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Intensive Care Nurses Knowledge, Compliance and Barriers to the
Implementation of Ventilators-Associated Pneumonia Care Bundle: A
Systematic Review and Meta-Analysis
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ABSTRACT

Background: Ventilator-associated pneumonia (VAP) is the most common hospital-acquired pneumonia that
develops within days of patient intubation in the critical care unit. Evidence has demonstrated that implementing
the VAP care bundle is effective in preventing this condition. Objective: This review aims to determine intensive
care nurses’ knowledge, compliance, and barriers to implementing Ventilator-Associated Pneumonia (VAP) care
bundles. Methods: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guided this
systematic review. Three online databases (PubMed, Web of Science, and EMBASE) were searched for relevant
articles, alongside a grey literature search. A total of 11 articles meeting the inclusion criteria were included in
the study. Articles providing adequate information for meta-analysis were analyzed using Comprehensive
Meta-Analysis software version three. Result: The study results revealed that intensive care nurses’ knowledge
of the VAP care bundle was 0.516 or 51.6% (CI: 0.357-0.671), indicating an average knowledge level. Regarding
nurses’ compliance with the VAP bundle, a statistically significant (p-value 0.022) high compliance level of 66.7 %
or 0.667 (CI: 0.525-0.784) was observed. Identified barriers to implementing the VAP bundle included inadequate
knowledge, insufficient equipment, and absence of protocols or guidelines for VAP care bundle implementation.
Conclusion: The study therefore concludes that intensive care nurses require training on VAP care bundle
implementation. Furthermore, hospital managers should ensure adequate availability of equipment and
guidelines to support effective practice.
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organisms, Gram-negative organisms primarily
associated with VAP include Klebsiella pneumoniae,
E. coli, Acinetobacter species, and Pseudomonas
aeruginosa, while Staphylococcus aureus is the main
Gram-positive organism observed in VAP.2 The
occurrence of these organisms is reported to vary
depending on factors such as the organism
constituting epidemic concern in a specific ICU,
length of patient hospitalization, continuous patient
exposure to the organism, and duration of ventilator
use.” Diagnosis of VAP is based on key clinical
indicators such as infiltrates on chest imaging,
declining oxygenation, and changes in sputum
quality.® Furthermore, evidence reports that when
these organisms invade the body, patients exhibit
clinical symptoms including fever, hypoxemia, and
purulent exudates.” Hence, patients require prompt
antibiotic treatment, as evidence indicates that 50%
of antibiotic use in the ICU is related to VAP;
unfortunately, antibiotic resistance complicates
management, resulting in the higher mortality
associated with VAP.1011

In this regard, a collection of evidence-based
therapies, referred to as “care bundles,” has been
introduced to improve outcomes for patients with
VAP.12 The VAP care bundle, as recommended by
the Department of Health in the UK., includes
provision of regular oral hygiene, elevation of the
head-end of the bed, administration of prophylaxis
for stomach ulcers, and daily sedative interruptions.
Other recommendations include  subglottic
aspiration, tracheal tube cuff pressure monitoring,
and antiseptic oral hygiene.’® This evidence-based
guideline, according to He et al.,'* has increasingly
demonstrated effectiveness in reducing not only

VAP-associated mortality but also VAP-related
complications.#1>

To address VAP, care bundle was introduced among
other measures to reduce prevalence and improve
prognosis of VAP in the ICU.? Unfortunately,
evidence shows that there is widespread inadequate
knowledge among nurses regarding implementation
of the VAP care bundle.'01¢18 Evidence opined that
nurses’ knowledge is fundamental to providing
evidence-based care to patients to improve outcomes
for VAP patients. 121

Although systematic reviews have been conducted
on VAP. 2 2% they fall short of addressing the
outcome measures considered in this review.
Therefore, this review set out to determine intensive
care nurses’ knowledge, compliance, and barriers to
the implementation of ventilator-associated
pneumonia care bundles to provide insight into
improving outcomes for patients with VAP.

The objectives of this systematic review therefore are
to determine intensive care nurses” knowledge and
compliance with ventilator-associated pneumonia
care bundles. The study also aims to identify barriers
encountered by intensive care nurses in
implementing VAP care bundles.

Methods

This systematic review and meta-analysis were
conducted in line with the recommendation of
PRISMA 2020 guideline as obtained at
http:/ / prisma-

statement.org/ prismastatement/ checklist.aspx
Eligibility criteria

According to Drucker et al.? eligibility criteria help
eliminate inclusion bias. Therefore eligibility criteria
used in this study are as in Table 1.
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Table 1: Table showing Inclusion and exclusion criteria and rationale

Peer review peer review articles

such as thesis

Non peer review articles

S/No  Study Inclusion Exclusion Rationale
characteristic
1 Population Intensive care nurses Other categories of To meet the objective of the
healthcare workers and study
nurses not working in ICU
2 Exposure VAP care bundle Other non-standardised To enable standards for
care comparing outcomes across
different studies
3 Outcome Knowledge, adherence, Outcomes other than To meet the objective of the
and barriers Knowledge, adherence, study
and barriers
4 Study design Quantitative, Non RCT, clinical trials or To meet the objective of the
experimental studies quasi-experimental studies, study
qualitative studies
5 Date of 2008 to 2023 Articles before 2008 To be able to access the
publication current set of evidence

To ensure the credibility of

the findings

Information Sources

The information sources for this systematic
review were three online databases. They are
Web of Science, PUBMED, and EMBASE.

Search Strategy

The Boolean operator is regarded as the
backbone of an effective literature search in
databases, as it enables various databases to
identify a wide range of literature for potential
review.? According to Exlibiris?” the Boolean
operators used include “OR,” “AND,” and
“NOT.” The “OR” Boolean operator is reported
to be used to broaden searches; the “AND”
operator is used to link groups of search terms to
ensure that both terms appear in the search
results, while the “NOT” operator is used to
restrict search terms and help exclude articles
containing such terms. According to Grewal et
al?® the use of “NOT” should be applied
cautiously, as it removes articles without giving
researchers the opportunity to review such
articles.

