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ABSTRACT

Background: Ventilator-associated pneumonia (VAP) remains a leading cause of morbidity and
mortality among patients in intensive care units (ICUs). Nurses play a central role in preventing
VAP through consistent implementation of evidence-based prevention bundles. Although VAP
bundles are widely recommended, suboptimal adherence among nurses continues to contribute to
high VAP incidence rates, highlighting the need for strategies that improve compliance. Objective:
This scoping review aimed to identify and synthesize interventions designed to enhance nurse
compliance with VAP bundle implementation in ICU settings. Methods: A scoping review was
conducted using the Population-Concept-Context (PCC) framework, focusing on nurses,
interventions to improve VAP bundle compliance, and ICU settings. Electronic databases—including
PubMed, Cochrane Library, ProQuest, EBSCOhost, ScienceDirect, ClinicalKey, SAGE Journals, and
Google Scholar—were searched for full-text articles published in English between 2016 and 2021.
Study selection followed the PRISMA framework. Data were extracted, analyzed, and synthesized
narratively. Results: From 945 identified records, eight studies met the inclusion criteria. The
reviewed literature identified educational and training programs, experiential learning strategies,
interprofessional collaboration, and real-time compliance monitoring dashboards as effective
interventions to improve nurse adherence to VAP bundles. Conclusion: Multifaceted interventions,
particularly continuous education supported by supervision and monitoring, are effective in
enhancing nurse compliance with VAP bundle implementation. Sustained organizational support is
essential to improve adherence and reduce VAP incidence in ICU settings.

Keywords: ventilator-associated pneumonia; VAP bundle; nurse compliance; intensive care unit;
scoping review

I. INTRODUCTION

Healthcare-associated infections (HAls) are a significant threat to hospital
care patients. HAls are infections acquired while patients are undergoing
treatment in a hospital. The incidence of HAls is found to be higher in patients on
mechanical ventilation or respiratory support who are being treated in the ICU.
The Centers for Disease Control and Prevention (CDC) reports that approximately
32% of HCAI cases are associated with the use of mechanical ventilation, leading
to ventilator-associated pneumonia (VAP) (Center for Dissease Control and
Prevention (CDC), 2021; Zaragoza et al., 2020). Ventilator-associated pneumonia
(VAP) is defined by the Centers for Disease Control and Prevention (CDC) as a
deterioration in gas exchange in patients on mechanical ventilation that becomes
apparent after 48 hours and meets at least three of the following criteria: unstable
temperature without a clear cause, changes in respiratory secretion
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characteristics, and bradycardia or tachycardia (Center for Dissease Control and
Prevention (CDC), 2021).

The International Nosocomial Infection Control Consortium (INICC) reports
that the incidence of VAP reaches 13.6 per 1,000 ventilators per day. In Asian
countries, the incidence of VAP ranges from 3.5 to 46 per 1,000 ventilators per
day. Globally, the prevalence of VAP reaches 12.6%, with 13.5% in the United
States, 19.4% in Europe, 13.8% in Latin America, and 16% in South Asia (Aziz et al.,
2020). Based on several research findings, the incidence of VAP in Indonesia is
high. A study by Budiono (2013) in one of the ICUs at the Central General Hospital
showed a VAP incidence of 36.8%. A study conducted by Rahmawati (2014) in the
same hospital's ICU also reported a pneumonia incidence of 42% among ICU
patients, with 86.8% of those patients dying. The mortality rate for VAP patients
ranges from 24% to 50% and can increase to 76% if the infection is caused by
multidrug-resistant microorganisms (Noorifard et al., 2020). The mortality risk for
VAP patients is twice as high as for patients without VAP (Silva & Junior, 2015).
Research by Osman et al. (2020) and Ismail and Zahran (2015) state that VAP is a
cause of increased morbidity and mortality rates among ICU patients.

ICU nurses play a crucial role in preventing VAP. VAP prevention should be
considered a critical issue in critical care and a core component of intensive care
unit performance (Joint Commission on the Accreditation of Healthcare
Organizations, 2005). Several evidence-based guidelines and reviews on VAP
prevention have been published since this issue gained prominence recently (Speck
et al., 2016). These guidelines for VAP prevention are in the form of operational
standards known as the VAP Bundle (VAPb). Bundles are a collection of processes
required for effective and safe care for patients with specific conditions and high-
risk factors.

Some published VAP bundles summarize effective interventions for infection
control practices and recommendations to prevent VAP. However, some of these
bundles are over 10 years old and do not include the latest evidence-based
practices in line with scientific advancements. Among them, in 2005 and updated
in 2013, the CDC published a VAP bundle that has been widely used by ICUs,
including ICUs in Indonesian hospitals, as outlined in Ministry of Health Regulation
No. 27 of 2017 on guidelines for infection prevention and control in healthcare
facilities (Ministry of Health of the Republic of Indonesia, 2017).Additionally,
guidelines from the Infectious Diseases Society of America/The American Thoracic
Society (IDSA/ATS) and the National Healthcare Safety Network regarding the VAP
bundle (Speck et al., 2016).

Several studies have shown that the VAP bundle has been proven to reduce
the incidence of VAP, lower mortality rates, improve patient outcomes, reduce
length of stay, and decrease healthcare costs when implemented effectively (Azab
et al., 2015; Cooper & Haut, 2013; Ferreira et al., 2016; Morris et al., 2011; Samra
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et al., 2017; Zaiton & Elhanafy, 2015). Although access to the VAP bundle is
available, its implementation remains suboptimal, with varying levels of
compliance (Al-Sayaghi, 2014).

