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Abstract 

Background: Ventilator-associated pneumonia (VAP) was an important type of 

hospital-acquired pneumonia (HAP). When patients became infected with VAP, they 

suffered physical and psychological damage. It would also be a waste of medical 

resources and increased the economic burden of the patients. In order to improve 

patients’ quality of life, promote the comfort of patients, meet the comfort needs of 

patients, registered nurses should find ways to prevent VAP more effectively. 

Aim: The aim of this review was to describe how registered nurses could prevent 

patients with respirator to suffer from VAP, and to review the samples used in the 

scientific articles. 

Methods: A comprehensive review of the literature was conducted regarding the 

articles about reducing the incidence of VAP. The 14 articles were selected in the end 

from PubMed, and the screened articles were arranged to use “4-Es” to prevent VAP. 

Results: Nurses could prevent VAP in many effective ways, including abdominal 

massage, health guidance, infection prevention, device management, and oral care. 

Before intervention, nurses could join a team and work with the members, nurses could 

also take courses on how to prevent VAP and receive education. After intervention, 

nurses evaluate the preventive effect and the process to see if the intervention was 

effective.  

Conclusions: Nurses could reduce the incidence of VAP by effective intervention. 

Before and after the nursing prevention, it was also important for nurses to participate, 

receive education and evaluate the effect and process of preventing VAP. 
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摘要 

背景：呼吸机相关性肺炎(VAP)是医院获得性肺炎(HAP)的重要类型.。HAP 是第

二大医院感染。使用呼吸机呼吸的病人很可能患上 VAP。当病人感染 VAP 时，

会对病人造成身体和心理上的损害，加重了病人的经济负担；同时，还会造成医

疗资源的浪费。为了提高病人的生活质量，使病人达到舒适的状态，满足患者的

舒适需求。注册护士们应该找到有效的预防 VAP 的方法，并将这些方法更有效

的应用在临床实践中。 

目的：介绍注册护士如何预防患者感染呼吸机相关性肺炎，以及描述参考文献中

样本的特征。 

方法：综合文献，对降低 VAP 发病率的研究进行综述。文献通过在 PubMed 上

输入关键词进行搜索，并筛选文章，整理出有效预防 VAP 的方法。 

结果：护士可以通过许多措施对病人进行护理干预，从而降低 VAP 的发生率，

其中包括腹部按摩，健康指导，预防感染，器械管理以及口腔护理。在对病人进

行护理干预之前，护士可以加入专业的小组并同小组成员合作，同时护士也可以

学习有关如何预防 VAP 的课程，接受相关教育。在实施干预措施后，护士通过

评估预防效果和操作过程来了解干预是否有效。 

结论：护士通过有效地干预措施可以降低 VAP 的发生率。同时，护士在实施措

施前后，积极参与，接受教育，进行评估，对预防 VAP 来说也是尤为重要。 

 

关键词：护士；预防；呼吸机相关性肺炎 
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1. Introduction  

1.1 Background  

Breathing machine has been applied in clinical for a long time, and it was always used 

in intensive care unit (ICU), respiratory medicine ward, and even the patient’s home, 

for the sake of long-term treatment.[1] Using equipment (mainly respirator) was an 

effective method to help patients with oxygenation function obstacle returned to 

effective ventilation and improved oxygenation.[2] As a common life support equipment, 

respirator helped patients to maintain life, improved the respiratory function and 

rehabilitation on the basis of disease treatment,[3] and using respirator was an effective 

method to help patients with oxygenation function obstacle returned to effective 

ventilation and improve oxygenation,[2] it was useful to keep patients’ lives. Patients 

using respirator for a long time was easy to suffer from a series of complications, for 

example, the ventilator associated pneumonia (VAP), which greatly increased the 

mortality rate.[4] VAP was an important type of hospital-acquired pneumonia(HAP), 

and HAP was the second largest hospital infections.[5] In the national public health 

system, VAP had become an important concern because of its high incidence and high 

mortality rate, and it had led to a large consumption of health resources.[5] For patients, 

the complications increased the medical costs, treatment costs, and increased the 

economic burden of patients.[2] Although the diagnosis, treatment and prevention of 

VAP had all been developed, it continued to be a major cause of morbidity and 

mortality among critically ill patients.[6] 

 

1.2 Definitions  

1.2.1 Hospital-acquired pneumonia (HAP) 

HAP was defined as a process in inflammatory lung tissue caused by infectious 

pathogens, did not exist at the time of hospitalization, admission for 48 hours or more.[5] 

1.2.2 Respirator 
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Respirator could establishment of the pressure differential between the gas crossover 

and alveolar ventilation machine form alveolar ventilation ability. It provided different 

oxygen concentration, and improved the ventilation, resulted in reducing respiratory 

function, prevented the multiple organ damage.[3]  

Although, using respirator could help patients keep breath, it also increased the risk of 

HAP. There were many complications in the application of respirator, including low 

blood pressure, lung injury, pneumothorax, subcutaneous emphysema, VAP and 

etcetera.[7] This article focused on the prevention of VAP.  

1.2.3 Ventilator associated pneumonia (VAP) 

VAP was a pneumonia occurring over 48 hours, and it was characterized by new lung 

infiltrate, new onset off ever, purulent sputum, leukocytosis, and decline in 

oxygenation.[8] VAP was a frequent complication happened to those patients who were 

using respirators in the hospital.[9] It was a common complication of mechanical 

ventilation, and it was the most common hospital-acquired infection.[10]  

 

1.3 Risk factors of VAP 

The risk factors included the backrest position of patients, the oral health, and the 

sedation in mechanical ventilation,[11] the presence of the endotracheal tube[12] and so 

on. Patients with respirator needed to stay in bed for a long time. This long bed rest 

reduced patients’ muscle efficiency and overall strength in a few days or a few 

weeks.[10] These patients required a high level of care and they had a high risk of adverse 

reactions. Lack of patient monitoring and unqualified management may posed a major 

threat to patient safety, led to complications and adverse outcomes.[13] In addition, the 

emergency departments were tend to lack resources and personnel trained management. 

Registered nurses to the ongoing management of patients with invasive ventilation was 

usually limited.[13] In order to avoid prolonged ventilation, and reduce the occurrence 

of adverse events, reduce the related risks and costs, nurses should take better care of 

patients.[1] 
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1.4 Kolcaba K’s comfort theory 

Comfort was a term that always related to nursing, it was always guide the care goal 

and the most ideal result of the nursing. Kolcaba et al,[14] an American nursing specialist, 

had developed the theory of comfort after nearly twenty years of research and practice. 

The theory of comfort was developed in the 1990s. It was a middle range nursing theory 

designed for nursing practice, nursing research, and the education for nurses. Relief 

comfort usually comes in the form of pain management through medications. When 

medications were administered, the patient had a sense of relief from the pain. In this 

review, authors focus on the application of comfort theory in preventing VAP. 

According to the theory of comfort,[14] patient comfort existed in three forms: relief, 

ease, and transcendence. Ease comfort was focused more on the environment and 

psychological state of the patient. For example, after issues of anxiety were addressed 

and treated , a patient felt at ease. Finally, transcendence comfort came when a patient 

was able to rise above challenges that occur in care and recovery. These comforts could 

occur in four contexts: physical, psychospiritual, environmental, and sociocultural. 

Nurses should strive to meet the basic needs of patients, encourage them, take care of 

them, and give them physical and mental comfort. Nurses could create a comfortable 

environment for patients and established a proper visiting system then the patients could 

meet their families as much as possible, and they would not feel lonely. Through this 

method, the nurse could ensure that the patient was properly taken care of, and the 

patient could feel comfortable. If a patient was comfortable, he or she would feel 

emotionally and mentally better, which would aid in recovery.  

According to the theory of comfort,[14] the role of a nurse was to assess a patient's 

comfort needs and created a nursing care plan to meet those needs. As a patient's 

comfort needs changed, the nurse's interventions changed as well. 
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1.5 “4-Es” model 

This model embedded an explicit method for knowledge translation in a collaborative 

model for broader dissemination of knowledge into practices.[15] This was a guide to 

translate evidence-based interventions into practice and increases the reliability. In this 

model, there were four aspects: engagement, education, execution, and evaluation. In 

this article, “4-Es” model was used to organize the intervention process of preventing 

VAP when nursing staffs were carrying out nursing operations for the patients used of 

ventilator. In this review, the “4-es” model was used to more systematically summarize 

how nurses prevent VAP. In the process of preventing VAP, besides effective prevention 

measures, the positive role played by nurses in practice is also very important.[16] 

 

1.6 Related reviews for prevention of VAP 

In a review from Booker et al,[17] the authors discussed the pathophysiology of VAP 

and the importance of the oral care. They provided an evidence-based, step-by-step 

guide to providing optimal oral care for intubated patients. 

