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Background:  Variations in one’s genetic structure impact the response to medications. Literature supports the benefits of using pharmacogenetic testing to guide the prescriptive management of patient treatment plans, including decreased costs, decreased polypharmacy, and improved clinical outcomes. 
Purpose:  The purpose of this project was to implement an educational intervention that included training on program development for rural healthcare providers who were using pharmacogenetic testing in patient care. 
Methods:  This DNP project used an extensive literature review and data collected from nurse researchers to collate providers’ thoughts regarding the most beneficial information needed for successful integration of pharmacogenetic testing in rural primary care practices.  The resulting data provided the foundation for the project design, which included an educational intervention for providers and training on successful program development.  Participants were reached through in-person training or an asynchronous computer-based Continuing Medical Education (CME) program offered by an Area Health Education Center (AHEC).
Results:  Documented results of the educational intervention suggested an improvement in understanding of the implications of integrating pharmacogenetic testing into patient care in the rural health setting.  
Implications for Practice:  This DNP project aligns with the Institute for Healthcare Improvement’s Triple Aim of improving the patient experience, reducing costs of care, and improving the quality of health care in populations.  The project can be applied to diverse settings, including the rural health population.
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Chapter One
Precision medicine is an expanding field linked to improved clinical outcomes (Harvard Business Review, 2018).  Using an individual's genetic features, precision medicine aids in the diagnosis and treatment management of patients (Harvard Business Review, 2018).  Precision Medicine, also called personalized medicine, approaches the treatment and prevention of disease based upon an individual’s genetic “makeup, lifestyle and their environment” (U.S. Food & Drug Administration, 2018).  It “incorporates individual variability in genes, environment, and lifestyle, the emphasis in current practice is on personalized genetic profiling for diagnosis and risk assessment” (Tonelli & Shirts, 2017, p. 1690).  Problems it addresses include areas such as cardiovascular disease, diabetes, mental health.  It can be used to individually guide the approach to cancer treatment by looking at a tumor’s response based upon a person’s genetic makeup (Senft, Leiserson, Ruppin, & Ronai, 2017).  Precision medicine includes the study of small molecules (Metabolomics), proteins (proteomics), microbe genetic make-up seen in items such as viruses and bacteria, and the study of pharmacogenomics (Chamblis & Chan, 2016). 
Pharmacogenomics is a component of precision medicine.  It takes into consideration an individual's genetic makeup and incorporates the metabolism and clinical response of a variety of medications (Whil-Carrillo, Sangkuhl, Gong & Klein, 2018).  It combines both pharmacology and genomics intending to “develop effective, safe medication and doses that will be tailored to a person’s genetic makeup” (NIH, 2019).  Pharmacogenomics can then be "used to prevent, diagnose, and treat disease" (National Conference of State Legislatures, 2018, p.1).  Pharmacogenetics is a more specific term and refers to one single gene and how it then responds to a drug, verse pharmacogenomics is broader and studies how all genes (the genome) can influence responses to drugs (Pirmohamed, 2016).  Both pharmacogenomic and pharmacogenetic testing can occur.  The difference is pharmacogenomics is whether looking at a single gene response or how all genomes respond to a drug.  The purpose of this chapter is to provide an overview of the background and benefits of testing and a look at the barriers of implementation.
Background Information
Data on pharmacogenomics suggests that providers should use the information extracted from genetic testing in the management of patient care.  Through molecular testing, the optimal selection of medications that provide the best response due to the patient's genetic makeup is, therefore, selected (St. Saldivar et al., 2016).  Currently, conventional prescribing methods do not take this into account.  Using pharmacogenetics is beneficial because it has the potential to improve health care delivery and patient outcomes by using scientific data selecting the best performance medications for an individual patient.
Conventional prescribing methods.  Before examining how testing can improve patient care, it is essential to review conventional prescribing.  Traditionally providers consider the patient's presenting clinical picture and make a diagnosis.  Based on the diagnosis, medications are then selected and prescribed.  A variety of factors influence the selection of medications.  These include the provider's knowledge base of the benefits versus harms of specific medicines, clinical guidelines, the cost of medications, and provider's familiarity or exposure to information on particular drugs (Davies, Gunnell, Metcalfe, Windmeijer, & Martin, 2013).  Often trial and error are a part of the regular prescribing regime.  Also, pharmaceutical companies have been influential in promoting prescription choice, as evidenced by a documented association in increased prescription use (Spurling et al., 2010). 
Inhibitors to the routine use of pharmacogenetic testing.  Although support for pharmacogenetic testing is on the rise, obstacles still exist.  Barriers include limited detailed information and a need for more evidence regarding success.  These obstacles exist because precision medicine and the understanding of pharmacogenomics is still in its infancy, resulting in a lack of information on how to apply this information (Caudle et al., 2016).  Prescribers are often unaware of how to translate the data into clinical practice.  Caudle et al. (2016) recommend standardization using pharmacogenomics for providers to improve clinical outcomes and overall cost. 
Significance of Clinical Problem 
The use of pharmacogenomic data to direct provider prescriptive efforts holds important implications for patient care.  It improves the quality of healthcare by decreasing costs, reducing medication errors, and decreasing polypharmacy (Saldivar et al., 2016).  In reviewing the positive impact, pharmacogenomics improves patient outcomes.  It does so by impacting costs, medication errors, and the effects of polypharmacy and existing gaps in practice.
Cost.  The cost of prescription drugs in the United States continues to escalate.  The National Conference of State Legislatures (2018) estimates prescription drugs account for “10 percent of overall health spending in the U.S” (p.1).  This estimation equates to roughly $328 billion annually spent in the U.S. on prescription drugs (National Conference of State Legislatures, 2018).  Efforts to reduce costs have begun in many states.  These efforts included the use of prescription drug databases, rebates for medications, “preferred drug lists, prior authorization, and state-initiated bulk purchasing” National Conference of State Legislatures, 2018, p.1).  With the emergence of pharmacogenetics, cost-effective prescriptive management has demonstrated an improvement in patient care outcomes (Saldivar et al., 2016).  Using pharmacogenetic testing in the geriatric long term care population has also shown cost savings.  Saldivar et al. (2016) noted an approximate savings of $621 per patient annually.  Implementing pharmacogenetic testing has the potential to impact significantly national health care costs.
Medication errors & polypharmacy.  Avoiding medications that are ineffective or harmful to a patient improves outcomes and decreases morbidity, mortality, and costs (Saldivar et al., 2016).  Polypharmacy is defined as the use of more than one drug to treat a diagnosis.  Polypharmacy needs to be addressed because its impact is widespread, affecting an estimated 40% of the elderly population and affects the overall patient care costs (Saldivar et al., 2016).  With the use of pharmacogenomics, it has been estimated that half of the patients in long term care facilities could have as many as one to three medications eliminated (Saldivar et al., 2016).  Identifying which drugs work best helps avoid polypharmacy. Mayhew, Jaboinski, Li & Dechario (2017) documented a total medication cost savings as high as $4,114 total for primary care providers and $120 annually for psychiatrists when using pharmacogenomic testing to reduce polypharmacy in the elderly.  In this Doctor of Nursing Practice (DNP) project, data from prescribing practices for patients is examined.
Gaps in practice.  Gaps exist with the practice of pharmacogenomics.  A lack of "clear guidelines, education/knowledge gap of the clinicians, turnaround time and reimbursement issues" have been identified as gaps in the practice of pharmacogenomics (Whirl-Carrillo et al., 2016).  These gaps also include a demand for improved technology and protocols.  For example, the enhancement of software options to assist with prescribing would improve the use of pharmacogenomics (Danahey et al., 2016).  Limited software systems designed for this purpose currently exist.  Expanding software options would provide improved implementation and tracking (O’Donnell et. Al., 2017).  Additional gaps in pharmacogenomics include the need for more data on outcomes.  More randomized trials that demonstrate the support that this approach improves outcomes would provide support for prescribing decision making (Foulds, Maggo, & Kennedy, 2016).  Furthermore, the structure of protocols on how to order appropriate medications could help guide prescriptive practices. Additionally, there is a gap in research related to minorities and how pharmacogenomics could impact outcomes for them (Perera, 2019).  This, too, should be examined more in-depth.  Reimbursement issues are another area that should be addressed. Currently, Medicare, Medicaid B participate in pharmacogenomic testing, but private insurances are still hesitant to join the reimbursement for testing.  Education both to patients and providers has also been identified as a gap.  Patient education needs and patient hesitancy to participate in testing need to be addressed (Mills, Ensinger, Callanan, & Haga, 2017). Lastly, minimal provider education on the use of pharmacogenomics has stunted its use (RohrerVitek, Nicholson, Schultz, & Carballo, 2015).  Providing user education would help bridge the gaps.  Through improving technology, increasing information regarding pharmacogenomic outcomes, providing a structure with protocols, and patient and provider education, gaps can be addressed that lead to positive patient care outcomes.
Guiding Inquiry 
Identifying the concepts guiding program development offers clarity and focus.  The University of North Carolina Wilmington (UNCW) was the academic partner for this DNP project, most specifically, nurse researchers from the university. This DNP project was a non-research companion to the formal research.  The goal of this project was to utilize de-identified data provided by the nurse researchers and knowledge from the literature review to identify gaps in knowledge about the use of testing to guide prescribing patterns.  The results provided the information delivered to rural healthcare providers as part of a program development initiative.  The guiding precept was to provide formal education to improve or enhance providers’ understanding of pharmacogenetic testing in rural primary care practices and how to utilize the principals of program development to successfully implement testing in their practice.
Population.  The population chosen for this DNP project was primary care providers responsible for the healthcare of patients in rural settings.  A rural setting is defined as one that has less than 250 persons per square mile (Knopt, 2020).  This setting was chosen because Healthy People 2020 identified rural areas as a population of focus to improve health disparities (Healthy People, 2020, 2019).  Healthy People 2020 analyzed the differences between rural population settings.  Healthy People 2020 identified rural areas as a population in need, with “an estimated 70.5 million people lived in rural areas” (p.1).  The geographic location chosen for this project was southeastern North Carolina, where 21% of the population is considered rural.  
Intervention.  The intervention of this project included an examination of the literature and data obtained from the academic partner.  Here trends in the use of prescriptive practices that reflect pharmacogenomic testing results were examined for gaps.  The next step consisted of feedback and educational support for providers.  Educational information and diagrams of the protocol for use for providers were disseminated to providers and key clinic staff.  The foundation for the new protocol will be an analysis of de-identified data to determine the extent that providers used previously completed pharmacogenomics profiles to make prescribing decisions. 
Comparison.   The nurse researchers from the university partner de-identified all data used in this project. No data comparison was used for this project. Instead, the data provided by the nurse researchers were used to inform the provider education developed for this project.
Outcome:  Data was examined to see if a change in prescriptive decision perceived understanding of pharmacogenomics and pharmacogenetics occurred after the intervention.  Educational interventions were implemented to improve the perceived understanding of testing and how they utilized program development for implementing testing at their rural health care site.  The eventual outcome with the use of testing for patients would be to increase the efficacy, decrease costs, and improve patient outcomes through its use.
Impact of Pharmacogenetic Testing on Prescriptive Practices 