The success of nurses’ implementation of the VAP bundle in the ICU depends,
among other things, on compliance with nursing actions (Sadli et al., 2017).
Research conducted by Madhuvu et al. (2020) in two Australian ICUs also showed
that nurses had poor knowledge and compliance with VAP prevention, aligns with
the study by Aloush and Al-Rawajfa (2020), who conducted research in Jordan on
nurses' adherence to the VAP bundle in the ICU, showing that 45.6% of nurses were
non-compliant, 24.8% had weak adherence, and only 29.6% were compliant. The
lack of nurses’ knowledge about the VAP bundle can also be a barrier to adhering
to guidelines or evidence-based practices related to the VAP bundle (Osti et al.,
2017; Yeganeh et al., 2019), because nurses’ knowledge is crucial for implementing
guidelines to improve compliance in the VAP bundle (Hawsawi et al., 2017;
Jahansefat et al., 2016).

Nurses also reported several barriers limiting the implementation of the VAP
bundle. These barriers include lack of knowledge, lack of skills, lack of time, lack
of guidance, workload, inadequate training, lack of clear policies and protocols,
lack of facilities and infrastructure, lack of staff, and insufficient funding (Aloush,
2017; Aloush & Al-Rawajfa, 2020; Damayanti & Handiyani, 2021; Safdar et al.,
2016).

Various research findings indicate that nurses have not implemented the VAP
bundle optimally and still exhibit low compliance. Additionally, there are other
barriers to implementing the VAP bundle. This results in suboptimal
implementation of the VAP bundle, as evidenced by the persistently high incidence
of VAP compared to the expected standard of 15% per 1,000 ventilator uses (Aziz
et al., 2020). Meanwhile, the role of nurses in preventing VAP is crucial because
most of the actions included in the VAP bundle are related to daily nursing care
activities closely tied to the nurse's role as a care provider, manager, educator,
coordinator, and evaluator (Ismail & Zahran, 2015; Osti et al., 2017). Therefore,
interventions are needed to improve the ICU's implementation of the VAP bundle.

Research on nurses' compliance with the VAP bundle is important to identify
factors influencing compliance levels and the effectiveness of various
interventions that can be implemented. The results of this research serve as a basis
for decision-making by ICU management in formulating policies and strategies to
improve the quality of nursing care. With a deeper understanding of the factors
influencing nurse compliance, developing education programs, training, and
monitoring can be more targeted and effective. Various studies have shown that
educational interventions, staff development programs, multidisciplinary
intervention approaches, training, and other interventions can improve the ICU's
implementation of the VAP bundle. These interventions are expected to reduce
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the incidence of VAP in the ICU, improving the quality of care for patients in the
ICU. Based on the background explanation, this study aims to identify various
interventions to improve nurse compliance with implementing the VAP bundle in
the ICU using the scoping review method.

ll. METHOD
Study Design

This study employed a scoping review design to systematically map evidence
on interventions aimed at improving nurse compliance with the ventilator-
associated pneumonia (VAP) bundle in intensive care units (ICUs). A scoping review
was chosen to comprehensively explore the breadth of concepts, intervention
types, theoretical approaches, and evidence gaps related to this topic. The review
was conducted in accordance with methodological guidance from the Joanna Briggs
Institute (JBI) and reported following the PRISMA Extension for Scoping Reviews
(PRISMA-ScR) to ensure transparency, reproducibility, and methodological rigor.

Review Question and Framework

The review addressed the following question: What interventions have been
implemented to improve nurse adherence to the VAP bundle in ICU settings?

The Population-Concept-Context (PCC) framework guided the review:
Population—nurses; Concept—interventions to enhance compliance with the VAP
bundle; Context—ICU or critical care settings.

Sample and Eligibility Criteria

The sample consisted of peer-reviewed research articles that met the
following inclusion criteria: (1) focused on nurses working in ICUs, (2) examined
interventions to improve compliance or adherence to the VAP bundle, (3) published
in English between 2016 and 2021, and (4) available in full text. Exclusion criteria
included non-empirical publications (editorials, commentaries), studies unrelated
to VAP bundle compliance, and articles conducted outside ICU contexts.

Search Strategy and Data Collection

A comprehensive literature search was conducted across multiple electronic
databases, including the Cochrane Library, PubMed, ProQuest, EBSCOhost,
ScienceDirect, ClinicalKey, SAGE Journals, and Google Scholar. Search terms were
developed using Boolean operators and keywords related to nurses, interventions,
compliance, VAP bundle, and ICU. The study selection process followed PRISMA-
ScR recommendations and was documented using a PRISMA flow diagram. Two
reviewers independently screened titles, abstracts, and full texts, with
discrepancies resolved through discussion.
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Instruments and Data Extraction

Data were extracted using a standardized extraction form adapted from JBI
guidance. Extracted variables included author, publication year, country, study
design, sample characteristics, type of intervention, implementation strategies,
outcome measures, and key findings related to nurse compliance.

Data Analysis and Synthesis

Data were analyzed using a descriptive and thematic synthesis approach.
Interventions were categorized into thematic groups (e.g., education and training,
experiential learning, interprofessional collaboration, monitoring systems), and
findings were narratively synthesized to highlight patterns, similarities, and
research gaps.

