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Abstract

ventilation, and length of stay in the intensive care unit (ICU).

indicating statistical significance.

ICU stay (mean difference, 0.07 [95% ClI, —1.98 to 2.12]).

tubes, ventilator-associated pneumonia

Methods: Adhering to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines, a comprehensive
search was conducted across 5 databases up to 2024. The quality of the randomized controlled trials was assessed using the
updated Cochrane Risk of Bias (RoB) 2 tool. A random-effects meta-analysis was performed using RevMan 5.4 Comprehensive
Meta-Analysis software. Statistical heterogeneity among the studies was evaluated using the Higgins I value, with P < .05

Results: Seven randomized controlled trials from 5 countries were identified. Four studies had some concerns regarding bias,
2 had a high RoB, and 1 had a low RoB. Noble metal-coated ETTs resulted in a lower incidence of VAP compared to noncoated
ETTs (relative risk, 0.76 [95% confidence interval [Cl], 0.60-0.96]). However, there was no significant difference in mortality rates
(relative risk, 1.06 [95% Cl, 0.93-1.20]), duration of mechanical ventilation (mean difference, —0.10 [95% CI, —-1.62 to 1.41]), and

Conclusion: Noble metal-coated ETTs effectively reduce the incidence of VAP but do not significantly impact mortality rates,
the duration of mechanical ventilation, or ICU stay. Therefore, these coated ETTs should be integrated into a holistic care plan
addressing all aspects of patient management in emergency care settings.

Abbreviations: Cl| = confidence interval, ETT = endotracheal tube, ICU = intensive care unit, MD = mean difference, RCT =
randomized controlled trial, RoB = Risk of Bias, RR = relative risk, VAP = ventilator-associated pneumonia.

Keywords: emergency care settings, intensive care units, noble element—coated endotracheal tubes, silver-coated endotracheal

Background: Ventilator-associated pneumonia (VAP) is the second most prevalent nosocomial infection in emergency%
settings. An emerging strategy to reduce this risk involves coating endotracheal tubes (ETTs) with noble elements, leveraging
the antimicrobial properties of elements such as silver, gold, and palladium. This systematic review and meta-analysis aimed to
evaluate the effectiveness of noble element coatings on ETTs in reducing VAP incidence rates, mortality, duration of mechanical

1. Introduction

Ventilator-associated pneumonia (VAP) is the second most prev-
alent nosocomial infection among patients in intensive care units
(ICUs).2I This condition is associated with increased morbid-
ity and mortality rates, higher healthcare costs, and prolonged
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hospital stays.!!! Studies report that VAP affects 5% to 40% of
patients who undergo invasive mechanical ventilation for >2
days. The attributable mortality rate for VAP is estimated to be
~10%.5! Furthermore, it imposes significant economic burdens,
with treatment costs per patient ranging from £6000 to £22,000
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in the United Kingdom* and from $25,000 to $28,000 in the
United States."!

The prevention of VAP within ICUs encompasses a diverse
range of preventive strategies.[%”! These strategies are under-
pinned by evidence-based practices including, but not lim-
ited to, antiseptic oral hygiene, continuous elimination of
bacteria-laden subglottic secretions, and the special design of
endotracheal tubes (ETTs).®! ETT, a critical component for
mechanical ventilation, significantly contributes to the risk of
VAP by providing an environment for bacterial colonization
and subsequent biofilm development.’! An emerging strategy
to reduce this risk involves coating ETTs with antiseptic and
antimicrobial substances, such as antibiotics, chlorhexidine, and
noble elements.'” ETTs coated with noble elements leverage the
antimicrobial properties of elements such as silver, gold, and
palladium."!

In the literature, the coating of noble elements on ETTs
has been demonstrated to effectively prevent the incidence of
VAP. A systematic review and meta-analysis conducted by Li et
all'?! analyzed 2 randomized controlled trials (RCTs) involving
1630 participants and concluded that silver-coated ETTs sig-
nificantly reduced the incidence of VAP. Specifically, compared
to noncoated ETTs, the silver-coated ETTs were associated
with a lower incidence of VAP (relative risk [RR], 0.64 [95%
confidence interval [CI], 0.43-0.96]) and fewer device-related
adverse events (RR, 0.53 [95% CI, 0.32-0.88]). However,
there was no statistically significant difference observed in total
mortality (RR, 1.14 [95% CI, 0.99-1.30]).112 Similarly, the
Cochrane review by Tokmaji et all**! supported these findings,
which included 3 RCTs with 2081 participants. It was con-
cluded that silver-coated ETTs reduced the risk of VAP from
6.7% to 3.5%, particularly within the first 10 days of intu-
bation for patients requiring mechanical ventilation for >24
hours.!3!