In a review from Barnes et al,[18] the result mentioned the dental hygienists could 

contribute to solving oral care challenges, and they could positively impact the suffering, 

morbidity and mortality associated with VAP. 

In a review from Ongstad et al,[19] the authors evaluated the efficacy of a multifaceted 

VAP prevention protocol in an adult trauma population. The standard VAP bundle 

included head-of-bed elevation, daily assessment of readiness to wean from the 

ventilator; dedicated ventilator circuits changed at 48 hours postintubation to provide 

heated humidification and then left intact unless visibly soiled; and interventions 

targeted toward oropharyngeal secretions, including high-frequency chest wall 

compression, routine use of endotracheal tubes with subglottic suction, and oral care 

with 0.12% chlorhexidine. 
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1.7 Problem statement 

Most of earlier reviews on VAP also focused on what specific measures nurses could 

use to prevent VAP more effectively, and our research will also payed attention to how 

to effectively prevent the occurrence of VAP. However, this review will focused on 

how to better practice in clinical practice from the nurse’s point of view, and effectively 

reduce the incidence of VAP. The present study may contribute to improve knowledge 

about how registered nurses apply the measures to prevent VAP in clinical practice. In 

addition, the articles included in this review were in 5 years, so our results could offer 

more novel information.   

 

1.8 Aim and research questions 

The aim of the literature review was to describe how registered nurses could prevent 

patients with respirator to suffer from ventilator associated pneumonia, and to review 

the samples used in the scientific articles, with the help of the following questions: 

- How could registered nurses prevent patients with respirator to suffer from VAP ? 

- What were the characteristics of the samples that the authors of the included 

scientific articles had chosen to use? 

 

2. Methods 

2.1 Design 

The authors implemented a descriptive literature study.[20] 

 

2.2 Searching strategy 

Articles were found by searching in the databases PubMed. The following search terms 

were used when searching for articles: Pneumonia, Ventilator-Associated (MeSH), 

prevention and control (MeSH), nurs* (free text). Search terms were first used 

separately and then combined using Boolean operator “AND”, like “Pneumonia AND 

Ventilator-Associated”. Limits were used in order to get a relevant result in relation to 
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the aim, which were University of Gävle, Full text, English and 5 years. Finally, in the 

preliminary search, there were 26 articles deemed to be of potential interest for the 

literature review, were selected. (Table 1) 

 

Table 1 Results of preliminary database searching 

Database 

Date of 

search 

Limits Search terms No 

of 

hits 

Potential 

articles 

(excluding 

doubles) 

PubMed 

2017-09-07 

University of 

Gävle, Full text,  

English, 5 years 

Pneumonia,Ventilator-Associated (MeSH) 790  

PubMed 

2017-09-07 

University of 

Gävle, Full text,  

English, 5 years 

Pneumonia,Ventilator-Associated(MeSH) 

AND prevention and control (MeSH) 

286  

PubMed 

2017-09-07 

University of 

Gävle, Full text,  

English, 5 years 

Pneumonia,Ventilator-Associated (MeSH) 

AND prevention and control (MeSH) AND 

nurs* 

77 26 

    Total: 26 

 

2.3 Selection criteria 

Inclusion criteria for this review study was: (1) relevant to the study aim, that was how 

the registered nurses could prevent VAP; (2) empirical scientific articles using a 

quantitative approach. This was because we needed to find out which interventions 

were more effective in preventing VAP and had a positive effect on clinical 

implementation, so we were all involved in quantitative articles. In these quantitative 

articles, clear data could be obtained to prove which measures were more effective.[20] 

 

2.4 Selection process and outcome of potential articles 

Search terms were searched on PubMed, and limits were used, and 77 articles were 

found. After screening titles and abstracts, 26 candidate articles were retrieved for 
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full-text review (Figure 1). Of the 26 potential articles, 12 were excluded because of 

the improper subject and the qualitative articles. In the end, 14 articles were selected which 

corresponded to our aim. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Selection process and outcome of potential articles 

 

2.5 Data analysis 

14 articles were read separately. The two authors each read seven articles carefully, 

marked out the information about question 1 and question 2 in the articles, then read all 

the articles together again, checked the contents found by each person, and determined 

their relevance to question 1 and 2. The authors used matrices, which were two 

templates, to process the articles included in the degree project. According to Polit and 

Beck,[20] using a matrix was a good way of organizing the information found in the 

articles.One template used to collect information related to question 2, including 

authors, title, design and approach, sample, intervention, data collection and data 

analysis(Appendix 1), the other used to organize the aim sections and results sections 

of the articles(Appendix 2).  

The authors analyzed the information in Appendix 1 and classified the sample 

characteristics of the articles, including the number of samples, the average age, the 

gender and whether the samples were divided into two groups to do control experiments. 

26 articles remained 

23 articles remained 

There were 3 articles not write about nurs*.  

 

20 articles remained 

3 articles were reference guide . 

14 articles remained 

6 articles were reviews. 
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Finally, the characteristics of the sample population in the reference literature were 

obtained to answer question 2. 

At the same time, the authors analyzed and summarized the information in Appendix 2, 

and generalized the intervention methods that could effectively prevent VAP to answer 

question 1. In this process, we found an article about the “4-es” model. And the authors 

decided to apply this model to organize the result part. Firstly, the 14 articles were read 

carefully again in pairs, found the contents that belonged to each of these four aspects 

including engagement, education, execution, evaluation and displayed them in another 

table(Appendix 3). Secondly, after sorting out the contents of the four themes, 

according to the similarities and differences of each part, subheadings of each part were 

formed. 

 

2.6 Ethical considerations 

According to Polit&Beck,[20] the authors were responsible for assuring that the study 

abides by the ethical guidelines. The study would be absolute objectivity and judicial; 

the articles would be read and reviewed objectively, without being subject to the 

authors’ own opinions and attitudes. The results would be presented in their entirety 

without being altered according to the study. The data of these articles were also 

confirmability, which mean the objectivity or neutrality.[20] 

 

3. Results 

Four aspects of the execution, engagement, education, evaluation were sorted out in 

Table 2 to summarize what nurses could do to prevent VAP more effectively. Among 

them, in the part of execution in the table, subheadings including abdominal massage, 

health guiding for patients or families, avoid the source of infection, equipment 

management, oral care were summed up as nursing measures to prevent VAP according 

to the selected literature. And these measures were proven to be effective in preventing 

VAP. Before implementing the measures, the nurses could participate in a professional 
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team and work with the team members or other appropriate medical personnel, the part 

of this was presented in the section of engagement. At the same time, nurses could be 

actively educated about the prevention of VAP, and could also take the initiative to 

learn the relevant user courses, that was the education section of the form. After the 

implementation of the measures, nurses should not only evaluate the incidence of VAP 

after their intervention, but also evaluate their nursing process. These two parts were 

summarized in the evaluation part. As well as, their were more information in Table 2. 

 

Table 2  Measures for preventing VAP from a nurse's point of view 

 

Implementation 

strategy 

Subheading Key features 

Execution Abdominal massage 

 

 

Health guidance 

 

 

Avoid the source of infection  

 

Equipment management 

 

Oral care 

Abdominal massage was administrated to all patients twice 

a day.[21] 

 

Health guidance was given to patients’ families and related 

personnel.[22] 

 

Strict hand hygiene and universal gloving were used.[22]  
 

Head of the bed was elevated 15 to 30◦.[22] 

 

Tooth brushing with toothpaste and CHG 0.12% solution 

were applied.[23]  

 

Engagement Work with professional 

staff 

 

Take part in a professional team[24] and work with team 

members like experienced nurses and physicians of 

different specialties.[25] 

 

Education Receive an education program 

 

Study related courses 

Nurses received the educational intervention. [26] 

 

All staff accepted a user course.[25] 

 

Evaluation Assess the effect of prevention  

 

Assess the prevention process  

 

Assess the VAP prevalence rates.[27] 

 

Assess frequency and methods of oral care.[23] 

Assess each of the five VAP prevention care bundles.[27] 
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3.1 Execution 

3.1.1 Abdominal massage 

Abdominal massage could promote digestion, prevent the regurgitation of nutrient 

liquid. Nurses used a measuring band to measure the patient’s abdominal circumference 

before and after massage to observe massage effect. Abdominal massage could reduce 

aspiration and prevent VAP effectively. [21] 

3.1.2 Health guidance 

One article mentioned that if patients’ families were next to the bed, they were educated 

by nurses and they could know more about the prevention of VAP.[22] This would 

enable the patient’s families to cooperate and assist in the nursing to reduce the 

incidence of VAP. 

