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ABSTRACT 

Ventilator-associated pneumonia (VAP) is a healthcare-associated infection (HAI), or 

more specifically, a healthcare-associated pneumonia (HAP) that can lead to significant 

morbidity and mortality in hospitalized patients that are being mechanically ventilated. There are 

established evidence-based guidelines in existence designed to reduce or eliminate VAP from 

occurring and when properly maintained have been shown to reduce the incidence of VAP. 

Nurses are at the frontline adhering to the VAP protocol through its integration into their 

workflow. It is yet unknown what elements of the protocol and workflow contribute to a 

successful VAP reduction in occurrence and increased patient safety. This program evaluation 

project, guided by an adapted Systems Engineering Initiative for Patient Safety (SEIPS) model, 

takes a human-factors approach towards answering these questions. It specifically examines the 

VAP protocol in a large urban southwestern teaching hospital to evaluate program effectiveness 

using a human factors approach.  

Building on the work of Carayon, et al. (2006) and Jansson et al. (2013), I present the 

findings from this program evaluation project using an adapted SEIPS model that sought to 

evaluate the VAP prevention program from a human factors perspective addressing the following 

aims: Aim 1. Determine the effectiveness of using the adapted SEIPS model to evaluate a VAP 

quality improvement (QI) project; Aim 2. Evaluate a VAP QI program taking a human factors 

approach; and Aim 3. Using the adapted SEIPS model, identify elements of the VAP bundle that 

nurses perceive as strength and weaknesses. 
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The project was completed with the following findings: Based on this work the adapted 

SEIPS model demonstrates usefulness for evaluating QI projects. It would be interesting to 

continue this work with QI projects to see how well it performs. 
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CHAPTER ONE: INTRODUCTION 

Background 

More than 300,000 patients require mechanical ventilation (MV) each year in the United 

States as a crucial life-saving therapy (Centers for Disease Control and Prevention [CDC], 2014). 

Despite this life saving technology, patients that are mechanically ventilated are at a higher risk 

for developing complications. One of the most common complications is infection or ventilator 

associated pneumonia (VAP) (O’Grady, Murray, & Ames, 2012; Joseph, Sistla, Dutta, Badhe, & 

Parija, 2010).  

MV has been found useful to sustain oxygenation for patients who have a reduced 

respiratory drive. There are four main reasons why a patient would undergo MV and these 

include: severe hypoxemia, apnea, acute hypercapnia that cannot be reversed with other therapy 

and patient fatigue that is progressive and not alleviated by other treatments (Chesnutt, 

Prendergast & Tavan, 2014). MV is used to normalize both the acid-base imbalance and the 

arterial blood gas levels through the use of oxygenation and ventilation (Grossbach, Chlan, & 

Tracy, 2011). It can also be used to rest the muscles by decreasing the work of breathing. There 

are basic parameters on all mechanical ventilators that are used. Some of the base parameters 

include respiratory rate, fraction of inspired oxygen (FiO2), positive end-expiratory pressure 

(PEEP) and tidal volume, which are defined under the definition and terms section.  

There are also set ventilator modes that are used. When speaking in terms of ventilator 

mode it is referring to the type of inspiratory support the ventilator is providing the patient 

(Grossbach et al., 2011). It is composed of different variables of control as well as certain 

combinations in the pattern of breathing to ensure adequate oxygenation and ventilation. There 
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are volume-targeted modes that manipulate volume to achieve certain results and pressure-

targeted modes that use pressure. In a volume mode the volume is a set variable, allowing the 

pressure to vary, and in a pressure mode the pressure is a set variable, allowing the volume to 

vary (Grossbach et al., 2011). Several ventilation modes are available and those being discussed 

by both Celli in 2012 and Hall, Schmidt & Cress in 2015 will include: controlled mechanical 

ventilation (CMV), assist control ventilation (ACV), synchronized intermittent mandatory 

ventilation (SIMV), and pressure support ventilation (PSV). This mode (PSV) includes both 

pressure control ventilation (PCV) and continuous positive airway pressure (CPAP). Ventilator 

modes are listed and described in Table 1.  

TABLE 1. Ventilator Modes and Their Advantages and Disadvantages Towards Patient Safety 

Modes of Ventilation Advantages and Disadvantages of 

Ventilation Modes 
Controlled mechanical ventilation: In this mode there is a fixed 

tidal volume and respiratory rate and a variable inspiratory pressure. 

In a passive patient this delivers a set number of breaths with a set 

volume of oxygen. 

Advantages: In this mode the patient is guaranteed a 

set rate and tidal volume 

 

Disadvantages: There is a possibility of causing 

volutrauma  

Assist control ventilation: This mode is similar to controlled 

mechanical ventilation. There is a fixed tidal volume and respiratory 

rate and a variable inspiratory pressure, however this is used in an 

active patient and they can trigger additional breaths, however will 

still receive the set number of breaths and volume.  

Advantages: In this mode the patient is guaranteed 

ventilation even when triggering additional breaths 

 

Disadvantages: There is a possibility of causing 

volutrauma and since every patient effort triggers an 

additional breath, it can lead to the patient stacking 

breaths (Auto-PEEP). This may also be 

uncomfortable as the patient is receiving forced 

breaths on top of their triggered breaths 

Synchronized intermittent mandatory ventilation: This is exactly 

the same as controlled mechanical ventilation in a passive patient with 

the mandatory rate and tidal volume at a set point. In an active patient, 

they are able to work respiratory muscles during mandatory breaths. 

Also, patient can trigger additional breaths. If this additional breath 

comes very briefly before the next set mandatory breath, the 

mandatory breath will be delivered ahead of schedule to 

correspond/synchronize with the patient’s effort. If the patient triggers 

a breath outside the window of the mandatory breath, the tidal volume 

is determined by the patient’s effort, which usually results in smaller 

tidal volumes and highly variable breaths 

Advantages: This mode not only guarantees 

ventilation, but it also provides patient comfort due 

to allowing additional patient triggered breaths 

 

Disadvantages: This mode seems to prolong 

weaning. It can also potentiate dysynchrony and 

ultimately hypoventilation 
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TABLE 1 – Continued  

Modes of Ventilation Advantages and Disadvantages of 

Ventilation Modes 
Pressure control ventilation: there is a fixed inspiratory pressure and 

a variable tidal volume.  

 

Pressure support ventilation: In this mode it has to be activated by the 

patient triggering a breath and therefore cannot be used in passive 

patients. Once the patient triggers a breath, the machine with maintain 

the set inspiratory pressure until the patient reaches their tidal volume 

and the pressure support will end as the patient begins to exhale 

 

 

 

 

Continuous positive airway pressure ventilation: This is not actually 

considered a mode of ventilation, but rather lets the patient breath 

spontaneously and assists in raising the functional residual capacity, 

or the volume of air that is present at the end of expiration, by using a 

minimal amount of PEEP (usually set at 5). This is not pressure 

support ventilation, however some ventilator label PSV as CPAP.  

 

 

 

Advantages: This mode allows for patient comfort 

and assures the breaths being provided are 

synchronous 

 

Disadvantages: There is no backup timer and this can 

result in hypoventilation. This mode can also result 

in barotrauma.  

 

 

Advantages: This allows for complete patient control 

and is very useful in weaning 

 

Disadvantages: There is an increased risk of 

hypoventilation and apnea  

Patients are at risk for VAP despite their general health or pathophysiology. The 

diagnosis of VAP is confirmed by assessment, chest radiograph and blood tests such as complete 

blood cell count (CBC) and cultures. VAP is suspected when a patient develops a new or 

progressive pulmonary infiltrate accompanied with purulent secretions, leukocytosis and fever 

(Institute for Healthcare Improvement [IHI], 2012).  

According to the American Thoracic Society (ATS) VAP is a pneumonia that occurs at 

least 48-72 hours after intubation (ATS, 2005). According to the CDC’s National Healthcare 

Safety Network (NHSN) there is no minimum time period that must occur in order for 

pneumonia to be considered related to MV (IHI, 2012). While there is a difference in definitions 

the CDC makes it clear that their definition is based on surveillance measures and does not 

supersede clinical definition, which is more rigorous (O’Grady et al., 2012). 

Many definitions of VAP use the criteria of requiring radiographic findings of 

pneumonia. According to the CDC, chest x-rays do not accurately indicate VAP because of 
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subjectivity and variability of both the radiologist and provider (CDC, 2014). Clinical signs and 

symptoms may also be subjective. The CDC convened in 2011 to address these limitations and is 

now calling it a ventilator-associated event (VAE) for the purposes of surveillance (CDC, 2014). 

The algorithm was implemented in 2013 and it has three tiers: 1) Ventilator-associated condition 

(VAC); 2) Infection-related ventilator-associated complications (IVAC); and, 3) Possible and 

probable VAP; this is only for surveillance and reporting and is not a clinical definition or for 

use of clinical management (CDC, 2014). There is a breakdown of the current CDC surveillance 

components for VAE and the algorithm used and they are depicted in Figure 1.  

For the purposes of this study the focus will be on VAP alone as well as the clinical 

definition for VAP as described by the ATS guidelines.  
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FIGURE 1. Ventilator Associated Event (VAE) Surveillance Algorithm (CDC, 2014). 
(Abbreviations: CFU = colony-forming units; Fio2 = fraction of inspired oxygen; PEEP = positive end-expiratory 

pressure; VAP=ventilator-associated pneumonia.) 

The patient becomes stable or improved on the ventilator greater than or equal to two calendar days shown by a decrease in 

the PEEP or FI02. These two days immediately precede the first day that either PEEP or FI02 was increased. 

After the patient has this defined stability or improvement they then have at least one sign of worsening oxygenation: 

1. The minimum FI02 increases by 20 points or more for greater than or equal to two calendar days immediately 

following the preceding two calendar days of baseline period 

2. The minimum PEEP increases by three or more in the same time frame 

Ventilator-Associated Condition (VAC) 

When the patient has been on the ventilator three days or more within two calendar days from worsening in oxygenation and 

they meet both following criteria 

1. Temperature >38 degrees Celsius or <36 degrees Celsius OR white blood cell count > than or equal to 12000 or 

less than 4000 

AND 

2. A new antibiotic is started and continued for at least four calendar days 

Infection-Related Ventilator-Associated Complication (IVAC) 

When the patient has been on the ventilator 

three days or more within two calendar days 

from worsening in oxygenation and they meet 

ONE of the following criteria 

1. Purulent respiratory secretions: 

-Secretions from trachea, bronchi or 

lungs from one or more collections that 

has at least 25 neutrophils and 10 or 

less squamous epithelial cells in semi-

quantitative result 

 

2. Positive culture with a semi- 

quantitative, quantitative or qualitative 

result from the sputum, protected 

specimen brushing, bronchoalveolar 

lavage, lung tissue or endotracheal 

aspirate 

 

  

When the patient has been on the ventilator 

three days or more within two calendar days 

from worsening in oxygenation and they meet 

ONE of the following criteria 

1. Purulent respiratory secretions from 

same places as possible VAP AND a 

positive culture from one of the 

methods in possible VAP 

2. One of the following without presence 

of purulent secretions: 

- Positive diagnostic test on 

secretion for a virus  

- Positive for Legionella 

- Positive lung histopathology 

- Positive pleural fluid culture 

Possible Ventilator-Associated Pneumonia Probable Ventilator-Associated Pneumonia 
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Incidence of VAP 

VAP is the second most common HAI and for the year 2010 there were 3525 reported 

cases according to the NHSN (CDC, 2014). Patients mechanically ventilated for as short as 0-5 

days to 1000 days are at risk. VAP incidence per hospital ranged from 0.0-5.8/1000 ventilator 

days, but incidence did vary depending on the surveillance strategies used (CDC, 2014; O’Grady 

et al., 2012). VAP is found to occur in 9-27% of all ventilated patients (O’Grady et al., 2012). 

Definition of Terms 

It is important to understand the various terms in this paper to describe baseline 

vocabulary related to the content. The definitions can be found in Appendix A.  

Current National Protocol to Decrease VAP 

A brief overview of the current national protocol that is being used to decrease VAP 

consists of five essential elements. The first element is patient positioning and involves keeping 

the head of the bed elevated 35-40 degrees. The second element is sedation and involves giving 

the patient a daily sedation vacation and assessing readiness to extubate. The third element 

involves nutrition and the need for peptic ulcer disease prophylaxis (PUD). The fourth element 

involves the circulatory system and the use of deep venous thrombosis (DVT) prophylaxis. The 

final element is the use of chlorhexidine with daily oral care.  

Problem Statement 

Among HAIs, the leading cause of death is VAP (IHI, 2012). VAP has a high rate of 

mortality and in patients who develop VAP the mortality rate is 46% compared to 32% in 

patients that were mechanically ventilated and did not develop VAP (IHI, 2012). Apart from 

VAP, there are numerous other factors that can cause death or contribute to conditions that can 
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cause death due to MV and they are listed in Table 2. These are due to various conditions such as 

PPV, the ETT itself, therapies being delivered during MV, coexisting illness and comorbid 

conditions (Provost & El-Solh, 2013). 

TABLE 2. Contributing Factors to Mortality in Mechanically Ventilated Patients 

Area of Concern Adverse Effects 
Gastrointestinal Impact of systemic hemodynamics from PPV, PEEP or other ventilator strategies such as high tidal 

volume can lead to a reduction in splanchnic blood flow or splanchnic hypoperfusion that can lead to 

mesenteric ischemia. MV can lead to GI bleeding from stress-related mucosal disease and can also 

cause motility disturbances and acalculous cholecystitis 

Hepatic Rises in intraabdominal pressure can impede portal venous flow, decrease hepatic venous saturation 

and decrease hepatic glucose production 

Peritoneal Cavity  Pneumoperitoneum or the presence of air or gas in the abdominal peritoneal cavity can be caused 

Cardiovascular Arrhythmias (esp. atrial fibrillation) can be caused by things such as hypoxemia, hypercapnia, 

acidemia, aklalemia, hypokalemia, hypomagnesemia, hypocalcemia; myocardial ischemia (esp. when 

weaning) 

Infection Sinusitis, nosocomial diarrhea (most common C. Difficile), catheter-related bacteremias (foley 

catheter and central venous catheters) and wound infections  

Hematologic Anemia (mostly from excessive blood draws), loss of coagulation factors, thrombocytopenia, platelet 

dysfunction  

Neuromuscular Critical illness polyneuropathy, which is an acute axonal sensory motor polyneuropathy mainly with 

lower limbs; myopathy; limb weakness/flaccidity; respiratory muscle weakness and difficulty 

weaning 

Nutritional Support Malnutrition which can lead to altered ventilator drive, reduction in ventilator response to hypoxia, 

decreased respiratory muscle strength and hypercapnia; use of feeding can also cause abdominal 

distention, vomiting, diarrhea and constipation 

Renal Development of renal failure during MV is common from decrease in renal plasma flow, glomerular 

filtration rate and urine output  

Venous 

Thromboembolism 

DVT and pulmonary embolism (PE) 

VAP increases healthcare costs and can typically add up to $40,000 per hospital stay as 

well as being responsible for more than 50% of all antibiotics that are prescribed in the ICU 

(Mietto, Pinciroli, Patel, & Berra, 2013; CDC, 2014; IHI, 2012). VAP increases the risk of 

disability and death, prolongs the amount of time the patient is on the ventilator by as much as 10 

additional days, lengthens the amount of time the patient stays in the ICU and even lengthens the 

amount of time the patient stays in the hospital after being discharged from the ICU (Mietto et 

al., 2013; CDC, 2014; IHI, 2012). The ventilator bundle and VAP protocols can significantly 

reduce the incidence of VAP and the IHI observed a 45% reduction of VAP since the bundle was 
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implemented (IHI, 2012). A bundle is a set of evidence-based practices that are typically 

comprised of three to five items to improve the care of patients and outcomes for patients (IHI, 

2015). This gives health care workers a structured set of guidelines that when performed together 

on a consistent basis is proven to improve the outcomes of patients (IHI, 2015).  

Educational reinforcement and opportunities for ICU staff to participate in mandatory 

training aimed at prevention of VAP are important to decrease the incidence of VAP (Tablan, 

Anderson, Besser, Bridges, & Hajjeh, 2004). This project is examining a specific protocol used 

in a large urban southwestern teaching hospital. Health care workers need to be educated about 

preventing VAP in terms of epidemiology and infection-control to safeguard competency 

according to their level of responsibility in the healthcare setting (Tablan et al., 2004). Most 

often ICU nurse are the ones involved in carrying out the bundle and protocol aspects of care in 

patients who are mechanically ventilated and their knowledge of VAP and the protocol as well as 

compliance are essential to patient care. Linking actual bedside practice to what the evidence-

based research suggests has been an ongoing challenge in nursing (O’Keefe-McCarthy, Santiago, 

& Lau, 2008).  