Despite their contributions, these reviews focused exclusively
on silver-coated ETTs and concentrated solely on the outcome
of VAP incidence. In addition, these reviews collectively ana-
lyzed only 3 studies, as one was common among the reviews and
another was an unpublished clinical trial. This identifies a sig-
nificant gap in the literature, underscoring the need for a com-
prehensive systematic review and meta-analysis on ETTs coated
with noble elements, including silver, gold, and palladium. In
addition, there is a need to evaluate the effects of these noble
element—coated ETTs on multiple outcomes, including the inci-
dence of VAP. Therefore, the objective of this systematic review
and meta-analysis was to evaluate the effectiveness of noble ele-
ment coatings on ETTs in preventing VAP in emergency care
settings. This study aims to synthesize existing evidence on the
antibacterial properties of these coatings and their impact on
VAP incidence rates, mortality, duration of mechanical ventila-
tion, and length of ICU stay.

2. Methods

2.1. Search strategy

Following the guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses,'¥ we conducted a
thorough search across 5 databases, including PubMed, Scopus,
Cochrane Library, ScienceDirect, and Google Scholar, to find
peer-reviewed literature in full text from the start until March
2024. In addition, relevant studies were found by conducting
a bibliographic analysis of relevant systematic reviews and
meta-analyses.

The search was performed with specific keywords including
“noble element coatings,” “endotracheal tubes,” and “ventilator-
associated pneumonia.” After removing duplicates, the titles,
abstracts, and full-text publications were thoroughly evalu-
ated to eliminate research that did not meet the inclusion cri-
teria. The search strategies utilized for each database and the

Medicine

number of retrieved results are shown in Supplementary Data
01, Supplemental Digital Content, http:/links.lww.com/MD/
N600.

2.2. Selection of studies

The inclusion criteria consisted of RCTs in the English lan-
guage only, with 2 intervention arms. There were no limita-
tions on the criteria used to diagnose pneumonia or assess its
incidence.

The criteria for inclusion in this systematic review and
meta-analysis were designed utilizing the Population,
Intervention, Comparator, Outcome framework. We encom-
passed a broad population of intubated patients undergoing
mechanical ventilation without limitations regarding age,
gender, ethnicity, or existing comorbidities. The intervention
of interest was the application of ETTs coated with noble ele-
ments. These were compared against noncoated or conven-
tional ETTs. Finally, the primary outcome was the incidence
rate of VAP, while secondary outcomes included mortality rate,
the duration of mechanical ventilation, and the duration of
ICU stay.

Three authors (NA, FM, and SK) carried out an in-depth
assessment of the selected full-text studies and resolved any eli-
gibility concerns through discussion.

2.3. Quality appraisal and data extraction of included
studies

Each author independently evaluated the steps of data extraction
and quality assessment. During the data extraction phase, a
standardized data extraction sheet was employed. Extracted
data from each study encompassed study details, study design,
sample demographics, concomitant pneumonia prevention
interventions, ETT type, VAP definition, number of VAP epi-
sodes, mortality rate, duration of mechanical ventilation, length
of stay, conclusions, and limitations. In cases of discrepancies
or disagreements in data extraction, the authors engaged in a
discussion to arrive at a unanimous agreement.

The included studies were evaluated for their quality and
Risk of Bias (RoB) using the updated Cochrane RoB tool,!" also
known as the RoB 2.0 tool. The Cochrane RoB tool comprises
criteria that evaluate different aspects of research design and
implementation. The 5 areas encompass bias stemming from the
randomization technique, bias originating from variations from
planned interventions, bias resulting from incomplete outcome
data, bias in the measurement of the final outcome, and bias in
the selection of the reported findings. A decision was made for
each domain to determine whether the RoB was low, high, or
considerable concern. Each study was evaluated based on the
following criteria to determine an overall judgment.

