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Summary

There have been many innovations to the standard endotracheal tube over the years, many of which
were intended to reduce the incidence of ventilator-associated pneumonia (VAP). Ventilator-asso-
ciated events are associated with the objective outcomes of increased duration of mechanical ven-
tilation, length of ICU and hospital stay, and increased risk of mortality. Many specialty tubes have
been associated with a reduction in the clinical diagnosis of VAP, but studies have failed to show
differences in objective outcomes. This article reviews the evidence related to specialty tubes and
discusses their role in improving objective outcomes associated with ventilator-associated events.
Key words: ventilator-associated pneumonia; ventilator-associated events; endotracheal tubes; mechan-
ical ventilation; patient outcomes. [Respir Care 2019;64(8):980–985. © 2019 Daedalus Enterprises]

Introduction

The placement of an endotracheal tube (ETT) into the
airway maintains an open glottis and hinders the ability to
properly clear secretions from the airway. These issues,
combined with heavy sedation and immobilization, create
the potential for pneumonia to occur. Pneumonia occur-
ring after 48 h of invasive mechanical ventilation is re-

ferred to as ventilator-associated pneumonia (VAP) and
has been the subject of study for well over a decade.
Epidemiological studies of VAP have found associations
with higher mortality, increased duration of mechanical
ventilation, and increased length of hospital stay, all of
which contribute to a perceived increase in the health care
costs associated with length hospital stay. These associa-
tions have led clinicians to misinterpret VAP as a cause of
these poor outcomes. Unfortunately, these studies often
ignore the timing of the VAP event, leading to what is
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time-dependent bias treats a patient who presents with
VAP during invasive mechanical ventilation as a patient
who walked into the hospital with VAP, associating the
entire stay and cost of care to VAP.1 The quest to reduce
VAP has focused on a reduction of these associated ob-
jective outcomes, but the evidence falls short of demon-
strating such benefit. Studies that report success in reduc-
ing the incidence of VAP have been unsuccessful in
reducing mortality, duration of mechanical ventilation, and
length of ICU and hospital stay.3, 4 This calls into question
the true benefits related to VAP prevention strategies that
require costly interventions, due to the assumption that
per-patient costs will be reduced if VAP is prevented.

The diagnostic criteria for VAP originally described by
the Centers for Disease Control and Prevention have been
used inconsistently across studies.5 Many of the criteria
used to determine VAP are subjective or include tests
known to have significant rates of false positives or false
negatives.3 Commonly used criteria include worsening gas
exchange, tachypnea or dyspnea, changes in sputum char-
acteristics, rales or bronchial breath sounds, suspicion of
infection, new infiltrate on chest radiograph, and pathogen
growth as determine with microbiology samples. These
largely subjective criteria present various challenges, in-
cluding intra-observer variability (Table 1). Worsening gas
exchange can have many causes, and microbiology sam-
ples have a sensitivity range of 50–70% and specificity of
40–95% compared to tissue biopsy (the accepted stan-
dard).3 Sensitivity (the ability to identify a true positive)
can be limited by a failure to sample from the affected
lung segment or by diminished bacterial growth due to

prior exposure to antibiotics. Specificity (the ability to
identify a true negative) can be limited by contamination
of the sample from the ETT or the upper airway when a
patient is ventilated for longer periods of time.3

Ventilator-Associated Events

The clinical presentation of VAP shares important fea-
tures with other conditions encountered in the ICU. Pul-
monary edema, atelectasis, pneumonia, and ARDS all share
similarities in clinical presentation, and distinguishing be-
tween them may be challenging. One important similarity
between the management of these conditions is the poten-
tial need for increasing PEEP and/or FIO2

. The increase of
these settings generally indicates increased severity of ill-
ness, further distancing a patient from ventilator liberation
and thus prolonging mechanical ventilation. In 2012, Klom-
pas and colleagues6 published the use of a streamlined
VAP definition, replacing the subjective pulmonary signs
related to sputum and worsening gas exchange with ob-
jective thresholds of increasing PEEP and FIO2

after 2 d of
clinical stability, as well as objective criteria for signs of
infection (eg, blood cell counts). This streamlined approach
was easier and it was reproducible, and surveillance took
significantly less time to perform (3.5 min vs 39 min per
patient) and had much better agreement between surveyors
(kappa � 0.79 vs 0.45).6 Shortly thereafter, the Centers for
Disease Control and Prevention changed their recommen-
dations from VAP surveillance to ventilator-associated
event (VAE) surveillance, which included these objective
criteria. VAEs are classified when, after a period of sta-
bility or improvement, an increase in PEEP or FIO2

