4

X/
*

Scientific
Research
Publishing

()

<
X8

%

Open Journal of Emergency Medicine, 2023, 11, 45-56
https://www.scirp.org/journal/ojem

ISSN Online: 2332-1814
ISSN Print: 2332-1806

Comparison of the Use of Conventional and
Antibiotic-Coated Tracheal Tubes and EVAC
on the Incidence of Ventilator-Associated
Pneumonia (VAP)

Mehrdad Taghizadeh?, Amin Shams Akhtari23, Babak Heidariaghdam?,
Seyedeh Hedieh Mousavipaks, Siamak Moghadamzadeh?,
Mohammad Reza Haji Esmaili¢, Faeze Vahid?

'Department of Emergency Medicine, Loghman Hakim Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran

“Clinical Research Development Unit of Loghman Hakim Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran

*Emergency Department of Hervey Bay Hospital Queensland, Hervey Bay, Australia

‘Department of Cardiology, Jam Hospital, Tehran, Iran

*Department of Basic Sciences, Islamic Azad University, Tehran, Iran

*Department of Anesthesia, Loghman Hakim Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran

"Independent Researcher, Tehran, Iran

Email: Mehrdadta@gamil.com, siamak.moghadamadeh@gmail.com, amin.may1981@gmail.com,

babkheidari1350@gmail.com, hmosavip69@gmail.com, mrhe72@yahoo.com, faeze_vahid@yahoo.com

How to cite this paper: Taghizadeh, M.,
Akhtari, A.S., Heidariaghdam, B., Mousa-
vipak, S.H., Moghadamzadeh, S., Esmaili,
M.R.H. and Vahid, F. (2023) Comparison
of the Use of Conventional and Antibiot-
ic-Coated Tracheal Tubes and EVAC on
the Incidence of Ventilator-Associated
Pneumonia (VAP). Open Journal of Emer-
gency Medicine, 11, 45-56.
https://doi.org/10.4236/0jem.2023.113006

Received: May 21, 2023
Accepted: September 8, 2023
Published: September 11, 2023

Copyright © 2023 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

Abstract

Ventilator-associated pneumonia (VAP) is one of the most important hospit-
al infections in hospitalized patients, which is associated with increased mor-
tality and patient costs. The tracheal tube itself seems to be a major risk factor
for VAP. Contaminated secretions pass through the endotracheal tube and
reach the lungs. Also, bacteria form a bacterial biofilm on the tracheal tube
and are transferred from there to the lungs. Different tracheal tube designs
have been produced to overcome these cases. The purpose of this study is to
investigate the effect of an Evac tracheal tube covered with antibiotics and
normal on the incidence of pneumonia caused by the ventilator. Research
method: 180 patients were randomly intubated in three groups of 60 people
with three types of tracheal tubes, Evac and Bactiguard. Clinical examina-
tions, endotracheal tube aspiration culture, and chest radiography were ob-
tained from the patients and the incidence of VAP was calculated based on
the CPIS standard. The relationship between the type of endotracheal tube
and the incidence of VAP and the length of stay in the intensive care unit
(ICU) and being discharged alive from the ICU were investigated. Findings
and conclusions: The average incidence of VAP for the group of patients in-
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tubated with a conventional tracheal tube was 50%, EVAC was 45% and Bac-
tiguard was 40%. The results showed that there is no significant relationship
between the incidence of ventilator-induced pneumonia and the type of tra-
cheal tube. The incidence of ventilator-induced pneumonia was not signifi-
cantly reduced by suctioning subglottic secretions and Bactiguard tracheal
tubes. It seems that using one method alone is not effective in reducing venti-
lator-induced pneumonia.
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1. Introduction

Endotracheal tube placement is necessary to control the airway of patients who
need mechanical ventilation. However, long-term use of these tubes can lead to
ventilator-associated pneumonia (VAP) [1]. VAP refers to pneumonia that oc-
curs after 48 hours of intubation and mechanical ventilation of the patient and
develops pneumonia [2]. VAP is the most common fatal infection among pa-
tients, treated in the intensive care unit [1].

The second most common hospital infection in acute patients is pneumonia,
which affects 27% of critically ill patients [2].

Mortality due to VAP is reported to be 50%, depending on various factors
such as chronic liver disease, problems, and trauma caused by enitobicin and
micro-organisms colonized in the lower airway. Despite the progress that has
been made in the field of recovery and control of intubated patients, VAP re-
mains a common and sometimes fatal factor in the ICU. Another complication
of VAP is the increase in the number of days the patient is hospitalized in the
intensive care unit (ICU), and the subsequent increase in the patient’s expenses

[2] [3].

