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BACKGROUND: Biofilm on the surface of endotracheal tubes (ETTs) is associated with ventilator-
associated pneumonia. The use of silver-coated ETTs has been suggested to reduce the occurrence
of ventilator-associated pneumonia by preventing biofilm formation. However, mucus accumulation
can reduce the antibacterial activity of silver-coated ETTs by isolating bacterial colonies from the
silver surface. We hypothesized that, in mechanically ventilated subjects, periodic removal of
secretions through the use of a cleaning device would enhance the antimicrobial properties of
silver-coated ETTs and thus reduce bacterial colonization. METHODS: Subjects were randomized
to either standard suctioning (blind tracheal suctioning, control group) or blind tracheal suctioning
plus cleaning maneuver every 8 h (treatment group). Tracheal aspirates were collected immediately
before extubation for microbiological culture. After extubation, ETTs were collected for both
cultural and non-cultural microbiological analysis and biofilm isolation. RESULTS: 39 subjects
expected to be ventilated for > 48 h were enrolled; 36 ETTs (18 control, 18 treatment) and
29 tracheal samples (15 control, 14 treatment) were collected. Among the ETTs positive for bac-
terial colonization (15 vs 9, P � .18), cleaning maneuvers did not reduce microbial load, shown as
the decimal logarithm of colony-forming units (CFU) per mL (1.6 � 1.2 vs 0.9 � 1.2 logCFU/mL,
P � .15). There was a trend toward decreased biofilm deposition (439.5 � 29.0 vs 288.9 � 157.7 mg,
P � .09) in the treated ETTs. No significant differences were observed in the number of positive
tracheal aspirates (13 vs 10, P � .39) or in the microbial load (4.8 � 4.0 vs 4.2 � 3.8 logCFU/mL,
P � .70) of tracheal secretions. Finally, no differences in the microbial load of Gram-positive
organisms, Gram-negative organisms, or yeasts were found between the ETTs and tracheal aspi-
rates of the 2 groups. CONCLUSIONS: In 39 critically-ill subjects intubated with silver-coated
ETTs, periodic cleaning maneuvers did not decrease bacterial colonization of the ETTs and did not
lower respiratory tract colonization compared to the standard suctioning. (Clinicaltrials.gov reg-
istration NCT02120001.) Key words: intubation; ventilation; biofilms; pneumonia; ventilator-associated
pneumonia; airway obstruction; airway management. [Respir Care 2019;64(1):1–9. © 2019 Daedalus
Enterprises]

Introduction

The growth of biofilm on the inner surface of endotra-
cheal tubes (ETTs) has been recognized as one of the key

steps that lead to the development of ventilator-associated
pneumonia (VAP).1-4 ETTs become heavily colonized with
secretions after a relatively short time compared to the
average intubation time of critically ill patients, represent-
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ing a continuous source of bacterial exposure of the lower
respiratory system.5-7

SEE THE RELATED EDITORIAL ON PAGE 108

In recent years, methods have been developed to mechan-
ically remove secretions from the inner lumen of ETTs8-10

and to reduce biofilm formation by applying a variety of
bactericidal or bacteriostatic agents to the surface of the
ETTs through coating or intrusion techniques.11,12 In one
large, randomized, multi-center, clinical trial in the United
States, silver-coated ETTs slightly decreased the incidence
of the early-onset VAP compared to uncoated tubes (4.8%
vs 7.5%, P � .03).13 However, in other clinical and animal
studies in which the surface of the ETTs were analyzed
after a few days of mechanical ventilation, bacterial col-
onies were always present regardless of the antibacterial
coating and methods applied, suggesting that mucus and
exopolysaccaride deposition may form a barrier isolating
the bacterial communities from the antibacterial sur-
face.10,11,14-16 By removing secretions from the ETT sur-
face, we were able to retain the bactericidal activity of
coated ETTs in healthy sheep that were mechanically ven-
tilated for up to 168 h.14

We conducted this study in critically ill subjects emer-
gently intubated to test the hypothesis that keeping the
inner surface of silver-coated ETTs free from biofilm and
secretions would improve the effectiveness of silver-coated
ETTs. We evaluated the efficacy of a specific ETT clean-
ing device (endOclear, Endoclear, Petoskey, Michigan) in
preserving the microbicidal properties of commercially
available silver-coated ETTs.17 Our primary end point was
the detection of a difference in microbial colonization on
silver-coated ETTs in the treatment group, which received
surface cleaning with the endOclear device.

