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Summary

Microaspiration of contaminated oropharyngeal and gastric secretions is the main mechanism for
ventilator-associated pneumonia (VAP) in critically ill patients. Improving the performance of
tracheal tubes in reducing microaspiration is one potential means to prevent VAP. The aim of this
narrative review is to discuss recent findings on the impact of tracheal tube design on VAP
prevention. Several randomized controlled studies have reported that subglottic secretion drainage
(SSD) is efficient in VAP prevention. Meta-analyses have reported conflicting results regarding the
impact of SSD on duration of mechanical ventilation, and one animal study raised concern about
SSD-related tracheal lesions. However, this measure appears to be cost-effective. Therefore, SSD
should probably be used in all patients with expected duration of mechanical ventilation > 48 h.
Three randomized controlled trials have shown that tapered-cuff tracheal tubes are not useful to
prevent VAP and should probably not be used in critically ill patients. Further studies are required
to confirm the promising effects of continuous control of cuff pressure, polyurethane-cuffed, silver-
coated, and low-volume low-pressure tracheal tubes. There is moderate evidence for the use of SSD
and strong evidence against the use of tapered-cuff tracheal tubes in critically ill patients for VAP
prevention. However, more data on the safety and cost-effectiveness of these measures are needed.
Other tracheal tube-related preventive measures require further investigation. Key words: tracheal
tube; endotracheal tube; cuff; tapered; conical; polyurethane; subglottic secretion drainage; PneuX;
silver-coated; continuous control; pressure; pneumonia, infection. [Respir Care 2017;62(10):1316—-1323.
© 2017 Daedalus Enterprises]

Introduction

Despite substantial improvement in the understanding
of ventilator-associated pneumonia (VAP) pathogenesis
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and prevention during the last few decades, this infection
is still common in critically ill patients. Its incidence is
higher in developing countries and in Europe than in the
United States (22, 14.4, and 2.8 VAP episodes/1,000 me-
chanical ventilation days, respectively).!-> However, a re-
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cent study questioned the VAP rates reported to the Cen-
ters for Disease Control and Prevention National Healthcare
Safety Network and reported higher and stable rates of
VAP (10%) in the United States, based on the data of the
Medicare Patient Safety Monitoring System.*

VAP is associated with increased mortality and morbid-
ity. Although the impact of VAP on mortality is still a
matter for debate, its negative impact on duration of me-
chanical ventilation, length of ICU stay, and cost was re-
peatedly reported in several studies.>-¢

Microaspiration of contaminated secretions around the
tracheal cuff is the main mechanism for entry of bacteria
into the lower respiratory tract.” Tracheobronchial coloni-
zation, resulting from microaspiration, could progress to
ventilator-associated tracheobronchitis or pneumonia, de-
pending on the quantity and virulence of aspirated bacteria
and defense mechanisms.®° Improving the design of tra-
cheal tubes is a key issue in the prevention of microaspi-
ration and VAP.'° The aim of this narrative review is to
discuss recent clinical findings on the relationship between
tracheal tube design and the incidence of VAP in critically
ill patients.

Data for this review were identified through searches of
PubMed and from bibliographies of relevant articles. We
undertook a comprehensive search in PubMed, from De-
cember 1996 through December 2016, using the terms
“tracheal tube AND pneumonia,” “endotracheal tube AND
pneumonia,” "tracheal cuff AND pneumonia,” and “endo-
tracheal cuff AND pneumonia.” The search was limited to
publications in English.

Clinical studies were selected for this review if they
reported on the relation between tracheal tube design and
pneumonia in ICU subjects. All abstracts were reviewed
by 2 independent reviewers (AR and SN). Articles of rel-
evant abstracts were reviewed by the authors and included
in this review. A summary of selected studies is given in
Table 1.

