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Abstract

        Ventilator associated pneumonia (VAP) is associated with morbidity, mortality and prolonged hospitalization and represent a serious threat to child safety. This study aimed to evaluate the effect of preventive bundle guidelines on nurses' knowledge and compliance towards ventilator associated pneumonia in pediatric critical care units. This study was carried out in pediatric, neonatal intensive care units, surgical care units at Benha Specialized Pediatric Hospital. a convenience sample of all the available nurses and all the available mechanically ventilated children throughout pre and post assessment at the previously mentioned settings participated in the study. Data were collected using a structured interview quesrionnaire sheet concerned with characteristics and knowledge of the studied nurses. The VAP bundle compliance checklist for assessing critical care nurses' compliance towards ventilator associated pneumonia preventive bundle guidelines. The child observational sheet: It included characteristics of the mechanically ventilated children and the clinical pulmonary infection score (CPIS) for measuring incidence of (VAP). The study results revealed that, in post intervention, the majority (84.3%) of nurses had a good knowledge level and 62.7 % of nurses had a satisfactory compliance level. There was a highly statistical significant difference between nurses' total knowledge and compliance level in pre/ post program intervention. There was a positive correlation between total nurses’ knowledge and compliance score in pre and post intervention .The study concluded that, nurses gained knowledge after implementation of preventive bundle guidelines. The study recommended that, evidence based guidelines for management of children under mechanical ventilation should be revised, updated and available in pediatric critical care units in both Arabic and English language.
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Introduction

Critically ill pediatric patients are characterized by the presence of actual or potential life threatening problems. Most of these children are dependent on health care providers and technological assistance. Among technological assistance, devices in critical care units (CCUs) which is the mechanical ventilator  assists or replaces spontaneous breathing and requires tracheal intubation. Mechanically ventilated children are more likely to develop pulmonary infection and pneumonia. Intubation required for mechanical ventilation hinders child’s ability to take oral feeding resulting in shifting bacterial strains naturally present in the mouth from being normal flora to pathogenic strains (Subramanian et al., 2013).
Healthcare-associated infections are a source of increased material and human costs and evidence-based guidelines and protocols have been developed in the attempt to decrease the incidence of HAIs. Ventilator associated pneumonia (VAP) is a HAI that occurs primarily in intubated and mechanically ventilated children. (VAP) is a pneumonia occurring 48 hours after the initiation of a mechanical ventilator. It is the most common nosocomial infection accounting for 25 % of all types  of pediatric   intensive  care  unit  acquired  infection  (Balkhy  et  al .,  2014).
Risk factors for VAP in children currently include use of enteral nutrition, previous antibiotic therapy, the technique used for endotracheal suctioning, reintubation, ventilator circuit changes, gastroesophageal reflux,  subglottal or tracheal  stenosis and trauma or surgical  problems.  Primarily, unlike adults, children have developmental and physiological differences for a wide range of ages. Age is also a factor in immunity, so younger or preterm infants are more likely than older children  or  adults  to  experience  infection  and  to  have  more  frequent episodes  of  infection (Liu  et al, 2013). 
Nurses’ lack of knowledge and compliance related to the preventive guidelines may contribute to non-adherence to the guidelines. Nurses have a direct impact on the incidence of HAIs overall and VAP in particular. Interventions such as oral care, head of bed elevation, and suctioning are daily tasks that should be performed regularly on ventilator patients. Many times nurses perform these measures and are unaware of the scientific reasoning; providing education to nurses empowers them to provide optimal care to their patients. Adherence and compliance to institutional protocols for VAP prevention can significantly impact the incidence of it (Sedwick et al., 2014).
Prevention  of  VAP  is  considered  a  priority  among  ICU  nurses  and  an indicator  of  quality  care. Prevention and control of VAP are dependent on education, attitudes and knowledge of nurses about VAP issues. Teaching  and  evaluating  clinical knowledge,  skills,  and  problem-solving abilities  should  include  didactic  and interactive activities with  regular training sessions  to  prevent  the  decrease  in perfonnance  that  may  occur  with  time. Comprehensive education about ventilator  modes,  function  of  dials,  and various  skills  to  prevent  and  manage various  patient-  and  ventilator  related problem  promotes  optimal  patient centered care (Gupta et al, 2014).
Prevention of VAP is thus of utmost importance in critical care. Steps to reduce the incidence of VAP have been identified based on clinical best practice guidelines worldwide.These guidelines promulgated the ventilator care bundle as an evidence-based guideline for the prevention of VAP. According to the Institute for Healthcare Improvement (IHI) the  preventive bundle is a series of small, straightforward sets of practices or interventions related to ventilator care that, when implemented together, would achieve significantly better outcomes than when implemented individually (Ruppert, 2015).
The role of the critical care nurse works in pediatric settings in preventing VAP is crucial. Most of the measures included in VAP Prevention Bundle guidelines are largely related to the daily nursing care activities. The key concepts of the VAP Prevention Bundle are called concepts. These concepts include; head of bed (HOB) elevation 30 degrees or more, use of peptic ulcer disease prophylaxis, daily interruption of sedative drug infusions with a constant assessment of readiness to extubate and providing oral care (Rello, 2015).
By educating nurses and providing them with opportunities to demonstrate competency in their care, opportunities to enhance critically- ill children outcomes increase. By teaching nurses how to comply with VAP Preventive Bundle, VAP rates will decrease. This is especially true for nurses who are new to the critical care environment. Orientation of these nurses needs to include VAP Prevention Bundle and a chance for the nurses to work with the equipment and patients prior to being on the unit because VAP bundles is not typically taught during nursing education (Ismail, 2015).