re-
quirements by a specific amount (PEEP change of 3 cm H2O
or more, FIO2

change of 0.20 or more). If the increase is
transient and settings can be reduced in � 2 d, there is no
further classification. However, if the increase is sustained
(or higher) for � 2 d, it is considered a ventilator-associ-
ated condition (VAC). Further classification along the path-
way depends upon other criteria regarding the likelihood
of infection as shown in Figure 1. Unlike VAP, the more
objective VAE criteria have consistently demonstrated as-
sociations with poor patient outcomes, including increased
mortality, duration of mechanical ventilation, and length
of ICU and hospital stay.7-9

One of the potential causes of VAP discussed in the
literature involves the presence and function of an ETT.
This has led to several innovations applied to the standard
ETT. The most common innovations have focused on min-
imizing or preventing aspiration of oral secretions into the
airways and preventing biofilm growth and transmission
into the ETT. This article reviews the various ETT inno-
vations and presents the relevant research data associated
with their performance. Most of the studies to date have
focused on the prevention of VAP rather than VAE, but

Table 1. Challenges Related to Diagnostic Criteria for VAP

VAP surveillance definitions are complicated and subjective.
VAP surveillance is time-consuming and frustrating.
Surveillance is very difficult to automate.
Clinicians and infection preventionists frequently disagree about VAP

diagnosis.
Clinicians and infection preventionists are often wrong relative to

histology.
Clinicians and infection preventionists demonstrate high inter-observer

variability.
VAP rates are lowered easily by applying surveillance criteria more

strictly.
Diagnosis and treatment are susceptible to gaming.
Attributable mortality is very low.
Very few VAP prevention initiatives have decreased length of stay or

lowered mortality rates.
Focusing on VAP prevention alone only addresses a small fraction of

the potential harm that can befall ventilated patients.
Comparison of VAP rates between institutions is difficult or

impossible.

From Reference 4.
VAP � ventilator-associated pneumonia
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the differences between VAP studies and VAE studies
may provide insight into how specialty tubes may or may
not contribute to the prevention of VAEs.

Silver-Coated ETTs

The ETT is a prime source of bacterial growth, and
biofilm growth can begin within 3.5 days.10 One ETT
innovation has been to coat the interior lining of the ETT
with silver. Silver has been used topically with skin inju-
ries to prevent infection, and in small amounts it is con-
sidered non-toxic. Silver has broad-spectrum antibacterial
properties that have been reported to reduce growth and
adhesion of biofilm along the interior of the ETT in ani-
mals and in a small randomized study in humans.11 This
work was followed by the North American Silver-Coated
Endotracheal Tube (NASCENT) Study, published in
2008.12 The NASCENT study was a prospective, multi-
center, single-blind, randomized controlled study in sub-
jects requiring mechanical ventilation for a minimum of
24 h. A total of 1,509 subjects were included in the pri-
mary efficacy analysis, and � 1,932 subjects were in-
cluded in the safety analysis. Microbiology confirmed that
VAP occurred in 4.8% of subjects in the silver-coated ETT
group and in 7.5% of subjects in the uncoated group. This
resulted in a 35.9% (95% CI 3.6–69.0) risk reduction in
the incidence of VAP. However, they found no significant
difference in the duration of intubation, the length of ICU
or hospital stay, or mortality.

In 2010, Afessa and colleagues preformed a retrospec-
tive analysis of the NASCENT trial.13 The results of this
exploratory analysis included some unexpected findings.
In subjects who had VAP, mortality was lower in the
silver-coated ETT group compared to controls (14% vs
36%). While it may appear that the use of silver-coated

ETTs reduced the burden of VAP and led to lower mor-
tality in subjects who had VAP, the mortality rate in the
silver-coated group that did not have VAP was 17% higher
(14% mortality the for silver-coated group with VAP vs
31% mortality for the silver-coated group without VAP).
VAP onset � 4 d of mechanical ventilation was indepen-
dently associated with a reduced risk of mortality (odds
ratio 0.34, 95% CI 0.12–0.99). In subjects who did not
have VAP, the mortality rate in those treated with silver-
coated ETTs was also higher compared to the control group,
and this was statistically significant (31% silver-coated vs
26% control, P � .03). These finding add a level of un-
certainty around the benefits of silver-coated ETTs, par-
ticularly if they reduce mortality only if you get the infec-
tion they are intended to prevent.

