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Abstract
Purpose: The purpose of this quality improvement project was to identify when retention of knowledge declines in pediatric cardiac care nurses following a simulation augmented educational activity that focused on Electrocardiogram (ECG) rhythm identification.   
Participants: Seven pediatric cardiac care nurses at a Midwest urban pediatric hospital participated in a mandatory mock code exercise that focused on identifying rhythms seen on ECGs in the pediatric population. 
Design:  Participants participated in a simulated scenario that that focused on rhythm identification and applying interventions that follow Pediatric Advanced Life Support (PALS) guidelines.  After the simulation was complete, all participants received a debriefing of the scenario, followed by focused education on rhythm interpretation and analysis.  The nurses completed a post-assessment at the conclusion of the mock code, again at two-week and eight-week intervals following the mock code.  The standardized assessment consisted of multiple choice and fill in the blank questions related to the identification of five cardiac rhythms and application of appropriate interventions associated with the previously identified rhythms.   
Results: Scores obtained at the two-week interval revealed that the average scores of participating nurses were able to achieve minimum competency and retain knowledge in identifying arrhythmias seen on ECGs.  The eight-week post-assessment scores showed that 71% of participating nurses scored lower at eight weeks than previously at two weeks.   
Implications for Practice:  The results of this project identified that the decline in post-assessment scores suggest that continuing education is necessary to maintain minimum competency and retention of knowledge for all nurses within the Cardiac Care Unit (CCU).  The timing for this education is recommended based on the participating nurse’s post-assessment scores which would occur between two-weeks and eight-weeks following education and simulation.   
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Identifying When the Decline in Knowledge Begins in Relation to Nurse Knowledge Retention and Competency Rates of Cardiac Rhythm Strips Utilizing Simulation-Based Learning
Congenital heart defects (CHDs) are the most common birth defect that affect nearly1% of all births in the United States, which equals approximately 40,000 births per year or 1in 100 births.  Congenital heart defects are the leading birth defects-associated with illness and death.  From 1999-2006, there were over 41, 000 deaths that were associated with congenital heart defects in the United States.  In 2010, there were over 2 million infants, children, adolescents, and adults were living with congenital heart defects in the United States.  In 2013, the estimated hospital cost for those with cardiovascular defects was nearly $6.1 billion.   Pediatric hospitalizations accounted for nearly $5.6 billion in 2009 (Centers for Disease Control and Prevention, 2018).  In 2018, at an urban Midwest pediatric Hospital, there were 332 admissions related to congenital heart defects and of those admissions, 275 patients were admitted for surgical interventions.  Of those 275 surgical admissions, 90 patients experienced an arrhythmia during their hospitalization that required treatment in the Intensive Care Unit (ICU).  
Congenital heart defects alter the normal structure of the heart which can increase the risk of arrhythmias.  Patients who require surgical intervention are also at an increased risk of arrhythmias.  Surgery can alter the conduction system either temporarily or permanently.  These changes to the heart’s structure or conduction system from surgery or CHD increases the risk of arrhythmias.  Arrhythmias lead to a change in the normal blood flow throughout the heart and body which can affect perfusion, heart function, impair cardiac output, and cause circulatory collapse or possibly death (St. George-Hyslop, Morton, & Daley, 2014).   