Subglottic Secretion Drainage

Subglottic secretion drainage (SSD) is the most fre-
quently studied measure for VAP prevention. At least 20
randomized controlled trials and 6 meta-analyses were con-
ducted to determine the efficiency of this measure in re-
ducing VAP incidence. A recent meta-analysis of 17 ran-
domized controlled trials, with 3,369 subjects, found
significant reduction of VAP incidence in subjects with
SSD, compared with controls (risk ratio 0.58, 95% CI
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0.51-0.67, > = 0%).'"" However, no significant impact
was found on duration of mechanical ventilation, ICU stay,
or mortality. A more recent meta-analysis,'? including 3
additional randomized controlled trials with 3,544 sub-
jects, reported similar results on efficiency. SSD was as-
sociated with reduction of VAP incidence in 4 high-qual-
ity trials (risk ratio 0.54, 95% CI 0.40-0.74, P < .001,
I? = 0%) and in all trials (risk ratio = 0.55, 95% CI 0.48—
0.63, P < .001, 1> = 0%). SSD also significantly reduced
the duration of mechanical ventilation (risk ratio = —1.17 d,
CI —2.28 to —0.06 d, P = .006). However, heterogeneity
was apparent (I* = 54%) in SSD effect size across trials.
Another study also showed that SSD might be helpful to
reduce antibiotic use in the ICU.!3

To evaluate the cost-effectiveness of SSD, Shorr and
O’Malley'+ used a decision model with reduction of VAP
prevalence, among subjects requiring > 72 h of mechan-
ical ventilation, as the primary outcome. Assuming a base-
line 25% prevalence of VAP along with a 30% relative
reduction in the SSD group, a nearly $5,000 savings per
case of prevented VAP was reported, despite a substan-
tially higher acquisition cost for the SSD tracheal tube.
Hallais et al'> performed a cost/benefit analysis, based on
hypothetical replacement of conventional ventilation by
continuous SSD. They reported that assuming a VAP cost
of €4,387, a total of 3 averted VAP episodes would neu-
tralize the additional cost and that continuous SSD was
cost-effective even when assuming the most pessimistic
scenario of VAP incidence and cost. More recently, Branch-
Elliman et al'® performed a cost/benefit decision model
and constructed a Markov model to determine the pre-
ferred VAP prevention strategy. They suggested that the
use of SSD and probiotics was cost-effective for VAP
prevention.

An animal study raised concern regarding the possible
tracheal ischemic lesions related to SSD.!7 In addition, a
case series of 6 patients reported that automated intermit-
tent subglottic aspiration may result in significant and po-
tential harmful invagination of tracheal mucosa into the
suction lumen.'8 However, SSD is widely used in Europe,
and no significant concern about adverse effects was re-
ported. Further, a large randomized controlled multi-cen-
ter trial reported similar rates of postextubation laryngeal
dyspnea in subjects with SSD, as compared with con-
trols.!®

Although SSD is recommended (moderate level of ev-
idence) by the 2014 Infectious Disease Society of Amer-
ica/Society for Healthcare Epidemiology of America guide-
lines on VAP prevention,?° further studies are required to
better evaluate the cost-effectiveness of this preventive
measure and its safety. In routine practice, the major lim-
itation for using SSD is the fact that many patients are
intubated before ICU admission with tracheal tubes with
no additional channel for SSD. A new device allowing
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performance of SSD in patients intubated with standard
tracheal tubes has been developed and commercialized in
the United States.2! However, further clinical evaluation is
required to determine its efficiency in drainage of subglot-
tic secretions and VAP prevention. SSD is an interesting
preventive measure in patients requiring invasive mechanical
ventilation > 48 h, but identifying these patients before intu-
bation could be a difficult task. To overcome this difficulty,
some authors have evaluated the efficiency of SSD in all
patients requiring intubation.>> However, the cost-effective-
ness would probably be better in targeted patients with ex-
pected duration of mechanical ventilation > 48 h. Although
physicians could sometimes easily identify these patients, bet-
ter predictive scores should be developed to accurately select
this population.

Continuous Control of Cuff Pressure

Underinflation of tracheal cuff was identified as a risk
factor for VAP by an observational study.?? Despite inter-
mittent control of cuff pressure (P_,), using a manometer,
intubated critically ill subjects spend a large amount of
time with underinflation (< 20 cm H,O) or overinflation
(> 30 cm H,0) of P_,.2* Underinflation and overinflation
of P, were identified as risk factors for short-term compli-
cations, such as microaspiration of contaminated secretions,
VAP, and tracheal ischemic lesions.?> Several devices aiming
at continuously controlling P are available,?>-2° but few of
them have been validated by clinical studies.?0-30-3!

