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Abstract
Background  In pediatric intensive care units (PICUs), ventilator-associated pneumonia (VAP) is one of the most 
prevalent infections linked to healthcare. VAP affects 10% of children on mechanical ventilation (MV) and is associated 
with severe morbidity and mortality. The study aimed to evaluate the effect of the ventilator care bundle (VCB) on the 
occurrence of VAP among pediatric patients.

Method  A quasi-experimental design was conducted at Cairo University Specialized Pediatric Hospital (CUSPH), 
including all children who had mechanical ventilation within 24 h. VAP rates were evaluated before and after 
the implementation of a comprehensive VCB, which included head-of-bed elevation to 30–45°, hand hygiene 
reinforcement, sterile suctioning and handling of respiratory equipment, daily evaluation of extubation readiness, 
peptic ulcer prophylaxis, and deep venous thrombosis prophylaxis. A convenience sample of 30 nurses and a 
purposive sample of 60 ventilated children in the PICU participated in the study. Data collection was performed using 
(1) structured interview sheets, (2) the Nurses’ Knowledge Assessment Questionnaire (pre/post-test), (3) the Ventilator 
Bundle Checklist, and (4) the Clinical Pulmonary Infection Scale (CPIS).

Results  There was a significant increase in nurses’ level of knowledge before and after the implementation of the VCB 
(X² = 21.46, p ≤ 0.01). There was a statistically significant difference between the total mean scores of nurses’ practices 
in the first and second checklist readings (p < 0.01). Additionally, there were statistically significant differences 
between children in the study and control groups regarding the clinical pulmonary infection score (p < 0.01). The 
total mean score on the CPIS was significantly different between the study group and the control group (t = − 3.692, 
p = 0.001).

Conclusion  The study concluded that children who were cared for by nurses receiving VCB sessions were less likely 
to experience VAP compared to those in the control group.

Recommendation  Educational programs and in-service training courses for pediatric nurses to improve the quality 
of ventilator care for children and reduce the occurrence of VAP are essential.
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Background
Ventilator-associated pneumonia (VAP) remains a 
prevalent hospital-acquired infection (HAI), affecting 
approximately 10–20% of hospitalized patients, includ-
ing the pediatric population. Ventilator-associated 
pneumonia is associated with elevated morbidity and 
mortality rates, posing significant diagnostic and man-
agement challenges [1, 2]. The prevalence of ventila-
tor-associated pneumonia in newborns and children 
worldwide stands at 17%, representing a critical health 
concern. The condition exacerbates mortality and mor-
bidity rates, leading to prolonged hospital stays and 
increased healthcare expenditures [3]. The incidence of 
ventilator-associated pneumonia can reach as high as 
38.4%, though comparisons across healthcare facilities 
are hindered by variations in study populations, envi-
ronmental factors, and infection control practices [4].

The persistence of ventilator-associated pneumo-
nia in pediatric patients highlights the urgent need for 
improved preventive strategies and clinical protocols 
in critical care settings [5]. Ventilator-associated pneu-
monia often arises in children undergoing prolonged 
mechanical ventilation (MV) due to factors such as 
improper positioning of the endotracheal tube, exces-
sive humidity, and inadequate cuff pressure. Recent 
research has identified various risk factors for hospital-
acquired infections, including genetic predispositions, 
re-intubation, and invasive procedures. Effective pre-
ventive measures include rigorous hand hygiene prac-
tices, the use of closed suctioning systems, elevating the 
head of the bed, and following protocol-based care [6, 
7]. Implementing quality improvement programs glob-
ally is imperative to mitigate the morbidity and mortal-
ity associated with ventilator-associated pneumonia. 
Hand hygiene, recognized for its effectiveness in reduc-
ing gastrointestinal and respiratory infections, plays 
a crucial role in minimizing the transmission of venti-
lator-associated pneumonia by eliminating potential 
pathogens [8, 9].

Ventilator-associated pneumonia in children mani-
fests through clinical signs such as fever, increased 
respiratory secretions, altered breathing, low oxy-
gen levels, and purulent sputum [10]. In healthcare, a 
“bundle” is a powerful tool designed to enhance patient 
outcomes by incorporating a set of evidence-based 
procedures that, when implemented together, improve 
care processes and outcomes [11]. Pediatric ventilator 
bundles, when combined with an evidence-based, mul-
tidisciplinary approach, have been shown to effectively 
improve both clinical and patient outcomes [12]. Rec-
ognizing ventilator-associated pneumonia prevention as 
a pivotal quality indicator, hospital administration has 
invested substantially in patient safety and quality pro-
grams. Implementing a ventilator care bundle is crucial 

for preventing ventilator-associated pneumonia and 
reducing its incidence in the Pediatric Intensive Care 
Unit (PICU) [13]. Recent studies indicate that ventila-
tor-associated pneumonia in children can lead to severe 
complications, including prolonged mechanical ventila-
tion, extended hospital stays, increased morbidity, and 
mortality [14].