2. Mechanisms to Reduce the Occurrence of VAP

Efforts to reduce the microaspiration of contaminated secretions and the forma-
tion of biofilm inside the endotracheal tube (ETT) lumen can lead to the preven-
tion of VAP [4].

2.1. Suction of Subglottic Secretions

Installing an orifice above the tube cuff, connected to an external tube was an
innovation in ETT design that continuously or intermittently suctions subglottic
secretions [4].

The principle behind this technique is that removing the secretions in the
space between the laryngeal diaphragm and the ETT cuff can lead to the reduc-
tion or elimination of microaspiration and colonization of bacteria in the trachea

and ultimately reduce the incidence of VAP [4].
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2.2. Changes in the Cuff of the Tracheal Tube

Recently, changes have been made in the design or composition of the ETT cuff
to prevent microaspiration, and studies have shown the success of this type of

endotracheal tube that has a polyurethane or silicone cuff [4].

2.3. Reduction of Biofilm Formation

The combination of an antimicrobial substance with polymer-forming medical
equipment is an accepted method to reduce infections associated with medical
equipment. This method can prevent microbial adhesion to the equipment by
using the antimicrobial surface or by releasing the drug to the extent that it can
kill microbes. Recently, researchers are trying to prevent bacterial colonization
by covering the ETT with new materials [5].

In this regard, the antimicrobial substance used and its release speed are im-
portant factors. The selected antimicrobial substance should be broad-spectrum
and have lower degrees of bacterial resistance and have anti-microbial adhesion
properties [5].

Due to the widespread development of antibiotic resistance, efforts are being
made to use non-antibiotic antimicrobial substances [5].

Silver has antimicrobial properties with broad coverage against gram-positive
and negative bacteria, fungi, parasites, and viruses [5].

Considering the high prevalence of VAP and the cost of treatment and com-
plications related to it, its prevention seems essential. Based on this, we decided
to investigate two types of EVAC tracheal tube, which has a different cuff shape
and suction of subglottic secretions, and Bactigaurd, which has gold, palladium,
and silver coating. This study aims to compare the use of conventional tracheal
tubes with antibiotic coating and EVAC on the incidence of VAP.

3. Materials and Methods

Patients transferred to the special care units of Loghman Hakim Hospital, who
needed intubation for more than 48 hours and did not meet the exclusion crite-
ria, were included in the study. Exclusion criteria included the following: pa-
tients who were converted but before According to the treating physician, the
initial assumption was that they would be extubated within 48 hours, patients
who developed fever within 48 hours and needed antibiotics, patients who died
within 48 hours, patients who were transferred from ICU to other centers within
48 hours. Transferred patients who were extubated less than 48 hours, pregnant
women, with human immunodeficiency virus (HIV), lung cancer, people who
were under immunosuppressive treatments, received antibiotics in the last 24
hours, need intubation other than the oral route.

On the first day of the study, the 180 endotracheal tubes were randomly di-
vided between three ICUs, in a way that 60 groups marked with letters A, B, and
C were randomly assigned to each ICU from a lottery box. If the patient with-

draws from the study due to the withdrawal criteria, another endotracheal tube

DOI: 10.4236/0jem.2023.113006

47 Open Journal of Emergency Medicine


https://doi.org/10.4236/ojem.2023.113006

M. Taghizadeh et al.

related to the same group was replaced.

The operator was not aware of the assignment of the patient to each group,
after the patient entered the study, the assignment of the patient was determined
based on the announcement letter from the box.

The studied groups were as follows: Group A was intubated using Mallimck-
rodt HiLo oral/nasal tracheal tube (Medtronic). Group B was intubated using
Evac tracheal tube (Mallimckrodt oral/nasal tracheal tube taper guard Medtron-
ic, Dubin, Ireland). Group C was intubated using Bactigaurd tracheal tube (Bac-
tigaurd AB oral/nasal cuffed Sweden).

In this way, 60 patients were studied in each group. Baktiguard tracheal tube
cuffs were cylindrical, while Evac tracheal tube cuffs were tapered and conical in
shape. Every three hours, cuff pressure was monitored in all patients of all three
groups until it was 20 - 30 cm of water.

The Evac tracheal tube was also capable of suctioning subglottic secretions,
which were removed every three hours by a 5 - 10 ml syringe.

