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Abstract

Background: Mechanically ventilated patients are at risk of developing the iatrogenic infection ventilator-associated pneumonia (VAP). Inadequate
knowledge of nurses is one of the obstacles to adherence to evidence-based guidelines to prevent VAP.

Objectives: This study aimed to estimate the knowledge of nurses about VAP prevention.

Methods: In this systematic review and meta-analysis, national and international databases, including Maglran, Scientific Information Database
(SID), Web of Sciences, PubMed, and Scopus were searched using the following keywords: “Ventilator-associated pneumonia”, “VAP”,
“Nosocomial pneumonia”, “Knowledge”, and their possible combinations. The VAP prevention score was calculated according to the
questionnaire introduced and validated by Labeau et al. The analyses were performed using Stata (version 12).

Results: In the initial search, 1193 articles were found of which a total of 8 articles were included in the analysis. The nurses achieved 48.31% of
the VAP prevention total score (Confidence Interval [Cl]: 95%: 44.63-52). The lowest and highest VAP prevention scores were attributed to
frequency of humidifier changes (15.13%, Cl: 95%: 11.35-18.92) and patient positioning (81.03%, Cl: 95%: 75.43-86.64), respectively. The
percentage of nurses’ knowledge about VAP prevention in Asian studies was higher than that in the European studies (54.71% versus 44.92%).
Conclusion: The nurses obtained less than half of the VAP prevention total score. Regular training courses and reviewing VAP prevention guidelines

can keep nurses' knowledge up to date.
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Introduction

Ventilator-associated pneumonia (VAP) are the most
prevalent nosocomial infections that are not present at the
time of admission and develop 48 hours after endotracheal
intubation or mechanical ventilation.! The mortality rate in
the VAP patients ranges from 20% to 50%, and may increase
to more than 70% when multi-resistant and invasive
pathogens are the causes of the infection.? VAP increases the
duration of hospitalization and treatment costs.>*

In the US, the annual cost of VAP is about $2 billion, and
every new case imposes $30,000 to $40,000 on the healthcare
system.® Until now, different methods have been proposed
for VAP prevention and management, such as avoiding
unnecessary intubation, accurate aspiration of subglottic
secretions, placing the patient’s head at an angle above 30

degrees, physiotherapy, proper washing of hands, and use of

the standard protocol for suctioning.® In 2004, Dodek et al.,
introduced the Evidence-Based Clinical Practice Guideline
that included physical, positional, and pharmacological
strategies that are useful for nurses.” VAP prevention is a still
challenge for health care providers, especially nurses.?
Although awareness of the VAP prevention guidelines does
not necessarily lead to adherence to them, inadequate
knowledge about these guidelines can prevent their
implementation.” Although numerous protocols have been
proposed to prevent VAP or to reduce its prevalence,
realizing this goal requires cooperation among different
groups involved in treating this condition. However, the
positive outcomes in this domain are mainly dependent on
the quality of care provided by nurses.!” Therefore, nurses’
knowledge is the first step in implementing VAP prevention

9,11

evidence-based guidelines.>'! Most physicians and nurses
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learn about taking care of critically ill patients only through
basic educational programs. They repeatedly encounter
critically ill patients during training courses without
adequate knowledge of providing evidence-based care.!?
Although VAP is not a new diagnosis, nurses can play an
important role in preventing this infection by meeting the
related guidelines. There are different instruments to assess
nurses’ knowledge regarding VAP. One of the popular
instruments was developed by Labeau et al., which is a
questionnaire consisting of 9multiple-choice questions with
only one correct option for each question. The nurses’ total
score is calculated by summing the scores of the nine items.
The item difficulty ranges from 0.1 to 0.9, and the item
discrimination ranges from 0.10 to 0.65."* Previous studies
have investigated the knowledge of nurses using this

instrument and have reported various results.%>!-1418

Objectives

Given that any training aimed at improving nurses’
knowledge of VAP prevention requires adequate knowledge
of the current situation, the goal of the present study was to
estimate nurses’ knowledge regarding VAP prevention.