Electrocardiogram (ECG) interpretation is a vital skill that develops over time and repeated exposure.  Interpreting an ECG or cardiac rhythm strip is a skill that many nurses and healthcare workers are deficient at, whether it is from a lack of confidence or knowledge (Brooks, Kanyok, O'Rourke, & Albert, 2016; Fent, Gosai, & Purva, 2015; Funk, Fenne, Stephens, May, Winkler & Drew, 2017).   Caring for patients who have the potential to produce arrhythmias requires a basic understanding of general anatomy and physiology of the heart and conduction system (Khairy & Balaji, 2009).   Understanding the conduction system within the heart and how it functions offers insight to how cardiac rhythms change.  Nurses are often the first to notice an abnormal rhythm and their ability to interpret an abnormal rhythm rapidly and accurately is crucial to safe patient care and can improve the patient’s outcome.  When a nurse incorrectly interprets a cardiac rhythm strip, the incorrect interpretation can lead to unnecessary surgical interventions or diagnostics (Sandau, Funk, Auerbach, Barsbess, Blum, Cvach, Lampert, May, McDaniel, Perez, Sendelbach, Sommargren, & Wang, 2017) and may even result in a missed cardiac rhythm that indicates impaired cardiac function. 
Evaluating cardiac rhythm strips is completed systematically to identify abnormal cardiac impulses that lead to arrhythmias that results in impaired cardiac function (McGrath & Sampson, 2018).  Nurses are taught basic cardiac rhythm interpretation during nursing school. In 2017, at an urban Midwest pediatric hospital, an ECG competency test was issued to all nurses to evaluate their competency and skill level at identifying arrhythmias and abnormal cardiac rhythms (See Appendix A, 2017 ECG competency test).  Nurses were given two attempts to achieve 80% or greater in the competency course.  The nurses who scored less than 80% were identified as needing remediation.  A total of 447 competency tests were assigned to nurses and 432 nurses completed their competency tests.  Of the 432 assigned, 94 nurses or 21% required remediation.  The results of the 2017 ECG competency test supported the revision of augmented cardiac classes now known as Heart Smart (see Appendix B, Heart Smart Provider-based Lectures).    
Significance
All nurses receive basic training in relation to their essential functions and competencies as a nurse.  Focused, population centered training is provided when hired within specialty units of a hospital despite that, not all training is created equal or consistent with other hospitals.  It is recommended that orientation and continuing education should include didactic and hands-on clinical based skills practice that matches the complexity of the patient population (Sandau, et al., 2017).  Hospital clinical leaders determine the appropriate, minimum amount of education needed to maintain competency for nurses related to cardiac rhythm monitoring based on patient care needs. The American Heart Association (2017) identified that inpatient nurses who provide continuous electrocardiographic monitoring do not have minimal competencies and educational standards which prompted an update to their practice standards. The minimal competencies and educational standards are developed by the clinical leadership team and are identified based on the patient care needs of their facility (Sandau et al,2017).  The American Heart Association identified that there should be education specific to cardiac rhythm abnormalities that include the following: goals of monitoring, electrode placement and skin preparation, interpreting electrographic waveforms and data, and appropriate response to an electrocardiographic abnormality (Sandau, et al., 2017).  The lack of regulated standards for nursing competency allows for minimal and inadequate training for nurses who interpret cardiac rhythm strips (Breen, Kelly, Kernohan, 2019).  Nickasch, Marnocha, Grebe, Scheelk, Kuehl (2016) recommends a minimum national standard for cardiac rhythm interpretation and competency among nurses to promote a safer patient environment.    
The Agency for Healthcare Research and Quality (AHRQ) promotes the use of simulation-based learning for healthcare providers through its patient safety program.  The AHRQ allows for researchers and practitioners to improve the quality of care and safety that patients receive.  AHRQ recommends simulation as a way for providers to experience a variety of circumstances that would not jeopardize the safety of the patient (U.S. Department of Health & Human Services, 2017).  
Simulation-based learning is an interactive technique that allows those in the medical field to apply real-life experiences and scenarios in a safe, simulated environment.  Simulation-based learning allows nurses to practice skills and enhance their knowledge while limiting patients from unnecessary risk (Lateef, 2009).  The simulated environment allows for repetitive practice of scenarios offered to nurses to improve and fine-tune their skills, boost their confidence, perfect techniques that will optimize clinical outcomes and improve patient safety.  Simulation scenarios allow for the safe practice of unusual or rarely seen cases that are occasionally seen in the acute care setting and improve clinical competency (Lateef, 2009).  The World Health Organization promotes simulation-based learning as it provides a safe learning environment without risking patient’s safety.  Newly graduated nurses have feelings of being overwhelmed and anxious that are partnered with low self-confidence in their self, along with elevated stress (Liaw, Palham, Chan, Wong & Lim, 2015). Simulation-based learning has improved communication skills among staff members.  It allows for the nurses to practice and develop clinical skills that include decision-making and prioritization.  
Clinical Problem Description
Evaluating cardiac rhythm strips is necessary to identify abnormal cardiac impulses that lead to arrhythmias and cardiac dysfunction (McGrath & Sampson, 2018).  However, nurses at a Midwestern pediatric hospital failed to meet minimum competency requirements when required to identify ECG abnormalities.  The inability to interpret cardiac rhythm strips poses a safety risk for pediatric, cardiac patients who are at risk for arrhythmias.
Available Knowledge
A literature search using Cumulative Index to Nursing and Allied Health Literature (CINAHL) yielded minimal references related specifically towards arrhythmias in the pediatric population and nursing education.  Another search using CINAHL, Medline, Elsevier Clinical Key was used with the following search words: arrhythmia, electrocardiography, sentinel event, diagnostic errors, patient safety, statistics, morbidity, knowledge, simulations, continuing education providers, staff developments, education, education department, staff development instructors, best practices, and teaching methods. Search words were limited to the following filters: English language, age groups of adolescents: 13-18 years, all infant, all child, with published dates between 01/01/2011-12/31/2019 resulted in over 3300 results and after review and duplicate articles were removed, over sixty studies remained; however, eleven studies were deemed relevant to the proposed project.  
The John’s Hopkins Nursing Evidence-based Practice Rating Scale was used to grade the strength of the studies. According to John’s Hopkins University, a Level 1 study consists of an experimental study/randomized controlled trial (RCT) or a meta-analysis of RCT. A level II study consists of a quasi-experimental study (Dang and Dearholt, 2018). A level III study consists of a non-experimental study, qualitative study, or meta-synthesis and a level IV study consists of opinions of nationally recognized experts based on research evidence or expert consensus panel, such a systematic review (Dang and Dearholt, 2018).  Through utilizing the John’s Hopkins Nursing Evidence-based Practice Rating Scale, strength of evidence within the review of the literature included 6 Level 1 studies (Doolen, et al., 2016; Funk et al., 2017; Harding, Whalen, & Silverman, 2015; Hernandez-Padilla, et al., 2017; Kane, Pye, & Jones, 2011; Springer et al., 2013), one Level II study (Basak, Unver, Moss, Watts, & Gaison, 2016) three level III studies (Cant & Cooper, 2009; Dwyer, Searl, McAllister, Guerin, & Fiel, 2015;  Nickasch, Marnocha, Grebe, Scheelk, & Kuehl, 2016) , and one Level IV study (Rutherford-Hemming, Lioce, & Durham, 2015) . 
Simulation-based learning
Basak, Unver, Moss, Watts, Gaioso  (2016) performed a quasi-experimental investigational study to demonstrate the difference between low- and high-fidelity mannequins for students who are at different points in their nursing education and its impact on skills acquisition.  The participants were pre-licensure students in their first and fourth semester in a Bachelor of Science in Nursing program along with accelerated nursing students, totaling 66 volunteer students.  Of the 66 volunteer students, 34 students were in their first semester and 32 students were mixed between fourth semester and accelerated students.  The students were split into groups of three and performed two simulations, one with the low-fidelity mannequin and one with high-fidelity mannequin.  The two simulations used similar case scenarios and were used for all students.  After the scenarios, the students participated in debriefing sessions to discuss the scenario and allowed for clarification as needed for the students.  The students then were asked to complete two questionnaires related to their satisfaction and self-confidence as well as the simulation design.  All questionnaires did not have any identifiers and were confidential.  The first semester students scored the low-fidelity mannequins lower than the accelerated and fourth semester students did.  The high-fidelity mannequins received higher scores on student satisfaction and self-confidence than the low-fidelity mannequins.  This study found that students preferred the use of high-fidelity mannequins over the low-fidelity mannequins (Basak et al., 2016). 
[bookmark: _Hlk31658725]Simulation allows for education and training in a risk-free environment.  Simulation is recommended by the World Health Organization as it provides a safe learning environment without risking patient’s safety.  Nursing students who had difficulty completing clinical skills are now offered in a safe learning environment via simulation-based learning.  Simulation based learning allows nursing students to enhance their learning and practice clinical skills in a safe environment without risking the safety of patients.  The number of nursing students has increased along with the need for clinical placement which allows for simulation to supplement their learning and provide experiences that would otherwise not be available to them.  Students have reported anxiety when attempting to connect theory with practice (Basak et al., 2016).  Simulation has allowed for student-centered training environment that has improved self-confidence and competency in the clinical setting.   It is important to focus the simulation to the learning goals of the students, where manikins allow for the connection of theory and practice while using active learning while providing valuable opportunities that would not otherwise be available. Students can repeat skills, receive immediate feedback, and learn at their own pace when utilizing simulation.  Students have seen an improvement in their self-confidence and coping skills when simulation is used for difficult situations (Basak et al., 2016)
Cant & Cooper (2009) performed a systematic review of quantitative studies that included twelve quasi-experimental studies. The focus of the systematic review was the use of medium to high-fidelity simulation in nursing compared to other forms of educational strategies.  The systematic review found that when following best practice guidelines, medium to high-fidelity simulation was an effective mode of education.  Simulation provides some advantages in education depending on the topic, context, and method, however, there still needs further studies.  Cant & Cooper (2009) found that simulation-based learning allows for safer clinical practices.  Simulation allows for students to comprehend clinical aspects that increase their knowledge and skills while maintaining a safe learning environment.  Simulation-based learning allows for the nurses to make connections between the classroom and real-life scenarios.  This systematic review found that simulation allows nurses to practice their skills in nearly all aspects of the clinical experience in a safe environment that portrays real-life scenarios. The nurses can participate in the scenarios numerous times to increase their knowledge and skill set.  Cant & Cooper (2009) found that by following the four key facets of education in nursing allows for increased competence in their clinical reasoning skills.  The four key facets of education in nursing were identified as developing technical proficiency through practice of psychomotor skills and repetition, assistance of experts which is tailored to students’ needs, situated learning within context, and incorporating the emotional aspect of learning.  Cant & Cooper (2009) found that simulation-based learning offers high levels of student satisfaction.  Simulation-based learning was found to be superior to traditional based lecture when used as the sole method.  Identifying nursing competence was found to require more than just clinical knowledge, application of knowledge is an important concept as well that is improved with simulation-based learning.  Cant & Cooper (2009) identified that there are core components that are important to simulation-based learning that include a briefing, simulation, debriefing and context of the scenario.  One of the most important factors found to influence learning is feedback, which can come from either student of instructor.  Overall, Cant & Cooper (2009) found that the use of manikins for medium or high-fidelity simulation is effective for both teaching and learning when following best practice guidelines.  
Doolen, Mariani, Atz, Horsley, O’Rourke, McAfee, & Cross (2016) performed a focused review of existing high-fidelity simulation studies in nursing education.  The systematic literature search on existing reviews found that simulation research and reviews revealed significant differences in design and assessment methods leading to a wide variety of measurement outcomes and a variety of limitations (Doolen et al., 2016).  There has been an increase in simulation use over the last ten years geared towards nursing students’ education.  A wide variety of results and limitations were found with the use of simulation-based education on design and assessment methods.  Guidelines were being developed over the increased use of simulation to support simulation versus traditional clinical time. The total amount of time that simulation can be used in place of traditional clinical time is varied from state to state according to each state’s nursing board.  It was found that standardization of the use of simulation is essential and that it is dependent on the quality of simulation being offered.  Best practice guidelines improve knowledge when using simulation-based learning (Doolen, et al., 2016).
Dwyer, Searl, McAllister, Guerin, & Fiel (2015) performed a qualitative exploratory study that focused on a hybrid simulation approach and responding to a deteriorating patient.  Participants included registered nurses, medical students, and medical doctors.  The scenario was performed in both the high-fidelity simulation laboratory and in situ clinical area.  Focus groups were utilized for data collection and stopped when the narratives and observations became saturated.  The focus groups were audio and video recorded.  There were five focus groups, with five to ten participants each.  Results focused on the main theme of the simulation and the participants engagement.  The results were dependent on the participants engagement, the realism of the scenario and the realism of the character/patient (Dwyer et al., 2015).  Early detection along with quick response and action can save lives during deterioration.  Early detection is dependent on the ability to detect early deterioration and timely response.  High-fidelity simulations have been gaining popularity over the last two decades.  Simulation provides a safe, controlled learning environment with the opportunity to develop approaches to problem solving and practice clinical skills.  Medical professionals who have participated in simulations have reported that their confidence, efficacy, and knowledge have increased with use. Classroom education and simulation has been found to improve the nurse’s ability to identify and respond to a deteriorating patient both forms of education have been used together.  Skills that were found to show the greatest improvement for those involved include responding in an orderly manner, being assertive with their skills, managing airways and clinical skills.  There were complaints of difficulty with interacting with manikins and performance anxiety identified as barriers to learning with simulation.  Simulation has shown to increase awareness on factors that impact the quality of care, teamwork, and communication among co-workers.  Another barrier or challenge seen by the instructors of the simulation scenarios is developing life-like simulations to enhance the learner’s clinical reasoning and actions (Dwyer et al., 2015).