Many guidelines have been developed to prevent VAP. These interventions have been 

shown to reduce incidence of VAP, however adherence to these guidelines does not always 

occur (Jansson, Ala-Kokko, Ylipalosaari, Syrjala, & Kyngas, 2013). Some of the original studies 

done in this area have shown that there seems to be limited knowledge by ICU nurses in relation 

to VAP as well as adherence to the protocols even with evidence-based guidelines in place (Blot, 

Labeau, Vandijck, VanAken, & Claes, 2007; Labeau et al., 2008). There does not seem to be 

adequate information in relation to why nurses do or do not use the guidelines for the prevention 
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of VAP, and there is a gap between knowledge and practice with deficient adherence to 

guidelines. Interventions for prevention of VAP are a major concern in patients that are 

mechanically ventilated and are of fundamental importance to proper care (Mietto et al., 2013). 

Knowledge and compliance are not the only areas that need to be investigated to decrease 

the incidence of VAP. Prevention of HAIs has needed an HFE approach for quite some time; 

however, it has been immensely underutilized. There has been an identified increased risk of 

patient infection when there are ineffective work conditions such as high workload or time 

constraints, which tends to make health care workers view infection prevention techniques as a 

hindrance or interruption of “important” daily activities (Alvarado, 2011). A few other main 

issues are the fact that health care workers may not have the adequate knowledge of infection 

prevention, do not take ownership in the event of an infection and are therefore not compliant 

with the tasks associated with evidenced-based guideline protocols.  

Formulation of the Quality Program Evaluation Aims 

The following questions were used to guide the development of the aims for this project: 

1. What do nurses perceive the greatest impact on care of patients to prevent VAP is in 

relation to the adapted SEIPS model? 

2. What do nurses perceive is the weakest impact on care of patients to prevent VAP is in 

relation to the adapted SEIPS model? 

3. What part of the VAP bundle do nurses think is the most important element for the 

prevention of VAP? 

4. What part of the VAP bundle do nurses think is the least important element for the 

prevention of VAP 
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5. Taking a human factors approach are there specific organizational issues that hinder or 

help carry out evidence based guidelines based on usability, interface and time 

management? 

6. What do the ICU nurses think helped carry out interventions versus what did not? 

Purpose and Specific Aims 

The purpose of this project is to evaluate the QI program that sought to reduce the VAP 

rates in ICU patients and in doing so include ICU nurses from each different ICU in a large 

urban southwestern teaching hospital and evaluate their knowledge of the prevention of VAP as 

well as their compliance with the evidence-based interventions that can prevent VAP. The study 

will also look for factors in relation to knowledge and compliance such as the following 

demographic information: level of education, years of experience as a nurse, years of experience 

as an ICU nurse and ICU specialization. Other factors that will also be addressed include: the 

availability of an ICU nurse educator, what is the nurse to patient ratio, do they participate in 

daily rounds with other members of the healthcare disciplines, do they work extra shifts and any 

other factors that emerge throughout the survey process. 

Aim 1. Determine the effectiveness of using the adapted SEIPS model to evaluate a VAP 

quality improvement (QI) project  

Aim 2. Evaluate a VAP QI program taking a human factors approach 

Aim 3. Using the adapted SEIPS model, identify elements of the VAP bundle that nurses 

perceive as strength and weaknesses.  
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Significance to Nursing Practice 

While there are well-documented interventions backed in evidence-based practice (EBP) 

for the prevention of VAP these may still be poorly implemented in the ICU setting. Evidence-

based guidelines for the prevention of VAP may not be followed due to a lack of knowledge on 

the part of the nursing staff, which has been identified multiple times in terms of being part of 

the problem for compliance (El-khatib, Zeineldine, Ayoub, Husari, & Bou-Khalil, 2010). It is of 

fundamental importance to have effective preventative strategies in patients on MV for the 

prevention of VAP (Mietto et al., 2013). Although knowledge is not the only factor that plays a 

role in adherence, a lack of knowledge about the prevention strategies can impact decision 

making, lead to a decrease in compliance and pose a barrier to the implementation of VAP 

guidelines (El-khatib et al., 2010). There has been indirect evidence found that links knowledge 

to a reduction in the rates of VAP after educational programs have been given that describe 

prevention strategies (Labeau et al., 2007). Coupled with the addition of HFE to determine 

underlying organizational and environmental issues, gaps can be identified and interventions can 

be applied for future success. 

Armed with proper education, resources and adequate working facilities nurses can 

effectively reduce VAP (Berenholtz et al., 2011). Once able to determine if education is a factor, 

recommendations can be made towards facilitation of educational programs that enhance the 

nurses’ knowledge of EBPs for the prevention of VAP. If there are organizational barriers 

present, recommendations can also be made towards correcting obstacles to facilitate efficiency 

in the work environment. When facilities contribute towards nurse’s education and professional 
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development, patients have better outcomes and there are less healthcare costs incurred (Aiken et 

al., 2011; Covell & Sidani, 2013). 

VAP Reduction Quality Program Evaluation 

The QI process consists of implementation, effectiveness, efficiency, cost-effectiveness, 

attribution and program evaluation (CDC, 2012). Program evaluation is the process of 

determining the success of the program or the achievement of established goals and objectives. 

Program evaluation is a process that provides an in-depth analysis of how the implementation, 

impact, and value the program has on the desired outcome meant to achieve (CDC, 2012). 

Individuals usually assess a program to see if there are improvements that can be made by asking 

for feedback from those involved and assessing outcomes that the program produces. According 

to the CDC (2012), some general categories that evaluators ask questions in include: 

1. Implementation - Was the program introduced and implemented in the way it was 

proposed? 

2. Effectiveness - Does the program achieve desired outcomes that brought about the 

formulation of the program? 

3. Efficiency - Is the program using resources suitably such as use of staff and allocating 

funds to carry out the activities needed to fulfill the purpose? 

4. Cost-Effectiveness - Is the cost of maintaining the program line up with desired outcomes 

and the benefit of having the program in place? 

5. Attribution - Is the program producing results that are in relation to the program’s 

objectives and goals or are there other factors that are producing the desired outcomes? 
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Any or all questions are appropriate depending on what the evaluator is trying to discover, which 

typically involves improvements that can be made to enhance program outcomes. An evaluation 

can use either quantitative or qualitative methods. Quantitative methods use data achieved from 

questions asked and answered to provide a more in-depth glance at how the program is 

performing (CDC, 2012). Qualitative methods can also be used to look at the strengths and 

weaknesses a program has by giving participants open-ended questions and opportunities to give 

opinions (CDC, 2012).  

Program evaluations can also motivate staff to maintain practices if they are shown how 

the program can help them do their jobs more efficiently. Healthcare organizations can use data 

from evaluations to see if modifications are needed as well as where and why, to learn from any 

mistakes that may have arisen from the particular program, to create the greatest type of 

programs and also to achieve goals of the company (CDC, 2012). The CDC published a 

framework in 1999 to help guide individuals on how to conduct studies that incorporate program 

evaluation called Framework for Program Evaluation in Public Health. This new framework 

includes four sets of standards and six steps (Table 3). The standards are used to guide the steps 

to choose among the options that are available at each step, but they do not constitute a way to 

evaluate (CDC, 2012). There are 30 standards that are reduced into four separate groups (Table 

4). In 2014, Issel went on to describe the major types of evaluations even further (Table 5). 
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TABLE 3. Six Steps of Program Evaluations with Definitions 

Six Steps of Program Evaluations Definitions 
Describe the Program Determine the place and purpose of the program by analyzing the 

features in a larger health context  

Focus on the Evaluation Design Using time and resources as efficiently as possible, assess issues that 

are of greatest concern to stakeholders taking into consideration the 

methods, agreements, uses, questions and purpose. Plan in advance 

where the evaluation will head and what steps will be taken  

Gather Credible Evidence Use sources, logistics, indicators, quantity and quality to strengthen the 

recommendations and judgements that will follow the evaluation  

Justify Conclusions Link conclusions to evidence and then judge them against what the 

agreed upon standards that were set by stakeholders to justify the 

claims 

Ensure Use and Share Lessons Learned Ensure that those who participated in the process of the program 

evaluation had a positive experience, that the findings are used in 

consideration with actions and decisions that will affect the program 

and that stakeholders are aware of the findings and evaluation 

procedures  

Engage Stakeholders Include those who are involved in the operations of the program, the 

main users of the evaluation and the individuals that will be affected or 

served by the program. Foster input and participation of those who are 

invested in the program’s success 

TABLE 4. Four Groups of Standards to Guide the Steps 

Standards Questions to Ask 
Utility  Who is requesting the evaluation results and will this information be able to be provided in a timely 

manner? 

Feasibility  With the resources available in terms of staff, budget and time, is the evaluation realistic? 

Propriety  Are the rights and welfare of individuals protected? Are those that will be affected by the evaluation 

and any possible changes involved? 

Accuracy Will the findings be reliable and valid to those that will receive results? 

TABLE 5. Types of Evaluation 

Type of Evaluation Purpose 
Community needs assessment Performed to assess a particular group and the data regarding their health problems 

Process evaluations Begins at the initiation of evaluation to determine the quality of implementation as well as 

the degree to which the implementation went as planned 

Effect evaluations 

 

 

 -Outcome evaluations 

 

 -Impact evaluations 

This assesses if the program made a difference and can then in turn determine the need for 

revision and subsequent program planning 

 

Looks at immediate effect 

 

Looks at long-term effects 

Cost evaluations Involves evaluations that are specific to cost and efficiency of programs such as being 

cost-effective, having cost-utility and having cost-benefit 

Comprehensive evaluations This type takes into account several variables of data in relation to the program evaluation 

including cost-evaluation, process evaluation, effect evaluation, needs assessment data, 

and effect evaluation 

Meta-evaluation This involves taking data from various programs and the findings of previous outcome 

evaluations for said programs that are all related to the same health problem 

Summative evaluations A summative statement given at program conclusion to describe overall program effects 

Formative evaluations Assessments used early on in program implementation to determine changes needed 
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Another type of program evaluation is termed human factors, which takes into account 

the limitations and capabilities of users on the job being done to ensure both the function and 

tasks are suitable and what the demand is on the user.  

Human Factors Approach 

Human factors is ergonomics and encompasses the scientific discipline of studying 

interactions between humans or users and system elements such as data, methods, design, 

theories and principles to optimize the well-being of humans and the overall performance of a 

system (Storr, Wigglesworth, & Kilpatrick, 2013). These interactions influence how humans 

perform and behave (Anderson, Gosbee, Bessesen, & Williams, 2010). 

The central theory of this scientific discipline is that to err is human and while it is not 

entirely preventable, a system designed that overrides human error is needed. It has long been 

known that humans have designed tools and technology to fit their abilities and needs to carry 

out certain job functions and tasks. As time has gone on there has been the introduction of new 

jobs, tasks, technologies and needs. With new technologies and the involvement of humans, 

there is always a possibility of encountering problems both with the technologies themselves as 

well as human error.  

Solving new problems requires new principles and new data. This has led to the 

development of human factors engineering (HFE), which focuses on the interactions between 

human beings and other components of a system to ensure a fit between the work and the person 

to improve system performance and well-being (Alvarado, 2011; Yanke, Carayon, & Safdar, 

2014). HFE also recognizes human limitations. The end goal of applying HFE is to make it easy 
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for individuals to do the right thing at the right time while making a set of practices easy to 

follow by being efficient and minimizing burden (Anderson et al., 2010). 

There are three domains that incorporate HFE and they include physical, cognitive and 

organizational ergonomics. Physical HFE design takes into account the physical aspects of a job. 

It aims at decreasing the workload and physical constraints, augmenting physical movement to 

optimize tasks and diminishes the need for unnecessary physical exertion to complete a job 

(Yanke et al., 2014). Cognitive HFE design aims at reducing the cognitive load, to match human 

mental models with technology and to improve the uniformity among interfaces (Yanke et al., 

2014). Organizational HFE design is used to enhance social support access amongst workers, 

encourages the input and participation of workers in system design and provides the workers 

with opportunities to develop different skills (Yanke et al., 2014).  

When applying HFE to health care and going beyond the study of humans and systems, 

an opportunity develops to design health care systems that are appropriate for both the 

characteristics of the health care workers as well as emphasizing the well-being of the patient. 

The scientific discipline of human factors can then contribute to the reduction in both the 

cognitive and physical workload of heath care providers as well as improving the design of the 

organizational aspects of a system to help increase patient safety and preventing workers from 

creating work-arounds and not using tools safely (Alvarado, 2011; Carayon et al., 2014). If all of 

the factors of cognitive, physical and organizational ergonomics are not examined when 

developing new systems, they are very unlikely to have a sustainable impact on the healthcare 

workers, patient safety and quality of care patients receive (Carayon, et al., 2014).  
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Using HFE as an approach to system design began to be recognized as vital for patient 

safety and an urgent need to understand these interactions became apparent (Storr et al., 2013). It 

also focused on redesigning the workplace and the tools available to health care workers to 

provide the best possible chance at succeeding with their daily tasks and functions. When 

looking at systems in healthcare, it is crucial to have systems in place that can be resilient to 

human error and aim for prevention, mitigate the harm errors can produce and to recognize when 

an error has occurred to minimize or prevent harm to patients (Storr et al., 2013). The science of 

HFE began to be used to ensure interventions became significant, were able to be maintained and 

that they were adopted rapidly and consistently to provide the greatest impact. HFE now asks 

questions such as what components of this work system are missing that are leading to a lack in 

compliance amongst workers? This questions supports evaluation of a QI project using principles 

of human factors. Using this approach, this study seeks to evaluate the VAP QI project to 

understand what factors of the program lead to the current outcome or incidence of patients 

diagnosed with VAP.  
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CHAPTER TWO: LITERATURE REVIEW 

Introduction 

An extensive review of the literature about VAP prevention was completed and is 

presented here. This chapter presents the various categories considered when evaluating best 

practice for VAP prevention as well as a critical analysis of the relevant research available and it 

is composed of: pathophysiology, diagnosis, current recommendations and guidelines for 

prevention and the theoretical framework.  

Pathophysiology of VAP 

There is a lack of criteria that distinguishes VAP from other pulmonary conditions; the 

precise definition is still a matter of deliberation (Mietto et al., 2013). As previously discussed, 

the ATS definition will be used for this project. VAP is a pneumonia that arises more than 48-72 

hours after the initiation of MV (ATS, 2005). VAP is an infection in the lungs that is nosocomial 

in nature in patients that are ventilated, but not ventilated for this reason (IHI, 2012). The 

infectious agents are not present at the time of intubation (Joseph et al., 2010). 

VAP occurs when there is inoculation of the previously sterile respiratory tract with 

bacteria that has invaded the pulmonary parenchyma in mechanically ventilated patients from 

some source such as contaminated equipment, gastrointestinal colonization, aspiration of 

secretions and /or contaminated nebulized medications (Mietto et al., 2013). This infectious 

process causes an inflammatory response by the host and the degree of infection depends on the 

competency of the host’s immune system at the time of infection as well as the virulence of the 

pathogen and size of the inoculation (Joseph et al., 2010). The mechanical ventilator and the 

practice of ventilation itself are not associated with the pathophysiology of VAP, and it can be 
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considered a pneumonia that occurs due to gravitational forces that pull secretions into the lungs 

and cause aspiration (Mietto et al., 2013). 

Critically ill patients frequently have compromised defense mechanisms due to their 

various comorbidities, malnutrition, their current degree of illness, sedation being used, and 

having a device in place such as an endotracheal tube (ETT) (Joseph et al., 2010). In healthy 

patients the bacterial invasion is usually prevented by phagocytes and opsonins in the lung, 

humoral and systemic cell mediated immunity, the ability to clear microciliary secretions, having 

an intact cough reflex, the presence of saliva with non-immune antimicrobial agents and the 

ability to humidify and filtrate air in their upper airways (Joseph et al., 2010). To some degree 

most if not all of these defense mechanisms are compromised in the critically ill patient.  

There are essentially four mechanisms that are considered to contribute to the 

development of VAP and they include: 1) microbe-laden secretions around the ETT being 

aspirated either from the primary source of oropharyngeal colonization or secondarily from 

gastrointestinal colonization that is aspirated from reflux of contents into the oropharynx; 2) By a 

direct source in the lung that contributes to an extension of the inoculation such as from a pleural 

infection; 3) By microorganisms that are carried to the lungs from remote sites where infection 

was primarily located such as through catheter-associated contagion; and, 4) Through the use of 

contaminated aerosols (Efrati et al., 2010). 

Sources of pathogens can also be broken down into endogenous or exogenous in nature. 

The primary source of VAP is the endogenous flora, as previously discussed from oropharyngeal 

colonization or secondarily through exogenous routes that are present in the environment of the 

ICU that comes from both the equipment and the health care workers (Joseph et al., 2010). Some 
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examples of exogenous contamination include contaminated equipment such as humidifier fluid, 

bronchoscope, suction catheter or ventilator circuit, dirty hands or apparel of health-care workers 

from not washing their hands, the air in the room, hospital water and contaminated air delivered 

through aerosols (Joseph et al., 2010).  