Materials and Methods

Search strategy

In the present study, nurses’ knowledge of VAP prevention
was examined by analyzing Persian and English articles,
published from 2007 to December 2019, based on the
instrument developed by Labeau et al,” Given that the
Labeau et al.’s scale was developed in 2007, and the present
study was based on this scale, we searched for articles
published between 2007 and 2019.

In order to find the related articles, national databases,
including Scientific Information Database (SID) and
Maglran; and international databases, including Web of
Science, PubMed, and Scopus were searched. The search was
conducted using the following keywords: “Ventilator-
associated pneumonia“, "VAP", "Nosocomial pneumonia,",
"Knowledge", and their possible combinations. The reference
lists of the extracted articles were also reviewed to find other
related studies. Because the national databases were not
sensitive to Boolean Search Terms (NOT, AND, OR), they
were searched using the following keywords: “Ventilator”
and “Pneumonia.” The search strategy in PubMed was as
follows: Ventilator-associated [All Fields] AND (nosocomial
[All Fields] AND ("pneumonia’[MeSH Terms] OR

"pneumonia”[All Fields])) AND (VAP [All Fields] AND
("knowledge"[MeSH Terms] OR "knowledge"[All Fields]))

Study selection and data extraction

First, all the articles containing the above-mentioned
keywords were collected, and then articles were selected
based on the inclusion and exclusion criteria. The inclusion
criteria were as follows: observational studies, use of the VAP
prevention instrument developed by Labeau et al, and
written in Persian or English. Some of the selected studies
had used modified versions of the instrument and had added
other items to it. The studies using the modified instruments
were not included in the analysis. The score obtained from
each study was reported as a percentage.

The search process and methodological examination were
conducted by two

independent researchers; any

disagreement between them was resolved through
discussion. The properties of the selected articles, including
the name of the first author, year of publication, place of
publication, sample size, and percentage of the total score on
the items assessing nurses’ knowledge of VAP prevention
were recorded on an excel spreadsheet. Methodological
quality was assessed based on the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE). This is a 22-item checklist assessing 6 different
aspects of an article, including title, abstract, introduction,
results, and funding.'

Statistical analysis

Because the selected articles had reported the nurses’
knowledge of VAP prevention as percentages, the binomial
distribution formula was used to assess this variable. The
variance of each study was also assessed using the binomial
distribution formula, and the percentage scores were pooled
using the weighted mean, so that each study was assigned to
a weight that was contrary to its variance. Due to the
differences in the total and item scores between among
studies and the significance of the heterogeneity indices, the
random-effects model was used to combine the studies and
estimate the percentage of the total and item scores. The I*
index and the Cochran's Q test were used to examine
heterogeneity between the selected studies. For the I* index,
heterogeneity was divided into three classes: below 25% (low
25%-50%
heterogeneity), and above 75% (high heterogeneity); and for

heterogeneity), in the range (moderate
the Cochran's Q test, p<0.1 indicated the significance of

heterogeneity between the studies. The forest plot was used
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to comprehensively show the selected studies based on effect
sizes and confidence intervals (95%). A forest plot was also
used to show the percentages of total and item scores of
nurses reported in the selected studies and the 95%
confidence intervals. The selected studies were divided by
continent (Europe and Asia), and the percentages of nurses’
scores on the VAP prevention items were reported by
continent using the subgroup analysis.

The relationship of nurses’ total knowledge of VAP
prevention with articles’ year of publication and sample size
was examined using the univariate meta-regression. Finally,

the sensitivity analysis was used to assess the role of each

study in the final result, and the Funnel plots based on the
Egger's regression tests were used to examine the effect of
small studies and the potential publication error. All the

analyses were performed using the Stata (version 12).

Results

In the present study, all the studies on nurses’ knowledge of
VAP prevention, published in Persian or English, were
systemically reviewed and meta-analyzed, using the PRISMA
statement. In the initial search, 1193 articles were identified,
of which a total of 8 articles were included in the final analysis

based on the inclusion and exclusion criteria (Figure-1).
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Figure-1. Screening flowchart showing the selection of qualified articles according to the PRISMA statement.