1 Low RoB: The study demonstrates low bias in all 5
dimensions.

2 Some concerns: The study has some concerns in at least 1
area but does not present a high RoB in any area.

3 High RoB: The study exhibits a high RoB in at least 1
area, or it raises concerns in >1 area.

2.4. Statistical analysis

A random-effects meta-analysis was conducted utilizing Revman
5.4 Comprehensive Meta-Analysis software. Statistical hetero-
geneity among the studies was evaluated using the Higgins I?
value, with thresholds set at I> <25% indicating low heteroge-
neity, 25%-50% for moderate, and >50% for high heteroge-
neity.!"*! P < .05 was deemed to indicate statistical significance.
Due to the limited number of studies (<10), a funnel plot analy-
sis was not conducted.
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3. Results

3.1. Literature search

A comprehensive search of 5 databases identified a total of
1111 studies. After the removal of 367 duplicate records,
744 studies remained for title and abstract screening.
Subsequently, 683 studies were excluded based on predefined
exclusion criteria. This resulted in 61 full-text studies being
assessed for eligibility. Of these, 56 studies were excluded for
the following reasons: 20 had improper study designs, 20 did
not investigate the coating of ETTs with noble elements, 9
focused exclusively on the prevention of microbial coloni-
zation, 4 centered on multifaceted care bundles, and 3 were
not in English. Ultimately, 5 articles met the inclusion crite-
ria and were selected for the final analysis.'”2!! In addition,
2 studies were directly sourced,?>?*! resulting in a total of 7
selected studies. Figure 1 illustrates the process of searching
and screening the studies.

www.md-journal.com

3.2. Quality assessment of included studies

Based on the assessment criteria of the updated RoB 2 tool, the
majority of the RCTs (n = 4; 57%) in the systematic review were
categorized as having some concerns regarding the RoB. This
was followed by 2 studies that were identified as having a high
RoB. In contrast, only 1 study received a rating of low RoB.
The primary reason for the conclusion of the RoB, which was
a concern in the studies, was the domain of bias in outcome
assessment. Similarly, the high RoB in 2 studies was attributed
to noncompliance with the domain of bias arising from devi-
ations from intended interventions. The quality assessment of
included studies is presented in Table 1.

3.3. Baseline characteristics of included studies

Among the 7 RCTs, 2 studies were conducted in Iran and North
America, followed by 1 study in Romania, Belgium, and Brazil.

[ Other sources ] [ Identification via databases ]
Records identified:
_% Studies directly selected PubMed (n = 396)
'§ from other sources (n= Cochrane Library (n = 360) Records removed before
= 02) ScienceDirect (n = 194) screening (n = 0)
E Scopus (n = 109)
T Google Scholar (n = 52)
A4
Duplicate records removed
Records screened (n=1111) » (n=367)
v
. Titl tract
= Titles and abstract screen e:(clej diréd(gbj g;g)screen
E (n=744)
:
n 4
Reports assessed for eligibility
(n=61)
Full-texts excluded (n = 56):
Improper study designs (n =
— 20)
Not on coating of
Studies included in review endotracheal tubes with noble
(n=3) elements (n = 20)
Focused on prevention of
3 microbial colonization only
3 (n=9)
© v Centered on multifaceted care
= bundles (n = 4)
Total studies included in review Not in English language (n =
| (n=7) 3)

Figure 1. Preferred Reporting Iltems for Systematic Reviews and Meta-Analyses flowchart of the searching and screening studies.
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Table 1

Assessment of the quality of included studies utilizing the updated Cochrane Risk of Bias 2 tool.['¥

Criterion Tincu et al!"” Damas et al"® Mahmodiyeh et al'" Zampieri et al?” Mahmoodpoor et al?? Afessa® Kollef et ali?"
D1 + + + + + + +

D2 ? + - ? - + +

D3 + + + + + + +

D4 + + ? + ? ? ?

D5 + + + + + + +

D Some concern Low High Some concerns High Some concerns Some concerns

A response of “Low” was indicated by a “+,” and a response of “High” was indicated by a “—,” while a response of “some concerns” was indicated by “?.” D1 for bias arising from the randomization
process, D2 for bias due to deviations from intended interventions, D3 for bias due to missing outcome data, D4 for bias in the measurement of the outcome, D5 for bias in the selection of the reported

result, and D for overall risk of bias.

The total sample size across these studies was 2418 participants,
with an average age of 56 years; 61% of the participants were
male.

The primary reason for ventilation in the majority of cases
was due to medical causes. Previous antibiotic use was reported
in 68.8% of the participants in the intervention group and
75.4% in the control group according to data from 2 stud-
ies.'$201 In addition, the mean Acute Physiology and Chronic
Health Evaluation II score reported in 3 studies was 20.6 for the
intervention group and 21 for the control group.?'-2%

Regarding comorbidities, 17.6% of participants in the interven-
tion group and 19% in the control group had coexisting medical
conditions, as reported in 3 studies. Finally, the diagnostic criteria
varied across all the included studies. A summary of the baseline
characteristics of the included studies is presented in Table 2.