Figure 1. Impact of Pharmacogenomics on Prescriptive Practices
Summary  
The use of pharmacogenomics to guide prescriptive decision-making for health care providers has emerged, bringing with it opportunities for improved outcomes and decreased cost.  This DNP project examines the pharmacogenetic profiles of patients in a rural setting in one southeast state.  This information was used to determine whether provider prescribing reflected the pharmacogenetic profiles of patients in their care.  Using a process analysis approach, the examination of de-identified data guided the development and implementation of a protocol to improve prescriptive practices in the primary care setting for the identified population. 

Chapter Two: Review of the Literature
The purpose of this chapter is to provide an in-depth literature review related to the concepts of a DNP project.  An analysis of the literature identified important concepts, strengths, gaps, and outcomes regarding the relationship between precision medicine, pharmacogenetics, pharmacogenomics, and provider prescriptive practices.  The results of the literature review are discussed in this chapter.
Literature Appraisal Methodology 
Sampling strategies.  A literature review was conducted using a variety of databases, including PubMed (Medline), Cumulative Index of Nursing and Allied Health Literature (CINAHL), and PsychINFO.  PubMed was searched using MESH terms precision medicine, and prescriptive practices of providers.  Filters applied included resources within the last five years, only in English and on human subjects.  The search for precision medicine returned 14,809 results, which were further narrowed to 831 items when pharmacogenomics was included.  Also, the term prescribing was added to precision medicine and pharmacogenomics, further narrowing the results to 34 articles, and four articles were selected that related to the DNP project.  The next search using PubMed included the MESH terms pharmacogenomics and provider prescribing.  The same exclusion criteria were used as in the previous search, and the database revealed ten articles, four of which were new and matched the needs of this project.  Both CINAHL and PsychINFO were used, and the previous MESH terms were included, though the search did not reveal any additional sources that were usable for this project.  Finally, a manual search was performed to determine using the MESH terms described above were used.  Three additional references using the same MESH terms and criteria were obtained.  A new search using a manual search of pharmacogenomic prescribing, pharmacogenomic testing, pharmacogenetic testing, patient education of pharmacogenomics, and provider education added additional articles. 
Evaluation criteria.  A total of 18 articles were obtained from the literature search using the previously described search terms and filters as inclusion criteria.  Articles that were excluded lacked relevance to the project.  A literature matrix was created to categorize the information retrieved. The population of this DNP project is health care providers.  Therefore materials selected in the literature search reflected provider decision making process with pharmacogenomics.  Many articles met the SQUIRE criteria for quality improvement manuscripts.  The literature was found to have a strong focus on decision making on prescriptions for psychiatric medications.  All articles examined the use of data that reflected pharmacogenetic implications with prescribing.
Most information retrieved reflected systematic reviews with a retrospective analysis of the data.  Several articles focused on solutions using a retrospective lens, focusing on how to guide providers in prescribing, based upon pharmacogenomic results (Boseman et al., 2017; Danahey et al., 2016; & O'Donnell et al., 2017).  These were included as sources for this project. Articles that focused on provider education were used (Caraballo et al., 2017; & Whirl‐Carrillo, Sangkuhl, Gong, & Klein, 2016). Several of the articles focused on quality improvement strategies for the implementation of their projects that focused on precision medicine.  Articles focusing on clinical outcomes and clinical decision making support were also selected (Caraballo et al., 2017; Hussain et al., 2016; O'Donnell et al., 2017; & Vitek et al., 2015).  Articles that focused on specific clinical barriers noted in different locations were included (Luzum et al., 2017).  Some of these barriers included clinician attitudes toward implementation (Peterson et al., 2015).  Lack of provider education that resulted in decreasing the use of genetic testing influencing prescriptive practice was included (Vitek, Nicholson, Schultz & Carabello, 2015).  One descriptive study was chosen as it examined the implementation and challenges of implementing pharmacogenomic testing in the clinical arena (Roseman et al., 2017).  Literature review articles were also used (Caudle et al., 2016).
Literature Review Findings 
Most data retrieved reflected systematic reviews with a retrospective analysis of the data.  There were a variety of themes that emerged that identified areas of strength and areas of gaps.  These themes were reviewed in this section. 
Tools for decision making.  A systematic review by Hussain et al. (2016) notes that providers have expressed a need to have clinical decision making support tools.  This article provided a systematic review of provider practice in a tertiary care setting examining. In this article, more than 1,000 adults in a tertiary setting were categorized based upon the results of their pharmacogenetic testing with the goal that prescribing efforts could be streamlined and used as a tool for decision making.  The 25 conditions for the population, whose average age was over 60 years, was used to create a database to guide decision- making for the providers (Hussian et al., 2016). 
In a study by O'Donnell et al. (2017), they examined prospectively in eight specialty clinics how providers made changes to their prescribing practices.  They then implemented a clinical decision making support system to guide prescribing practices.  Several studies supported well-designed electronic medical records as integral to clinical decision-making (O'Donnell et al., 2017; Carballo et al., 2016; Dahahey et al., 2016; Hicks, Dunneberger, Gumpper, Haidar, & Hoffman, 2016).  An overall common thread was the benefit of tools to support and augment clinical decision-making for providers.  One study discussed that some providers were not comfortable with prescribing methods based upon the use of such pharmacogenomic data St. Sauver, et al., 2016).
Attitudes and lack of knowledge regarding precision medicine.  The general lack of knowledge regarding the benefits and success of precision medicine has been an obstacle.  Caudle et al. (2016) suggest this lack of information has hampered the adoption of prescribing based upon pharmacogenomics.  Sauver et al. (2016) discussed providers' lack of comfort as an obstacle in adopting pharmacogenomics to guide patient care practices.  Peterson et al. (2015) attribute clinician attitudes as the core to success with genomic testing and successful programs using this data.
Decreased polypharmacy and medication errors.  Polypharmacy, especially in the geriatric population, is a concern.  Sugarman et al. (2016) noted polypharmacy affecting as many as 40% of the residents in long-term care facilities.  The ability to streamline prescriptive practices using medications best metabolized by patients would save an estimated $1,300 per year per patient in the long term population included in one study (Sugarman et al., 2016).  
Gaps in literature review.  Several gaps were identified in the literature.  Gaps include an overall lack of understanding by clinicians on pharmacogenomic testing and implementation in the clinical setting (Giri, Curry, Formea, Nicholson, & Vitek, 2018).  There is minimal data regarding provider education and training on its use, along with a general lack of knowledge on testing availability and value (Giri et al., 2018).  Perera (2019) noted in a review of the literature that there is a growing gap within the minority population in precision medicine.  Detailed information on methods to distribute information to providers and the response to these interventions would be beneficial.  Also, there is limited information on the successful implementation of prescriptive practices by providers using pharmacogenomics to guide patient care (Thorn et al., 2019).  Many of these gaps are due to the relative infancy of precision medicine and pharmacogenomics to direct prescriptive practices.  Identification of gaps helps with the design of educational interventions for the population in this DNP project.
Limitations of Literature Review Process 
Limitations of this literature review include an overall limited number of articles discussing the implementation of pharmacogenomics-driven prescribing practices.  More information is needed, primarily related to providers' hesitancy to base their prescriptive practices derived from genetic studies.  At this time, pharmacogenetics is still in its infancy.  The success and challenges for implementing pharmacogenomics by clinical guidance for providers need to be further examined.
Discussion
Conclusion of findings.  The benefits of precision medicine and the use of pharmacogenomics directing prescriptive efforts are growing.  The literature review identified common themes, including implementation challenges.  Providers could potentially impact patient care by using patient-level information on gene susceptibility to medications.  The literature review suggests that data exists regarding tools for implementing pharmacogenomics, and recommendations exist for using information systems to improve delivery systems.  Cost savings also exist (Spurling et al., 2010).  Even with these benefits, universal themes of why it is not used more frequently exist.  Reasons include a general lack of knowledge by prescribing providers, a lack of testing materials, and an overall lack of clear guidelines (Elewa, Alkhiyami, Alsahan, & Abdel-Azizm, 2015).  There also is the concern that there is a gap in biomedical research, including pharmacogenomics, with minorities that need to be addressed (Perera, 2019).  Pharmacogenomics is more often used in extensive medical facilities and not underserved populations (Perera, 2019).  The National Human Genome Research Institute serves as a resource, identifying gaps, and providing resources on pharmacogenomics (Giri et al., 2018). 
For this FNP DNP project, the concerns of lack of knowledge regarding pharmacogenomics, access to testing materials, lack of defined guidelines, and the need to meet all populations including, underserved populations, were addressed.  It has been identified that educational barriers impede the adoption of pharmacogenomics in practice (Weitzel, Aquilante, Johnson, Kisor & Empey, 2016).  Interventions include provider education that contains materials that provide guidelines.  Providing online resources and clinical decision-based tools has also been found to be helpful (Weitzel et al., 2016).  The identification of provider champions to encourage the use of pharmacogenomics is found to be beneficial (Giri et al., 2018).  The university was working with a precision medicine company, patients that are in rural community clinics were tested.  Medicare patients in this project qualified for testing, thereby hoping to help further meet the needs of the underserved population.
Advantages and disadvantages of findings.  The advantages of performing the literature review include information supporting the use of precision medicine (O'Donnell et al., 2017).  A literature review provides positive outcomes in patient care, decreased polypharmacy, and decreased costs (Sugarman et al., 2016; Hussain et al., 2016).  There were several implementation tools described in the literature that are also helpful (Hicks et al., 2016).  These can help provide information for the development of protocols and educational materials that may be used for this DNP project. 
Disadvantages include discovering gaps in the provider's knowledge base and the need for interventions.  Additionally, provider hesitancy can exist due to the change in practice.  Luzum et al. (2017) cite that "only 10% of physicians felt adequately informed about pharmacogenetic testing, and only 13% had ordered pharmacogenetic testing in the last 6 months" (p. 203). Caudle et al. (2016) state that more scientific data on drug response and prescription methodology needs to occur before providing prescriptive recommendations.  
Utilization of findings in practice change.  The intervention of provider education and protocols should increase the use of pharmacogenetic influences with providers writing prescriptions.  The literature supported the use of pharmacogenomics.  Data will be reviewed, examining if providers were influenced by this information when writing prescriptions.  From here, educational interventions will be initiated for the providers.  Educational interventions include face to face presentation of findings and support, follow up email support, and protocol schematics describing clinical decision making support (CDS) (Hicks et al., 2016).  Future interventions that are recommended include a comprehensive electronic health record that details patient's pharmacogenetic results, with electronic clinical decision-making tools, and results of testing that include drug-specific treatment recommendations based upon test results (Hicks et al., 2016, & Hinderer et al., 2017). 
Summary 
The use of information on genetic data to guide prescriptive practices holds numerous benefits for patients, such as a decrease in polypharmacy and cost.  Provider prescription practices using pharmacogenomics is supported in the literature, as described in this chapter.  The intervention of providing educational interventions and protocols for providers utilizing this data is the goal for this DNP project.  The literature review described in this chapter supports the proposed DNP project.