Finally, 8 qualified studies with a total sample size of 7818
(an average of 978 participants in each study) were included
in the analysis. Among them, 5 studies were from Asia (Iran,
Turkey, and Lebanon)®>'!*!¢ and 3 were from Europe.'>'>!
All the studies had been conducted between 2007 and 2016.

The highest and lowest total scores of VAP prevention were

reported in the studies by El-Khatib et al., (79.89%) and Blot
et al., (41.23%), respectively.”'> More details are provided in
Table-1.

The analyses showed that the nurses obtained 48.31% (CI:

95%: 44.63-52) of the VAP prevention total score. Table-2
shows the nurses’ VAP prevention in total scores.
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Table-1. Characteristics of the selected studies.

First Author Year Sample Place Q1 Q2 Q3 4 Q5 Q6 Q7 Q8 Q9 Total
size
Firouzian '¢ 2016 120 Iran 81.7 533 425 6.7 62.5 383 30 467 858 49.72
Yeganeh !! 2015 171 Iran 56.7 345 708 193 725 292 398 526 87.1 5139
Bagheri- 2014 52 Iran 346 173 788 3.8 80.8 135 654 904 827 5192
Nesami
Akin Korhan ¢ 2013 138 Turkey 79 623 391 174 688 167 239 543 29.7 4347
Llaurad¢ '8 2011 3329 6 European countries 63.8 437 372 182 46,6 223 449 599 838 4671
El-Khatib ° 2010 41 Lebanon 76 68 84 26 92 87 97 92 97 79.89
Labeau 7 2008 3329 22 European countries 54.7 351 382 214 457 182 50.6 57.3 851 4514
Blot '* 2007 638 Belgium 187 48,6 547 133 169 196 603 487 903 41.23
Table-2. Nurse’ scores on different items of VAP prevention by continent.
Domain Subgroup Number of  Proportion of Confidence Heterogeneity
studies scores (%) Interval 95% 12 (%) Q P
Q1 Asia 5 66.04 51.11-80.97 93.3 59.63 <0.0001
Europe 3 45.78 24.86-66.70 99.7 661.99 <0.0001
Total 8 58.07 45.04-71.10 99.1 789.03 <0.0001
Q2 Asia 5 46.82 29.93-63.72 94.0 67.09 <0.0001
Europe 3 42.31 34.99-49.63 97.2 72.50 <0.0001
Total 8 44.52 38.29-50.75 95.2 145.54 <0.0001
Q3 Asia 5 62.82 45.13-80.51 94.9 78.50 <0.0001
Europe 3 43.10 35.96-50.18 97.1 68.95 <0.0001
Total 8 54.50 46.58-62.42 97.2 254.36 <0.0001
Q4 Asia 5 13.55 6.31-20.79 85.3 27.21 <0.0001
Europe 3 17.79 14.04-21.56 93.5 30.80 <0.0001
Total 8 15.13 11.35-18.92 92.2 89.89 <0.0001
Q5 Asia 5 75.2 65.40-85.01 85.8 28.19 <0.0001
Europe 3 36.45 21.56-51.35 99.4 332.85 <0.0001
Total 8 60.14 48.38-71.91 98.9 645.42 <0.0001
Q6 Asia 5 36.75 14.84-58.67 97.3 150.57 <0.0001
Europe 3 20.10 17.08-23.04 88.5 17.46 <0.0001
Total 8 28.91 22.90-34.92 96.6 204.31 <0.0001
Q7 Asia 5 51.21 18.89-83.53 98.9 372.14 <0.0001
Europe 3 51.71 44.94-58.47 96.7 60.01 <0.0001
Total 8 51.49 41.23-61.74 98.5 462.39 <0.0001
Q8 Asia 5 67.21 47.97-86.46 96.4 110.63 <0.0001
Europe 3 55.70 51.10-60.30 92.8 27.60 <0.0001
Total 8 62.28 55.91-68.64 95.7 162.73 <0.0001
Q9 Asia 5 76.54 55.39-97.69 98.2 217.83 <0.0001
Europe 3 86.23 83.25-89.21 91.6 23.78 <0.0001
Total 8 81.03 75.43-86.64 97.2 247.32 <0.0001

The results showed that the highest frequency of correct
answers was on item 9 (81.03%, CI: 95%: 75.43-86.64) that
assessed nurses’ knowledge of the patient’s position. In
addition, the lowest frequency of correct answers was on item
4 (15.13%, CI: 95%: 11.35-18.92) that assessed the frequency
of humidifier changes. The results also indicated that less
than half of the nurses answered correctly to the items 2
(frequency of ventilator circuit changes), 4 (frequency of

humidifier changes), and 6 (frequency of change in suction
systems). Figure-3 presents nurses’ scores on different items
of VAP prevention.