Subjects and Methods
The study aimed to evaluate the effect of preventive bundle guidelines on nurses' knowledge and compliance towards ventilator associated pneumonia in pediatric critical care units. 
Subjects and methods of the current study were discussed under the following four designs:
I-Technical design:
    

The Technical design of the study included: settings, subjects and tools for data collection
Settings:


The current study was carried out in pediatric, neonatal intensive care units, surgical care units at Benha Specialized Pediatric Hospital.
Subjects:
A convenience sample of all the available nurses (n=51) working at the previously mentioned settings regardless of their characteristics.
A convenience sample of all the available mechanically ventilated children (n=67) throughout pre and post assessment at the previously mentioned settings regardless of their characteristics.

Exclusion criteria: Children who don't have pneumonia.
Tools of data collection:

        Data collected through using the following tools:
Tool (1): A structured interview quesrionnaire sheet:

         It was designed by the researcher in the light of relevant studies and researches. It was written in an Arabic language and composed of two parts:

-The first part:

          Characteristics of the studied nurses such as; age, gender, years of experience, educational level, etc.....

-The second part:

          It was concerned with knowledge of the studied nurses; it was adapted by the researcher from Blot et al., (2007) about pathophysiology, risk factors and preventive bundled practices of ventilator associated pneumonia.

Scoring system of knowledge:

All knowledge was weighted upon completion of the interview questionnaire as the studied nurses' knowledge was checked with a model key answer as the complete correct answer was given two degrees, incomplete correct was given one degree and zero for incorrect or don't know and accordingly their knowledge was categorized into the following:

Good = 75- ≤100%

Average = 50- <75%

Poor = 0- <50%
Tool (2): The VAP     bundle      compliance    checklist:

          It was adapted by the researcher from Tablan et al., (1994) and Center of Disease Control and Prevention, (2003). It was used for assessing critical care nurses' compliance towards ventilator associated pneumonia preventive bundle guidelines. It included bundled practices such as infection control measures, patient positioning, ventilator care measures, suctioning care and oral care. 
Scoring system of VAP bundle compliance checklist:

The score of each item of the previous tool was ranged as the following:                                                     
 Comply satisfactorily (2), Comply unsatisfactorily (1), Not comply (0). The total scores converted into percent scores and divided so that, if the score was ≥ 80 % considered satisfactory level of compliance. If it was < 80 % considered unsatisfactory level of compliance.
Tool (3): The child observational sheet:

         It was composed of two parts:

-The first part:

          Characteristics of the mechanically ventilated children such as; age, gender, diagnosis, complications related to diagnosis, date of admission,  date of onset of mechanical ventilation, date of weaning from mechanical ventilation and length of stay on ventilator.

