Heliyon 11 (2025) e40793

Contents lists available at ScienceDirect

52 CelPress Heliyon

journal homepage: www.cell.com/heliyon

Research article

Conventional endotracheal tubes versus polymer-coated tubes in
ventilator-associated pneumonia development: A systematic
review and meta-analysis

Oscar Inacio de Mendonca Bisneto ™, Luanna Paula Garcez de Carvalho Feitoza b
Larissa Calixto Hespanhol °, Savio Benvindo Ferreira®, Caroline Serafim Dagostin “,
Roberto Augusto Mazetto Silva Vieira 4’ Lucas Alencar Queiroz ©, Lucas Chen ',
Taniela Marli Bes', Ho Yeh Li®

2 University Federal of Campina Grande, Brazil

® FAMETRO University Center, Brazil

¢ University of the Extreme South of Santa Catarina, Brazil
4 Amazon State University, Brazil

¢ State University of Pard, Brazil

f MetroWest Medical Center, USA

8 University of Sao Paulo, Brazil

ABSTRACT

Introduction: Endotracheal tubes (ETT) are used in patients who require ventilatory support. Colonization of ETTs by microorganisms is associated
with developing ventilator-associated pneumonia (VAP). Thus, this meta-analysis aims to compare conventional endotracheal tubes with those
made using materials designed to prevent colonization.

Methods: This analysis was conducted according to the PRISMA guidelines. During May 2024, we searched multiple databases (PubMed, Cochrane
and Embase) for randomized controlled trials (RCT) comparing the incidence of ventilator-associated pneumonia between conventional and coated
tubes. Studies with patients with less than 48 h of intubation were excluded. Our primary endpoint was the incidence of VAP in patients intubated
with either conventional or coated endotracheal tubes. Statistical analysis was performed using Review Manager Software, and a The Mantel-
Haenszel test was performed using a random effects model, and risk ratios (RR) were calculated for binary outcomes. Subgroup analyses were
conducted using a fixed effects model when heterogeneity was low. Risk assessment was carried out using the Risk of Bias 2 tool.

Results: Our search identified 6 RCTs eligible in our inclusion criteria, enrolling 2680 patients, with 1361 (50,78 %) undergoing intubation using a
polymer-coated tube. The statistical data indicated that coated endotracheal tubes perform better in preventing pneumonia than conventional tubes
(RR 0.57 C1 95 % 0.45-0.90; p < 0.001; 1?0 %). Additionally, conventional tubes were also associated with higher bacterial colonization (47.02 CI
95 % 26.88-68.18; p < 0.01; 1? 81 %) compared to coated tubes.

Conclusions: These findings indicate that utilizing a silver-coated endotracheal tube for intubation is more efficacious than conventional tubes,
presenting it as a strategy to combat ventilator-associated pneumonia.

1. Introduction

Ventilator-associated pneumonia (VAP), a type of nosocomial pneumonia, is the most common infectious complication among
patients admitted to the intensive care unit (ICU), occurring after at least 48 h of mechanical ventilation. It emerges as a clinically
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challenging and recurrent complication for individuals on mechanical ventilation, representing a significant concern for healthcare
professionals [1]. VAP is characterized by pulmonary infection resulting from the introduction of an endotracheal tube for respiratory
support, this condition not only prolongs the patient’s stay in the intensive care unit but also increases the costs associated with
treatment [2]. Thus, the seriousness of VAP is aggravated by the fact that many patients are already in critical condition, making them
more susceptible to respiratory infections. In this context, the importance of researching and implementing effective prevention
strategies stands out as an undeniable imperative (see Fig. 3 and 10-12).

The search for innovative approaches, such as rigorous respiratory hygiene protocols, constant monitoring of endotracheal cuff
pressure, and prudent use of antibiotics, becomes crucial to mitigate the impact of VAP and improve clinical outcomes. Ultimately,
these efforts aim to enhance the quality of life for mechanically ventilated patients [3]. Addressing this challenge requires interdis-
ciplinary collaborations and technological advancements to develop more effective preventive strategies, reshaping the current
approach towards a comprehensive and adaptable care model [4]. Moreover, beside the bundle of prevention of VAP, the evolution
includes the utilization of coated endotracheal tubes, representing a promising solution to reduce mechanical ventilation complica-
tions. These tubes incorporate special materials like silver and polyurethane, potentially impacting the prevention of respiratory in-
fections such as VAP [3].