In the other two groups, secretions were suctioned at least 8 times a day by
open method and aseptic technique. Then these secretions were sent to the mi-
crobiology laboratory for culture.

In the laboratory, the samples were cultured on specific microbial culture me-
dia, and after 24 hours, an antibiogram test was performed for the samples con-
taining pathogenic bacteria, and according to the antibiogram answer, the effec-
tive antibiotic type for the infection was determined.

The inner diameter of all tubes was 7 x 7.5 mm for women and 8 x 8.5 mm
for men, and the tracheal tube was placed 21 cm long in women and 23 cm long
in men. Chlorhexidine or antibiotics were not prescribed for patients at this
stage. But H2 blocker was prescribed for all patients due to someone’s stress pro-
file.

All patients were monitored by a trained nurse during their stay in the ICU.

The head patients were placed 30 - 45 degrees higher unless they had ortho-
pedic or hemodynamic problems. And all patients were sedated using Fentanyl,
Rinfentanil, and Midazolam to reach RASS +1 to —2 stage (Richmond Agitation
Sedation Score).

All patients had a positive end-expiratory pressure (PEEP) of 5 mmHg during
the mechanical ventilation phase. And they were hospitalized in ICU until extu-
bation or death or discharge. Chest X-rays were also prepared from the patients,
which were first interpreted by the ICU specialist and then reported by a radiol-
ogist with the rank of assistant professor, and in cases of conflicting reports, the
third radiologist made a report without knowing about the previous reports, and
his opinion was the index of the report, it is registered. Patients’ fever, subglottic
secretions, leukocytosis, changes in breathing, and gas exchange were checked
daily and scored based on clinical pulmonary infection score (CPIS). If the CPIS
of the disease was equal to or greater than 6, it was considered pneumonia.

The start date of antibiotic therapy in all three groups was within the first
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twenty-four hours of the onset of fever or purulent discharge.

The incidence of VAP, duration of intubation and hospitalization in ICU, and
the mortality rate of patients were also recorded.

Finally, the data were entered into a statistical package for the social science
(SPSS). The Ki2 test was used to check whether the default assumptions were
correct and the Fisher’s Exact Test was used to check the relationship between
the incidence of VAP and the variables. In addition, we used the Student t-test in

certain cases.

4. Results

180 studied patients were divided into three groups of 60 people. Group A was
intubated with a normal endotracheal tube, Group B with an EVAC endotra-
cheal tube, and Group C with a Bactiguard endotracheal tube. The average age of
the subjects studied was 45.79 years, which was 36.176 in Group A, 53.13 in
Group B, and 46.32 in Group C (Table 1).

In terms of gender, there were 107 men and 73 women, respectively, in
Groups A, B, and C, 66.74%, 55%, 56.7% were men and 33.26%, 45%, and 43.3%
were women. There was no significant difference between gender and age (Table
1).

The incidence of VAP was in 81 patients, of which 30 members of Group A
(50%), 24 members of Group B (40%), and 27 members of Group C (45%) pa-
tient’s had VAP, and no significant difference was observed between the three
study groups (Table 2).

Mortality in the three groups was 13.3%, 55%, and 43.3% respectively, which
was significantly lower in the conventional endotracheal tube group than the

Table 1. Statistical society.

ETT EVAC Bactiguard
Group A Group B Group C
Age Average 36.176 53.13 46.32
s Men 66.74% 55% 56.70%
ex
Women 33.32% 45% 43.30%
Table 2. Incidence of VAP.
ETT EVAC Bactiguard
Group A Group B Group C
Average length of stay in
7.6167 124 11.75
ICU (days)
Average length of stay
: ) 9.5176 18.57 16.78
in the hospital (days)
Mortality 13.30% 55% 43.30%
Vap 50% 40% 45%
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other two groups (P < 0.001). There was no significant difference between VAP
and being discharged alive from ICU and age (Table 2).

86% of the patients who were discharged alive were intubated with a conven-
tional endotracheal tube and this difference was significant (P < 0.001). Also,
45.2% of the patients who stayed in the ICU for less than 8 days were intubated
with a conventional endotracheal tube. (P < 0.0002) The average length of stay in
the ICU was 7.61 days in Group A and 12.40 days in Group B. And 11.75 days
were in Group C (Table 2).