The search for articles for this review was
therefore conducted using MeSH terms and
relevant keywords in three databases (PUBMED,
Web of Science, and EMBASE). The search terms

used therefore were: (“ICU nurses” OR
“Nurses” OR “Intensive care nurses” OR
“Critical care nurses” OR “critical care nursing”)
AND (“VAP care bundle” OR “VAP bundle” OR
“Ventilator associated care bundle” OR
“Ventilator associated bundle” OR “Ventilator
acquired pneumonia care bundle” OR
“Ventilator associated pneumonia bundle”)
AND (Knowledge OR Awareness OR
Understanding) =~ AND  (adherence  OR
Compliance OR Observance) AND (Barriers OR
Obstacles OR Challenges OR Difficulties).
Study Selection and Search Result

Study selection was conducted following the
PRISMA template. Selection was performed
independently by D.H. and E.J. Where
discrepancies occurred between studies, a third
reviewer, L.N, served as a tiebreaker. The
selected databases were searched, and
duplicates were manually removed; thereafter,
the reviewer subjected the articles to title and
abstract screening, followed by full-text
screening based on the inclusion criteria
previously established for the study. Limiters
such as year of publication and English language
were also applied to guide the screening process.
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Data Collection Process

For research articles that met the inclusion
criteria, the data collection process was
conducted by D.H. and RK.T. using
spreadsheets.

Data Item

According to Tawfik et al.? information
extracted from individual studies is essential
because systematic reviews rely on such data for
analysis and characterization of included
studies; therefore, this step should be
undertaken meticulously. The information
extracted for this review included author, year of
publication, country, years of nurses” experience,
sample size, components of the VAP care
bundle, results on knowledge, adherence, and
barriers, and finally, conclusions. Based on the
recommendation of Hamina et al.* that more
than one individual should perform this stage,
data extraction was conducted independently by
two reviewers (D.H. and HH), and
discrepancies were resolved through discussion.
Risk of Bias/Critical Appraisal

All 11 studies that met the inclusion criteria for
this review were subjected to critical appraisal.
According to Young and Solomon®, critical
appraisal is a scientific methodological process
through which the trustworthiness and rigor of
a research article are assessed against a standard
benchmark. In this regard, Harrison et al. 2
recommended the use of a protocol or checklist
appropriate to the methodology of the included
studies. Based on this recommendation, the
appraisal tool for cross-sectional studies (AXIS)
was adopted for this review. AXIS is a 20-item

tool divided into five sections: introduction,
methods, results, discussion, and other
components. The 20 questions address different
aspects of these sections. According to Downes
et al.?® the AXIS tool is uniquely developed,
flexible for use across disciplines, particularly in
health research, and easy to use even for
beginners; hence, it is preferred over other
appraisal tools. Two researchers (JEM and IAB)
independently appraised the studies. Studies
were graded as very low risk of bias if they
scored 19-20 points, low risk for scores of 17-18,
moderate risk for scores of 15-16, and high risk
of bias for scores of 14 or less.> The appraisal of
the included studies are as shown on Table 2

Data Analysis
Regarding analytical methods, studies that

provided sufficient information for inclusion in
a meta-analysis were pooled to determine
pooled effect size statistics. Comprehensive
Meta-Analysis software (CMA) version three
was used. Additionally, a random-effects model
with event rate and p-value was applied. A p-
value of >0.05 was used to determine statistical
significance. The random-effects model was
applied due to anticipated heterogeneity among
studies. The I? value was used to assess study
heterogeneity. Lastly, narrative synthesis using
themes and subthemes was applied for non-
homogeneous outcomes to identify barriers to
implementing the VAP care bundle
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Table 2: Table showing the summary of critical appraisal using Axis

Alou Dumbre Abad, Aloush and Alkhazali, Al- Bankanie Jansso Jansson et Alietal Yeganeh et
shet 3 Formalejo Al- Bayraktar  Sayaghi* etal® net al® 4 al. ¥
al.® and Rawajfa® and Al- al®
Mantaring®’ Mugheed?
9
1 Clear aims and objectives for the Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
study
2 Is the design appropriate for the Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stated aim
3 Is the sample size justified? Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes
4 Clearly defined population Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
5 Appropriate sample size Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
6 Representativeness of the Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
population
7 Measures put in place to address No No Yes No No No No No No No No
and categorize non-respondents
8 Appropriateness of the outcome Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
to the aims of the study
9 The validity and reliability of the Yes Yes yes Yes Yes Yes Yes Yes Yes Yes Yes
instrument reported
10 Statistics of the instrument tested Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
11 Were the methods of the study Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
sufficiently described
12 Were the basic data sufficiently Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
described
13 Response rate reported Yes Yes No Yes Yes Yes Yes Yes Yes No Yes
14 Information about non- No No No No No No No No No No No
respondents described?
15 Were results internally consistent Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
16 Were all results presented for all Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
analysis
17 Were the discussion and Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
conclusion justified by the results
18 Were the limitations of the study Yes No No Yes Yes Yes Yes Yes No Yes Yes
discussed
19 No conflict of interest identified? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
20 Were ethical approval and Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
consent obtained?
TOTAL 1820 1720 1720 18/20 18/20 18/20 18/20 18/20 1720 16/20 18/20
INTERPRETATION Low Low Low Risk Low Risk Low Risk Low Risk Low Risk Mode Low Risk Moderate  Low Risk
Risk Risk rate Risk
Risk
DECISION Acce Accepte  Accepted Accepted Accepted Accepted Accepted Accep Accepted Accepted Accepted
pted d ted

Very low risk (VLR) = 19-20 points; low risk (L.R.) for bias = 17-18; moderate risk (M.R.) = 15-16; high risk (H.R.)
for bias= 14 or less. 34
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Characteristics of Included Studies

Eleven studies that met the inclusion criteria and
passed the critical appraisal were included in this
study. Overall, 1839 critical care nurses across eight
countries participated in the various studies
included in this review. There were more female
than male participants in the studies. The study of
Aloush et al.% had more research participants with a
sample size of 471. However, the study cut across
three countries, i.e., Jordan, Egypt, and Saudi Arabia,
while the study of Ali et al.** had the smallest sample
size of 45 participants. With regards to the
classification of the countries based on the World

middle-income countries, while only three studies
404243 were conducted in high-income countries. On
the other hand, only the study of Aloush et al. % was
conducted across three countries; two of the
countries were lower-middle-income countries,
while one (Saudi Arabia) was a high-income country.
About the study design, all the 11 research articles
included were survey designs.