Ethical Considerations

Ethical approval was not required, as this study analyzed data from publicly
available published literature. Ethical standards were upheld through accurate
citation, transparent reporting, and adherence to recognized scoping review
guidelines.

lll. RESULTS

The researchers searched for scientific publications in this scoping review
using data from several electronic databases: Cochrane Library, ProQuest,
PubMed, EBSCOhost, ScienceDirect, Clinical Key, SAGE Journals, and Google
Scholar. The search yielded 945 articles. These articles were then checked for
duplicates, resulting in 906 unique articles. A screening was then conducted based
on full-text availability and publication year (2016-2021), resulting in 750 articles
excluded from the review process. From the 156 articles that passed the screening,
further screening was conducted based on inclusion and exclusion criteria,
resulting in 136 articles being excluded from the review process because their
objectives did not align with the research objectives and were not related to
interventions aimed at improving nurses’ adherence to the VAP bundle in the ICU.
Based on the screening results, eight articles met the established inclusion criteria
and were subsequently reviewed.

Across the reviewed studies, interventions to prevent Ventilator-Associated
Pneumonia (VAP) can be thematically categorized into three main approaches:
education-only, multimodal educational strategies, and digital or technology-
supported interventions, all of which demonstrated varying degrees of
effectiveness in improving compliance and reducing VAP incidence.

Education-only interventions primarily focused on structured lectures, short
training sessions, and continuous education programs targeting ICU nurses. Studies
implementing this approach consistently reported significant improvements in
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nurses’ compliance with VAP bundle components and a corresponding reduction in
VAP incidence (Branco et al., 2020; Mogyoroddi et al., 2016). However, while
education alone was effective in increasing knowledge and adherence, its impact
on long-term sustainability appeared limited without ongoing reinforcement or
system-level support.

Multimodal interventions, combining education with checklists, audits,
experiential learning, simulation, and interprofessional collaboration,
demonstrated more robust and sustained outcomes. Quasi-experimental and
longitudinal studies showed substantial reductions in VAP incidence, shortened
duration of mechanical ventilation, and improved clinical outcomes when
education was integrated with compliance monitoring and team-based strategies
(Radhakrishnan et al., 2021; Adiyeke et al., 2021; Michelangelo et al., 2020;
McBeth et al., 2018). These findings highlight that behavioral change in complex
ICU environments is more effectively achieved through interactive learning and
multidisciplinary engagement rather than education alone.

Digital and technology-supported interventions, such as real-time compliance
dashboards and online training platforms, yielded the most sustained
improvements in both compliance and VAP reduction. Studies incorporating digital
monitoring systems reported marked increases in bundle adherence and long-term
reductions in VAP incidence, exceeding 50% in some settings (Talbot et al., 2016;
Alvarez-Lerma et al., 2018). Real-time feedback and automated performance
visualization appear to enhance accountability, facilitate timely corrective
actions, and support continuous quality improvement.
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Table 1Data Analysis Results

Title and Author

Purpose

Population/Sample

Method

Intervention

Outcome

Results and
Conclusions

Effect of
Training and
Checklist Based
Use of Ventilator

Associated
Pneumonia (VAP)
Prevention
Bundle Protocol
on

Patient
Outcome: A
Tertiary Care
Centre Study

(Radhakrishnan
et al., 2021)

This study aims to
identify the
effectiveness of
training and the
use of checklists
in implementing
the VAP bundle,
which aims to
improve nurse
compliance and
enhance the
quality of patient
care.

This study's sample
consisted of 50
patients on
ventilators at a
hospital in India
between May 2012
and November
2013, as well as
healthcare
professionals,
comprising 25
nurses and 55
resident doctors.

The study used
a quasi-
experimental
design with a
prospective
interventional
study
comprising
three phases:
pretest,
intervention,
and posttest.

The first phase
was to identify
nurses'
compliance with
implementing the
VAP bundle. The
second phase was
to educate nurses
and resident
doctors through
interactive
lectures on VAP
prevention and
the importance of
VAP prevention.
The third phase
was to fill out a
checklist of staff
compliance in
implementing the
VAP bundle and
its effect on the
clinical condition
of patients.

There was a
decrease in the
incidence of VAP,
length of stay,
duration of
mechanical
ventilation, and
mortality. In
addition, nurse
compliance with
the VAP bundle
increased.

Training and the
use of checklists
in the
implementation
of the VAP
bundle improve
the quality of
care for
patients and
increase nurse
compliance in
implementing
the VAP bundle.

The Impact of a

Multidisciplinary
Education

Program for
Intensive Care

Unit Staff
Regarding

This study aims to
identify staff
compliance in the
ICU and the
incidence of VAP
before and after
implementing an
educational
program related

The sample in this
study involved 105
patients on
mechanical
ventilation who
were treated in the
ICU and ICU
healthcare
personnel
consisting of

This study used
a retrospective
and
interventional
study design in
the ICU of a
hospital in
Turkey from
January 2019 to

In this study, ICU
staff attended a
two-day
educational
lecture on
implementing the
VAP bundle. After
receiving the
educational
program, ICU

After the
education
program was
implemented,
compliance with
the VAP bundle
increased
significantly, and
the frequency of
VAP incidents

The educational
intervention in
this study
improved
nurses'
compliance in
implementing
the VAP bundle
and significantly
reduced the
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No. Title and Author Purpose Population/Sample  Method Intervention Outcome Results and
Conclusions
Ventilator Care to the VAP nurses, doctors, September staff underwent decreased. incidence of
Bundle on bundle. and respiratory 2019. an evaluation by Meanwhile, VAP in patients
therapists. completing a mortality rates on mechanical
the Frequency of multiple-choice among patients ventilation in
Ventilator- exami'natio'n treated in the ICU  the ICU.
Associated questionnaire. before and after
Events Nurses' the VAP bundle
compliance in education
implementing the  program
VAP bundle was remained the
(Adiyeke et al., recorded daily same.
2021) using a checklist
during
multidisciplinary
rounds.