The purpose of this meta-analysis is to conduct a comparative analysis between traditional endotracheal tubes, metal-coated tubes
such as silver, and polyurethane-cuffed tubes, highlighting the implications of these distinctions in terms of clinical outcomes. The
central focus of this investigation is to explore recent technological advances in these coatings and understand their potential impact
on significantly reducing the incidence of Ventilator-Associated Pneumonia (VAP). The research sets out to closely examine how these
coated tubes can positively influence the reduction of biofilm formation, bacterial colonization and, consequently, the mitigation of
lung infection resulting from the use of mechanical ventilation. By integrating polymers with antimicrobial and anti-adhesive prop-
erties, this meta-analysis aims to contribute to the ongoing search for effective solutions to prevent complications associated with
mechanical ventilation. The integration of polymers with antimicrobial and anti-adherent properties into endotracheal tubes repre-
sents a promising step in the search for materials that can mitigate the risks associated with mechanical ventilation [5,14,15].

This study will delve into the physical, mechanical, and microbiological characteristics of these devices, aiming to provide a
comprehensive overview of the potential advantages offered by polymer-coated endotracheal tubes. The research will address aspects
such as resistance, flexibility, and the ability to inhibit bacterial proliferation, thus contributing to the construction of a solid
knowledge base that can revolutionize clinical practices and ultimately substantially improve the clinical outcomes of patients un-
dergoing mechanical ventilation. Additionally, the results of recent clinical studies investigating the efficacy of these tubes in clinical
practice will be examined, contributing to a robust evidence base to guide the choice of preventive strategies in hospital settings.

2. Methods

This systematic review and meta-analysis was conducted following the recommendations of Cochrane and the guidelines of the
Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) [7]. The protocol for this study was prospectively
registered in the International Prospective Register of Systematic Reviews (PROSPERO) under protocol number ID CRD42023426562.
We systematically searched for studies published in PubMed, Embase, and Cochrane Library from the inception of the databases up to
May 05, 2024.

2.1. Search strategy

We conducted a systematic search in the PubMed, EMBASE, and Cochrane Central Register of Controlled Trials databases up to May
5, 2024, using terms such as “Endotracheal” OR “Tracheal” AND “Polymer” OR “Coated” OR “Coating” AND “Pneumonia” AND
“Mechanical ventilation.” The complete search strategy can be found in Supplementary Appendix A. We did not apply language filters
or restrictions in our search, and grey literature was not included. Additionally, we used the snowball technique to identify additional
eligible studies by reviewing the references of previous publications [6]. Three authors (OB, LG, and TB) independently conducted the
literature search, following predefined criteria, and any conflicts were resolved by consensus among the authors. Any additional study
data, such as extracted data, included studies, and data used for all analyses, are available in the drive at the following link: Google
Drive Link.

We restricted the inclusion only the outcome met the following eligibility criteria: (1) VAP; (2) Mortality; (3) ICU length of stay; (4)
Bacterial colonization; and (5) Comparison of VAP in tubes coated with silver and polyurethane. We considered secondary analyses of
included randomized clinical trials (RCTs) as a single index study. We excluded: (1) Observational studies; (2) Studies with patients
intubated for less than 24 h; (3) Animal studies; (4) Studies without a control group; (5) Unpublished studies or only abstracts pre-
sented at conferences. Title/abstract and full-text screening were performed in duplicate by two independent reviewers (LG and OB).
Discrepancies were resolved through consensus, including a third author (TB).

2.2. Study selection and data extraction

The definition of the research question followed the PICOTT criteria, and studies were included in the systematic review if they met
the following eligibility requirements: (1) involvement of adults (>18 years-old) under mechanical ventilation; (2) comparison be-
tween coated and conventional endotracheal tubes; (3) assessment of any outcome of interest; (4) randomized clinical trials with
parallel or crossover designs; and (5) minimum duration of intubation for 48 h. Studies with overlapping patient populations, from
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overlapping institutions, patients or recruitment periods, and clinical trials with no results were excluded.

Two authors (OB and LG) carried out independent extraction of outcome data using a standardized document, with disagreements
resolved by consensus. In addition, three independent authors (OB, LG, TB) extracted additional baseline data, including study and
patient characteristics (see Table 1). No participant-level data were requested.

2.3. Outcome measures and quality assessment

The main outcomes considered were ventilator-associated pneumonia (VAP), length of stay, bacterial colonization and mortality.
Each included study was assessed by at least two independent investigators (OB, RM and TB) using the Cochrane Risk of Bias
Assessment Tool (RoB-2) for Randomized Clinical Trials [20].

2.4. Statistical analysis

Binary adverse outcomes were summarized using the Mantel-Haenszel test, presenting risk ratio (RR) and 95 % confidence interval
(CI) as a measure of effect size. Continuous outcomes were compared using weighted and standardized mean differences. Sources of
heterogeneity were sought when I2 was greater than 50 %. In cases of low heterogeneity (I? < 25 %), a fixed effects model was applied.
Subgroup analyses were carried out to investigate the causes of heterogeneity. In addition, a comparative random effect analysis was
conducted to assess the impact of coated tubes on length of stay, mortality and VAP prevention. In addition, a comparative random
effect analysis was conducted to assess the impact of coated tubes on length of stay, mortality, and prevention of VAP. Publication bias
was assessed for VAP by creating a funnel plot and Egger’s test, where a p-value greater than 0.05 would indicate the presence of
publication bias. Statistical analyses were performed using Review Manager 5.4.1 software (Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark) and R (version 4.2.2) software (6).