Chapter Three: Theory and Concept Model for Evidence-based Practice
Theories and conceptual models provide a foundation for evidence-based practice. In this chapter, Lewin’s change theory is applied as the primary theoretical framework for this DNP project.  Key concepts are also explored as they relate to practice change. Readiness for change has an impact on the success of the process.  Prochaska's transtheoretical model (PTM) considers readiness for change and will also be examined in this chapter. 
Concept Analysis
A concept analysis provides a systematic method for adding clarity and analyzing theoretical concepts.  Benefits include the identification of critical concepts and the prevention of misperceptions.  Concepts in this analysis include defining terminology that is used frequently, examining clinical utility, and reviewing forces of change that include cost, improved outcomes, and provider knowledge.
Terminology.  Precision medicine takes into account an individual's genes, then tailoring their medical management.  Pharmacogenomics, a component of precision medicine, examines how a person responds to medications based upon their genetic composition (Narang, Jaonson, Enja, & Lippman, 2016).  Although pharmacogenetics and pharmacogenomics are similar terms, Pirmohamed (2016) differentiates between the two.  He describes pharmacogenetics as the "study of genetic factors" verses pharmacogenomics, "which refers to the effect of the whole genome rather than the individual gene response to drugs" (Phirmohamed, 2016, p.412).  It is helpful to understand these terms as they are essential concepts.
Clinical utility.  Pharmacogenomic based prescribing offers an opportunity to provide prescriptive practices that improve patient care.  Genetic testing offers predictability of drug efficacy and identification of potential complications of specific drugs tailored to an individual's genetic makeup (Narang et al., 2016).  It can also aid in the medication and dose selection for patients, which in turn results in more positive patient outcomes.  The value of pharmacogenomics is growing in popularity.  The National Institutes of Health (NIH) created a Pharmacogenomics Research Network based upon President Obama's recommendations.  The purpose of this network is to help "disseminate real-world solutions for the barriers to clinical pharmacogenomic implementation" (Luzum et al., 2017, p. 502).
Forces influencing change.  There is a multitude of forces that are influencing the use of pharmacogenomics to guide prescriptive choices for providers.  These include costs, improved outcomes, and gaps in provider knowledge.  The benefits of using genetic testing include overall cost savings. For example, in long term care, it has been shown to decrease polypharmacy. Sugarman et al. (2016) report a cost savings of approximately $1300 per year per patient in the long term care population in their study.  Additionally, they noted that 48.2% of the patients in their study required a change in drugs based upon test result recommendations.  Other studies report that one in three drugs could be either eliminated or replaced (Saldivar et al., 2016).  Identifying these changes improves costs and is a driving force to influence practice changes.
Another force influencing change includes improved outcomes through the use of pharmacogenomics.  Being able to identify which medications provide the least risk and optimal result for patients is ideal.  This identification is especially helpful in patients at risk for drug reactions and polypharmacy.  Additionally, it can impact "adverse drug events, length of stay, cognitive and overall health assessments, patient satisfaction of level of care, physical activity including activities of daily living, fall frequency, and pain management" (Saldivar et al., 2016, p. 1).
Provider knowledge influences change.  Challenges identified in the literature include an identified need for improved clinical guidelines and provider education.  Additionally, barriers to genetic testing include turnaround time and the inexperience of providers to order testing and utilize test results (Luzum, 2017).  A lack of frontline clinician knowledge regarding how to manage the results of genomic information has influenced clinical utilization (Peterson et al., 2015).  Having appropriate support is also necessary for successful implementation.  Supplying support for provider education on how to test, interpret results, and treat based upon the information is crucial to support its use.
Theoretical Framework 
Once the concepts of the phenomenon are identified, a conceptual model can be chosen to guide a DNP project.  The key concept for this project is change.  Lewin's change model was selected for this DNP project.  Ideas stemming from the primary concept of change include prescriptive practice changes based on pharmacogenetic testing and outcome benefits that are the forces influencing change.  Lastly, a theoretical concept that relates to the conceptual model for evidence-based change theory was selected as a guide.  For this project, Prochaska's Transtheoretical Model is used to examine the stages of readiness for change.  

Figure 2. Fawcett (2012) Concept Analysis. Adapted from “Thoughts on Concept Analysis: Multiple Approaches, One Result.” Nursing Science Quarterly, 25(3), p. 285.
Lewin's change theory first became popular in the 1940s (Endrejat, Baumgarten, & Kauffeld, 2017). It became widely used in industry as a model for implementing change.  This theory suggested that change is a process and is often used in evidence-based practice change.  The process of change is on a continuum, with forces promoting and conflicting, often pushing against each other.  Driving forces for change move goals forward while restraining forces impede forward movement by pushing back until, finally, a sense of balance between the two is reached (Endrejat et al., 2017).  Three particular stages occur in this theory; unfreezing, moving, and refreezing.  These stages are further discussed as they apply to this DNP project and application to practice change.

Figure 3: Lewin’s (2016) Change Model. Adapted from “A case review: Integrating Lewin's theory with lean's system approach for change” by Wojciechowski, Pearsall, Murphy & French, Online Journal of Issues in Nursing, 21(2), p. 3.
Application to practice change.  During the unfreezing stage for this DNP project, providers commit to using genetic testing to guide their prescriptive methods.  In the second stage of this DNP project, testing was implemented.  Testing was conducted at multiple clinics. Data was collected, and prescriptive practices reviewed.  Trends for practice change were then examined in detail.  Information regarding the influence of genetic testing on prescriptive practices was then shared with prescribers through educational offerings.  The ultimate goal of the educational offerings was program development for providers.