Nurses’ total knowledge of VAP prevention was higher in
the Asian studies (54.71%, CI: 95%: 44.07-65.65) than that in
the European studies (44.92%, CI: 95%: 42.58-47.27). The
results by continent (Asia or Europe) indicated that the
percentage of correct answers on the items Q4 and Q9 was
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higher in the European than in that the Asian studies, the
percentage of correct answers on the item Q7 were similar in
the studies conducted in both continents, and on the
remaining items, the percentage of correct answers was
higher in the Asian than in the European studies. According
to the meta-regression results, no significant relationship was
found between nurses’ VAP prevention total score and
sample size (p=0.436) and year of publication (p=0.808).

The sensitivity analysis results showed that none of the
studies had a significant effect on the estimation of nurses’
total knowledge of VAP prevention. In addition, the
publication error was not significant (p =0.250).

The meta-regression analysis showed no significant
relationship between nurses’ knowledge of VAP prevention

Study Proportion of %
ID correct response (95% CI)  Weight
Firouzian (2016) +— 49.72 (40.78, 58.67) 9.39
Yeganeh (2015) ':ﬁ 51.39 (43.90, 58.88) 11.25
Bagheri-Nesami (2014) —é.— 51.92 (38.34, 65.50) 545
Akin Korhan (2013) -.E' 43.47 (35.20, 51.74) 10.21
Llaurado (2011) .. 46.71(45.02, 48.41) 20.12
El-Khatib (2010) g —— 79.89 (67.62, 92.16) 6.31
Labeau (2007) .. 45.14 (43.45, 46.83) 20.12
Blot (2007) .E 41.23 (37.41,45.05) 17.14
Overall (I-squared = 82.8%, p = 0.000) o 48.31 (44.63, 52.00) 100.00
NOTE: Weights are from random effects analysis E
[ | I
-92.2 0 4831 922

Figure-2. Forest plot of the percentages of nurses’ total knowledge

and sample size (p=0.436) and year of publication (p=0.808). of VAP prevention
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Figure-3. Forest plot of nurses’ scores on different items of VAP prevention
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Egger's publication bias plot
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Discussion

In the present meta-analysis, a total of 8 studies with a total
sample size of 7818 were analyzed to estimate nurses’
knowledge of VAP prevention. The results demonstrated
that the nurses obtained 48.31% (CI: 95%: 44.63-52) of the
VAP prevention total score (less than half of the total score).
In other words, the nurses’ knowledge of VAP prevention
was not adequate. Due to the important role of nurses in VAP
prevention, and relationship of this problem with high
proportion of nosocomial infections. This finding may
indicate a gap between the actual nursing care and the
educational content that they learn during training; this
potentially reduces the quality of care provided for the
patients and threatens their health. Due to the importance of
VAP prevention on the reduction of nosocomial infections,
a change in the nursing training processes or even in the
hospitals’ general policies may be necessary to reduce
nosocomial infections.

The analyses showed that the most correct answers were on
the Patient positioning item. This finding showed that the
nurses had a good knowledge regarding the prevention of
gastroesophageal reflux and bacteria aspiration in patients
under mechanical ventilation by placing the patient’s head at
a 30 degrees angle or above. In a meta-analysis by Alexiou et
al., aimed at examining the impact of patient position on the
incidence of VAP, the risk of VAP in patients in a semi-
sitting position with 45 degrees head elevation was
significantly lower than in those with 15-30 degrees head
elevation.® Nurses know that the supine position in every
patient increases the risk of aspiration and finally
pneumonia, through changing the level of consciousness

(even if the patient t is not under mechanical ventilation).