The use of ventilator bundle components was sug-
gested by the Institute for Healthcare Improvement 
(IHI). Head-of-the-bed elevation to 35–45°, sedation 
vacation and evaluation of extubation readiness, pre-
vention of peptic ulcers, prevention of deep vein throm-
bosis (DVT), and the use of chlorhexidine for oral 
hygiene are the five components of the ventilator bundle 
[15]. Bundled treatment, education, and nurse perfor-
mance are all necessary for the effective prevention of 
ventilator-associated pneumonia in pediatric patients. 
In order to improve treatments like hand hygiene, bun-
dled care, and infection communication among staff 
and lower the incidence of ventilator-associated pneu-
monia, nursing education on incidence, risk factors, and 
prevention is essential [16].

Implementing a ventilator care bundle (VCB) is a 
critical strategy for reducing the incidence of ventila-
tor-associated pneumonia in pediatric patients while 
enhancing nurses’ knowledge and practices. To ensure 
its effectiveness in minimizing complications in patients 
receiving mechanical ventilation, a structured approach 
is necessary. This process begins with education and 
training for healthcare staff on the significance of each 
bundle component, such as elevating the head of the 
bed and managing sedation [17]. Developing and mak-
ing evidence-based protocols easily accessible is crucial 
for standardized procedure adherence [18]. Regular 
monitoring and compliance checks through audits and 
checklists help identify areas needing improvement 
[17]. Providing feedback to healthcare staff and involv-
ing a multidisciplinary team ensures comprehensive 
implementation and continuous improvement [18]. By 
following these steps, healthcare facilities can signifi-
cantly enhance patient outcomes and reduce the inci-
dence of ventilator-associated complications.

The aim of this study is to evaluate the effectiveness of 
ventilator care bundles in reducing the incidence of ven-
tilator-associated pneumonia among pediatric patients 
in Egyptian pediatric intensive care units. Worldwide, 
ventilator-associated pneumonia is a significant issue in 
pediatric intensive care units, leading to elevated rates 
of morbidity and mortality, extended hospital stays, and 
higher medical expenses [19]. Furthermore, this study 
fills a gap in the existing literature, as there are few stud-
ies specifically focused on the use of ventilator care 
bundles for children in Egypt. The findings from this 
research could provide valuable insights into effective 
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strategies for reducing ventilator-associated pneumonia 
in pediatric patients and emphasize the importance of 
comprehensive education and training for healthcare 
staff [20]. Implementing evidence-based protocols and 
ensuring their adherence through regular monitoring 
and feedback can significantly enhance patient safety 
and care quality [21]. Ultimately, this study’s findings 
might impact pediatric intensive care units policy and 
practice modifications, expanding the use of ventilator 
care bundles and possibly lessening the strain that ven-
tilator-associated pneumonia places on healthcare sys-
tems. This study could support international initiatives 
to enhance patient outcomes and encourage the adop-
tion of best practices in critical care settings by prov-
ing the efficacy of ventilator care bundles [19]. A study 
conducted at Mansoura University Hospital in Egypt 
revealed that the implementation of the ventilator care 
bundles significantly enhanced the overall standard of 
care provided to patients on mechanical ventilation. The 
research found that patients in the ventilator care bun-
dles group were able to wean off mechanical ventilation 
more successfully and in a shorter period of time com-
pared to the control group [22].

Methods
Design
A quasi-experimental research design was utilized to 
achieve the aim of the current study. A quasi-exper-
imental design is a type of experimental design that is 
very similar to the true experimental design, except that 
one criterion is lost: randomization [23]. The clinical 
trial number is not applicable.

Research hypotheses
H1 Nurses who use the ventilator care bundle will have 

a higher mean score for knowledge and practice than 
those who do not.

H2 Children who receive care from nurses after 
receiving the ventilator care bundle will have less expo-
sure to ventilator-associated pneumonia than the con-
trol group.

Setting
Nurses and children were selected from the pediatric 
intensive care units on the ground floor of Cairo Uni-
versity Specialized Pediatric Hospital (CUSPH). With a 
total bed capacity of 150, CUSPH is renowned for pro-
viding high-quality pediatric care and advanced medical 
services. The pediatric intensive care unit handles a wide 
range of critical conditions, making it an ideal environ-
ment for studying the impact of ventilator care bundles 
on patient outcomes. The hospital’s experienced medi-
cal team and commitment to evidence-based practices 
further support its selection as the research setting.