Biofilm Removal: The Mucus Shaver

As previously mentioned, the gradual buildup of biofilm
in the ETT begins shortly after intubation.10 It has been a
source of increased airway resistance, often resulting in an
exchange of the ETT or insertion of a tracheostomy, and it
is considered a possible cause of VAP infection among
intubated patients.10,14 The removal of this biofilm was the
purpose behind the development of the Mucus Shaver,
which is not a type of ETT but is a catheter that has an
inflatable balloon with rings around it. The catheter is
inserted just beyond the distal tip of an ETT; the balloon
is inflated, and the catheter is pulled through the ETT over
3–6 s, allowing the “shaving rings” to remove the accu-
mulated biofilm from the inside of the ETT.15 To date
there are limited data regarding the benefits of this device.
A small, randomized controlled trial in 24 subjects dem-
onstrated a significant reduction in biofilm with ETT clean-
ing performed every 6 h (ie, suctioning followed by clean-

VAE
Ventilator-associated event

After 2 d of stable or decreasing minimal PEEP
Increase of PEEP ≥ 3 cm H2O or FIO2 ≥ 0.20

Intubation and invasive mechanical ventilation

VAC
Ventilator-associated condition

A VAE that is sustained (or worse) for 2 d

IVAC

Infection-related ventilator-associated condition
Within 2 days of a VAC

Temperature <36°C or >38°C or leukocyte count < 4 or >12 cells/μL
AND new antibiotics continued for ≥4 d of ventilation

Possible VAP
IVAC with positive culture OR ≥ 25
neutrophils/field from sputum BAL

Probable VAP
IVAC with positive

quantitative/semiquantitative culture
for pathogenic organism AND ≥ 25
neutrophils/field from sputum BAL

Fig. 1. Progression through ventilator-associated conditions. VAP � ventilator-associated pneumonia, IVAC � infection-related ventilator-
associated condition, BAL � bronchoalveolar lavage, VAC � ventilator-associated condition, VAE � ventilator-associated event.
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ing with the Mucus Shaver).15 There were also significantly
fewer positive microbiology cultures from the treatment
group. However, the study was not powered to show a
difference in the incidence of VAP or days of ventilation,
which both lacked statistically significant differences, nor
did they assess VAEs. Further studies are required to con-
firm the usefulness of this device.

Subglottic Secretion Drainage Tubes

Possibly the most studied ETT innovation related to
VAP prevention is the subglottic secretion drainage
tube.16-18 The trajectory of research surrounding outcomes
related to the use of subglottic secretion drainage tubes is
worth noting, particularly if major, systemic, hospital-wide
changes were implemented after the results of the first or
even second major systematic review and meta-
analysis.16,17 The early systematic review and meta-anal-
ysis by Dezfulian and colleagues16 in 2005 included 5 RCTs
involving 896 subjects. Their analysis reported a reduction
of approximately 50% in the incidence of VAP, a 2-d
reduction in mechanical ventilation, and a 3-d reduction in
ICU stay in favor of subglottic secretion drainage tubes.
The investigators reported no difference in mortality and a
high heterogeneity between studies. In 2011, Muscedere
and colleagues17 published a systematic review and meta-
analysis of 13 studies involving 2,442 subjects. They also
reported a reduction of approximately 50% in VAP inci-
dence. They noted that ICU length of stay and duration of
mechanical ventilation were lower with the use of subglot-
tic secretion drainage tubes, although there was high het-
erogeneity between studies (eg, I2 � 77% for ICU length
of stay, I2 � 86% for duration of mechanical ventilation).
High heterogeneity between studies makes it extremely
difficult to answer questions with certainty. Because of
this uncertainty, the investigators concluded that use of
subglottic secretion drainage tubes reduces VAP and may
improve other clinical outcomes.

One of the issues with these earlier systematic reviews
and meta-analyses was that they included results from a
study published in 1995 by Valles and colleagues.18 In this
study, the results showed no difference in length of ICU
stay or duration of mechanical ventilation, but meta-anal-
yses had misinterpreted the results, abstracting median val-
ues as mean values, which resulted in significant differ-
ences between groups. After this discovery, Caroff and
colleagues19 performed an updated systematic review and
meta-analysis in 2016 to assess objective outcomes asso-
ciated with the use of subglottic secretion drainage tubes,
including VAEs in the analysis. They included the study
by Valles et al18 for the analysis of VAP incidence but
excluded it from the analysis of length of ICU stay and
duration of mechanical ventilation because the author no
longer had the data to allow proper analysis of these out-

comes. The analysis of 17 RCTs involving 3,369 subjects
again reported a significant reduction in VAP with use of
subglottic secretion drainage tubes, no mortality benefit,
and no difference in length of ICU or hospital stay, and no
difference in duration of mechanical ventilation. The only
study assessing VAP and VAE found a significant reduc-
tion in VAP, but no difference in VAEs along with no
difference in any other objective clinical outcome.20 As
already mentioned, VAEs have consistently been associ-
ated with clinical outcomes such as ICU stay, duration of
mechanical ventilation, and increased mortality.7-9