Methods

The study was conducted in medical, surgical, and neu-
rological ICUs at Massachusetts General Hospital, and it
was approved by the local Institutional Review Board.
Patients who required the in-hospital emergency airway
team were intubated with a commercially available, 7.0-mm
inner diameter, silver-coated ETT (Agento I.C. silver-
coated, C.R. Bard, Covington, Georgia). Adult patients
who were expected to remain intubated for at least 48 h
and could be enrolled within 24 h afater intubation were
considered eligible for the study. After informed consent
was obtained from the patients or a surrogate, subjects
were randomized through sealed envelopes in a 1:1 ratio to
receive either standard airway care (blind suctioning) or
blind suctioning plus the cleaning maneuver every 8 h.
The cleaning maneuver consisted of a single pass of the
endOclear device through the ETT, as described in our
previous study.18 Subjects of both groups were cared for
according to the VAP-prevention bundle,19 and ETT cuff
pressure was checked every 8 h, with the goal to maintain
cuff pressure at 25 cm H2O or to match peak pressure if
� 25 cm H2O. Immediately before extubation, a sample of
tracheal secretions was obtained with a sterile mucus trap.
Silver-coated tubes were immediately collected at extuba-
tion, with the proximal end clamped below the plastic
connector and the distal end clamped immediately above
the Murphy’s eye. The tubes were placed in a sterile bag
for microbiological analysis and further processing.

ETT Processing

Collected tubes were handled in a sterile environment.
The distal end was cut with a scalpel above the Murphy’s
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QUICK LOOK

Current knowledge

The antibacterial nature of silver-coated endotracheal
tubes (ETTs) is compromised by mucus accumulation.
Blind tracheal suctioning does not effectively clear se-
cretions. The use of a wiper-cleaning device may help
reduce microbial colonization by improving mucus
clearance.

What this paper contributes to our knowledge

Wiping secretions away with cleaning maneuvers did
not decrease microbial colonization on ETTs or in the
lower respiratory tract as compared to standard blind
tracheal suctioning in 39 subjects intubated with silver-
coated ETTs.
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eye, and a 0.5-cm slice of the tube was collected for cul-
ture-independent microbiological analysis. After collect-
ing the ETT slice, the tubes were filled with 10 mL sterile
0.1% solution of sodium thioglycolate and phosphate-
buffered saline for silver ion inactivation and biofilm col-
lection and sealed.20 ETTs were placed in a sonication
bath for 90 s and then vortexed for an additional 30 s. The
phosphate-buffered saline–biofilm suspension was then
stored in a Falcon vial and sent to the laboratory for mi-
crobiological culture.

Biofilm Mass

Biofilm mass inside the ETT was obtained as the differ-
ence between the weight of the collected tube and the weight
of the ETT after biofilm collection, as described previously.18

Tubes were weighed 3 times with a high-precision scale
(PW124, Adam Equipment, Denbigh, United Kingdom), and
the 3 results averaged.

Culture-Independent Analysis and Confocal Laser
Scanning Microscopy

For 10 tubes (5 from each group), an additional 0.5-cm
slice was cut immediately before the phosphate-buffered sa-
line wash for culture-independent microbiological analysis.
Using unused sterile equipment washed thoroughly with ster-
ile gauze soaked in 70% ethanol, the slice was collected from
the distal section of the tube, above the Murphy’s eye,
and placed in a sterile, DNA-free vial containing 10 mL
RNALATER (Life Technologies, Carlsbad, California).
Samples where frozen at �80°C and sent to the micro-
biology lab. The ETT slices were visualized with con-
focal laser scanning microscopy21 and 16S species-spe-
cific fluorescent in situ hybridization.22,23