Participants
The sample size was calculated using the G Power Pro-
gram 1 Version 3.1.9.4. To achieve the study’s objective, 
a sample size of 60 children was determined to be nec-
essary. This calculation was based on a significance level 
(α) of 0.05, a power (1-β) of 0.95, and an effect size of 
0.80. A purposive sample of 60 children on mechanical 
ventilation was selected. These children were randomly 
assigned to either the control group or the experimental 
group. The first 30 children received routine mechani-
cal ventilation care in the hospital (control group), 
while the second 30 children received the ventilator 
care bundle (experimental group). Inclusion criteria 
were: all children admitted to the pediatric intensive 
care units and intubated within 24 h, and children up to 
5 years old. Exclusion criteria were: children diagnosed 
with pneumonia at the time of admission, children re-
intubated after 24 h from admission, patients contrain-
dicated to any component of the ventilator care bundle 
application, and children with immune diseases or 
those receiving immune drugs. The study also included 
all pediatric nurses working in the pediatric inten-
sive care units who agreed to participate, totaling 30 
nurses. These nurses were included regardless of their 
age (20 years and above), different qualifications, sex, or 
years of experience (5 years and above).

Data tools

1.	 Structured Interview Sheet: Developed by the 
researchers after reviewing the related literature, this 
tool consists of 20 items classified into three parts:

	 Part I: This part includes six items about the 
characteristics of the children, such as age, diagnosis, 
sex, rank, place of residence, and reason for 
putting the child on mechanical ventilation. The 
questionnaire was translated from Arabic to English 
and used in the study.

	 Part II: This part includes seven items related to 
the child’s medical history and present history, such 
as previous illness, previous diagnosis, previous 
admission to the pediatric intensive care units, cause 
of admission, duration of pediatric intensive care 
units stay, symptoms on admission, and diagnostic 
evaluation.

	 Part III: This part includes seven items related to 
the personal and professional data of the pediatric 
nurses, such as age, sex, qualification, years of 
experience, training courses in the pediatric intensive 
care units and mechanical ventilation, and frequency 
of training courses.

2.	 Nurses’ Knowledge Assessment Questionnaire 
(pre/posttest): This questionnaire includes twenty 
questions developed by the researchers to assess 
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pediatric nurses’ knowledge about mechanical 
ventilation. These questions cover the assessment of 
mechanical ventilation (6 questions), care of a child 
on mechanical ventilation (9 questions), weaning 
of mechanical ventilation (3 questions), and 
medication used (2 questions). The questionnaire 
was translated from Arabic to English and used in 
the study.

	 Scoring system: For nurses’ knowledge, correct 
and complete responses were given a “2” score, 
incomplete responses were given a “1” score, and 
incorrect responses were given a value of zero. The 
total score was 40, and the data were converted to 
100% and then categorized as follows: Excellent 
(85–100%), Very good (75% to <85%), Good (65% to 
<75%), and Pass (60% to <65%).

3.	 Ventilator Bundle Checklist: This tool was 
adopted based on the guidelines of the Institute 
for Healthcare Improvement [24] to assess 8 items 
related to ventilator care bundle practices. The key 
components of the ventilator care bundle checklist 
are as follows: washing hands, care of the ventilator 
machine, elevation of the head of the bed to 30–45°, 
mouth care with normal saline 9% or distilled water, 
daily sedation interruption, assessment of readiness 
to extubation, peptic ulcer disease prophylaxis, and 
deep venous thrombosis prophylaxis.

	 Scoring system: For nurses’ practices (via the 
ventilator bundle checklist), each item was scored 
as follows: complete/correct practice took a “2” 
score, incomplete/incorrect practice took a “1” 
score, and not done/missed practice took a “0” 
score. The total score was 16, and the total score 
was converted to 100%. Patients were subsequently 
categorized as follows: A total score less than 75% 
(less than 12) was considered an unsatisfactory level 
of practice, while a total score of 75% (12 or more) 
was considered a satisfactory level of practice.

4.	 Clinical Pulmonary Infection Score (CPIS): 
This score was adopted from [25] and filled 
out by the doctor. Six clinical assessments of 
ventilator-associated pneumonia, each worth 0–2 
points, have been proposed for the diagnosis and 
management of ventilator-associated pneumonia. 
These assessments include temperature, leukocyte 
count, quantity and purulence of tracheal 
secretions, oxygenation (PaO2/FIO2), chest X-ray, 
and microbiology (culture growth from tracheal 
aspirate). Total scores from 0 to 6 points indicated 
that pneumonia was less likely, while a score from 
7 to 12 indicated that pneumonia was more likely. 
The reliability of the clinical pulmonary infection 
score was 96%.