-The second part: The clinical pulmonary infection score (CPIS)  



           It was adopted by the researcher from A'Court et al., (1993). It was used for measuring incidence of ventilator associated pneumonia.


The score of each sub item was ranged from (0) to (2) with total score of (12). If the total score was ≥ 6 considered suggestive of pneumonia. If it was < 6 considered at base line.
II-Operational design
1-Preparatory phase:
This  phase included the following; reviewing the available literature and different studies related to research problem, and theoretical knowledge of its various aspects of the study, using textbooks, evidence-based articles, internet periodicals and magazines in order to collect tools of this study. This period extended from (March 2015 to July 2015).

Designing preventive bundle guidelines:

  This was taken period of time from (end of July 2015 to Septmber 2015). It based on literature review, the researcher designed Arabic booklet comprised ventilator associated pneumonia preventive bundle guidelines to be applicable by nurses working at pediatric, neonatal intensive care units, surgical care units at Benha Specialized Pediatric Hospital. 
2- Tools validity and reliability
Tools validity were tested though a jury of three experts. The experts reviewed the tools for clarity, relevance, comprehensiveness, simplicity and applicability, minor modification were done. This phase took one month from May 2015 to June 2016. It was accomplished through Experts opinionnaire sheet. 
 
 Testing reliability of proposed tools was done by Cronbach's alpha test.
        Knowledge reliability statistics Cronbach's alpha = 0. 789    

       Compliance  reliability statistics Cronbach's alpha = 0. 871

A Pilot study was carried out on 5 nurses of the studied subjects, who were included in the main study. The pilot study was done to ensure clarity, applicability, feasibility of conduction of the study tools, and time needed for each tool to be filled in. Few modifications were done according to the pilot study findings. This phase took one month from (July 2015 to August 2015). 

3-Field work:
The process of data collection was carried out from the beginning of September 2015 to the end of June 2015. The researcher visited the pediatric, neonatal intensive care units, surgical care units at Benha Specialized Pediatric Hospital three days weekly (morning & afternoon) to collect the data by using previous tools.

                The researcher interviewed with available nurses in pediatric, neonatal intensive care units, surgical care units and explained the aim of the study and take their approval to participate in the study prior to data collection, then the researcher assessed  the nurses' knowledge and compliance level regarding caring of children under mechanical ventilation by using questionnaire sheet and compliance checklist (pre preventive bundle guidelines implementation). 
The researcher collected the required information about children on ventilators using the child observational sheet throughout nurses' completion of The questionnaire sheets as the researcher recordeded the child's characteristics of the mechanically ventilated children such as; age, gender, diagnosis, complications related to diagnosis, date of admission, date of onset of mechanical ventilation, date of weaning from mechanical ventilation and length of stay on ventilator. In addition, the researcher measured incidence of pneumonia using clinical pulmonary infection score for each child on ventilator for more than 48 hours. 
          Implementation of preventive bundle guidelines
The implementation phase was achieved through 10 sessions at a period of 10 weeks. Each session started by a summary of the previous session, and objectives of the new one. Taking into consideration, the use of Arabic language that suits the nurses’ educational level. Motivation and reinforcement during session were used in order to enhance motivation for the sharing in this study.   
Teaching methods were lecture, group discussion, demonstration and re-demonstration. Media utilized were handouts, videos and data show.