Sample Size and Statistical Analysis

The primary end point of this study was the detection of
a greater reduction in microbial ETT colonization on sil-
ver-coated ETTs in the treatment group due to the cleaning
maneuver. In a prior study, we showed that standard non-
coated ETTs cleaned with the endOclear were colonized by
pathogens expressed as the decimal logarithm of colony-
forming units (CFU) per mL (2.85 � 0.49 logCFU/mL).14,18,20

Given our hypothesis of a synergistic effect between the 2 de-
vices, we expected ETTs in the treatment group to show an
average reduction of 0.5 logCFU/mL compared to silver ETTs
without endOclear cleaning. We calculated that 32 subjects
(16 for each group) should be enrolled to detect a mean
difference for a statistical power of 80% with a 2-sided sig-
nificance level of 0.05 in a 2-sample t test for mean differ-
ence.

Continuous variables are expressed as mean � SD or
median (interquartile range), as appropriate. Normality of
data distribution was assessed with the Shapiro-Wilk test.
Differences in quantitative variables between the treat-
ment and control groups were tested using the t test or the
Mann-Whitney test, as appropriate. Categorical variables
were tested using the Fisher exact test. P � .05 was con-
sidered statistically significant.

Results

Out of 40 consecutive eligible patients, 39 subjects were
enrolled (20 vs 19, control vs treatment group) because
informed consent could not be obtained for 1 patient within
24 h from the time of intubation. After randomization, a
total of 3 subjects (1 in the control group, 2 in the treat-
ment group) could not complete the study because they
were intubated for � 48 h. One ETT from the control
group was accidentally discarded by the clinical staff and
could not be processed; 1 subject from the treatment group
was reintubated, and both ETTs were included in the anal-
ysis. As a result, 18 ETTs per group were studied for the
primary end point analysis (Fig. 1). Slices from a total of
10 ETTs (5 from the control group, 5 from the treatment
group) were sent for culture-independent microbiological
analysis. Among them, the 4 most representative samples
(2 from each group) were selected for confocal laser scan-
ning microscopy and fluorescent in situ hybridization pro-
cessing. The characteristics of our study population are

Assessed for eligibility at intubation
40

Consent not obtained in time
1

Subjects enrolled
39

Control
20

Lost to follow up:
   Ventilated < 48 h: 1
   Discarded ETT: 1

Lost to follow up:
   Ventilated < 48 h: 2
   Reintubation: 1*

Tracheal aspirates: 15
Slices for CLSM/FISH: 5

Tracheal aspirates:14
Slices for CLSM/FISH: 5

Intervention
19

Intervention ETTs
18

Control ETTs
18

Fig. 1. Flow chart. ETT � endotracheal tube; CLSM � confocal
laser scanning microscopy; FISH � fluorescent in-situ hybridiza-
tion. * Subject was reintubated in the ICU and completed the study
twice; for this subject 2 ETTs were collected.
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shown in Table 1. No significant differences were observed
between the 2 groups at baseline.

ETT Colonization

The amount of biofilm deposition was � 0.5 g and did
not significantly differ between the control group and the
treatment group (439.5 � 29.0 mg vs 288.9 � 157.7 mg,
P � .09) (Table 2). Fewer ETTs from the treatment group
tested positive for microbial growth, but the difference did
not reach statistical significance (15 tubes from the control
group vs 9 tubes from the treatment group, P � .18). In
both groups, the most represented groups of microbes were
yeast (11 tubes from the control group, 6 tubes from the
treatment group, P � .31), followed by Gram-positive bac-
teria (9 tubes from the control group, 6 tubes from the treat-
ment group, P � .67). Gram-negative species were the
least present in both groups (5 tubes from the control
group, 2 tubes from the treatment group, P � .60). Nine
tubes from the control group and 7 tubes from the treat-
ment group showed multiple species of bacterial growth
(P � .73) (Fig. 2A), with an average number of isolated
species per tube of 1.6 � 1.2 in the control group and
1.1 � 1.2 in the treatment group (P � .22). Total micro-
bial load was not significantly different between the
control and treatment groups (1.6 � 1.2 in the control
group vs 0.9 � 1.2 in the treatment group, P � .15), and
there was no difference between Gram-positive (control
1.3 � 2.0 vs treatment 1.2 � 1.9, P � .80), Gram-

negative (control 0.5 � 0.9 vs treatment 0.5 � 1.6,
P � .94), and yeast microbial load (control 1.8 � 1.8 vs
treatment 1.0 � 2.2, P � .24) between the control and
treatment groups.