CPIS Score
1- Patient temperature
1. ≥ 36.5 degrees C and ≤ 38.4 degrees C 0 points
2. ≥ 38.5 degrees C and ≤ 38.9 degrees C 1 point
3. ≥ 39 degrees C ≤ 36 degrees C 2 points
2- Leukocyte count
1. ≥ 4,000/mm−3 and ≤ 11,000/mm−3 0 points
2. < 4,000/mm−3 or > 11,000/mm−3 1 point
3. < 4,000/mm−3 or > 11,000/mm−3 2 points
3- Tracheal secretions (summed over 24 hours)
1. Rare 0 points
2. Abundant 1 point
3. Abundant + purulent 2 points
4- PaO2(mmHg)/FIO2
1. > 240 or ARDS present 0 points
2. ≤ 240 or no evidence of ARDS 2 points
5- Chest X-ray
1. No infiltrate 0 points
2. Diffuse 1 point
3. Localized 2 points
6- Microbiology (culture growth from tracheal aspirate)
1. Negative 0 points
2. Positive 2 points
CPIS interpretation 0–6 points = Pneumonia less likely
7–12 points = Pneumonia more likely

Validity and reliability
The data collection instruments used in this study was 
evaluated by a panel of five experts in pediatric intensive 
care and pediatric nursing to ensure content validity. The 
experts provided feedback, leading to modifications that 
enhanced the tools’ validity. The reliability of the tools 
was then assessed, yielding a Cronbach’s alpha of 0.80, 
confirming their consistency.

Data collection
Data were collected by the researchers over approxi-
mately twelve months, from July 2022 to July 2023. 
Informed consent was obtained from the caregivers 
of all children included in both groups. The research-
ers provided clear and concise explanations regarding 
the study’s purpose and procedures to the participating 
nurses, and written consent was subsequently obtained 
from those who voluntarily agreed to participate. Care-
givers and nurses then completed a structured interview 
questionnaire (Tool 1). A pretest was conducted to evalu-
ate the nurses’ knowledge regarding the care of children 
on mechanical ventilation. Furthermore, the nurses’ 
practices were assessed through an observational check-
list before the training session. These observations were 
conducted individually, aligned with each nurse’s work-
ing hours with a child. Data were collected first from the 
children in the control group receiving routine care in 
pediatric intensive care, followed by those in the study 
group.
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The researchers conducted two training sessions. The 
first session was dedicated to enhancing theoretical 
knowledge for nurses on key aspects of mechanical ven-
tilation. Topics included the assessment and weaning of 
mechanical ventilation, medications commonly used in 
this context, principles of mechanical ventilation, the 
importance of infection prevention, and guidelines for 
providing care to children on mechanical ventilation. 
This session was delivered individually to each nurse, tai-
lored to their work schedule, and held in the waiting area 
of the pediatric intensive care unit. Each session lasted 
approximately 30–45  minutes. One week after the ses-
sion, a posttest (Tool 2) was administered to evaluate the 
knowledge gained by the same nurses. The second ses-
sion focused on the practical application of the ventilator 
care bundle through demonstrations and re-demonstra-
tions for nurses using a doll, enabling them to develop 
and refine essential skills. This 40–60 min session empha-
sized key practices, including proper hand hygiene, 
patient positioning, oral care, daily sedation assessment, 
readiness for extubation assessment, and prophylaxis 
for peptic ulcer disease and deep venous thrombosis. 
The doll-based training provided a controlled environ-
ment for skill mastery before implementation in clinical 
practice.

These children were randomly assigned to either the 
control group or the experimental group. All children 
attached to mechanical ventilation at zero-day of initi-
ating mechanical ventilation were assessed against the 
inclusion and exclusion criteria. Children who met the 
inclusion criteria were included in the study. Children 
who were weaned from mechanical ventilation before 
reaching the third day were excluded from the study 
because ventilator-associated events (VAEs) cannot be 
assessed as an outcome of the application of a ventila-
tor care bundle. Nurses’ compliance with all elements of 
the ventilator care bundle was assessed twice every day 
for one week, during both morning and night shifts. If 
any element of the bundle was not done or done incor-
rectly at any shift, it was recorded as non-compliant. If 
all elements of the ventilator bundle were done correctly 
throughout the whole day, it was recorded as compliant. 
Nurse performance was evaluated using an observational 
checklist (Tool 3) on the third and sixth days of ventila-
tor care bundle implementation, assessing adherence 
and effectiveness. After 7 days of ventilator care bundle 
compliance for children in the study group, researchers 
assessed the occurrence of ventilator-associated pneu-
monia using the Clinical Pulmonary Infection Score 
(Tool 4). This assessment, performed by a physician 
in the pediatric intensive care units as routine screen-
ing, included temperature, leukocyte count, tracheal 
secretions, oxygenation (PaO2/FIO2), chest X-ray, and 
microbiology (culture growth from tracheal aspirate). 