Figure 4.  Lewin’s (2017) Change Model. Adapted from … (2017) “When theory meets practice: Combining Lewin's ideas about change with motivational interviewing to increase energy-saving behaviors within organizations” by Endrejat, Baumgarten & Kauffeld. Journal of Change Management, 17(2) p. 201-205.
EBP Change Theory 
Transtheoretical model.  Prochaska’s transtheoretical model (TTM) describes the process of intentional change.  Individuals go through this process at varying times based upon their readiness for change.  The five states he describes are precontemplation, contemplation, preparation, action, and maintenance (Krebs, Norcross, Nicholson, & Prochaska 2018).  In the first stage precontemplation, there is no immediate intention to change, but rather, one begins to hear about the proposed behavior change.  During the second stage contemplation, the pros and cons of change are explored. During this stage, no commitment to change is made, just considered as an option. Stage three is the preparation stage. Here the negatives of continuing an existing path become greater than the positives to continue on that path, and change appears to be the logical path.  Not everyone decides to take the path of change at this time, although they realize it is the best decision.  Step four is the action stage, which is the stage of behavior change.  It is often met with a spiraling of relapses in old behavior and typically requires one to six months for completion.  Step five is the maintenance stage.  In this stage, the behavior or change becomes the norm.  It may be met with relapses, but the goal is to maintain the change.

Figure 5.  Illustration of Steps of Prochaska’s Transtheoretical Model. Adapted from “Stages of Change and Psychotherapy Outcomes: A Review and Meta‐Analysis,” by Krebs, Norcross, Nicholson, & Prochaska, 2018, Journal of Clinical Psychology, 74(11), p.1964.
Application to practice change.  The PTM model provides an example of the implementation of change for this DNP project. In stage one, precontemplation, the idea of genetic testing was introduced to the providers at rural healthcare sites. A precision medicine company conducted education. During stage 2, the decision to participate in precision medicine was evaluated by rural healthcare sites. Once the decision was made to participate, stage 3 began. Preparations for implementation were completed. During stage 4, actions for the project were underway, patient swabbing began, and data was collected. Additionally, interventions in this stage included the development of practice protocols and educational offerings for the providers; all increase the acceptance of this change in practice. The last step is the maintenance phase; the intervention of pharmacogenomic-informed prescriptive practices can become the norm. It is anticipated that relapses in these steps may occur. Having a protocol and educational support system in place will help drive practice toward the progression of the maintenance phase.
Summary
Lewin's change theory was selected for the theoretical framework of this DNP project to examine the effect of pharmacogenomic testing on prescriptive practices in a rural health setting.  This three-step model serves as a guide for this project as it identifies the steps that will occur.  In this chapter, critical theoretical concepts were identified.  The impact of these concepts on change was discussed. Finally, Prochaska's TTM was used to describe the process of change.


Chapter Four: Pre-implementation Plan
Pre-implementation planning facilitates a project’s organization.  This chapter examines the preparation components of this DNP project.  Areas to be addressed include organizational readiness for change, role delineation, potential strengths and weaknesses, opportunities, and threats that exist with this DNP project.  Also, the process of approval with the Institutional Review Board (IRB), anticipated costs of the project, and information technology as it relates to the management of data used are examined.  The outcomes are important as they provide a measure of success and identify potential areas of improvement.  The ultimate goal of the project is to improve patient outcomes.
Project Purpose
The purpose of this DNP project was to implement an educational intervention for rural health care providers on how to implement pharmacogenomics in their practice and how to conduct program development.  Content for education was selected through several methods.  First, information from the University of North Carolina Wilmington (UNCW), the academic partner for this DNP project, conducting a research study, was reviewed.  For this study, they obtained data from rural health care providers regarding their use of pharmacogenomics.  This information included both qualitative and quantitative data through taped interviews.  Content of data included items such as the patient diagnosis and prescriptive recommendations supplied by a precision medicine company conducting patient testing.  The pre and post questionnaires are in appendix A and B.  In addition, an extensive literature review was conducted reviewing important educational points in the literature.  Together, both the research study preliminary information and the information from the literature helped determine focal points for the educational offering.  The purpose of this DNP project was to examine the educational needs of rural health care providers regarding pharmacogenomic testing and initiate an educational intervention that would include how to use the program development as a process to implement pharmacogenomics in a rural health office.  Input from providers was solicited by the academic partner and analyzed for these gaps or needs.  This project aligns with the Institute of Healthcare Improvement’s Triple Aim’s goals.  These goals are to first improve quality care of health care in populations by examining and targeting the causes of illness, second to improve the overall health care experience, and third the reduction of the per capita costs (Institute for Healthcare Improvement, 2019).  Ultimately the DNP project will help to improve prescriptive practices, clinical outcomes, and overall costs through the use of pharmacogenetic testing.  This project will ultimately make an impact by allowing for a reduction of expenses by decreasing polypharmacy, office visits, and potential side effects of unnecessary medications.  
Project Management
Organizational readiness for change.  Participating providers were able to choose to use pharmacogenetic testing for their patients in rural health clinics.  Although this exhibited an interest in using testing by providers, this did not imply organizational readiness for change.  The measuring of organizational readiness for change is a rather daunting task.  Nadim & Singh (2019) describe organizational change as a popular topic for leadership and management with varying strategies to assess and promote change.  Lewin’s change model is a popular model used with evidence-based practice change used as a theoretical model for this DNP project that incorporates three steps, unfreezing, movement, and refreezing (Manchester et al., 2014). 
Interprofessional collaboration.  Multiple professions and several organizations collaborated on this project, including the University of North Carolina Wilmington (UNCW), the South East Area Health Education Center (SEAHEC), a for-profit company specializing in precision medicine, and a DNP student from East Carolina University (ECU).  The primary DNP project partner was the School of Nursing at UNCW.  The DNP project student’s role was to work with this university’s school of nursing, examine the learning needs of providers and then initiate an educational offering that included information on program development.  The precision medicine company’s role was to provide genetic test result reports for the university.  De-identified test results were used as educational tools.  The company president provided the DNP student with highlights of important points when reviewing a testing report.
The project concept and Institutional Review Board (IRB) process originated at the school of nursing at the public university in southeastern NC.  Team members from the university initially included two tenure track, nursing faculty.  A third tenure track faculty member joined after data collection.  The DNP project student site champion was a member of the academic team.  The DNP project student leader was added to the university’s IRB to assure medico-ethical compliance.
The South East Area Health Education Center (SEAHEC) provided a platform for the DNP student to reach rural health care providers.  Here the DNP student was able to implement a 50-minute continuing medical education (CME) program for providers.  The SEAHEC collected pretest and posttest information and supplied results to the DNP student.  Additionally, advertising for the CME course was conducted through their website.

Figure 6:  Interprofessional collaboration team
Risk management assessment. Identifying the strengths, weaknesses, opportunities, and perceived threats of the project was essential for discovering potential obstacles, planning, implementation, and evaluation of the DNP project.  The strengths of this project include the organized structure and support of the university partner for ensuring medico-ethical compliance.  Another strength of this project included pharmacogenetic testing costs.  With the implementation of the patient protection and affordable health care act, Medicare and Medicaid B, there exists coverage for testing.  Some insurance plans, when testing meets appropriate billing and coding criteria, will also cover testing.  The utilization of pharmacogenetic testing to guide prescriptive provider choices has recognized scientific evidence of cost-benefit and improved patient outcomes (Chen, Liew, & Kwan, 2016; Healthy People 2020, 2019).  In addition to costs, having the CME offering was another strength as it reached rural health care providers throughout the state. 
There were both weaknesses and opportunities for this DNP project.  Weaknesses include a lack of uniformity of provider’s offices conducting the testing, which presented potential variations in how protocols could be written.  Additionally, only one office was open to having an educational intervention.  Opportunities for this DNP project included indirect effects on improved patient outcomes and costs of care.  Future opportunities beyond this project exist to include pharmacogenomic information in the patient’s electronic record to guide providers toward evidence-driven prescribing and care practices.  This possibility is not addressed in this project, but this electronic assistance provides a level of consistency for provider integration of pharmacogenetic data, thereby influencing patient outcomes. 
The perceived threats to this project were time, as data collection was limited to less than a year, and implementation of the DNP project was initially three months.  However, due to the lack of response for on-location training, the CME offering was developed and implemented.  Environmental influences also were a perceived threat.  During the initial implementation, the second hurricane within a year struck.  Additionally, during the time the CME offering was implemented, Covid-19, a pandemic occurred.  This impacted recording technology options as people were working from their homes.
Organizational approval process.  Faculty from the university invited the DNP project student leader to build a project as a non-research arm of this study.  The DNP student used raw data to inform the development of practice protocols, which is the translational component of evidence into practice.  The partnership between the DNP student and the university was formalized.  A contract between UNCW and the DNP student conducting the study were in place.
Information technology.  Technology for this project included Microsoft Word, Microsoft PowerPoint, Microsoft Outlook for email communications, Qualtrics survey software, Camtasia, and Screencast-O-Matic video software to create educational videos, and YouTube used as the platform to host private videos for provider education.  Microsoft PowerPoint software was utilized for educational purposes for the providers.  Microsoft Word was used for the production of teaching information, pretests, and posttests.  Microsoft Outlook was used for follow-up questions on the protocol with providers.
Cost Analysis of Materials Needed for Project
Budget.  The cost of this project was specific to the educational support for providers (see Table 1).  This included the face-to-face training session and the online CME offering.  For the on-location training, costs included paper and printer ink, staples, gas, lunch for those participating in the educational follow up sessions.  Education for providers was created and delivered using software that is free of charge.  Post-education follow-up included travel to the practice sites.  The initial visit provided hard copies of the protocol and review of protocol for the providers and their support staff.  Collaborative follow-up emails occurred.  Follow-up expenses reflected printing supplies, fuel, and lunch for the initial follow-up visit.  The next set of costs was the CME cost.  It included an initial contract set up fee and a fee for the first fifteen participants.  
Table 1
DNP Project Budget
	Item
	Cost
	Quantity
	Total

	Paper
	$0.02
	200
	$4.00

	Printer ink cartridge
	$44.00
	1
	$44.00

	Staples
	$3.00
	1
	$3.00

	Fuel for travel per mile
	$0.07
	1224
	$85.68

	Lunch for follow up visits 
	$10.00
	20
	$200.00

	CME contract fee
	$200.00
	1
	$200.00

	CME credit 
	$20
	15
	$300.00

	Total 
	
	
	$836.68



Plans for Institutional Review Board Approval
The University of North Carolina Wilmington granted IRB to the previously identified nurse researchers.  A letter of reliance honored by  ECU, allowing de-identified data usage for the DNP project.  The DNP student had current CITI  training.  In addition,  the QI program evaluation self-certification tool is was submitted for review by the Office of Research and Integrity at East Carolina University (ECU). The project was deemed non-research.
Plan for Project Evaluation
Demographics.  Stakeholders for this DNP project included the southeastern NC university partner, DNP student, SEAHEC, and providers in rural health clinics.  Figure 7 outlines the role of the stakeholders.