Nurse knowledge of ECG monitoring
Funk et al. (2017) performed a six-year, multisite randomized clinical trial with crossover that included 65 cardiac units and 17 hospitals.  The clinical trial included 3013 nurses, 95,884 hospital admissions and 4587 patients.  This study focused on the Implementation of the 2004 American Heart Association practice standards criteria for ECG monitoring and nurse’s knowledge of ECG monitoring, quality of care with ECG monitoring and patient outcomes. The interventions included an online ECG monitoring education program and strategies to implement and sustain change in practice.  Outcomes were measured at baseline, after the first group of hospitals received the interventions, and after the second group of hospitals received interventions, which allowed for 15 months between measurements.  Nursing knowledge was measured by an online test of 20 items, quality of care related to ECG monitoring, by on-site observation, patient outcomes and review of medical record, laboratory, and administrative records.  The study identified that the nurse’s knowledge initially improved after intervention, but was not sustained fifteen months later, although quality of care had significantly improved within and after the fifteen months. The hospital noted a decrease in the occurrence of in-hospital myocardial infarctions.  The study found that online ECG monitoring education and strategies to change practice can improve nurses’ knowledge, quality of care and patient outcomes (Funk et al., 2017).  Funk et al. (2017) found that there was no standard of care for nurse’s knowledge related to caring for patients requiring ECG monitoring.  It is important for the nurse to accurately apply ECG leads, to correctly interpret waveforms and respond to all alarms with ECG monitoring. ECG monitoring requires the nurse to be knowledgeable and have expertise in rhythm interpretation while providing safe patient care.  The study found that there was a decline in knowledge over the fifteen months of the study, however, there were improvements made in patient care likely due to change in unit culture (Funk, et al., 2017). 
Harding, Whalen, and Silverman (2015) created a mobile teaching cart after there was concerns expressed by cardiology physicians over the nurse’s ability to interpret ECGs.  The concern was both for over- and under-appreciation of significant ECG abnormalities despite focused based education.  The creation of the mobile teaching cart allowed for on-the-go education that can be utilized in any environment.  The mobile teaching cart allowed the nurses to utilize real-life scenarios to interact with and utilize a hands-on approach rather than traditional methods of learning.  The mobile teaching cart with hands-on approach allowed for immediate feedback that allows for a safer, clinical practice resulting in improved patient safety. The mobile teaching cart allows for in-the-moment in-services using the equipment that staff nurses currently use to monitor their patients’ ECG, making the education timely, accurate and immediately applicable (Harding, Whalen & Silverman, 2015).  The mobile teaching cart allows the nursing educators to simulate a critical even utilizing a scenario that would “require the nurse to identify, interpret and explore critical thinking” to deal with and perform clinical skills described in the scenario (Harding, Whalen & Silverman, 2015).  The mobile teaching cart allows for learning opportunities that are individually customized to enhance the experience for the learner.  This mobile teaching cart experience allows for flexibility and allows the nurses to analyze select ECGs that related to actual patient scenarios.   The nurses were able to incorporate the education and skills learned into practice allowed for improved clinical decision making.  The education was modified and customized based on nursing feedback and there was also the ability to allow for nurses to relate clinical experience with education as well.  One added benefit of the mobile education cart was the ability to prevent nurse embarrassment or humiliation due to lack of expertise, knowledge or skill level as the mobile education cart allows for simulation without the use of actual patients.  The nurses were able to increase their confidence and skill level thanks to the mobile education cart and simulation-based learning (Harding, Whalen, & Silverman, 2015).   
Hernandez-Padilla, Granero-Molina, Marquez-Hernandez, Suthers, Lopez-Entrambasaguas, & Fernandez-Sola (2017) study was an observational cross-sectional design which found that nurses lack competence in ECG rhythm interpretation which led to the use of a three-instrument toolkit.  Their study found that in other countries, nursing students do not participate or were required to complete and pass a final licensure exam, allowing for nurses to begin work immediately upon completion of school.  Due to lack of final licensure exams, the schools include ECG training focused on rhythm recognition.  This training focuses on only partial understanding of rhythm recognition, which leads to overall unknown competency.  Hernandez-Padilla et al. (2017) found that there was a lack of valid and reliable instruments for competency, so they developed their own toolkit to assess nursing students’ competency in ECG rhythm recognition.   Their toolkit includes three instruments they created focused on knowledge assessment, skills assessment and self-efficacy assessment tools that were tested in Spanish.  The main sample included 293 students who voluntarily participated from one Faculty of Nursing in Spain that used the convenience sampling technique.  They divided these 293 students into three groups based on their last ECG rhythm education.  Hernandez-Padilla et al. (2017) found that their three-instrument toolkit has excellent psychometric properties.  It has been identified as quick and easy application of knowledge that aims at positively influencing patient outcomes.  The toolkit was found to be reliable and valid in measuring the knowledge, skill and self-efficacy of nursing students in their recognition of ECG rhythm strips. The study does state that it does require more testing once the toolkit is translated into other languages to allow for the validity of its application.  
Kane, Pye & Jones (2011) study found through data collection surveys that conventional methods of training resulted in poor retention by the nurses and there was uncertainty when applied in a clinical setting.  Self-reported surveys were used to collect data that included self-reported knowledge of skills required, confidence in performing those skills and comfort with performance of resuscitation skills.  Kane, Pye & Jones (2011) found that regular effective training was ideal for staff retention.  This finding resulted in annual training, however, there is uncertainty in whether yearly training is frequent enough to maintain competency.  The scenarios were adjusted to accommodate the skill level and the requested learning needs of the participants in future sessions of simulation.  Effective training included the use of simulation that allowed for a hands-on experience.  It involves case-based scenarios as well as a debriefing and review of the event as the scenario was recorded.  The staff found the simulation training to have a positive impact related to their improved knowledge and competency as well as increased their comfort levels and showed improvements in patient care.  
McGrath & Sampson describe a simple, five step approach to interpreting an ECG rhythm strip.  They found that lack of knowledge and confidence were cause for incompetence in interpreting ECGs.  They found that lack of knowledge was due to lack of or inadequate training.  This inadequate training and incompetence can cause a delay in treatment.  The five strep approach is a systematic method that will allow the reader to identify rhythm strips as normal or abnormal and guide the reader in interpreting the strip.  McGrath & Sampson advise a review of basic Anatomy and Physiology of the heart prior to the five-step approach if there is not a sound understanding of it.  They also explain basic aspects of different abnormal rhythms such as: normal sinus rhythm, sinus tachycardia, sinus bradycardia, junctional rhythm, atrial fibrillation, atrial flutter, supraventricular tachycardia, first-degree Atrioventricular (AV) block, second-degree AV block, third-degree AV block, ventricular ectopic, ventricular tachycardia, ventricular fibrillation, and asystole.  They also explain what the interpreter should be able to identify when seeing the rhythm on an ECG rhythm strip using the five-step method.  
Nickasch et al., (2016) identified a need for further education and training for their nurses who care for patients that are receiving cardiac monitoring on a medical-surgical unit.  This qualitative study was performed in a 157-bed Midwestern hospital.  The sample size was eleven nurses total, six nurses from the medical-surgical unit and five nurses from the cardiac stepdown units.  The nurse’s needed to be able to identify an arrhythmia and respond appropriately to an abnormal rhythm to ensure the patient’s safety efficiently and quickly.  The nurses identified the need for more training as they felt confused and uncertain in their knowledge related to ECG rhythm identification and intervention.  They began by first identifying their knowledge and then focused on what was lacking to improve their knowledge in interpretation.  This study found that the Advanced cardiac life support (ACLS) is the only course to identify a standard of knowledge for nurses interpreting ECGs, however, it is an adult focused course.  They also found that the American Heart Association (AHA) recommends that hospital leaders determine the minimum ECG proficiency for the nurses within their hospitals leading to confusion and lack of appropriate education and knowledge that varies based on institution.  This study found confusion and uncertainty were factors that interfered with their ability and knowledge for interpreting ECG rhythm strips and intervening.  The results found that nurses were needing more frequent training and exposure to ECG rhythm strips.  They found that nurses requested several modes of education to be used for education that include online, paper and pencil, case-based scenarios, as well as hands-on experience with ECG rhythm strips.  The nurses need a systematic, stepwise approach for assessment of ECG rhythm strips.  Resources and reference sheets were made available as tools for the nurses during interpretation (Nickasch et al., 2016).  
Simulation allows for improved patient safety while decreasing the incidence of harm.  Critically ill patients are more complex and inexperienced staff has difficulty in understanding how to manage a decompensating or compromised patient.  Simulation should be used as a tool to enhance education that allows for numerous different scenarios to be practiced improving patient care while increasing knowledge.  Simulation allows for repeated experiences of practice and exploration without causing harm to patient by improving their clinical skills (Springer, Mah, Shusdock, Brautigam, Donahue, & Butler, 2013).
[bookmark: _Hlk69384002]The International Nursing Association for Clinical Simulation and Learning has identified the Standards of Best Practice for Simulation to include seven standards: (a)Terminology, (b) Professional Integrity of Participants, (c) Participant Objectives, (d) Facilitation, (e) The Debriefing Process, (f) Participant Assessment, and (g) Evaluation (Rutherford-Hemming, Lioce, & Durham, 2015). The standards are important as they improve patient safety, offer consistent patient care, and improve education.   The standards of best practice are international standards that have been adopted in many education centers, though there are many that are not aware of these standards.  It is important to share these guidelines and standards to allow for the advancement and standardization of simulation.  Developing and maintaining consistency is important for the implementation of a simulation program.  Challenges to simulation is attempting to implement all the standards at once inundating those involved and facilitators who have little to no experience with teaching simulation causing varied experiences and frustration.  The standards of best practice are focused on streamlining the simulation practice while attempting to offer standardized education.  (Rutherford-Hemming, Lioce, & Durham, 2015)
Summary of Literature
Nurses identified feelings of confusion and uncertainty related to their knowledge of cardiac rhythm interpretation and requested more frequent education, interventions and training, more hands-on experience, specific step-by-step guidelines, and increased exposure to cardiac rhythm strips (Nickasch et al., 2016).   Review of literature identified that there was a lack of appropriate and adequate education and that basic knowledge level varies per institution. PALS is the only certified course to identify a standard of knowledge for basic cardiac interpretation skills that requires re-certification every two years.  Review of basic cardiac anatomy and physiology prior to learning was found to improve knowledge.  Effective training included the use of simulation-based training that allowed for a hands-on approach.  Medium to high-fidelity manikin simulation was found to be effective with teaching and learning when following best practice guidelines for simulation (Cant & Cooper, 2009).   Simulation standards include seven variables: (a) Terminology, (b) Professional Integrity of Participants, (c) Participant Objectives, (d) Facilitation, (e) Facilitator, (f) The Debriefing Process, (g) Participation Assessment and (h) Evaluation (Rutherford-Hemming, Lioce, Durham, 2015).  The standards focus on ensuring all participants are following consistent language/terminology throughout the simulation, professional integrity of participants focuses on behavioral expectations of those involved and is maintained through the simulation, clearly written objectives for guiding the simulation, facilitation should coincide with the objectives of the simulation.  The facilitator guides and supports the participants to achieve the objectives.  The debriefing process is important to ensure that participants can connect the theory to the clinical setting and allows for reflection of the simulation and is considered the most important step in the learning process.  The participant assessment and evaluation help to encourage the participants to meet the objectives of the simulation, this is where the participants show growth and development of the learning experience related to the simulation (Rutherford-Hemming, Lioce, & Durham, 2015).  Simulation-based learning provides a hands-on approach to learning while allowing for immediate feedback that allows for a safer, clinical practice resulting in improved patient safety.  Simulation allows for cases to be modified and customized based on nursing feedback to fit skill levels of the nurses while incorporating real-life scenarios (Cant & Cooper, 2009).  The staff found simulation-based training to have a positive impact to their nursing staff as well as improved their knowledge base and competency levels while increasing their comfort levels also.  Simulation that closely mimics real-life scenarios allows the nurses to take the skills and education learned in simulation, apply it to patient care, while improving the safe care they provide to their patients (Dwyer et al., 2015).    
Theoretical Framework
The Iowa Model of Research in Practice (IMRP) allows for a realistic approach that aides in translating research into practice which can improve patient outcomes and decrease cost to the patient.  This model encourages the use of up-to-date research that allows for better outcomes for the patient while offering the highest level of care.  The Iowa Model utilizes knowledge that focuses on problems involving nursing practices that can be improved with the use of up to date and current research (Doody & Doody, 2011).  The Iowa Model acts as a guide or pathway for research to help implement change to improve patient care.  The Iowa Model consists of seven steps: (1) select a topic, (2) determine if the problem is a priority for the organization, (3) form a team, (4) evidence retrieval, (5) grading the evidence, (6) implement the change, and (7) evaluate (Doody & Doody, 2011).    	