Colonization of Secretions

A total of 29 tracheal samples were obtained before
extubation (15 samples from control group, 14 samples
from treatment group) (Table 3). There was no difference
in the number of subjects who tested positive for microbial
presence in tracheal secretions (13 in the control group,
10 in the control group, P � .39), and there was no dif-
ference in Gram-positive (6 in the control group, 6 in the
treatment group, P � .99), Gram-negative (1 in the control
group, 2 in the treatment group, P � .60), or yeast colo-
nization of the airway (11 in the control group, 7 in the
treatment group, P � .26). The number of tracheal secre-
tions with multiple microbial species was not different
(6 in the control group, 8 in the treatment group P � .71)
(Fig. 2B), and the average number of microbial species per
sample was similar between the 2 groups (1.5 � 1.2 in the
control group, 1.6 � 1.6 in the treatment group, P � .79).
The total microbial load was higher in the airway, as de-
termined with culture of tracheal secretions taken imme-
diately before extubation, than in the ETT and did not
differ between treatment and control groups (4.8 � 4.0
logCFU/mL in the control group, 4.2 � 3.8 logCFU/mL in
the treatment group, P � .70).

Table 1. Description of Study Population

Control Treatment P

Age, y 61.2 � 3.5 65.6 � 4.1 .42
Female, n (%) 10 (53) 4 (24) .10
Body mass index, kg/m2 27.8 � 1.4 27.2 � 2.1 .84
SAPS II score 40.8 � 1.9 38.4 � 2.6 .45
Admission to ICU, n (%) .66

Medical 14 (74) 15 (88)
Scheduled surgery 4 (21) 2 (12)
Emergency surgery 1 (5) 0 (0)

Reason for intubation, n (%) .30
Airway protection 14 (74) 16 (94)
Respiratory failure 2 (10) 1 (6)
Neurologic failure 3 (16) 0 (0)

Previously intubated, n (%) 7 (37) 3 (18) .27
Comorbidities, n (%)

Current smokers 0 (0) 1 (0) .47
COPD, asthma, bronchiectasis 6 (32) 7 (41) .73
Diabetes 4 (21) 3 (18) � .99

Duration of intubation, d 6.9 � 0.9 5.8 � 0.9 .36

Values are presented as mean � SD or n (%).
Control group, n � 19 subjects; Treatment group, n � 17 subjects.
SAPS � Simplified Acute Physiology Score

Table 2. Tracheal Tube Colonization

Control Treatment P

Amount of biofilm 439.5 � 29.0 288.9 � 157.7 .09
Colonized tubes, no. (%) 15 (83) 9 (50) .18

Gram-positive 9 (50) 6 (33) .67
Gram-negative 5 (27) 2 (11) .60
Yeasts 11 (61) 6 (33) .31
Multiple species present 9 (50) 7 (39) .73
Number of species isolated

per tube
1.6 � 1.2 1.1 � 1.2 .22

Total microbial load, logCFU/mL 1.6 � 1.2 0.9 � 1.2 .15
Gram positive, logCFU/mL 1.3 � 2.0 1.2 � 1.9 .80
Gram negative, logCFU/mL 0.5 � 0.9 0.5 � 1.6 .94
Yeasts, logCFU/mL 1.8 � 1.8 1.0 � 2.2 .24