4-Evaluation phase:
After implementing preventive bundle guidelines, the post tests were administered to assess nurses' knowledge and practice using the same forms of pre tests, this helped to evaluate the effect of implemented guidelines. This was done immediately after the intervention. 
III. Administrative Design:
Permission was granted from the Dean of Faculty of Nursing, Benha University, Hospital directors and Head of units at Benha specialized pediatric Hospital. Obtain the approval for data collection. The objectives and the nature of the study were explained and then it was possible to carry out the study with minimum resistance. Additional oral consent was taken from the nurses who participate in the study after explanation of the nature, aims and expected outcomes of the study.
Ethical consideration:

          All ethical issues were taken into consideration during all phases of the study, the ethical research consideration in this study included the following: the research approval was obtained before program implementation, the objectives and aim of the study were explained to all participants, the researcher maintains on anonymity and confidentiality of the subjects

IV. Statistical Design:
       The collected data were organized, coded, computerized, tabulated and analyzed by using the statistical package for social science (SPSS), version (11). Data analysis was accomplished by the use of number, percentage distribution, mean, standard deviation, and correlation, coefficient; Paired t-test was used to test the significance of some variances.A significant level value was considered when p<0.05, p<0.001

Results:

Characteristics of the Studied Nurses 

Table (1): Distribution of the studied sample according to their sociodemographic characteristics (n=51)                              
	Demographic characteristics
	No.
	%

	Age ( years)

	20<25
	21
	41.2

	25<30
	27
	52.9

	30<35
	3
	5.9

	Mean ( SD
	25.12 (  2.42

	Educational level

	Diploma 
	37
	72.5

	Diploma Technical + speciality
	1
	2.0

	Technical Institute  
	5
	9.8

	Bachelor of Nursing
	8
	15.7

	Experience years

	 < 3
	9
	17.6

	3<5
	12
	23.5

	5<7
	24
	47.1

	≥ 7
	6
	11.8

	Mean ( SD
	5.18 (   2.37



This table demonstrates distribution of nurses according to their demographic characteristics. It shows that, more than half (52.9%) of the studied subjects their age ranged between 25-<30 years old with mean age of 25.12 (  2.42, most of them (72.5%) have diploma. As well less than half (47.1%) of them have 5-<7 years of experience.
Table (2): Distribution of the studied nurses' total knowledge level (n=51)
	Items
	Pre intervention n=51
	Post intervention

n=51
	X2

	P – value

	
	
	
	
	

	
	No
	%
	No
	No
	
	

	Good
	0
	0.0
	43
	84.3
	78.533
	0.000**

	Average
	22
	43.1
	8
	15.7
	
	

	Poor
	29
	56.9
	0
	0.0
	
	


**    A highly statistical significant difference (P ≤ 0.001)
This table shows that more than half (56.9%) of nurses have poor knowledge level pre- program intervention. Meanwhile, in post intervention, the majority (84.3%) of nurses have a good knowledge level.

Also, there is a highly statistical significant difference between nurses’ total knowledge level pre and post program intervention as (P<0.001).
Table (3): Distribution of the studied nurses according to total compliance level    (n=51)

.

	Items
	Pre intervention n=51
	Post intervention

n=51
	X2

	P - value

	
	
	
	
	

	
	No.
	%
	No.
	%
	
	

	Satisfactory  Compliance
	1
	2.0
	32
	62.7
	43.049
	0.000**

	Unsatisfactory Compliance
	50
	98.0
	19
	37.3
	
	


** A highly statistical significant difference (P ≤ 0.001)

This table demonstrates that, the minority (2%) of nurses had a satisfactory compliance level pre- program intervention. However, in post program intervention, 62.7 % of nurses had a satisfactory compliance level.

There is a highly statistical significant difference between nurses' total compliance level in pre/ post program intervention (P ≤ 0.001).
Figure (1): Distribution of the mechanically ventilated children according to total clinical pulmonary infection score (n=67)

2 = 10.799        P-value = 0.001 X
This figure demonstrates that, less than two thirds (62.5%) of studied children had suggestive pneumonia in pre- program intervention. While in post program intervention, 77.1% of studied children were at base line.

There is a highly statistical significant difference between studied children according to level of clinical pulmonary infection score in pre/ post program intervention (P ≤ 0.001).
Table (4): Correlation coefficient between total knowledge score and total compliance score of the studied nurses with preventive bundle pre/ post program intervention (n=51)

	Variables
	Total knowledge score

	
	Pre intervention

(n=51)
	Post intervention

n=51))

	
	r
	P
	R
	P

	Total compliance score
	.658
	.000**
	.745
	.000**


This table demonstrates that, there is a positive correlation between total nurses’ knowledge and compliance score in pre and post intervention (P<0.001).