Select a topic. 
Improving nurse knowledge retention and competency rates of interpreting cardiac rhythm strips.
In 2017, nurses were identified as having a decline in retention and lack competency in cardiac rhythm interpretation.
Determine if the problem is a priority for the organization.
Long-term retention and knowledge interfered with the staff’s ability to safely care for their patients.  
Form a team.  
The project team consisted of members from the nursing education department and the CCU.  Project support was received by Annette Schnell, coordinator of Nursing Professional Development, who oversaw the project.  Alyss Burgert approved and supported the project to be performed in the Cardiac Care Unit. The CCU educators and clinical supervisor supported the creation and implementation of this project.  Tiffany Page, Justin Parsley, Ashley Krohn and Jacqulyn Julis created the simulation scenario together.  Parsley, Page, and Krohn reviewed, edited, and approved the cardiac rhythm education (see Appendix C, Cardiac Rhythm Education) and pre-/post-assessments (see Appendix D. Pre-/Post-Assessments) to ensure adequate and appropriate material for the CCU nurses created by program coordinator, Julis.   
Annette Schnell, MSN, APRN-PCNS-BC, CPN
 Coordinator of Nursing Professional Development
Alyss Burgert, BSN, RN, CCRN, NE-BC
Director of Cardiac Care Unit
Tiffany Page, BSN, RN, CCRN
Nursing Clinical Supervisor - Cardiac Care Unit
Ashley Krohn, BSN, RN, CCRN
Clinical Education Resource Nurse- Cardiac Care Unit
Justin Parsley, BSN, RN, CCRN
Clinical Education Resource Nurse- Cardiac Service Line
Jacqulyn Julis, BSN, RN, CPN
DNP Student, Project Coordinator
Evidence Retrieval 
Literature search identified over sixty relevant articles, with eleven articles being relevant to the proposed article.  The relevant articles identified the need for improving basic interpretation skills, more frequent training along with a lack of confidence and comfort related to interpreting cardiac rhythm strips.  None of the articles identified when or how often continuing education is recommended due to further research being required.  
Basic interpretation skills.
Need more frequent training.
Lack confidence and comfort for interpretation skills.
Identify when continuing education/refresher course is needed.
Grading the Evidence- John Hopkins Evidence Based Practice Toolkit for Nursing
[bookmark: _Hlk69232108][bookmark: _Hlk71105468]Level I- Involves experimental study, randomized controlled trials (RCT), and systemic review of RCTs with or without meta-analysis (Dang and Dearholt, 2018).
[bookmark: _Hlk70151432]Doolen, et al., 2016
Funk et al., 2017
Harding, Whalen, & Silverman, 2015
Hernandez-Padilla, et al., 2017
Kane, Pye, & Jones, 2011
 Springer et al., 2013
Level II- Involves Quasi-experimental study, systematic review of a combination of RCTs and quasi-experimental, or quasi-experimental studies only, with or without meta-analysis (Dang and Dearholt, 2018).
[bookmark: _Hlk70151588]Basak, Unver, Moss, Watts, & Gaison, 2016 
Level III- Involves Non-experimental study, systematic review of a combination of RCTs, quasi-experimental and non-experimental, or non-experimental studies only, with or without meta-analysis, qualitative study or systematic review, with or without meta-analysis (Dang and Dearholt, 2018).
Cant & Cooper, 2009 
Dwyer, Searl, McAllister, Guerin, & Fiel, 2015 
Nickasch, Marnocha, Grebe, Scheelk, & Kuehl, 2016
Level IV- Involves opinion of respected authorities and or nationally recognized expert committees/consensus panels based on scientific evidence.  Includes clinical practice guidelines and consensus panels (Dang and Dearholt, 2018).
Rutherford-Hemming, Lioce, & Durham, 2015
Implement Change
Nurses completed a pre-/post-assessment prior to and immediately after scheduled simulation lab, two-weeks and eight-weeks after scheduled simulation.  All pre-/post-assessments were the same assessments that focused on identification of cardiac rhythm and interventions associated with the identified rhythm.  Simulation was performed, debriefing occurred immediately after with participants identifying what went well, any improvements needed, teaching points on rhythm identification and analysis that focused on the rhythms seen during simulation, review of electrical conduction pathway, review of heart conduction activity seen on cardiac rhythm strip, correct placement of 5-lead ECG for bedside monitor and discussion of Cardiac Rhythm Identification for Simple People (CRISP) Method for rhythm identification (see Appendix C, Cardiac Rhythm Education).  
Revised the current cardiac class resulting in the creation of Heart Smart.
Nurses requesting more in-depth education from cardiologists resulting in the provider-led lectures.
Simulation- Quarter One (See appendix E, Simulation Scenario and Debriefing).
Rhythm analysis and identification.
Identifying the rhythms seen on monitor, focus on assessing patient along with monitor, interventions until a provider can come to bedside.
Evaluate
Standardized pre-/post-assessment was offered at specific intervals aimed at identifying where knowledge begins to decline.
Prior to Simulation lab.
Immediately after the Simulation lab.
Two-weeks after completion of the Simulation lab. 
Eight-weeks after completion of the Simulation lab. 
At the end of the first quarter, an overall competency score was assessed.
Once the overall competency score is less than 80% on the pre-/post-assessment, a refresher course/continuing education will be offered to all CCU nurses at the identified interval.
The application of the Iowa Model of Research in Practice allows nurses to continue to update their knowledge in an effective approach that is evidence-based and empowers the nurses to provide higher standard of care for their patients.  With healthcare ever evolving, it allows for nurses to provide the most up-to-date care that is backed by evidence (Doody & Doody, 2011).   
Purpose/AIM
The purpose of this project was to identify when the retention of knowledge declined in pediatric cardiac care nurses following a simulated augmented educational activity that focused on ECG arrhythmia identification.  The AIMS of this project was to utilize interactive high-fidelity simulation-based learning via simulated scenario that focused on rhythm interpretation.  The revision of the previous education module to reflect the learning needs of the nurses in the CCU, now known as Heart Smart.  Heart Smart is an augmented, educational module that is comprised of provider-led lectures accompanied with simulation-based learning.  Simulation applied the use of mock code scenarios coupled with high fidelity mannikins that focused on interpreting cardiac rhythm strips and the application of appropriate interventions.  Paper and pencil assessments determined when the decline in knowledge of cardiac rhythm strips and arrhythmia identification began.  The Pre-/post-assessments offered prior to simulation lab, immediately after simulation lab, two-weeks and eight-weeks after attending the simulation scenarios that identified when knowledge began to decline.  
METHODS
The project was reviewed by the Institutional Review Board (IRB) at Children’s Hospital and Medical Center by the Human Subjects Committee. The project was granted exempt status and categorized as a quality improvement project. (See Appendix F. Children’s Hospital and Medica Center IRB). The project was approved by the author’s academic institution, Creighton University (See Appendix G. Creighton University IRB). The project was also supported by Children’s Hospital leadership at the facility (See Appendix H. Administrative Support) and supported by the educators and clinical nursing supervisors (See Appendix I. Unit Support). 
Ethical Considerations
This was mandatory education for all nurses to fulfill their job requirement, consent was obtained when the nurse was hired within the CCU.  All nurse participants who participated in this project did not profit nor were penalized for any score received during this project.  All scores were kept confidential between the project coordinator, CCU Clinical Education Resource Nurse and CCU manager.  All participants were identified by their unique hospital identification number and only the clinical education resource nurse and department manager were able to match the nurse to the unique hospital identification number.  The pre-/post- assessment scores were reviewed at the end of the project.  The Midwest urban hospital requires nurses to obtain a minimum competency of 80% or greater on continuing education activities to be considered competent and knowledgeable.  This quality improvement project followed the hospital’s minimum competency standard of 80% or greater to assume the nurses competent and knowledgeable.   There was minimal risk to the participants as the participants did not experience retribution for low scores.
Setting
This quality improvement project took place in a 29-bed pediatric CCU at a157-bed pediatric hospital in the urban Midwest.  The CCU had primarily cardiac patients, including both pre-/post-operative patients and patients admitted inpatient with cardiac complications.  The staffing ratio on the unit was generally 1:2 per nurse.  
Population/Sample
	The population included all nurses who attended Quarter One simulation, which included fourteen CCU nurses.  The sample participants included seven CCU nurses who completed all four pre-/post-assessments (N=7).  The participants were full-time and part-time nurses that worked in the CCU.  These nurses received the mandatory Heart Smart curriculum and participated in the simulation activities.  
Project Design
The project was a quality improvement pilot project using a pre/post survey design that was evaluated with descriptive statistics. 
Intervention
	Nurse Education: The Heart Smart curriculum consists of six provider-led lectures (See Appendix B. Heart Smart Provider-based Lectures.).   The provider-led lectures are offered monthly on a rotating schedule with each topic being offered twice a year.  Accompanying the provider-led lectures are monthly simulation training utilizing mock code scenarios.  The simulation portion is required for all nurses caring for patients within the CCU.  Simulations are offered monthly following the provider-led lecture and nurses are required to attend four scenarios per year or one scenario per quarter.  The scenario changes quarterly and is cardiac focused.  Quarter One began January 1, 2020 and ended on March 31, 2020.  Quarter One of 2020 mock code scenario will focus on rhythm interpretation (Appendix E. Simulation Scenario and Debriefing.).  The rhythm interpretation scenario was created solely for the purpose of this quality improvement project and had not been performed prior to January 1,2020.  The scenario adheres to PALS standards.  
Evaluation
The pre-/post- assessment (Appendix D. Pre-/Post-Assessment.) was offered prior to simulation lab, immediately following simulation lab, two weeks post simulation lab and eight weeks post simulation lab.  Prior to beginning the simulation, the nurses were administered the pre-assessment to assess their baseline competency.  The pre-/post- assessment remained the same assessment throughout the project.  The simulation-based scenario began and utilized high-fidelity simulation, followed by a debriefing of the scenario that identified potential causes for the decompensation, positive outcomes, and identified any future improvements.  The simulation was verbally summarized as the nurses were walked through the scenario again focusing on understanding and completing objectives of the scenario along with identifying and reviewing the rhythms observed during the scenario.  After the review of the scenario, the nurses analyzed a six second ECG rhythm strip along with a group discussion that focused on basic ECG analysis.  The post-assessment was administered at the end of the simulation lab to assess knowledge gained and competency.   
Measurement Methods. Measurement methods included a standardized, multiple choice pre-/post- assessment that was administered at pre-determined intervals via paper/pen.  The standardized assessment consisted of multiple choice and fill in the blank questions related to the identification of five cardiac rhythms and the application of appropriate interventions associated with the previously identified rhythms.  This pre-/post-assessment allowed for evaluation of when knowledge began to decline allowing for identification of how often continuing education should be offered in the future.  Competency was considered with an achievement of 80% or greater on the post-assessments.  Remediation was required for 79% or less achieved on any of the post-assessment.  Pre-/post-assessment scores were assessed initially upon completion and again at the end of the project once all nurses had the opportunity to participate in the simulation-based learning scenario and completed all post-assessments.  Remediation within one week was required if a 50% or less was achieved on any post-assessment.  The immediate remediation was performed individually and included the clinical resource nurse educator and any nurse who scored less than 50%.  The clinical resource educator and the nurse who scored less than 50% created a follow-up education plan due to insufficient knowledge related to their post-assessment score and cardiac rhythm identification. 
Data Collection and Analysis. The pre-/post-assessment utilized the nurse’s unique hospital identification (ID) number to allow the nurses anonymity for project purposes.  The CCU Clinical Education Resource Nurses and CCU managers identified all nurses and matched the nurse to their ID number for remediation/education purposes.  Additional demographics that were obtained on the pre-assessment included years of nursing experience and shifts worked.  The total number of points possible per question varies as not all questions require the same number of interventions.  Any missed or incorrect interventions marked as an answer on the assessment was counted against the total score.  When all questions were assessed and graded, each question was then compared individually and as a group to assess overall competence and identification for any areas of concern.  
Results
The participating nurses’ years of experience was identified and ranged between six months to five and a half years at the time this project began.  Two of the seven nurses worked day shift from 7am to 7pm, one of the seven nurses worked night shift from 7am to 7pm, and four of the seven nurses worked rotating twelve-hour shifts.  The rotating shifts consisted of three twelve-hour shifts per week during six-week cycles of 7am to 7pm followed by a six-week cycle of 7pm to 7am.   
[bookmark: _Hlk69325386]A total of fourteen nurses were administered the pre-/post-assessments and only seven nurses completed all three post-assessments.  Only the seven participating nurses who completed all four assessments were scored and averaged.  The pre-assessment scores ranged between 48%-83% calculating an average score of 64%, the immediate post-assessment scores ranged from 57%-78% calculating an average score of 65%, the two-week post-assessment scores ranged from 70%-96% calculating an average score of 80%, and the eight-week post-assessment scores ranged from 52%-91% calculating an average score of 75%.  
Two nurses, Nurse F and Nurse G, had scores improve from the two-week assessment to the eight-week assessment, one nurse, Nurse C, score remained the same at the two-week assessment and eight-week assessment.  One nurse, Nurse E, eight-week assessment score declined, but stayed greater than the 80% minimum score required, one nurse, Nurse D, eight-week assessment score declined back to what she scored on her pre-assessment, which was lower than the 80% minimum required score.  The remaining two nurses, Nurse A and Nurse B, eight-week assessment scores declined lower than what they scored on their pre-assessment, which was lower than the 80% minimum required score.  Overall improvement of pre-assessment score to eight-week post-assessment was seen by two nurses, Nurse E and Nurse G. The first nurse, Nurse E, improved from 48% to 83% and the second nurse, Nurse G, improved 56% to 91% between the initial pre-assessment to the eight-week post-assessment.  Nurse C was most consistent, scoring 83% on three of the four assessments.   
Table A. Results of Pre-/Post-Assessments
	Years of Nursing Experience/
Shift worked
	Nurse
	Pre-assessment
	Immediate
Post-Assessment
	Two-week
Post-Assessment
	Eight-week
Post-Assessment