Researchers recorded results from the patient file. The 
same evaluation was done for the control group after 
7  days of routine care in the pediatric intensive care 
units. To minimize bias, observer blinding was imple-
mented during data collection. Data collectors and evalu-
ators involved in assessing study results were blinded to 
the intervention groups, ensuring unbiased assessments 
and enhancing the reliability of the findings.

Statistical analysis
Data were analyzed using SPSS software version 20.0. 
Continuous variables were represented as means with 
standard deviations, whereas categorical variables were 
represented as numbers with percentages. The paramet-
ric chi-square test was used to compare qualitative vari-
ables. For comparisons of means, paired-sample t-tests 
and inferential statistical tests were used to test the study 
hypotheses. The level of statistical significance was set at 
p-value ≤ 0.05.

Result
As shown in Table  1, 43.3% of children on mechanical 
ventilation and 50% of those in the control group were 
aged 1–3 years. The average age was 2.5 ± 1.32 years for 
the study group and 2.1 ± 1.31 years for the control group. 
Table 1 further indicates that the study group was 63.3% 
female, while the control group was 53.3% female. Shock 
was present in 36.7% of the study group and 33.3% of the 
control group, while 23.3% and 26.7%, respectively, had 
respiratory distress syndrome. As detailed in Table  1, 
accidents and postoperative complications affected 20% 
of the study group, whereas 33.3% of the control group 
reported accidents. Respiratory and non-respiratory 
mechanical ventilation causes were observed in over one-
third of the study group and 50% of the control group. 
According to Table 1, three-week pediatric intensive care 
unit stays were noted for 46.3% of the study group and 
50% of the control group. Diagnoses using radiological 
images and arterial blood gases (ABGs) were made in 
70% of the study group and 53.3% of the control group. 
Moreover, Table 1 demonstrates a statistically significant 
difference (p < 0.05) between children in both groups 
regarding sex, causes of mechanical ventilation, and diag-
nostic evaluation.

As shown in Table  2, over half of the nurses were 
aged between 20 and 30  years, with a mean age of 
25.66 ± 6.23  years. Table  2 further indicates that the 
majority (56.7%) of nurses were female. Regarding quali-
fications, 46.7% of the nurses were graduates of the Tech-
nical Institute of Nursing. Additionally, Table  2 shows 
that 53.3% of nurses had less than 5 years of experience in 
pediatric intensive care units.

As shown in Table  3, there were highly significant 
differences in nurses’ total mean knowledge scores 
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(assessment, care for children, weaning of mechani-
cal ventilation, and medications) before and after treat-
ment (p ≤ 0.001). Table 3 indicates that initially, only 6.7% 
of nurses had an excellent level of knowledge regard-
ing mechanical ventilation. This percentage dramati-
cally increased to 53.3% after the implementation of the 
ventilator care bundle. Additionally, the percentage of 
nurses with poor knowledge decreased from 20% to 0% 

post-implementation. Table  3 highlights that this dem-
onstrates the ventilator care bundle had a substantial 
impact on improving nurses’ knowledge. Furthermore, a 
statistically significant difference was observed in nurses’ 
knowledge levels before and after the ventilator care bun-
dle (X² = 21.46, p ≤ 0.001).

As shown in Table  4, significant post-ventilator care 
bundle improvements were observed. Table  4 reveals 
that complete hand hygiene before and after mechani-
cal ventilation contact was performed by 80% and 73.3% 
of nurses, respectively, with over one-quarter showing 
incomplete compliance in the second reading. Ventilator 
care was completed by 76.7% and 70% of nurses, while 
over one-quarter were incomplete in the second reading. 
According to Table  4, for children in a semi-recumbent 
position and daily sedation, over three-quarters of nurses 
completed the ventilator care bundle in the first read-
ing, and most did so in the second reading, with 10% and 
6.7% failing to complete it. Table 4 also indicates that reg-
ular oral hygiene every 4 h and daily extubation readiness 
assessments increased to 80% and 93.3% in the second 
reading. The majority of nurses provided care for peptic 
ulcer disease and deep venous thrombosis prophylaxis. 
Furthermore, statistically significant differences were 
observed (χ² = 3.91, p =.057; χ² = 7.74, p =.001; χ² = 3.70, 
p =.054; χ² = 3.81, p =.051). As highlighted in Table 4, the 

Table 1  Children demographic and clinical data (n = 60)
Items Study group

(n = 30)
Control group
(n = 30)