Oropharyngeal Colonization 

Colonization is directly linked to the oral cavity and in smaller roles the sinuses. Bacterial 

proliferation and invasion of the parenchyma can usually be attributed to the aspiration of 

organisms found in the oropharyngeal areas either through gross or microaspiration (Efrati et al., 

2010). Unless it is suctioned out, there is an accumulation of mucus at the ETT because of the 

lack of the body’s natural ability for mucus clearance secondary to the mechanical obstacle the 

tube presents (Mietto et al., 2013). When mucus is left to pool at the cuff of the ETT there is the 

potential of reverse flow accompanied with gravitational pull that brings the mucus back into the 

lungs and the distal bronchi, which in turn causes aspiration of respiratory pathogens directly 

into the lung parenchyma resulting in inoculation (O’Grady et al., 2012; Mietto et al., 2013).  

There is a dramatic shift in the oral flora in critically ill patients that leads to a 

predominance of gram-negative bacilli such as Pseudomonas aeruginosa (P. aeruginosa) and 

gram-positive bacilli such as Staphylococcus aureus (S. aureus) (Joseph et al., 2010). Due to the 

increase in the production of proteases, the decrease in immunoglobulin A, an increase in the pH 

of the airways and stripped mucous membranes, mechanically ventilated patients have a higher 

incidence of adherence and increased number of airway receptors for bacteria (Joseph et al., 

2010). The act of intubation itself also leads to bacterial colonization at the ETT, pooling of 
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secretions around the cuff, and microaspiration of secretions following tracheal suctioning 

(Mietto et al., 2013).  

Within hours of endotracheal intubation and MV there is a biofilm that is formed on the 

ETT composed of microorganisms that are bound together by a matrix of DNA, proteins and 

polysaccharides that develop a mechanical framework around the bacteria that serves as a barrier 

to the different antimicrobial agents and host defenses (Mietto et al., 2013). Under this 

protection, the bacteria are then able to multiply and the force of gravity pulls the secretions into 

the airway resulting in inoculation of the lungs (Mietto et al., 2013). The most common 

organisms that are capable of the production of biofilms are fungal organisms such as Candida 

albicans and gram-negative bacteria such as P. aeruginosa (Mietto et al., 2013).  

Gastric Colonization 

The stomach usually contains colonization of enteric gram-negative bacilli, and it has 

been recognized as a potential reservoir of organisms that can be aspirated secondary to reflux 

(Joseph et al., 2010). The role of stress ulcer prophylaxis has been thought to decrease the pH of 

the stomach and in turn lead to heavy colonization of bacteria in the abdomen and predispose the 

patient to VAP; however, the role of the guidelines in the VAP bundle including stress ulcer 

prophylaxis and head of the bed raised greater than 30 degrees have been encouraged in the 

prevention of VAP and will be discussed in greater detail further in this chapter (Joseph et al., 

2010). 

Pathogens 

There are a variety of pathogens that are typically implicated in VAP and some of the 

most common include gram-negative bacilli such as Escherichia coli, Klebsiella pneumoniae, P. 
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aeruginosa, Acinetobacter and gram-positive bacteria such as S. aureus (ATS, 2005; Rewa & 

Muscedere, 2011). Early-onset VAP, or VAP within the first four days of MV, is typically 

caused by pathogens such as S. aureus, Streptococcus pneumoniae, and Haemophilus influenzae 

(Joseph et al., 2010). Late-onset VAP, or VAP occurring greater than five days from the 

initiation of MV, is typically caused by multi-drug resistant (MDR) pathogens such as P. 

aeruginosa, Acinetobacter species, Enterobacter species or methicillin resistant S. aureus.  

Oral Microbiome 

In healthy individuals there are distinctive and unique bacteria that are present in the 

different areas of the oral cavity such as the oral mucosa, tongue, teeth and gingival that becomes 

very different in patients that are critically ill, immunosuppressed and/or are on antibiotics 

(O’Grady et al., 2012). There have been many studies that have been conducted looking into the 

oral flora being the source of the pathogens that have been found in the lungs. The summary of 

the findings has been that the majority of the time the concomitant secretions in both the lungs 

and oral pharynx are the same and the source of the bacteria is thought to come from the oral 

cavity (O’Grady et al., 2012). This puts forth the idea that monitoring the flora in the oral cavity 

be routinely performed through culture-independent methods in a comprehensive manner to be 

able to better predict VAP and guide therapy for patients (O’Grady et al., 2012). 

Risk Factors 

The single most important risk factor that contributes to VAP is the presence of an ETT 

because it impairs the host’s natural defense mechanisms by providing a direct line of 

communication between the oral cavity and the lungs (Mietto et al., 2013). Futhermore, it creates 

a mechanical obstruction that impairs cough reflex and the mucociliary clearance of secretions 
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(Mietto et al., 2013). The ETT does not ensure a perfect sealing and while it can prevent gross 

aspiration, it cannot prevent microaspiration of secretions because of the anatomical structures of 

the trachea being a different shape than the ETT cuff itself (Mietto et al., 2013). Intubation and 

MV causes a 6 to 20-fold increase in the risk of the patient developing pneumonia (Efrati et al., 

2010). 

There are some consistent risk factors that have been discovered that contribute to the 

development of VAP and they include: prolonged intubation, age greater than 70 years, 

underlying chronic lung disease, enteral feeding, use of paralytic and sedation agents, underlying 

critical illness, aspiration, elevated gastric pH, previous exposure to antibiotics and a depressed 

level of consciousness (O’Grady et al., 2012). Some of the factors that tend to point towards a 

poor prognosis include late-onset VAP, patients that are severely critically ill, presence of 

bacteremia, and an inappropriate antibiotic therapy (O’Grady et al., 2012). There is typically a 

better prognosis observed when the patient has early-onset VAP as it tends to be more sensitive 

to antibiotic therapy and is generally less severe, however, late-onset VAP is frequently caused 

by MDR pathogens and has been associated with an increase in morbidity and mortality 

(O’Grady et al., 2012). 

VAP Diagnosis 

VAP diagnosis is confirmed by using a combination of criteria that includes 

microbiological, clinical and radiographical evidence that has been effective for diagnosis and 

treatment since there is no gold standard (Joseph et al., 2010). When using the clinical 

components for diagnosis of VAP the provider looks at the laboratory results of the patient, any 

radiological findings and the signs and symptoms present of an ongoing infection (Mietto et al., 
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2013). To further delineate diagnostic findings, VAP is usually suspected and empiric antibiotic 

therapy is usually started when a patient is mechanically ventilated for at least 48 hours and there 

is a new and/or persistent infiltrate on chest x-ray of infectious origin plus at least two of the 

following three clinical criteria: new onset of changes in temperature such as a hyperthermia 

with a temperature of greater than 38.3 degrees Celsius or hypothermia with a temperature of 

less than 36.0 degrees Celsius, changes in white blood cell count with either leukocytosis with a 

white blood cell count > 10,000/microliter (mcL) or leukopenia with a white blood cell count 

<4,000/mcL and the presence of purulent tracheal secretions with increased production (ATS, 

2005; Joseph et al., 2010; Mietto et al., 2013; Rewa & Muscedere, 2011). These criteria may also 

be accompanied by worsening oxygenation and gas exchange abnormalities, however, requiring 

all of the symptoms to be present will result in patients not receiving therapy who actually have 

pneumonia (ATS, 2005). Being that clinical criteria are non-specific, using a combination of the 

symptoms can increase the specificity of a diagnosis in conjunction with diagnostic testing such 

as microbiological analysis with gram stain and culture and radiographic imaging (Efrati et al., 

2010). Using clinical criteria alone has been shown to lead to inappropriate antibiotic use and it 

is recommended to wait for microscopy and quantitative cultures to prescribe appropriate 

antibiotic coverage (ATS, 2005). 

Radiographic Diagnosis 

While certain radiographic findings of VAP have a 96% specificity in diagnosis they are 

usually uncommon abnormalities such as single air bronchogram, progressive rapid cavitation of 

the pulmonary infiltrate and air space process abutting a fissure making them mostly helpful in 

excluding VAP (Joseph et al., 2010). Since there is such low specificity for pulmonary infiltrates 
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being pneumonia (27-35%) this is the reasoning behind which the CDC changed their 

surveillance definition to not include radiographic findings and why there needs to be a 

combination of radiographic findings as well as clinical criteria to make a diagnosis (Joseph et 

al., 2010). 

Microbiological Diagnosis 

Microbiological confirmation is obtained through the use of a bronchoalveolar lavage 

(BAL), protected specimen brushing (PSB), mini-BAL or endotracheal aspirate (ETA) sampling 

(Rewa & Muscedere, 2011). The downside to culturing is the process takes time and results are 

not immediately available. The most reliable cultures that can be run are both semi-quantitative 

and quantitative and are preferably obtained before the initiation of antibiotics to prevent false 

negative cultures (Joseph et al., 2010). While qualitative sampling can be done, it is not as 

accurate as quantitative and is more useful in the exclusion of VAP versus diagnosis with a 

sensitivity of >75% and a specificity of <25% (Joseph et al., 2010).  

With the use of tracheal aspirates due to the fact they usually have more microorganism 

growth than invasive quantitative cultures, they are typically reported in a semi-quantitative 

fashion describing growth as light, moderate or heavy (ATS, 2005). It has been found that the 

tracheal aspirate will more often than not contain the same pathogen that is found in invasive 

samples (ATS, 2005). If a tracheal aspirate is negative it is a strong indicator that the invasive 

culture will be negative as well if the patient has not been on any antibiotics or has not had any 

recent changes in antibiotics (ATS, 2005). Semi-quantitative or quantitative cultures both use 

growth above a certain threshold to be diagnostic for VAP and growth below a certain threshold 

is usually a sign of colonization or contamination (ATS, 2005). Gram staining can also be used 
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to detect yeast cells, bacteria, presence of squamous epithelial cells (to look for contamination) 

and presence of leukocytes (absence usually means the culture is negative); however, it is not as 

reliable as culturing methods (Joseph et al., 2010). 

Since VAP is multi-focal in nature the BAL, mini-BAL and ETA are preferred over PSB 

sampling due to the fact that PSB samples a single bronchial segment and may not be a 

representative sample of the state of the entire pulmonary system (ATS, 2005). According to the 

CDC a specimen of the lower respiratory tract is required to diagnose VAP, and they consider a 

positive culture to be evidenced by the following values: ETA sample represented by greater 

than or equal to 10
5
 colony forming units (CFU)/ml or an equivalent semi-quantitative result; 

BAL sample greater than or equal to 10
4
 CFU/ml; PSB sample greater than or equal to 10

3
 

CFU/ml and mini-BAL sample greater than or equal to 10
4
 CFU/ml (CDC, 2014).  

CPIS Score 

Clinical pulmonary infection score (CPIS) is the only alternative approach that is 

available for a clinical diagnosis of VAP and it was originally proposed by Pugin et al. (1991) 

based on the following six clinical assessment criteria worth 0-2 points each: the results of the 

sputum culture and gram stain, the presence of fever, the quantity and purulence of tracheal 

secretions, the presence of leukocytosis or leukopenia, the type of radiographic abnormality and 

arterial oxygenation (Joseph et al., 2010). When using CPIS as a clinical definition for VAP a 

score of greater than six is required and this represents a specificity of 100% and a sensitivity of 

93% in one study as well as a specificity of 85% and a sensitivity of 72% in another post-mortem 

study when being compared to a quantitative BAL culture (Joseph et al., 2010). The only 

drawback with the CPIS score is that there has been an associated 24-48 hour delay of tracheal 
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culture results; however it has still subsequently been suggested to be the new clinical definition 

for VAP (Efrati et al., 2010; Joseph et al., 2010). 

Biochemical Markers 

There has been some research and identification of some possible biochemical markers 

for use in diagnosis of VAP. C-reactive protein (CRP) and procalcitonin (PCT) have both been 

shown to be elevated in patients who have systemic inflammatory response syndrome (SIRS) 

and have been thought to possibly indicate and predict infectious processes that cause SIRS, such 

as VAP; however, their role in diagnosis remains unclear (Rewa & Muscedere, 2011). CRP and 

PCT have both been shown to be elevated in VAP, however PCT has been more consistently 

elevated at higher levels in confirmed cases of VAP whereas CRP has been elevated in both 

confirmed and unconfirmed cases at the same level (Rewa & Muscedere, 2011). The levels in 

both laboratory values have a specificity and sensitivity that is variable when used for diagnosis 

of VAP, but further research in this area may prove promising for future diagnostic criteria. 

Prevention of VAP 

There are many general strategies that have been recommended including those from the 

latest guidelines by the CDC in 2003. General strategies can be organized into two different 

categories: clinical practice guidelines that include evidence-based guidelines promoted by the 

ATS and Infectious Disease Society of America (IDSA) and device-based technology. Apart 

from the general strategies there has also been a ventilator bundle that has been developed by the 

IHI that is used for the prevention of VAP. The different strategies and the ventilator bundle will 

be discussed in detail. 



39 

 

Clinical Practice Guidelines 

At the core of clinical practice guidelines is the education of the staff on the infection-

control procedures to prevent VAP as well as the epidemiology of VAP so they understand the 

process of the disease and ways it can be prevented (Tablan et al., 2004). Surveillance is crucial 

and needs to be conducted in each facility to determine the rates of VAP, to identify ICU patients 

who are at the highest risk of developing VAP and to be able to identify and quantify new MDR 

pathogens (ATS, 2005; Tablan et al., 2004). Staff should be re-educated over a period of time 

and be held accountable for compliance of effective infection control methods such as hand 

washing, alcohol-based hand disinfection and using proper isolation when needed to prevent the 

cross-infection of pathogens (ATS, 2005). Hands should be washed with soap and water 

whenever they are visibly soiled or alcohol-based hand disinfection can be used if not visibly 

soiled after contact with the patient (Tablan et al., 2004). Gloves should always be worn when 

respiratory secretions are going to be handled or when staff will be handling equipment that may 

be soiled with respiratory secretions (Tablan et al., 2004). There are no current recommendations 

from the CDC that require tracheostomy care to be done using sterile gloves and they 

recommend using clean gloves under aseptic conditions (Tablan et al., 2004). 

There are many modifiable risk factors for developing VAP. Whenever possible 

intubation and MV as well as re-intubation should be avoided and noninvasive ventilation should 

be used if it is feasible (ATS, 2005; Rewa & Muscedere, 2011). Since maxillary sinusitis is a risk 

factor for VAP, nasotracheal intubation and nasogastric tubes are usually avoided since they can 

cause compromised drainage of the sinus ostia and orotracheal intubation and orogastric tubes 

should be used as often as possible (ATS, 2005; Rewa & Muscedere, 2011). The length of time 
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the patient remains on the ventilator should be reduced as much as possible and when patients 

are intubated the use of sedation and paralytics should be minimal to prevent depression of host-

protective mechanisms such as cough (ATS, 2005; Rewa & Muscedere, 2011). Weaning 

protocols should be in place to decrease the amount of time on the MV with spontaneous 

breathing trials being performed on a regular basis along with sedation vacations to facilitate the 

minimal use of sedation (Rewa & Muscedere, 2011) 

Since patient secretions can begin to collect in the ventilator circuit and cause 

colonization, care needs to be taken to not flush the condensate into the patient’s lower 

respiratory tract when repositioning, raising and lowering bed rails and when using in-line 

nebulized medications (ATS, 2005). If there is a significant amount of contaminated condensate 

present in the ventilator circuit, it should be emptied so that the chance of it being introduced into 

the patient’s lower respiratory tract is decreased (ATS, 2005). Although heat-moisture 

exchangers and passive humidifiers have been used to decrease the amount of colonization that 

occurs in the ventilator circuit, they have not been shown to play a part in considerably reducing 

the occurrence of VAP (ATS, 2005).  

Body positioning is a significant topic in terms of prevention of VAP and there are many 

variables to be considered. Semi-recumbent positioning at a height of 30-45 degrees is the 

preferred method of positioning versus supine because it is thought to decrease the risk of 

gastroesophageal reflux, which in turn can prevent the colonization of the oropharynx from 

gastric contents that may then be aspirated into the lower respiratory tract (ATS, 2005; Mietto et 

al., 2013). This type of positioning is also useful when enterally feeding the patient because 

enteral feeding has been shown to cause an increased risk of gastric content aspiration and 
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raising the head of the bed can prevent it from occurring to a certain degree (ATS, 2005). 

Providers should also be sure to routinely verify the placement of the feeding tube to ensure 

decreased risk of aspiration (Tablan et al., 2004). 