Two randomized controlled trials were conducted to
determine the impact of continuous control of P, on
intubation-related complications.3%-32 The study conducted
by Valencia et al3? did not show any significant impact of
continuous control of P, on VAP incidence. The subse-
quent study, conducted by our group,3° found a significant
reduction in abundant microaspiration of gastric contents
and a substantial decrease in VAP rate (62%) in subjects
who received continuous control of P, compared with
the control group. However, no significant impact was
found on tracheal ischemic lesions. Several factors might
explain the different results of these trials, including the
difference in devices used for P, control, study popula-
tion, and VAP rate in the control group.

In 2014, a quasi-randomized controlled study was con-
ducted to determine the impact of continuous control of
P, using an electronic device, on VAP incidence in
critically ill subjects.?? The authors reported a significant
reduction (51%) in VAP rate in subjects who received
continuous control of P, compared with those who re-
ceived routine care with a manometer.

A meta-analysis of the individual data of subjects
(n = 543) included in the 3 above-discussed single-center
trials was performed.3* Thirty-six cases of VAP (13.6%)
were diagnosed in the continuous control group, and 72
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(25.7%) were diagnosed in the routine care group (hazard
ratio 0.47, 95% CI 0.31-0.71, P < .001). However, het-
erogeneity was apparent in continuous control effect size
across trials (I = 58%, P = .09). The number of patients
needed to treat to prevent one VAP episode was 8. No
significant impact of continuous control of P, was found
on duration of mechanical ventilation, ICU stay, or mor-
tality.

Further large multi-center studies are required to con-
firm the impact of continuous control of P on VAP rate
and to evaluate its cost-effectiveness. The results of the
French multi-center PAV-PROTECT study?> currently be-
ing conducted will yield further insights on this issue.

Polyurethane-Cuffed Tracheal Tubes

Polyurethane is 40-fold thinner than polyvinyl chloride
(PVC), resulting in reduced channel formation between
the tracheal cuff and the tracheal wall.3¢ Several in vitro
and preliminary clinical reports suggested that polyure-
thane-cuffed tracheal tube might reduce microaspiration of
contaminated secretions and VAP incidence.37-3° In addi-
tion, 2 before/after studies suggested beneficial effects of
these tubes on microaspiration and VAP incidence.*0-4!

Lucangelo et al*> randomized 40 critically ill subjects to
be intubated with polyurethane or PVC cuffed tracheal
tubes. The effect of a 5-cm H,O PEEP aspiration of blue
dye was also evaluated. Polyurethane and PEEP both sig-
nificantly protected subjects from aspiration of blue dye.

Poelaert et al*? performed a randomized controlled open-
label study to determine the impact of a polyurethane-
cuffed tracheal tube on the postoperative pneumonia rate.
One hundred thirty-four subjects scheduled for cardiac sur-
gery were included, and the rate of early postoperative
pneumonia was significantly lower in the polyurethane
group than in the PVC group (23% vs 42%, P = .03). Two
other randomized controlled trials reported reduced inci-
dence of VAP in subjects intubated with polyurethane-
cuffed tracheal tubes compared with PVC-cuffed tracheal
tubes.*+*> However, in these studies, SSD was only used
in the intervention group, resulting in difficult interpreta-
tion of the results. In fact, whether the reduced rate of
VAP in the intervention group is related to the polyure-
thane cuff or to SSD is unknown.

The TOP-CUFF study*® carefully evaluated the impact
of polyurethane vs PVC cuff/tapered vs cylindrical shape
tubes. Six hundred twenty-one subjects were randomized
to receive cylindrical-PVC, cylindrical-polyurethane, ta-
pered-PVC, or tapered-polyurethane tracheal tubes. The
percentage of subjects with tracheobronchial colonization
at day 3, which was the primary objective of the study,
was similar (P = .55) in the 4 study groups (66, 61, 67,
and 62%, respectively). Similarly, no significant differ-
ence was found in time to VAP occurrence in different
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study groups (log rank, P = .28). Some study limitations
should be outlined. First, a large proportion of study sub-
jects received antibiotic treatment during their ICU stay,
which might have been a confounder regarding the results
on colonization rate. Second, tracheobronchial coloniza-
tion is probably not an excellent marker for microaspira-
tion, because it could also result from exogenous contam-
ination.

