
Walden University Walden University 

ScholarWorks ScholarWorks 

Walden Dissertations and Doctoral Studies Walden Dissertations and Doctoral Studies 
Collection 

2022 

Comparative Effectiveness Study of Acute Ischemic Stroke Care Comparative Effectiveness Study of Acute Ischemic Stroke Care 

between Stroke Belt and Non-Stroke Belt Hospitals Using the Get between Stroke Belt and Non-Stroke Belt Hospitals Using the Get 

with the Guidelines-Stroke Program with the Guidelines-Stroke Program 

Michael Earl Brown Jr 
Walden University 

Follow this and additional works at: https://scholarworks.waldenu.edu/dissertations 

 Part of the Epidemiology Commons, and the Public Health Education and Promotion Commons 

This Dissertation is brought to you for free and open access by the Walden Dissertations and Doctoral Studies 
Collection at ScholarWorks. It has been accepted for inclusion in Walden Dissertations and Doctoral Studies by an 
authorized administrator of ScholarWorks. For more information, please contact ScholarWorks@waldenu.edu. 

http://www.waldenu.edu/
http://www.waldenu.edu/
https://scholarworks.waldenu.edu/
https://scholarworks.waldenu.edu/dissertations
https://scholarworks.waldenu.edu/dissanddoc
https://scholarworks.waldenu.edu/dissanddoc
https://scholarworks.waldenu.edu/dissertations?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F12931&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/740?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F12931&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/743?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F12931&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ScholarWorks@waldenu.edu


 

 

 

  

  

 

 

Walden University 

 

 

 

College of Health Sciences and Public Policy 

 

 

 

 

This is to certify that the doctoral dissertation by 

 

 

Michael E. Brown Jr. 

 

 

has been found to be complete and satisfactory in all respects,  

and that any and all revisions required by  

the review committee have been made. 

 

 

Review Committee 

Dr. Howell Sasser, Committee Chairperson, Public Health Faculty 

Dr. David Segal, Committee Member, Public Health Faculty 

Dr. Naoyo Mori, University Reviewer, Public Health Faculty 

 

 

 

 

 

Chief Academic Officer and Provost 

Sue Subocz, Ph.D. 

 

 

 

Walden University 

2022 

 

 



 

 

 

Abstract 

Comparative Effectiveness Study of Acute Ischemic Stroke Care between Stroke Belt 

and Non-Stroke Belt Hospitals Using the Get with the Guidelines-Stroke Program 

by 

Michael E. Brown Jr. 

 

MD, Caribbean Medical University School of Medicine, 2022 

 

MPH, Brody School of Medicine-East Carolina University, 2005 

BS, East Carolina University, 2003 

 

 

 

Dissertation Submitted in Partial Fulfillment 

of the Requirements for the Degree of 

Doctor of Philosophy 

Public Health-Epidemiology Specialization 

 

Walden University 

May 2022 

  



 

 

Abstract 

Stroke is a leading cause of mortality in the United States, particularly in a cluster of 

states termed the stroke belt. This study examined the efficacy of the Get With The 

Guidelines (GWTG)-Stroke program in stroke belt hospitals (SBHs) compared to non-

stroke belt hospitals (NSBHs) regarding disparities related to mortality and acute 

ischemic stroke (AIS) treatment (i.e., recombinant tissue-type plasminogen activator [r-

tPA] rates, Door-to-Needle [DTN], Door-to-Imaging [DTI]). Use of the GWTG-Stroke 

program was assessed to determine if SBHs and NSBHs were quantitatively equivalent in 

terms of specific core stroke measures. This quantitative employed an equivalence study 

design with over 2.9 million cases of secondary data from 2015 to2019 contained in the 

GWTG. Two one-sided-tests statistical analysis was performed on the American Heart 

Association’s Precision Management Platform using an R package. Inclusionary criteria 

were AIS diagnosis, age of 18 years or older, and treatment at a hospital using the 

GWTG-Stroke program. Hospital and patient-level analyses were completed for each 

research question and differed based on level of analysis. Patient-level analysis revealed 