A meta-analysis that was done by the ATS in 2005 took seven studies into account and it 

has shown that post-pyloric feeding is the preferred method of nutrition versus feeding the 

stomach directly since it has been shown to reduce the incidence of VAP secondary to aspiration 

of gastric contents. Despite this fact, enteral feeding is still superior to parenteral feeding due to 

the increased risk of central venous catheter complications and the prevention of reflux villous 

atrophy of intestinal mucosa, which can cause a higher incidence of bacterial translocation (ATS, 

2005). Critically ill patients usually have alkalization of gastric contents and increased 

colonization because of the use of enteral feedings and stress ulcer prophylaxis, which again can 

cause translocation of bacteria; however, there has not been strong evidence linking higher 

gastric pH to an increased incidence of VAP (Mietto et al., 2013).  

There are a few main strategies identified to improve secretion drainage and prevent 

drainage into the lower respiratory tract and that includes the use of body positioning, continuous 

aspiration of subglottic secretions and keeping the cuff of the ETT inflated at or greater than 

20cm H2O (ATS, 2005). The development of VAP has been linked much more closely to the 

oropharyngeal colonization than it has from gastrointestinal colonization (Mietto et al., 2013). 

Interestingly enough some recent studies have shown that with the use of body positioning a 

lateral Trendelenburg position may be more favorable than semi-recumbent because semi-

recumbent has now been thought to increase the risk of aspiration of secretions pooled around 

the ETT from hydrostatic pressure and gravity that occurs when in that position (Mietto et al., 
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2013). With the use of lateral Trendelenburg or side-lateral position, it puts the ETT at a 

horizontal plane with the trachea, which is thought to facilitate secretion drainage out of the 

airway and prevent it from going into the lower respiratory tract (Mietto et al., 2013). Body 

positioning plays a significant role in the prevention of VAP and further research needs to be 

done in this area.  

There has been one study performed by Sirvent et al. (1997) that looked at the use of 

prophylactic antibiotics in closed head injury patients and while it may be useful in some patients 

it is not recommended routinely since prolonged use of antibiotics can place patients at risk for 

MDR pathogens and subsequent infection (ATS, 2005). The use of oral antiseptic was first 

researched in 1996 in patients who were undergoing coronary artery bypass grafting (CABG) 

and was found to significantly reduce the incidence of nosocomial infection, (ATS, 2005). Oral 

chlorhexidine is now recommended for routine use in patients to prevent VAP and should be 

considered in any patient that is intubated (ATS, 2005; Rewa & Muscedere, 2011).  

Device-Based Technology 

Maintaining an adequate ETT cuff pressure has long been studied and posed as a 

recommendation to keep at or above 20cm H2O. While older studies have shown this is crucial to 

prevent microaspiration of subglottic secretions, it may not always be sufficiently maintained 

due to the cuff pressure falling over time and being deflated periodically by the respiratory 

therapist for various interventions (Rewa & Muscedere, 2011). It was previously thought that the 

maintenance of adequate cuff pressure prevented microaspiration, however a study then came 

out in 2003 that provided evidence that the standard cuff on ETTs do not prevent microaspiration 

as much as previously thought due to the folds in the trachea that are not adequately pressed 
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against because of the structure of the cuff (Dullenkopf, Geber, & Weiss, 2003; Rewa & 

Muscedere, 2011). Despite this fact, maintaining an adequate cuff pressure is still important and 

fundamental to the prevention of VAP. Newer cuffs have been in development and released such 

as ultrathin cuffs and cuffs made of different materials like polyurethane and Lycra to try and 

overcome the rings of the trachea to shrink the spaces that are present between the walls and the 

cuff to create a better sealing and prevent leakage of secretions into the lower respiratory tract 

(Efrati et al., 2010; Mietto et al., 2013).  

Use of subglottic secretion drainage (SSD) systems have been introduced and used in 

conjunction with good cuff pressure practices and can contribute to a decreased incidence of 

microaspiration of secretions. Despite this fact, clinical outcomes have been variable and there 

are mixed results in terms of their use. SSD uses a separate dorsal lumen that is attached to the 

ETT to remove subglottic secretions to prevent aspiration (O’Grady et al., 2012). SSD can be 

used intermittently or on a continuous basis, however, there have been recent findings of 

concomitant tracheal mucosal lesions from continuous use despite the fact that continuous uses a 

lower pressure than intermittent (Mietto et al., 2013). Even though SSD seems to be useful as an 

adjunct to the prevention of VAP, its possible safety issues and concerns may limit its actual use.  

Another novel contribution towards VAP prevention has been the introduction of ETTs 

coated with silver. The thought behind this type of ETT is that the silver will prevent the 

formation of biofilm by providing antimicrobial properties and preventing bacterial adhesions, 

although this may only be temporary as the coating will most likely decrease over time (Mietto et 

al., 2013; Rewa & Muscedere, 2011). The use of silver-coated ETTs has only been in studies that 
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have significant limitations and has not been shown to decrease the length of stay, mortality or 

the duration of MV (Rewa & Muscedere, 2011).  

While the use of coated ETTs can be of some help, the aspiration of secretions seems to 

be most crucial at the time of extubation, which poses the thought that the patency of the ETT as 

well as the biofilm accumulation needs more focus (Mietto et al., 2013). Using a suction catheter 

seems to leave residual secretions, so a newer product has been introduced for this specific 

purpose called a mucus shaver, which can prevent the partial or total occlusion of the ETT as 

well as prevent the accumulation and colonization of bacteria (Mietto et al., 2013). This device 

uses a silicone rubber tube that is molded, inflatable and fitted with two shaving rings that is then 

inserted into the ETT and withdrawn over a 3-6 second period with the shaving rings being in 

constant contact with the edges of the ETT to remove all mucus accumulation (O’Grady et al., 

2012). This is thought to provide a complete cleaning of the ETT with just once pass.  

IHI Ventilator Bundle 

The development of the IHI bundle stemmed from a collaboration in 2001 with the IHI 

and the Voluntary Hospitals of America (VHA) composed of a group of faculty that included 

improvement leaders and intensivists to provide improved care to ventilated patients in ICUs 

supported by solid level-one trials (IHI, 2012). Since critically ill patients on MV are prone to 

many serious complications such as venous thromboembolism (VTE), stress-induced 

gastrointestinal (GI) bleeding and VAP, a four element ventilator bundle was developed and 

implemented to combat these complications (IHI, 2012):  

There was also a fifth element added in 2010 with the support of research and additional 

findings which was the use of chlorhexidine with daily oral care (IHI, 2012). When using the 
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ventilator bundle, it was found that the individual elements of the bundle were not being carried 

out reliably and the IHI developed an all-or-nothing approach to encourage hospitals to 

implement the use of all of the elements in the bundle together and never separately (IHI, 2012). 

After the implementation of this approach, it was found that the rates of VAP in the ICUs it was 

carried out in began to fall dramatically (IHI, 2012). Due to this incidental finding it was 

proposed to use this ventilator bundle in all patients in the ICU who are on MV to aid in the fight 

to prevent VAP. The bundle is separate from the general strategies discussed earlier, however the 

IHI recommends to still use general strategies in conjunction with the ventilator bundle to 

provide the patient with the best chance to prevent VAP. The various components will now be 

presented in Table 6 and further discussed.  

TABLE 6. Elements of Institute for Healthcare Improvement (IHI) Bundle to Prevent VAP and 

Examples of Definitions 

Patient Position Elevation of the head of the bed 35-40 degrees 

Sedation  Daily sedation vacation and assessment of readiness to extubate 

Nutrition PUD prophylaxis 

Circulatory DVT prophylaxis (unless contraindicated) 

Oral Care Chlorhexidine with daily oral care 

Elevation of the head of the bed was initially proposed to aid in prevention of aspiration 

of gastric contents as well as the prevention of aspirating oropharyngeal and nasopharyngeal 

secretions and has been found to reduce the incidence of VAP (IHI, 2012). It is also thought to 

improve the ventilation of the patient’s lungs by aiding in ventilator efforts and minimizing the 

formation of atelectasis (IHI, 2012). This is one intervention that is not reliably carried out and 

some ways to improve this is by including this intervention on order sets, adequately educating 

the staff, involving the family in the education and care of the patient and using team 

collaboration to ensure success (IHI, 2012).  
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Daily sedation vacation was introduced after a study performed by Kress et al. (2000) in 

which a nurse evaluated each patient daily by stopping all of the sedating infusions, with or 

without a physician present, until the patient was either awake or uncomfortable that they needed 

the sedation resumed (IHI, 2012). Once the patient is awake they are assessed for alert status and 

readiness to be weaned and extubated and the sedation is initially restarted at half the rate it was 

previously set at and adjusted accordingly per the patient’s sedation and/or agitation (IHI, 2012). 

The thought behind cutting the sedation rate in half is that it will decrease the amount of time the 

patient spends on the ventilator as they continue to wake up and participate in spontaneous 

breathing and that will then in turn reduce the risk of VAP (IHI, 2012). Patients that are 

receiving daily sedation vacation have also been shown to have a decreased length of stay in the 

ICU and a decreased incidence of complications overall (IHI, 2012).  

PUD prophylaxis was used to prevent gastrointestinal bleed (GI). The presence of GI 

bleed in critically ill patients has been shown to increase mortality five-fold when compared to 

patients who do not have a GI bleed with the most common cause in the ICU being from stress 

ulcerations making PUD a necessary intervention (IHI, 2012). There has been concern that the 

use of PUD prophylaxis with H2 blockers and proton-pump inhibitors (PPIs) can increase the 

gastric pH and increase the incidence of VAP through growth of bacteria in the gut; nevertheless, 

the risk of GI bleed poses a greater risk of harm than the possibility of gastric aspiration (IHI, 

2012).  

A meta-analysis was performed by the IHI to look at the incidence of aspiration and 

subsequent VAP diagnosis with an increased gastric pH and there were no significant findings to 

indicate there was an increased incidence of VAP with this practice (IHI, 2012). Sucralfate has 
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also been used for PUD prophylaxis since it has been shown to have a lower chance of 

increasing gastric pH and a corresponding decreased incidence of VAP, but it also has a rate that 

is slightly higher in terms of chance of GI bleed so while the ATS and IDSA recommend use of 

sucralfate over H2 blockers, for the purposes of the ventilator bundle the IHI prefers H2 blockers 

over sucralfate for prevention of VAP and for the care of ventilated patients (IHI, 2012). More 

recent studies have indicated that PPIs are more beneficial than H2 blockers with better coverage 

for GI bleed as well as being less likely to raise gastric pH, however, there is now question of 

PPIs increasing the risk of the patient developing C. difficile infection more so than H2 blockers 

(IHI, 2012). While both H2 blockers and PPIs may be associated with the patient contracting C. 

difficile, there are usually many other contributing factors to consider such as other medications 

the patient may be on and PUD prophylaxis stands to be of greater importance than the potential 

for C. difficile at this time (IHI, 2012).  

DVT prophylaxis has proven to be a necessary intervention in all sedentary patients, yet 

greater vigilance is required in critically ill patients due to an even more increased risk of 

developing a DVT (IHI, 2012). There has not been a direct link that has been associated with 

patients having a decreased incidence of VAP with DVT prophylaxis nor has it shown that a 

DVT can increase a patient’s risk for VAP, nevertheless, the IHI has experienced the rates in 

VAP falling with the institution of all elements of the ventilator bundle so this one needs to be 

included as well (IHI, 2012). In patients that have contraindications to chemical DVT 

prophylaxis with medications such as enoxaparin and heparin, sequential compression devices 

may be used, although this is another intervention that has not been reliably carried out and 
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previously mentioned improvements for the institution of interventions can be used here as well 

(IHI, 2012). 

In patients that are on MV, daily oral care with chlorhexidine has been found that 

respiratory pathogens colonize in the oral cavity and form dental plaque biofilms that are 

potential reservoirs for microorganisms that can cause VAP (IHI, 2012). When there is absence 

of saliva and a lack of mechanical chewing, biofilm will form on the teeth and dental plaque 

develops (IHI, 2012). Gingivitis and the formation of dental plaque have long been prevented 

with the use of chlorhexidine antiseptic and as previously discussed in the 1996 study in CABG 

patients, it has been shown to decrease the incidence of nosocomial infection when using 0.12% 

strength as a prophylactic oral rinse (IHI, 2012). Although there have not been many studies that 

show strong evidence that the use of chlorhexidine prevents VAP, its use makes notable sense to 

use in conjunction with proper oral hygiene to prevent bacterial colonization in the oral cavity 

that can potentially be aspirated into the respiratory tract (IHI, 2012). 

Human Factors and Infection Prevention 

Infection prevention and effective management has been addressed by using protocols 

and guidelines to promote change in the behavior of health care workers to decrease incidence 

(Storr et al., 2013). Until recently, there had been little application of human factors principles in 

the area of infection prevention. The guidelines and protocols that have been developed do not 

actually look at confounding factors in any given organization to see if the protocol would fit 

into that system given various elements (Storr et. al, 2013). There has been a significant 

reduction in the incidence of many HAIs, however they are not completely eradicated and still 

pose a risk to patients. Taking human factors into account can be useful to those individuals 
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designing the protocols and interventions to ensure compliance and promote a change in 

behavior. Many times such protocols have not been designed around the workflow of health care 

workers, but instead are stand-alone actions that remain disjointed from normal activities (Storr, 

et al., 2013). There are seven specific HFE-related challenges of infection as discussed by 

Anderson et al. (2010). Table 7 contains the challenges followed by a description of what the 

challenge means. 

TABLE 7. Human Factors Engineering (HFE) Related Challenges of Infection Control  

Challenge Description 
Delayed Feedback Infections do not typically present immediately, but over time. 

There is no instantaneous or direct result from lack of compliance 

and this delays feedback and in turn obscures the cause-and-effect 

relationship.  

Lack of Connection With Positive Result The only end result of infection prevention is the actual prevention 

of infection. There is no concrete positive result, which means less 

motivation and less compliance.  

Complexity and Inefficiency Healthcare workers are extremely busy and if the task at hand 

proves to be time-consuming, has multiple steps, is complex or less 

convenient to perform the task will likely get ignored or forgotten.  

Time Pressure and High Cognitive Workload Time has been a constant issue in most situations and when 

healthcare workers have a higher workload, most importantly a 

higher cognitive workload, there is a higher incidence of infection. 

Initiation of an infection cannot initially be observed and this makes 

the task seem less relevant. The task then becomes a cognitive 

challenge because humans cannot perceive the actual presence of 

bacteria with their senses, so mental resources are relied upon to 

complete the tasks.  

Few Infection Control Cues There are few cues rooted in the task of infection prevention that 

signals the healthcare worker to carry out the task (for example an 

isolation cart outside the room cues to put the protective gear on). 

Cues also need to be placed in areas where they do not disrupt the 

natural flow of the workplace as this may cause a complete lack in 

compliance (for example if supplies are not readily available it is 

likely to be ignored).  

Inconsistent Ergonomic Design Practice Some specific questions may not be asked during design of new 

practices such as where to actually place supplies. If the individuals 

designing the protocol are not actually going to perform the task, 

they may make it inconvenient for workers to complete (for 

example if the item is poorly visible or difficult to access). 

Need for Additional Problem-Solving Tools  Before a new protocol can be initiated and expected to help with 

infection prevention, there needs to be an assessment of the entire 

environment to be sure there are no other initial factors that may 

hinder compliance before the protocol has even been started (for 

example lack of areas to separate clean versus dirty supplies).  



50 

 

When using HFE methods to address issues in preparation for a new protocol design 

many consequences can be avoided. If the initial design takes on a much broader approach, the 

whole environment can be evaluated and organized making it easier for the healthcare workers to 

perform (Anderson et al., 2010). Elements in HFE can impact the teamwork between 

professions, design of environments and workflow processes and promotion of a safer patient 

culture (Storr et al., 2013).  

Theoretical Framework 

With rising healthcare costs constantly plaguing healthcare facilities around the world the 

need to understand the relationship between nurses and system components to optimize patient 

safety and care is crucial. It not only influences patient care and outcomes, but it also influences 

the environment, work ethic and overall organizational function. HFE gives researchers the 

opportunity to explore the connections, variables and influences involved in facility protocols 

and can determine what inefficiencies are present that can cause errors or harm to the patient.  

The theoretical framework used in this paper will examine a systems engineering 

approach to infection prevention and control using the VAP protocol and examining it in a 

human factors perspective. The specific framework is being adapted from a model termed the 

Systems Engineering Initiative for Patient Safety (SEIPS) that was developed by Pascale 

Carayon et al. (2006).  

The work system model uses five separate components that both influence and interact 

with one another. The components are comprised of: person, tasks, technology and tools, 

organization and environment (Carayon et al., 2006). These five components of the work system 

then interact to influence and impact one another to generate different outcomes such as patient 
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safety and infection control through the use of organizational protocols (Carayon et al., 2006). 

The concepts are further defined in Table 8 with corresponding relationships to the evaluation of 

VAP.  

TABLE 8. Components of the Work System 

Concept Definition Relationship to Evaluation of VAP 
Person Person that is carrying out tasks such as an employee, 

healthcare provider, patient etc.  