In general, the table shows that 46.6% of women and 43.9% of men have suf-
fered from VAP, and there is no significant difference between the two sexes in
the incidence of this disease. (Table 3)

Regarding VAP and the type of endotracheal tube used, it can be seen that
50% of patients intubated with a conventional endotracheal tube, 40% of pa-
tients intubated with an EVAC endotracheal tube, and 45% of those intubated
with Baktiguard endotracheal tube have developed VAP, and it is clear that
EVAC endotracheal tube reduces the incidence of VAP in patients hospitalized
in ICU but it was not the meaningful difference. (Table 3)

Regarding the length of stay in the ICU and being discharged from there alive,
32.1% of people with VAP meters stayed in the ICU for more than 8 days, and
more than half of them, 67.9%, stayed in the ICU for a period equal to or more
than 8 days. These findings indicate the seriousness of complications caused by
VAP for patients and their need for special hospital care. (Table 3)

Finally, the observations have shown that 45.8% of the patients with VAP
examined alive were discharged from the ICU, and this result was a sign of the
controllability of this complication, but because no significant difference was
found in all the examined cases, it is suggested that more factors be examined

simultaneously in future research. (Table 3)

Table 3. Comparison of the incidence of VAP in various tube types and its link with oth-

er factors.
VAP
P Value
+ p—

Women 46.60% 53.40%

Sex 0.1
Men 43.90% 56.10%
Conventional 50% 50%
endotracheal tube ’ ’

tube type 0.545
EVAC 40% 65%
Bactiguard 45% 55%

Length of Less than 8 days 32.10% 67.70%

; 0.001
stayin ICU More than or equal to 8 days 67.90% 32.30%
Discharged alive

45.80% 54.20% 0.751
from ICU
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5. Discussion

There are many disagreements about the causes of VAP in medical literature,
and many of these studies emphasize the role and type of tube, microaspiration,
and bacterial biofilm in causing VAP.

This study was also conducted to compare the use of conventional tracheal
tubes and antibiotic-coated and Evac on the incidence of ventilator-induced
pneumonia.

The results showed that there was no significant difference between VAP and
the type of tracheal tube, although better results were obtained with Evac tra-
cheal tube, this difference was not significant.

Quchani and Steven Deem generally achieved the same results as our study
[6] [7]. Guchani investigated specifically the effect of the Hi-lo Evac tracheal
tube on the reduction of VAP and concluded that the Evac tracheal tube is inef-
fective in reducing the incidence of VAP. However, it leads to a reduction in
ICU length of stay and mortality [6]. In contrast with their study, we found that
EVAC endotracheal tube reduces the incidence of VAP in patients hospitalized
in ICU however it was not so significant.

The results of the present study also showed that there is a significant differ-
ence between VAP and the length of stay in the ICU. Also, there was a signifi-
cant difference between endotracheal tube and mortality and it was shown that
patients who were intubated with conventional endotracheal tube were dis-
charged alive from ICU with a higher proportion. This result confirms the re-
sults of Hadda’s study. They showed that VAP infection does not affect mortali-
ty, although the length of stay in the ICU and hospital is affected by this disease
[8].

Chastre also stated that having VAP increases the average length of stay in the
hospital by 7 - 9 days, and in the present study, we concluded that having VAP
leads to an increase in the length of stay in the ICU for 8 days and it becomes
more [9].

Bekaert’s recent study also indicated that VAP itself causes only one percent
of mortality in the ICU [10].

One of the positive features of the Taper guard Evac tracheal tubes used in this
study is the shape of the cuff, which is a tapered shape, and at least one place in
the trachea is completely fitted with this cuff, and leakage does not occur from
this area, and therefore microaspiration Also, these tubes suck subglottic secre-
tions and probably for these reasons, the relative success of this group was
achieved in this study. However, the higher mortality in this group is probably
related to the design of this tracheal tube, which has a separate lumen for suc-
tioning secretions, but this lumen has led to an increase in the thickness of the
tube and its hardness, and as a result, mucosal damage to the trachea increases
[11] [12].

The efficiency of aspiration of subglottic secretions is affected by many fac-

tors. including the viscosity and consistency of secretions, interrupted versus
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continuous aspiration, and the position of the patient and the position of the
endotracheal tube in the patient’s airway, the presence or absence of swallowing.
Same as our findings there is no study has investigated the effect of these factors
on the prevalence of VAP [13].

According to Rello’s study, in one-third of the cases, there is a failure in the
suction of subglottic secretions, which can be one of the risk factors of VAP.
According to their theory, the blockage of the subglottic suction port occurs due
to the suction of the tracheal mucus, and this problem leads to the failure of the
suction of the secretions and ultimately the increase in the incidence of VAP
[14] [15].