3. Implementation This study The population and  This study used  The intervention There was a Implementing
of an evaluates the sample in this study a longitudinal, was conducted in  significant the experiential
experiential impact of were all staff in the quasi- the ICU starting difference in learning

) implementing ICU, including experimental, on January 2, nurses' strategy

learning strategy  eyperiential registered nurses, interrupted 2017, and focused compliance with  improved
to reduce the learning doctors, respiratory  time-series on play activities,  the VAP bundle nurses'
risk strategies on staff therapists, and study method at  simulation before and after compliance with

. compliance in the physiotherapists. a tertiary models, the intervention,  the VAP bundle
of ventilator- ' . . .
associated ICU in teaching knowledge and and there was in caring for
pneumonia implementing the hospital in attitude also a decrease in  patients in the

in critically ill
adult patients

(Michelangelo et
al., 2020)

VAP bundle and
the incidence of
VAP events.

Buenos Aires,

Argentina, from
January 2016 to
December 2018.

competencies,
role-playing, and
feedback.

VAP incidents.

ICU.

This is an open access article under the CC BY-SA license

81



Medical-Surgical Journal of Nursing Research
Vol. 4 No. 2 December 2025

Permana, et.al

No. Title and Author Purpose Population/Sample  Method Intervention Outcome Results and
Conclusions
4, Education to This study aims to  The sample for this  The research The education After the Continuous
prevent evaluate nurses' study consisted of method was a sessions lasted 20  continuous education on
ventilator- compliance in 302 patients on quasi- minutes each. education the VAP bundle
associated implementing the  mechanical experimental, Topics covered in  program, nurse can improve
pneumonia VAP bundle and ventilation and 48 pre- and post- each session compliance nurses'

o ] the incidence of nurses working in intervention, included VAP significantly compliance with
inintensive care  yap after the ICU. retrospective diagnosis, risk increased (overall its
unit continuous study with a factors and compliance rate implementation
education. quantitative prevention of 92.7%). The and reduce the
approach. The strategies, incidence of VAP incidence of
(Branco et al., study was implementation also decreased VAP,
2020) conducted at a of the VAP significantly, from
large hospital in  bundle, team 7.99 to
Porto Alegre, compliance with approximately
Brazil, from preventive 4.28 per 1,000
June 2017 to measures, and mechanical
June 2018. the importance of ventilator
patient safety in placements after
the ICU. The the intervention.
material was
discussed using
multimedia. The
study continued
in the second
phase by
collecting and
evaluating nurses'
compliance
records with
implementing the
VAP bundle.
5. Interprofessional  This study aims to  The study involved The study was The intervention With the The
approach improve the 80 nurses and 24 conducted using involved peer- implementation interprofessiona
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No. Title and Author Purpose Population/Sample  Method Intervention Outcome Results and
Conclusions
to the sustained  implementation pediatric beds in experimental based education of this program,  approach to
reduction of the VAP bundle the pediatric methodology. through one-on- nurses' implementing
) ) using an intensive care unit one teaching compliance with the VAP bundle
n ver?tﬂator- interprofessional  of a hospital in (mentoring), brief  the VAP bundle has proven to
associated approach to California. The in-services, also increased to  increase the
. reduce the study also involved posters, quizzes, over 95% after the knowledge and
pneumonia in a o ; : ; ; : -
pediatric incidence of VAP infection and bedside intervention was compliance of
in pediatric prevention teaching. The implemented healthcare
intensive care intensive care specialists and intervention was from August 2010  workers,
unit units. respiratory care implemented over to June 2017. including
therapists. five months. The nurses. As a
program result, the
continued and incidence of
(le)\:g)eth etal, was evaluated VAP in the PICU
through has decreased.
compliance
audits.

6.. Prevention of The main This study's sample  This study used In this study, There was an Implementing
Ventilator- objective of this consisted of 181 a prospective, healthcare increase in nurse the VAP bundle,
Associated study was to patients in the ICU.  interventional, professionals, compliance and a  part of the
Pneumonia: assess the impact  The patients and multicenter  including nurses, decrease in VAP "Pneumonia

) of the "Pneumonia included were design. The received a 6-hour  incidence from Zero" project,
The Multimodal  7ero" project with  those who had study period online training 9.83 events per resulted in a
Approach of the 3 mytimodal received care for lasted 21 course. The 1,000 ventilator ~  significant
Spanish ICU approach in more than 24 hours  months, from course covered days (95% Cl, reduction of
“Pneumonia reducing ICU VAP and were admitted  April 1, 2011, to  clinical aspects of ~ 8.42-11.48) to over 50% in VAP
incidence. between April 1, December 31, VAP prevention 4.34 (95% Cl, incidents in the

Zero” Program

(Alvarez-Lerma
et al., 2018)

2011, and

December 31, 2011.

The study also
involved healthcare
professionals,
including nurses.

2012, and the
setting was the
ICU of a hospital
in Spain.

and basic patient

safety concepts to

help them learn
from mistakes
and improve
teamwork.

3.22-5.84) after
19-21 months of
participation.

ICU. This
reduction
persisted for 21
months after
implementation
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Conclusions

7. Ventilator- This study aims to  Nurses working in A prospective Researchers There was a 44% It is important
associated identify the the ICU at observational educated all ICU reduction in VAP to conduct
pneumonia and effectiveness of Semmelweis study was nurses on the incidence, from continuous

) educating nurses University, conducted in importance of 21.5 per 1,000 education to
the importance i the ICU about Budapest, Hungary, the 12-bed implementing the  ventilator prevent VAP.
of education of  jjplementing the  along with all multidisciplinar VAP bundle to placements to 12
ICU nurses VAP bundle in patients admitted y ICU from prevent VAP, per 1,000
on prevention - preventing VAP. to thg .12?be.d January 1, 2015, which includes ventilator
Preliminary mult1d1§c1pl1nary to December head-qf-bed plac.e'ments.