Findings from Meta-Analysis

Nurses Knowledge of VAP care bundle

The Figure 1 shows the result of six studies that were
used for the meta-analysis to determine the

Bank classification of countries based on income?,
seven studies 3639 414445 were conducted in lower-

knowledge of nurses with regards to VAP care
bundle.

Study mame Stafistics for sach study Event rate and 95% Ci

Event Lower Upper

rate Tt limnit ZValue p-Value
Abad Formalefo and Mantaring (2021) 0.730 0605 Q827 3.420 (LR E k] -
Al et al (2013 0.100 0.040 0337 4422 [ R ] [
Bankanie &1 & (2021) 0.330 O30 0481 -2350 oo -.-
Dumbre (2019 0570 D443 DGER 1.081 0280
Jansson et al (2013) 0.530 D492 0681 1.700 a.o72
Janszaon &t al (2018) 0710 0618 0788 4.222 [ R -.

0.516 D.A57 D&7 0. 187 O.B52

A,00 0,50 0,00 050 1,00

Figure 1: Nurses' Knowledge of VAP care bundle
Heterogeneity Q value=53.753, df=5, 12=90.698, p value=0.000

Figure 1 shows the knowledge of nurses to VAP care tobe 90.698 indicating a large level of heterogeneity exists

bundle; six studies provide sufficient information and bases on the rule of thumbs.

were therefore included for meta-analysis. The pool effect

Nurses’ compliance with VAP care bundle

Of the eleven studies included for this review, Figure 2
shows nine reported compliances of nurses to VAP care
bundle and provided sufficient information for meta-

analysis.

results of nurses knowledge with VAP care bundle
reveals an event rate of 51.6% or 0.516 (CI: 0.357-0.671)
with the p value of 0.852. The heterogeneity 12was found

Study nas Statisics for @ach study

Evant Lower UUppar

Evant rate a nd 95% CI

rate It bt FEvalue pValue
Abad, Formaiejo and M antarng (2021) 0855 0.73& 09230 24738 0000 =
Alpush and Al-Rawajis (2013) D290 D241 0344 5966 0. 000 | |
Aboisah ok &l (20183 0.470° 0425 0515 -1.304  0.162 [ ]
Al-Sayaghi (2021) o.BE0 D0BODS 0898 2§ 532 0000 .
Bankanie ef ai 2021} 0.810 0.519 O0DAOD4 2350 0,040 g 3
Dumbre (2018} 0.720 0584 0519 3285 0007 -l
Jansson ot al (2043} D.E40 O0.755 08889 6109  0.000 Tl
Jansson et al (2018} 0.860 D566 0743 3285 D00 gl
Yeganah el &l (2018} 0.580 0.485 0633 1585 0117

0.667 0525 0784 2287 0.022 olgipee-

-1.00 =0, 50 o, 00 .50 1.00
Figure 2: Compliance of nurses to VAP care bundle

Heterogeneity Q value=217.192, 12=96.317, p value=0.000
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Nine studies that reported on compliance of nurses to
VAP care bundle and provided sufficient information
for meta-analysis. The pool effect result of compliance
to VAP bundle among nurses reveals an event rate of
0.667 or 66.7% (CI: 0.525-0.784). The p value of the
outcome was 0.022 indicating a statistically significant
finding with regards to the compliance of nurses to the
VAP care bundle among the studies reviewed as
shown on Figure 2

Barriers of Nurses to Adhering to VAP Care Bundle
There was no sufficient information for meta-analysis
for this outcome measure, and they were, therefore,
narratively analyzed. Findings reveal that lack of

Table 3: Data extraction table

knowledge regarding the VAP care bundle was the
the
implementation of the bundle. Six of the eleven

most commonly reported barrier to
studies included in this review reported a lack of
knowledge.?373841-43  Additionally, reported
inadequate equipment as a barrier to implementing
the VAP bundle®4243, while three studies reported a

lack of guidelines and or protocol.3”%%43 Other barriers

four

reported were inconsistency of research findings,
forgetfulness, shortage of manpower, and lack of skills
reported by two studies each. Others reported by one
study are lack of mentorship, patient discomfort,
inadequate budget, and lastly, role ambiguity. Details
of the factors are shown in Table 3.

S/No | Reference Country Sample Research Result Recommendation
size (n) VAP Bundle design Knowledge | Adherence | Barriers
to
Complia
nce
1 Aloush et Jordan 471 1. Perform oral Self- Not The average | 1.Lack of | Update curriculum
al. % (n-185) Male hygiene per shift | reported reported compliance education | of undergraduate
Egypt (233) at a minimum Cross- of Nurses nurses to include
(n=200) Female(2 sectional across all VAP care bundle
Saudi 38) 2. Use survey VAP 2. lack of
Arabia chlorhexidine bundles mentorship
(n=88) for oral hygiene was 47%
with a mean
3. Evaluate score of 12.3 | 3. poor
suitability for (SD =3.2) use of
weaning daily research
findings
4. perform hand
hygiene
5. Use of sterile
gloves
6. Positioning
the patient on a
semi-flower
7. Do not use
normal saline
for irrigation in
suction
2 Dumbre 3¢ | India 60 Position the Explorat Findings 71.7% of the A positive
head-end ory reveal that respondents significant
sedation breaks survey 56.7% had had good association exists
excellent compliance between
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Perform oral research knowledge knowledge and
wash with design regarding to compliance
chlorohexidine VAP bundle
Perform
subglottic
suction with
endotracheal
tubes
Provide
prophylaxix for
DVT
Provide
prophylaxis for
peptic ulcer
3 Abad, Philippin | 60: 1. elevate the Cross- 73.33% of Self- 1. Lack of | There is a need for
Formalejo es Nurses head-end of the sectional | respondents | reported guideline | formal training and
and 56(Male bed survey had good adherence on-the-job
Mantaring 17 and knowledge to the VAP 2. Patient | mentorship for
37 Female 2. Subglottic of the VAP care bundle | discomfo | practitioners
26) excretion bundle was rt
ICP 4( drainage reported to
Male 3 be 84.6%. 3. Lack of
and 3. assess daily educatio
female1) | readiness to n
extubate
4. offer DVT
prophylaxis
5. conduct a
closed
suctioning
system
6. Perform oral
hygiene
4 Aloush Jordan 294 Perform regular | Cross- Not Compliance | 1.Lack of | On-the-job training
and Al- (Male hand hygiene sectional | Reported of nurses educatio and provision of
Rawajfa 3 150, descripti with the n equipment and
Female Continuous ve VAP bundle supplies
144) patient was 29.6% 2. lack of
education guideline
s and
Regular use of protocols
gloves
3. Lack of
required
equipme
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Subglottic nt and
suctioning of supplies
secretion