	6 months
Rotating D/N shift
	Nurse A
	74%
	61%
	70%
	65%

	6 months
Rotating D/N shift
	Nurse B
	61%
	57%
	70%
	52%

	8 months
Rotating D/N shift
	Nurse C
	83%
	78%
	83%
	83%

	1 year
Night shift
	Nurse D
	61%
	78%
	83%
	61%

	1 year
Rotating D/N shift
	Nurse E
	48%
	57%
	96%
	83%

	5 years
Day shift
	Nurse F
	65%
	57%
	74%
	87%

	5.5 years
Night shift
	Nurse G
	56%
	65%
	82%
	91%



Table B. Average Assessment Scores
	Average Assessment 
Scores
	Nurses A-G
	64%
	65%
	80%
	75%



Discussion
This study demonstrated that the participating nurse’s average scores improved at the two-week post-intervention.  The nurses were able to achieve an average score of 80% on the two-week post-intervention assessment, which met the minimum competency requirement of the study.  At the eight-week post-assessment the average score was 75%, which was below the minimum competency requirement.  The average below competency score at eight-weeks post-assessment signifies that retention of knowledge began to decline, which indicated that continuing education was needed at this time.  Based on the results of the post-assessments, the proposed time to offer continuing education following interventions would be between two-weeks and eight-weeks post-intervention.  The nurses barely met the minimum competency at two-weeks post-intervention, suggesting that if they were to receive further education their scores would presumably improve at eight-weeks post-intervention with ongoing education (see Table C, Average Assessment Scores).

Table C. Average Assessment Scores[image: ]Eight-Week
Post-Assessment
Two-Week
Post-Assessment
Post Assessment
Pre-Assessment