In this study, we intermittently suctioned subglottic secretions with the Evac
endotracheal tube, which according to studies, caused mucosal damage less than
continuous suction, because continuous suction causes drying of the mucosa,
followed by tracheal damage [15].

Some studies consider the use of continuous suction to be more effective than
intermittent suction in reducing VAP [5] [16]. But recent studies consider the
use of interrupted suction to be safer [17] [18]. All sheep that were intubated
with a tracheal tube with continuous suction of subglottic secretions for three
days showed severe damage to the tracheal mucosa such as mucosal necrosis or
tracheal cartilage exposure [19] These problems related to the Evac tracheal tube
can be the reasons for the difference. The present study is similar to the studies
of Dezfulian and Damas [16] [20] [21].

Damas also emphasized in his study that the suction of secretions is related to
VAP, but it has nothing to do with ventilator-associated conditions (VAC) [20]
and according to studies (Infection-related Ventilator-Associated Complica-
tions), IVACs and VACs are more related to are associated with high mortality
[22].

Tracheal tubes with subglottic suction with the same internal diameter as
normal tracheal tubes often have an average of one millimeter larger external
diameter, which increases the risk of pharyngeal and laryngeal damage [23] [24].

Girou also reported that 25% of patients with a tracheal tube with suction of
subglottic secretions required re-intubation due to laryngeal edema [20].

These issues can justify the limited beneficial effects of the subglottic secretion
drainage (SSD) endotracheal tube [4].

Berra’s study showed that the use of a silver-coated tracheal tube significantly
reduced VAP. While he conducted the study on sheep and considering the dif-
ference between the normal flora of the mouth in sheep and humans and the
different conditions of the patients, the difference between the results of the
present study and Berra’s study can be justified.

Studies have shown that the effectiveness of tracheal tubes impregnated with
antiseptic substances in preventing the growth of pathogenic bacteria with dif-
ferent organisms associated with VAP can be variable [25].

Rello’s study showed that tracheal tubes with silver coating had fewer Entero-

bacteriaceae. Also, the colonization of Pseudomonas aeruginosa was observed
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less in the tracheal tube, but this amount was not significant [13] [26].

As we know, the most pathogenic bacteria associated with VAP are Staphylo-
coccus aureus and Pseudomonas aeruginosa [6]. According to Rello’s study,
these bacteria did not decrease significantly due to the use of tracheal tubes with
silver coating [13].

Juan also concluded in his study that it is important to use several methods at
the same time to reduce VAP. This is because the intervention is not a successful
method [15] and all VAP prevention factors should be applied to the patient
from the beginning of the patient’s intubation. These factors include reducing
the amount of aspiration and bacterial colonization [15], and the findings of our
study also confirm this point. It seems that no risk assessment criteria for VAP
related to emergency intubation is acceptable, and this case is included in all
cases of emergency intubation [15]. This study showed that intermittent suction
of subglottic secretions and tracheal tubes coated with silver did not have a deci-
sive role in reducing ventilator-induced pneumonia, and according to the results
obtained in this study, it does not seem that using one method alone is effective

in reducing ventilator-related lung infection.

6. Conclusions

The average incidence of VAP for all groups of patients intubated with every
kind of these 3 endotracheal tubes was around 50%. The results showed that
there is no significant relationship between the incidence of ventilator-induced
pneumonia and the type of tracheal tube. The incidence of ventilator-induced
pneumonia was not significantly reduced by suctioning subglottic secretions and
Bactiguard tracheal tubes. It seems that using one method alone is not effective
in reducing ventilator-induced pneumonia.

Despite a lot of research, VAP remains one of the most frequent ICU-acquired
infections and is associated with increased mortality. Which sampling method to
use is still a matter of controversy. Emerging microbiological tools will likely
modify our routine approach to diagnosing and treating VAP in the next future.
Larger randomized trials are needed to confirm that bundles that combine mul-
tiple prevention strategies may improve outcomes. Further research is needed to

identify and assess new therapeutic approaches.

Ethical Standards

The study was approved by the Ethics Board of the Research and Development
Center of Loghman Hakim Hospital on April 28, 2021, and conducted in accor-
dance with the Declaration of Helsinki. Since this study did not involve any pa-
tient’s personal information and only medical record has been used in this study,

informed consent is not required in this study.