Values are presented as mean � SD or no. (%).
Control group, n � 18 subjects; Treatment group, n � 18 subjects.
Gram-positive species � Enterobacteriaceae, Corynebacterium spp., Staphylococcus aureus,
Staphylococcus spp., Streptococcus spp., Lactobacillum spp.
Gram-negative species � Escherichia coli, Enterobacter aerogenes, Klebsiella pneumoniae,
Moraxella catarrhalis, Pseudomonas fluorescens
Yeasts � Candida tropicalis, Candida albicans, Candida parapsilosis, Candida glabra
CFU � colony-forming unit
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Polymerase Chain Reaction and Electrospray
Ionization Mass Spectrometry Analysis

All of the 10 slices of ETT sent for culture-independent
analysis with polymerase chain reaction (PCR) and elec-
trospray ionization mass spectrometry (ESI-MS) tested pos-
itive for the presence of microbial genome, even in the
2 slices that did not yield positive microbial cultures (Ta-
ble 4). In both cases, the subjects remained intubated for
3 d. Yeasts were detected with PCR/ESI-MS in all ETTs
that were positive in both culture-dependent and culture-
independent analysis. Tracheal tube flora was character-
ized by the presence of species from oral microbial flora
(samples 28, 33, 35, 40). Confocal laser scanning micros-
copy/fluorescent in situ hybridization was performed on
control group samples 33 and 41 and treatment group sam-
ples 31 and 32 (Fig. 3). Fungal growth was present in all
4 tubes that were analyzed (11.5 � 3 d of intubation).

Gram-positive growth appeared to be influenced by the
cleaning maneuver, with more mixed and spread bacterial
colonies in the treatment group, in contrast to the separate
and clumped colonies in the control group.

Discussion

In this pilot trial, we investigated whether mechanically
removing secretions from the lumen of silver-coated ETTs
affected bacterial colonization in the ETTs of subjects re-
quiring in-hospital emergency intubation and expected to
remain intubated for at least 48 h. This randomized, con-
trolled trial showed that, despite our best efforts to remove
secretions from the lumen of silver-coated ETTs, bacterial
and fungal colonization persisted in approximately 50%
of ETTs. When ETTs were not internally cleaned (con-
trol group), silver-coated ETTs were colonized in � 80%
of samples, with low total bacterial load (1.6 � 1.2
logCFU/mL). Quantitative PCR showed the presence of
bacterial DNA sequences even in those ETTs with neg-
ative cultures (Table 4). As a result, both control and
treatment groups’ tracheal secretions combined were
colonized in � 70% of samples (87% in the control
group, 71% in the treatment group, P � .39).

The first study investigating the antibacterial properties
of silver-coated ETTs was performed by Olson et al.11

Silver was incorporated into the polyvinylchloride of ETTs
and tested in a ventilated canine model of pneumonia. The
authors showed decreased concentration of Pseudomonas
aeruginosa in the lung parenchyma of dogs assigned to be
intubated with the silver-coated ETT. However, after a
period of time, the lumen of the silver-coated ETTs be-
came colonized by bacteria. Antiseptics and antimicrobials
(silver, gold, platinum with or without sulfadazine, chlo-
rhexidine, and ultraviolet light) have been shown to delay
but do not eliminate bacterial colonization.12 In addition,
due to the anti-adhesive properties of these coatings, ac-
cumulation of secretions on the ETT lumen was decreased
compared to non-coated ETTs.

To optimize the clearance of secretions from the ETT
lumen, Kolobow et al8,9 designed devices to wipe the sur-

ETTs (no.)

A B

0

Treatment

Control

5 10 15 20
Tracheal samples (no.)

0

Uncolonized
Single species
Multiple species

Treatment

Control

5 10 15 20

Fig. 2. Rates of (A) endotracheal tubes (ETTs) or (B) tracheal sputum microbial colonization by a single versus multiple species.