3.1.3 Avoid the source of infection  

In the prevention of VAP, it was very important to prevent infection from a nurse’s 

point of view, such as nurse hand hygiene, ventilator pipe cleaning.[22,24,28] In addition 

to cleaning, aspiration of secretions from the mouth and throat by nurses was also 

effective to reduce bacterial reproduction and the risk of asphyxia, it could reduce the 

rate of VAP.[27] Improving the living environment of patients was also effective in 

preventing infection. It was duty for nurses to keep the ward clean, and the temperature 

and humidity appropriate.[29] 

3.1.4 Equipment management 

In order to prevent the occurrence of VAP, many articles also mentioned that the correct 

management of equipment by nurses would also had a positive effect on the prevention 

of VAP. Some studies had proved that nurses could effectively prevent VAP by 

elevating patients’ bedside.[22,26,28,30,31] One article mentioned that closed management 

systems was recommended for use in the prevention of VAP,[25] another article referred 

that nurses measured the tracheostomy cannula balloon pressure at 20 to 30 cmH2O to 

prevent pipe falling off, which also helped prevent VAP.[28] At the same time, the 

application of electronic medical records could also improve the compliance of nurses, 
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thus effectively reduce the occurrence of VAP.[32] In some studies, the management of 

circuits and the cleaning of equipment had also been paid attention to.[29,30] 

3.1.5 Oral care 

Oral care of patients by Nurses was essential to prevent VAP. Oral care was mentioned 

in a number of articles selected by the authors. In these articles,[22,28,29,30,33,34] 

researchers designed controlled experiments to show that one method was more 

effective than the other in preventing VAP. In terms of oral care, most articles took oral 

care as a whole, including mouthwash, brushing tool, and oral frequency and so on, and 

the results showed that different oral care methods had significant difference in 

preventing VAP. In the article from Yu-Mei et al,[33] the control group used tap water 

and sponge stick to oral care for patients, and the experimental group used 0.2% 

chlorhexidinethe and children soft toothbrush. The conclusion was the incidence of 

VAP in the experimental group was reduced 4-5 times than the control group. There 

were some articles had also mentioned different methods of oral care. For example, one 

study[22] mentioned oral care for patients every three to four hours, while the other one[33] 

was given oral care three times a day. Some articles had also shown that chlorhexidine 

could effectively reduce the incidence of VAP.[22,28,29,30] In another part of the article, 

the researchers looked at one aspect of oral care, such as using different mouthwash, or 

just brushing teeth. For example, in one article,[34] the control group used 3% of 

hydrogen peroxide for oral care, while the experimental group used 0.9% of normal 

saline. The results showed that HP mouthwash was more effective than NS mouthwash 

in preventing VAP. In the article from Chacko et al,[30] there was no significant 

difference in the effect of choosing different oral nursing instruments to prevent VAP. 

 

3.2 Engagement 

3.2.1 Work with professional staff 

During the course of the study, some of the studies developed professional teams which 

included some appropriate medical personnel, such as a nurse and a doctor,[25] or nurses 
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with different level of experience.[27] Nurses cooperated with other members of the team 

to reduce the incidence of VAP through nursing interventions. In one article,[22] the 

nurses worked with others in the team set up by the researchers, and the members of 

the team contained specialist educator, clinical nurse specialist, medical director, 

respiratory therapy clinical supervisor, and so on. Some other literature[24,31,32] also 

mentioned that nurses played a part in teamwork and cooperated with others to prevent 

VAP. 

 

3.3 Education 

3.3.1 Receive an education program 

There was a study[26] followed a educational plan that before the intervention, the nurses 

accepted a test on their level of knowledge, then they received the education, and then 

they accepted the test again to evaluate their level of knowledge. Other articles[22,31] 

referred to the creation of computer-based education modules, such as the hospital’s 

online learning management system could be used by nurses. 

3.3.2 Study related courses 

In addition to educational programs, there were some articles referred to educational 

courses. Nurses strengthen their clinical ability by attending courses or training,[25,32] 

they receive oral or exemplary education from some person also could enrich their 

knowledge of preventing VAP.[23] 

 

3.4 Evaluation 

3.4.1 Assess the effect of prevention  

Some articles[26,27] referred to a final assessment about the incidence of VAP to 

demonstrate the effectiveness of the intervention. In this way, nurses could determined 

that their interventions were effective in preventing VAP. 

3.4.2 Assess the prevention process  

In the course of some researches,[23,33,34] nurses accepted or used evaluation methods to 
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determine the effectiveness of interventions measures, which had been applied in some 

studies. For example, the assessment of the frequency of oral care was used by nurses 

in the course of the study[23], and nurses could evaluate the effectiveness of mouthwash 

used in the study subjects[34], nurses received the evaluation about the effect of nurses 

education[33]. 

 

3.5 Results regarding the chosen articles’ sample method  

Here, the authors described the sample mainly according to its characteristics. The 

average number of samples in all articles was 110. In all the articles, the smallest sample 

size was 30,[32] and the maximum sample size was 453[24]. In all included literature, one 

did not mention the sample[27], and in another, the sample were neonates and all patients 

were birth weight stratified on the basis of National Health care Safety Network 

reporting requirements[22]. In other articles, the age distribution was wide, the minimum 

age was not less than 16 years old,[30] the maximum age was no more than 80 years 

old.[28] There were two articles didn’t mention the age.[27,31] There was no regular 

pattern of sex selection in the samples except in two articles where the sex of the sample 

was equal.[21,34] In all the articles, six studies had established control groups and 

experimental groups[21,25,29,30,33,34], while 6 of the remaining articles had not been 

designed for controlled experiments[23,24,26,28,31,32] and 2 had not mentioned.[22,27] 

 

4. Discussion 

4.1 Main results 

Four aspects like execution, engagement, education, evaluation were sorted out to show 

how registered nurses to prevent VAP. In detail, abdominal massage, health guiding for 

patients or families, to avoid the source of infection, equipment management and oral 

care could be effective measures in preventing VAP. In order to make better use of 

these measures, nurses could participate in professional teams to work with the team 

members to prevent VAP before intervention, and nurses could receive relevant 
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education before implementing intervention measures to improve their nursing 

knowledge and nursing practice ability. After the intervention, nurses could evaluate 

the effect and process of the intervention to ensure that the nursing measures were 

effectively implemented. Regarding the sample methods of the selected articles, it was 

shown in the 14 articles, proper sampling method was used, which contributed to a 

well-organized result. 

 

4.2 Results discussion 

In this case, the authors were mainly concerned with the research purpose and specific 

questions. After reading the selected articles, the authors learned that most of the 

patients who used ventilators were in a coma, and for their nutritional support, they 

needed to use the nutrient solution infused through the nasogastric tube. Coma patients 

could not describe their satiety, mostly based on the experience of nurses. Because the 

patient was in bed for a long time, the digestive function was poor, so the nurses could 

promote the digestion of the patient by massage, prevent the regurgitation of nutrient 

liquid, and prevent the patients from inhaling by mistake, then nurses could prevent the 

VAP.  

Most patients who used ventilators were seriously ill, and it was also important for 

nurses to educate patients and their families about the related knowledge. Patients who 

used ventilators were mostly unconscious, so most of the educational objects were 

family members. Nurses had the responsibility to inform patients’ families about the 

need to used ventilators and what side effects they may have, such as contracting VAP. 

Patients who used ventilator were unable to breathe independently and effectively, they 

relied on ventilators to help them breathe and maintain their lives. For such patients, 

nurses needed to educate their families about the things they needed to care for, and 

they could also educate the families on the knowledge of VAP, inform them the danger 

of the disease, and how to cooperate with nurses.  

Nurses should not only teach their families about the disease, but also prevent infection. 



 

 15 

The nurses should be active in doing good hand hygiene, because the patients who used 

the ventilator were low resistance, easy to infect, and the nurses should do well hand 

hygiene and prevent cross-infection. It was difficult to cough up sputum of patients who 

used ventilator, so nurses should often listen to the sound of phlegm and know the 

amount of sputum in the patient’s respiratory tract, and inhale sputum in time so as to 

reduce the risk of infection and asphyxia. For ventilator patients, nurses should keep 

the ward clean and tidy, adjust temperature and humidity according to demand, increase 

patient comfort and reduce infection.  