Drakulovic et al., found that patients in the supine position
were at a higher risk of developing VAP compared to those
in the semi-upright sitting position (Head-of-bed elevation
of 45 degrees).*

Nasogastric intubation can impair the functioning of the
upper esophageal sphincter, and increases the risk of reflux
by increasing the risk of proliferation of microorganisms in
the upper digestive system (mouth and stomach). This chain
of factors can lead to the migration of bacteria into the lower
airway, and therefore results in pneumonia. Finally, the
increased risk of reflux and aspiration increases the risk of
ventilator-associated pneumonia. Therefore, there is a high
risk of VAP in patients under mechanical ventilation who are
tube-fed.”” Nurses’ lowest scores were on the Frequency of
humidifier changes item. In Labeau et al., study in Europe
also about 21% of the nurses were aware of the proper times
for changing humidifier filters."”

Although changing heat and moisture exchanger (HME)
filters has been recommended as a useful activity in VAP
prevention,” Menegueti et al,, in a meta-analysis on the
examination of the effectiveness of changing HME filters in
VAP prevention, reported that the HME was not effective.
There is not still a consensus on the most useful type of
humidifier. Some studies have reported no significant
difference in the incidence of VAP between the two
systems.?”*® Kirton et al., showed the effectiveness of HMES
in reducing the incidence of VAP, while, Cohen found that
the use of HHS reduced the incidence of VAP.” In a clinical
trial, Lorene et al., compared the incidence of VAP using
heated humidifiers (HH) or heat and moisture exchangers
(HME). The results indicated that there was a lower
incidence of VAP with HH than with HME.* The study
results showed that less than half of the nurses answered
correctly to the items assessing the frequency of changing
ventilator circuits, humidifiers, and suction systems. It seems
that changing these items is more dependent on the hospital’s
policies and nurses may not have enough power to change
these policies. In addition, considering that each particular
hospital may have its own policies, and hence the nurses may
not be able to change these items.

In a meta-analysis that was conducted by Han and Lui, the
patients who received circuit changes every 2 days had a
higher risk of developing VAP compared to those who
received circuit changes every 7 days.” In addition to the

aforementioned factors regarding nurses’ awareness of the
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proper times of humidifiers changes, it should be noted that
changing these items is often guided by hospitals™ policies
and nurses may not be able to change these policies. In
addition, because each hospital may have its own specific
policies, nurses are not allowed to change the items. In a
clinical trial, patients under mechanical ventilation were
divided into two groups: in one group, the ventilator was
changed every 7 days (ventilator circuit changes), and in the
second group, it was not changed at all. The results showed
that the incidence of VAP was not significantly different
between the two groups of patients (28% versus 24%), but
ventilator changes were costly for the patients.*

The difference between nurses’ scores in the Asian and
European studies can be attributed to different trainings or
even differences in the nursing curriculums. Overall, the
differences in the reported scores in the reviewed studies can
be due to the healthcare models provided for the nurses,
nurses’ routine tasks, lack of access to national or
international guidelines, or differences in health policies.
Non-adherence to VAP prevention guidelines is not limited
to a specific group of healthcare providers and is observed in
all the groups involved. According to reports, the rate of non-
adherence to VAP prevention guidelines is 37% for doctors
and 22% for nurses.**

The strength of the present study was that it was the first
meta-analysis focused on nurses’ knowledge of VAP
prevention. In the meta-analysis studies, a more reliable
estimation of the phenomenon is reported, because the
results of different studies are combined, and a larger sample
is used, without the need to spend additional money to
increase the size of the sample or dedicating more time to
have a larger study. Therefore, our findings presented the
current status of nurses’ knowledge of VAP prevention,
based on the previous studies conducted on this subject and
by taking a broader look at nurses’ conditions, especially
those in Asia and Europe.

One of the limitations of the present study was that nurses’
knowledge of VAP prevention had been reported using
different instruments, but we were not able to analyze the

findings based on all the instruments used.

Conclusions
Overall, the results indicated that the nurses obtained less
than half of the VAP prevention total score. Therefore, it

seems necessary to provide training and workshops for

nurses to improve their knowledge of VAP prevention in
terms of the proper time of changing ventilator circuits,

humidifiers, and suction systems.
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