2.5. Diagnostic criteria PAV

A review was conducted on the diagnosis of Ventilator-Associated Pneumonia (VAP) across all studies included in this article. The
diagnosis was confirmed through imaging and had to meet at least two of the following criteria: temperature greater than 38 °C or less
than 35 °C; leukocyte count greater than 10,000/pL or less than 4,000/pL; presence of purulent secretions in the airways; significant
quantitative culture of respiratory secretions obtained from tracheal aspirates (>10° CFU/mL); presence of crackles or dullness; and a
reduction greater than 10 % in arterial partial pressure of oxygen [1-4]. One of the studies noted that the definition and diagnosis were
conducted according to the CDC criteria published in January 2021.

| PubMed search: 45 results |

| Embase: 230 results |

| Cochrane search: 123 results |

| Number screened: 398 results |

Duplicate reports or did not meet
— inclusion criteria based on
title/abstract (n = 98)

Full-text reviewed: 300 studies |

—| Follow-up < 3 months (n = 2)

—| No SAT control group (n = 29)

—| No outcomes of interest (n = 8)

—| Other (n = 255)

_ 6 included studies |

Fig. 1. PRISMA flow diagram of study screening and selection.
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3. Results

Our research identified a total of 398 studies, of which 6 RCTs, including 2680 randomized participants, met the study eligibility
criteria (Fig. 1) [7]. Among the 6 identified studies, all primarily assessed the outcome of Ventilator-Associated Pneumonia (VAP)
post-intubation for 48 h or more (Kollef, Ciprian, Damas, Kollef, Poelaert, and Lorente), and evaluated other outcomes, such as
mortality, ICU length of stay, bacterial colonization on tubes, and comparison of VAP between silver and polyurethane tubes [1-6] (see
Fig. 2).

The characteristics of the studies that contributed data to this meta-analysis are presented in Table 1. The trials were conducted in
five countries across two continents.

3.1. PRISMA study selection flowchart

255 articles were excluded for other reasons: intubation duration less than 48 h; poorly defined study population; non-randomized
studies; conference abstracts.

3.2. VAP in silver-coated tubes and PVC tubes

The statistical data indicated that silver-coated endotracheal tubes outperform conventional PVC tubes in preventing pneumonia.
The results were reported as Risk Ratio (RR 0.62, 95 % CI 0.47-0.82; p < 0.001; 1?0 %). The calculated Risk Ratio (RR) was 0.62, with a
95 % confidence interval ranging from 0.47 to 0.82. This means that patients using silver-coated endotracheal tubes have approxi-
mately a 38 % lower chance of developing pneumonia compared to those using PVC tubes. Additionally, the p-value was less than
0.001, indicating a statistically significant difference between the groups. It is important to note that no heterogeneity was observed
among the included studies, as indicated by the I? value of 0 %, suggesting that the variation in results was primarily due to chance,
with no significant differences between the studies.

Table 1
Baseline qualitative characteristics of included studies.
Study Country Population Age (I/QO)t Female Intervention Control Primary Outcome
(%)
Lorente Spain Adult patients expected to require 60.6 76 (27,1 Tube with Uncoated VAP
2007 mechanical ventilation for more (42.9-78.2)/60 %) Polyurethane tube
than 24 h (280 patients) (43.2-76.7)
Kollef 2008  United Adult patients at risk of requiring 61.5 815 Silver-Coated Uncoated VAP
States of mechanical ventilation with an (60.5-62.4)/ (42,1 %) Endotracheal tube
America endotracheal tube for 24 h or more 62.2 (61.2-63.1) Tubes
(1509 patients)
Poelaert Belgium Adult patients scheduled for cardiac 68 (59-77)/67 49 (36.5 Endotracheal tubes Uncoated VAP after cardiac
2008 surgery (134 patients) (56-78) %) with polyurethane tube surgery
cuff
Philippart France Adult hospitalized patients for acute ~ 65.3 117 (40 Polyurethane tube Uncoated VAP
2015 respiratory failure who were (55.2-75.6)/ %) tube
anticipated to be mechanically 65.6 (53.0-77.2)
ventilated for at least 48 h (292
patients)
Ciprian Romania Adult patients admitted for drug 40.08 64 (35,5 noble Uncoated VAP and the
2022 poisoning-induced coma and (26.8-54.8)/ %) metal-alloy ETT tube duration of
expected to require orotracheal 38.9 (27.9-50.0) mechanical
intubation for >48 h (180 patients) ventilation
Damas Belgium Adult hospitalized patients who 67.9 144 metal coating Uncoated VAP
2022 may require mechanical ventilation  (56.4-74.7)/ (44.5%)  of endotracheal tube
for more than 24 h (323 patients) 67.3 (58-74.5) tubes

tmean or median; I: intervention; C: control.