Table 3. Colonization of Tracheal Secretions

Control Treatment P

Colonized secretions, no. (%) 13 (87) 10 (71) .39
Gram positive 6 (40) 6 (43) � .99
Gram negative 1 (7) 2 (14) .60
Yeasts 11 (73) 7 (50) .26
Multiple species present 6 (40) 8 (53) .71

Species isolated per sample, no. 1.5 � 1.2 1.6 � 1.6 .79
Total microbial load, logCFU/mL 4.8 � 4.0 4.2 � 3.8 .70

Gram positive, logCFU/mL 0.5 � 0.6 0.9 � 1.2 .27
Gram negative, logCFU/mL 0.1 � 0.5 0.1 � 0.4 .95
Yeasts, logCFU/mL 0.9 � 0.2 0.7 � 0.2 .46

Colonized secretions, no. (%) 13 (87) 10 (71) .39

Values are presented as mean � SD or no. (%).
Control group, n � 15 subjects; Treatment group, n � 14 subjects.
Gram-positive species � Enterobacteriaceae, Corynebacterium spp., Staphylococcus aureus,
Staphylococcus spp., Streptococcus spp., Lactobacillum spp.
Gram-negative species � Escherichia coli, Enterobacter aerogenes, Klebsiella pneumoniae,
Pseudomonas fluorescens
Yeasts � Candida tropicalis, Candida albicans, Candida parapsilosis, Candida glabra
CFU � colony-forming unit
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face of ETTs and devices to intermittently suction secre-
tions to prevent secretion deposition. In a recent clinical
trial in 74 critically ill subjects, Pinciroli et al18 showed
that the use of a mechanical wiper to clean the lumen of
standard non-coated ETTs reduced ETT-luminal mucus
accumulation and decreased ETT-luminal narrowing, thus
suggesting a possible decrease in the subject’s work of
breathing when compared to standard management of ETTs
with closed system-suctioning (control group). However,
despite the large amount of secretions retrieved from the
ETT, bacterial and fungal colonization persisted in the
cleaned ETT lumen. In addition, lower respiratory tract
colonization did not differ between the treatment group
and the control group.

The use of a cleaning device theoretically should prolong
the antimicrobial activity of a coated ETT. In an experimental
study in sheep that were mechanically ventilated for � 72 h,
a combination of silver sulfadiazine coating and the Mucus
Shaver (Endoclear) showed reduced secretion accumulation
on the ETT lumen and significantly reduced the incidence of
ETT colonization.14 Similarly, in this study, we showed that
silver-coated ETTs, when cleaned with a wiper, maintained
very low levels of bacterial growth (0.9 � 1.2 logCFU/mL)
and secretion deposition within the ETT lumen
(288.9 � 157.7 mg). However, microbial colonization cannot
be avoided, even when a wiper is used.

Two in vivo pilot studies reported an absence of bacte-
rial growth from ETT surfaces coated with silver.24,25 How-

Table 4. Comparison Between PCR and Standard Culture on Silver-Coated Tubes

Test Tube
Quantitative PCR Standard Culture

Microorganism Quantity (genomes) Microorganism Quantity (logCFU/mL)

Control 33 Prevotella melaninogenica 241 Staphylococcus spp. 2.2
Staphylococcus epidermidis 71 Lactobacillus spp. 1
Candida glabrata 18

35 Candida glabrata 22 Staphylococcus spp. 2.6
Corynebacterium striatum 18 Corynebacterium spp. 1.3
Staphylococcus epidermidis 14 Escherichia coli 1
Prevotella melaninogenica 12

37 Propionibacterium acnes 3
Bordetella pertussis 3
Moraxella osloensis 2

40 Candida glabrata 119 Staphylococcus spp. 2.8
Staphylococcus epidermidis 47 Candida glabrata 2.2
Prevotella oris 34 Enterobacter spp. 1.8
Candida albicans 16 Corynebacterium spp. 1.8
Campylobacter concisus 11

41 Klebsiella pneumoniae 165 Klebsiella spp. 6.8
Candida glabrata 122
Candida albicans 12

Treatment 28 Candida albicans 675 Staphylococcus spp. 2
Staphylococcus epidermidis 200
Rothia mucilaginosa 15

31 Candida glabrata 124 Candida glabrata 2.8
Staphylococcus epidermidis 11 Streptococcus spp. 2

32 Candida albicans 119 Candida parapsilosis 1.6
Candida glabrata 62 Staphylococcus spp. 1.3
Candida parapsilosis 25 Candida albicans 1
Staphylococcus epidermidis 12
Streptococcus agalactiae 1