Nurse 

Tasks What action is being carried out by the person Components of the VAP protocol  

Technology and 

Tools 

What is used to carry out the tasks Computer, supplies 

Organization Conditions of an organization tasks were carried out in  Southwestern urban hospital according to 

guidelines set forth  

Environment Physical environment in which the tasks occurred  ICU 

The SEIPS model then comes into play as it takes the work system model, or the 

structure of the organization being studied, to see how the process being investigated affects 

patient outcomes; in this case patient safety and infection control. The work system or 

organizational environment of where the care is being carried out affects clinical and work 

processes that then influence outcomes of care as relayed by the employee, patient and 

organization (Carayon et al., 2006). If any changes are made in any of the aforementioned 

components, it will either positively or negatively impact the processes and overall outcomes. By 

using a systems orientation system, it also shows the person as only one component and focuses 

on a more holistic approach to prevent a blame-the-person culture (Holden et al., 2013).  

When using the complete SEIPS model it is comprised of three main concepts. The work 

system, processes and outcomes. Certain elements emerge that are examples of each component 

and some of them are listed in Table 9 (Carayon et al., 2006).  
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TABLE 9. Components and Elements of the Systems Engineering Initiative for Patient Safety 

(SEIPS) Model 

Concepts Components Elements 
Work system Person 

 

Tasks 

 

Technologies and Tools 

 

 

 

Organization 

 

 

Environment 

Knowledge, skills, education, motivation, support, physical characteristics 

 

Autonomy, job content, workload, time constraints, feasibility 

 

Computer system, Electronic Medical Record (EMR), computerized provider 

order entry, computer alerts, adequate supplies, unavailability of necessary 

supplies in a timely manner 

 

Teamwork, work schedule, supervisory and management style, collaboration, 

incentives, awards, collaboration, organized culture  

 

Lighting, layout, distractions, noise, temperature 

Process Care processes and other 

processes 

Care processes 

Other processes: maintenance, cleaning, purchasing, information flow, supply 

chain management 

Process improvement activities 

Outcomes Employee and 

organization outcomes 

 

 

Patient outcomes  

Turnover, burnout, job stress, attitude, job satisfaction, employee safety and 

health 

 

 

Quality of care 

Patient safety 

The person or individual of the SEIPS model is at the center of the work system. The idea 

behind the work system focusing on the person is to facilitate their performance to prevent or 

reduce incidences of negative consequences, which may in turn improve organizational 

performance (Carayon et al., 2006). The SEIPS model also helps adapt elements in the work 

system that may be negative, such as lack of staff, and improve in other areas to make up for 

deficiency such as using collaboration and teamwork. Efforts need to be made to support the 

individual through work system design that can fit their limitations, capabilities and performance 

needs (Holden et al., 2013).  

An area in health care that has been focused on extensively is the knowledge and skills of 

health care workers and while this can have an impact on the care of patients, it is not the only 

factor. If the components of the work system are not well designed there will most likely be a 

lack in optimal performance. This is when errors occur and patients may be harmed. The SEIPS 
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model can help to point out gaps in the work system that affect health care workers, patients and 

the organization to determine underlying causes to issues such as an increase in infection rates 

that can point to a lack in compliance in certain infection prevention and control methods. A 

constant feedback loop can be identified to connect both outcomes and processes back to the 

work system and all of the components in between. This is known as a design-driven 

improvement and when used coupled with HFE a myriad of outcomes can be improved by 

focusing on a person-centered design of processes and work structures (Holden et al., 2013). 

The SEIPS model has been used as the framework to evaluate patient safety in many 

HFE tools, such as questionnaires. A way in which this model can be used is to anticipate 

possible safety consequences when there is an introduction of a new device or technology, to 

examine high-risk care processes or to use root cause analysis to analyze patient safety events 

(Carayon, 2012). In terms of root cause analysis SEIPS can be used to investigate sentinel events 

or to prevent sentinel events by looking at the work system model to consider all factors that 

could have or could contribute to an event (Carayon, 2012). Root cause analysis can identify 

answers to the following questions and the questions have been operationalized for this project in 

the following way (Carayon, et al., 2014): 

1. Person- who was involved (ICU nurse) 

2. Task- what was the person doing (patient care of a ventilated patient) 

3. Tools/technologies- which were they using (VAP bundle) 

4. Physical environment- where did this event take place (ICUs) 

5. Organization- what conditions in the organization contributed (a not-for-profit 

community hospital) 
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Apart from studying knowledge of health care workers, another aspect that can be studied 

using the SEIPS model is analyzing the process of compliance in the ICU in relation to patient 

care and evidence-based guidelines (Carayon, et al., 2014). Typical research studies can examine 

and identify work system elements that may contribute to self-care processes that are efficient 

and effective, however they cannot sufficiently identify what needs to be changed or redesigned 

to improve outcomes like the SEIPS model can (Carayon, et al., 2014).  

The following model has been adapted from the model by Carayon et al. in 2006 for this 

particular project and is presented in Figure 2 and will be used to evaluate the VAP QI project.  

  

 

  

  

 

 

 

FIGURE 2. Adapted Systems Engineering Initiative for Patient Safety (SEIPS) Work Systems 

Model 
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CHAPTER THREE: METHODS 

Program Evaluation Design 

This QI program evaluation project sought to determine what elements of the human 

factors adapted SEIPS model (person, physical environment, organization, tasks and tools and 

technologies) contributed towards the current status of VAP diagnosis in the ICU, following a QI 

program. To accomplish this goal, two-phase data collection was used. First, ICU managers were 

interviewed to learn about the QI program. Semi-structured open ended interview questions were 

used to learn about the VAP bundle education program and newly established policy and 

protocols implemented along with the bundle (Appendix D). Secondly, an electronic survey was 

sent to the nurses working in the ICUs. The survey was guided by an adaptation of the SEIPS 

model and Janssons’ questionnaire (Appendix E).  

The purpose of this project was to evaluate the QI program that sought to reduce the VAP 

rates in ICU patients and in doing so include ICU nurses from each different ICU in a large 

urban southwestern teaching hospital and evaluate their knowledge of the prevention of VAP as 

well as their compliance with the evidence-based interventions that can prevent VAP. The study 

also looked for factors in relation to knowledge and compliance such as the following 

demographic information: level of education, years of experience as a nurse, years of experience 

as an ICU nurse and ICU specialization. Other factors that were also addressed included: the 

availability of an ICU nurse educator, what is the nurse to patient ratio, do they participate in 

daily rounds with other members of the healthcare disciplines, do they work extra shifts and any 

other factors that emerged throughout the survey process. The following aims were formulated: 
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Aim 1. Determine the effectiveness of using the adapted SEIPS model to evaluate a VAP 

quality improvement (QI) project  

Aim 2. Evaluate a VAP QI program taking a human factors approach 

Aim 3. Using the adapted SEIPS model, identify elements of the VAP bundle that nurses 

perceive as strength and weaknesses. 

HFE was also taken into account and evaluated the organization as a whole investigating the 

people involved, tasks they accomplish, tools and technologies used, the environment individuals 

are working in and any organizational factors that may be hindering protocol knowledge or 

compliance. Once possible factors have been recognized, if they are present, future work can be 

done to mitigate confounding factors. 

Methods 

Setting 

Regional urban hospital located in the southwest area of the United States of America, 

which currently contains two types of ICUs; the trauma ICU (TICU) and the medical ICU 

(MICU). Consistent with Nulty (2008), a range of 20-47% response rate is expected with an 

online survey. Some ways to obtain better responses include repeat reminders to both the nursing 

staff and the managers and making the survey easy to access by a link in the email, all of which 

were utilized (Nulty, 2008). Another possibility may be the use of incentives. Nulty (2008) also 

mentions that an adequate response rate depends on the use of the data and a rate of around 

approximately 50% has been regarded as acceptable.  
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Sample 

Total number of staff nurses is 150. It is anticipated that there will be an adequate sample 

size of nurse and managers who meet the following inclusion criteria: 

1. Participated in VAP prevention quality improvement training 

2. Have been in the ICU greater than six months 

3. Permanent employees of the organization; not relief staff 

4. Understands and speaks English 

5. Gives consent to the survey.  

ICU nurses that are not permanent employees of the organization such as those who are travel 

nurses, registry or float pool and resource were excluded from participation. Day or night shift is 

not reason for exclusion.  

Data Collection Protocol 

After having obtained human subjects approval from the University of Arizona and the 

QI evaluation site, the following took place: 

Phase 1 

1. The DNP student emailed the ICU managers to inform them of the evaluation project and 

schedule appointments for interviews  

2. The DNP student scheduled to meet the ICU manager on-site, consent the manager, and 

digitally record the semi-structures open ended interview (Appendix D) 

3. Recorded interviews were transcribed and then analyzed 

Phase 2 

1. The ICU managers agreed to email the survey to their ICU RN staff who met criteria 
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2. The DNP student sent the survey to the ICU managers with the key dates for when the 

survey opened and closed. The email included the link to the survey that included an 

introduction to the project and electronic consent and survey closure date being one week 

3. The DNP student sent the ICU manager the reminder email to send to the RN staff mid-

way towards the survey closure 

4. The DNP student downloaded the survey responses when the survey closed and analyzed 

the responses 

Data Analysis 

Phase 1 

Transcribed text interview data was analyzed using content analysis according to 

Krippendorf (2004). The emergent themes and categories were identified using an iterative 

process seeking DNP student and advisor to reach 100% agreement. The emergent categories 

will then be aligned with the adapted SEIPS model.  

Phase 2 

The survey responses were analyzed using descriptive statistics according to 

demographic information and then each element of the adapted SEIPS model. Here the 

demographic data was analyzed to understand the project participants. Survey data was then 

analyzed to determine the adapted SEIPS model element that most and least contributed to the 

QI program outcomes of reduced VAP in the ICUs, according to all project participants and by 

specific intensive care nursing unit.  

Now the survey instrument will be presented in detail.  
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Instrument 

The study instrument used in this research design is a questionnaire composed of an eight 

question demographic section followed by a 10 question multiple choice section that measures 

the nurses level of knowledge of VAP followed by a 25 question multiple choice section that 

observes current practice and compliance with VAP guidelines as well as possible barriers in 

implementation with the option for a short answer or qualitative response (See Appendix A for 

complete questionnaire). Questionnaires are commonly used in survey research to gain 

information through direct questioning and are both economical and an excellent way to obtain 

descriptive research (Polit & Beck, 2012).  

Permission was obtained from the author to use the reliable and valid three-part 

questionnaire and permission was also given to make changes to the questionnaire. The 

questionnaire was adapted from two original documents; one by Labeau et al. (2007) for 

knowledge content and one by Ricart et al. (2003) for compliance content. Minor changes were 

made and the content evaluated and adapted by two content experts followed by pre-testing 

internal validity before use (Jansson et al., 2013). 

Labeau’s questionnaire was tested for face content and validity by an eight- member 

expert panel with three or more years of experience in the ICU with a particular interest in ICU-

acquired infections and a master’s degree in either nursing science or medicosocial science 

(Labeau et al., 2007). The items on the questionnaire were then evaluated for difficulty level, 

which ranged from 0.1 to 0.9 and item discrimination, which ranged from 0.10 to 0.65 (Labeau 

et al., 2007).  
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Ricart’s questionnaire was created by taking the recommendations for clinical use and 

interventions examined directly from a review article by Marin Kollef (1999). Ricart also created 

a survey addressing 19 nonpharmacological strategies to prevent VAP. The review article by 

Kollef examined different prevention strategies presented in various articles using a meta-

analysis that were not only recommended for clinical use, but that were also recommended for 

use by the CDC (Kollef, 1999). The CDC recommended interventions were as described in 

Tablan et al., 2004. It then graded each prevention strategy A, B, C, D and U based upon what 

type of investigation trial was used to support the research. The grades are broken down in Table 

10. Ricart then formulated questions based upon these recommendations.  

TABLE 10. Grading Scheme for Prevention Strategy Recommendations  

Grade Definition 
A Supported by at least two randomized, controlled investigations 

B Supported by at least one randomized controlled investigation 

C Supported by nonrandomized, concurrent-cohort investigations, historical-cohort investigations or case 

series 

D Supported by randomized, controlled investigations of other nosocomial infections 

U Undetermined of not yet studied in clinical investigations  

The questionnaire in this study is composed of 13 demographic questions to determine 

what factors may be involved in knowledge and compliance scores such as level of education, 

years of experience as an RN, years of experience as an ICU nurse and which ICU they are 

employed in. These data will later be used to test base knowledge and compliance scores against 

these factors to see if they have an influence on the scores. Five questions were removed that 

were unnecessary given the data being sought in this study and an additional four were added. 

The next portion of the questionnaire is the section testing knowledge of VAP and the protocols 

involved. It is comprised of 10 questions with nine of them taken from an original questionnaire 

developed by Labeau et al. (2007) and the 10th one inserted by Jansson et al. (2013). Of these 10 
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questions, six were used for the final instrument. Questions 2, 3, 4 and 6 were not used based on 

the fact they were not nursing-related tasks. The final portion is the section testing compliance 

with evidence-based interventions taken from the original questionnaire by Ricart (2003) which 

took recommended interventions for clinical use adapted on an article by Kollef (1999) as well 

as systems questions to evaluate for barriers present in relation to compliance of the protocol. It 

is comprised of 25 questions and 17 were used for the final instrument. Questions 4, 5, 6, 9, 10, 

18, 19 and 23 were removed based on the fact they were not nursing-related tasks. 

The final section of questions were developed using the adapted SEIPS model and the 

adapted questionnaires developed by Jansson et al. in 2013. The questions are listed in Appendix 

C according to the elements of the adapted SEIPS model. The questions developed by Jansson 

were organized according to the elements of the adapted SEIPs model (person, physical 

environment, task, tools and technologies and organization). Of the 35 number of questions 

developed by Jansson, 23 were used and 11 aligned with person, eight with task, three with tools 

and technologies, 0 with physical environment and 0 with organization. Additionally, 19 

questions were added to further assess human factor elements for a total of 41 questions.  

Program Evaluation 

This study was conducted in a large urban southwestern community hospital. The setting 

was in the ICUs in this hospital. The population consisted of the ICU nurses that work in each of 

these specific units.  

Following IRB approval from the clinical agency and University of Arizona, email 

addresses of the various permanent employees were obtained from the unit clinical managers and 

the questionnaire was distributed via email using Qualtrics including an introductory consent 
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form. Nurses had one week to receive and complete the survey and then the data was 

electronically collected and stored. Pre-existing data was also attempted to be collected from the 

hospital to determine what current VAP rates were per the hospital and per each ICU to be 

reported in conjunction with the knowledge and compliance levels of the ICU nurses at the close 

of the survey; however, this did not occur. This would have helped to determine if the reported 

answers with compliance matched the VAP rates observed per the hospital’s surveillance system.  

The managers of each unit were briefly interviewed to determine various elements in 

relation to institution of the VAP protocol such as how it is implemented, applied and monitored. 

There was a digital recorder used to record the interview with one manager face to face and one 

via telephone and it was transcribed verbatim. Content analysis was used for interpretation of 

data. The questions for the manager interviews are listed in Appendix D.  

The plan for evaluation of the data was to use descriptive statistics to report the 

demographics as well as the knowledge scores and compliance of the ICU nurses in terms of 

VAP prevention with all being represented as frequency ratings and percentages.  

The study looked at the knowledge scores and compliance among the different ICUs and 

how they compared. Those scores were then analyzed and compared to other individual factors 

of the ICU nurses using descriptive statistics to compare the relationship between the scores and 

different variables such as years of experience as a nurse, years of experience as an ICU nurse, 

years spent on that specific unit, level of education, which ICU unit they work in, if they are 

employed full time or part time, if they were present on that unit when the VAP bundle protocol 

was implemented or not, what education they received regarding the VAP bundle both on 

initiation and also the ongoing continuing education provided, do they have a clinical educator 
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on their unit, what is the nurse to patient ratio, do they participate in daily rounds with other 

members of the healthcare disciplines, do they work extra shifts and any other factors that 

emerged throughout the survey process.  

The hypothesis was that the scores would be higher if the nurses have more experience 

and/or a higher education, an educator available, access to more resources and education, 

etcetera. The participants received one point for correct answers on the knowledge portion of the 

questionnaire and no points if the answer was incorrect. Participants received one point if they 

adhered to VAP prevention guidelines under the compliance portion of the questionnaire and no 

points if they did not adhere. Organizational barriers were also investigated to determine if a 

change in system approach may be more beneficial to ICUs nurses to be knowledgeable and 

compliant with the protocol in place. A passing score was defined using the University of 

Arizona College of Nursing grading scale passing rate and was evidenced by a score of 70% or 

greater, or a C or greater. 

Phase 1 Process 

Nurse managers were contacted via email (provided by research coordinator) introducing 

the evaluation project and requesting date and time to meet and schedule the interview. Digital 

recordings from the interviews were transcribed verbatim, de-identified, and then analyzed to 

answer key questions about the QI project. 