Acknowledgements

The authors would like to thank the Clinical Research Development Unit (CRDU)

DOI: 10.4236/0jem.2023.113006

53 Open Journal of Emergency Medicine


https://doi.org/10.4236/ojem.2023.113006

M. Taghizadeh et al.

of Loghman Hakim Hospital, Shahid Beheshti University of Medical Science,

Tehran, Iran for their cooperation and assistance throughout the study.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Weinstein, R.A., Bonten, M.]., Kollef, M.H. and Hall, J.B. (2004) Risk Factors for
Ventilator-Associated Pneumonia: From Epidemiology to Patient Management.
Clinical Infectious Diseases, 38, 1141-1149. https://doi.org/10.1086/383039

[2] Sanaie, S., Rahnemayan, S., Azizi, S., Saghaleini, S.H., Ghamari, A.A., Ghojazadeh,
M. and Mahmoodpoor, A. (2022) Comparison of Subglottic vs. Non-Subglottic Se-
cretion Drainage in Prevention of Ventilator Associated Pneumonia: A Systematic
Review and Meta-Analysis. Trends in Anaesthesia and Critical Care, 43, 23-29.
https://doi.org/10.1016/j.tacc.2022.02.002

[3] Mahmoodpoor, A., Hamishehkar, H., Hamidi, M., Shadvar, K., Sanaie, S., Golzari,
S.E., Khan, Z.H. and Nader, N.D. (2017) A Prospective Randomized Trial of Ta-
pered-Cuff Endotracheal Tubes with Intermittent Subglottic Suctioning in Prevent-
ing Ventilator-Associated Pneumonia in Critically Ill Patients. Journal of Critical
Care, 38, 152-156. https://doi.org/10.1016/j.jcrc.2016.11.007

[4] Saito, M., Maruyama, K., Mihara, T., Hoshijima, H., Hirabayashi, G. and Andoh, T.
(2021) Comparison of Polyurethane Tracheal Tube Cuffs and Conventional Poly-

vinyl Chloride Tube Cuff for Prevention of Ventilator-Associated Pneumonia: A
Systematic Review with Meta-Analysis. Medicine, 100, €24906.
https://doi.org/10.1097/MD.0000000000024906

[5] Alves, D., Grainha, T., Pereira, M.O. and Lopes, S.P. (2023) Antimicrobial Materials
for Endotracheal Tubes: A Review on the Last Two Decades of Technological

Progress. Acta Biomaterialia, 158, 32-55.
https://doi.org/10.1016/j.actbio.2023.01.001

[6] Ghoochani Khorasani, A., Shadnia, S., Mashayekhian, M., Rahimi, M. and Agha-
biklooei, A. (2016) Efficacy of Hi-Lo Evac Endotracheal Tube in Prevention of Ven-
tilator-Associated Pneumonia in Mechanically Ventilated Poisoned Patients. Scien-
tifica, 2016, Article ID: 4901026. https://doi.org/10.1155/2016/4901026

[7] Deem, S., Yanez, D., Sissons-Ross, L., Elrod Broeckel, J.A., Daniel, S. and Treggiari,
M. (2016) Randomized Pilot Trial of Two Modified Endotracheal Tubes to Prevent
Ventilator-Associated Pneumonia. Annals of the American Thoracic Society, 13,
72-80. https://doi.org/10.1513/AnnalsATS.201506-3460C

[8] Hadda, V., Khilnani, G.C., Dubey, G., Nallan, R., Kumar, G. and Guleria, R. (2014)
Impact of Ventilator Associated Pneumonia on Outcome in Patients with Chronic
Obstructive Pulmonary Disease Exacerbation. Lung India: Official Organ of Indian
Chest Society, 31, 4-8. https://doi.org/10.4103/0970-2113.125886

[9] Kalanuria, A.A., Zai, W. and Mirski, M. (2014) Ventilator-Associated Pneumonia in
the ICU. Critical Care, 18, Article No. 208. https://doi.org/10.1186/cc13775

[10] Bekaert, M., Timsit, J.-F., Vansteelandt, S., Depuydt, P., Vésin, A., Garrouste-Orgeas,
M., Decruyenaere, J., Clec’h, C., Azoulay, E. and Benoit, D. (2011) Attributable
Mortality of Ventilator-Associated Pneumonia: A Reappraisal Using Causal Analy-
sis. American Journal of Respiratory and Critical Care Medicine, 184, 1133-1139.