ICU during the 31, 2015. elevation, oral Additionally,
results - .
study period. care, hand education on the
hygiene, cuff implementation
pressure control, of the VAP bundle
(Mogyorodi et aseptic improved ICU
al., 2016) endotracheal nurses'
suctioning compliance with
technique, and VAP prevention
handling of measures.
respiratory
equipment. This
education also
included
simulation/practi
ce using a "High-
Fidelity" practical
simulation on
endotracheal
suctioning and
general training.

8. Sustained This study aims to  This study's The study The dashboard, The incidence of The VAP
Reduction of implement a population design employs displayed as a VAP decreased prevention
Ventilator- comprehensive consisted of a before-and- screensaver on from 19.5 to 9.2 program using a
Associated program that patients and nurses  after quasi- each computer per 1,000 real-time
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No. Title and Author Purpose Population/Sample  Method Intervention Outcome Results and
Conclusions
Pneumonia Rates includes a real- from six adult ICUs  experimental next to the ICU mechanical bundle
Using time bundle at Vanderbilt study with patient's bed, ventilator compliance
) compliance University Hospital  interrupted integrates data placements per dashboard is
Real-Time dashboard to (VUH) in Nashville, time-series from electronic day (p<0.001). associated with
Course . ) improve nurse Tennessee, analysis. The nursing records, Additionally, the  increased nurse
Correction with  compliance and Southern Kentucky,  study was physician order program improved compliance and
a Ventilator reduce and Northern conducted in 6  entry systems, nurse compliance  decreased VAP
Bundlg complications Alabama. adult ICUs in and respiratory with the VAP incidence rates
Compliance related to the use Alabama, therapist bundle in the ICU  in adult ICUs.
Dashboard of mechanical United States. documentation. from a score of
ventilation. The study The dashboard 23% in August

(Talbot et al.,
2016)

period ran from
the baseline
period of
January 2005 to
July 2007, with
the
implementation
/intervention
period from
August 2007 to
June 2011.

system receives
real-time updates
on nurses'
performance in
preventing VAP
and adjusts
colour-coded
performance
indicators every 5
minutes. Each
colour code has a
specific meaning.

2007 to 83% in
June 2011
(p<0.001).
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IV. DISCUSSION

Various research findings indicate that nurses are not yet optimal in
implementing the VAP bundle. Several studies indicate that nurses still lack
adequate knowledge and have low compliance rates in implementing the VAP
bundle(Al-Sayaghi, 2014; Aziz et al., 2020; Cal, 2015; Ismail & Zahran, 2015;
Nurhayati & Priambodo, 2018). Additionally, there are other barriers to
implementing the VAP package. This results in suboptimal implementation of the
VAP package, as evidenced by the high incidence of VAP compared to the expected
standard of 15% per 1,000 ventilator uses (Aziz et al., 2020).

VAP prevention can be achieved by implementing the VAP bundle. However,
the main obstacle faced is the lack of compliance by healthcare professionals,
including nurses, with the VAP bundle. An education program with training and the
use of VAP bundle action checklist observation sheets provided to healthcare
professionals, including nurses, has a significant impact on improving compliance
with the VAP bundle and ultimately improves the clinical condition of patients
(Dipanjali et al., 2021; Mogyorddi et al., 2016; Radhakrishnan et al., 2021).

Research conducted by Radhakrishnan et al. (2021) showed that training and
checklists in implementing the VAP bundle were proven effective in improving
nurses’ compliance and enhancing the quality of care for patients. This study was
conducted in three phases. The first phase was the pre-intervention phase, which
lasted six months. During this phase, nurses’ compliance with the VAP bundle
implementation, demographic data, and clinical data related to VAP development
were identified. The second phase was the intervention phase. During this phase,
nurses and resident doctors were educated through interactive lectures on VAP
prevention and the importance of VAP prevention. This activity was followed by
one-on-one communication between the lecturer, nursing staff, and resident
doctors to ensure that all staff knew the importance of implementing the VAP
bundle. In total, nine interactive lectures were held. Each group consisted of 10-
15 participants, and each lecture lasted 25-30 minutes per session. Educational
posters were also designed to focus on VAP prevention as a reminder. The posters
were displayed throughout the wards and hospital areas. Social media was also
used for online communication. The intervention phase lasted for 3 months. The
third phase, the post-intervention phase, involved completing a checklist of staff
compliance in implementing the VAP bundle and its impact on patients’ clinical
conditions. Each staff member was also given a pocket guide for implementing the
VAP bundle. This phase lasted approximately 6 months.