For nurses, in addition to patient care, equipment management was also very important. 

Nurses should check on their shift whether the ventilator was useful, measure the 

pressure of the airbag, prevent the pipe escape, and so on, to prevent VAP. In clinical 

practice, for patients who used ventilators, nurses should help patients to used the semi-

sitting position, that is, the bedside elevation of 15-30°, which could not only prevent 

the reflux of condensed water in ventilator, but also prevent the reflux of stomach 

contents. In addition, the half-sitting position also helped lower the diaphragm, 

increased patient comfort. 

Oral nursing was the most basic method to prevent VAP. According to the patient’s 

condition, nurses should select appropriate gargle, including the concentration and 

dosage of the solution, for example, for patients with fungal infection in the mouth, 

sodium bicarbonate solution should be used. Most clinical used was chlorhexidine 

solution to prevent bacterial infection, then to prevent VAP. Nurses usually did oral 

care twice a day, while doing oral care, they should observe the patient, increase the 

effectiveness of oral care. In the “execution” part from results, the authors summarized 

the methods mentioned in the literature for the prevention of VAP, such as oral care, 

prevention of infection and so on. In the study by Zand et al,[35] the incidence of VAP 

in the 0.2% chlorhexidine group was 22.8%, and the incidence of VAP in the 2% 

chlorhexidine group was 5.3%. Oral care with 2% compared to 0.2% chlorhexidine was 

more effective to prevent VAP. The using of single mouthwash had a significant effect 
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on the incidence of VAP. Therefore, in clinical practice, each measure could not be 

ignored, all methods were meaningful.  

Through this kind of intervention to clinical application, the incidence of VAP could be 

reduced to lower level, and it also could reduce unnecessary waste of medical resources. 

For patients, the unnecessary infection could be avoided, and the quality life of patient 

could be improved. 

 

In addition to the interventions mentioned above, nurses could prevent VAP in other 

ways. Before nurses intervene in patients, they could join a professional team and work 

together with the team members to prevent VAP. Because VAP was not a simple disease, 

the process of infecting VAP could have many factors, it was hard to rely on only nurses 

to prevent VAP, and nurses needed to discuss with colleagues, work together with their 

partners to achieve the purpose of preventing VAP. Khan et al[36] in their study, 

developed a multidisciplinary team to apply the VAP bundle, the results showed that 

the rate of VAP decreased from 8.6 per 1000 ventilator-days to 2.0 per 1000 ventilator-

days (P < .0001) after implementation of the care bundle. The above study data were 

valid and demonstrate that develop a professional team to implement interventions 

could reduce the incidence of VAP.  

 

Nurses also needed to keep learning. Preventing VAP was a daunting task that nurses 

need to pass in order to learn relevant knowledge to increase their knowledge level and 

improve nursing skills. There were many ways to learn, they could read literature, books, 

or online learning. The hospitals often set up related courses for nurses to study, and 

nurses should participate these courses actively. In the study results from Akın et al,[37] 

the critical care nurses’ knowledge about VAP was poor, and some nurses lacked the 

knowledge of VAP prevention, which made the effectiveness of VAP prevention 

methods less effective in application. In this review, the authors also collated the 

methods of nurses’ education which were mentioned from the research literature. They 
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think that if nurses received education effectively, the measures of preventing VAP 

would also be applied efficiently, and the incidence of VAP would be reduced. 

Subramanianet et al[38] found that the incidence of VAP decreased significantly after the 

nurses received education, which proved the author’s opinion. 

The nurses joined in the team and cooperated with the members, and learned the 

relevant knowledge were necessary to ensure that the execution could be carried out 

smoothly as required. 

 

After nurses intervened in patients, they often needed to evaluate their own intervention 

to find out whether to meet the standard or to meet the comfort of the patients. Nurses 

not only needed to evaluate the results of intervention to observe the effectiveness of 

intervention measures, but also evaluated their own intervention process to ensure that 

the nursing level meets the standard. The continuous evaluation about the degree of 

completion and the effectiveness of the practice could help the prevention kept 

improving. Evaluation in the study would make the measures to prevent VAP more 

effective in clinical work. 

 

The comfort theory was applied in this study, and patient comfort was also mentioned 

in the discussion of the results. According to the theory of comfort,[14] comfort could 

occur in four situations: physical, psychological, environmental and sociocultural. In 

this study, patients who used ventilators were already in great pain. If nurses could 

effectively prevent VAP, they could avoid patients suffering from VAP, which could 

alleviate the pain of patients physically and the patients could be in a more comfort 

state than these who were suffering from VAP. Of course, the effective prevention of 

VAP also reduced the patient’s psychological stress, and the patients were not disturbed 

by complications, they would feel more comfortable. In order to prevent VAP, nurses 

should keep the temperature and humidity in the ward environment suitable, and keep 

the ward environment clean, and the good environment would make the patients feel 
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comfortable. The patients’ physical condition did not deteriorate after the nurse actively 

prevent VAP and had a positive effect, they could meet with their family and 

communicate with others at the appropriate time, and this would make the patients less 

lonely. Good communication would also make the patients happy, and make them feel 

comfortable. 

 

According to Polit&Beck,[20] it was desirable to determined the target population in the 

study, and in the selected literature, because the measures in these studies were all 

referred to prevent VAP, the sample population were always the patients who was using 

ventilators in the ward. And in these studies, the exclusion criteria for the samples were 

not inconsistent, for example, the range of age was very wide, from teenagers to the 

elderly, even infants, and most of the literature, researchers put the male and female 

into together. According to Polit&Beck,[20] sampling bias were often unconscious in the 

study. In this review, the majority of the reference samples were middle-aged and older 

people, even though the aims of these studies were not specifically to limited the 

samples to a certain age group. But in this study, the authors also included a study of 

neonatal patients, so that sampling bias could be eliminated to some extent. According 

to Polit&Beck,[20] the larger the sample, the more representative it was. But some 

selected articles in this study, their sample size was small, which, according to 

Polit&Beck,[20] could undermine the validity of the conclusions. 

 

4.3 Methods discussion 

The design of this study was descriptive literature review. The advantages of this design, 

according to Polit&Beck,[20] were that through review writing, researchers could 

determine how best to contribute existing evidence, and could familiarize existing 

information with a recent review. And this study were unbiased. We used the PubMed 

database for literature searches. According to Polit&Beck,[20] using this database was a 

good way to retrieve literature because it displayed some of the information from the 
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articles in the result list, but at the same time we were limited by just using this database, 

because there were no more relevant literature that could be found. In retrieving articles, 

we defined the limited search scopes of the article, including University of Gävle, full 

text, English, 5 years, and according to Polit&Beck,[20] the limited search scopes would 

help us avoid irrelevant materials. We used key words related to our topic when 

retrieving articles, and gradually added keywords to obtain documents that were more 

consistent with the subject matter of our article. And when we used the keyword 

“nurs*”, according to Polit&Beck,[20] we used “*” to expanded search function. In this 

way, we could get articles with keywords “nurse” and “nursing” at the same time, so 

that we could get more articles related to our study. Every time we got articles, we 

recorded them, and it was easier to find them again, which, according to Polit&Beck,[20] 

helped us avoid forgetting our previous works. When we sifted through the articles, we 

gave a general assessment of each articles, and selected quantitative studies as our 

evidence, but we had no restrictions on the characteristics of the sample in the articles, 

according to Polit&Beck,[20] this made the articles more representative and these could 

represent more people. 

 

4.4 Clinical implications 

This review summarized how to prevent VAP more effectively from a nurse’s point of 

view. Abdominal massage, infection prevention, oral care and so on, all of these 

measures could be used to prevent the occurrence of VAP and in order to ensure the 

effectiveness of VAP prevention, the cooperation and learning before nursing operation 

and the evaluation after operation were particularly important. This review could give 

clinical nurses a new way of thinking, that was, start from themselves, actively 

participate in, improve themselves, increase their knowledge on how to prevent VAP, 

improve their ability to care for patients. And nurses should always evaluate their care 

and progress in introspection. This review provided a certain reference for nursing staff 

to prevent the occurrence of VAP, at the same time, it had a certain significance to 
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alleviate the pain of patients and increase their comfort. 