Silver Tubes PVC Tubes Risk Ratio
Study Events Total Events Total Weight RR 95% ClI MH, Random, 95% CI
Ciprian, 2022 22 97 35 83 39.2% 0.54 [0.34; 0.84] +
Damas, 2022 11 168 18 155 151% 0.56 [0.28;1.16] ——@——
Kollef, 2008 37 766 50 743 457% 0.72 [0.47;1.08] ——.——
Total (95% ClI) 70 1031 103 981 100.0% 0.62 [0.47; 0.82] <
Heterogeneity: Tau? = 0; Chi? = 0.95, df = 2 (P = 0.62); I> = 0%
Test for overall effect: Z =-3.38 (P < 0.001) 0.5 i 2

Favors Silver Tubes Favors PVC Tubes

Fig. 2. Assessment of pneumonia development in intubated patients using silver-coated versus PVC endotracheal tubes.
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Study Risk Ratio RR  95%-Cl I2
Omitting Ciprian, 2022 0.68 [0.47;0.97] 0%
Omitting Damas, 2022 : 0.63 [0.46; 0.85] 0%
Omitting Kollef, 2008 : 0.54 [0.37;0.80] 0%
Random effects model g ——— 0.62 [0.47; 0.82] 0%
[ 11
0.35 1

Favors Silver Tubes Favors PVC Tubes

Fig. 3. Sensitivity assessment of studies with silver tube.

A sensitivity analysis was then performed to check for heterogeneity in VAP development across the studies. It was observed that
none of the studies (Ciprian, Kollef, and Damas) showed high heterogeneity, with a Risk Ratio of 0.62 [0.47; 0.82] and an I of 0 %.
This indicates minimal variation between the results, suggesting consistency among the studies analyzed.

3.3. VAP in polyurethane tubes and PVC tubes

The statistical data indicated no significant difference in pneumonia prevention between polyurethane-coated endotracheal tubes
and conventional PVC tubes. The results were reported as Risk Ratio (RR 0.67, 95 % CI 0.30-1.54; p = 0.348; 1 82 %).

The calculated Risk Ratio (RR) was 0.67, with a 95 % confidence interval ranging from 0.30 to 1.54, showing that there is no
statistically significant difference between the groups, as indicated by the p-value of 0.348. Additionally, the I value of 82 % suggests a
high level of heterogeneity, meaning that there was substantial variation between the results of the included studies, likely due to real
differences between them rather than random chance.

A sensitivity analysis was performed to evaluate the impact of individual studies on the overall assessment of VAP development in
polyurethane tubes. The following results were obtained:

Lorente:RR 0.92 [0.33; 2.57], I* 84 %

Philippart: RR 0.46 [0.30; 0.71], 1?9 %

Poeleart: RR 0.75 [0.17; 3.23], I 90 %

Overall: RR 0.67 [0.30; 1.54], 1282 %

The analysis revealed substantial heterogeneity among the studies, particularly for Lorente and Poeleart, which had high I? values
of 84 % and 90 %, respectively (see Fig. 4). In contrast, Philippart showed minimal heterogeneity (12 9 %). The overall Risk Ratio of
0.67, with a 95 % confidence interval of [0.30; 1.54], suggests that while there is no statistically significant difference in pneumonia

Polyurethane Tubes PVC Tubes Risk Ratio
Study Events Total Events Total Weight RR 95% ClI MH, Random, 95% CI
Lorente, 2007 11 140 31 140 325% 035 [0.19;0.68 —l—
Philippart, 2015 21 123 14 129 328% 157 [0.84;2.95] ———
Poeleart, 2007 15 67 28 69 347% 055 [0.32;0.94] —l—
Total (95% Cl) 47 330 73 338 100.0% 0.67 [0.30; 1.54] —’—
Heterogeneity: Tau? = 0.4352; Chi? = 11.29, df = 2 (P < 0.01); I = 82% I T I J !
Test for overall effect: Z =-0.94 (P = 0.348) 0.2 0.5 1 2 5

Favors Polyurethane Tubes Favors PVC Tubes

Fig. 4. Assessment of pneumonia development in intubated patients using polyurethane tubes versus PVC endotracheal tubes.

Study Risk Ratio RR  95%-Cl I2
Omitting Lorente, 2007 S 0.92 [0.33; 2.57] 84%
Omitting Philippart, 2015 —— | 0.46 [0.30;0.71] 9%
Omitting Poeleart, 2007 ; 0.75 [0.17; 3.23] 90%
Random effects model —<;,> 0.67 [0.30; 1.54] 82%
[ I I I ]
0.15 05 1 2 35

Favors Polyurethane Tubes Favors PVC Tubes

Fig. 5. Sensitivity assessment of studies with polyurethane tube.
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development in polyurethane tubes, the high levels of heterogeneity indicate variability among the study outcomes. This underscores
the importance of examining each study’s methodologies and results to understand the reasons behind the observed differences
(Fig. 5).