Figure 7: Pharmacogenomic project groups.  
Outcome measurement.  Stakeholders for this DNP project included the southeastern NC university partner, DNP student, SEAHEC, and providers in rural health clinics.  Figure 7 outlines the role of the stakeholders.
Evaluation tool.  Stakeholders for this DNP project included the southeastern NC university partner, DNP student, SEAHEC, and providers in rural health clinics.  Figure 7 outlines the role of the stakeholders.
Data analysis.  First, data retrieved from questionnaires was obtained (See Appendix A, B, C, D, E, & F).  Several sets of data were obtained for this project.  UNCW preliminary research data came from six providers.  Data was collected from interviews from August through October 2019.  The data measured included information from the pharmacogenetic report, which involved current patient medications, risk management, potentially impacted medications, dosing guidelines, and test details.  Analysis of the pre and post questionnaire, looking at a comparison of variables was conducted.  Both qualitative and quantitative data were extracted from the questionnaires that were used to determine critical educational topics for educational intervention.  The next set of data came from the educational intervention and program development educational session given to the one participating rural health care clinic. 
This included a single questionnaire that provided quantitative data.  Finally, pretests and posttests were obtained from the CME offering that looked at the comparison of knowledge baselines before and after the educational intervention.  
Data management.  UNCW supplied de-identify patient data supplied from a precision medicine company.  This de-identified data prevented the DNP project leader from exposure to protected health information.  Additionally, the UNCW research team evaluated information from taped recordings.  The primary investigator on the team managed this information.  Data was housed on Microsoft’s one drive and was password protected.  Only persons involved in the research study and the DNP student were granted access. The DNP project leader maintained a laptop that was password protected.  Information from the educational offerings, which included both the in-person educational presentation and the CME offering, were secured and were password protected.  All materials, such as papers that included de-identified data containing patient diagnosis and recommended pharmaceutical management and a password-protected flash drive, were kept in a locked drawer.  Plans to preserve data included keeping information locked and secured for one year, then both hard and digital data would be destroyed or released to the southeastern university academic partner.  Data retrieved was used for provider education and a poster presentation using this data.
Summary
The pre-implementation phase is essential as it provided a structured roadmap for the DNP project.  During pre-implantation, the goals of the project, structure of roles, costs, and details of data collection are identified.  Additionally, the DNP project approval was obtained, including IRB.  Methods for determining outcomes were documented.  Plans for process development, protocol creation, and provider education were refined during this phase of the project.  Having a refined pre-implementation plan provides a smooth transition to the implementation of a project.

Chapter Five: Implementation Process
The purpose of this chapter is to describe the implementation process for this DNP project. This process includes defining the setting, describing the participants and their recruitment, and the program development or implementation process. Unforeseen deviations from the plan were addressed. 
Setting
The setting for this DNP project was rural primary care offices in North Carolina.  Billing for services for the population is primarily a fee for service.  These locations cared for patients having Medicare, Medicaid, commercial insurance, and uninsured patients paying for service out of pocket. The clinic the onsite teaching intervention was conducted utilized pharmacogenomic testing and had the goal of improving patient care outcomes in their setting.  The nine providers that completed the online training did not consistently use pharmacogenetic testing and were not very familiar with it but were interested but were all practicing nurse practitioners in rural settings.
Participants
For the UNCW research study, participants were rural primary care providers.  There was one physician, four nurse practitioners, and one physician assistant that completed taped interviews.  For the DNP educational intervention, there were 20 participants for this DNP project.  This consisted of a mix of office staff, lab technicians, registered nurses, business personnel.  Although all office staff reviewed the handout information, only the providers stayed for the educational intervention.  This group consisted of two physicians, one nurse practitioner, and one nurse practitioner student hired for that location upon graduation.  Inclusion criteria were all primary care providers who agreed to participate.  For the CME credit, there were eight nurse practitioners from rural health settings.  This DNP project focuses on program development for the providers. The end goal of pharmacogenomic testing is to provide prescriptive medications based upon testing results by these providers.
Recruitment
UNCW was tasked with the initial provider recruitment for the nursing researchers’ study.  Recruitment was voluntary and confirmed through the completion of a survey in early fall 2019 by providers in rural health clinics where pharmacogenomic testing was already in use (see Appendix A and Appendix B).  Raw data from the survey guided the development of the DNP project, including the educational program.  Following the survey, only one rural health clinic in southeastern NC agreed to participate in the educational intervention. Due to the low number of participants, an asynchronous online CME offering was designed and provided through SEAHEC as one means of reducing barriers to participation. The online CME was featured on SEAHEC’s main page for the first week it was offered.  Social media was publicity about the CME was provided on a Facebook page for nurse practitioners.  The diverse means of education increased provider participation.
Implementation Process 
This DNP project consisted of educational program development.  The first step in this plan was to set a vision and helped to guide the project.  Next, IRB approval for the academic partner was obtained.  Quantitative and qualitative data were obtained by UNCW for their research study and analyzed.  The results from this information were incorporated into the education program development.  The educational program was done in person at rural health sites in southeastern North Carolina and throughout the state with a continuing medical education (CME) offering.  The CME program was designed as part of this DNP project and offered to rural health care providers.  The goal was to provide information to the providers on the use of pharmacogenomic testing so that it could be successfully used in their rural health clinics.  
Plan Variation
Variations included the selected sites for use in this project. Changes also that occurred during this process included exclusion and inclusion of different rural health clinics.  Only one office participated in the educational session.  It was determined that offering this information in the form of a continuing education credit (CME) throughout the state would be a goal to assist in the dissemination of the information.  
Summary
The implementation phase of this DNP project is a multi-step process that mirrors a quality improvement approach with instruction on program development. These steps promote the development of educational interventions and a protocol for providers. The goal is improved quality patient care by providing the optimal pharmacologic treatment options. This goal was accomplished through program development educational intervention implemented in this DNP project.


Chapter Six:  Evaluation of the Practice Change Initiative
The purpose of this DNP project was to impart essential information to support program development for providers using pharmacogenetic testing.  Program development is an action plan and change initiative.  The change initiative, in this case, was the implementation of pharmacogenomic testing for rural health providers.  Evaluation is a crucial component of any practice change initiative.  It allows for the critical examination of outcomes.  This chapter evaluates this practice change initiative by examining participant demographics and intended outcomes.
Participant Demographics
Twenty- individuals in a rural health clinic in southeastern North Carolina participated in the evaluation of this project.  The demographic data tool was a self-select paper survey that did not ask for specific names, and the data was kept confidential.  Two were medical doctors (MD), one family nurse practitioner (FNP), one FNP student, five registered nurses (RN), two laboratory technicians, seven office support staff, one radiology technician, and one x-ray technician.  The FNP student not taken boards yet but was already hired to work as an FNP in the next three months at that location.  All but two participants identified as female.  The other two participants identified as male.  The intent was to have more participants.  For this reason, a continuing medical education (CME) program was developed to reach rural health care providers.  It was offered through the South East Area Health Education Center (SEAHEC).  Marketing was targeted to providers on their website.  Eight participants identified themselves as rural health care providers.  All eight participants were nurse practitioners. 

Figure 1. Numbers of participants as part of the program development intervention at a rural health clinic. 
Intended Outcome(s)  
The overall intended outcome of this project was program development for providers using pharmacogenomic testing in rural health care settings.  Implementation of the program delivery was completed in two methods.  The first method was accomplished through a live presentation at a rural health clinic.  This presentation included visuals aids such as handouts and a poster presentation.  Upon completion of this in-person presentation, a question and answer session was conducted along with a questionnaire.  The next method of delivery was a statewide CME course offered through SEAHEC on Pharmacogenomic Testing in Rural Health, targeted for rural healthcare providers.   Here voiceover PowerPoint presented the materials on pharmacogenetic testing.  Both methods of delivery focused on how to integrate testing into practice, a review of the literature, review of the preliminary results of the UNCW research study findings, information on billing practices, review of how to interpret a report, patient education suggestions, methods of testing and understanding results, and how to blend technology and pharmacogenetic testing into the electronic medical records.  Program outcomes refer to changes that occur after participants are involved in a program.  Outcomes for this project can be broken down into short, intermediate, and long term outcomes.  
Short-term outcomes.  The short-term outcomes included the identification of the needs of rural health care providers for the use of pharmacogenetic testing. This also included the development of a program for rural health care providers that would facilitate the implementation of pharmacogenomics in their practice.  This short-term outcome was completed by examining the data obtained from the UNCW research study regarding perceived areas that providers felt essential for implementing pharmacogenomics at their location.  Also, an extensive literature review was completed with the focus of looking at what the literature found as critical points regarding the use of pharmacogenomics.  Together the information from UNCW and the literature created the essential focus points for providers for program development.  Objectives were created for the program along with materials such as handouts, posters, and a voiceover PowerPoint offered as an asynchronous online CME program.  
Intermediate-term outcomes.  The intermediate outcome was the implementation of a pharmacogenomic program for rural health care providers.  This program was delivered in two different formats. The first was at a rural health care clinic.  This group had expressed interest in more information on pharmacogenomics and how to develop a program that would help the implementation at their location.  The other format would be a statewide CME program for providers offered through SEAHEC.  The steps of program development were stressed along with relevant information on the use of testing retrieved from the UNCW study and literature.  Participants were instructed on the steps of program development.  These steps are outlined in figure 3.  It begins with conducting a needs assessment, developing a mission, goals, and objectives, identifying the costs of conducting testing at their location, identification of the leadership roles and tasks, designing a program for testing at their location, implementing the program, and evaluating the program.  Much like a quality improvement process, program development is a continuous process of evaluation and implementing needed changes.  