Phase 2 Process 

ICU nurses were emailed (provided by research coordinator) a message introducing the 

evaluation project and link to Qualtrics survey. Nurses were then directed to click on the survey 



64 

 

link, agree to the consent message, and continue to complete the survey. Survey respondents 

were de-identified within Qualtrics and descriptive statistics were used to analyze responses. 

Assumptions and Limitations 

Some of the assumptions that had been made prior to the start of this study were that the 

hospital would give permission to carry out the study, that an adequate number of ICU nurses 

would participate in the study, that the current practices of the ICU nurses towards prevention of 

VAP were not adequate, that ICU nurses with more experience and a higher level of education 

would perform better on the questionnaire than those who have less experience and education 

and finally that ICU nurses have the most impact on carrying out interventions necessary for the 

prevention of VAP. One of the most apparent limitations of this study was the fact that there may 

be a low response rate among the ICU nurses and therefore a lack of adequate representation of 

the different ICUs possibly resulting in a skewing of the data. The use of a survey can also be 

limited as the ICU nurses may not be willing to report their true practice in terms of VAP 

prevention. This survey also represented only one large urban hospital in Arizona and was 

therefore not be representative of all of the ICUs in each hospital located in Arizona. 
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CHAPTER FOUR: PROCESS, RESULTS AND DISCUSSION 

Process 

Nurse Manager Interviews 

The ICU unit nurse managers were interviewed one face-to-face and one via phone using 

a digital recorder and then transcribed verbatim. The interviews were then processed and 

analyzed using a modified form of content analysis, whereby the text was then organized into 

themes and aligned using the components of the adapted SEIPS model: person, tasks, technology 

and tools, organization and environment.  

Adjustments made according to the organizational site. The process had been planned 

as a face-to-face interview with each manager. Due to certain time constraints by one of the 

managers, this process had to be changed and it was done via the telephone. 

Surveys 

Consistent with the approved protocol, the survey was sent to the nurses who work in the 

ICU. The surveys were available for one week with the unit manager sending a reminder mid-

week. Surveys were analyzed using descriptive statistics. 

Adjustments made according to the organizational site There were some sections of 

the survey that had to be altered due to the fact some conditions changed when access to the 

facility was gained. It was discovered that the facility had two ICUs present, not the previously 

discussed four that had been assumed. The two ICUs were the medical ICU (MICU and trauma 

ICU (TICU). Neurological ICU and cardiac ICU were ultimately removed from the survey. 
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Results 

Nurse Manager Interviews 

The organization has two nurse managers for the intensive care units; one located in the 

MICU and one in the TICU. As previously discussed, the interview answers were evaluated to 

determine how each answer fit into one, if any, of the elements of the adapted SEIPS model and 

what common themes emerged. The first component, person, had many elements that were 

addressed on each unit. Education of the protocol was provided in various ways to the nurses to 

ensure knowledge and compliance of the protocol by including an educator, modules assigned, 

annual assessment and initial education and exposure upon hire. There is support and motivation 

provided daily by the multidisciplinary rounding to help keep nurses in congruence with 

expectations for each patient. 

The second component, tasks, was also addressed in the same fashion with various 

educational opportunities as well as the VAP policy itself that highlighted what the job content 

was comprised of and how to carry out the different components of the VAP protocol. Workload 

is discussed in the patient to nurse ratio, which also ties into time constraints and feasibility of 

carrying out the VAP protocol. The third component, technologies and tools is illustrated by 

using computer based modules that are done online to continue to provide education to nurses as 

well as to begin initial education to newly hired employees.  

Organization, the fourth component was an important aspect of the evolving themes for 

each unit. Each manager had different styles and practices in place on each unit that they 

incorporated into daily activities and continuing education. The challenges of the VAP protocol 

were a change in culture for the two managers, who were not there prior to and during 
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implementation. There also does not appear to be items that specifically address possible 

environmental factors such as noise and distractions that can potentially affect feasibility of 

carrying out all of the protocol components.  

In summary, there are two managers that had not been present during the QI program. 

Four out of the five adapted SEIPS components were addressed in the interviews and described 

differently. Neither of the managers were present when the VAP protocol was first introduced, 

however they each had a different perspective on how initiation was achieved and the protocol 

implemented. There were ideas in how implementation was accomplished and it was described 

what was known to be common practice during implementation of a new protocol or change on 

the unit. There was no real sense of what exact VAP rates were, however it was known that they 

are currently acceptable. In terms of continuing education and new hire education, both 

managers mentioned different tools that were used to achieve the goal of VAP education. There 

is monitoring on each unit to ensure compliance and to also have a presence in regards to follow-

up with knowledge and compliance of the VAP protocol.  

Surveys 

The survey was distributed to 150 nurses. There were 25 excluded, which left a total of 

125 possible responses. Four nurses completed the survey within the week timeframe. Nine 

surveys were partially completed and these were also used in portions of the analysis. Out of the 

nine, one nurse did not complete the knowledge portion of the survey and could not be included. 

Demographic information provided insights into the nurses who work in the ICU. Table 11 

demonstrates basic demographic information for the sample of 12 nurses. They were also asked 
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what their highest level of education was and which ICU they were employed in. Those results 

are displayed in Figure 3 and Figure 4. 

TABLE 11. Demographic Data for Sample of Nurses 

Demographics Response n (%) 
 

Year of experience 

 Total years 

 <1 

 1-3 

 3-5 

 >5 

 ICU years 

 <1 

 1-3 

 3-5 

 >5 

 Current unit  

 <1 

 1-3 

 3-5 

 >5 

 No answer 

Employment Status 

 Full time 

 Part time 

Gender 

 Female 

 Male 

Age 

 20-25 

 26-30 

 31-35 

 36-40 

 41-45 

 >45 

 No answer  

  

 

 

 

 1 (8%) 

 0 (0%) 

 0 (0%) 

11 (92%) 

 

 1 (8%) 

 4 (33%) 

 1 (8%) 

 6 (50%) 

 

 2 (17%) 

 4 (33%) 

 3 (25%) 

 1 (8%) 

 2 (17%) 

 

12 (100%) 

 0 (0%) 

 

 9 (75%) 

 3 (25%) 

 

 1 (8%) 

 1 (8%) 

 5 (42%) 

 2 (17%) 

 1 (8%) 

 1 (8%) 

 1 (8%) 
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FIGURE 3. Highest Level of Education  

 

FIGURE 4. ICU Specification  
(Abbreviations: MICU- Medical ICU, TICU- Trauma ICU) 
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The majority of the participants, 92%, have been working as a nurse for more than five 

years and most of them, 50%, have also been in the ICU for more than five years. The length of 

time on their specific unit varied greatly with a timeframe of two to three months up to eight 

years. The largest majority has been in their respective unit for one to three years with a 

percentage of 33%. Each of the nurses who took the survey are employed full time and the 

largest percentage for gender was in the female category at 75%. Age also varied greatly with the 

majority being in the range of 31-35. A Bachelor’s degree in nursing was the most common 

degree obtained (67%) compared to (18%) having an Associate’s degree in nursing. Most 

respondents work in the MICU (67%) and the rest in TICU (33%). 

Once demographic information was obtained, there were four additional questions that 

were asked that discussed whether or not the nurse had been working there prior to 

implementation of the VAP protocol, if it affected workflow, what part of the protocol was most 

difficult to adhere to and if they worked extra shifts in their ICU. Three nurses stated that they 

worked in their units during the QI project to reduce VAP, while nine of the nurses had not and 

were new to the unit after the project. When asked if the VAP protocol affected workflow, none 

selected ‘very much.’ Three selected ‘somewhat’ and two of them had been there when the 

protocol was initiated. Out of the remaining nine nurses they had all selected ‘very little’ or 

‘none.’ In summary, it seems the protocol affected workflow more so when first introduced than 

after. There were no differences in working extra shifts and any additional barriers or lower 

scores. Five out of the 12 that responded reported certain parts of the protocol that made it 

difficult to adhere to. They were analyzed and aligned with components of the adapted SEIPS 

model as well as elements of those components and placed in Table 12. 
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TABLE 12. Most Difficult Part of the Protocol to Adhere to 

Barrier Component Elements 
Daily sedation vacation  Person 

 

Tasks 

 

Organization  

Unstable patient, motivation 

 

Job content, workload, time constraints, feasibility 

 

Teamwork, work schedule, collaboration 

Head of the bed greater than 30 

degrees 

Person 

 

Tasks 

 

Organization  

Unstable patient, education, support, skills 

 

Job content, workload, time constraints, feasibility 

 

Teamwork, work schedule, collaboration 

Obtaining orders for DVT and 

PVD prophylaxis 

Person 

 

Tasks 

 

Technology and 

Tools 

 

Organization  

Motivation, support  

 

Job content, autonomy, feasibility 

 

Computer system, EMR, computerized provider order entry, 

unavailability of necessary supplies 

 

Teamwork, collaboration, organized culture 

The next section of the survey was the knowledge portion. There were six total questions 

asked to assess the level of knowledge of each of the participants. Table 13 breaks down each 

individual question with the answer choices listed beneath and the correct answer being 

italicized. In question one, the correct answer was selected in 11 out of 12 of participants, that 

oral intubation is the recommended route to use (refer to Table 13 for iteration of specific 

questions). Question number two was consistently wrong in each participant’s quiz. According to 

a study by Dodek et al. (2004), which was used to formulate this question of the survey, there 

have been no research studies completed that show a significance of an open versus closed 

system in relation to reduction of VAP. While having a closed system seems to make the most 

sense in terms of the reduction of VAP, either system can be recommended with the same 

resulting outcomes (Dodek et al., 2004). The participants responded that a closed system is best 

to reduce the risk of VAP, however both systems can be recommended. The entire sample 

entered the correct response for question six, which is in relation to the use of chlorhexidine oral 
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rinse and using it to reduce the risk of VAP. It appeared on question three, that a portion of 

individuals did not know what a subglottic drainage system was when present on an extra lumen 

of the endotracheal tube with only 58% of responses being correct. The majority answered 

correctly on questions four and five in regards to preferred type of bed and patient positioning to 

reduce the risk of VAP. 

TABLE 13. Knowledge Portion Responses  

Question Answer, n% 
1. Which is recommended, oral vs. nasal route for endotracheal intubation? 

 a) Oral intubation is recommended 

 b) Nasal intubation is recommended 

 c) Both routes of intubation can be recommended 

 d) I do not know 

 

11 (92%) 

0 (0%) 

1 (8%) 

0 (0%) 

2. What is recommended, open vs. closed suction systems? 

 a) Open suction systems are recommended 

 b) Closed suction systems are recommended 

 c) Both systems can be recommended 

 d) I do not know  

 

0 (0%) 

12 (100%) 

0 (0%) 

0 (0%) 

3. Endotracheal tubes with extra lumen for drainage of subglottic secretions 

 a) These endotracheal tubes reduce the risk of VAP 

 b) These endotracheal tubes increase the risk of VAP 

 c) These endotracheal tubes do not influence the risk of VAP 

 d) I do not know  

 

7 (58%) 

2 (17%) 

1 (8%) 

2 (17%) 

4. Which is recommended, kinetic vs. standard beds? 

 a) Kinetic beds increase the risk of VAP 

 b) Kinetic beds reduce the risk of VAP 

 c) The use of kinetic beds does not influence the risk of VAP 

 d) I do not know  

 

2 (17%) 

6 (50%) 

1 (8%) 

3 (25%) 

5. Which is recommended patient positioning? 

 a) Supine positioning is recommended 

 b) Semi-recumbent positioning is recommended 

 c) The position of the patient does not influence VAP 

 d) I do not know  

 

0 (0%) 

11 (92%) 

0 (0%) 

1 (8%) 

6. Use of 0.12% chlorhexidine gluconate antiseptic oral rinse 

 a) 0.12% chlorhexidine gluconate antiseptic oral rinse reduce the risk of 

 VAP  

 b) 0.12% chlorhexidine gluconate antiseptic oral rinse increase the risk of  

 VAP 

 c) 0.12% chlorhexidine gluconate antiseptic oral rinse does not influence  

 the risk of VAP 

 d) I do not know  

  

12 (100%) 

 

0 (0%) 

 

0 (0%) 

 

0 (0%) 

Total scores were tabulated and are represented in Figure 5. There were overall higher 

scores recorded in those individuals with a BSN degree versus an ADN degree and also in 

individuals that were employed in TICU versus MICU (although there was less of a 
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representation of a sample in TICU versus MICU). The average score for individuals with their 

BSN was 67% versus an average score of 59% in individuals with their ADN. The average score 

of nurses in the TICU was a 71% versus an average of 61% in the MICU. 

 

FIGURE 5. Overall Knowledge Scores  

When years of experience was taken into account, there did not really appear to be any 

significant differences in knowledge of VAP whether the nurse was a nurse for a longer period 

time or an ICU nurse for a longer period of time. The average score for greater than five total 

years of nursing experience was 64% and comprised 11 out of 12 of the participants. The single 

subject that has been a nurse less than a year had a score of 67%. The average score in nurses 

that have over five years of ICU experience was 64% and was comprised of six out of the 12 

participants. For three to five years the average was 50 % (n=1), one to three years 67% (n=4) 

and for less than one year 67% (n=1). This is as far as the partially completed responses were 

able to be used. 
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In relation to the components of the adapted SEIPS protocol, the deficiencies in 

knowledge are noted to be in areas that are related to: tools and technology- use of subglottic 

drainage systems and use of kinetic beds and person- inadequate education specifically related to 

open versus closed suction system, subglottic drainage systems and standard versus kinetic beds. 

Lack of education could be a sign of deficiencies in organization in relation to supervisory and 

management style, depending on the education the nurses received and how it is set up. As 

discussed previously in the interview section, there were clearly differences in management style 

and type of educational platforms that were suggested to be in use.  

The next section of the survey was the compliance portion. Nurses had to answer several 

questions in relation to compliance and whether or not they adhered to them. The total sample 

for evaluation was n=4. The following chart in Table 14 demonstrates the questions that one or 

more of the subjects did not adhere to and why they did not adhere to that item. The remaining 

questions all participants selected yes, I adhere.  

TABLE 14. Barriers to Nonpharmacologic Strategies to Prevent VAP 

Nonpharmacologic strategy to prevent VAP Barriers 
6. Do you use continuous subglottic suctioning -Inadequate resources; ETTs do not have it; It was 

available at my previous ICU and I personally prefer it 

-We do not have it  

7. Do you use protective gowns during suctioning  -I was unaware this needed to be done 

-I was not aware it was required 

8. Do you adhere to pre-suctioning analgesic  -Only if necessary 

-I was not aware it was required 

10. Do you wear a face mask during suctioning  -Only if it is an open system such as a tracheostomy or 

non-vented patient  

12. Do you protect the patient’s eyes and central venous catheter 

from secretions during suctioning 

-I was not aware it was required 

In relation to the components of the adapted SEIPS protocol, the barriers noted are in 

relation to: tools and technology- no supply of continuous subglottic secretion systems and 

person- inadequate education on use of protective gowns during suctioning, using pre-suctioning 
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analgesic, wearing a face mask during suctioning and protecting the patient’s eyes and central 

venous catheter from secretions during suctioning. This again ties back into organization as well 

in terms of management style and what specific education was used. Nurses in the MICU 

selected gaps in barriers and education on non-pharmacologic strategies. The TICU nurse did not 

notate any barriers to adhering to the VAP protocol.  

The final portion of the survey was the section that was comprised of systems questions 

that are much more specific to different areas of the adapted SEIPS model. These questions were 

added to address the two components of environment and organization, which were not 

addressed in the knowledge or compliance portions of the survey. This section was again only 

completed by the completed responses from the sample of four. Table 15 lists answers and 

percentages from the total sample. Table 16 then lists any answers to questions that were open 

ended answers.  

TABLE 15. Answers to Systems Questions  

Systems Questions Response 
1. Do you feel you have received adequate education on the VAP bundle to use it 

appropriately? 

Y- 3 (75%) 

N- 1 (25%) 

2. Do you have time constraints that prevent you from performing the VAP protocol to 

the best of your ability? 

Y- 1 (25%) 

N- 3 (75%) 

3. Is the VAP protocol embedded into the computer system? Y- 4 (100%) 

N- 0 (0%) 

4. Are there alerts that remind you to complete components of the VAP protocol in the 

computer? 

Y- 2 (50%) 

N- 2 (50%) 

5. Are there adequate resources available to complete tasks associated with the VAP 

protocol? 

Y- 2 (50%) 

N- 2 (50%) 

6. What is the workload/patient to nurse ratio? 2:1 (n=4, 100%) 

7. Are the supplies close by that it makes it feasible to complete the VAP protocol 

components efficiently? 

Y- 4 (100%) 

N- 0 (0%) 

8. If supplies are missing, are they delivered in a timely manner? Y- 3 (75%) 

N- 1 (25%) 

9. Are the alcohol dispensers and sinks in adequate locations and easily accessible? Y- 4 (100%) 

N- 0 (0%) 

10. Does the layout of the ICU promote the ability to adhere to the protocol? Y- 4 (100%) 

N- 0 (0%) 
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TABLE 15 – Continued  

Systems Questions Response 
11. Are there distractions that prevent completion of the protocol such as noise or 

lighting? 