3.4. Summary of findings from included studies

While all included studies used standard noncoated ETTs as a
control group, the intervention groups were divided into those
with silver-coated ETTs and those with noble metal alloy (silver,
gold, and palladium) ETTs.

There were 4 studies that focused solely on silver-coated
ETTs. Regarding the incidence of VAP, Kollef et al*!! found that
silver-coated ETTs effectively lowered VAP incidence compared
to standard ETTs. Similarly, Mahmodiyeh et al®! reported
significant reductions in VAP incidence among patients using
silver-coated ETTs. However, 1 study did not support these find-
ings. Mahmoodpoor et al??! compared Bactiguard (silver-coated)
and Taperguard (subglottic suctioning) ETTs, showing no dif-
ference in preventing VAP and ICU mortality, as well as similar
durations of mechanical ventilation and ICU stay. Consistent
with these secondary outcomes, Kollef et al?'! also found no
significant differences in mortality rates, duration of mechan-
ical ventilation, and ICU stay between groups. Afessa et al®!
focused only on mortality rates and found that silver-coated
ETTs reduced mortality compared to standard noncoated ETTs.

Three studies compared noble metal alloy ETTs to standard
noncoated ETTs. Tincu et al'”! concluded that this alloy signifi-
cantly reduced VAP incidence, mechanical ventilation duration,
and ICU stay although no significant differences were observed
in mortality rates. Similarly, Damas et all'¥ reported a notable
decrease in VAP incidence and mechanical ventilation duration
for noble metal alloy ETT but found no difference in ICU stay
or mortality rates. Finally, Zampieri et al?® explored the efficacy
of gold, silver, and palladium alloy coatings on various devices,
including ETTs. However, they found no significant difference
between the groups. The summary of the intervention character-
istics of the included studies is presented in Table 3.

3.5. Meta-analysis

In the meta-analysis, 4 outcomes were examined regarding the
impact of noble element coatings on ETT.

3.5.1.Incidence of VAP. Themeta-analysisof6studies!!”:18:20-22.25]
investigating the effect of noble element—coated ETTs on VAP
showed that these coated tubes reduced the incidence of VAP.
The overall risk ratio (RR) was 0.76, indicating a 24 % reduction
in risk compared to standard noncoated ETTs, with a 95% CI
of 0.60 to 0.96 and a statistically significant result (P = .02). The
heterogeneity among studies was low (I = 14%), suggesting low
heterogeneity across these studies (Fig. 2).

The sensitivity analysis revealed that the overall effect size
was somewhat sensitive to the exclusion of specific studies, par-
ticularly Kollef et al?'l and Damas et al,/'®! with the RR ranging
from 0.82 to 1.09, and moderate heterogeneity (I* ranging from
42% to 71%; Supplementary Data 02, Supplemental Digital
Content, http://links.lww.com/MD/N601). Egger test for publi-
cation bias showed no significant bias (P = .8870).

3.5.2. Mortality rate. The meta-analysis of 5 studies!!”!%20-23]
investigating the effect of noble element—coated ETTs on
mortality rates showed that these coated tubes did not
significantly reduce mortality compared to standard noncoated
ETTs. The overall RR was 1.06, indicating no significant
difference in mortality risk, with a 95% CI of 0.93 to 1.20 and
a nonsignificant result (P =.4151). The heterogeneity among
studies was moderate (I = 41%), indicating some variability in
the results (Fig. 3).

The sensitivity analysis revealed that the overall effect size
was relatively stable across different study exclusions, with RR
ranging from 1.04 to 1.09 and moderate heterogeneity (I* rang-
ing from 35% to 50%; Supplementary Data 02, Supplemental
Digital Content, http:/links.lww.com/MD/N601). The Egger
test for publication bias showed no significant bias (P = .3217).

3.5.3. Duration of mechanical ventilation. The meta-analysis
of 4 studies!'”'%21:22] examining the impact of noble element—
coated ETTs on the duration of mechanical ventilation in days
found no significant difference compared to standard noncoated
ETTs. The overall mean difference (MD) was -0.10, suggesting
no notable effect on the duration of mechanical ventilation, with
a95% Cl of -1.62 to 1.41 and a nonsignificant result (P = .892).
The studies showed very high heterogeneity (I>=98%),
indicating substantial variability in the results (Fig. 4).