Elevate the
head-end of the
bed

Conduct regular

oral hygiene

5 Alkhazali, Jordan 185 Perform regular Cross- The mean Not 1. Lack of | Education of
Bayraktar (Male 77 hand hygiene sectional | knowledge reported equipme | nurses on VAP
and Al- and survey of the VAP nt prevention is
Mugheed female Continuous bundle was (65.9%) critical for the
% 108) patient 19.6 6 (3.43) implementation of

education which is 2. the VAP bundle
65.3% Forgetful
Regular use of ness to
gloves practice
the
Subglottic sterile
suctioning of techniqu
secretion es
(54.1%),
Elevate the
head-end of the 3. Lack of
bed time to
practice
Conduct regular IPC
oral hygiene measures
(53.0%)
6 Al- Kingdom | 229 Perform Hand Cross- Not Compliance | 1. Continuous
Sayaghi 40 of Saudi (Male 15 hygiene sectional | reported score was Shortage | professional
Arabia and descripti 85.9% of development for
female Use sterile ve nursing nurses with
214) gloves survey staff regards to VAP as
well as recruitment
Consistent oral 2. of staff
hygiene using Forgetful
chlorhexidine ness
Monitor 3. Lack of
endotracheal adequate
tube pressure financial
frequently budget
Suction
subglottic
secretion

Positioning of

patients
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7 Bankanie Tanzania | 116 Elevate the Cross- Knowledge | Self- 1. Lack of | Recommended
et al 41 head-end of the sectional | of nurses reported skills continuous
bed survey was compliance (96.6%) professional
reported to was 60.8% training of nurses
Sedation Breaks be 38.6% 2. on the VAP care
Inadequa | bundle
Assess patients' te staff
readiness to (95.5%)
extubate
3. Lack of
Perform oral knowled
hygiene with ge
chlorhexidine (79.3%)
Offer peptic
ulcer
prophylaxis
Offer dvt
prophylaxis
8 Jansson et | Finland 108 Patient Cross- Knowledge | Self- 1. role Recommends on-
al. 22 positioning sectional | regarding reported ambiguit | the-job training
survey the VAP adherence ies and encourages
Perform oral bundle was | to the care nurses to further
hygiene with 71.1% bundle was 2.lack of | studies and obtain
chlorhexidine 65.8% educatio higher education to
n serve as mentors.
Perform regular
hand hygiene 3.
inadequa
Subglottic te
suctioning of resources
exudates
9 Jansson et | Finland 101 1. change the Cross- Knowledge | self- 1. On-going
al. 4 ventilator circuit | sectional | of VAP reported inadequa | professional
only on the survey bundle adherence te education
indication among was 84.0%. resources
nurses 2.
2. perform hand 59.9% inconsist
sanitation encies
with
3. offer ongoing research
training and
education for 3. lack of
staff time,
4. Sedation 4. Lack of
break and skills,
adherence to
weaning
guidelines
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5. Lack of
5. Use of knowled
chlorhexidine ge

for oral hygiene
6. Lack of
guideline

S

10 Alietal % Egypt 45 Perform hand Descripti | Only 10% Compliance | Not On-the-job training
hygiene ve had (average reported
explorato | satisfactory mean = 8.62
Positioning of ry design | knowledge +7.9 out of

patients 29

Perform
endotracheal

Suctioning care

Conduct regular
ventilator circuit

care

Perform oral

hygiene

Testing of
enteral feeding
and offering
prophylaxis for

Peptic ulcer

Assess readiness
for weaning and

extubation

Offer DVT
prophylaxis

11 Yeganeh et | Iran 171 Perform Hand Cross- Not Mean Not Develop and

al. 45 hygiene sectional | reported compliance reported implement
survey was 56.32% strategies for

Use of sterile improving nurses'
gloves knowledge and
compliance with

the VAP bundle
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Perform oral
hygiene using

chlorhexidine

Monitor
endotracheal
tube pressure

often

Suctioning of
the subglottic

secretion

Positioning of

patients

VAP= ventilator Associated Pneumonia, ICP= infection control preventionists, IPC= infection prevention control

Results

Search Results

The systematic literature search was conducted
across three electronic databases: PubMed [n=08],
Web of Science [n=14], and EMBASE [n=10].
Cumulatively, a total of 34 articles published
between 2008 and 2023 were retrieved from the three
databases. Three duplicate studies were identified
manually and removed, leaving 21 articles for
screening. Screening was initially conducted by title
review, followed by abstract screening and then full-
text review. After the screening process, thirteen
articles were excluded based on the previously
established eligibility criteria, leaving eight articles
for critical appraisal. All eight studies passed
appraisal and were included in the review. Reference

lists of the eight included studies were searched to
identify grey literature. Four additional articles
meeting the inclusion criteria were identified;
however, one could not be retrieved despite
contacting the author via email and searching for
alternative sources. Consequently, only three articles
identified through reference lists were critically
appraised, all of which met inclusion requirements
and were included.

