyperinflation does have
potential advantages over manual hyperinflation. Because
there is no disconnection from the ventilator, ventilator
hyperinflation allows PEEP to be maintained and F,;, and
respiratory mechanics to be monitored."-'4 Despite these
potential advantages, manual hyperinflation continues to
be more widely used than ventilator hyperinflation.*

The effectiveness of manual hyperinflation and ventila-
tor hyperinflation is usually evaluated by its capacity to
generate an expiratory flow bias (ie, a peak expiratory
flow higher than the peak inspiratory flow), which is be-
lieved to move secretions toward the central airways
through 2-phase gas-liquid transport.'>-1¢ The critical fac-
tors that affect mucus transport by this mechanism include
inspiratory-expiratory air velocity, the viscosity of mucus,
and the thickness of the mucus layer.!7-!8 The last criteria,
mucus thickness, needs to reach 10% to 15% of airway
diameter in the large airways; otherwise, the 2-phase gas-
liquid transport is probably insignificant because the cili-
ary escalator is sufficient to clear airways with a normal
mucus layer.'>-17-18 To be more precise, the 2-phase trans-
port occurs only if the mucus layer thickness exceeds a
critical value, after which transport rises with increasing
expiratory flow bias.!?
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Another important mechanism to clear airway secre-
tions in mechanically ventilated patients is gravity. Indeed,
it plays a well-recognized role in the development and
spread of ventilator-associated pneumonia.?? It is notewor-
thy that there is evidence showing that airway clearance in
mechanically ventilated patients is primarily driven by grav-
ity rather than by the expiratory flow bias.?!

In the current issue of ReSPIRATORY CARE, Li Bassi et al?2
compared the effects of manual hyperinflation and ventilator
hyperinflation on secretion clearance, gas exchange, pulmo-
nary mechanics, and hemodynamics in pigs with severe bi-
lateral pneumonia. They found that neither maneuver signif-
icantly modified pulmonary mechanics or hemodynamic
parameters, nor did they improve secretion clearance. Most
surprising was that, although both maneuvers increased the
expiratory flow bias, this increase did not improve mucus
clearance. In some pigs, the mucus clearance rate even dete-
riorated compared to baseline assessment.

In light of the evidence that higher expiratory bias flow is
associated with better mucus transport,'!-10-23.24 the authors
raised a number of hypotheses to explain this unexpected
negative result. We will discuss further some of the presented
hypotheses and suggest others mainly related to the methods
applied. However, despite the methodological concerns raised
in this article, it is important to state that their findings may
correctly indicate that the use of both maneuvers as secretion
clearance techniques should be reappraised.

The primary concern is that, despite the animals having
pneumonia and being heavily sedated, they seemed not to
have retained secretions, making it difficult for any airway
clearance maneuver to show benefit, especially maneuvers
that have expiratory flow bias as a main mechanism of
action, which relies on mucus thickness to function. This
issue is raised because the animals were submitted to tra-
cheal suction 1 h before intervention, and because the
amount of secretions collected, independent of the maneu-
ver applied or day of the assessment, was too small (ie,
< 1 mL). As a comparison, mechanically ventilated ani-
mal models that simulate hypersecretion conditions by in-
fusion of artificial mucus into the bronchi reported instil-
lation of synthetic mucus at a rate of ~ 1 mL/min over
20-90 min to create this scenario,!>-1° a volume 20 times
greater than that seen in the paper by Li Bassi et al.?2

Another consideration is related to prone positioning of
animals 15 min before the intervention. Turning from the
supine to prone position probably recruited collapsed al-
veoli. In the presence of recruited lungs and no secretions,
animals were partially treated. Therefore, hyperinflation
maneuvers were unlikely to obtain a measurable effect on
respiratory compliance or oxygenation as reported in some
clinical studies that investigated these maneuvers.?5-27

A third concern is related to the method applied to
measure mucus displacement, which was conducted by
tracking radiopaque tantalum disks placed in the tra-
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chea.21.23.24.28.29 After the tantalum disks were insufflated,
they were tracked for 10 min to define the baseline as-
sessment. Following baseline measures, hyperinflation ma-
neuvers were performed. However, in the prone position,
the intrathoracic trachea in swine is oriented upwards,
whereas the extrathoracic trachea is almost horizontal.3°
This orientation facilitates mucus movement toward the
glottis due to gravitational force. Thus, it is possible that,
during baseline, mucus movement was accelerated by grav-
ity and that the disks were moved to a more horizontal
region of the trachea before the maneuvers were applied.
In this case, gravity might have favored mucus displace-
ment mostly during baseline, thus explaining the higher
mucus transport rate observed at this point. Nevertheless,
this hypothesis could have been discarded if there was a
group with a sham maneuver. It is also important to high-
light that, during baseline, the animals were being venti-
lated with an expiratory flow bias that was high enough to
favor the displacement of mucus toward the glottis, a con-
dition that is not common in clinical practice.!

The duration of manual hyperinflation and ventilator
hyperinflation also raise some concerns because the ma-
neuvers were too short, lasting only 2 min. In another
study conducted by the same research group to investigate
the effects of 2 different types of manual chest cage com-
pression on mucus clearance in mechanically ventilated
pigs, the maneuvers were applied for 15 min.?*

In addition, manual hyperinflation was applied differently
than recommended in the literature.! In the current study,
manual hyperinflation submitted the mucus layer to a burst
of peak inspiratory flows until an inspiratory pressure of
40 cm H,O was achieved; only after expiratory flow occurred
(see Fig. 1 in Li Bassi et al??). Considering our hypothesis
that there was no secretion retention, this insufflation pattern
might have spread out the mucus layer even thinner and thus
impeded the transport of mucus via expiratory flow bias. This
might explain why manual hyperinflation had the worst per-
formance in terms of mucus clearance rate per animal, as
suggested in Figure 6 in Li Bassi et al.?

Despite the concerns raised, an interesting result was
that manual hyperinflation, as previously described,'® pro-
duced a highly variable tidal volume, whereas the maneu-
ver was more consistent with the ventilator. This finding
reinforces the advantages of applying ventilator hyperin-
flation instead of manual hyperinflation.

What are the implications of this study? Bench and
animal studies can provide valuable insights to our under-
standing of airway secretion clearance. Although animal
studies are not high-level evidence, they can be used to test
hypotheses and improve the design of clinical trials. The
research by Li Bassi et al?? gives us the opportunity to
improve our knowledge regarding 3 important topics: the
importance of a right scenario to investigate airway clear-
ance maneuvers, which maneuver should be applied (as
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described by the authors, probably the one that produces a
more consistent tidal volume), and the need for an appro-
priate method to measure secretion clearance, given that
the technique affects the results.

In conclusion, this experimental study by Li Bassi et al??
showed unexpected results of the lung hyperinflation maneu-
vers on the tracheal mucus movement; these results challenge
previous findings and call for new investigations. It is unclear
whether the tested scenario simulates the ideal condition of
retained secretions with reduced compliance, where the lung
hyperinflation maneuver could be most effective as a thera-
peutic technique. Moreover, it is unknown if such a scenario
fulfilled the critical factors to allow the expiratory bias flow
to move secretions outward from the lungs.
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