Discussion
Ventilator associated pneumonia  (VAP) is a costly, preventable and often fatal consequence of medical therapy that increases hospital and intensive care stays in mechanically  ventilated children. The prevention of VAP is primarily the responsibility of the bedside nurse whose knowledge, beliefs and practices influence the health outcome of ICU patients. Unfortunately little is known about the degree of nursing knowledge on evidence based guidelines for the prevention of VAP ( EL Nabawy & Abosamra, 2015).

The present study aimed to evaluate the effect of preventive bundle guidelines on nurses' knowledge and compliance toward ventilator associated pneumonia in pediatric critical care units through Assessing critical care nurses’ knowledge and compliance toward ventilator associated pneumonia and assessing  VAP infection rate of mechanically ventilated children, designing preventive bundle guidelines for pediatric critical care nurses, implementing and evaluating the effect of preventive bundle guidelines on nurses' knowledge and compliance toward ventilator associated pneumonia in pediatric critical care units and evaluating the effect of the improved nurses' knowledge and compliance towards Preventive bundle guidelines on infection rate of mechanically ventilated children.

  
 Regarding age, the present study revealed that more than half (52.9%) of the studied subjects their age ranged between 25-<30 years old with mean age of 25.12 (  2.42. This result agreed with Ali, (2013) whose study about (Critical Care Nurses' Knowledge and Compliance with Ventilator Associated Pneumonia Bundle at Cairo University Hospitals) who reported that, 64.4% of studied sample, their age ranged between 20 to more than 30 years with mean age of 27.26 ± 5.69. and incongruent with

 As regard to qualification, the present study showed that most of studied nurses (72.5%) have diploma. This result agreed with Ali, (2013) who mentioned that, the  demographic  profiles  of  the  participants    mentioned  that, the majority(75.5%) of the nurses in the study group were diploma holders and internship nurses. This finding disagreed with  the result of study by Yaseen and Salameh, (2015) entitled (Saudi Critical Care Nurses' Knowledge Of and Barriers toward Adherence to Prevention of Ventilator Associated Pneumonia Guidelines) Who mentioned that, 48.4% of all participants had a Bachelor of Nursing (BSN) degree while (37.6%) had Diploma degrees. As well, the present study stated that, less than half (47.1%) of them have 5-<7 years of experience. This finding consistent with study done by Badawy, (2014) entitled (Impact of a Structured Teaching Program for Prevention of Ventilator Associated Pneumonia on Knowledge and Practices of Intensive Care Nurses at Central Quwesna Hospital, Egypt ) who reported that, (43.3%) of the nurses had 6 years of clinical experience. This result was incongruent with the result of Yaseen and Salameh, (2015) who reported that, 48.4% of all participants had a Bachelor of Nursing degree while (37.6%) had Diploma degrees. More than half of nurses (53.4%) had 1- 5 years of experience in ICU. and 46.6% of the nurses had more than 6 years of clinical experience.

Regarding distribution of the studied nurses' total knowledge level, the present study showed that, more than half of nurses have poor knowledge level pre- program intervention. Meanwhile, in post intervention, the majority of nurses have a good knowledge level. This finding is in the line with Badawy, (2014) who reported that, 90% of the nurses in the study sample had unsatisfactory knowledge at the pre-program implementation, however, the scores of subtotal knowledge increased immediately after the program, and continued to be higher at the first and subsequent follow-up phases with statistically significant (p<0.001).

It has been suggested that, nurses usually lack  knowledge  of  the  research  and  evidence  for  the prevention  of  VAP. Majority of nurses  acquire their knowledge of taking care of critically ill children from their basic educational programs, or from hospital  policies  and  procedures.  Moreover, the demographic profiles of the participants also mentioned that, majority of the nurses in the study were diploma holders.