X² P

n % n %
Age
 < 1 year 6 20 8 28.7 4.92 .295
1 > 3 years 13 43.3 15 50
3–5 years 11 36.7 7 23.3
Mean ± SD 2.5 ± 1.32 2.1 ± 1.31
Gender
Male 11 36.7 14 46.7 7.33 .010*
Female 19 63.3 16 53.3
Diagnosis
Accident 6 20 10 33.3 6.17 .723
Shock 11 36.7 10 33.3
Respiratory distress syndrome 7 23.3 8 26.7
Postoperative complications 6 20 2 6.7
Causes of mechanical ventilation
Respiratory support 11 36.7 10 33.3 3.00 .058*
Non-respiratory support 11 36.7 15 50
Both 8 26.6 5 16.7
PICU days
2 weeks 5 16.7 7 23.3 4.26 .372
3 weeks 13 43.3 15 50
1 month 12 40 8 26.7
Diagnostic evaluation
Radiology image (X ray- CT-MRI) 9 30 14 46.7 3.08 .018*
Both (radiology image—ABG) 21 70 16 53.3

Table 2  Nurses’ personal data in the current study (n = 30)
Items n %
Age/year
 < 20 7 23.3
20 < 30 17 56.7
30 < 40 6 20
Mean ± SD  ± 6.2325.66
Gender:
Male 13 43.3
Female 17 56.7
Qualification:
Secondary school nursing diploma 5 16.6
Technical Institute of Nursing 14 46.7
Bachelor degree of nursing 11 36.7
Years of experience in PICU:
 < 5 16 53.3
10 < 20 14 46.7
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mean total score for nurses’ performance after using the 
ventilator care bundle was 1.93 ±.253 at the first reading 
and 1.83 ±.379 at the second reading, with a statistically 
significant difference in the mean scores between the first 
and second checklist readings (p ≤ 0.001).

As shown in Table 5, significant differences in clinical 
pulmonary infections were observed between the study 
and control groups. Table  5 reveals that over two-fifths 
of children in the study group had normal temperature 
or fever with rare tracheal secretions, while 56.7% of the 
control group exhibited hyperpyrexia or hypothermia. 
Normal leukocyte counts were observed in 43.3% of the 
study group, whereas 40% of the control group showed 
leukopenia or lymphocytosis. Table 5 also highlights that 
73.3% of the study group did not have respiratory dis-
tress syndrome (RDS), compared to less than two-thirds 
of the control group. Chest X-rays, as detailed in Table 5, 
showed no infiltrate in 56.7% of the study group, while 
half of the control group demonstrated localized signs. 
Additionally, most of the study group had negative cul-
ture growth, whereas 63.3% of the control group exhib-
ited positive culture growth. Table 5 indicates statistically 
significant differences in clinical pulmonary infection 
scores between the groups (p < 0.05, p < 0.001). Moreover, 
there was a statistically significant difference in the mean 
clinical pulmonary infection scores between the study 
and control groups (t = − 3.692, p = 0.001).

Discussion
The findings of this study indicate that a significant por-
tion of the children on mechanical ventilation in both 
the study group and the control group were aged 1 to 
less than 3 years. Gender distribution showed that both 
groups had a majority of female patients. The results 
are consistent with findings from [26], which confirmed 
that 36.2% of pediatric patients had ventilator-associated 
pneumonia, with children aged 1–5 years being the most 
frequently affected age group. According to [27], chil-
dren in this age range have underdeveloped immune 

systems and respiratory structures, making them more 
vulnerable to infections and respiratory distress, thereby 
increasing the likelihood of requiring mechanical ventila-
tion. Clinical conditions varied, with the cohort experi-
encing conditions such as shock and respiratory distress 
syndrome. The primary reason for pediatric intensive 
care unit admission in the study group was pneumonia, 
while the control group was predominantly admitted for 
dehydration. However, our results contrast with previ-
ous studies that found 54.6% of pediatric patients were 
male and 39.2% of children in pediatric intensive care 
units had acute respiratory distress syndrome. Research 
noted that children might be overrepresented in pediat-
ric intensive care units due to environmental factors that 
increase their risk of exposure to respiratory infections 
[28, 29]. Studies in India identified septic shock (27.14%), 
respiratory disorders (20.9%), and cardiovascular ill-
nesses (41.1%) as the main causes of pediatric intensive 
care unit admissions [29, 30]. Other research indicated 
that respiratory diseases accounted for 51.53% of long-
stay patients, often with comorbidities and complications 
[31, 32].