DOI: 10.4236/0jem.2023.113006 54 Open Journal of Emergency Medicine


https://doi.org/10.4236/ojem.2023.113006
https://doi.org/10.1086/383039
https://doi.org/10.1016/j.tacc.2022.02.002
https://doi.org/10.1016/j.jcrc.2016.11.007
https://doi.org/10.1097/MD.0000000000024906
https://doi.org/10.1016/j.actbio.2023.01.001
https://doi.org/10.1155/2016/4901026
https://doi.org/10.1513/AnnalsATS.201506-346OC
https://doi.org/10.4103/0970-2113.125886
https://doi.org/10.1186/cc13775

M. Taghizadeh et al.

(11]

(12]

[13]

[14]

(15]

(16]

(17]

(18]

(19]

[20]

[21]

(22]

https://doi.org/10.1164/rccm.201105-08670C

Mahmoodpoor, A., Sanaie, S., Parthvi, R., Shadvar, K., Hamishekar, H., Iranpour,
A., Nuri, H., Rahnemayan, S. and Nader, N.D. (2020) A Clinical Trial of Sil-
ver-Coated and Tapered Cuff plus Supraglottic Suctioning Endotracheal Tubes in
Preventing Ventilator-Associated Pneumonia. Journal of Critical Care, 56, 171-176.
https://doi.org/10.1016/j.jcrc.2019.12.024

Hubbard, J.L., Veneman, W.L., Dirks, R.C., Davis, ].W. and Kaups, K.L. (2016) Use
of Endotracheal Tubes with Subglottic Secretion Drainage Reduces Ventilator-As-

sociated Pneumonia in Trauma Patients. Journal of Trauma and Acute Care Sur-
gery, 80, 218-222. https://doi.org/10.1097/TA.0000000000000927

Rello, J., Kollef, M., Diaz, E., Sandiumenge, A., Del Castillo, Y., Corbella, X. and
Zachskorn, R. (2006) Reduced Burden of Bacterial Airway Colonization with a
Novel Silver-Coated Endotracheal Tube in a Randomized Multiple-Center Feasibil-
ity Study. Critical Care Medicine, 34, 2766-2772.
https://doi.org/10.1097/01.CCM.0000242154.49632.B0

Marjanovic, N., Boisson, M., Asehnoune, K., Foucrier, A., Lasocki, S., Ichai, C.,
Leone, M., Pottecher, J., Lefrant, J.-Y. and Falcon, D. (2021) Continuous Pneumatic
Regulation of Tracheal Cuff Pressure to Decrease Ventilator-Associated Pneumonia
in Trauma Patients Who Were Mechanically Ventilated: The AGATE Multicenter
Randomized Controlled Study. Chest, 160, 499-508.
https://doi.org/10.1016/j.chest.2021.03.007

Fernandez, J.F., Levine, S.M. and Restrepo, M.I. (2012) Technologic Advances in
Endotracheal Tubes for Prevention of Ventilator-Associated Pneumonia. Chest, 142,
231-238. https://doi.org/10.1378/chest.11-2420

Dezfulian, C., Shojania, K., Collard, H.R., Kim, H.M., Matthay, M.A. and Saint, S.
(2005) Subglottic Secretion Drainage for Preventing Ventilator-Associated Pneu-
monia: A Meta-Analysis. The American Journal of Medicine, 118, 11-18.
https://doi.org/10.1016/j.amjmed.2004.07.051

Lorente, L., Lecuona, M., Jiménez, A., Mora, M.L. and Sierra, A. (2007) Influence of
an Endotracheal Tube with Polyurethane Cuff and Subglottic Secretion Drainage on
Pneumonia. American Journal of Respiratory and Critical Care Medicine, 176,
1079-1083. https://doi.org/10.1164/rccm.200705-7610C

Poelaert, J., Depuydt, P., De Wolf, A., Van de Velde, S., Herck, I. and Blot, S. (2008)
Polyurethane Cuffed Endotracheal Tubes to Prevent Early Postoperative Pneumo-
nia after Cardiac Surgery: A Pilot Study. The Journal of Thoracic and Cardiovascu-
lar Surgery, 135, 771-776. https://doi.org/10.1016/].jtcvs.2007.08.052

Berra, L., De Marchi, L., Panigada, M., Yu, Z.-X., Baccarelli, A. and Kolobow, T.
(2004) Evaluation of Continuous Aspiration of Subglottic Secretion in an in Vivo
Study. Critical Care Medicine, 32, 2071-2078.
https://doi.org/10.1097/01.CCM.0000142575.86468.9B