Y- 0 (0%) 

N- 4 (100%) 

12. Is there teaching and education on infection prevention and the VAP protocol? Y-2 (50%) 

N-2 (50%) 

13. Is there teamwork that helps foster the completion of tasks? Y- 4 (100%) 

N- 0 (0%) 

14. Is there collaboration among disciplines to help complete tasks? Y- 4 (100%) 

N- 0 (0%) 

15. Are there incentives or rewards for remaining infection/VAP free? Y- 1 (25%) (no answer as to what) 

N- 3 (75%) 

16. Does management promote change and adherence? Y- 2 (50%) 

N- 2 (50%) 

17. Is there organization in the culture of the work environment? Y- 3 (75%) 

N- 1 (25%) 

18. Is the protocol readily available for reference via paper? EHR? Y- 2 (50%) 

N- 2 (50%) 

19. Do you have support and motivation to complete the protocol? Y- 3 (75%) 

N- 1 (25%) 

TABLE 16. Systems Questions with Open Ended Answers 

Systems Questions Open Ended Answers 
1. Do you feel you have received adequate education on the 

VAP bundle to use it appropriately? 

I received no education as a new hire. I was significantly 

educated at my previous ICU in a different hospital system 

2. Do you have time constraints that prevent you from 

performing the VAP protocol to the best of your ability? 

Do not have supplies for continuous subglottic suctioning 

Some common themes that developed in regards to the systems questions seemed to be 

related to education and management. The majority of answers were positive and reflecting good 

practices in the organization and units. There were a few questions that did not. One participant 

said that they felt they did not receive adequate education. Two other participants felt that 

management did not promote change and adherence and that there was not organization in the 

culture of the work environment. One other subject went on to say that they felt they did not 

have the support and motivation to complete the protocol. Each of those answers belonged to 

individuals who were employed in the MICU. A final response that indicated there was not 

adequate education on infection control and the VAP protocol was noted for one participant in 
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MICU and one in TICU. In relation to the adapted SEIPS model the components that they 

aligned with were: person- knowledge, skills, motivation and support; tasks- feasibility in 

regards to using subglottic drainage systems; tasks and technologies- adequate supplies; and 

organization- supervisory and management style, collaboration, incentives, awards and organized 

culture.  

In summary, there seems to be a general lack of sufficient education in some areas of the 

VAP protocol in relation to knowledge of the protocol and a lack of congruence with 

management in relation to promoting compliance and adherence. Nurses perceive that they do 

not have any environmental factors affecting knowledge and compliance and there seems to be a 

good human factors correlation between the nurses and their ability to carry out their tasks for 

the VAP protocol. They do, however feel there is a lack of certain supplies, motivation and 

support. The adapted SEIPS model identifies the organization and people of the organization as 

the main barriers.  

The purpose of this project was to assess the knowledge of VAP and the VAP protocol 

and compliance with evidence-based interventions for the prevention of VAP among ICU nurses 

in a large urban southwestern teaching hospital. Different factors were also to be taken into 

account to see if they affected knowledge and compliance and they included: level of education, 

total years of experience as a nurse, which unit they worked on, total years of ICU experience, 

total amount of time on that specific unit, nurse to patient ratio, participation in daily rounds, 

presence of an educator, and if they worked extra shifts. The organization was also to be 

evaluated as a whole using an HFE approach to determine if this influenced knowledge or 

compliance as well. The adapted SEIPS model was then to be used to analyze responses and 
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determine which components and elements of those components influenced the nurses from a 

systems perspective by examining the work system model. The adapted SEIPS model was used 

to identify changes needed or redesigning parts of the protocol to improve outcomes (Carayon, et 

al., 2014). 

The following specific aims were what the project was intended to address and how the 

project did or did not succeed in evaluating those areas: 

Aim 1. Determine the effectiveness of using the SEIPS model to evaluate a VAP QI 

project. 

The adapted SEIPS model proved to be an effective method in evaluating a VAP QI project. It 

did not just report knowledge scores and whether or not nurses were compliant with the protocol, 

but also answered the gaps in knowledge and compliance and what specific factors contributed to 

this. The first barrier that was discovered was the fact that the units do not have all of the 

supplies necessary to prevent VAP and it also indicated a knowledge gap where all of the nurses 

were not able to identify with all of the tools and technologies available; in some instances, not 

even knowing what the tools were. One subject indicated that while there were supplies 

available, they were not always delivered in a timely manner.  

Another important factor that emerged using the adapted SEIPS model was in relation to 

management, or the organization. Using the adapted SEIPS model, the importance of the 

organization towards adoption of practice change became apparent. Neither ICU manager was in 

their role during the VAP QI project, yet, they are responsible for reporting data associated with 

the project. Having not been in the role prior to the VAP QI project, the history of the project and 
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its nuances are not known. The impact of this feature of the organization on the sustainability of 

the project is yet unknown.  

Aim 2. Evaluate a VAP QI project using a human factors approach 

The majority of the information gleaned from the first aim can be applied to the second aim as 

well. There were many HFE-related challenges that had been discovered in regards to infection 

control that can be categorized into the areas described by Anderson et al. (2010). The first is the 

lack of connection with a positive result. While nurses were aware of the reasoning behind the 

VAP protocol, they are not incentivized on their work of keeping rates at zero and receive no 

awards for doing so. The challenge of complexity and inefficiency is proven in regards to the 

unavailability of certain supplies and also time constraints on receiving supplies they do have. 

This aides in the task being forgotten or missed due to lack of time, which also fits into the 

challenge of time pressure and high cognitive workload.  

The next challenge, few infection control cues, was a challenge identified by 50% of 

respondents that reported they do not receive alerts in the computer to complete components of 

the VAP protocol. It is unclear whether or not they receive alerts due to the fact 50% reported 

they do and 50% reported they do not. Ergonomic design practice aided in reviewed the QI 

project through questions about placement of supplies, ease of accessibility and having a 

congruent layout. The final challenge, need for additional problem-solving tools, was used to 

assess aspects of the environment that hinder compliance such as lack of education. 
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Aim 3. Of the elements of the SEIPS model, learn what nurses perceive as strengths and 

weaknesses of the VAP protocol 

For this aim, strengths and weaknesses were addressed indirectly through certain questions in the 

survey. It appeared that the perceived strengths of the protocol were that it did not seem to cause 

time constraints in the majority of the participants and also did not affect their typical workflow. 

The layout of the hospital and rooms in the ICU was in such a way that the protocol could be 

carried out in an appropriate fashion.  

There were a few weaknesses in the protocol that were highlighted by the question in the 

survey that asked what part of the protocol was most difficult to adhere to. One nurse identified 

the daily sedation vacation as a weakness, or difficulty with the protocol. Pausing sedation in 

patients that are critically ill may not always be feasible or something that is safe for the patient. 

Another weakness identified was keeping the head of the bed greater than 30 degrees. One 

participant specifically pointed out the fact that some unstable patients, such as those with head 

injuries, cannot always have the head of the bed elevated to be in congruence with the protocol. 

The final weakness discussed was relying on providers to enter orders into the computer for 

DVT and PUD prophylaxis. They acknowledged that getting orders to do so could be a difficult 

task at times and delay this part of the protocol. Finally, lack of adequate resources also proved 

to be a weakness in compliance. 

Project Limitations 

There were several limitations that emerged during this project. The largest and most 

apparent limitation is that only four nurses completed the survey in its entirety. There were 

fortunately nine more responses, however they were only partially completed. Out of the 
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expected sample of 125 nurses, 112 did not respond, giving a response rate of 10%. There were 

also fewer responses in TICU versus MICU, which likely resulted in the skewing of data. There 

were also likely to be a few nurses who did not truthfully report their practices in the compliance 

section given one put a yes for every response, while the other three had a few they did not 

comply with. This survey is only representative of one hospital in Arizona and cannot be 

assumed in others. Since descriptive statistics were done for the analysis rather than using a t test 

or something similar, we are unable to tell the true significance of the findings in relation to one 

another. 

A second limitation is the difficulty in evaluating a QI project as an outsider to the 

organization. As a DNP student who is not employed to by the site, there were challenges in 

communicating with the IRB and the unit managers. Although the project was successful, it can 

be hypothesized that being an employee with visibility to the managers and nurses, more surveys 

would have been completed.  

Project Strengths 

Some of the strengths of the project are that it addresses an under recognized method of 

evaluating a QI project that can be used in future practice to evaluate other QI projects, there 

were nurses that were able to be sampled from each unit, and the degrees and experience varied. 

Nurses were of different genders and age groups. There were also nurses that were sampled that 

were there prior to the implementation of the VAP protocol and also those that were there after 

the implementation.  



82 

 

Practice Implications 

This project indicated that while there may be a gap in knowledge related to the protocol 

and/or compliance to the protocol, the HFE portion showed what a huge contribution 

organizational factors play in the development and continued use of protocols. The adapted 

SEIPS model was able to take the HFE components to try and further prevent human error and 

improve patient outcomes through system design (Yanke et al., 2014). It points out gaps in the 

work system. This process results in cost-effectiveness, efficiency and attribution that can be 

very valuable to facilities that choose to use it to their advantage (CDC, 2012). Using human 

factors and the adapted SEIPS model can help organizations to achieve the goal of better patient 

outcomes through use of protocols as they can identify gaps before it is even implemented. Using 

HFE in system design has proven to be vital for patient safety (Carayon et al., 2014). 

It appears that VAP rates are currently under control, however the adapted model can be 

used and applied to any protocol that has since been developed or that may be developed in the 

future. It can be used as a pre-assessment tool to evaluate the components of the model and 

determine which elements need to be augmented to ensure success and succeed in improving 

patient outcomes.  

Future Work 

This project was described using the adapted SEIPS model to evaluate a QI project. This 

was an innovative approach to project evaluation. The next steps to building on my clinical 

scholarship will be to apply this model of project evaluation to other QI projects. From this 

project, it is clear what elements are essential for successfully changing practice and culture in an 

ICU. While planning future QI projects in my practice, I will use this model to guide the project 
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and its evaluation. With effective dissemination, this method of project evaluation may also be 

useful to other advance practice nurses.  
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APPENDIX A: 

DEFINITION OF TERMS 
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Definition of Terms 

Apnea- Cessation of breathing that is evidenced as pauses in a patient’s breathing cycle 

Auto-PEEP (stacking breaths)- This is when a patient does not have the capability to exhale all 

the air in the lungs when ventilated due to a decreased amount of time available to exhale. This 

then results in hyperinflation and air trapping, resulting in barotrauma and hemodynamic 

compromise secondary to hypercapnia  

Barotrauma- Injury to the lung that is a result of an elevated pressure in the lungs, which can lead 

to alveolar rupture and lung collapse 

Bronchoalveolar lavage (BAL)- An invasive procedure using a flexible bronchoscope to wash 

out and then obtain a specimen from the lungs to send to the laboratory to test for 

microorganisms 

Deep venous thrombosis (DVT)- A blood clot in the lower extremities  

Endotracheal aspirate (ETA)- A minimally invasive procedure using a sterile catheter that is 

inserted into the endotracheal tube to obtain a sputum sample to send to the laboratory to test for 

microorganisms  

Evidence-based practice (EBP)- Interventions that have been proven effective through research 

Fraction of Inspired Oxygen- The percentage of oxygen that is being supplementally provided to 

the patient through the use of the ventilator 

Hypercapnia- Excessive carbon dioxide that is present in the patient’s bloodstream that cannot be 

exhaled normally due to inadequate respiration  

Hypoxemia- When there is a low concentration of oxygen in the blood (often accompanied by 

hypercapnia) from inadequate respiration  

Intensive care unit (ICU)- An area of the hospital where intensive and critical care is provided 

Mini-bronchoalveolar lavage (mini-BAL)- A minimally invasive procedure that is blind with the 

use of a catheter, not a bronchoscope, to wash out the lung and then obtain a specimen to send to 

the laboratory to test for microorganisms.  

Multi-drug resistant pathogens (MDR)- Pathogens that are resistant to multiple drugs normally 

prescribes for certain infections 
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Peptic ulcer disease (PUD)- Sores that develop either in the lining of the stomach, esophagus or 

small intestine from acids breaking down tissue and commonly causing burning pain that may be 

due to stress 

Positive End Expiratory Pressure- The pressure in the lungs that is additionally provided by the 

ventilator at the end of expiration to keep the alveoli open for a longer period of time  

Protected specimen brushing (PSB)- An invasive procedure using a flexible bronchoscope to 

wash out the lung and then obtain a sample by wedging a catheter in the lung in the area where 

infection is suspected as determined by a chest radiograph and rubbing the catheter against those 

areas of infection to obtain a sample to send to the laboratory to test for microorganisms  

Quantitative- Knowledge of exactly how many microbes are present in the sample by counting 

out the microbes 

Respiratory rate- The set rate/breaths per minute programmed into the ventilator at which the 

patient will breathe 

Semi-quantitative- Semi-quantitative gram stain and culture are subjective quantitative scoring 

methods of bacterial load in the gram stain sample or culture plate by the microbiological 

technologist. Usually terms used to describe growth are light, moderate and heavy 

Tidal Volume- The amount of air that is either inhaled or exhaled during a single breath that can 

be either set by patient effort or programmed to a set number by the ventilator  

Ventilator-associated pneumonia (VAP)- A pneumonia that occurs in patients that are 

mechanically ventilated at least 48-72 after intubation 

Volutrauma- Injury to the lung that is a result of an overdistention of the lung secondary to an 

excessive volume of air in the lungs that can lead to a syndrome that is similar to adult 

respiratory distress syndrome 

Weaning- Discontinuing a patient from ventilation by decreasing the amount of use of the 

ventilator and increasing the amount of work the patient is doing on their own 
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APPENDIX B: 

INSTRUMENT 
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Please, complete the following questionnaire 

 
 

Gender 

a) Male 
b) Female 

 

Age: _______ yrs. 
 

Nationality: ________________ 

 
Please indicate your highest nursing educational level: 

a) Master’s degree 

b) Bachelor’s degree 
c) Diploma (2 or 3 yrs.) after preparatory school 

d) Diploma (2 or 3 yrs.) after secondary school 

e) Other, what? __________________________ 
 

Have you acquired of short course in respiratory therapy? 

a) Yes 
b) No 

 

Please, indicate your job title 
a) Registered nurse 

b) Licensed practical nurse  

c) Paramedics 
d) Other, what? __________________________ 

 
Type of hospital 

a) Public  

b) Private 
c) Military and police 

d) Other, what? __________________________ 

 
University affiliation of the hospital 

a) Teaching hospital 

b) Non-teaching hospital 
 

Type of ICU 

a) General ICU 
b) Medical ICU 

c) Post-cardiac surgery ICU 

d) Surgical ICU 
e) Neurological ICU 

f) Pediatric ICU 

g) Emergency ICU 
h) Nephrology ICU 

i) Coronary care unit (CCU) 

j) Trauma ICU 
k) Burn ICU 

l) Other, what? __________________________  

 
Employment 

a) Permanent 

b) Non-permanent 
c) Other, what? __________________________ 

 

Employment 
a) Full-time (100%) 

b) Part-time, __________hours/week or _____ percentage of working time 

 
Please indicate your total nursing experience 

a) ≤1 

b) >1-3 
c) >3-5 

d) >5 
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Please indicate your years of ICU experience: 

a) ≤1 
b) >1-3 

c) >3-5 

d) >5 

 

Questions, please choose one response option  

1. Which is recommended, oral vs. nasal route for endotracheal intubation  
a) Oral intubation is recommended 

b) Nasal intubation is recommended 

c) Both routes of intubation can be recommended 
d) I do not know 

2. What is recommended frequency of ventilator circuits changes 

a) It is recommended to change circuits every 48 hrs (or when clinically indicated) 
b) It is recommended to change circuits every week (or when clinically indicated) 

c) It is recommended to change circuits for every new patient (or when clinically indicated) 

d) I do not know 
3. Which is recommended type of airway humidifier 

a) Heated humidifiers are recommended 

b) Heat and moisture exchangers are recommended 
c) Both types of humidifiers can be recommended 

d) I do not know 

4. Which is recommended frequency of humidifier changes 
a) It is recommended to change humidifiers every 48 hrs (or when clinically indicated) 

b) It is recommended to change humidifiers every 72 hrs (or when clinically indicated) 

c) It is recommended to change humidifiers every week (or when clinically indicated) 
d) I do not know 

5. Which is recommended, open vs. closed suction systems 
a) Open suction systems are recommended 

b) Closed suction systems are recommended 

c) Both systems can be recommended a 
d) I do not know 

6. Which is recommended frequency of change in suction systems 

a) Daily changes are recommended (or when clinically indicated) 
b) Weekly changes are recommended (or when clinically indicated) 

c) It is recommended to change systems for every new patient (or when clinically indicated) 

d) I do not know 
7. Endotracheal tubes with extra lumen for drainage of subglottic secretions 

a) These endotracheal tubes reduce the risk of VAP  

b) These endotracheal tubes increase the risk of VAP 
c) These endotracheal tubes do not influence the risk of VAP 

d) I do not know 

8. Which is recommended, kinetic vs. standard beds 
a) Kinetic beds increase the risk of VAP 

b) Kinetic beds reduce the risk of VAP  

c) The use of kinetic beds does not influence the risk of VAP 
d) I do not know 

9. Which is recommended patient positioning 

a) Supine positioning is recommended 
b) Semi-recumbent positioning is recommended 

c) The position of the patient does not influence the risk of VAP 

d) I do not know 
10. Use of 0.12% chlorhexidine gluconate antiseptic oral rinse  

a) 0.12% chlorhexidine gluconate antiseptic oral rinse reduce the risk of VAP  

b) 0.12% chlorhexidine gluconate antiseptic oral rinse increase the risk of VAP 
c) 0.12% chlorhexidine gluconate antiseptic oral rinse does not influence the risk of VAP 

d) I do not know 
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  No, I do not adhere 

Please, choose one response option to the main barriers toward evidence-based guidelines to 

prevent VAP 

     

Non-pharmacological strategies to prevent VAP Yes, I 

adhere 

Disagree with the 

results 

Inadequate Recourses 

 

Adverse Effects 

 

Costs 

 

Patient discomfort 

 

Other reason, 

what? 