 

4.5 Suggestions for future study 

After the review of VAP, there were some suggestions for future research. In the future 

study, the researchers should increase the number of database, increase the number of 

key words, expand the scope of retrieval, it could obtain more documents and get more 

effective information. At the same time, the researchers should strictly control the 

quality of literature standards, improve the level of review further. From the collected 

literature, we could find that the intervention to prevent VAP was very mature, and the 

types of intervention were diversified. And in the course of this review, many articles 

showed that nurses’ initiative was very important to prevent VAP. Therefore, in a future 

study, more attention could be paid to nurses’ knowledge, attitude and other aspects of 

prevention of VAP, rather than just intervention measures. 

 

4.6 Conclusions 

There were some effective interventions including abdominal massage, health guidance, 

avoid the source of infection, equipment management and oral care could be used by 

nurses to reduce the incidence of VAP. At the same time, before and after the 

implementation of the measures, nurses actively participate in the team to cooperate 

with others, receive relevant education, and evaluate the intervention process and 

results, which were also particularly important for the prevention of VAP in clinical 

practice. 
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Appendix 1 

Authors Title Design and 

approach 

Sample Intervention Data collection Data analysis 

Akerman et 

al (2013) 

Britain 

Clinical 

experience and 

incidence 

of ventilator-

associated 

pneumonia 

using closed 

versus open 

suction-system 

Observational 

cohort design 

A quantitive 

article 

Number: 126; 

Age: 66  

male:80  

female:46 

CSS(n=65): 

Age: 67 

male: 35  

female:30 

OSS(n=61): 

Age: 66; 

male:45; 

female:16 

The change of 

suction device 

Clinical and 

laboratory data; 

Clinical events; 

Patient discharge. 

±SD; 

SPSS 17; 

U-test ; 

t-test; 

P < 0.05; 

 

Kahrman et 

al (2014) 

Turkey 

The impact of 

abdominal 

massage 

administered to 

intubated 

and enterally 

fed patients on 

the 

development of 

A randomized 

controlled design  

A quantitative 

approach 

Number: 32 

Control group: 16 

Experimental group: 

16 

Age: the mean age of 

the participants 

was 70.4  

Gender: female = 16, 

male = 16 

A fifteen-minute 

abdominal massage 

twice daily 

Descriptive 

characteristics of 

the patients; 

Enteral feeding 

trait;  

Questions. 

 

SPSS version 20.0 

Mann–Whitney U 

Test 

Chisquare test 

Significance level of 

0.05 for two 

tailed test 
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ventilator-

associated 

pneumonia: A 

randomized 

controlled 

study 

Ceballos et 

al (2013) 

 

Nurse-Driven 

Quality 

Improvement  

Interventions 

to Reduce 

Hospital- 

Acquired 

Infection in the 

NICU 

Using  a  pre-

post design 

A quality 

improvement 

study 

  

Neonatal  No mention No mention No mention 

Conley et al    

(2013) 

America 

Does an oral 

care protocol 

reduce VAP  

in patients with 

a  

tracheostomy? 

A prospective 

study 

A quantitive 

article 

Number : 75,  

Age: 18 or  

older; 

Gender: 

Female: 40  

Male: 35  

Oral care All the 

descriptive and 

outcome data. 

Chi-squared test; 

Z-test. 

 

 

 

Swearer et 

al 

(2015)  

America 

Designing 

Technology to 

Decrease 

Pneumonia in  

A quality 

improvement 

project  

Number: 30 

Age: 18 years and 

older 

 

The ventilator 

bundle  

Data were 

collected on 

intubated patients 

with pneumonia, 

as defined by the  

No mention 
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Intubated 

Trauma 

Patients 

National Trauma 

Database;  

Prepractice 

change EMR 

audit data; 

Audit data. 

Su et al 

(2017) 

China 

A simplified 

prevention 

bundle with 

dual hand 

hygiene audit 

reduces early-

onset 

ventilatorassoc

iated 

pneumonia in 

cardiovascular 

surgery units: 

An interrupted 

time-series 

analysis 

A quasi-

experimental 

study 

A quantitative 

approach 

Number:  453 

Phase 1: 158 Phase 2: 

37 Phase 3: 191 Phase 

4: 67 

Age: older than 20 

year 

Gender: Male: 306 

A 3-component 

bundle: a 

compulsory 

education program, 

a knowing internal 

HH audit (iHH) 

performed by unit-

based observers, and 

a standardized oral 

care (OC) protocol 

with 0.1% 

chlorhexidine 

gluconate. 

4 phases:  

phase 1 

(eHH+/education-

/iHH-/OC-), 

phase 2 

(eHH+/education

+/iHH 

+/OC+),  

phase 3 

(eHH+/education

+/iHH+/OC+), 

phase 4 

(eHH+/education-

/iHH+/OC-). 

SPSS version 17.0 . 

ANOVA test 

t-test  

Chi-square  

Fisher-exact test 

Poisson regression 

Spearman’s rank test 
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Micik et al 

(2013) 

Australia 

Reducing 

 risk 

 for 

 ventilator 

 associated 

 pneumonia 

through 

 nursing 

 sensitive 

 interventions 

A improvement 

initiative  

 

No mention Hand hygiene 

 

No mention No mention 

Meng et al 

(2014) 

New York 

The Survey on 

Implementatio

n of Evidence-

Based Nursing 

in Preventing 

Ventilator-

Associated 

Pneumonia and 

the Effect 

Observation 

A quantitive 

article 

Number: 146  

control group (n = 73)  

Age: 48.72 ± 8.13 

Male: 39 

Female: 34 

observation group (n = 

73) 

Age: 49.11 ± 7.53 

Male: 40 

Female: 33 

 

Disinfecting 

ventilator circuit 

CNKI, Wanfang 

Database, VIP 

database,  

the Chinese 

Biomedical 

Literature 

Database, 

Elsevier, National 

Guidelines 

Clearing- 

house, BMJ and 

EBM Reviews. 

SPSS17.0; 

±SD; 

Chi-square test; 

P < 0.05. 
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Munaco et 

al (2014) 

South 

Carolina 

Preventing 

Ventilator-

Associated 

Events 

Complying 

With 

Evidence-

Based 

Practice 

A quality 

improvement 

initiative  

A quantitive 

article 

The 17-bed ICU 

employed 50 

registered nurses 

(RNs) and 15 patient 

care 

technicians (PCTs)  

 

Retrospective data 

collection and staff 

education using a 

Web-based learning 

module. 

The implementation 

of the 

VAP Bundle 

Checklist. 

A change in 

documentation 

practice 

Data and project 

analysis. 

Nursing 

documentation 

was audited for 

patients admitted 

to the ICU from 

March 1, 2013, 

through July 31, 

2013. 

No mention 

Nobahar et 

al (2016)  

Iran 

Effects of 

hydrogen 

peroxide 

mouthwash on 

preventing 

ventilator-

associated 

pneumonia in 

patients 

admitted to the 

intensive care 

unit 

A randomized 

controlled 

clinical trial 

A quantitative 

approach  

Number: 68  

Each of group: 34 

Age: 

Gender: male50% 

female50% 

3% HP as 

mouthwash  

Patients’ 

demographic 

information; 

The VAP 

diagnosis. 

SPSS 20.0 software 

The Kolmogorov–

Smirnov, Mann–

Whitney, chi-square, 

and Fisher exact tests. 

Relative risk (RR) and 

95% confidence 

interval (CI) were 

calculated. 
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Shitrit et al 

(2015) 

Israel 

Intervention to 

Reduce 

Ventilator-

Associated 

Pneumonia in 

Individuals on 

Long-Term 

Ventilation by 

Introducing a 

Customized 

Bundle 

Cohort before-

and-after study 

A quantitative 

approach 

Number: 96.  

52 were followed 

before the 

intervention, 32 of 

those were also 

followed after the 

intervention, and 44 

were followed only 

after the intervention 

Age: average age 80, 

vs 68 in the previous 

study 

Gender: female 63 

The modified bundle  Demographic 

and clinical data 

collected from 

resident files  

Chi-square test 

T-test 

SPSS statistics version 

21 

Chacko et al 

(2017) 

India 

Oral 

decontaminatio

n techniques  

and ventilator-

associated 

pneumonia 

A prospective, 

randomised, 

“double-blind” 

study 

A quantitative 

approach 

Number: 206 

Control group: 102 

Experimental group: 

104 

Age: 16 years and 

older 

Gernder: male: 

Control group: 70 

(67.3%), Experimental 

group: 45 (44.1%). 