Duration of pediatric intensive care units stay var-
ied, most children in the study group and control group 
remaining for three weeks. For diagnostic procedures, 
arterial blood gases (ABGs) and radiological imaging was 
employed in the study and control group. According to a 
study by [33], children admitted to the pediatric intensive 
care unit often present with complex conditions, includ-
ing shock and respiratory distress syndrome, necessitat-
ing intensive interventions like mechanical ventilation 
and rigorous infection control to prevent ventilator-
associated pneumonia. Our findings are supported by 
[34], who found that pediatric intensive care units stays 
often extend to several weeks, especially for those requir-
ing mechanical ventilation due to the severity of condi-
tions and treatment complexity. Additionally [35], noted 
that early pneumonia may show minimal inflammation 
on X-rays, recommending repeated imaging for patients 

Table 3  Comparison of the total mean scores and level of nurses’ knowledge of ventilator care bundle (n = 30)
Total mean scores Pretest Posttest t P

Mean ± SD Mean ± SD
Assessment of mechanical ventilation (12 marks) 5.86 ± 1.33 10.16 ± 1.36 −12.54 .001**
Care of a child on mechanical ventilation (18 marks) 9.13 ±.973 14.66 ± 1.12 −19.30 .001**
Weaning of mechanical ventilation (6marks) 2.30 ± 1.17 5.16 ±.746 −11.15 .001**
Medications (4 marks) 1.96 ±.927 3.00 ±.870 −4.44 .001**
Level of knowledge Pretest Posttest X² P

n % n % 21.46 .000**
Excellent 2 6.7 18 53.3
Very good 5 16.7 7 30
Good 9 30 3 10
Pass 8 26.7 2 6.7
Fail 6 20 0 0
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with high clinical suspicion. As highlighted by [36], arte-
rial blood gases are crucial for monitoring respiratory 
function, and radiological imaging (e.g., chest X-rays, 
CT scans) is used to diagnose and monitor respiratory 
conditions, detect complications, and guide treatment. 
Throughout the study, a significant portion of the nurs-
ing staff was aged between 20 and 30 years, with a mean 
age of 26.23 ± 5.66  years, and the majority was female. 
Regarding qualifications, most of the nurses had gradu-
ated from the technical institute of nursing, and had less 
than 5 years of experience. The study’s findings are con-
sistent with previous research. The mean age of nurses 
was 26.63 ± 4.25  years, within the range of 20–30  years 
[37]. Younger nurses often staff pediatric intensive care 
units due to the demanding nature of the work [38, 39]. 
The majority of pediatric intensive care units nurses 
were female, aligning with the global nursing workforce 
being predominantly female [40]. Technical institutes 
are increasingly providing specialized training required 
for pediatric critical [41, 42]. Most nurses had at least 
10 years of experience and ongoing education and men-
torship enhance nurses’ competence and confidence [43, 
44]. These findings highlight the importance of tailored 
interventions and continuous professional development 
for nurses to address the specific challenges faced by 
pediatric patients and healthcare providers in pediatric 
intensive care units settings.

The duration of pediatric intensive care unit stays 
varied, with most children in both the study group and 
control group remaining for three weeks. For diagnostic 
procedures, arterial blood gases (ABGs) and radiologi-
cal imaging was employed in both groups. According to a 
study by [33], children admitted to the pediatric intensive 
care unit often present with complex conditions, includ-
ing shock and respiratory distress syndrome, necessitat-
ing intensive interventions like mechanical ventilation 
and rigorous infection control to prevent ventilator-
associated pneumonia. Our findings are supported by 
[34], who found that pediatric intensive care unit stays 
often extend to several weeks, especially for those requir-
ing mechanical ventilation due to the severity of condi-
tions and treatment complexity. Additionally [35], noted 
that early pneumonia may show minimal inflammation 
on X-rays, recommending repeated imaging for patients 
with high clinical suspicion. As highlighted by [36], arte-
rial blood gases are crucial for monitoring respiratory 
function, and radiological imaging (e.g., chest X-rays, 
CT scans) is used to diagnose and monitor respiratory 
conditions, detect complications, and guide treatment. 
Throughout the study, a significant portion of the nurs-
ing staff was aged between 20 and 30 years, with a mean 
age of 26.23 ± 5.66  years, and the majority was female. 
Regarding qualifications, most of the nurses had gradu-
ated from the Technical Institute of Nursing and had less 

than 5 years of experience. The study’s findings are con-
sistent with previous research. The mean age of nurses 
was 26.63 ± 4.25  years, within the range of 20–30  years 
[37]. Younger nurses often staff pediatric intensive care 
units due to the demanding nature of the work [38, 39]. 
The majority of pediatric intensive care unit nurses 
were female, aligning with the global nursing workforce 
being predominantly female [40]. Technical institutes are 
increasingly providing the specialized training required 
for pediatric critical care [41, 42]. Most nurses had at 
least 10 years of experience, and ongoing education and 
mentorship enhance nurses’ competence and confidence 
[43, 44]. These findings highlight the importance of tai-
lored interventions and continuous professional develop-
ment for nurses to address the specific challenges faced 
by pediatric patients and healthcare providers in pediat-
ric intensive care unit settings.