Overall, 11 articles that met the inclusion criteria and
passed critical appraisal were included in this review
to determine nurses’ knowledge, compliance, and
barriers related to ventilator-associated pneumonia.
The details of the steps of the screening leading to the
inclusion of the studies are presented in Figure 3
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Figure 3: PRISMA Flow Chart
Critical Appraisal/Risk Assessment

Result from the risk assessment shows that studies included were either low risk or moderate as shown on

Table 2. Consequences to this, the articles were accepted to inclusion in this review. Refer to Table 2 for details

outcome of the appraisal and decision.

Discussion

This review examined critical care nurses” knowledge,
compliance, and perceived barriers related to the
implementation of VAP care bundles. Eleven studies
that met the inclusion criteria and spanned different
countries and regions were included. Overall, more
studies originated from low- and middle-income
countries (LMICs) than from high-income countries
(HICs). According to Arabi et al#’, ventilator-
associated pneumonia remains a more significant
challenge in developing countries than in developed
with
mortality. This disparity may explain the higher

settings, substantially higher associated
volume of research emerging from LMICs and likely
reflect a response to the increased burden and
challenges of VAP in these regions.

With respect to study participants, this review focused
on intensive care unit (ICU) nurses, as the objective
was to assess their knowledge, compliance, and
barriers related to the VAP care bundle. In total, 1,839
ICU nurses participated across the 11 included
studies. Vincent et al. 4 reported that intensive care

nursing consistently faces workforce shortages due to

the specialized nature of the role and the high
workload, which often leads to burnout. This may
account for the relatively modest sample sizes
observed in some of the included studies, particularly
given that most employed cross-sectional designs,
where larger sample sizes are typically expected.

Regarding nurses’ knowledge of the VAP care bundle,
the pooled effect from six studies indicated an average
level of knowledge. Closer examination revealed that
only two of these studies were conducted in high-
income settings*>*, both from Finland, while the
remaining four were from lower-middle-income
countries. Consequently, caution is required when
interpreting and generalizing these findings to high-
income countries, as contextual differences may
influence knowledge levels. The average knowledge
level identified in this review contrasts with the
findings of Al-Mugheed et al.%>, whose systematic
review in the Eastern Mediterranean region reported
low levels of nurses” knowledge regarding the VAP
care bundle. Evidence suggests that inadequate
knowledge among nurses is a major contributor to the
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persistence of VAP in ICUs, with adverse implications
for patient recovery, length of hospital stay, and
this
emphasized that improving ICU nurses’ knowledge is

healthcare costs.1050 In regard, evidence
fundamental to enhancing patients’ quality of care
and outcomes.* Similarly, evidence highlighted that
targeted job training and advanced professional
certification are practical strategies that hospital
administrators can adopt to
knowledge of VAP care bundles.°

Compliance with evidence-based VAP guidelines by

improve nurses’

ICU nurses has been shown to significantly reduce the
incidence of ventilator-associated pneumonia.>? The
pooled analysis of nine studies in this review
demonstrated a statistically significant high level of
compliance with VAP care bundles. Notably, this
finding was derived from evidence rated as good to
excellent quality based on the critical appraisal of the
included studies. Of the nine studies assessing
compliance, three were conducted in high-income
countries and six in lower-middle-income countries.
All studies from high-income countries reported high
compliance, whereas only half of those from lower-
middle-income countries reported similarly high
levels. Therefore, although the overall pooled estimate
high
application of this finding should be approached with

indicates compliance, interpretation and
caution in light of these contextual differences. The
high compliance reported in this review contrasts
with the findings of Al-Mugheed et al. #°, who reported
inadequate compliance with VAP care bundles, but
aligns with the findings of John et al. 53, who observed
high These

discrepancies may be attributed to geographical and

compliance among ICU nurses.
economic differences, as Al-Mugheed et al. * focused
primarily on the Eastern Mediterranean region,
largely comprising LMICs, whereas John et al. %3, like
this review, imposed no geographical restrictions.
Furthermore, most studies included in this review
relied on self-reported measures of compliance, which
introduces the potential for reporting bias and may
not accurately reflect actual clinical practice. This
further the
interpretation of the compliance findings.

the the

implementation of the VAP care bundle. The most

underscores need for cautious

review assessed barriers to

Finally,

frequently reported barriers were
the VAP bundle,

equipment, and the absence or unavailability of VAP

inadequate

knowledge of insufficient

protocols and guidelines. Similar barriers related to

knowledge deficits and lack of protocols were also
identified in the systematic review by Al-Mugheed et
al®® The
predominantly reported in studies conducted in

issue of inadequate equipment was
lower-middle-income countries and has likewise been
highlighted.>* These findings emphasize the need for
adequately resourced ICUs, supported not only by
well-trained personnel but also by accessible
guidelines and sufficient equipment to ensure

effective delivery of care.5%%

Summary and Conclusion

This review provides valuable insight into ICU nurses’
knowledge, compliance, and barriers related to the
implementation of ventilator-associated pneumonia
care bundles. The findings indicate an overall average
level of knowledge that was not statistically
significant, alongside a statistically significant high
level of reported compliance. The review also
identified lack of knowledge, inadequate equipment,
and absence of protocols as the major barriers to
effective implementation of the VAP care bundle.
Based on these findings, the study recommends that
future research employ observational designs to
objectively assess compliance and validate the
predominantly self-reported compliance documented

in existing studies.

Acknowledgment

The authors acknowledge the support of Muhammed

Chutiyami for his valuable insights and support.

Competing Interest

The authors declare no competing interests.

References

1. Walaszek, M., Rozaniska, A., Wataszek, M.,
& Woéjkowska-Mach, J. (2018).
Epidemiology  of  ventilator-associated
pneumonia, microbiological diagnostics and
the length of antimicrobial treatment in the
Polish intensive care units in the years 2013-
2015. BMC Infectious Diseases, 18(1), Article
3212. https://doi.org/10.1186/s12879-018-
3212-8

2. Martinez-Reviejo, R., Tejada, S., Jansson, M.,
Ruiz-Spinelli, A., Ramirez-Estrada, S., Ege,
D., et al. (2023). Prevention of ventilator-
associated  pneumonia  through care
bundles: A systematic review and meta-
analysis. Journal of Intensive Medicine, 3(4),
352-364.
https:/ /doi.org/10.1016/j.jointm.2023.04.0
04

Borno Medical Journal o January - June 2026 ¢ Vol. 23 »

Issue 1 Page | 14

m This work (s licensed under a Creative Commons Attribution 4.0 International License



Intensive Care Nurses Knowledge, Compliance and Barriers to the Implementation of Ventilators-Associated Pneumonia Care

10.