Figure 2. Steps of program development. 
Long term outcomes.  The long term outcomes for providers included an improved understanding of testing and the implementation of pharmacogenetic testing in their practice.  Improved understanding of the application of testing was achieved through the delivery of the education sessions, including how to implement testing, how to interpret test reports, and ways to integrate testing-informed prescribing into their practice.  Information on how to implement them in practice included tools to assist with integration into electronic medical records, understanding of billing information,  delivery of patient educational materials, and the overall goals of improved healthcare costs and patient outcomes.  Long term outcomes include the increased use of pharmacogenomic testing, improved patient outcomes, reduced costs, decreased patient visits due to the lack of need for medication adjustments, and a reduction of polypharmacy (Salvidir et al., 2016).
Findings.  Project-specific findings are provided in this section.  Data reflects information gathered from questionnaires to the providers.  Providers were asked to complete a questionnaire both at the rural health care clinic, and a pretest and posttest were administered during the CME offering.  
Rural health care clinic.  Findings from the providers at the rural health care clinic were reviewed first.  This group of providers included two physicians, one nurse practitioner, and one nurse practitioner student who was not yet certified but already hired to work at that location as a nurse practitioner.  The findings were threefold.  First, was an evaluation of provider perception of how well they believed they understood testing before the implementation of this program. The results of this question are found in figure 2.

Figure 3. Providers that believe they understood pharmacogenomic testing before the intervention  
Next, the goal of program development is to improve patient outcomes and to improve the provider’s level of understanding of pharmacogenomics and pharmacogenetic testing.  This goal was achieved by improving the overall provider level of understanding of pharmacogenetic testing were obtained.  The results of how well providers perceived improved level of understanding pharmacogenomics is outlined in figure 3.  The findings of this question reflect an improvement in post-training. 

Figure 4. Providers’ perceived increased level of understanding of testing post-implementation
Lastly, providers were asked if the program development presentation provided suggestions for the future use of pharmacogenetic testing that would impact their practice. The results are outlined in figure 4.  It should be noted that all providers were currently using pharmacogenetic testing except for one who focused primarily on the pediatric population.  That individual stated he was not going to use it due to billing issues encountered in the past.  Future implementation interventions include the CME offering, which has the opportunity to reach individuals not as familiar and who are potentially not using pharmacogenetic testing. 

Figure 5. Providers’ perceptions that information from the program development presentation would help them in their future practice.
Continuing medical education.  Findings from the CME offering revealed eight participants.  All participants were Nurse Practitioners in rural health care locations.  Participants were surveyed before starting the CME program and after regarding their perceived understanding of pharmacogenetic testing.  The results are in figure 5 and suggest an improved level of understanding of testing after the CME program.  

Figure 6. Provider’s perceived understanding of the implications of testing
Additional information obtained from the surveys revealed that the post CME program that all providers perceived pharmacogenetic testing could improve patient outcomes.  Furthermore, an improved level of understanding on how to use program development, implementing pharmacogenomics in their practice was identified.  This improved level of understanding is illustrated in figure 6.  Overall the results of the CME program surveys reflected that providers understood how to use program development to use pharmacogenetic testing in their practice. Findings from the CME offering revealed eight participants.  All participants were Nurse Practitioners in rural health care locations.  Participants were surveyed before starting the CME program and after regarding their perceived understanding of pharmacogenetic testing.  The results are in figure 5 and suggest an improved level of understanding of testing after the CME program. 

Figure 7. Provider response that CME helped identify how to implement program development
Summary
In this chapter, the intended short-term, intermediate, and long-term outcomes of this DNP project were reviewed.  Data from the training intervention at the rural health care clinic to providers revealed an improved level of understanding of pharmacogenomics and pharmacogenetic testing.  The majority of respondents also suggested that the content can improve their practice.  The CME program provided a means to reach more individuals from varying backgrounds in rural health.  The data obtained from their pretests and posttests revealed an improved level of understanding of pharmacogenetic testing and how to use program development to implement testing in their practice.  



Chapter Seven: Implications for Nursing Practice
The American Association of Colleges of Nursing (AACN, 2020) recognizes both research-based and practiced based doctoral programs.  For Doctor of Nursing Practice (DNP) programs, the AACN delineates eight essential student educational outcomes that serve to guide curriculum and student competencies when preparing individuals seeking the terminal degree.  The purpose of this chapter is to discuss how this DNP project met each of these eight essential competencies. 
Practice Implications
Essential I: Scientific underpinnings for practice.  The first DNP essential focuses on the scientific underpinnings for practice.  Here the DNP is encouraged to use scientific theories and research to guide practice in order to improve patient or population outcomes.  For this DNP project, three scientific underpinnings were used.  First, Kurt Lewin's change theory was used as the conceptual model for this project.  Lewin's theory sees change as a continuum with three stages, unfreezing, moving, and refreezing.  Lewin's theory was used to guide changes in prescriptive practice as a result of pharmacogenetic testing results.  To be able to change, there must be a readiness to make that change.  Prochaska's transtheoretical model assessed the project partners' readiness for change.  This five-step model precontemplation, contemplation, preparation, action, and maintenance were used as a guide to determine a providers' willingness to implement changes.  Lastly, the PDSA model was used as a process improvement model for change and to evaluate incremental outcomes of the project.
Essential II: Organization and systems leadership for quality improvement and systems thinking.  Essential II focuses on focuses on how to improve patient outcomes through quality improvement.  The goal of a DNP graduate is to examine current practices and implement interventions to improve patient, population, systems, or process outcomes (AACN, 2006).  Achievement of this goal can be through the development of practice policy.  Essential II focuses on the importance of healthcare leaders' integrating finance, safety, and cultural sensitivity to affect systems' quality.  Essential II also aligns with the Institute of Health care Improvement's Triple Aim goals.  These goals focus on improving the experience of health care delivery to patients, improve the overall health of populations, and the cost of health care (National Institute for Healthcare Improvement, 2019). 
The impact of cost on pharmacogenomics was examined in this project.  The literature supports the use of pharmacogenomic testing as a means to decrease polypharmacy, especially in the geriatric population and in long term care facilities (Sugarman et al., 2016).  This DNP project helps educate providers on the cost, clinical utility, and safety effects of pharmacogenomic testing.  During this DNP project, gaps in provider practice prescription practices were examined for quality improvement opportunities.  Areas that were identified as quality improvement opportunities included understanding the details of the pharmacogenomic reports better, difficulties with billing and private insurance, and the need for clarity with patient education regarding the genetic sample attainment, and comprehension of the report.  These gaps included providing educational interventions to improve prescribing practices.  Through delivering an education intervention for this population, the goal was to enhance provider use of pharmacogenetic testing in the rural health population.
Essential III: Clinical scholarship and analytical methods for EBP.  The DNP prepared professional is considered a leader.  In this leadership role, nurses promote the use of evidence-based practice to improve health care outcomes.  Essential III emphasizes the importance of examining practice data.  DNP functioning in an advanced practice role and uses evidence-based practice to improve healthcare delivery and outcomes (AACN, 2006).  The goal of this DNP project is to review the methods of providing pharmacogenetic testing practices in a rural health setting to improve healthcare delivery, patient care, and outcomes.  Essential III emphasizes the importance of examining practice data.  The prescriptive practice was examined for patterns and areas of improvement analyzed by the DNP student.  For this DNP project, data obtained on prescriptive practice in the rural health setting obtained from the academic partner was examined for gaps in practice patterns.  Additionally, information about needs identified in the implementation of pharmacogenomics was obtained from evidence-based practice research in the literature and used the educational interventions.
Essential IV:  Information systems/technology and patient care technology for the improvement and transformation of healthcare.  The fourth essential for DNP preparation focuses on technology to improve patient care delivery (AACN, 2006).  Technology takes on a variety of forms, such as information technology, productivity tools, patient care technology, and web-based learning tools (AACN, 2006).  The goal of integrating technology is to design programs to improve patient care, process, or population outcomes.  The technology used in this project included tools such as voiceover PowerPoint, email, and Microsoft Word.  The goal was process improvement through provider education, utilizing technology as a tool.
Essential V: Healthcare policy for advocacy in healthcare.  Essential V focuses on health care policy.  As a DNP prepared nurse, one must be familiar with policy and be able to guide leaders to make necessary changes that impact health care (AACN, 2006).  One of the influencing factors driving the use of testing is reimbursement issues.  The literature review describes reimbursement issues primarily occur with inconsistencies with private insurance. Medicaid inconsistencies between states have also been a barrier (Conner, Michaels, & Ferreri, 2015).  Medicaid and the Food and Drug Administration also are concerned about the cost and question the overall efficacy (Keeling et al., 2017).  The goal of the DNP prepared nurse is to guide healthcare policy through their quality improvement and evidence-based findings that impact patient care.  The goal of this DNP project is to offer information to providers that can help inform and potentially impact policy changes locally, state, and nationwide.
Essential VI:  Interprofessional collaboration for improving patient and population health outcomes.  Essential VI states that the DNP-prepared nurse should be a leader and work with interprofessional teams to impact health care change initiatives (AACN, 2006).  Having sound communication skills is a must, and being able to work with teams to impact changes is important. For this DNP project, interprofessional collaboration occurred. Participants in the project included physicians, nurse practitioners, physician assistants, an academic team composed both DNP and Ph.D. prepared nurses, leaders in a precision medicine company, and collegiate teams such as the South East Area Health Education Center (SEAHEC).  Each group collaborated with this DNP project.  The overall goal is program development that promotes the improvement of pharmacogenomic testing in rural health.
Essential VII: Clinical prevention and population health for improving the nation's health.  Essential VII emphasizes health promotion for at-risk populations (AACN, 2006).  The DNP examines health issues, cultural diversity, and clinical prevention for selected populations and evaluates how care is provided with the goal of quality improvement (AACN, 2006).  For this DNP project, pharmacogenetic testing was provided in rural health populations.  Testing results drive recommendations for prescriptive practices for a variety of health issues.  These included but were not limited to cardiovascular, mental health, and endocrine medication prescription and dosing recommendations. 
Essential VIII: Advanced nursing practice.  Essential VIII has seven recommendations for preparing DNP graduates to function as advanced practice nurses (APRN).  These include preparing graduates to implement interventions that improve patient care, fostering a relationship that enhances patient outcomes, promoting the use of evidence-based care, and using analytical skills to guide and educational offerings to improve health care outcomes (AACN, 2006). 
Summary 
The DNP Essentials provide a framework for the preparation of the advanced practice nurse's role.  Here the focus is on quality improvement and the use of evidence-based practice research to implement interventions to improve health care, especially in at-risk populations.  Using these essentials as a guide, this DNP project synthesized the endorsements of the AACN (AACN, 2006).