Damas, P., Frippiat, F., Ancion, A., Canivet, ].-L., Lambermont, B., Layios, N., Mas-
sion, P., Morimont, P., Nys, M. and Piret, S. (2015) Prevention of Ventila-
tor-Associated Pneumonia and Ventilator-Associated Conditions: A Randomized
Controlled Trial with Subglottic Secretion Suctioning. Critical Care Medicine, 43,
22-30. https://doi.org/10.1097/CCM.0000000000000674

Kharel, S., Bist, A. and Mishra, S.K. (2021) Ventilator-Associated Pneumonia
among ICU Patients in WHO Southeast Asian Region: A Systematic Review. PLOS
ONE, 16, €0247832. https://doi.org/10.1371/journal.pone.0247832

Muscedere, J., Sinuff, T., Heyland, D.K., Dodek, P.M., Keenan, S.P., Wood, G.,

DOI: 10.4236/0jem.2023.113006

55 Open Journal of Emergency Medicine


https://doi.org/10.4236/ojem.2023.113006
https://doi.org/10.1164/rccm.201105-0867OC
https://doi.org/10.1016/j.jcrc.2019.12.024
https://doi.org/10.1097/TA.0000000000000927
https://doi.org/10.1097/01.CCM.0000242154.49632.B0
https://doi.org/10.1016/j.chest.2021.03.007
https://doi.org/10.1378/chest.11-2420
https://doi.org/10.1016/j.amjmed.2004.07.051
https://doi.org/10.1164/rccm.200705-761OC
https://doi.org/10.1016/j.jtcvs.2007.08.052
https://doi.org/10.1097/01.CCM.0000142575.86468.9B
https://doi.org/10.1097/CCM.0000000000000674
https://doi.org/10.1371/journal.pone.0247832

M. Taghizadeh et al.

(23]

(24]

(25]

[26]

Jiang, X., Day, A.G., Laporta, D. and Klompas, M. (2013) The Clinical Impact and
Preventability of Ventilator-Associated Conditions in Critically Ill Patients Who
Are Mechanically Ventilated. Chest, 144, 1453-1460.
https://doi.org/10.1378/chest.13-0853

Jaensson, M., Olowsson, L.L. and Nilsson, U. (2010) Endotracheal Tube Size and
Sore Throat Following Surgery: A Randomized-Controlled Study. Acta Anaesthesi-
ologica Scandinavica, 54, 147-153. https://doi.org/10.1111/§.1399-6576.2009.02166.x

Karmali, S. and Rose, P. (2020) Tracheal Tube Size in Adults Undergoing Elective
Surgery—A Narrative Review. Anaesthesia, 75, 1529-1539.
https://doi.org/10.1111/anae.15041

Pacheco-Fowler, V., Gaonkar, T., Wyer, P. and Modak, S. (2004) Antiseptic Im-
pregnated Endotracheal Tubes for the Prevention of Bacterial Colonization. Journal
of Hospital Infection, 57, 170-174. https://doi.org/10.1016/.jhin.2004.03.011

Pneumatikos, I.A., Dragoumanis, C.K., Bouros, D.E., Warner, D.S. and Warner,
M.A. (2009) Ventilator-Associated Pneumonia or Endotracheal Tube-Associated
Pneumonia? An Approach to the Pathogenesis and Preventive Strategies Empha-
sizing the Importance of Endotracheal Tube. The Journal of the American Society
of Anesthesiologists, 110, 673-680. https://doi.org/10.1097/ALN.0b013e31819868e0

DOI: 10.4236/0jem.2023.113006

56 Open Journal of Emergency Medicine


https://doi.org/10.4236/ojem.2023.113006
https://doi.org/10.1378/chest.13-0853
https://doi.org/10.1111/j.1399-6576.2009.02166.x
https://doi.org/10.1111/anae.15041
https://doi.org/10.1016/j.jhin.2004.03.011
https://doi.org/10.1097/ALN.0b013e31819868e0

	Comparison of the Use of Conventional and Antibiotic-Coated Tracheal Tubes and EVAC on the Incidence of Ventilator-Associated Pneumonia (VAP)
	Abstract
	Keywords
	1. Introduction
	2. Mechanisms to Reduce the Occurrence of VAP
	2.1. Suction of Subglottic Secretions
	2.2. Changes in the Cuff of the Tracheal Tube
	2.3. Reduction of Biofilm Formation 

	3. Materials and Methods
	4. Results
	5. Discussion 
	6. Conclusions
	Ethical Standards
	Acknowledgements
	Conflicts of Interest
	References