Adiyeke et al. (2021) also conducted a subsequent study on educational
interventions to improve VAP bundle implementation to identify staff compliance
in the ICU and VAP incidence rates before and after implementing an educational
program on VAP bundle implementation. This study involved healthcare workers in
the ICU, including nurses, doctors, and respiratory therapists.
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In Adiyeke et al.'s (2021) study, ICU staff attended a two-day educational
lecture, with material presented by anesthesiologists, ICU consultants, and
infectious disease consultants related to the implementation of the VAP bundle,
which consists of head elevation, peptic ulcer disease (PUD) prophylaxis, venous
thromboembolism (VTE) prophylaxis, the ABCDE bundle, and oral care. After
completing the educational program, ICU staff underwent an evaluation by
completing an evaluation questionnaire in the form of a multiple-choice
examination. The score must be at least 70% correct answers to be deemed
qualified to provide care to patients on mechanical ventilation in the ICU. Nurses'
compliance with the VAP bundle was recorded daily using a checklist during
multidisciplinary rounds. If ICU staff did not achieve the required score, they were
required to retake the online education program with the same material as the
previous training. The education program was repeated every three months to
assess nurses' competence in caring for mechanically ventilated patients. The
study results showed that compliance with the VAP bundle was significantly higher
in the post-education group compared to the pre-education group. Additionally,
the incidence of VAP was significantly lower in the post-education group compared
to the pre-education group, decreasing from 2.5/1,000 to 9.8/1,000 mechanical
ventilator placements per day.

Next is a study conducted by Branco et al. (2020), which aims to evaluate
nurses' compliance with implementing the VAP bundle and the incidence of VAP
after continuous education. In June 2017, the implementation of the VAP bundle
in patients on mechanical ventilation began to be evaluated. In December 2017,
continuous education intervention was conducted on 48 professional nurses in the
ICU. Each education session lasted 20 minutes. Topics covered in each session
included VAP diagnosis, risk factors and prevention strategies for VAP,
implementation of the VAP bundle, team compliance with preventive measures,
and the importance of patient safety in the ICU. The material was discussed using
multimedia.

Branco et al.’s (2020) study continued in the second phase by collecting and
evaluating nurses' compliance records with implementing the VAP bundle from
January to June 2018. Then, nurses' compliance and VAP incidents were compared
before (June to December 2017) and after (January to June 2018) continuous
education. There was a significant increase in nurse compliance (overall
compliance rate of 92.7%) after the continuous education program. There was also
a significant decrease in VAP incidence, from 7.99 per 1,000 mechanical ventilator
placements before the intervention to approximately 4.28 per 1,000 mechanical
ventilator placements after the intervention.

A subsequent study on educational interventions in improving VAP bundle
implementation was conducted by (Mogyorddi et al., 2016). The researchers
educated all ICU nurses on the importance of implementing the VAP bundle to
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prevent VAP, which includes head-of-bed elevation, oral care, hand hygiene, cuff
pressure control, aseptic endotracheal suctioning technique, and handling of
respiratory equipment. There was a 44% reduction in the incidence of VAP, from
21.5 per 1,000 ventilator placements to 12 per 1,000 ventilator placements.
Additionally, education on implementing the VAP bundle has improved ICU nurses'
compliance with VAP prevention measures.

Lack of knowledge among nurses can be a barrier to their compliance with
VAP prevention efforts (Yeganeh et al., 2019). Nurses' knowledge is crucial for
implementing guidelines to enhance compliance with VAP prevention protocols
(Hawsawi et al., 2017; Jahansefat et al., 2016). Nurses' knowledge and
understanding influence their compliance levels; nurses who have received
training on implementing the VAP bundle exhibit higher compliance levels than
those who have not received prior training (Aloush & Al-Rawajfa, 2020). Improving
nurses’ knowledge and competence will influence compliance when implementing
the VAP bundle. Nurse compliance is one of the behaviours that can prevent VAP;
if nurses are compliant, the likelihood of VAP will decrease, thereby reducing the
incidence of VAP.

Another intervention to improve the implementation of the VAP bundle was
using the experiential learning strategy method. Research related to this was
conducted by Michelangelo et al. (2020). This study aimed to evaluate the impact
of implementing the experiential learning strategy on staff compliance in the ICU
in implementing the VAP bundle and the incidence of VAP events. This intervention
was conducted in the ICU, focusing on play activities, simulation models,
knowledge and attitude competencies, role-playing, and feedback. The study
focused on identifying risk factors and unit-specific barriers that could potentially
contribute to the occurrence of VAP. These activities were conducted face-to-face
during each nursing shift to ensure that all healthcare workers involved in patient
care participated in the study.

According to Michelangelo et al. (2020), the components of experiential
learning consist of: first, general actions, which begin with forming a team
consisting of nurses, doctors, pharmacists, physiotherapists, and other staff. The
team then performs general care, such as bundles for central venous catheters,
urinary catheters, VAP prevention, and handwashing procedures. Second, tracers
analyze specific risk factors for each patient (e.g., risk of VAP) to evaluate the
team’s knowledge and actions if such an event occurs. Third, security walks, where
the team strives to understand the context of care, equipment use, and
interpersonal behaviour. Fourth, hazard identification through structured
question-and-answer games with over 200 clinical scenarios. Fifth, video watching,
learning from previous mistakes. Videos are compiled by hospital staff based on
real cases from the past. Sixth, role-playing and simulation, where simulation
scenarios help identify individual and team roles in improving institutional safety
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culture. Seventh is safety assessment, and finally, there is feedback and
debriefing, where each activity receives constructive feedback to support
continuous quality improvement.

The results of Michelangelo et al. (2020) show a significant difference in
nurses’ compliance with the VAP bundle before and after the intervention.
Compliance rates before the intervention were 60.8% (95% Cl: 56.9-64.7), and after
the intervention, they increased to 85.6% (95% Cl: 81.2-90.1). Additionally, the
incidence of VAP decreased from 6.11 (95% Cl: 5.82-6.40) to 3.55 (95% Cl: 2.96-
4.14) per 1,000 mechanical ventilator placements.

Implementing the experiential learning strategy improved nurses' adherence
to the VAP bundle in caring for patients in the ICU. The implementation of this
strategy requires long-term follow-up. This study shows that a new approach
combining gamification, debriefing, and simulation techniques forms the
experiential learning strategy as a modality centred on the concept of learning by
doing, which impacts compliance with actions and the quality of care for patients
in the ICU (Michelangelo et al., 2020).