The current results demonstrated a statistically signifi-
cant improvement in both knowledge and practices post-
intervention with the ventilator care bundle. Prior to 
receiving the ventilator care bundle, a fifth of the nurses 
exhibited a poor level of knowledge; however, following 
the intervention, no nurses fell into this category. Com-
paring pre-intervention and post-intervention outcomes, 
the majority and a substantial portion of nurses consis-
tently practiced hand washing before and after contact 
with mechanical ventilation in the post-ventilator care 
bundle implementation. Additionally, fewer nurses per-
formed complete care of the ventilator machine prior to 
the ventilator care bundle, but this number increased sig-
nificantly post-implementation. The study also revealed 
that the majority of nurses effectively managed chil-
dren in a semi-recumbent position, maintained regular 
oral hygiene every 4 h, and assessed readiness to extu-
bate daily post-ventilator care bundle implementation. 
Finally, there was a statistically significant improvement 
in nurses’ knowledge and practices post-intervention 
with the ventilator care bundle (p < 0.001). In contrast 
[45], identified similar respiratory pathogens in hospi-
tal-acquired pneumonia patients and emphasized the 
importance of nurses performing oral hygiene every 4 
h, aligning with guidelines from the New Zealand Den-
tal Association. The findings are in line with [46], show-
ing significant improvements in nurses’ practices after 
the ventilator care bundle program (p < 0.001). Similar 
results were reported by [47], with enhanced nurses’ 
knowledge after teaching and their practices (p < 0.001). 
Lastly [48], found that 83% and 88.8% of nurses had sat-
isfactory post-program knowledge on ventilator care, 
consistent with our findings. This result emphasizes the 
importance of structured training programs in our study. 
Additionally [49], conducted a study that showed a sta-
tistically significant improvement in both knowledge and 
quality of care among staff nurses managing patients on 
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mechanical ventilation after an educational intervention, 
which aligns with the results of our study. The current 
study contributes to the growing body of evidence sup-
porting the effectiveness of educational interventions in 
improving healthcare practices. It underscores the need 
for ongoing training and professional development to 
ensure high standards of patient care and prevent com-
plications in critical care settings.

Additionally, the total mean scores of nurses’ prac-
tices showed a significant improvement post-ventilator 
care bundle implementation (p < 0.001). Children’s clini-
cal pulmonary infection scores also showed a highly sig-
nificant difference between the study and control groups 
(p < 0.001). Overall, these findings strongly support the 
hypothesis that implementing a structured ventilator 
care bundle can significantly enhance nurses’ knowledge 
and practices, thereby reducing the incidence of venti-
lator-associated pneumonia complications in pediatric 
patients. The findings align with those of [50] (2020) in 
Egypt, which found a strong relationship between nurses’ 
practices and the ventilator care bundle (p < 0.001), con-
sistent with our study. Similarly [51], reported significant 
improvements in nurses’ knowledge and performance 
post-intervention of the ventilator care bundle pro-
gram [52]. Noted differences in pre- and post-diagnosed 
clinical pulmonary infection score levels, aligning with 
our findings. Furthermore, the results highlight the 
importance of continuous professional development in 
maintaining high standards of care. As such, the study 
reinforces the necessity for ongoing education and train-
ing to equip healthcare providers with the latest best 
practices and techniques. The study has some limitations. 
Firstly, the demanding nature of nurses’ work schedules 
may have influenced their participation and performance. 
Secondly, the study was conducted in a single location, 
which may limit the generalizability of the findings.

Conclusion
The present study found highly significant differences 
in the overall mean ventilator care bundle knowledge 
and practices for nurses who received ventilator care 
bundles compared to those who did not. Children under 
the care of these trained nurses were less likely to expe-
rience ventilator-associated pneumonia. There were sta-
tistically significant differences in clinical pulmonary 
infection scores between the study and control groups, 
supporting the effectiveness of the ventilator care bundle. 
Suggest areas for future research, such as exploring the 
long-term effects of ventilator care bundles, comparing 
different bundle components, or investigating the impact 
of nurse training programs on VAP rates. Further studies 
could also examine the cost-effectiveness of implement-
ing these bundles in various healthcare settings.

Recommendations
Based on the results of the current study, the following is 
recommended:

- Integration of the ventilator care bundle for nurses 
in the pediatric intensive care unit (PICU) and neonatal 
intensive care unit (NICU) is essential.

-Educational programs and in-service training courses 
for pediatric nurses to increase the quality of ventilator 
care for children and its benefits for the occurrence of 
ventilator-associated pneumonia.

- A longitudinal study is necessary to monitor the 
relapse of ventilator-associated pneumonia and compli-
cations of ventilator-associated pneumonia among chil-
dren on mechanical ventilation.
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