Chapter Eight: Final Conclusions
Pharmacogenetic testing enables the prescribing of the ideal medications based upon a patient’s genetic structure.  This DNP project is aimed to increase the use of pharmacogenomics in rural health.  Implementation of this DNP project supplied providers with information regarding the benefits of pharmacogenetic testing and a structured method to implement pharmacogenetic testing in their practice. This chapter explores the significance of the findings,  the strengths and weaknesses, limitations, benefits, and practice recommendations of this project.  
Significance of Findings 
Healthy People 2020 notes that 23% of the population, which equates to 70.5 million people, live in rural America; rural populations are at risk for health disparities (Healthy People 2020, 2019).  The majority of the counties in North Carolina are considered rural (NC Rural Center, 2020).  Meeting the needs of this population is a health care initiative.  Providing information on the ideal medications to prescribe based upon a person’s genetic makeup serves to support improved clinical outcomes for this population.  Also, offering supportive education for providers on the benefits, use, and implementation of testing helps meet this health care initiative.  
The intended outcome of this project was twofold, first to educate providers regarding the use of pharmacogenomics and pharmacogenetic testing and then to implement an educational intervention on how to use program development for pharmacogenetic testing in their rural health care practice. This is clinically significant because the use of pharmacogenetic testing has been proven to improve clinical outcomes.  An example of how testing improves clinical outcomes can be seen in the Journal of Psychiatric Research.  Here a clinical research study on depression and the use of pharmacogenetic testing was presented.  It was one of the most extensive documented studies using pharmacogenetic testing.  The results of this study included patients who had a “27% improvement rate in depressive symptoms, 35% higher medication response rates, and a 63% higher rate of remission” when using pharmacogenetic testing (Myriad, 2018, p. 1).  Furthermore, in another large study examining pharmacogenetic test reports on 505,000 medications lists that 20% of patients had documented severe drug reactions.  (Rule & Hachard, 2018). Pharmacogenetic tests report drug reactions, and therefore these medications can be avoided.  
Pharmacogenetic testing has been noted to decrease the number of patient visits because the patients do not have frequent returns for medication adjustments.  The reduction of polypharmacy is another clinically significant benefit to patients that improves outcomes.  As much as 40% of the elderly are affected by polypharmacy, suggesting a benefit of testing in the geriatric population (Morin, Johnell, Laroche, Fastbom, & Wastesson, 2018).  The use of pharmacogenetic testing helps decrease the number of medications limits side effects, morbidity, and mortality.  Patients in a long term care facility have been seen to reduce one to three medications when pharmacogenetic testing is used (Salvidir et al., 2016). 
In the US, annual spending on prescriptions totals $325 billion, with the US government paying greater than 40% of medical reimbursement toward covering prescription drugs through Medicaid and Medicare (Olson & Sheiner, 2017). Cost containment measures are essential considerations.  With improved outcomes, decreased patient visits, reduction of polypharmacy, and overall cost savings being a clinically significant finding of pharmacogenetics, the implementation of training for rural health care providers on pharmacogenetic testing becomes essential. 
Health care professionals reported improved levels of understanding of pharmacogenomics and pharmacogenetics following the educational intervention delivered to both the rural health clinic and the CME offering.  Additionally, there was an improved understanding of the tenets of program development and for developing an intentional pharmacogenomics testing program within primary care practices, which has clinical significance. These findings reveal that the implementation of training and initiation of a program development protocol is supported.  
Project Strengths and Weaknesses 
Strengths.  The locations and methods for the implementation of this educational program were the strengths of this project. Locations included both the onsite presentation at the rural health clinic and the CME offering.  Providers that agreed to participate were interested in pharmacogenetic testing.  The rural health clinic was already using testing, and they were interested to know more about how to appropriately implement testing, report analysis, and resultant prescribing choices in their practice. Materials during the educational interventions, such as the PowerPoint, were shared with all participants.  The format was convenient and provided the reward of CME credit, which encouraged registration.  Participants can choose the most convenient time to participate in the CME, so distractions were minimal.  An additional strength was that eight participant registrations were waived for rural health care providers.  This was provided through SEAHEC from March 19 to April 14, 2020.
Weaknesses.  Weaknesses of this project included the organization or efficiency of delivering the educational offering to train providers on pharmacogenomics, pharmacogenetic testing, and program development.  The next weakness identified was that the one site that did agree to the implementation of this DNP project was already using testing.  The existing knowledge base and methodology of implementation at that site currently existed.  Ideally, it would be beneficial to have a myriad of experiences that could benefit more practices.
Project Limitations
The most significant limitation was time and provider participation.  Numerous sites were approached repeatedly, but only one site consented to participate in this DNP project at their site.  Twenty individuals participated at this location, including two physicians, one nurse practitioner, and one nurse practitioner student.  Of the two physicians, one was a pediatrician who had practiced over thirty years and did not want to use pharmacogenetic testing due to the difficulties obtaining reimbursement testing in the pediatric population.  The other individuals were interested in the topic, and they all had used testing with their patients.  Another limitation was the facility space for the program at the rural health office, which did not allow for technology, such as PowerPoint, use during the presentation due to the size of the room.  A poster was displayed, but using the slide presentation would have been beneficial.  Teaching supplies had to be provided in handout form.
Several factors influenced the implementation of this project.  Competing attention for providers’ time, such as other student projects and educational offerings from pharmaceutical companies, filled providers’ calendars.  This inundation may have contributed to poor engagement from most providers who were approached.  Also, during project implementation, a hurricane, which was the second natural disaster within 12 months, severely affected the area. These factors may have likely negatively impacted practice ability or willingness to participate. 
Providing the online CME had its limitations, including a tight timeline for production and implementation. Competing CME offerings were being released concurrently to this pharmacogenomics module as a result of the coronavirus pandemic.  This influx of online programs created a delay in access to the CME, leading to a delay in data collection and evaluation. This was further compounded by an extended medical leave by a key individual working to get the CME online.  
Project Benefits
Organization benefits.  One goal of this DNP project was assisting the primary care community in understanding the fundamentals of pharmacogenomics program development.  Being able to provide the tools that include 1) needs assessment, 2) mission goals and objectives, 3) identification of costs, 4) identification of leadership tasks, 5) design a program 6) implement the program, and 7) evaluate the program, helped providers efficiently implement testing and improve overall patient outcomes (National Minority AIDS Council, 2006).  This supported the process of change for efficiency within an organization and improved patient outcomes.
Patient benefits.  Patient-specific gene response and metabolism variations are the primary influencing factors identified through pharmacogenetic testing.  Four benefits include improved patient outcomes, decreased patient visits, decreased polypharmacy, and overall cost savings to the patient.  Providers’ abilities in selecting the most effective medication and the optimal therapeutic dose leads to better patient outcomes, especially for those patients who had exhibited poor results to medications.    
Fewer medication changes and dosing adjustments are needed, resulting in increased patient safety and satisfaction, as well as decreased patient visits to a clinic.  This directly increases the number of appointments available for other patients, including new patients.  This can positively increase access to primary health care for more people.
The reduction of polypharmacy is another project benefit.  It is estimated that nearly 40% of the elderly population is affected by it, and testing could eliminate as many as one to three medications (Salvidar, et al., (2016).  By selecting the best medication for a patient, possible additional unnecessary medications can be eliminated.  Another benefit is cost savings to the patient.  Sugarman et al. (2016) noted that using testing could save as much as $1300 per year patient.  These savings will be realized by patients, commercial insurance, Medicare, and Medicaid.  Overall project benefits included reaching rural health care providers with a systematic program development plan they could implement in their practice.  
Practice Recommendations
Electronic medical records.  Practice recommendations for future implementation of testing for rural health care providers include the use of electronic medical records (EMR) that support a clinical tool that augments decision making.  Tools that are linked to the EMR help provide continuity of care and efficiency (O’Donnell et al., 2017).  The ready availability of the test results will efficiently guide providers toward optimal prescription selection.
Patient education.  Patients who have pharmacogenetic testing receive a copy of the report with a patient identification card, which reviews their specific gene response to medications.  The report includes information such as predictable critical response to specific medications due to their gene abnormalities, including adverse effects, as well as noting slow or fast metabolization of medications, which impacts dosing for even the most appropriate medications.  Patients who metabolize a medication slowly require lower doses of the medication to achieve a therapeutic effect and can have unpredictable harm due to toxic drug levels.  Genes that cause fast metabolizing of medications delay or prohibit patients from achieving therapeutic levels; medications may need to be started at a higher level.  Providing patient education regarding their test results, therefore, is essential to safe and appropriate pharmacogenomic programs.  It should be encouraged that patients carry their information cards and share the card with all providers from whom they seek care, including specialty providers.  Creating an educational offering using sound pedagogy for adult learners is essential. It must be remembered that patient education should be at the 5th-grade level and delivered through both audio and visual tools.  Using concrete examples enables patients to develop a better understanding of the content. Cloud-based resource tools have been suggested as beneficial for patient learning (FDA, 2018). 
Medicaid, Medicare B, and private insurance.  Providers may be hesitant to conduct testing for fear of lack of payment.  A strong recommendation is that practices familiarize themselves with appropriate billing codes for individual insurers.  Private insurance may reimburse up to $330 for pharmacogenetic testing, but proper billing and coding are essential (Genesite, 2020).  When the reimbursement of $330 is realized, patients often pay a balance of $33.65 out-of-pocket (Genesite, 2020).  The affordable care act did not require coverage for pharmacogenetic testing. Currently, patients with Medicaid and Medicare B receive full coverage for pharmacogenetic testing, which enrollees in Medicare Advantage plans typically receive partial coverage. Providing up-to-date, relevant information for primary care billing and coding is recommended for future projects related to pharmacogenomic program development.
Expansion of this project.  This project reached rural health care providers throughout North Carolina.  Expanding this project would be another recommendation.  For instance, implementation of the CME offering to other states and open it up to other disciplines foster growth of pharmacogenomic testing.  Providing continuing education to nursing and persons with a doctorate in pharmacy could be implemented.  


