
Artificial Cough Maneuvers: A New Method of Secretion Clearance?

Secretions above and below the cuff of an endotracheal
tube (ETT) are pathogenic sources that may result in nos-
ocomial infections and related complications.1 Efficient
removal of these secretions has been a hot topic for the
past 25 years. In this issue of RESPIRATORY CARE, Zanella et
al2 presented an innovative system to expel the secretions
located below an ETT cuff out of the trachea by using an
artificial cough maneuver in an in vitro trachea model as
well as in a brain-dead swine model.

Intubation impairs normal physiologic functions such as
cough and swallow that aid in the prevention of aspiration.
The spindle shape of the vocal cords and the cylindrical
structure of an ETT do not allow for a tight seal. There-
fore, it is difficult to prevent secretions from the oral cav-
ity and/or gastric contents from leaking through the latent
gaps between the glottis and the ETT. This may result in
complications, for example, ventilator-associated pneumo-
nia (VAP),1 which is one of the most common nosocomial
infections and is associated with a high mortality rate.3

Countless efforts have been made to seek solutions to pre-
vent VAP,4-7 including placing patients in the Semi-Fowler
position (to reduce gastric reflux)5; selective digestive decon-
tamination, oral suctioning and oral hygiene (to reduce the
quantity and density of the pathogens in the gastric and oral
secretions)5-7; and close monitoring and maintenance of ETT
cuffs (to minimize microaspiration by stopping the subglottic
secretions from leaking around the cuff).4,8 However, these
methods are not likely to prevent all secretions from accu-
mulating above the ETT cuff. Once accumulated, secretions
can easily fall into the lower airways if the ETT is deflated for
repositioning or extubation.

Because these subglottic secretions pose a threat to pa-
tients on mechanical ventilation, subglottic secretion drainage
is warranted and seems to play an important role in VAP
prevention.4 More than 20 randomized controlled trials and
6 meta-analyses have shown that subglottic secretion drain-

age is a cost-effective method to reduce the incidence of
VAP, especially for patients who need invasive ventilation
for �48 h.8 However, subglottic secretion drainage has lim-
itations in clinical practice, including: (1) a special tube is
required, and, if not initially placed, the exchange of the
conventional ETT to an ETT with subglottic secretion drain-
age is cumbersome and risky8; (2) difficulty in predicting the
duration of mechanical ventilation (ETT with subglottic se-
cretion drainage is most beneficial for patients intubated for
� 48 h)8; (3) the suction port can be occluded by secretions;
and (4) the suction port may get occluded by tracheal mu-
cosa, which results in mucosal damage and failure to drain
secretions. Seguin et al9 recently reported that the incidence
of tracheal mucosal damage was 17% in the intermittent suc-
tioning group and 27% in the continuous suctioning group
with subglottic secretion drainage utilization.

SEE THE ORIGINAL STUDY ON PAGE 372

To overcome these technological shortcomings, an in-
novative maneuver was recently proposed to clear subglot-
tic secretions.10 This maneuver requires a minimum of
2 experienced clinicians, one to produce a rapid flow by
squeezing a resuscitation bag at the beginning of the pa-
tient’s expiration, the other to manage the ETT cuff de-
flation–re-inflation. Although the maneuver seems to be
safe and effective, its success relies on practitioner skill
and understanding of the mechanism. The involvement of
2 clinicians makes it difficult to accomplish in a busy ICU.

Zanella et al2 assessed a prototype device that automati-
cally manipulates the ETT cuff in synchronization with the
ventilator breath that is designed to remove secretions on
both sides of the ETT cuff. Instead of manually squeezing a
resuscitation bag, the device, based on predetermined criteria,
helps to produce an artificial cough. This innovative design
incorporates the collaboration between lung expansion
and cuff management, which significantly reduces the
complexity of the maneuver and makes it possible to be
used at the bedside by a single person. The large pres-
sure gradient between the airway and oral cavity gen-
erates a rapid flow, which simulates a cough to move
secretions from the airways to the oral cavity.2,10 The
secretions located in the central airway, around the tip
of the ETT and cuff, and below and above the cuff, are
expelled by the effective artificial cough.
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Previous studies mainly focused on secretions above the
cuff;4,8-10 however, Zanella et al2 did not investigate the
clearance efficiency on just these subglottic secretions.
Instead, they sought to understand how this maneuver im-
pacted secretions below the cuff, as previously mentioned.
They found that 63–80% of synthetic sputum below the ETT
was removed by 5 artificial cough maneuvers during the
in vitro study, and all the radiopaque tantalum disks below
the cuff were removed within 7 minutes in a swine model.2

In another recent study, Volpe et al11 found that the key
factor to move mucus in the trachea, in an intubated model,
was the difference between peak inspiratory and expiratory
flows. They found that mucus clearance was ineffective if the
peak inspiratory flow was higher than the peak expiratory
flow.11 The significant difference between the models
used in studies by Zanella et al2 and Volpe et al11 was
cuff deflation, in which the expiratory resistance in the
model by Zanella et al2 decreased enormously, which
allowed for a much higher expiratory flow in the arti-
ficial cough maneuver. In addition, they found that the
highest peak expiratory flow produced by the low com-
pliance, low resistance model generated the highest clear-
ance efficiency among the 3 models.2

A reasonable concern regarding this maneuver is that
airway pressure might decrease during the period of cuff
deflation. Zanella et al2 reported that, during cuff defla-
tion, the average tracheal pressure decreased to a mini-
mum of 19.1 � 3.5 cm H2O (12.9–27.2 cm H2O).2 This
pressure may be sufficient to maintain alveolar recruit-
ment in many patients who are intubated; however, it may
be problematic in patients who require high levels of PEEP.

As pointed out by the authors, secretion clearance and
suctioning are performed when there are signs of secretion
retention (audible or visible secretions, breath sounds, hy-
poxemia, or acute respiratory distress).12 Also, they noted
that suctioning via ETT was invasive and could be un-
pleasant for the patient. This study offered a new concept
of secretion clearance that may lead to a more proactive
management of secretions that reduces the complications as-
sociated with ETT suctioning. This method seems promising
as a way to reduce or replace ETT suctioning, but further
clinical studies are needed to examine this potential.
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