11.

Papazian, L., Klompas, M., & Luyt, C. E.
(2020). Ventilator-associated pneumonia in
adults: A narrative review. Intensive Care
Medicine, 46(5), 888-906.
https:/ /doi.org/10.1007/s00134-020-05980-
0

Kohbodi, G. A. (2023). Ventilator-associated
pneumonia. StatPearls Publishing.
https:/ /www.ncbi.nlm.nih.gov/books/NB
K507711/

Koenig, S. M., & Truwit, J. D. (2000).
Ventilator-associated pneumonia:
Diagnosis, treatment, and prevention.
Clinical Microbiology Reviews, 19(4), 637-
657. https://doi.org/10.1128/ CMR.00051-
05

Centers for Disease Control and Prevention.
(2010). Ventilator-associated pneumonia
(VAP).

https:/ /www.cdc.gov/hai/vap/vap.htm
Huang, Y., Jiao, Y., Zhang, J., Xu, J., Cheng,
Q. Li, Y., etal. (2018). Microbial etiology and
prognostic factors of ventilator-associated
pneumonia: A multicenter retrospective
study in Shanghai. Clinical Infectious
Diseases,  67(Suppl. 2),  S146-5152.
https://doi.org/10.1093/ cid/ ciy686
Klompas, M. (2019). Ventilator-associated
events: What they are and what they are not.
Respiratory Care, 64(8), 953-961.
https://doi.org/10.4187 /respcare.07059
Fernando, S. M., Tran, A., Cheng, W,
Klompas, M., Kyeremanteng, K., Mehta, S.,
et al. (2020). Diagnosis of ventilator-
associated pneumonia in critically ill adult
patients: A systematic review and meta-
analysis. Intensive Care Medicine, 46(6),
1170-1179.

https:/ /doi.org/10.1007 /s00134-020-06036-
z

Getahun, A. B., Belsti, Y., Getnet, M., Bitew,
D. A, Gela, Y. Y, Belay, D. G, et al. (2022).
Knowledge of intensive care nurses towards
prevention of ventilator-associated
pneumonia in Northwest Ethiopia referral
hospitals: A multicenter cross-sectional
study. Annals of Medicine and Surgery, 78,
Article 103895.
https://doi.org/10.1016/j.amsu.2022.10389
5

Bozorgmehr, R., Bahrani, V., & Fatemi, A.
(2017).  Ventilator-associated pneumonia
and its responsible germs: An
epidemiological study. International Journal
of Medical Research & Health Sciences, 5(1),
e26.

https:/ / doaj.org/ article/b95e329960454c2d
8d5bc0661a417abe

12.

13.

14.

15.

16.

17.

18.

19.

Jones, W. S., Suklan, J., Winter, A., Green, K.,
Craven, T. Bruce, A. et al (2022).
Diagnosing ventilator-associated
pneumonia in UK NHS ICUs: The perceived
value and role of a novel optical technology.
Diagnostic and Prognostic Research, 6(1),
Article 17. https:/ /doi.org/10.1186/s41512-
022-00117-x

Gunasekera, P., & Gratrix, A. (2016).
Ventilator-associated =~ pneumonia.  BJA
Education, 16(6), 198-202.
https:/ /doi.org/10.1093 / bjaed / mkv046
He, Q., Wang, W., Zhu, S., Wang, M., Kang,
Y., Zhang, R., et al. (2021). The epidemiology
and clinical outcomes of ventilator-
associated events among mechanically
ventilated patients in intensive care units:
An observational study. Critical Care, 25(1),
Article 10. https:/ /doi.org/10.1186/s13054-
021-03484-x

Belay, C. M., Zewale, T. A., Amlak, B. T,
Abebe, T. G., & Hailu, G. (2022). Incidence
and predictors of ventilator-associated
pneumonia among adult intubated patients
in Bahir Dar specialized hospitals: A
retrospective follow-up study. International
Journal of General Medicine, 15, 8173-8182.
https:/ /doi.org/10.2147 /IJGM.S380301
Battaglini, D., Parodi, L. Cinotti, R,
Asehnoune, K., Taccone, F. S., Orengo, G., et
al. (2023). Ventilator-associated pneumonia
in neurocritically ill patients: Insights from

the ENIO international prospective
observational study. Respiratory Research,
24(1), Article 156.

https:/ /doi.org/10.1186/s12931-023-02456-
9

Shah, H., Ahmed, A., Patel, A., Abbagoni,
V., Goswami, R., Kumar, A., et al. (2022).
Trends and factors associated with
ventilator-associated pneumonia: A
national perspective. Cureus, 14(3), e23634.
https://doi.org/10.7759/ cureus.23634
Gadani, H., Vyas, A., & Kar, A. K. (2010). A
study of ventilator-associated pneumonia:
Incidence, outcome, risk factors and
measures for prevention. Indian Journal of
Anaesthesia, 54(6), 535-540.
https://doi.org/10.4103/0019-5049.72643
Xie, J., Yang, Y., Huang, Y., Kang, Y., Xu, Y.,
Ma, X, et al. (2018). The current
epidemiological landscape of ventilator-
associated pneumonia in the intensive care
unit: A multicenter prospective
observational study in China. Clinical
Infectious Diseases, 67(Suppl. 2), S153-5161.
https:/ /doi.org/10.1093/cid/ ciy692

Borno Medical Journal o January - June 2026 ¢ Vol. 23 e Issue 1

Page ‘ 15

m This work (s licensed under a Creative Commons Attribution 4.0 International License



Dathini Het al

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

Zeb, A. (2018). Nurses’ knowledge
regarding  prevention of ventilator-
associated pneumonia. Lupine Online