These results highlight the issues with VAP as a quality
indicator. If VAP was the cause of poor outcomes leading
to increased hospital burden and cost, then reducing VAP
should demonstrate a reduction in outcomes associated
with this burden. Having a clinical diagnosis of VAP does
not change cost-related outcomes.

ETTs With Tapered Cuffs

One of the other innovations made to ETTs is the shape
of the balloon cuff. When traditional cuffed ETTs are
inflated, longitudinal folds may be present in areas where
the cuff could not fully inflate due to the size of the tra-
chea. The channels along the folds are potential areas for
microaspiration of oral secretions. A tapered shape, theo-
retically, would at some point be the same diameter as the
airway and therefore have no longitudinal folds to allow
oral secretions to pass. In vitro animal and bench studies
have reported mixed results.21-23 However, a recent sys-
tematic review and meta-analysis of studies using these
tubes failed to indicate any difference in VAP between
tapered and standard ETT cuffs. Furthermore, the addition
of a subglottic secretion drainage tube to a tapered ETT
cuff, assessed in a prospective randomized controlled trial
of 276 subjects, had results similar to previous studies of
subglottic secretion drainage tubes, namely a significant
reduction in VAP diagnosis (specifically late-onset VAP)
but no difference in other objective outcomes.24

Cuff Pressure Management

Another possible solution for preventing VAP is the
control and close monitoring of ETT cuff pressures. A
recent study by Letvin and colleagues25 assessed the im-
pact of cuff pressure monitoring frequency on the occur-
rence of VAP and VAEs. They compared cuff pressure
assessment immediately after intubation for all subjects,
then assigned frequent (every 8 h and when clinically in-
dicated) or only when clinically indicated cuff pressure
monitoring based on which ICU bed they were admitted
to. The goal was to maintain a cuff pressure 24 – 30 cm
H2O when measured. A total of 305 subjects were enrolled
in the study and there was no difference between groups
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regarding VAP diagnosis or VAEs. In 2014, Lorente and
colleagues26 investigated the impact of continuous versus
intermittent cuff pressure maintenance on the occurrence
of VAP. In this study (N � 284 subjects), all subjects
received ETTs with subglottic secretion drainage and were
assigned continuous or intermittent (every 8 h) mainte-
nance of ETT cuff pressure at 25 cm H2O. The continuous
monitoring of cuff pressure in this study resulted in sig-
nificantly less VAP (P � .02) but no difference in the
other objective outcomes measured, including duration of
mechanical ventilation and ICU mortality.

The Role of Specialty Tubes

A critical appraisal of the available evidence regarding
specialty tubes reveals significant concerns about the value
of VAP as a quality indicator or prevention target. Sub-
jective criteria combined with tests with wide ranges of
false positives and false negatives is the main reason VAEs
were created. If the purpose of these specialty tubes is to
reduce the incidence of infection diagnosed by these cri-
teria, they succeed. But what are specialty tubes reducing
if the burden of caring for these patients (objective out-
comes) is not altered? If a clinician were to weigh the cost
associated with these specialty tubes or monitoring sys-
tems against the benefit (ie, value), these tubes do not hold
clinically relevant value. Without affecting objective clin-
ical outcomes such as duration of mechanical ventilation,
length of ICU and hospital stay, or mortality, where is the
cost savings in the implementation of specialty tubes as
part of a VAP prevention bundle?

Summary

There are limited studies that specifically look at VAE
and specialty ETTs. However, when VAP and VAEs have
been compared in studies of specialty ETTs, reduction in
VAP does not result in a difference in VAEs or in objec-
tive clinical outcomes such as mortality, duration of me-
chanical ventilation, or length of ICU or hospital stay. This
means that the lack of difference in objective outcomes
between groups is reflected in the VAE results, but not in
the incidence of VAP. The reduction of objective out-
comes would result in a decreased burden of care and cost
to hospitals, and the current evidence suggests that spe-
cialty ETTs have failed to demonstrate this value.
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