3.3.1. Mortdlity, 30-day

The Risk Ratio (RR) for mortality was found to be 1.04, with a 95 % confidence interval ranging from 0.89 to 1.22. Although the
difference in mortality between the two groups did not reach statistical significance (p = 0.59), it is worth noting that the point es-
timate of the RR suggests a slight increase in mortality among patients using conventional tubes: Risk Ratio (RR 1.04 Cl 95 %
0.89-1.22; p = 0.59; 1213 %) (Fig. 6). The mortality outcome was collected in only 4 studies. Therefore, it was not possible to perform a
statistical analysis of mortality between silver-coated tubes and conventional tubes, as well as between polyurethane and conventional
tubes.

3.3.2. Bacterial colonization

Four studies indicated that bacterial colonization was analyzed quantitatively (Kollef, Poleart, Ciprian, Lorent), while one study
reported that bacterial colonization was assessed qualitatively (Damas). Quantitative analysis provides a more precise measurement of
bacterial load, allowing researchers to establish clear correlations between colonization levels and clinical outcomes, such as the
development of ventilator-associated pneumonia (VAP). This method helps understand the severity of the infection and tailor
appropriate treatment strategies.

On the other hand, qualitative analysis offers valuable information about the presence or absence of specific pathogens, which can
be crucial for identifying potential infectious agents and guiding empirical therapy. While it may lack the detail provided by quan-
titative methods, qualitative assessments can be effective in certain clinical contexts, especially when rapid decisions are necessary.
Together, these methodologies highlight different aspects of bacterial colonization, contributing to a comprehensive understanding of
infection dynamics in patients undergoing mechanical ventilation.

The significance of this finding lies in its potential implications for patient outcomes. Bacterial colonization on endotracheal tubes
can lead to VAP. Coated tubes, designed to reduce bacterial adherence and colonization, are hypothesized to lower the risk of VAP
compared to conventional tubes. Therefore, Fig. 7 represents bacterial colonization in coated and non-coated tubes through Events per
observation: events per 100 observations, IV, Random (47.02 CI 95 % 26.88-68.18; p < 0.01; 1? 81 %) (Fig. 7).

3.3.3. Silver and polyurethane in VAP comparison

In addition, the coatings used in the studies in this meta-analysis, such as silver and polyurethane, were compared to see which
material has the best response in combating VAP. The analysis revealed that silver-coated tubes had a lower average number of events,
with 10.01 events per 100 observations, while polyurethane-coated tubes had an average of 14.81 events per 100 observations (Fig. 8)
(see Fig. 9).

Coated tubes PVC tubes Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ciprian R 2022 2 92 4 83 1.4% 0.45 [0.08, 2.40] —a
Damas P 2022 69 168 65 155 22.2% 0.98 [0.76, 1.27] -
Kollef MD 2008 233 766 198 743 65.9% 1.14[0.97, 1.34] ]
Lorente L 2007 26 140 32 140 10.5% 0.81[0.51, 1.29] i
Total (95% CI) 1166 1121 100.0% 1.06 [0.93, 1.21] .
Total events 330 299
Heterogeneity: Chi2 = 3.46, df = 3 (P = 0.33); I?= 13% ¢00 1 of 3 y 1=0 7 00=
Test for overall effect: Z = 0.89 (P = 0.37) Polymer- coated ETT Standard ETT

Fig. 6. Assessment of mortality in intubated patients with coated tubes and conventional tubes.

Events per 100 observations

Study Coated Tubes PVC Tubes Weight Proportion 95% ClI IV, Random, 95% CI
Ciprian, 2022 27 35 20.7% 77.14 [59.86; 89.58] : —l—
Damas, 2022 4 19 17.9% 21.05 [6.05;45.57] —.—

Kollef, 2008 48 78 23.3% 61.54 [49.83;72.34] ——
Lorente, 2007 il 31 21.2% 35.48 [19.23; 54.63] ———

Poelaert, 2007 4 12 17.0% 33.33 [9.92;65.11] —.—

Total (95% ClI) 94 175 100.0% 47.02 [26.88; 68.18] ’

Heterogeneity: Tau? = 0.8146; Chi® = 21.61, df = 4 (P < 0.01); I° = 81% I T T !
20 40 60 80
Colonization

Fig. 7. Bacterial culture assessment in coated and conventional tubes.
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Events per 100 observations

Study Pneumonia Population Weight Proportion 95% CI IV, Random, 95% CI
Polyurethane

Lorente, 2007 1 140 16.0% 7.86 [3.99;1362 —l—

Philippart, 2015 21 123 16.9% 17.07 [10.89; 24.91) ——
Poelaert, 2007 15 67 16.3% 22.39 [13.11; 34.22] ——
Total (95% CI) y 47 330 49.2% 14,81 [8.03; 25.72) e —