Final Summary 
This project reached rural health care providers throughout North Carolina.  Expanding this project would be another recommendation.  For instance, implementation of the CME offering to other states and open it up to other disciplines foster growth of pharmacogenomic testing.  Providing continuing education to nursing and persons with a doctorate in pharmacy could be implemented.  
Determining the ideal medication based upon a patient’s genetic structure holds many advantages. Through the delivery of recommendations based upon research findings on testing, provider selection of ideal medications, and dosing based upon a patient’s genotype can occur.  The use of pharmacogenetic testing fosters improved patient care outcomes. Knowing what medications have individual and unpredictable responses related to a person’s genetic makeup decreases unforeseen morbidity and mortality rates.  
Patient reports are designed to list the current medications patients are on and indicate the potential hazards of those medications.  The report includes the cause of the hazard, as well as other information related to benefits or cautions related to classes and categories of medications.  Examples of hazardous implications can include weight gain and more severe complications, such as tardive dyskinesia.  Reports also provide a general summary of medications that can be impacted based upon individuals’ gene types.  Having information such as this is extremely valuable in guiding prescribers and protecting patients.   
This DNP project emphasized program development through a structured plan for implementing testing and a continuous method of evaluation.  Planning for a pharmacogenomics testing program development is key to successful testing and utilization of the results. This project provided training on pharmacogenomics and pharmacogenetic testing and promoted the integration of testing on prescribing choices.  Following the DNP project, providers voiced a greater understanding of the benefits and processes related to pharmacogenomic testing in their practice. 
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Appendix A
Project Data Collection Tool
Pharmacogenetic testing (PGx) has been ordered on one or more of your patients. Please share your experience(s) with testing, reporting and changes made to patient management based upon the testing reports. Please circle the best response.  Thank you for our time.
1.  How much time in training have you received on interpretation of the report?   
0. 0-30 minutes.
0. 30 minutes – 1 hour
0. 1-2 hours
0. 2 -3 hours
0. More than 3 hours
1. How well do you understand the report?
a. Very well
b. Well
c. Neutral
d. Not well
e. Not at all
2. What information would you like to better understand about the report? You may select more than one.
a. Current patient medications
b. Risk management
c. Potentially impacted medications
d. Dosing guidelines
e. Test details
f. Patient information card
3. How long have you been using the testing?
a. Less than 3 months
b. 3-6 months
c. 6-9 months
d. 9-12 months
e. Greater than 12 months
4. How often did you make changes based on the report? (% based on patients … e.g. 20% of the patients tested)
a. 100%
b. 99-75%
c. 74-50%
d. 49-25 %
e. 24-1%
f. 0
g. Unsure 
1. What other factors do you consider when making changes (or not) based on the report?
1. What patient or provider barriers are there to testing?
2. What patient outcomes have you seen as a result of the report and your clinical management of the patient?
3. What suggestions do you have for expanding testing in rural health settings?
4. Describe the types of patients with whom you use PGx testing including diagnoses?
5. What is your current role?
a. Physician
b. Nurse practitioner
c. Physician assistant
d. Nurse
e. Certified nursing assistant
f. Medical technician
g. Office support
h. None of the above
6. How long have you been in this role?



Appendix B
Post Evaluation Project Data Collection Tool
1. Age of the patient? 
a. 65 or greater
b. 50-65
c. 40-49
d. 39-39
e. 20-29
2. What is the patient’s gender?
a. Male
b. Female
3. Did the testing results recommend a change in prescriptive medication?
a. Yes
b. No
4. Did the provider make those changes?
a. Yes
b. No
5. Did the provider eliminate any medications after the change?
a. Yes
b. No
6. How many medications is the patient currently on?
a. 0-5
b. 5-10
c. 11-20
d. More than 20


Appendix C
Implications of Pharmacogenomic Testing in Rural Health
1. What is your current role?
a. physician
b. nurse practitioner
c. physician assistant
d. nurse
e. certified nursing assistant 
f. medical technician
g. office personnel
2. How well do you believe you understood PGx testing and pharmacogenomics prior to this presentation?
a. Very well
b. Well
c. Neurtral
d. Not well
e. Not well at all
3. After this presentation do you have an improved level of understanding of PGx testing and pharmacogenomics?
a. Yes
b. No

4. Did you obtain suggestions for future use of PGx testing that will help you in your practice
a. Yes
b. No
Thank you for your time


Appendix D
Implications of Pharmacogenomics in Rural Health Pretest
1. What is your current role?
a) Physician
b) Nurse practitioner
c) Physician assistant
d) Other
2. How well did you believe you understood PGx testing?
a) Very well
b) Well
c) Neutral
d) Not well
e) Not at all
3 Do you currently use PGx testing in your practice?
a) Yes
b) No
c) Not sure
4. How well do you believe you understand how to interpret a PGx report on a patient?
a) Very well
b) Well
c) Neutral
d) Not well
e) Not at all
5. Are you able to state the cost of PGx testing with patients who receive, Medicaid, Medicare and private insurance?
a) Very well
b) Well
c) Neutral
d) Not well
e) Not at all
6 How well do you perceive your patients understand about PGx testing?
a) Very well
b) Well
c) Neutral
d) Not well
e) Not at all
7.  Do you perceive PGx testing can improve patient outcomes?
a) Yes
b) No
c) Not sure



Appendix E
Implications of Pharmacogenomics in Rural Health Posttest
1 How well did you believe you understood PGx testing after this presentation?
a) Very well
b) Well
c) Neutral
d) Not well
e) Not at all
2. Do you perceive that you have an improved understanding about testing and its impact on patient care after this presentation?
a) Yes
b) No
c) Not sure
4. Do you believe that this presentation helped you with interpretation of a PGx report on a patient?
a) Yes
b) No
c) Not sure
5. Do you believe this presentation helped your understanding of costs for patients receiving PGx testing?  (Includes Medicaid, Medicare and private insurance)
a) Yes
b) No
c) Not sure
6 Did this presentation help you identify how to implement program development of PGx testing in your practice?
a) Yes
b) No
c) Not sure
7.  Do you perceive PGx testing can improve patient outcomes?
a) Yes
b) No
c) Not sure
8.  Please check the areas that you found helpful to your practice for this presentation
a) Information about cost
b) Information about implementation using program development
c) Patient outcomes using PGx testing
d) Interpretation of reports
e) Information about how it impacts rural health care patient outcomes
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