Novel Endotracheal Tube Cuffs:
Improving the Seal as a Barrier to Leakage

Nosocomial infections are a challenge to the base credo
of doing no harm to our patients. Ventilator-associated
pneumonia (VAP) is an iatrogenic complication in patients
who require invasive mechanical ventilation. Unfortu-
nately, as with any such generic term, the truth is missed.
The ventilator is not the cause, nor the mechanism, by
which the pneumonia develops. Rather, VAP usually re-
sults from introduction of bacteria into the trachea due to
the presence an artificial airway introduced into the tra-
chea. The term artificial airway acquired pneumonia has
been suggested and is a more accurate description.!-> Re-
cent studies have evaluated design changes to the endo-
tracheal tube in relation to VAP. The evidence about these
design changes has been either inconclusive, that the de-
sign change was ineffective, or the design change was
cost-prohibitive.?

VAP is one of the most common of nosocomial infec-
tions and costs millions of dollars annually. It is also as-
sociated with the human cost of prolonged hospital stay,
longer time on the ventilator, and, in some cases, death.
The morbidity and mortality related to VAP ranges widely,
depending on the diagnosis and severity of illness.? In an
attempt to decrease the incidence of VAP, the Institute for
Healthcare Improvement introduced the VAP bundle to
influence VAP rates in intensive care units.*

Several practices are recommended to prevent or atten-
uate the risk of developing VAP. These include maintain-
ing the patient’s head = 30°, oral antisepsis, and proper
inflation of the endotracheal tube cuff.* Each of these tasks
is dependent upon clinician effort, and adherence is poor
without frequent reminders.> Ideally, it would be prefera-
ble to introduce a VAP prevention practice that is inde-
pendent of the clinician and does not require frequent re-
minders, but without compromising care.

Evidence supports the hypothesis that oral secretions
that leak past the endotracheal tube cuff are often the
source of VAP. Because there is wide variability in the
shape of the human trachea,® longitudinal folds (micro-
channels) typically form along the inflated cuff. Secretions
can flow through these microchannels and colonize the
lower airway.>7-!! The flow of secretions past the cuff is
determined by the height of the column above the cuff, the
angle of inclination, the cuff inflation pressure, and the
tracheal pressure applied by the ventilator.>-!2-14 The ad-
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dition of PEEP has been shown, both in vivo and in vitro,
to counterbalance this hydraulic force and to limit the
leakage past the cuff.?13.14

The endotracheal tube and cuff were recently examined
for their contributions to VAP. Several studies looked at
cuff design and how it affects microaspiration under var-
ious conditions.?8-1! Other studies have evaluated antimi-
crobial properties of new materials incorporated into the
endotracheal tube design.” Although a silver-impregnated
endotracheal tube may reduce the risk for VAP,” the cost-
effectiveness of this device is yet to be determined.

SEE THE ORIGINAL STUDY ON PAGE 1095

In this issue of RespIRATORY CARE, Kolobow et all5 de-
scribe a novel cylindrical endotracheal tube cuff made of
Lycra polyurethane. The purpose of the study was to cre-
ate a cuff that would not have longitudinal folds and would
thus prevent subglottic secretions from colonizing the lower
airway. This bench study compared the new Lycra cuff to
2 other commercially available cuffs: a standard polyvinyl
chloride, and a newer polyurethane cuff. All the tubes
tested were inserted into a model trachea consisting of a
smooth-walled acrylic tube 20 mm in diameter (the mean
diameter of the human trachea®). After cuff inflation, 15 mL
of colored water was added on top of the cuff, and they
measured the time required for the water to leak past the
inflated cuff.

Kolobow’s finding of relatively poor performance of
the polyvinyl chloride cuff, compared to the polyurethane
cuff, is consistent with other studies.8-19:13 However, the
study’s measurement conditions did not include PEEP or
mechanical ventilation, so the benefit of the new cuff in
the presence of positive-pressure ventilation is unknown,
given that PEEP influences the rate of fluid leak.%!2-14.16

The selection of a round, inflexible acrylic tube for a
trachea model, although common in the literature,>3!'! may
not translate in vivo, because the most common tracheal
cross-sectional shape is an ellipse.® Young et al reported
that, with an acrylic tube as the trachea model, all the
endotracheal tube cuffs tested demonstrated leak, but only
45% of the tubes had a leak when examined in a porcine
trachea.!' The human trachea, unlike a rigid trachea model,
is flexible, and its dimensions change with the application
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of positive pressure. The use of colored water as a surro-
gate for oral secretions is suitable, because, although se-
cretions are more viscous than water, water represents a
worst-case scenario.

Because of the cylindrical shape of the experimental
Lycra cuff, perhaps its morphological properties affected
the rate of leakage. Also, the cuff inflation pressure used
was greater than what is considered safe.!” Although
Kolobow et al suggest that the majority of this pressure is
attenuated by the high elasticity of the Lycra, evidence to
support that is not presented in the paper.

I am curious as to the reason the Lycra cuff was formed
onto a borosilicate glass mandrel rather than directly onto
the endotracheal tube. It would appear that fashioning the
Lycra cuff directly onto the ETT could lessen the possi-
bility for tearing the thin membrane. That said, Kolobow’s
novel method of cuff assembly could lead to innovative
tube design and perhaps local customization and manufac-
turing with computer aided design and manufacturing tech-
niques.

Kolobow et al have added to the evidence that the ar-
tificial airway and, most importantly, the cuff may be es-
sential when considering VAP prevention strategies. How-
ever, additional clinical evidence is needed before
widespread adoption of any of the newer cuff designs can
be recommended. Not only does it need to be shown that
these designs reduce microaspiration, but, more impor-
tantly, it will need to be shown that they contribute to a
cost-effect reduction in VAP. Until then, efforts should be
placed on improving clinician adherence to low-cost VAP
prevention efforts that have already been shown to be
effective.
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