Heterogeneity: Tau® = 0.2907; Chi® = 8.56, df = 2 (P = 0.01); I° = 77%
Test for overall effect: Z = NA (P = NA)

Silver

Ciprian, 2022 27 97 17.1% 27.84 [19.21; 37.86] ——
Damas, 2022 1 168 16.0% 6.55 [3.31;11.41) —l—

Kollef, 2008 37 766 17.7% 483 (342 6.60 IR

Total (95% CIl) 75 1031 50.8% 10.01 [ 3.11; 27.81] ~i S —

Heterogeneity: Tau® = 1.1481; Chi® = 52.98, df = 2 (P < 0.01); I = 96%
Test for overall effect: Z = NA (P = NA)

Total (95% CI) 122 1361 100.0% 1214 [6.57; 21.34]  ~oi—

Heterogeneity: Tau’ = 0.6428; Chi’ = 70.74, df = 5 (P < 0.01); I = 93% IR

Test for subgroup differences: Chi“ = 0.38, df = 1 (P = 0.54) 6 10 15 20 25 30 35
Pneumonia

Fig. 8. Silver and polyurethane in VAP comparison.

3.3.4. Total ventilator days in ICU with silver tubes

The analysis of ICU length of stay for patients using silver tubes revealed intriguing results. The relative risk (RR) was calculated at
—0.99, suggesting a slight trend toward reduced length of stay compared to those who did not use these tubes. However, the wide
confidence interval (CI) ranging from —2.94 to 0.97 indicates significant uncertainty in the obtained estimates. This interval, which
spans both negative and positive values, suggests that the observed difference may not be clinically relevant, raising questions about
the effectiveness of silver tubes in decreasing length of stay.

Furthermore, the high heterogeneity identified, with an I? value of 97 %, suggests considerable variability among the analyzed
studies. This heterogeneity may be attributed to differences in patient demographics, clinical conditions, employed methods, or
contextual factors influencing clinical outcomes. Such variations complicate data interpretation and highlight the need for caution
when extrapolating conclusions regarding the efficacy of silver tubes.

The p-value of 0.32, exceeding the conventional significance level of 0.05, reinforces the lack of robust statistical evidence to assert
that the use of silver tubes results in a significant reduction in ICU length of stay. Thus, while the results indicate a favorable trend, the
absence of statistical significance, coupled with high heterogeneity, underscores the need for further investigations that can elucidate
the real impact of silver tubes on clinical outcomes. Additional research with more homogeneous samples and rigorous methodologies
is essential to clarify the role of silver tubes concerning ICU length of stay and to identify potential factors that may influence this
relationship.

The sensitivity analysis revealed notable variations among the studies included, particularly highlighting the data from Kollef and
Damas, which reported mean differences (MD) of —1.50 (CI [—4.47; 1.471, I? = 98 %) and —1.40 (CI [—4.46; 1.48], I? = 98 %),
respectively. Both studies exhibited high heterogeneity, indicating significant variability in their results. In contrast, Tincu’s study
presented an MD of 0 (CI [—0.14; 0.14]) with no heterogeneity (IZ = 0 %), suggesting a consistent effect in this particular analysis.
These discrepancies underline the importance of evaluating individual study methodologies to ascertain the reasons behind such
variations. The high heterogeneity in Kollef and Damas’s results may indicate differing patient populations or treatment protocols,
warranting further investigation into their methodologies to clarify these findings.

Silver Tubes PVC Tubes Mean Difference
Studies Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% ClI

Damas, 2022 11.00 2.10 168 11.00 2.50 155 33.4% 0.00 [-0.51; 0.51]
Kollef, 2008 7.00 1.60 968 7.00 1.60 964 34.1% 0.00 [-0.14; 0.14]
Tincu, 2022 711 2.88 97 10.14 2.16 83 32.6% -3.03 [-3.77;-2.29]

Total (95% Cl) 1233 1202 100.0% -0.99 [-2.94; 0.97]
Heterogeneity: Tau? = 2.9180; Chi% = 62.61, df = 2 (P < 0.01); 1> = 97% FrTr Tt
Test for overall effect: Z =-0.99 (P = 0.32) 3 -2 -1 0 1 2 3

Favors Silver Tubes Favors PVC Tubes

Fig. 9. Total ventilator days in ICU intubated patients with silver tubes and conventional tubes.
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Study Mean Difference MD 95%-Cl 12
Omitting Kollef, 2008 -1.50 [-4.47; 1.47] 98%
Omitting Damas, 2022 -1.49 [-4.46; 1.48] 98%
Omitting Tincu, 2022 : 0.00 [-0.14;0.14] 0%

Random effects model <’\_—/\L‘——— -0.99 [-2.94; 0.97] 97%

] T T T I 1
4 3 -2 1 0 1
Favors Silver Tubes Favors PVC Tubes

Fig. 10. Sensitivity assessment of studies.