The sensitivity analysis demonstrated that the overall effect
size was stable across different study exclusions, with MDs
ranging from -0.78 to 0.47 and consistently high heteroge-
neity (I2 ranging from 95% to 99%; Supplementary Data
02, Supplemental Digital Content, http://links.lww.com/MD/
N601). The Egger test for publication bias indicated no signifi-
cant bias (P =.5881).

3.5.4. Duration of ICU stay (days). The meta-analysis of 5
studies!!”-1$20-22] investigating the effect of noble element—coated
ETTs on the duration of ICU stay in days showed no significant
difference compared to standard noncoated ETTs. The overall
MD was 0.07, indicating no significant effect on the duration of
ICU stay, with a 95% CI of -1.98 to 2.12 and a nonsignificant
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Table 3
Summary characteristics of intervention in included studies.

Control

Experimental

ICU
stay, d

Mortality Duration of
ventilation, d

VAP incidences,

Sample

VAP incidences,  Mortality Duration of ICU stay,

Sample

% rate, %

size

Intervention type

% rate, % ventilation, d d

size

Intervention type

Study

10.14

5.03

4.3
41.9

43.16

83
155

Standard noncoated ETT
Standard noncoated ETT
Standard noncoated ETT
Standard noncoated ETT

Subglottic ETT

2.7 3.2
411

27.83

97

Noble metal alloy ETT
Noble metal alloy ETT
Silver-coated ETT

Tincu et all'

1

11.6

11

55
NR

6.5

168
54

48

Damas et all'®

NR
9.4
17.8

NR NR

40

18
7.3
20

54

NR
9.75
21.2

NR

18
12.5

Mahmodiyeh et all'?
Zampieri et al®®!

NR
159

55

NR

35.4

Noble metal alloy ETT
Silver-coated ETT

Silver-coated ETT
Silver-coated ETT

8.9

36

26.6
26.2 (16.2)

45
56
743
170

31 17.8 17.8

45

Mahmoodpoor et al*?

Afessal®

NR

NR

NR
75
17.9(13.4)

Standard noncoated ETT
Standard noncoated ETT

NR
7
11.2(5.8)

NR

14
30.4
235(14.5)

NR

37
766
173.5

32
756.7)

32
7.4(7)

48
16.7 (10.9)

Kollef et al"!
Mean (SD)

11(4)

SD = standard deviation, VAP = ventilator-associated pneumonia.

intensive care unit, NR = not reported

endotracheal tube, ICU =

ETT
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result (P =.947). The studies showed very high heterogeneity
(P =95%), indicating substantial variability in the results
(Fig. 5).

The sensitivity analysis revealed that the overall effect size
was relatively stable across different study exclusions, with
MDs ranging from -0.79 to 0.88 and consistently high het-
erogeneity (I ranging from 82% to 96%; Supplementary Data
02, Supplemental Digital Content, http:/links.lww.com/MD/
N601). The Egger test for publication bias showed no signifi-
cant bias (P =.7843).

4. Discussion

The findings of this systematic review and meta-analysis demon-
strated that noble element—coated ETTs reduced the incidence of
VAP in comparison to standard noncoated ETT in the settings
of emergency care. However, there was no significant effect on
other outcomes such as mortality rate, duration of mechanical
ventilation, and ICU stay. Similarly, in this review, 2 main types
of ETT coatings were used: silver and alloy (gold, silver, and
palladium), with a ratio of 4:3 studies. However, no significant
differences were found in the overall findings.

In the literature, 2 previous reviews compared silver-coated
and noncoated devices. Both reviews reported similar findings,
indicating a reduction in VAP.'283] Regarding the other out-
comes, Li et all'?l found no significant difference in mortality
rate, while Tokmaji et al"¥ reported inconclusive findings for
hospital mortality, duration of intubation, and length of hospital
and ICU stay. However, both of these reviews included only the
2 RCTs, one of which®?!'l was also part of our study. Apart from
these reviews, a meta-analysis evaluated the efficacy of noble
metal element catheters in reducing catheter-associated urinary
tract infections in adult patients requiring short-term cathe-
terization. It was concluded that silver alloy—coated catheters
(RR, 0.63 [95% CI, 0.44-0.90]; P =.01; I = 72%) and noble
metal alloy catheters (RR, 0.58 [95% CI, 0.41-0.81]; P =.001;
I? = 0%) significantly reduced the risk of bacteriuria.??®!