This study aligns with the findings of Batalden and Davidoff (2007), who state
that to achieve success in experiential learning strategies, four key aspects must
be considered: (1) everyone must be involved in their learning process, (2) learning
must occur through experiences in the field where they work, (3) learning must be
relevant to those involved, and (4) learning must facilitate preparation for clinical
tasks that are constantly changing and challenging. This strategy can help bridge
the gap between knowledge and clinical practice.

Experiential learning is a model of teaching and learning that activates
learners to build knowledge and skills through their direct experiences (Majid,
2014). Experiential learning is also a process of constructing or compiling
knowledge, skills, and values from direct experiences. This method directs nurses
to gain more experience through active and personal involvement than if they only
read materials or concepts.

The basic principles of experiential learning or the learning procedures in
experiential learning consist of four stages: the real experience stage, the
observation and reflection stage, the conceptualization stage, and the
implementation stage. Practical experiential learning influences nurses' thinking,
attitudes, values, perceptions, and behaviour. The experiential learning strategy,
as a modality centred on the concept of learning by doing, impacts compliance
with the implementation of the VAP bundle, thereby enhancing nurses' behaviour
in executing the VAP bundle, which can reduce the incidence of VAP (Michelangelo
et al., 2020).

Training on the VAP bundle using experiential learning allows nurses to
participate actively in the learning process rather than merely being passive
listeners (Solely et al., 2015). The experiential learning strategy is a form of direct
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learning which aligns with adult learning that already incorporates concepts and
experiences, particularly those related to the VAP bundle. Therefore, the
experiential learning strategy will make nurses feel more valued in their knowledge
and experience. The experiential learning strategy develops adult learning through
experience and then encourages reflection on that experience to develop new
skills, attitudes, or ways of thinking. When implemented with the experiential
learning strategy, implementing the VAP bundle will be more structured and more
focused on carrying out interventions related to preventing VAP.

Several studies have shown that a professional approach can improve the
implementation of the VAP bundle. One such study was conducted by McBeth et
al. (2018), which aimed to improve the implementation of the VAP bundle using
an interprofessional approach to reduce the incidence of VAP in the pediatric
intensive care unit (PICU). In this study, the VAP bundle was developed and
implemented through an interprofessional team approach comprising nurses,
infection prevention specialists, respiratory care therapists, and the medical
director of the PICU.

Interventions were conducted through peer-based education, including one-
on-one teaching (mentoring), brief in-services, posters, quizzes, and bedside
teaching. These interventions were carried out over five months. The program
continues to be implemented and evaluated through compliance audits.
Additionally, nurses from the VAP Prevention Committee immediately provide new
nurses joining the unit with VAP bundle training. Education is conducted through
online modules and literature reviews related to VAP bundle updates.

In this program, nurses are also given rewards/compensation for their
achievements in implementing the VAP bundle, decreasing VAP incidence. The
incidence of VAP has decreased year by year. With the implementation of this
program, nurse compliance with the VAP bundle has also increased to over 95%
after the intervention was implemented from August 2010 to June 2017. The
interprofessional approach to implementing the VAP bundle has been proven to
increase compliance among healthcare workers, including nurses. As a result, the
incidence of VAP in the PICU has continued to decrease.

Another related study is the research by Alvarez-Lerma et al. (2018) which
aimed to assess the impact of the "Pneumonia Zero" project with a multimodal
approach in reducing VAP incidence in the ICU. This study took measurements of
nurses' compliance in implementing the VAP bundle and its effect on reducing VAP
incidence. In this study, healthcare professionals, including nurses, received a 6-
hour online training course. The course covered clinical aspects of VAP prevention
and basic patient safety concepts to learn from mistakes and improve teamwork.

The components of the VAP bundle in this study (Alvarez-Lerma et al., 2018)
included education and training in airway management; hand hygiene; control and
maintenance of ETT cuff pressure; oral hygiene with chlorhexidine; semi-
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recumbent position; safe implementation of procedures and protocols; avoiding
elective changes to ventilator circuits and humidifiers; selective gastrointestinal
decontamination or selective oropharyngeal decontamination; continuous
subglottic secretion aspiration; and short-term systemic antibiotic administration
(2-3 doses) during intubation in patients with impaired consciousness. The
incidence of VAP decreased from 9.83 events per 1,000 ventilator days (95% Cl,
8.42-11.48) to 4.34 (95% Cl, 3.22-5.84) after 19-21 months of participation.
Implementing the VAP bundle, part of the "Pneumonia Zero" project, resulted in a
significant reduction of over 50% in VAP incidents in the ICU. This reduction
persisted for 21 months after implementation.

Research findings indicate that strong nursing leadership, interprofessional
teamwork, and commitment to long-term success are crucial for maintaining
adherence to the VAP bundle implementation (Costa et al., 2016; Hill, 2016).
Leadership is closely related to an individual's ability to influence others to work
toward desired goals. With a coordinated interprofessional approach,
implementing the VAP bundle can reduce VAP incidence in the ICU. Effective
coordination and leadership are essential for successfully implementing the VAP
bundle, and nurses play a crucial role.

