
Preventing Colonization by Lung Isolation: Primum Non Nocere

Tracheal intubation is among the most dangerous of
interventions in the patient who is critically ill. The pro-
cedure of laryngoscopy itself is potentially hazardous, but
this can normally be managed in a controlled manner. It is
the state of being intubated over a number of days or
weeks that carries particular risk and can only be in part
ameliorated by care bundles to try to reduce the coloniza-
tion and aspiration of secretions. Approximately 20% of
patients who are intubated acquire a ventilator-associated
pneumonia (VAP), and, of these patients, the attributable
mortality is as high as 13%.1 Many more acquire coloni-
zation of the trachea and lung tissue, a prerequisite to
VAP. VAP normally begins with sequential upper aerodi-
gestive, then tracheal and lung colonization, and, if the
pathogenic bacterial load overwhelms lung defenses, then
invasive tissue infection ensues.2

The phenomena and mechanism of silent aspiration past
an inflated high-volume low-pressure cuff has been un-
derstood for more than 40 years.3 Continual or episodic
leakage of bacterial-laden secretions past an inflated cuff
during intubation is the fundamental step of transfer,4 and,
in recognition of this, VAP is suggested to be more cor-
rectly called endotracheal tube-associated pneumonia.5 It
is vital for industry to innovate to solve this endotracheal
tube malfunction, and, yet, it is equally important for health
services, institutions, and clinicians to be open to adoption
when suitable technologies emerge.

Adoption of new innovations is said to average 17 years.6

Subtle perverse financial incentives and “gaming” may come
into play at a local institutional level,7 and cost-effective so-
lutions with a high upfront cost may require national tariffs to
enable faster adoption across healthcare systems (https://www.
england.nhs.uk/2016/06/treatment-innovations. Ac-
cessed August 1, 2019). We should be prepared to invest
for prevention. Wyncoll and Camporota8 estimated con-

siderable cost savings for most institutions, even if spend-
ing hundreds or thousands of dollars for preventive tech-
nologies for VAP.

SEE THE ORIGINAL STUDY ON PAGE 1031

Current VAP prevention programs aim to minimize intu-
bation time, to reduce the volume and bacterial load of
subglottic fluid (oral hygiene and infection control) and to
reduce transcuff aspiration (semi-recumbency, cuff-pres-
sure maintenance, subglottic drainage). The ideal aim is to
isolate the lungs from ongoing contamination throughout
mechanical ventilation. To achieve this reliably, and as-
suming robust infection control of the inner ventilation
tubing, one must address 3 mechanisms of aspiration past
the cuff: (1) through longitudinal channels within the in-
flated cuff, (2) with rotational or longitudinal cuff move-
ment that causes folding, and (3) with sustained low cuff
pressure or intermittent loss of cuff pressure.9 Caregivers
reliably and continuously applying bundles of partially
effective interventions to prevent the risk factors for VAP
is laudable but likely to be only partially effective. Devel-
oping a reliable and convenient tool as an engineered so-
lution to solve the problem is likely to be a more robust
and complete solution.

In this issue of RESPIRATORY CARE, Rezoagli et al10

present a prototype “leak-proof” double-layer guayule
latex endotracheal cuff tested in an enterally fed pig
model of extended ventilation (no. � 5). The guayule
cuff is snug to the tube and designed to eliminate folds
at the cuff-trachea interface. They tested macroscopic
leakage by using methylene blue dye and bacterial col-
onization of the lungs at 72 h. No dye was judged to
have leaked in the leak-proof cuff group, and the pro-
portion of colonized lung lobes was significantly re-
duced, from 92% to 27%, with an associated reduction
in hypoxemia. Most impressively, the median bacterial
load reduced very substantially, the difference nicely
displayed on a Karnaugh color map.

There are a number of criticisms regarding this study
that the authors have, in part, addressed, including the
historical controls and associated potential selection bias,
different pathogen profiles to those in a human ICU, and
the small sample size of the prospective study group. How-
ever, the absence of the use of a ventilator care bundle, the
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greater use of enteral feeding, the complete omission of
oral hygiene, the unfavorable position of the trachea and
the manipulation and movement of the tube during bron-
choscopy would have provided a greater challenge to the
leak-proof cuff.

This makes the result all the more remarkable. A clin-
ically demonstrable large oxygenation benefit alongside
substantial reductions in colonization were achieved by
changing a single variable, the provision of an effective
cuff. These data, in combination with the mechanistic un-
derstanding above, indicates an important target for such
an engineered solution to the problem. Although the group
previously showed11 that the double-layer guayule cuff
prevents leakage in bench models, it must also work with
rotational and longitudinal movement in a non-uniform
human trachea in life and must remain inflated at all times,
without even a momentary failure. It is possible that the
leak-proof cuff did not maintain its full inflation through-
out the 72-h period, despite 6-h checks. Movements and
natural deflation over time occur between checks, and, also,
when using a manual cuff manometer, it is possible, or even
probable, to temporarily deflate the cuff, depending on tech-
nique and equipment dead space and ergonomics.12 Even if
this was well controlled within the present study, continuous
inflation would be needed to secure the seal if translated to
multiple users in clinical practice. This suggests that even
more remarkable improvements in bacterial soiling of the
lung shown in the present study are possible.

Notably, the wealth of subglottic drainage clinical
studies showed only 50% reductions in infections. Sub-
glottic drainage reduces lung soiling but does not pro-
vide lung isolation because this is by no means fully
effective at clearing secretions or reducing objective
outcomes13 and a “leaky” cuff remains. Constant pres-
sure control with high-volume low-pressure cuffs again
has only a partial effect.14 Human studies that combine a
leak-free cuff in combination with subglottic drainage and
irrigation, and continuous cuff pressure control have shown
VAP reduction15 and, more remarkably, tracheal colonization
prevention.16 It is a shame that the microbiology of the 6-h
samples obtained with endotracheal suctioning were not re-
ported in the present study. One would expect that these
would have been less microbe burdened (if at all) than the
control group, and this is a parameter that a clinician has
convenient access to in human practice.

VAP is the leading cause of nosocomial mortality in
the ICU and, therefore, prolonged tracheal intubation is
possibly the most dangerous thing that we do to patients
under our watch; so it behooves us to develop and em-
brace technologies to prevent this. We should consider
using tracheal and lung colonization as a quality indi-
cator as measured by simple tracheal aspirates. Few of
us (and few of our patients) would argue that the ingress
of pathogenic bacterial to the lower respiratory tract is

desirable, it is just so common place that it has some-
how become acceptable and deemed by many unavoid-
able. VAP must be diagnosed (albeit with difficulty and
imprecision) to decide on antibiotic choice and when to
withhold. However, in terms of prevention and quality
improvement, we should aim to eliminate tracheal col-
onization because this offers a higher standard and is
more objective. Without preceding tracheal and lung
colonization, VAP is unlikely. The high-volume low-
pressure cuff was developed in the late 1960s during the
expansion of modern intensive care as a quick fix to the
tracheal trauma of the widespread use of red-rubber
high-pressure cuffs for more extended periods. It has
been long known that there is a basic design flaw to the
high-volume low-pressure cuff and engineered solutions
should be developed and adopted.
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