The effectiveness of noble element coatings in reducing VAP
can be primarily attributed to their potent antimicrobial proper-
ties and ability to prevent biofilm formation. This antimicrobial
effect is crucial in preventing the colonization of bacteria on
the ETTs, which are a common site for infections leading to
VAP.2127:281 In addition, the noble element coatings significantly
inhibit the formation of biofilms. These biofilms provide a stable
environment for bacteria to thrive and protect them from anti-
microbial agents.*"???! By preventing biofilm formation, noble
element coatings reduce the risk of bacterial colonization and
subsequent infection of VAP.

Despite their effectiveness in reducing VAP incidence, the
lack of significant impact of ETT noble element coatings on
mortality rate, duration of mechanical ventilation, and length
of ICU stay can be attributed to several factors. VAP is only
one of many complications that critically ill patients may
encounter. Other factors, such as the severity of the underly-
ing illness, the presence of comorbidities, and overall patient
health, play crucial roles in determining the mortality rates,
duration of mechanical ventilation, and ICU stay.!['>3%3! In our
included studies, patients were admitted for various severe
conditions, including respiratory, neurological, cardiac, and
surgical issues. Regarding comorbidities, 17.6% of partici-
pants in the intervention group had coexisting medical condi-
tions. The overall health status, quantified by the mean Acute
Physiology and Chronic Health Evaluation II score reported
in 3 studies, was 20.6 for the intervention group, indicating a
high-risk category.l3?! Therefore, it can be concluded that while
the effectiveness of these coatings in reducing VAP incidence
is evident, their ability to influence broader clinical outcomes
is limited by the multifaceted nature of critical illness and the
comprehensive care required for these patients. Consequently,
these coatings should be incorporated into a holistic care plan
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that addresses all facets of patient management in emergency
care settings.

In interpreting the findings of this review, several limitations
should be acknowledged. First, the number of included stud-
ies was limited, with a total of 2418 participants, which may
affect the generalizability of the results. In addition, the diag-
nostic criteria employed for VAP across the various studies were

www.md-journal.com

inconsistent, complicating the interpretation of the findings.
While cost could be an important factor influencing the decision
to use noble element—coated ETTs, the review did not assess
the cost-effectiveness of these ETTs. Given these limitations,
future studies should aim to expand the sample size to enhance
the generalizability of the findings, develop and implement uni-
form diagnostic criteria to ensure consistency across studies,
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Figure 2. Incidence of ventilator-associated pneumonia for noble element coated endotracheal tube (ETT) versus standard noncoated ETT. Cl = confidence

interval, RR = relative risk.
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Figure 3. Mortality rate for noble element coated endotracheal tube (ETT) versus standard noncoated ETT. Cl = confidence interval, RR = relative risk.
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Damas et al. 2022 168 5.50 1.33 155 6.00 1.67 -0.50 [-0.83; -0.17]
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Figure 4. Duration of mechanical ventilation for noble element coated endotracheal tube (ETT) versus standard noncoated ETT. Cl = confidence interval,
= mean difference, SD = standard deviation.
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Zampieri et al. 2020 48 9.75 8.09 55 9.40 6.34 0.35 [-2.49; 3.19]
Mahmoodpoor et al. 2017 45 21.20 5.30 45 17.80 0.80 —M— 3.40 [1.83; 4.97)
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Figure 5. Duration of intensive care unit stays for noble element coated endotracheal tube (ETT) versus standard noncoated ETT. Cl = confidence interval, MD
= mean difference, SD = standard deviation.
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and include evaluations of cost-effectiveness to provide a more
comprehensive understanding of the intervention. By address-
ing these limitations, future research can offer more robust and
applicable insights into patient management in emergency care
settings.

5. Conclusion

Noble element-coated ETTs significantly reduce the inci-
dence of VAP compared to standard noncoated ETTs in emer-
gency care settings. However, these coatings do not appear to
affect other key outcomes, such as mortality rates, duration
of mechanical ventilation, or length of ICU stay, likely due to
the complex nature of critical illness and the need for com-
prehensive patient care. Therefore, while coated ETTs can be
a valuable component of patient management, they should
be integrated into a broader, holistic care plan. To strengthen
future research, studies should aim to increase sample sizes
to improve generalizability, establish uniform VAP diagnos-
tic criteria for consistency across studies, and include cost-
effectiveness analyses to provide a more complete assessment
of the intervention.
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