3.3.5. Total ventilator days in ICU with poliuretany tubes

The comparative analysis of polyurethane tubes revealed promising results regarding ICU length of stay, outperforming silver
tubes. The observed mean difference (MD) was —0.40, with a confidence interval ranging from —0.96 to 0.17, suggesting a trend
toward reduced patient duration in the ICU. With an extremely low heterogeneity (IZ = 0 %), the data indicate robust consistency in
results across the analyzed studies. Although the p-value (0.17) did not achieve statistical significance, the unique properties of
polyurethane, such as its biocompatibility, flexibility, and resistance to microbial colonization, may have contributed to these
favorable findings. These characteristics highlight the potential of polyurethane tubes as an effective alternative in clinical practice,
emphasizing the need for further investigations to elucidate their impact on patient outcomes in intensive care settings.

3.3.6. Potential negative aspects associated with endotracheal tube coatings (ETT)

Firstly, the higher cost of these ETTs compared to conventional tubes may limit their use in resource-restricted environments,
contributing to inequalities in patient care. In many developing countries, the availability of advanced technologies is scarce [19,21],
which can lead to unequal access to effective treatments. Additionally, research on ETT coatings often takes place in developed
countries, where there is a monopoly on innovations and scientific publications, creating a disparity in the dissemination of knowledge
and healthcare practices globally.

Another relevant aspect is that the efficacy of the coatings can vary significantly, depending on the methodology applied in the
development of the tubes and the materials used. Some materials may be more effective against certain pathogens, while others may
not yield the same results. Furthermore, it is crucial to assess the possibility that certain coatings could contribute to the development
of bacterial resistance, which may compromise safety and long-term efficacy.

3.3.7. Risk of bias assessment

In Domain 2, both the Kollef and Poelaert studies were rated as having “some concerns.” Kollef’s study received this rating because
both patients and caregivers were aware of the intervention, which may have influenced behaviors and care, although no major
protocol deviations occurred. The use of intention-to-treat analysis was appropriate, but the lack of blinding remains a potential source
of bias. Similarly, Poelaert’s study was rated “some concerns” because participants and anesthesiologists knew which intervention was
applied, potentially affecting behaviors and care. While the intervention was consistently applied, minor, unreported variations may
have influenced the results, raising concerns about bias.

In Domain 3, the Kollef and Philippart studies were rated as “some concerns” and “high risk,” respectively, for outcome mea-
surement bias. In Kollef’s study, although rigorous microbiological methods were used, the lack of blinding and variability across
centers could have impacted the results. However, the use of robust diagnostic methods mitigated the bias to some extent, leading to an
intermediate level of concern.

In contrast, Philippart’s study was rated “high risk” due to more critical factors. These included the absence of blinding, significant
variability in data collection methods across centers, and limited sensitivity of the diagnostic tools used for ventilator-associated
pneumonia (VAP). These issues severely compromised the accuracy and consistency of outcome measurements, particularly in
assessing tracheal colonization and VAP diagnosis.

Polyurethane Tubes PVC Tubes Mean Difference
Studies Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI

Lorente, 2007 14.10 17.91 140 15.50 19.93 140 1.6% -1.40 [-5.84; 3.04]
Philippart, 2015 10.60 2.50 144 11.00 2.60 148 93.3% -0.40 [-0.98;0.18]
Poelaert, 2007 3.00 4.10 67 3.00 3.10 7 5.1% 0.00 [-2.50; 2.50]

Total (95% Cl) 351 295 100.0% -0.40 [-0.96; 0.17]
Heterogeneity: Tau? = 0; Chi? = 0.29, df = 2 (P = 0.86); I = 0%
Test for overall effect: Z = -1.37 (P = 0.17) 4 2 0 ) 4

Favors Polyurethane Tubes Favors PVC Tubes

Fig. 11. ICU Stay duration with polyurethane tube.
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Study Mean Difference MD 95%-Cl 12
Omitting Poelaert, 2007 —{——— -0.42 [-1.00; 0.16] 0%
Omitting Philippart, 2015 : -0.34 [-2.51;1.84] 0%
Omitting Lorente, 2007 — -0.38 [-0.95; 0.19] 0%
Random effects model <>\> -0.40 [-0.96; 0.17] 0%

-2 -1 0 1
Favors Polyurethane Tubes  Favors PVC Tubes

Fig. 12. Sensitivity assessment of studies with polyurethane tubes.
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4. Discussion

In this systematic review and meta-analysis of 6 randomized controlled trials (RCTs) involving 2,680 patients, we compared the use
of polymer-coated tubes, particularly silver-coated and polyurethane-coated tubes, for periods exceeding 48 h of intubation. Our main
findings were: (1) a significant improvement in the reduction of VAP (ventilator-associated pneumonia) in patients intubated with
silver-coated polymer tubes, (2) a significant reduction in bacterial colonization on the coated tubes, and (3) no significant difference
in mortality risk or ICU length of stay between the compared groups.