1. Do you remove nasogastric tube as soon as clinically feasible         

2. Do you adhere to enteral feeding protocol/ I avoid of gastric over distension a        

3. Do you adhere to semi-recumbent positioning of the patient (30°– 45°)         

4. Do you use humidification with heat and moisture exchangers         

5. Do you change of heat and moisture exchangers daily        

6. Do you adhere to chest physiotherapy         

7. Do you adhere to adequate hand hygiene between patients         

8. Do you adhere to the use of the formal infection-control program         

9. Do you maintain the adequate pressure in the endotracheal-tube cuff         

10. Do you adhere to scheduled drainage of condensate from ventilator circuits         

11. Do you use continuous subglottic suctioning         

12. Do you use protective gowns during suctioning         

13. Do you adhere to pre-suctioning analgesic         

14. Do you adhere to pre-suctioning hyperoxygenation         

15. Do you wear a face mask during suctioning          

16. Do you maintain the ssterility of the suction catheter until inserted into the airway         

17. Do you protect the patients eyes and central venous catheter (if present) from 
secretions during suctioning 

       

18. Two nurses perform suctioning         

19. Do you adhere to sodium chloride instillation         

20. Do you dispose the used catheter and gloves in a manner that prevents 
contamination from secretions a 

       

21. Do you adhere to the sedation protocol        

22. Do you adhere to the respirator and weaning protocols         

23. Do you avoid unnecessary reintubation         

24. Do you adhere to the extubation protocol         

25. Do you adhere to patient positional treatment         
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APPENDIX C: 

QUESTIONS ACCORDING TO THE ELEMENTS OF THE SEIPS MODEL 
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Questions According to the Elements of the SEIPS Model 

-An asterix is used to denote additional questions added that represent SEIPS elements not 

addressed in the original questionnaires.  

 

Person  

1. Do you adhere to the use of the formal infection-control program? 

2. *Do you feel you have received adequate education on the VAP bundle to use it 

appropriately? 

3. Do you use protective gowns during suctioning? 

4. Do you adhere to pre-suctioning analgesia? 

5. Do you adhere to pre-suctioning hyperoxygenation? 

6. Do you wear a face mask during suctioning? 

7. Do you protect the patient’s eyes and central venous catheter (if present) from 

secretions during suctioning? 

8. Do you dispose the used catheter and gloves in a manner that prevents contamination 

from secretions? 

9. Do you adhere to the sedation protocol? 

10. Do you adhere to the respirator and weaning protocols? 

11. Do you adhere to the extubation protocol? 

12. Do you adhere to patient positional treatment? 

Task 

1. Which is recommended, oral vs. nasal route for endotracheal intubation? 

2. Which is recommended patient positioning? 

3. Use of 0.12% chlorhexidine gluconate antiseptic oral rinse? 

4. Do you remove nasogastric tube as soon as clinically feasible? 

5. Do you adhere to enteral feeding protocol/avoid gastric overdistention? 

6. Do you adhere to semi-recumbent positioning of the patient? (30-45 degrees)? 

7. Do you adhere to adequate hand hygiene between patients? 

8. *Do you have time constraints that prevent you from performing the VAP protocol to 

the best of your ability? 

9. Do you maintain the sterility of the suction catheter until inserted into the airway? 

Tools/Technology 

1. Which is recommended, open vs closed suction systems? 

2. Endotracheal tubes with extra lumen for drainage of subglottic secretions? 

3. Which is recommended, kinetic vs. standard beds? 

4. *Is the VAP protocol embedded into the computer system? 

5. *Are there alerts that remind you to complete components of the VAP protocol in the 

computer? 
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6. *Are there adequate supplies available to complete tasks associated with the VAP 

protocol? 

Environment 

1. *What is the workload/patient to nurse ratio? 

2. *Are the supplies close by that make it feasible to complete VAP protocol 

components efficiently? 

3. *If supplies are missing, are they delivered in a timely manner? 

4. *Are the alcohol dispensers and sinks in adequate locations and easily accessible? 

5. *Does the layout of the ICU promote the ability to adhere to the protocol? If not, 

what doesn’t? 

6. *Are there distractions that prevent completion of the protocol such as noise or 

lighting? 

Organization 

1. *Is there teaching and education on infection prevention and the VAP protocol? 

2. *Is there teamwork that helps foster completion of tasks? 

3. *Is there collaboration among disciplines to help complete tasks? 

4. *Are there incentives or awards for remaining infection/VAP free? 

5. *Does management promote change and adherence? 

6. *Is there organization in the culture of the work environment? 

7. *Is the protocol readily available for reference via paper? HER? 

8. *Do you have the support and motivation to complete the protocol? 
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APPENDIX D: 

QUESTIONS FOR MANAGER INTERVIEWS 
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1. What was done to implement the VAP protocol when it was first brought into place 

2. What were VAP rates both before and after implementation of the VAP protocol 

3. How was information for the protocol presented to nurse and what was included 

4. Was there specific education done for institution 

5. Was there a policy change implemented when this was initiated 

6. How are nurses trained for this protocol as new employees 

7. How are results monitored  

8. Do you have an educator on your unit? 

9. What is the nurse to patient ratio? 

10. Does your unit participate in daily rounding with other healthcare disciplines? 
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APPENDIX E: 

ADAPTED INSTRUMENT 
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Please, complete the following questionnaire 

 
 

1. Gender 

a) Male 
b) Female 

 

2. Age: _______ yrs. 
 

3. Please indicate your highest nursing educational level: 

a) Master’s degree 
b) Bachelor’s degree 

c) Associate’s 

d) Other, what? __________________________ 
 

4. Type of ICU 

a) Neurological ICU 
b) Medical ICU 

c) Cardiac ICU 

d) Trauma/Surgical ICU 
 

5. Employment 

a) Full-time (100%) 
b) Part-time, __________hours/week or _____ percentage of working time 

 

6. Please indicate your total years nursing experience 
a) ≤1 

b) >1-3 
c) >3-5 

d) >5 

 
7. Please indicate your years of ICU experience: 

a) ≤1 

b) >1-3 
c) >3-5 

d) >5 

 
8. How long have you worked on this unit? _____________ 

 

9. Did you work on this unit before the VAP bundle protocol was implemented? ________ 
 

10. How much did the VAP protocol change your typical workflow? 

 a) Very much 
 b) Somewhat 

 c) Very little 

 d) None 
 

11. What part of the protocol is the most difficult to adhere to? ____________________________________________________________ 

_______________________________________________________________________________________________________________ 
 

12. Do you work extra shifts? ______. If yes how many per week? _____. Per month? ______. 
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Questions, please choose one response option  

1. Which is recommended, oral vs. nasal route for endotracheal intubation  

a) Oral intubation is recommended 
b) Nasal intubation is recommended 

c) Both routes of intubation can be recommended 

d) I do not know 
2. Which is recommended, open vs. closed suction systems 

a) Open suction systems are recommended 

b) Closed suction systems are recommended 
c) Both systems can be recommended a 

d) I do not know 

3. Endotracheal tubes with extra lumen for drainage of subglottic secretions 
a) These endotracheal tubes reduce the risk of VAP  

b) These endotracheal tubes increase the risk of VAP 

c) These endotracheal tubes do not influence the risk of VAP 
d) I do not know 

4. Which is recommended, kinetic vs. standard beds 

a) Kinetic beds increase the risk of VAP 
b) Kinetic beds reduce the risk of VAP  

c) The use of kinetic beds does not influence the risk of VAP 

d) I do not know 
5. Which is recommended patient positioning 

a) Supine positioning is recommended 

b) Semi-recumbent positioning is recommended 
c) The position of the patient does not influence the risk of VAP 

d) I do not know 
6. Use of 0.12% chlorhexidine gluconate antiseptic oral rinse  

a) 0.12% chlorhexidine gluconate antiseptic oral rinse reduce the risk of VAP  

b) 0.12% chlorhexidine gluconate antiseptic oral rinse increase the risk of VAP 
c) 0.12% chlorhexidine gluconate antiseptic oral rinse does not influence the risk of VAP 

d) I do not know 
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  No, I do not adhere 

Please, choose one response option to the main barriers toward evidence-based guidelines to 

prevent VAP 

     

Non-pharmacological strategies to prevent VAP Yes Disagree with the results Inadequate Recourses 

 

Adverse Effects 

 

Costs 

 

Patient discomfort 

 

Other reason, 

what? 

1. Do you remove nasogastric tube as soon as clinically feasible         

2. Do you adhere to enteral feeding protocol/ avoid gastric over distension a        

3. Do you adhere to semi-recumbent positioning of the patient (30°– 45°)         

4. Do you adhere to adequate hand hygiene between patients         

5. Do you adhere to the formal infection-control program         

6. Do you use continuous subglottic suctioning         

7. Do you use protective gowns during suctioning         

8. Do you adhere to pre-suctioning analgesic         

9. Do you adhere to pre-suctioning hyperoxygenation         

10. Do you wear a face mask during suctioning          

11. Do you maintain the sterility of suction catheter until inserted into airway         

12. Do you protect the patients eyes and central venous catheter from secretions during 

suctioning 

       

13. Do you dispose the used catheter and gloves in a manner that prevents contamination 

from secretions a 

       

14. Do you adhere to the sedation protocol        

15. Do you adhere to respirator and weaning protocols         

16. Do you adhere to extubation protocol         

17. Do you adhere to patient positional treatment         
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Please fill in a response for each question.  

 
1. Do you feel you have received adequate education on the VAP bundle to use it appropriately? 

 

a) Yes 
b) No 

If no, why not? _______________________________________________________________________________ 

____________________________________________________________________________________________ 
____________________________________________________________________________________________ 

 

 
2. Do you have time constraints that prevent you from performing the VAP protocol to the best of your ability? 

 

a) Yes 
b) No 

If yes, what are they?___________________________________________________________________________ 

____________________________________________________________________________________________ 
____________________________________________________________________________________________ 

 

 
3. Is the VAP protocol embedded into the computer system? 

a) Yes 

b) No 
 

 

4. Are there alerts that remind you to complete components of the VAP protocol in the computer? 
a) Yes 

b) No 
 

 

5. Are there adequate supplies available to complete tasks associated with the VAP protocol? 
a) Yes 

b) No 

 
 

6. What is the workload/patient to nurse ratio? ______________________________________________________ 

 
 

7. Are the supplies close by that makes it feasible to complete the VAP protocol components efficiently? 

a) Yes 
b) No 

If not, what changes would make it more efficient? ___________________________________________________ 

____________________________________________________________________________________________ 
____________________________________________________________________________________________ 

 

 
8. If supplies are missing, are they delivered in a timely manner? 

a) Yes 

b) No 
 

 

9. Are the alcohol dispensers and sinks in adequate locations and easily accessible? 
a) Yes 

b) No 

If not, what changes would make it more efficient? ___________________________________________________ 
____________________________________________________________________________________________ 

____________________________________________________________________________________________ 

 
 

10. Does the layout of the ICU promote the ability to adhere to the protocol?  

a) Yes 
b) No 

If not, what doesn’t? __________________________________________________________________________ 

____________________________________________________________________________________________ 
____________________________________________________________________________________________ 
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11. Are there distractions that prevent completion of the protocol such as noise or lighting? 

____________________________________________________________________________________________ 
____________________________________________________________________________________________ 

____________________________________________________________________________________________ 

 
 

12. Is there teaching and education on infection prevention and the VAP protocol? 

a) Yes 
b) No 

 

 
13. Is there teamwork that helps foster completion of tasks? 

a) Yes 

b) No 
 

 

14. Is there collaboration among disciplines to help complete tasks? 
a) Yes 

b) No 

If no, what disciplines does there seem to be an issue with? ____________________________________________ 
____________________________________________________________________________________________ 

____________________________________________________________________________________________ 

 
 

15. Are there incentives or awards for remaining infection/VAP free? 

a) Yes 
b) No 

If yes, what are they? __________________________________________________________________________ 
____________________________________________________________________________________________ 

____________________________________________________________________________________________ 

 
 

16. Does management promote change and adherence? 

a) Yes 
b) No 

 

 
17. Is there organization in the culture of the work environment? 

a) Yes 

b) No 
 

 

18. Is the protocol readily available for reference via paper or EHR? 
a) Yes 

b) No 

 
 

19. Do you have the support and motivation to complete the protocol? 

a) Yes 
b) No 

 

 
Any additional comments:  
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APPENDIX F: 

PERMISSION FROM AUTHOR TO USE AND ADAPT INSTRUMENT 
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APPENDIX G: 

PERMISSION FROM FACILITY 
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APPENDIX H: 

RECRUITMENT EMAIL 
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Hello, 

 

You have received this email because you are a nurse employed by Chandler Regional Medical 

Center in the Intensive care unit and I am inviting you to participate in my quality improvement 

project. I have developed this project through the University of Arizona in an attempt to fulfill 

my doctoral degree. My project entitled “Using a Human Factors Approach to Assess Program 

Evaluation and Usability of the Ventilator Associated Pneumonia Protocol” is pursuing answers 

to questions in regards to this topic through the use of a survey I have adapted and developed. I 

am conducting a project that is evaluating the ventilator-associated pneumonia protocol and its 

use in the ICU setting in terms of knowledge of the protocol, compliance in using it and what 

factors may hinder its use. 

 

To participate in the quality improvement project, you will be asked to complete the survey in 

one week’s time. It will take approximately 10 minutes.  

 

Click on the link below to participate in the project. The first section is the consent, followed by 

a short demographics section, and then the actual survey, which is composed of three separate 

sections. I am asking that you complete the survey within one week from receiving the email. 

Once you have completed the survey, your responses will be de-identified and your answers will 

remain confidential.  

 

 

Please click on the link to participate:____________________________________ 

 

An Institutional Review Board responsible for human subjects research at The University of 

Arizona reviewed this quality improvement project and found it to be acceptable, according to 

applicable state and federal regulations and University policies designed to protect the rights and 

welfare of participants in research. 

 

 

Thank you, 

Dana Britton, MSN, AGACNP-BC 

Doctoral Nursing Student 

dmbritton@email.arizona.edu 
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APPENDIX I: 

EMAIL CONSENT 
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You are being asked to take part in a survey that is evaluating the ventilator associated 

pneumonia protocol in the Intensive Care Unit (ICU) at Chandler Regional Medical Center. 

Questions will reflect your knowledge of the protocol, compliance with the protocol and any 

other factors that may hinder its use. Your answers will be anonymous. The data will be recorded 

and de-identified to maintain anonymity.  

 

In order to participate, you must be an ICU nurse who has been in the ICU at least 6 months and 

you work full time either day or night shift. You cannot be a travel, registry or pool nurse and/or 

have worked in the ICU for less than 6 months.  

 

I do not anticipate any risks to you participating in this survey other than those encountered on a 

daily basis. Your answers will be kept private and taking part is completely voluntary. At the 

completion of the project the survey will exist in the final presentation and may be published in a 

medical journal. 
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APPENDIX J: 

INTERVIEW CONSENT 
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You are being asked to participate in a semi-structured open-ended interview. The interview will 

consist of questions regarding the ventilator associated pneumonia protocol at Chandler Regional 

Medical Center that pertain to how it is implemented, applied and monitored. Your answers will 

be digitally recorded and transcribed verbatim.  

 

Your participation is completely voluntary. I do not anticipate any risks to you participating in 

this interview other than those encountered on a daily basis. Your identity will remain 

anonymous. At the completion of the project the interview will exist in the final presentation and 

may be published in a medical journal. 
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