The present study demonstrated that, the minority (2%) of nurses had a satisfactory compliance level pre- program intervention. However, in post program intervention, 62.7 % of nurses had a satisfactory compliance level. There is a highly statistical significant difference between nurses' total compliance level in pre/ post program intervention (P ≤ 0.001). This result is in the same line with Alshameri,(2013) who revealed that, the applied education program provided  positive impact in nurses performance compliance in intervention group, as the  majority  of  the  study  subjects  in  the  intervention  group  improved  in  practicing compliance  in  final  assessment  from  initial  assessment  in  the  most  items. In addition, The  means  of  initial  and  final  assessment  performance  elements  compliance  had  a statistical significant difference in intervention group for all elements.

The possible explanation for non adherence to these guidelines that, nurses in most critical care unit never initiates weaning trials , and the physician   is  the  only  one  who  is   responsible  for  initiation  of  weaning  trials  and  interruption  in  sedation utilizing sedation scale. 

The current study clarified that, less than two thirds (62.5%) of studied children had suggestive pneumonia in pre- program intervention. While in post program intervention, 77.1% of studied children were at base line with a highly statistical significant difference between studied children according to level of clinical pulmonary infection score in pre/ post program intervention. 

Regarding this result, it is very clear that, there was a decrease in incidence of VAP after implementation of the preventive bundle guidelines. This finding is supported by Alshameri,(2013) who noted that, the  VAP  incidence  rate  for  intervention  group  was  (54.4/1000  ventilator  days)  in  pre intervention assessment and the rate decreased to (40.53/1000 ventilator days) in post intervention assessment,  which  reflects  the  positive  impact  of  education  program  in  decreasing  the  VAP incidence rate. 

This result is also in the same line with Rady, (2013) who found that, before implementation of ventilator bundle, VAP rate was 50%; and after implementation of ventilator bundle VAP rate decreased to 14% with statistical significant difference regarding clinical pulmonary infection score in pre/ post intervention.

According to Arabnejad et al., (2011) also noted in his study about (The Combination Strategy to Reduce Early Ventilator-Associated Pneumonia)   that, The incidence of early VAP was 19.6% and 40.8% in the intervention and the control groups respectively with (P <0.001). The early VAP rate was 22.8 and 14.41 per 1000 ventilator days in control and the intervention groups respectively. 

The current study demonstrated that, there is a positive correlation between total nurses’ knowledge and compliance score in pre and post intervention. This result is in the same line with Badawy, (2014), who illustrated that, knowledge and practices were positively correlated. This result is incongruent with Ali, (2013) whose study findings revealed no correlation what so ever between knowledge and practice. Lack of association between the total knowledge scores and performance scores may be partially interpreted in the light of lack of training courses, updating pre-existing knowledge, lack of time, workload, and lack of equipment as the reasons for non compliance ventilator bundle practices. 

Conclusion

It was concluded that, nurses were having unsatisfactory total knowledge and compliance at the pre-intervention, however, the score of total knowledge and compliance increased immediately post intervention indicating that the nurses gained knowledge after implementation of preventive bundle guidelines. On the other hand it was observed that there were statistically significant relation between nurses' age, years of experience, educational level and job and their total knowledge and compliance scores in post- intervention.

Moreover, VAP infection rate was higher pre-intervention while in post intervention; most of mechanically ventilated children were at base line. 
Recommendations

The following recommendations can be suggested:

1- Evidence based guidelines for management of children under mechanical ventilation should be revised, updated and available in pediatric critical care units in both Arabic and English language.

2- Continuous evaluation of nurses' knowledge and practice is essential to identify their needs in intensive care units about hospital acquired infection and infection control measures

3- In-service training program must be developed based on need assessment for nurses in relation to ventilator associated pneumonia

4- Provision of adequate supervision of nurses during their practice and providing teaching on spot with motivation and feedback.

5- Further study is needed to apply the guidelines with larger sample size &evaluate its impact on nurses’ performance regarding caring for of children under mechanical ventilation and children’ outcomes.
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