The design of this project prevented identifying the reason for the participants increase in scores at the two-week post-intervention interval.  The two-week post-intervention scores may have resulted from the use of resources and lack of timeframe for completion of assessments.  The two-week post-intervention assessments and eight-week post-intervention assessments were completed by participating nurses without supervision, which could contribute to the use of resources for completion of the assessment. 
Prior to beginning the pre-assessment, all participating nurses were instructed to read the question and not to overthink the question.  The clarity of questions on the assessment caused some confusion as the participating nurses felt they required more background information than what was available to answer the questions.  One question that caused confusion was the patient has a heart rate of 50 beats per minute, the nurses identify the rhythm as bradycardia and assess the patient as having pulses, perfusion, and neuro status within normal limits.  What interventions would be applied to this rhythm?  The question did not include the age of the patient, which nearly all the participating nurses requested.  Nearly all nurses wrote on the assessment that they would intervene differently depending on age of the patient.  Many of the nurses did not utilize the available hint that included information regarding pulses, perfusion and neurological status being within normal limits, which should have resulted in the nurse choosing to assess the patient and notify the medical provider.  Questions related to Supraventricular Tachycardia (SVT) caused uncertainty and required clarity. The rhythm was identified as SVT and the hint ascertained that the patient’s pulse was faint or not present.  This clue indicated that the patient was not tolerating the rhythm and required more urgent interventions.  Nearly all nurses failed to notice this hint and chose to intervene with vagal responses despite the patient having faint or unpalpable pulses.  Nearly all nurses failed to begin cardiopulmonary resuscitation (CPR) despite having faint or absent pulses.  This failure to intervene appropriately is a safety event that causes a delay in treatment, decreasing their chance of survival, leading to brain damage or even death.  
 Nursing experience may have played an important factor in the overall scores.  Five of the seven nurses who participated in this study had one year of experience or less, where the remaining two nurses each had five years of experience.  The overall lack of experience can be considered, and the on-going education can be tailored towards the nurses with less experience to guide their patient care by utilizing the simulation-based learning scenarios.  
Implications for Practice
This project identified that the decline in post-test scores suggest that continuing education is necessary to maintain minimum competency and retention of knowledge for all nurses within the CCU.  This project identified that the ideal time frame for continuing education to maintain minimum competency appeared to be between two-weeks and eight-weeks after initial education based on the average post-assessment scores.  The use of simulation paired with traditional methods of teaching and learning may support retention of knowledge and competency of the participants.  This teaching strategy may hold true for the five nurses identified as having one year or less of experience as they may not have experienced situations like their simulation-based learning scenario and the assessments.  Interactive simulated scenarios that mimic real-life cases can improve patient safety and outcomes.  Nurses with specialized skills and knowledge that require minimum nurse competency should be required to attend educational in-services and refresher courses offered at scheduled intervals to maintain knowledge and competency.   
[bookmark: _Hlk69234967]Limitations
	The Sars-COVID-19 pandemic complicated the implementation of this study when classes and simulation were cancelled which resulted in a small sample size.  The small sample size and low response rates limited the generalizability of this project.  The small sample size likely contributed to the prevention of the project coordinator from hypothesizing the ideal time frame for continuing education.  Only seven of the fourteen study participants completed all four assessments resulting in an inaccurate depiction of the optimal time frame for offering continuing education. Anecdotal data suggested that the clarity of the questions may have influenced the participant’s responses.  The lack of control group or pre-data to this study resulted in the inability to determine the impact of simulation on nurse competency.   
Future Research
Future research is needed with a larger sample size to obtain more conclusive results determining the ideal frequency of continuing education, overall competency, and knowledge.  More research is needed to determine what mode of ongoing education would be beneficial to CCU nurses to maintain minimum competency and retention of knowledge.  Future research is needed to assess nurse competency and its affect on patient outcomes related to rhythm identification.  










References
American Heart Association. (2019). Arrhythmia. Retrieved from American Heart Association: https://www.heart.org/en/health-topics/arrhythmia
American Heart Association, Inc. (2016). About Congenital Heart Defects. Retrieved from American Heart Association: http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/About-Congenital-Heart-Defects_UCM_001217_Article.jsp#.V5T45KKnFcI
Atwood, D., & Wadlund, D. L. (2015). ECG Interpretation Using the CRISP Method: A Guide for Nurses. AORN Journal, 369-408.
Basak, T., Unver, V., Moss, J., Watts, P., & Gaioso, V. (2016). Beginning and advanced students' perceptions of the use of low- and high-fidelity mannequins in nursing simulation. Nurse Education Today, 37-43.
Breen, C. J., Kelly, G. P., & Kernohan, W. G. (2019). ECG interpretation skill acquisition: A review of learning, teaching and assessment. Journal of Electrocardiography, 1-4.
Brooks, C. A., Kanyok, N., O'Rourke, C., & Albert, N. M. (2016). Retention of Baseline Electrocardiographic Knowledge after a Blended-Learning Course. American Journal of Critical Care, 61-67.
Cant, R. P., & Cooper, S. J. (2009). Simulation-based learning in nurse education: systematic review. Journal of Advanced Nursing, 3-15.
Children's Hospital and Medical Center. (2017). ECG Rhythm Interpretation. Omaha, Ne, United States.
Children's Hospital and Medical Center. (2019). Omaha, Ne, United States.
Dang, D., & Dearholt, S. (2018). Johns Hopkins nursing evidence-based practice : Model & guidelines(3rd ed). Indianapolis: Sigma Theta Tau International.
Doody, C. M., & Doody, O. (2011). Introducing evidence into nursing practice: using the IOWA model. British Journal of Nursing, 661-664.
Doolen, J., Mariani, B., Atz, T., Horsley, T. L., O'Rourke, J., McAfee, K., & Cross, C. L. (2016). High-Fidelity Simulation in Undergraduate Nursig Education: A Review of Simulation Reviews. Clinical Simulation in Nursing, 290-302.
Duff, J. P., Topijan, A., Berg, M. D., Chan, M., Haskell, S. E., Joyner Jr, B. L., . . . Atkins, D. L. (2018). 2018 American Heart Association Focused Update on Pediatric Advanced Life Support: An Update to the American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation, 731-739.
Dwyer, T., Searl, K. R., McAllister, M., Guerin, M., & Fiel, D. (2015). Advanced life simulation: High-fidelity simulation without the high technology. Nurse Education in Practice, 430-436.
Family Diagnostic Center. (n.d.). ECG. Retrieved from Family Diagnostic Center: https://egyoungph.wixsite.com/family-diagnostic
Fent, G., Gosai, J., & Purva, M. (2015). Teaching the interpretation of electrocardiograms: Which method is best? Journal of Electrocardiology, 190-193.
Forfa, M. J. (2013). Advancing Nursing Practice in Rhythm Recognition With an E-Learning Educational Program. Nephrology Nursig Journal, 159-163.
Funk, M., Fennie, K. P., Stephens, K. E., May, J. L., Winkler, C. G., & Drew, B. J. (2017). Association of Implementation of Practice Standards for Electrocardiographic Monitoring With Nurses' Knowledge, Quality of Care, and Patient Outcomes. Circ Outcomes AHA Journal, 1-10.
Harding, A. D., Whalen, K. C., & Silverman, B. S. (2015). Innovative Varied-Fidelity Simulation Mobile Teaching Cart And Education Project. Journal of Emergency Nursing, 423-427.
Hernandez-Padilla, J. M., Granero-Molina, J., Marquez-Hernandez, V. V., Suthers, F., Lopez-Entrambasaguas, O. M., & Fernandez-Sola, C. (2017). Design and Validation of a three-instrument toolkit for the assessment of competence in electrocardiogram rhythm recognition. European Journal of Cardiovascular Nursing, 425-434.
Kane, J., Pye, S., & Jones, A. (2011). Effectiveness of a Simulation-Based Educational Program in a Pediatric Cardiac Intensive Care unit. Journal of Pediatric Nursing, 287-294.
Keller, K. B., & Raines, B. A. (2005). Arrhythmia Knowledge: A qualitative study. Heart & Lung, 309-316.
Khairy, P., & Balaji, S. (2009). Cardiac Arrhythmias In Congenital Heart Disease. Indian Pacing Journal and Electrophysiology Journal, 299-317.
McGrath, A., & Sampson, M. (2018). Electrocardiograms: a guide to rhythm recognition for emergency nurses. Emergency Nurse.
Medical Training and LLC. (2019). Sinus Tachycardia- EKG reference. Retrieved from Practical Clinical Skills: https://www.practicalclinicalskills.com/ekg-reference-type/2/Sinus-Tachycardia
Nickasch, B., Marnocha, S., Grebe, L., Scheelk, H., & Kuehl, C. (2016). 'What Do I Do Next?' Nurses' Confusion and Uncertainty with ECG Monitoring. Medsurg Nursing, 418-422.
Raupach, T., Harendza, S., Anders, S., Schuelper, N., & Brown, J. (2016). How can we improve teaching of ECG interpretation skills? Findings from a prospective randomised trial. Journal of Electrocardiology, 7-12.
Rutherford-Hemming, T., Lioce, L., & Durham, C. F. (2015). Implementing the Standards of Best Practice for Simulation. Nurse Educator, 96-100.
Sandau, K. E., Funk, M., Auerbach, A., Barsbess, G. W., Blum, K., Cvach, M., . . . Wang, P. J. (2017). Update to Practice Standards for Electrocardiographic Monitoring in Hospital Settings: A Scientific Statement From the American Heart Association. Circulation, 273-344.
Springer, R., Mah, J., Shusdock, I., Brautigam, R., Donahue, S., & Butler, K. (2013). Simulation training in critical care: Does practice make perfect? Surgery, 345-350.
St. George-Hyslop, C., Morton, C., & Daley, E. (2014). Neonatal and Pediatric Guidelines for Arrhythmia Management: What the Neonatal and Pediatric Critical Care Nurse Needs to Know. Pediatric Cardiac Intensive Care Society.
Sumner, L., Burke, S. M., Chang, L.-T., McAdams, M., & Jones, D. A. (2012). Evaluation of Basic Arrhythmia Knowledge Retention and Clinical Application by Registered Nurses. Journal for Nurses in Staff Development, E5-E9.
U.S. Department of Health & Human Services. (2017, March). Agency for Healthcare Research and Quality. Retrieved from National Quality Strategy: https://www.ahrq.gov/workingforquality/about/index.html
United Medical Education. (2013). PALS Algorithm 2019. Retrieved from United Medical Education: https://www.acls-pals-bls.com/algorithms/pals/

APPENDIX A. 2017 ECG Competency Test
1.  You walk into your patient’s room and see the following rhythm on the monitor. 
What arrhythmia do you suspect?  
[image: 5bwSQOXDJHd]