To the best of our knowledge, our study is the most comprehensive meta-analysis on the use of coated tubes versus conventional
tubes, assessing VAP development as the primary outcome in intubations longer than 48 h. Our analysis integrated data from 6 studies
with 2,680 participants, a population nearly double the size of a previous meta-analysis [8]. Furthermore, this is the first analysis with
studies lasting more than 48 h. Our findings increase confidence in the beneficial effects of coated tubes in combating VAP in patients
requiring prolonged intubation, as the longer the device is used, the higher the risk of respiratory complications and the longer the
treatment duration [9]. Considering that the average incidence of VAP in our population was 8.9 % (122 patients), as shown in Fig. 8,
our findings present a conservative and safe strategy to mitigate the risk of pneumonia commonly associated with mechanical
ventilation [4]. Additionally, a 4.9 % increase in VAP was correlated with the use of PVC tubes [10,11], which is slightly higher than
the rate found in our evaluation of coated tubes.

Our results suggest that silver-coated tubes may offer an advantage over polyurethane-coated tubes in preventing complications
such as VAP in patients intubated for more than 48 h. This can be attributed to the antimicrobial properties of silver, which are known
to inhibit the proliferation of a wide range of microorganisms. Silver can maintain its antimicrobial properties for prolonged periods,
even in complex environments such as the respiratory tract, which can result in continuous protection against bacterial colonization
and, consequently, a reduction in the risk of respiratory complications in intubated patients [1,3,4].

Furthermore, it is important to highlight that the studies by Kollef and Damas show significant changes in the analysis of total
ventilator days, demonstrating more favorable results for conventional tubes compared to silver tubes. In contrast, the Tincu study
indicates a better prognosis for silver tubes, suggesting a reduction in the number of days of tube utilization. This difference may be
attributed to the fact that the study population in Tincu’s research is younger compared to the groups in Kollef and Damas, which may
have influenced the observed results regarding silver tubes.

The prevention of ventilator-associated pneumonia consists of a combination of various strategies, including early awakening,
endotracheal tubes with subglottic secretion drainage, daily toothbrushing, among others. Nevertheless, our results introduce an
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additional measure that may contributed to reduce colonization of orotracheal tube and subsequent VAP [16,17].

Although both analyses showed efficacy in reducing adverse events, the results suggest that silver-coated tubes may offer an
advantage over polyurethane-coated tubes in preventing complications such as VAP in patients intubated for more than 48 h. This can
be attributed to the antimicrobial properties of silver, which are known to inhibit the proliferation of a wide range of microorganisms.
Silver can maintain its antimicrobial properties for prolonged periods, even in complex environments such as the respiratory tract,
which can result in continuous protection against bacterial colonization and, consequently, a reduction in the risk of respiratory
complications in intubated patients [1,3,4].

Our findings have practical implications, particularly concerning device selection. For example, certain coated devices demonstrate
greater potential for VAP prevention, bacterial colonization, and length of hospital stay compared to conventional PVC devices.
Furthermore, there is a growing number of researchers assessing the use of polymers in medical devices, seeking reduction in bacterial
colonization, antibacterial activity, and inhibition of bacterial biofilm formation [12-14].

5. Conclusion

This systematic review and meta-analysis strengthen the existing literature by demonstrating that polymer-coated tubes, partic-
ularly silver-coated ones, are significantly less associated with ventilator-associated pneumonia (VAP) compared to both polyurethane-
coated and conventional PVC endotracheal tubes. Furthermore, the findings indicate a notable reduction in bacterial colonization in
coated tubes, which directly contributes to the decreased risk of VAP. These insights are valuable for the development of future long-
term clinical trials aimed at evaluating even more effective strategies to minimize the impacts of endotracheal intubation. Ultimately,
both clinicians and patients will need to weigh the potential benefits of coated tubes to determine the most appropriate approach, thus
promoting better clinical outcomes, especially in cases of prolonged mechanical ventilation.

5.1. Limitations

Although this systematic review and meta-analysis provide important data on the comparative effectiveness of coated endotracheal
tubes, particularly silver-coated ones, compared to conventional tubes in preventing ventilator-associated pneumonia, several limi-
tations need to be acknowledged. First, it is important to note that this meta-analysis consists of only six randomized studies, which
may compromise the robustness of the results. Additionally, one of the studies presented a high risk in its methodology, as assessed by
Risk of Bias, which may affect the reliability of the data and the necessary information.

The inclusion of patient populations with varying clinical characteristics may also lead to variations in the observed outcomes,
although this does not diminish the relevance of the findings. It is worth mentioning that, despite most studies employing rigorous
criteria for outcome assessment, the variation in data collection methods may have influenced the consistency of the information.
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