36 Streptococcus sanguinis 8
Methylobacterium zatmanii 7

38 Candida albicans 148 Candida albicans 5.2
Staphylococcus aureus 21 Staphylococcus spp. 3
Staphylococcus epidermidis 1 Staphylococcus aureus 2.6

Moraxella spp. 1

PCR � polymerase chain reaction
CFU � colony-forming unit
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ever, these studies failed to inactivate silver ions with
sodium thioglycolate prior to determining bacterial growth
ex vivo. To date, we are not aware of any studies that, after
proper deactivation of silver ions with sodium thioglyco-
late, demonstrate prevention of pathogenic bacterial colo-
nization in ETTs.

Cleaning of the ETT in this study did not prevent a
higher level of colonization of the lower respiratory tract
than that which occurred in the ETT. We speculate that the
reason for this was silent aspiration of secretions past the
cuff of the ETT. As noted in many recent studies, current
cuff design and cuff inflation techniques do not prevent
the movement of secretions past ETT cuffs.26-29 Intermit-
tent inflation of cuffs does not minimize secretion move-
ment past ETT cuffs, and continuous pressure regulation is
necessary to minimize leakage.30-32 Unless better cuff de-
signs and the use of continuous regulation of cuff pressure
become standards of care, it is doubtful that simply min-
imizing intraluminal ETT secretion load will have a marked
effect on tracheal colonization.

To interpret our data, however, one should consider the
following limitations. First, the sample size was calculated
to detect a 0.5-log reduction (ie, 50% reduction) of bac-

terial colonization on the coated ETT. It might be possible
that a statistical difference might have been detected if a
lower degree of reduction of bacterial colonization were
used (thus, a much larger sample size). Although our study
could be underpowered to detect a lower reduction of bac-
terial growth, the requirement of � 40 subjects to detect a
difference in ETT bacterial growth suggests that the inter-
vention (coated ETT and cleaning) might not be as cost-
effective and clinically relevant as observed in prior ex-
perimental studies.8,12,14 Thus, the conclusions of this study
are bound by the sample size.

Our primary end point selection was ETT bacterial
colonization, as opposed to a relevant clinical outcome
(eg, VAP incidence, duration of ventilation, mortality).
This is an explorative bacteriological study aimed to
assess the ability of airway devices to prevent a possible
pathway of bacterial exposure to the lower respiratory
tract, rather than a randomized, controlled trial on clin-
ical outcome.

In conclusion, despite overall low levels of microbial
colonization and negligible secretion deposits in the lu-
mens of silver-coated ETTs, the use of a cleaning device
failed to show a reduction of � 50% in bacterial coloni-

Fig. 3. Samples 31 and 32 are from ETTs from the control group. Sample 31 shows Candida glabrata (green) and Staphylococcus spp. (red).
Sample 32 shows yeast (green) and Staphylococcus spp. (red). Samples 33 and 41 are from ETTs from the treatment group cleaned with
the endOclear device. Sample 33 shows C. glabrata (green) and Staphylococcus spp. (red). Sample 41 shows C. glabrata (green) and
Klebsiella pneumoniae (red).
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zation of the ETT and did not translate into lower respi-
ratory tract bacterial colonization compared to subjects
with silver ETTs and a standard cleaning protocol (4.8 � 4.0
logCFU/mL in the control group, 4.2 � 3.8 logCFU/mL in
the treatment group, P � .70). These findings may suggest
that, in addition to bacterial seeding of the lower respira-
tory tract through the ETT lumen itself, other pathogenic
pathways contribute to pneumonia pathogenesis in intu-
bated subjects.

At this time, it is unclear whether the combination of
silver coating and cleaning devices may translate into a
robust clinical benefit in large clinical trials. More exper-
imental studies should explore the precise mechanisms of
pneumonia formation in intubated subjects and whether
prophylactic cleaning of intra-luminal ETT secretions and
prevention of biofilm formation alone decreases coloniza-
tion of the lower respiratory tract.
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