Another intervention to improve the implementation of the VAP bundle
among ICU nurses is using a real-time bundle compliance dashboard. In this regard,
Talbot et al. (2016) conducted a study to implement a comprehensive program
that includes a real-time bundle compliance dashboard to improve nurse
compliance and reduce complications resulting from mechanical ventilation. The
dashboard, displayed as a screensaver on every computer next to the ICU patient
bed, integrates data from electronic nursing records, the physician order entry
system, and respiratory therapist documentation. The dashboard system receives
real-time updates on nurses’ performance in preventing VAP and adjusts the
colour-coded performance indicators every five minutes. Each colour code has a
specific meaning. The dashboard is designed to remind nurses when the VAP bundle
is being implemented through a colour-coded visual display (green: bundle
components have been completed and are compliant; yellow: bundle components
are compliant, but there is an upcoming deadline to repeat the intervention; red:
bundle components have not been completed and are overdue).

The VAP bundle in Talbot et al.’s (2016) study includes prophylaxis for DVT
and pressure ulcers, sedation management and assessment of extubation
readiness, HoB elevation, and oral care. The incidence of VAP decreased from 19.5
to 9.2 per 1,000 mechanical ventilator placements per day (p<0.001). Additionally,
this program improved nurse compliance with the VAP bundle in the ICU from a
score of 23% in August 2007 to 83% in June 2011 (p<0.001). Compliance with the
VAP bundle was evaluated twice daily during interdisciplinary rounds in the
morning and evening. These changes were sustained for over three years.
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Another study conducted by Fathi et al. (2018) showed that real-time
dashboards can be implemented with real-time data display and visual features
that help nurses understand the current condition of patients. Thus, they can take
the necessary actions. Additionally, alerts and reminders are one of the practical
features of this software. With order lists and instructions on performing actions,
the real-time dashboard can minimize human errors related to the time taken and
the action method. The real-time dashboard also represents the history of actions
already performed, preventing errors caused by coordination issues among
healthcare professionals on duty.

The results of this study are also in line with research conducted by
Zaydfudim et al. (2009), which showed that nurses’ compliance in implementing
the VAP bundle increased from 39% to 89%, while the incidence of VAP decreased
from 15.2 to 9.3 cases per 1,000 mechanical ventilator uses per day after the
implementation of the real-time dashboard. Based on research conducted by
Talbot et al. (2016) and Zaydfudim et al. (2009), a VAP prevention program using
a real-time bundle compliance dashboard is associated with increased nurse
compliance and decreased VAP incidence rates in the ICU. This occurs because the
real-time bundle compliance dashboard allows nurses to evaluate their actions
related to the VAP bundle to determine whether they align with the applicable
standard operating procedures (SOPs).

With these various interventions, it is hoped that nurses will be compliant in
implementing the VAP bundle in patients on mechanical ventilation in the ICU.
Implementing the VAP bundle also requires good teamwork and institutional
support so that nurses can perform their roles optimally (Akdogan et al., 2017;
Dosher et al., 2014).

Clinical Implications

The findings of this scoping review provide important implications for nursing
practice, ICU management, and patient safety initiatives. The identified
interventions—namely structured education and training programs, experiential
learning strategies, interprofessional collaboration, and real-time compliance
monitoring dashboards—demonstrate strong potential to improve nurse adherence
to VAP bundle implementation. In clinical practice, these strategies can enhance
nurses’ knowledge, clinical skills, and situational awareness, thereby reducing
variability in care and minimizing preventable ventilator-associated pneumonia
events.

Healthcare institutions should prioritize continuous, competency-based
education supported by regular supervision and audit mechanisms to sustain
compliance. Integrating experiential learning and simulation into routine training
may further strengthen nurses’ critical thinking and clinical decision-making.
Additionally, the use of real-time electronic dashboards can support timely
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feedback, promote accountability, and facilitate multidisciplinary communication.
Implementing these strategies as part of a comprehensive infection prevention
program may contribute to improved patient outcomes, reduced ICU length of
stay, and lower healthcare costs associated with VAP.

Study Limitations

Several limitations of this scoping review should be considered. First, the
included studies exhibited considerable heterogeneity in study design,
intervention duration, outcome measures, and ICU settings, which limited direct
comparison and synthesis of findings. Second, the review was restricted to articles
published in English between 2016 and 2021, potentially excluding relevant studies
published outside this timeframe or in other languages. Third, most included
studies focused on short- to medium-term outcomes, providing limited evidence
on the long-term sustainability of nurse compliance and reductions in VAP
incidence. Finally, as a scoping review, this study did not aim to assess intervention
effectiveness quantitatively. Future research employing longitudinal designs and
standardized outcome measures is recommended to strengthen evidence on
sustainable VAP prevention strategies.

V. CONCLUSION

Various interventions can be implemented to improve nurses’ compliance with
the VAP bundle in the ICU. Based on the scoping review, it was found that to
improve nurses' compliance, the following interventions can be implemented:
educational and training programs, experiential learning strategies,
interprofessional approaches, and real-time bundle compliance dashboards.
Educational and training programs ensure that nurses have up-to-date knowledge
and skills for implementing the VAP bundle. Meanwhile, experiential learning
strategies can provide hands-on experience applying the VAP bundle, enhancing
nurses' understanding and skills. Additionally, interprofessional approaches can
involve cross-professional collaboration to improve communication and
coordination when implementing the VAP bundle. The use of real-time bundle
compliance dashboards can provide nurses with immediate feedback on their
compliance levels and facilitate ongoing monitoring and improvement of
compliance. Therefore, based on the results of this scoping review, it is
recommended that nursing care institutions actively implement these strategies to
improve nurses’ compliance with the VAP bundle. In addition, the nursing
education curriculum should also include materials related to VAP prevention using
the VAP bundle. With the comprehensive implementation of these interventions,
it is hoped that patient care quality will improve and ICU VAP incidents will be
prevented.
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