Oral care with a 

commercially 

prepared oral care 

kit with one  

toothbrush, 

disposable Yankauer 

suction catheter and 

a disposable  

syringe.  

The demographic  

and clinical 

variables at the 

time of admissi;. 

Data were also  

collected about 

VAP bundle 

compliance.  

Multivariate 

regression analysis  
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Subramania  

et al (2013) 

Singapore 

Impact of 

education on 

ventilator-

associated  

pneumonia in 

the intensive 

care unit 

A pretest-posttest 

design 

A quantitive 

article 

Number：71 

Age: 26.10 ± 4.99 

Gender: 

Male:    4  

Female:  67  

 

Educational  

intervention 

No mention  

 

SPSS16.0 

Descriptive  and  

inferential  statistics; 

t-test. 

Liao et al 

(2014) 

China 

The 

effectiveness 

of an oral 

health 

care program 

for preventing 

ventilator-

associated 

pneumonia 

A quasi-

experimental 

design 

A quantitative 

approach 

 

Number: 199 

Control group: 100 

Experimental group: 

99 

Age: older than 20 

years. 

Gender: Control 

group: male 62, female 

38. Experimental 

group: male59, female 

40 

Evidence-based oral 

health care program 

Endotracheal 

tube cuff 

pressure, and 

assessing and 

rating the 

oral mucosa by 

OAG in every 

shift per day. 

SPSS 17·0 software 

package 

Student’s 

t-test 

A χ2 test 

Mixed model analysis 

on repeated measures 

of OAG score 
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Appendix 2 

Authors Aim Result 

Su KC., Kou YR., Lin FC., Wu 

CH., Feng JY., Huang SF, et al. 

Year of publication: 2017 

Country : China 

To investigate the effect of a simplified prevention 

bundle with alcohol-based, dual hand hygiene (HH) 

audit on the incidence of early-onset ventilation-

associated pneumonia (VAP) 

A total of 2553 ventilator-days were observed. VAP 

incidences (events/1000 ventilator days) in phase 1–4 

were 39.1, 40.5, 15.9, and 20.4, respectively. VAP was 

significantly reduced by 59% in phase 3 (vs. phase 1, 

incidence rate ratio [IRR] 0.41, P = 0.002), but 

rebounded in phase 4. Moreover, VAP incidence was 

inversely correlated to compliance of OC (r2 = 0.531, 

P = 0.001) and eHH (r2 = 0.878, P < 0.001), but not 

applied for iHH, despite iHH compliance was higher 

than eHH compliance during phase 2 to 4. Compared 

to eHH, iHH provided more efficient and faster 

improvements for standard HH practice. The minimal 

compliances required for significant VAP reduction 

were 85% and 75% for OC and eHH (both P < 0.05, 

IRR 0.28 and 0.42, respectively). 

Chacko R., Rajan A., Lionel P., 

M T., Yadav B., Premkumar J, et 

al. 

Year of publication: 2017 

Country : India 

To assess the efficacy of a new technique of oral care 

in reducing incidence of VAP in mechanically 

ventilated patients.  

Of the 206 subjects recruited, 12 patients developed 

VAP, 5 from the experimental group and 7 from the 

control group. The  incidence of VAP in the recruited 

group was only 10.1 per 1000 ventilator days, 8.6/1000 

ventilator days for the experimental group and 

11.6/1000 ventilator days in the control group (p=0.82). 

Hence it was concluded that there was no significant 
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difference in incidence of VAP between the two 

groups.Multivariate regression analysis showed a 

significant association between the number of 

ventilator days and the development of VAP. The risk 

of developing VAP increased 1.3 times with each day 

of ventilation. 

Nobahar M., Razavi MR., Malek 

F., Ghorbani R, et al. 

Year of publication: 2016  

Country : Iran 

To determine the effect of hydrogen peroxide (HP) 

mouthwash on the incidence of ventilator associated 

pneumonia (VAP) in patients admitted to the 

intensive care unit (ICU). 

In total, 14.7% patients ofthe HP group and 38.2% 

patients ofthe NS group contracted VAP. The risk of 

VAP in the NS group was 2.60 times greater than that 

in the HP group (RR = 2.60, 95% CI: 1.04–6.49, p = 

0.0279). The mean ± SD MCPIS was calculated as 3.91 

± 1.35 in the HP group and 4.65 ± 1.55 in the NS group, 

a difference statistically significant(p = 0.042). There 

were no significant differences in the risk factors for 

VAP between the two groups 

Shitrit P., Meirson M., 

Mendelson G., Chowers M, et al. 

Year of publication: 2015 

Country : Israel 

To evaluate the effectiveness of a modified bundle of 

preventative measures to decrease ventilator-

associated pneumonia (VAP) in chronically 

ventilated longterm care facility (LTCF) residents.  

VAP rate decreased from 5.97 before the intervention 

to 2.34 after the intervention (P < .001). The use of 

broad-spectrum antibiotics decreased from 1,788 

defined daily doses before the intervention to 1,093 

after (P = 0.04). 

Swearer JN., Hammer CL., 

Matthews SM., Meunier JL., 

Medler KL., Kamer GS, et al. 

Year of publication:2015  

Country : America 

This quality improvement project demonstrated how 

EMR technology was enhanced to increase 

documentation compliance, provide a support tool in 

the form of a ventilator bundle, and in turn decrease  

pneumonia in intubated patients.  

The revised ventilator bundle led to increased 

documentation compliance, prompt administration of 

the CHG oral care, and decreased pneumonia incidence 

in intubated, adult trauma patients. Comparison of the 

pre- and postpractice change data showed pneumonia 

in the intubated, adult trauma population decreased by 
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62% after 3 months and maintained a 60% decrease 

after 6 months  

Liao YM., Tsai JR., Chou FH. 

Year of publication: 2014 

Country : China 

To determine the effectiveness of an oral health care 

program for preventing ventilator-associated 

pneumonia (VAP) 

The incidence of VAP in the experimental group (4%, 

4/95) was significantly lower than that in the control 

group (21%, 18/82). The oral assessment guide (OAG) 

mean score (9.16±2·07) of the experimental group was 

significantly different (P <0·05) from that of the control 

group (10·07±1·79). The general estimated equation 

further showed that there was a significant difference 

between groups (P <0·01) for the third post-test data 

and no significant difference for the pre-test or the first 

and second post-test data between groups, indicating 

that an increased duration of intervention resulted in 

significant decreases in the OAG scores in the 

experimental group compared with the control group 

Kahrman BB., Ozdemir L. 

Year of publication: 2014 

Country : Turkey 

To identify the effect of abdominal massage 

administered to critically ill patients with mechanical 

ventilation and continuous enteral feeding on the 

development of ventilator-associated pneumonia. 

Although not reaching the statistical significance level, 

ventilator-associated pneumonia decreased in the 

intervention group with a ratio of 6.3% compared to the 

control group (31.3%) (p > 0.05) 

Meng K., Li Y., et al. 

2014,  

New York 

The objective is to survey the effect of evidence-

based nursing (EBN) in preventing ventilator-

associated pneumonia and to observe the effect, 

providing a reference for clinical nursing 

intervention. 

16 cases had VAP in control group with incidence rate 

of 21.92 % during nursing, 6 patients had VAP in 

observation group with occurrence rate of 8.22 %, the 

incidence rate was significantly lower in observation 

group than control group,  

Munaco S.S., Dumas B., Edlund 

B.J., et al. 

The purpose of this project was to improve the 

compliance with the documentation of VAP 

The Web-based learning module was completed by 41 

RNs and 6 RRTs routinely assigned to work in the ICU. 
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2014,  

South Carolina. 

prevention measures, specifically the VAP Bundle, 

by using a Web-based education module, a VAP 

Bundle checklist, and a change in the responsibility 

of documentation. 

The mean pretest score of the RN group was 43%, and 

the mean pretest score of the RRT group was 34.7%. 

The RN mean posttest score increased to 88.6%, and 

the RRT mean posttest score improved to 90.3%. 

Overall, there was a 44% change for the RN group, and 

a 54% change for the RRT group 

Akerman E., Larsson C.,  

Ersson A., et al. 

2013, 

 Britain. 

To compare the incidence of VAP while using either 

OSS or CSS. To investigate the existence of 

contamination of the CSS suction circuit. To 

investigate the occurrence of desaturation during 

suction using either OSS or CSS. To investigate the 

occurrence of adverse events(AE) endotracheal 

occlusion, secretion clogging and desaturation 

(SpO2) while using OSS or CSS. 