One drawback of the use of polyurethane-cuffed tra-
cheal tubes is the difficult measurement of P in patients
intubated with these tubes. Because of physical and chem-
ical features of polyurethane, condensation is generated by
this material, resulting in the presence of water in the pilot
balloon, precluding any accurate P, measurement. This

phenomenon was described by in vitro and clinical stud-
ieS.47’48

Tapered-Cuff Tracheal Tubes

Tracheal cuff shape might play an important role in the
occurrence of microaspiration in intubated patients.!049
Previous bench studies suggested a beneficial effect of
tapered-cuff tracheal tubes in reducing leakage around the
cuff, by providing a permanent sealing zone between the
cuff and the tracheal wall.3®5° An animal study also re-
ported significant reduction of leakage using PVC tapered
cuffs versus cylindrical cuffs.’! However, other in vitro
and animal studies did not confirm these findings.>? Clin-
ical studies have reported conflicting results on the impact
of the tapered-cuff tracheal tube on microaspiration, tra-
cheobronchial colonization, early-onset postoperative
pneumonia, and VAP.40-46.48,53-55

Three randomized controlled trials*->4->¢ evaluated the
impact of tapered-shaped tracheal cuff on microaspiration,
tracheobronchial colonization, early postoperative pneu-
monia, and VAP in critically ill subjects. In the above-
discussed TOPCUFF trial,*¢ no significant impact was
found of tapered-cuff shape on tracheobronchial coloniza-
tion or VAP incidence. In the single-center randomized
controlled TETRIS study, Monsel et al>* aimed at evalu-
ating the impact of tapered-cuff, compared with standard-
cuff tracheal tube, on postoperative pneumonia and mi-
croaspiration. No significant impact of this intervention
was found on primary or secondary outcomes. As acknowl-
edged by the authors, the single-center design and inclu-
sion of only subjects after major vascular surgery preclude
definite conclusions. In addition, pepsin and « amylase
were only measured at 2 time points. Our group performed
a multi-center cluster crossover randomized controlled
study to determine the impact of a tapered-cuff tracheal
tube compared with a standard (barrel)-cuff tracheal tube
on abundant microaspiration of gastric contents.>¢ Three-
hundred twenty-six subjects were included (162 and 164
in the tapered- and standard-cuff groups, respectively).
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The percentage of subjects with abundant microaspiration
of gastric contents was 53.5% in the tapered-cuff and 51.0%
in the standard-cuff group (odds ratio 1.14, 95% CI 0.72—
1.82). The percentage of subjects with tracheobronchial
colonization was significantly lower in the tapered-cuff
compared with the standard-cuff group. However, no sig-
nificant difference was found in other secondary outcomes,
including abundant microaspiration of oropharyngeal se-
cretions, ventilator-associated events, and VAP, between
the 2 groups.

The results of these studies suggest that the tapered cuff
should probably not be used to prevent VAP in critically
ill patients. To our knowledge, no data are available on the
safety or the cost-effectiveness of tapered-cuff tracheal
tubes. Shin et al>” showed that in anesthetized subjects
receiving N,O, P_  was significantly lower in subjects
with tapered-cuff compared with those with standard-cuff
tracheal tubes. However, the number of included subjects
was small, P, was not continuously measured, and clin-
ical signs of tracheal lesions were similar in the 2 groups.
In addition, 2 other studies using continuous measurement
of P, reported different results. Monsel et al>* continu-
ously measured P, for 5 h in 109 subjects. The per-
centage of time spent with P, > 30 cm H,O and the
coefficient of P, variation were significantly higher in
subjects intubated with the tapered cuff, compared with
those intubated with the standard cuff. Our group contin-
uously recorded P, for 24 h in 76 subjects intubated with
different cuff shape and material.*® Although no signifi-
cant difference was found in the percentage of time spent
with P_ ¢ > 30 cm H,O, the coefficient of P variation
was significantly higher in subjects intubated with the ta-
pered cuff, compared with those intubated with other cuff
shape.