Journal of Nursing & Health Care, 2(1).
https:/ /doi.org/10.32474/LOJNHC.2018.0
2.000129

Aqilah, S. N., Thandar, A. K., & Khin, S. M.
(2021). Critical care nurses” knowledge and
practices on ventilator-associated
pneumonia. International Archives of
Nursing and  Health Care, 7(3).
https://doi.org/10.23937 /2469-
5823/1510163

Bonell, A., Azarrafiy, R.,, Huong, V. T. L,
Viet, T. L., Phu, V. D., Dat, V. Q., et al. (2019).
A systematic review and meta-analysis of
ventilator-associated pneumonia in adults
in Asia: An analysis of national income level
on incidence and etiology. Clinical
Infectious  Diseases, 68(3), 511-518.
https://doi.org/10.1093/ cid/ ciy543
Lavallée, J. F., Gray, T. A., Dumville, J. C,,
Russell, W., & Cullum, N. (2017). The effects
of care bundles on patient outcomes: A
systematic review and meta-analysis.
Implementation Science, 12(1), Article 142.
https://doi.org/10.1186/s13012-017-0670-0
Smith, V., Devane, D., Nichol, A., & Roche,
D. (2020). Care bundles for improving
outcomes in patients with COVID-19 or
related conditions in intensive care: A rapid
scoping review. Cochrane Database of
Systematic Reviews, 2020(12), CD013819.
https://doi.org/10.1002/14651858.CD0138
19

Drucker, A. M., Fleming, P., & Chan, A. W.
(2016). Research techniques made simple:
Assessing risk of bias in systematic reviews.
Journal of Investigative Dermatology,
136(11), €109-e114.
https://doi.org/10.1016/j.jid.2016.08.021
University of Tasmania. (2023). Systematic
reviews for health: Phrase searching,
wildcards and  proximity  operators.
https:/ /utas.libguides.com/SystematicRevi
ews/PhrasesWildcardsProximity

Ex Libris. (2022). Summon: Boolean, phrase,
wildcard and  proximity  searching.
https:/ /knowledge.exlibrisgroup.com
Grewal, A., Kataria, H., & Dhawan, I. (2016).
Literature search for research planning and
identification of research problem. Indian
Journal of Anaesthesia, 60(9), 635-639.
https://doi.org/10.4103/0019-5049.190618
Tawfik, G. M., Dila, K. A. S., Mohamed, M.
Y. F.,, Tam, D. N. H,, Kien, N. D., Ahmed, A.
M., et al. (2019). A step-by-step guide for
conducting a systematic review and meta-

30.

31.

32.

33.

34.

35.

36.

37.

analysis with simulation data. Tropical
Medicine and Health, 47(1), Article 46.
https:/ /doi.org/10.1186/s41182-019-0165-6
Hamina, D., Sharoni, S. K. A., & Robert, K.
T. (2022). Parental reminder strategies and
the cost implication for improved
immunisation outcomes: A systematic
review and meta-analysis. Healthcare,
10(10), 1996.
https:/ /doi.org/10.3390/healthcare101019
96

Young, J., & Solomon, M. J. (2009). How to
critically appraise an article. Nature Clinical
Practice Gastroenterology & Hepatology,
6(2), 82-91.
https:/ /doi.org/10.1038 /ncpgasthep1331
Harrison, J., Reid, J., Quinn, T., & Shenkin, S.
D. (2016). Using quality assessment tools to
critically appraise ageing research: A guide
for clinicians. Age and Ageing, 46(3), 359-
365.
https://doi.org/10.1093/ageing/afw223
Downes, M. ]., Brennan, M. L., Williams, H.
C., & Dean, R. S. (2016). Development of a
critical appraisal tool to assess the quality of
cross-sectional studies (AXIS). BMJ Open,
6(12), e011458.
https://doi.org/10.1136 /bmjopen-2016-
011458

Kiihn, L., Bachert, P., Hildebrand, C,
Kunkel, J., Reitermayer, J., Wasche, H., et al.
(2022). Health literacy among university
students: A systematic review of cross-
sectional studies. Frontiers in Public Health,
9, Article 680999.
https:/ /doi.org/10.3389/fpubh.2021.68099
9

Aloush, S., Reshia, F. A. A., Al-Sayaghi, K.
M., Tawalbeh, L. L, Suliman, M., Bashtawy,
M. A, et al. (2018). Compliance of nurses
and hospitals with ventilator-associated
pneumonia prevention guidelines. Journal
of Nursing Care Quality, 33(3), E8-E14.
https:/ /doi.org/10.1097 /NCQ.0000000000
000286

Dumbre, D. U. (2019). A study to assess the
knowledge and compliance of critical care
nurses regarding ventilator care bundle in
the prevention of ventilator-associated
pneumonia. Medico-Legal Update, 19(1),
176-180. https://doi.org/10.5958/0974-
1283.2019.00035.5

Abad, C. L., Formalejo, C. P., & Mantaring,
D. M. L. (2021). Assessment of knowledge
and implementation practices of the
ventilator-associated pneumonia bundle in
the intensive care unit of a private hospital.
Antimicrobial Resistance & Infection

Borno Medical Journal o January - June 2026 ¢ Vol. 23 e Issue 1

Page | 16

m This work (s licensed under a Creative Commons Attribution 4.0 International License



Intensive Care Nurses Knowledge, Compliance and Barriers to the Implementation of Ventilators-Associated Pneumonia Care

38.

39.

40.

41.

42,

43.

44.

45.