(Table 1) : The CSS group had a higher SAPS III score 

68.5 versus OSS group 62 and SOFA score at 

admission. 

(Table 2) : Both early (OSS 5/61 versus CSS 13/65) and 

late VAP(OSS 5/61 versus CSS 12/65) showed an 

increased incidence compared to the OSS groups but 

did not reach statistical significance. 

Micik S., Besic N., et al. 

 2013, 

 Australia 

To describe an improvement initiative designed to 

implement nurse sensitive interventions known to 

reduce patients’ risk for ventilator associated 

pneumonia (VAP), in cardiothoracic intensive care 

patients. 

Of the five indicators that did not meet the70% target 

score, two were related to documentation. The other 

three were related to daily change of suction equipment 

and frequency of nasogastric measures and endo 

tracheal cuff checks. 

Conley P.,  

Mc Kinsey D., et al.  

2013,  

America 

To determine the effectiveness of an oral care 

protocol in reducing the VAP rate in mechanically 

ventilated patients with tracheostomies in the PCU. 

At the conclusion of the 12-month study in the PCU, 

two cases of VAP occurred over 1,789 ventilator days, 

resulting in a VAP rate of 1.1 per 1,000 ventilator days; 

in 2011, there were 218 ventilator days and zero 

infections; in 2009 ,there are 1.5 cases per 1,000 

ventilator days. 
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Ceballos K., 

Waterman K., et al. 

 2013 

. 

Nursing practice guidelines and supply carts  were  

updated to ensure understanding, compliance, and 

convenience.  

 

Subramanian P., Choy K. L., et 

al.  

2013,  

Singapore 

Aimed to determine the effects of nurse-led VCB 

education on the incidence of VAP among ventilated 

patients in a critical care setting. 

The incidence of VAP, which was 39 per 1,000 

ventilator days during the two-month period before 

intervention, dropped to 15 per 1,000 ventilator days 

during the two-month period following intervention. 
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Appendix 3   

Authors Intervention 

Akerman 

et al 

(2013) 

Britain 

Engagement: A study group consisting of two experienced ICU nurses and one senior ICU physician. 

Education: Before the start of this study and implementation of the CSS, all staff underwent a user course supervised by 

the manufacturer and the CSS handling was then carried out according to the manual provided by the manufacturer.  

Execution: Use of closed suction system has been suggested beneficial as a VAP prophylactic measure.  

Kahrman 

et al 

(2014) 

Turkey 

Execution: A soft, flexible, plastic measuring tape was utilized for the measurement of abdominal circumference. 

Abdominal massage was administrated by the principal investigator to all intervention patients twice a day at 10.30 and 

22.30. 30–45 degree head of bed elevation was maintained 24 h a day during the study, and 30-degree for the 

application of massage.  

Execution: In order to evaluate gastric emptying as a result of study intervention, enteral nutrition was interrupted 30 

min prior to the gastric residual volume and abdominal circumference measurements at 10.00 and 22.00.  

Execution: Abdominal massage would decrease VAP by reducing gastric residual volume.  

Ceballos 

et al 

(2013) 

 

Engagement: The NICU interdisciplinary QI team met twice monthly to develop strategies for improving CLABSI and 

VAP. The interdisciplinary team included charge nurses, clinical nurse manager, clinical nurse specialist/ educator, 

outcomes coordinator clinical nurse specialist (CNS), medical director, respiratory therapy clinical supervisor, and 

infection-prevention nurse.  

Education: QI nurse leaders created a computer-based NICU CLABSI educational module. Critical elements included a 

focus on patient safety, clinical impact of CLABSI, and rationale for each bundle components (Table 1). The hospital’s 

online learning management system was used to educate all NICU RNs, neonatal nurse practitioners, and physicians. 

The education is updated and repeated annually. Three notebooks containing hard copies of the online training 

information and neonatal central line infection–prevention tips were made available for quick reference.  

the VAP QI team created a computer-based education module mandatory for NICU staff providing direct care to 

mechanically ventilated neonates. The self-paced education module is revised and completed annually.  
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Education&Execution&Evaluation:  CNS conducted twice weekly audits on all ventilated patients. Audits included a 

review of the bed elevation, suction setup, suction supplies at bedside, and documentation related to oral care and 

suctioning. During audits, one-on-one education was provided as necessary. If parents were present at the bedside, they 

were asked about observation of oral care and provided education.  

Focus Area 1:Minimize exposure to pathogens 

Strict hand hygiene and universal gloving 

Limit circuit breaks 

Replace stand by circuits with new tubing if patient requires reintubation 

Focus Area 2 Intubation 

Intubation equipment maintained as clean as possible during intubation attempts (sterile field ) 

Ensuring that T tube is properly positioned every 3 to 4 h  

Focus Area 3 Extubation readiness 

  Ventilator-weaning protocol (published separately) 

  Use of positive airway pressure devices when possible 

Focus Area 4 Oral care 

  Palate protectors cleaned every shift 

  Oral suctioning prior to hands-on care or suctioning of T tube  

Single-use oral suction catheters 

  Oral care with human milk or sterile water (if no human milk available) every 3 to4 h 

Focus Area 5 Equipment management  

Head of the bed elevated 15 to 30 

  Use separate suction canisters and tubing for ET tube and oral suctioning 

Evaluation: Methods of Evaluation: the QI team strictly followed the National Health care Safety Network inclusion 

criteria for VAP reporting; VAP infection rates per 1000 ventilator days.  

Evaluation: The incidence of VAP also decreased after bundle implementation.  
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Conley et 

al    

(2013) 

America 

Engagement: The PI（primary investigator）collected all data，the infectious-disease physician on the research team 

was consulted to determine whether or not these criteria were fulfilled，The same criteria were also used by a single 

infection control nurse who identified the VAP cases in the year before this study was initiated，nurses 

Education: Before the nurses (N = 17) were educated about the oral care protocol with verbal instructions and 

demonstration  

Evaluation: they （nurses）were anonymously surveyed using a survey by Grap et al. to assess frequency and methods 

of oral care for mechanically ventilated patients with tracheostomies.  

Execution: Tooth brushing with toothpaste and applying CHG 0.12% solution may be an effective oral care protocol 

to reduce the VAP rate in patients in PCUs with tracheostomies who are being mechanically ventilated.  

Swearer 

et al 

(2015)  

America 

Engagement: An interprofessional team of ICU nurses, informatics, infection control, respiratory therapy, advance 

practitioners, and physician staff was composed to address the needed revisions to the EMR ventilator bundle and plan 

details of the project.  

Education: each member completed training for certification concerning Health Insurance Portability and 

Accountability Act, good clinical practice for research, and human subject protection.  

Education:  Education on the practice change included in- services, handouts, and bulletin boards. Daily rounding was 

also conducted to reinforce the practice change to nurses and patient care technicians. Education focused on reinforcing 

the importance of basic mouth care practices, and revisions to the ventilator bundle and hospital policy.  

Execution: Trauma units may benefit from incorporating a prevention strategy that includes performing early 

CHG（chlorhexidine gluconate）mouth care (within 2 hours of admission to the ICU or intubation in the ICU) and 

designing the EMR（electronic medical record）to help decrease pneumonia in intubated patients. Electronic medical 

records supplement nursing knowledge and provide clinical decision support allowing nurses to effortlessly integrate 

evidence-based practice (EBP) into their care. 

Evaluation: Subsequent benefits may include a decrease in patient complications, ICU and hospital length of stay, 

overall costs, and an improvement in documentation and care of mechanically ventilated patients.  

Su et al 

(2017) 

Engagement: In December 2012, we established a VAP prevention committee, which was composed of 

multidisciplinary health care workers (HCWs), including doctors of different specialties (cardiovascular surgeons, 
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China infection control specialists, pulmonologists, and intensivists), and nurses from the primary care team and institutional 

infection control center 

Evaluation: The diagnosis of VAP was initially evaluated independently by two pulmonologists from medical records 

in retrospective phase (phase 1), and by two primary treatment physicians during prospective phases (phase 2–4). In 

addition, the modified clinical pulmonary infection score (CPIS) , calculated by well-trained staff independently of the 

VAP evaluators, was applied to increase the diagnostic accuracy of VAP 

Engagement: All cases were finally confirmed by the expert team, which comprised senior pulmonologists with at least 

5-year experience of full time critical care. . The initial 2 separate VAP evaluators might vary in different study 

months, but the members of expert team and CPIS rater were fixed throughout the whole study periods. VAP incidence 

was presented as VAP events per 1000 ventilator days. 