	Correct
	Choice

	 
	Ventricular Tachycardia

	X
	Ventricular Fibrillation 

	 
	Asystole

	 
	PEA




2.  Which of the following interventions would be indicated for this rhythm? 
[image: 6VsjeJw3E6M]
	Correct
	Choice

	X
	CPR

	X
	Defibrillation with 2Joules /kg

	 
	Synchronized Cardioversion with 1Joule/kg

	X
	Epinephrine 0.1mg/mL IV

	 
	Epinephrine 1mgl/ml IV






3.  You walk into your 3-month-old patient’s room and see the following rhythm on the monitor. You do an assessment, and the patient has a palpable pulse. 
What arrhythmia do you suspect?  
[image: 6dwUFq5Gku9]


	Correct
	Choice

	 
	a.  Tachycardia

	X
	b.  Bradycardia

	 
	c.  PEA

	 
	d.  First degree AV Block




4.  Which of the following interventions would be indicated for this rhythm? 
[image: 60xf9AERPhS]


	
Correct
	Choice

	X
	a.  CPR

	 
	b.  Defibrillation with 2Joules /kg

	 
	c.  Synchronized Cardioversion with 1Joule/kg

	X
	d.  Epinephrine 0.1mg/mL IV

	X
	e.  Epinephrine 1mgl/ml via ETT if unable to obtain IV access



5.  You walk into your 6-month-old patient’s room and see the following rhythm on the monitor. You do an assessment, and the patient has a palpable pulse. 
What arrhythmia do you suspect?  
[image: 6OTkuksqT3o]


	Correct
	Choice

	 
	a.  Tachycardia

	X
	b.  SVT

	 
	c.  PEA

	 
	d.  3rd degree AV block




6.  Which of the following interventions would be indicated for this rhythm? 
Choose all that apply.
[image: 6XvRLTSkYuB]


	Correct
	Choice

	X
	a.  Vagal Maneuvers

	 
	b.  Defibrillation with 2Joules /kg

	X
	c.  Synchronized Cardioversion with 0.5-1Joule/kg

	 
	d.  Epinephrine 0.1mg/mL IV

	X
	e.  Adenosine 1mg/1mL




7.  You walk into your 13-year-old patient’s room and see the following rhythm on the monitor. You do an assessment and the patient has no pulse. 
What arrhythmia do you suspect?  
[image: 6fMlJ3M8oQr]


	Correct
	Choice

	 
	Ventricular Fibrillation 

	X
	Ventricular Tachycardia

	 
	Asystole

	 
	PEA



8.  Which of the following interventions would be indicated for this rhythm?   
[image: 6na390zsz5x]


	Correct
	Choice

	X
	CPR

	X
	Defibrillation with 2Joules /kg

	 
	Synchronized Cardioversion with 1Joule/kg

	X
	Epinephrine 0.1mg/mL IV





9.  You walk into your 3-year-old patient’s room and see the following rhythm on the monitor. You do an assessment, and the patient has no pulse. 
What arrhythmia do you suspect?  
  
[image: 5WGrctkzC8r]


	Correct
	Choice

	 
	a.  Ventricular Fibrillation 

	 
	b.  Bradycardia

	X
	c.  Asystole

	 
	d.  PEA



10.  Which of the following interventions would be indicated for this rhythm? 
[image: 6UbXDaT2yTO]


	Correct
	Choice

	X
	a.  CPR

	 
	b.  Defibrillation with 2Joules /kg

	 
	c.  Synchronized Cardioversion with 1Joule/kg

	X
	d.  Epinephrine 0.1mg/mL IV

	X
	e.  Epinephrine 1mgl/ml via ETT if unable to obtain IV access




11.  Your patient's monitor is alarming with a non-sinus rhythm, what are the initial steps you want to take when you respond to the alarm?
[image: 5n12baBiT0k]


	Correct
	Choice

	 
	a.  Assess the patient (includes HR, RR, LOC, etc.)

	 
	b.  Run far away

	 
	c.  Determine whether the rhythm is life threatening or non-life threatening and respond accordingly (code vs. staff assist, etc.)

	X
	d.  a & c




12.  You are caring for a 16-year-old anorexic patient with a resting HR of 45 bpm.  What potential cardiac complications would you want to be aware of? 
[image: 6rWRDbjjRu3]


	Correct
	Choice

	 
	a.  Tachycardia

	X
	b.  Progressing Bradycardia

	 
	c.  2nd degree AV Block 






13.  If you find this patient unresponsive with a HR of 20, what would you do? 
[image: 6fOUAzSvg4D]


	Correct
	Choice

	 
	a.  Nothing, he/she will be fine

	X
	b.  Check for breathing, call a code and begin CPR

	 
	c.  Prepare to administer Epinephrine 1mg/1mL

	 
	d.  B & C



 (Children's Hospital and Medical Center, 2017)

APPENDIX B. Heart Smart Provider-based Lectures
Heart Smart Provider-based Lectures
Lecture 1
Anatomy & Physiology-1 hour
Hemodynamics- 1 hour
Lecture 2
Intro to ICU- 1 hour
Electrophysiology- 1 hour
Lecture 3
Pre-Op Nursing Care Management- 2 hours
Lecture 4
Heart Failure/Transplant- 1.5 hours
Pulmonary Hypertension- 30 minutes
Lecture 5
Cardiac Lesions, Common Repairs, Imaging Correlates- 2 hours
Lecture 6
Post-Op Nursing Care Management- 2 hours





APPENDIX C. Cardiac Rhythm Education
Pulseless Electrical Activity or PEA
[image: Chart

Description automatically generated]
(United Medical Education, 2013)
QRS complexes are present, but no cardiac output is detected
No palpable pulse
No arterial blood pressures
Poor outcomes/prognosis associated with it due to delay in identification and high-quality CPR (27% survival rate to hospital discharge for kids)	
Identification of reversible cause of PEA with immediate treatment improves the outcome
Rhythm may not present as non-life-threatening, meaning it can look like normal sinus rhythm or bradycardia
Rhythm identification is vital
Is this rhythm shockable?
Assess patient and not the monitor
Is there a pulse?
was the art line working and now suddenly it isn’t? 
Goal is to achieve return of spontaneous circulation while investigating and reversing the cause of cardiac arrest
Continue high-quality CPR with minimal interruptions in chest compressions,
May choose to obtain an advanced airway
 Epinephrine every 3-5 minutes (0.01 mg/kg0.1 mL/kg of 1:10000 concentration)
Investigate and reverse the cause of cardiac arrest
(Newman, 2013)
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(Duff et al., 2018)

Electrical Conduction Pathway[image: Diagram

Description automatically generated] 
(Ganesan, Sterline, Ladavich, & Ghoraani, 2016)


Conduction system
SA node- natural pacemaker of the heart, 60-100 bpm
AV node- takes over if the SA node fails to function, 40-60 bpm,
Bundle of HIS
Right and left bundle branches
Purkinje fibers

Signal through the heart
SA node (upper right atrium) sends a signal that starts in the atria, through both right and left atrium via the intermodal pathways to the AV junction at the lower portion of right atrium.  
There is a very short pause (0.08-0.12 seconds to allow for the atria time to contract or depolarize).  
The AV node is located in the AV junction and takes over if the SA node fails.  
The impulse then goes down from the AV junction to the bundle of HIS and down the interventricular septum.  
The bundle of HIS divides into right and left bundle branches in the ventricles and end in the Purkinje system (fibers throughout the ventricles and papillary muscles)
The signal then terminates with a contraction or (ventricular depolarization) when the fibers are stimulated by an impulse.


[image: Diagram

Description automatically generated with medium confidence] (London Health Sciences Centre, 2020)



Discuss and identify correct lead placement.
White on right
Smoke over fire
Snow over grass
Brown- 4th intercostal space to the right of the sternum

[image: Diagram
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(Family Diagnostic Center, n.d.)

Heart conduction activity seen on ECG 
P wave- atrial depolarization or when the atrium contracts, impulses are starting in the SA node
PR Interval- time the impulse takes to travel from beginning of atrial depolarization to beginning of ventricular depolarization
QRS complexes- depolarization of the ventricles
ST segment- the interval from the end of ventricular depolarization to the beginning of ventricular repolarization 
T wave- repolarization of the ventricles


Rhythm Strips
Six second strips- 3 ticks at the top of the strip
small squares= 0.04 seconds
large squares= 0.2 seconds
5 large squares= 1 second

Heart rate
Six second strip.
Count the QRS complexes and then multiply that number by 10 to get HR.
Identify if:
bradycardia
normal rate 
tachycardia
































Crisp Method (Cardiac Rhythm Identification for Simple People)
Step 1- Are QRS Complexes Present
If no, likely rhythm is ventricular fibrillation or asystole
If yes, go to step 2
Step 2- Are P waves present
Proceed to step 3
Step 3
No P waves present- 
Are QRS complexes wide or narrow
Wide complex- equal to or wider than 3 small squares on the ECG strip
Likely ventricular tachycardia, Idioventricular, accelerated ventricular
Narrow Complex- narrower than 3 small squares on the ECG strip
likely atrial fibrillation, atrial flutter or supraventricular tachycardia
P waves present-
Every P wave is followed by a QRS
Sinus rhythm-
Normal, sinus bradycardia, sinus tachycardia
impulses conducted are slower or faster rate than normal
physical signs vs a pathological condition
ie: hyperthermia, hypovolemia
More P waves than QRS complexes
Rhythm is due to conduction block
Number of P waves must be compared to QRS complexes
Second-degree AV block
1- lengthening PR interval
2- PR intervals dropped with QRS complexes
3- Do not look at or talk to each other
(Atwood & Wadlund, 2015)




Appendix D. Pre-/Post-Assessment
Employee Number-___________		
Months/Years of nursing experience- __________
Shift you work - Days______, Nights______, Rotating days/nights ______, Other______



















Identify this rhythm (pulses, perfusion and neuro status WNL) - ______________
[image: ]

What interventions would you apply to this rhythm?  Mark all that apply. 