Control, 10(1), Article 140.
https://doi.org/10.1186/s13756-021-01027-
1

Aloush, S, & Al-Rawajfa, O. M. (2020).
Prevention of ventilator-associated
pneumonia in intensive care units: Barriers
and compliance. International Journal of
Nursing Practice, 26(5), e12838.
https://doi.org/10.1111/ijn.12838
Alkhazali, M. N., Bayraktar, N., & Al-
Mugheed, K. (2021). Knowledge and
barriers of critical care nurses regarding
evidence-based practices in ventilator-
associated pneumonia prevention. Cyprus
Journal of Medical Sciences, 6(3), 185-191.
https://doi.org/10.5152/cjms.2021.1292
Al-Sayaghi, K. M. (2021). Critical care
nurses’ compliance and barriers toward
ventilator-associated pneumonia
prevention guidelines: A cross-sectional
survey. Journal of Taibah University
Medical Sciences, 16(2), 274-282.
https://doi.org/10.1016/j.jtumed.2020.12.0
01

Bankanie, V., Outwater, A. H.,, Wan, L., & Li,
Y. (2021). Assessment of knowledge and
compliance to evidence-based guidelines for
VAP prevention among ICU nurses in
Tanzania. BMC Nursing, 20(1), Article 246.
https://doi.org/10.1186/s12912-021-00735-
8

Jansson, M., Syrjdld, H., Talman, K,
Merildinen, M., & Ala-Kokko, T. (2018).

Critical care nurses’ knowledge of,
adherence to, and Dbarriers toward
institution-specific ~ ventilator ~ bundle.

American Journal of Infection Control, 46(9),
1051-1056.
https://doi.org/10.1016/j.ajic.2018.02.004
Jansson, M., Ala-Kokko, T., Ylipalosaari, P.,
Syrjald, H., & Kyngds, H. (2013). Critical care
nurses’ knowledge of, adherence to and
barriers towards evidence-based guidelines
for the prevention of ventilator-associated
pneumonia. Intensive and Critical Care
Nursing, 29(4), 216-227.
https:/ /doi.org/10.1016/j.iccn.2013.02.00
Ali, N. S. (2013). Critical care nurses’
knowledge and compliance with ventilator-
associated pneumonia bundle at Cairo
University Hospitals. Journal of Education
and Practice, 4(15), 66-77.

Yeganeh, M. R., Yekta, H., Farmanbar, R,
Khalili, M., & Khaleghdoost, T. (2019).
Knowledge of evidence-based guidelines in
ventilator-associated pneumonia
prevention. Journal of Evidence-Based

46.

47.

48.

49.

50.

51.

52.

53.

Medicine, 12(1),
https://doi.org/10.1111/jebm.12188
World Bank Group. (2023). World Bank
Group country classifications by income
level for FY24.
https:/ /blogs.worldbank.org/opendata
Arabi, Y. M., Al-Shirawi, N., Memish, Z. A.,
& Anzueto, A. (2008). Ventilator-associated

16-21.

pneumonia in adults in developing
countries: A systematic review.
International Journal of Infectious Diseases,
12(5), 505-512.

https:/ /doi.org/10.1016/].ijid.2008.02.010
Vincent, J. L., Boulanger, C., Van Mol, M.,
Hawryluck, L., & Azoulay, E. (2022). Ten
areas for ICU clinicians to be aware of to
help retain nurses in the ICU. Critical Care,
26(1), Article 340.
https://doi.org/10.1186/s13054-022-04182-
y

Al-Mugheed, K., Bani-Issa, W., Rababa, M.,
Hayajneh, A. A., Syouf, A. A., Al-Bsheish,
M., et al. (2022). Knowledge, practice,
compliance, and barriers toward ventilator-
associated pneumonia among critical care
nurses in the Eastern Mediterranean Region:
A systematic review. Healthcare, 10(10),
1852.

https://doi.org/10.3390/ healthcare101018
52

Al-Omari, B.,, McMeekin, P., Allen, J.,
Akram, A. R., Graziadio, S., Suklan, J., et al.
(2021). A systematic review of studies
investigating ventilator-associated
pneumonia diagnostics in intensive care.
BMC Pulmonary Medicine, 21(1), Article
171.  https://doi.org/10.1186/s12890-021-
01560-0

Narang, S. (2008). Use of ventilator bundle
to prevent ventilator-associated pneumonia.
Indian Journal of Critical Care Medicine,
12(2), 88-92.

Mastrogianni, M., Katsoulas, T., Galanis, P.,
Korompeli, A., & Myrianthefs, P. (2023). The
impact of care bundles on ventilator-
associated pneumonia prevention in adult
ICUs: A systematic review. Antibiotics,
12(2), 227.
https:/ /doi.org/10.3390/antibiotics120202
27

John, S., Yadav, M., Lakhani, R., & Mhatre,
S. (2021). A systematic review on
compliance with VAP bundle and the
reasons for non-compliance among ICU
staff nurses. Ilkogretim Online, 20(1), 5698-
5717.

https:/ /doi.org/10.17051/ilkonline.2021.01
.600

Borno Medical Journal o January - June 2026 ¢ Vol. 23 e Issue 1

Page ‘ 17

m This work (s licensed under a Creative Commons Attribution 4.0 International License



Dathini Het al

54.

55.

Thapa, D., Liu, T., Yang, C., Acharya, S. P,,
Tam, H. L., & Chair, S. Y. (2023). Identifying
the  barriers and  facilitators  to
implementation of ventilator bundle in the
Nepalese intensive care unit: A descriptive
qualitative study. Australian Critical Care.
https://doi.org/10.1016/j.aucc.2023.06.007
Dehghan, M., Arab, M., Akafzadeh, T,
Malakoutikhah, A., Mazallahi, M. &

Forouzi, M. A. (2022). Intensive care unit
registered nurses’ perceived barriers toward
ventilator-associated pneumonia
prevention in southeast Iran: A cross-
sectional analytical study. BM] Open, 12(9),
e064147.

https:/ /doi.org/10.1136 /bmjopen-2022-
064147

Cite this Article as: Dathini H, John E, Inna A K, Kever R T, Habu H, Lola N, Joseph-Shehu EM.Intensive Care
Nurses Knowledge, Compliance and Barriers to the Implementation of Ventilators-Associated Pneumonia
Care Bundle: A Systematic Review and Meta-Analysis. Bo Med J 2026; 23 (1):1-18 Source of Support: Nil,
Conflict of Interest: None declared

Borno Medical Journal o January - June 2026 ¢ Vol. 23 e Issue 1

Page | 18

m This work (s licensed under a Creative Commons Attribution 4.0 International License