Execution: a compulsory education program (8-hour, lecture-based lessons for all HCWs in CVSU), a knowing internal 

HH audit (iHH) performed by unit-based observers, and a standardized oral care (OC) by 0.1% CHG toothbrushing and 

mouth washing 

Execution: Bundle reminders were posted in the CVSU to engage HCWs’ attention regarding bundle care. 

Additionally, some other common preventive practices, such as HOB elevation, sedation vacation, daily cuff pressure 

control, etc. Were available on the decision of the primary treatment team in accordance with the variable and 

individualized situations 

Micik et 

al (2013) 

Australia 

Engagement: Our unit is an eight bed cardiothoracic intensive care unit(CTICU) in South Australia。experienced 

 clinical nurses working collaboratively with less experienced nurses。 

Execution: (1) limiting the use of mechanical ventilation; 

(2) preventing aspiration of secretions; 

(3) preventing nasal and or pharyngeal colonisation; 

(4) preventing use of contaminated respiratory equipment; 

(5) early mobilisation 

Evaluation: The board was updated with the nursing assessment and intervention indicators audit findings for each of 

the five VAP  prevention care bundles as well as the VAP  prevalence rates 
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Meng et 

al (2014) 

New 

York 

Evaluation: After nursing, morbidity of VAP in observation group was significantly lower than control group, and 

length of stay，improve the clinical nursing quality, which is worthy of clinical application。 

Execution:  Compound gargle solution chlorhexidine gluconate was used for oral care with 2/3 cup every time (around 

15 m L), one time for every 6 h, the treatment course was 10 days. 

Execution: To improve ward environment；Ventilator circuit had standard management。 

Munaco 

et al 

(2014) 

South 

Carolina 

Engagement: the hospital VAP Committee; the ICU nurse manager and multidisciplinary team; and the ICU Leadership 

Group, Practice Council, and Quality Committee. 

Execution: The interventions included elevation of the head of the bed between 30 and 45 degrees, daily sedation 

interruption and assessment of readiness to extubate, peptic ulcer disease (PUD) prophylaxis, and deep vein thrombosis 

(DVT)prophylaxis；The 5 bundle elements—PUD prophylaxis, oral care, sedation vacations and readiness to extubate, 

elevation of the HOB, and DVT prophylaxis—were assessed each shift for completion。 

Education:  using a Web-based learning module，The examination consisted of 12 multiple-choice questions scored 

from zero to 100%, which was administered as both a pretest and a post test. 

Evaluation: An Excel workbook was utilized for data entry and the development of graphs 

to allow for an effective display of the results 

Nobahar 

et al 

(2016)  

Iran 

Execution: After wearing sterile gloves, the patient’s oral mucosal membrane, tongue and gingiva were washed using 

4–6 cotton swabs (depending on the patient’s oral health) soaked in 15 cc of 3% HP in the intervention group and in 

0.9% NS in the control group.   

Engagement&Execution: The mouthwash solutions were prepared by the first researcher and provided to the nurses, 

who were blinded to their content. The doctor in charge of the patients diagnosed with VAP was also blinded to the 

content of the mouthwash solution. To provide the same quality of oral care to both groups, one nurse performed the 

mouthwash applications in the morning and another nurse in the evening. 

Evaluation: The application of these mouthwash formulas continued for five days.31 Prior to the application of 

mouthwash study subjects were examined for pneumonia on days 1 and 5 using the MCPIS. Patients scoring below 6 

on day 1 entered the study and those scoring greater than 6 on day 5 were diagnosed with VAP. 
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Shitrit et 

al (2015) 

Israel 

Execution: The VAP bundle was modified to fit individual characteristics and included hand hygiene before patient 

care, elevation of the head of bed to more than 30° for individuals who were supine, chlorhexidine oral care at the 

beginning 

of each nursing shift, keeping tracheostomy cannula balloon pressure at 20 to 30 cm H2O, and measuring nasogastric 

food remnant before every meal for individuals fed through a nasogastric tube. A standard protocol for action according 

to the amount of gastric content was developed with the Dietary Services Department. The protocol included a decrease 

in enteral feeding pace if more than 

150 mL of food remnants was measured in the nasogastric feeding bag and discontinuation of enteral feeding with 

periodic reassessment if more than 300 mL of food remnants was measured 

Engagement&Evaluation: A dedicated physician prospectively identified residents as having VAP over the whole study 

period. 

Evaluation: Demographic and clinical data collected from resident files included age, sex, comorbidities, reason for 

ventilation, feeding methods, antibiotic use, interval from admission to first episode of VAP, interval from mechanical 

ventilation to first episode of VAP, and number of VAP episodes. VAP rate was calculated as the number of VAP 

episodes per 1,000 ventilation days. 

Chacko et 

al (2017) 

India 

Execution: Receiving VAP bundle care (which includes head-end  elevation, antibiotics, H2 receptor blocker, oral 

care, hand  hygiene, cleaning of equipment and universal precautions). 

Engagement: Staff nurses working in the ICU were informed of the purpose and nature of the study 

Evaluation: The PI assessed all mechanically-ventilated patients and checked their eligibility to participate in the study 

based on the inclusion and exclusion criteria 

Execution: Patients in the control group received routine oral care: the  oral cavity was swabbed with sponges soaked 

in chlorhexidine gluconate 0.2%. Patients in the experimental group received oral care with a commercially prepared 

oral care kit with one toothbrush, disposable Yankauer suction catheter and a disposable syringe.  

Engagement: compliance of  staff nurses with oral care instructions was monitored by the co-investigators (cis) and the 

data was maintained in a separate  file, which ensured blinding of the pi regarding the arm of study 
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Execution: Staff nurses who administered oral care expressed the opinion that oral care with a toothbrush gave them a 

better opportunity to remove the plaques from the oral cavity and gave a pleasant  appearance to the oral cavity, and 

further, that the use of concurrent suction helped remove oral secretions without difficulty 

Subraman

ia  et al 

(2013) 

Singapore 

Engagement:  The nurses recruited for our study belong to  an intensive care unit (ICU) that did not have any 

structured VCB guidelines enforced  prior  to  the  study. 

Execution: The VCB has four key components: (a)  elevation  of  the  head  of  the  bed;  (b)  daily  sedation  

hold; (c) gastric ulcer prophylaxis; and (d) deep vein thrombosis (DVT) prophylaxis. 

Education:  In Phase I, a pretest session was conducted for all 71 nurses to determine the level of their knowledge on 

VAP and VCB;Phase  II, comprised  structured  educational  intervention, which was provided after the completion 

of pretest evaluations. phase III consisted of post test evaluations that  were  carried  out  among  all  the  nurses  

one  month  after the educational intervention. 

Evaluation: Using the checklist, the modified  baseline scores were assessed and calculated based on the first   

five variables of the CPIS。In  conclusion,  we  found  that  nurse led  educational  

intervention on VAP and VCB successfully enhanced ICU nurses knowledge of and compliance with VCB guidelines, 

effecting a reduction in the post =intervention incidence of VAP. 

Liao et al 

(2014) 

China 

Execution: The experimental group’s oral health care program included: (1) Airway management by checking 

endotracheal tube cuff pressure and keeping cuff pressure on 20–24 mmHg by nursing staff every 8 h and according to 

the Barnason’s oral assessment guide (OAG) 1998 (Table 1). In our protocol, the OAG score was 6–10, 11–14 and 15–

18, so the mouth care would be provided every 8, 4 and 2 h respectively. (2) Mouth care was performed at least 5 min 

in each session, and 0.2% chlorhexidine (15–20 mL) was used with a soft children’s toothbrush. (3) All the patients 

were placed in semi-recumbent positions (positions of HOB were more than 30◦). All the groups were receiving ICU 

nursing care according to the study 

procedures and patient condition (Figure 2). 

Evaluation: Data collection was conducted based on the patient’s characteristics and consisted of observing 

endotracheal tube cuff pressure, and assessing and rating the oral mucosa by OAG in every shift per day. Each group 
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received the above-assigned treatment until the patients were stable and transferred to a general ward， , following 

which data was collected for four consecutive days. 

Evaluation: The disease severity was assessed by the Knaus’ Acute Physiology and Chronic Health Evaluation 

(APACHE II) scoring system (scores from 0 to 71; sensitivity = 50·9%, specificity = 93·6%) and chest X-rays 

Execution: Mouth care has been shown to reduce the VAP rate from 11·8‰ to 7·9‰ 