Assess patient
Notify medical provider
Call the Rapid Response Team
Adenosine 0.1mg/kg IV
Epinephrine 0.01 mg/kg IV
CPR, call a medical alert
Defibrillation with 2 joules/kg
Ice to the face/vagal maneuvers
Synchronized cardioversion 0.5-1 joule/kg
						 





Identify this rhythm (hint- there is a pulse) -_________________ 
[image: Chart
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What interventions would you apply to this rhythm? Mark all that apply.
[bookmark: _Hlk28869674]
Assess patient
Notify medical provider
Call the Rapid Response Team
Adenosine 0.1mg/kg IV
Epinephrine 0.01 mg/kg IV
CPR, call a medical alert
Defibrillation with 2 joules/kg
Ice to the face/vagal maneuvers
Synchronized cardioversion 0.5-1 joule/kg
	


5. Identify this rhythm- _____________________
[image: A picture containing text
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What interventions would you apply to this rhythm? Mark all that apply. 

Assess patient
Notify medical provider
Call the Rapid Response Team
Adenosine 0.1mg/kg IV
Epinephrine 0.01 mg/kg IV
CPR, call a medical alert
Defibrillation with 2 joules/kg
Ice to the face/vagal maneuvers
Synchronized cardioversion 0.5-1 joule/kg
	




Identify this rhythm (hint- there is no pulse)- _____________________ 
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What interventions would you apply to this rhythm? Mark all that apply. 

Assess patient
Notify medical provider
Call the Rapid Response Team
Adenosine 0.1mg/kg IV
Epinephrine 0.01 mg/kg IV
CPR, call a medical alert
Defibrillation with 2 joules/kg
Ice to the face/vagal maneuvers
Synchronized cardioversion 0.5-1 joule/kg



Identify this rhythm (hint- there is a faint or no pulse) – __________________
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What interventions would you apply to this rhythm? Mark all that apply. 

Assess patient
Notify medical provider
Call the Rapid Response Team
Adenosine 0.1mg/kg IV
Epinephrine 0.01 mg/kg IV
CPR, call a medical alert
Defibrillation with 2 joules/kg
Ice to the face/vagal maneuvers
Synchronized cardioversion 0.5-1 joule/kg



APPENDIX E. Simulation Scenario and Debriefing
Simulation Title: Feel the Rhythm
Date: 1/31/2020
Goal:  Staff will effectively analyze and interpret changes in ECG waveform of declining patient, followed by appropriate interventions according to PALS guidelines.
Objectives: 
The nurse will be able to:
Identify cardiac rhythm via a 6-second strip.
Reevaluate rhythm strip for significant changes
Recognize assessment changes in declining patient
Identify PEA with need for CPR and Epi per PALS Guidelines
Disciplines:  RN, Paramedic, RN (APP/MD if available)
Scenario:  Patient is a 6-month-old male who recently underwent Aortic Valve repair.  He returned post-op extubated on 2 LPM nasal cannula.  Following admission to the CCU, patient received 10 ml/kg of cell saver d/t Hgb of 6.8 with reduced CVP and marginal BP.  Milrinone infusion is running @ 0.5 mcg/kg/min.  Pt has been comfortable on Precedex drip, pain managed with PRN morphine, last morphine dose 30 min ago.  You have just come on shift and received your handoff report.  EPIC orders are in place to print and analyze a 6-second strip at start of shift.  After completing ECG analysis, you can begin your initial assessment.
(Staff will analyze 6-second ECG strip x 2.  Then continue with assessment and simulation)
Patient Data:
Name and Gender:  Randall, male
Age: 6 months 
Weight: 7 kg 

Initial VS 
HR:  168 
RR: 56 
BP:  76/52 
Sat: 94% 
Temp: 37.1
CVP: 5
ABP: 74/50

Expected Critical Interventions and Resultant Vital Sign/Clinical Change:
	Intervention (What you want the learner to do)
	Clinical Change (What you want the simulator to do)

	Contact provider for increase rhythm change.  
	Slow increase in HR with decrease in BP. 

	
	Provider orders EPOC.  EPOC obtained. Pt BP continues to decline with increase in HR.

	10 ml/kg NS IV bolus x 1 at this time.
	Blood gas pH 7.28, pCO2 32, pO2 48, HCO3 25, BD -10, glucose 118, K+ 3.4, Ca++ 1.1, Lactate 4, Hgb 7.2

	 Consider calcium, reassess after bolus, give additional bolus
	SpO2 declines slowly to 80%, pt less responsive, HR follows and becomes bradycardic

	BVM and pulse checks
	SpO2 increases if BVM initiated, continues to decline if not, pulses absent at this time

	Recognize PEA, initiate CPR with BVM 15:2
	Pt continues with PEA

	1st dose epi 0.01 mg/kg
	No change

	2 rounds epi with CPR and BVM (consider intubation but okay if elected to continue BVM)
	After 2nd dose of epi and quality CPR, HR increases to baseline

	Continued recovery (intubation? Fluids? Blood? Vasopressors?)
	End simulation



Discussion/Teaching Points (in depth education you want me to discuss with your learners):
Quarter 1- 2020 Debriefing
What do you feel went well with this simulation?
What opportunities are there available for improvement?
Talk through simulation and rationale for decision making. 

Appendix F. Children’s Hospital and Medical Center IRB











Appendix G. Creighton University IRB









Appendix H. Administrative Support





Appendix I. Unit Support
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You walk into your patients room and see the
following rhythm on the monitor.

What arrhythmia do you suspect?
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Which of the following interventions would be
indicated for this rhythm?
Choose all that apply.
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You walk into your 3 month old patients room and see
the following rhythm on the monitor. You do an
assessment and the patient has a palpable pulse.
What arrhythmia do you suspect?
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Which of the following interventions would be
indicated for this rhythm?
Choose all that apply.

a. CPR

© b. Defibrillation with 2Joules /kg

o . Synchronized Cardioversion with 1Joule/kg
= d. Epinephrine 0.1mg/mL IV

= e. Epinephrine 1mgl/ml via ETT if unable to obtain IV access
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assessment and the patient has a palpable pulse.
What arrhythmia do you suspect?
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Which of the following interventions would be
indicated for this rhythm?
Choose all that apply.
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© a. Vagal Maneuvers

© b. Defibrillation with 2Joules /kg
@ ¢. Synchronized Cardioversion with 0.5-1Joule/kg

© d. Epinephrine 0.1mg/mL IV

= e. Adenosine 1mg/imL
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You walk into your 13 year old patients room and see
the following rhythm on the monitor. You do an
assessment and the patient has no pulse.

What arrhythmia do you suspect?
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Which of the following interventions would be
indicated for this rhythm?
Choose all that apply.
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You walk into your 3 year old patients room and see
the following rhythm on the monitor. You do an
assessment and the patient has no pulse.
What arrhythmia do you suspect?

a. Ventricular Fibrillation
b. Bradycardia

“ ¢ Asystole
d. PEA
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Which of the following interventions would be
indicated for this rhythm?
Choose all that apply.

“a. CPR

© b. Defibrillation with 2Joules /kg

© ¢. Synchronized Cardioversion with 1joule/kg
“ d. Epinephrine 0.1mg/mL IV
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Epinephrine 1mgl/ml via ETT if unable to obtain IV access
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Your patient's monitor is alarming with a non-sinus
rhythm, what are the initial steps you want to take
when you respond to the alarm?

a. Assess the patient (includes HR, RR, LOG, etc.)
b. Run far away

<. Determine whether the rhythm is life threatening or non-
life threatening and respond accordingly (code vs. staff assist,

etc)
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You are caring for a 16 year old anorexic patient with
a resting HR of 45 bpm. What potential cardiac
complications would you want to be aware of?

a. Tachycardia
© b. Progressing Bradycardia
<. 2nd degree AV Block
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If you find this patient unresponsive with a HR of 20,
what would you do?

a. Nothing, he/she will be fine

© b. Check for breathing, call a code and begin CPR
<. Prepare to administer Epinephrine Tmg/imL
d. B&C
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Standard 5-Lead Placement

RA placement: ditectly below the clavicle and
near the right shoulder

LA placement: dicectly below the clavicle and
near the left shoulder

RL placement: on the right lower abdomen
LL placement: on the left lower abdomen

V placement: on the chest, the position
depends on your requied lead selection. If

configured, the label of the chest lead will be
displayed with its exact position (V1 to V6R)
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HOSPITAL & MEDICAL CENTER
Wo know children.

Date February 19, 2020

Amy Phillips, MSN, APRN-CNS

Children's Hospital & Medical Center

Nursing Education

7815 Farnam Drive

Omaha, NE 68114

Stakeholder Letter of Support

Dear Ms. Phillips,

As a stakeholder of nursing research study titled, “The Impact of Simulation-Based Learning on

Nurse Retention of Pediatric Cardiac Rhythm Strip Interpretation”, my signature below signifies

that | support Jacqulyn Julis in her research.

| understand this support signifies that the proposed research study:

« fits the organization/area mission, vision, and values;

« will receive the resource support necessary for successful completion (e.g., policy
revision/implementation, staff education, EPIC changes/reports, staff time to complete
data collection, etc.);

« results will be presented in a forum to the appropriate audience; and

« relevant findings for practice recommendations will be implemented as appropriate.
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