Silver-Coated Tracheal Tubes

Biofilm formation around the tracheal tube is one of the
mechanisms for VAP occurrence and recurrence. Clinical
studies showed a close relationship between bacteria iso-
lated in the biofilm and those responsible for VAP and
suggested that biofilm stands as a pathogenic mechanism
for microbial persistence and impaired response to treat-
ment in VAP.>®

In vitro, animal, and preliminary clinical studies have
suggested a beneficial effect of silver-coated tracheal tubes
in reducing biofilm formation and lower respiratory tract
colonization.®0-°2 A large multi-center randomized con-
trolled study was performed to determine the impact of
silver-coated tracheal tubes on VAP incidence.®®> Among
subjects intubated for = 24 h, rates of microbiologically
confirmed VAP were significantly lower in the group re-
ceiving the silver-coated tube than in the group receiving
the uncoated tube (4.8% vs 7.5%, P = .030). The silver-

RESPIRATORY CARE ® OCTOBER 2017 VoL 62 No 10



TrRACHEAL TUBE DESIGN AND VAP

coated tracheal tube was associated with delayed occur-
rence of VAP (P = .005). However, the beneficial effect
of this measure was only obvious during the first 10 d of
mechanical ventilation. Further, a significantly higher rate
of COPD was reported in the control group, resulting in
difficult interpretation of the results. COPD was repeat-
edly identified as a risk factor for VAP.® Further large
randomized controlled trials are needed to determine the
impact of silver-coated tracheal tubes on VAP incidence.
Using Monte Carlo simulations and sensitivity analyses,
Shorr et al®* reported that estimates were most sensitive to
assumptions regarding VAP cost and relative risk reduc-
tion with silver-coated endotracheal tubes, compared with
standard tubes. Nonetheless, in multivariate sensitivity
analyses, the silver-coated endotracheal tubes yielded per-
sistent savings (95% CI $9,630 to $16,356) per case of
VAP prevented.

Other preventive measures aimed at removing biofilm
to reduce VAP incidence are currently under investigation.
A recent randomized controlled study performed in 74
subjects suggested beneficial effects of a new device
(endOclear) in removing biofilm from tracheal tubes.®>
However, further large studies are needed to evaluate its
efficacy in preventing VAP.

Low-Volume Low-Pressure Cuffs

The use of tracheal tubes with low-volume low-pressure
cuff was suggested to reduce microaspiration and VAP. A
recent in vitro study confirmed earlier findings regarding the
efficiency of this tracheal tube in reducing leakage around the
cuff, compared with other available tracheal tubes.°® Several
small clinical trials also reported improved sealing and lower
VAP rates in subjects intubated with these tubes.®”-%3 The
PneuX system (Intavent Direct, Berkshire, UK) incorporates
several strategies to minimize the aspiration of oropharyngeal
secretions. These include a securing flange, a low-volume
low-pressure cuff, multiple SSD ports, a tracheal seal moni-
tor, and a coated tube lumen. Doyle et al®’ tested this tracheal
tube in a retrospective study performed in 53 subjects. Nine
subjects (17%) were initially intubated with the PneuX and
44 subjects (83%) underwent elective exchange to the PneuX.
There were no episodes of VAP while the PneuX was in situ.

In 2015, a randomized controlled single-center open
label study was performed to determine the impact of the
PneuX on postoperative pneumonia rate in high-risk pa-
tients undergoing cardiac surgery.®® Two-hundred forty
subjects were included, and the rate of pneumonia was
significantly lower in the PneuX group compared with the
control group (10.8% vs 21%, P = .030). However, the
single-center design and the very short duration of me-
chanical ventilation in study subjects (15 h vs 13 h in the
PneuX and standard tube groups, respectively) preclude
any definite conclusions regarding the effectiveness of us-
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ing the PneuX tube for VAP prevention. In addition, it is
very difficult, if not impossible, to determine which of the
tested measures (ie, low-volume low-pressure, continuous
control of P_,s, or SSD) was responsible for the positive
results obtained on the postoperative pneumonia rate.

Summary

SSD is efficient in VAP prevention and should probably
be used in all patients with expected duration of mechan-
ical ventilation > 48 h. Tapered-cuff tracheal tubes are not
useful to prevent VAP and should probably not be used in
critically ill patients. Additional data on safety and cost-
effectiveness are needed. Further studies are required to
confirm the promising effects of continuous control of
P, polyurethane-cuffed, silver-coated, and low-volume
low-pressure tracheal tubes. The impact of different pre-
ventive measures on antibiotic consumption should also be
evaluated.
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