SBHs and NSBHs using the GWTG-Stroke program were equivalent in terms of DTN 

time and ischemic stroke only mortality; DTI was not equivalent. Hospital-level analysis 

revealed that r-tPA administration was equivalent, while DTN, DTI, and mortality were 

not equivalent. Study results will aid in promoting awareness and expansion of the value 

of structured and data-driven quality-improvement interventions that the GWTG-Stroke 

program uses in other healthcare settings. 
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Chapter 1: Introduction to the Study 

Introduction 

 The purpose of this study was to compare the efficacy of the American Heart 

Association’s (AHA) Get With the Guidelines (GWTG)-Stroke quality program 

implementation within stroke belt hospitals (SBHs) and its association with improving 

acute ischemic stroke (AIS) treatment, patient mortality, and eliminating tertiary 

treatment disparities in comparison with non-stroke belt hospitals (NSBHs) participating 

in the program. As illustrated in the literature review, prior research has examined related 

topics, particularly use of stroke quality improvement programs and stroke registry data 

to improve AIS treatment in small subsets of hospitals in the United States (US). 

Previous studies have demonstrated that the implementation and use of structured quality 

initiatives enhances use of stroke modalities and the rate of defect-free stroke care, 

reducing stroke-related mortality. What was unclear is how implementation of quality 

improvement programs has affected America’s most afflicted region, the Stroke Belt. I 

examined if the GWTG-Stroke quality program effectively increased r-tPA usage, 

reduced door to needle (DTN) time, and decreased stroke mortality in hospitals within the 

Stroke Belt. There was a lack of research focused on the efficacy of GWTG-Stroke 

program implementation within SBHs in comparison with NSBHs regarding and their 

associations with improving AIS treatment, patient outcomes, and eliminating treatment 

disparities. 
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Background 

Stroke is the fifth leading cause of mortality in the US (Centers for Disease 

Control and Prevention [CDC], 2017; Man et al., 2017). Between 2014 and 2016, the 

age-adjusted stroke mortality rate in the US for all causes (ischemic and hemorrhagic 

combined) was 72.2 per 100,000 and 37.9 per 100,000 for ischemic stroke in persons 35 

years of age and older (National Center for Chronic Disease Prevention [NCCDP], 

2018a; NCCDP, 2018b). Ischemic stroke is the most common type of stroke, accounting 

for 87% of cases (Benjamin et al., 2017). Statistically, one out of every 20 deaths in the 

US is stroke-related, or approximately 800,000 people annually (CDC, 2017; CDC, 

2018). Americans suffer acute strokes once every 40 seconds, resulting in one death 

every 4 minutes. The effects of a stroke are devastating and often lead to other health 

problems, making them the leading cause of long-term disability and admission to long-

term care facilities in the US. Public health experts estimate the costs of such care at $34 

billion yearly; these costs include healthcare, pharmacotherapy, and wages lost due to 

missed days of work (CDC, 2017). 

Since 1980, eight contiguously clustered states in the American Southeast have 

represented the stroke belt due to their disproportionately high stroke mortality rates, 

which are 10% higher than the national average (Karp et al., 2016). Researchers have 

termed a cluster of Eastern coastal counties composing the stroke belt as the stroke 

buckle; these counties have stroke mortality rates that are twice as high as the national 

average (National Institute of Neurological Disease and Stroke [NINDS], 2018). This 

region has a higher concentration of stroke risk factors like hypertension, diabetes 
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mellitus, and smoking. The study by Howard et al. (2005) entitled REasons for 

Geographic and Racial Differences in Stroke (REGARDS) sponsored by the National 

Institute of Health (NIH) identified Black Americans had the highest risk of stroke and 

mortality, and increased stroke incidence in rural areas, and increased stroke mortality in 

the US stroke belt. Howard et al. (2018) said hospitals participating in the GWTG-Stroke 

program were more extensive in size (425 vs. 289 beds on average) more likely to 

participate in graduate medical education (GME) resident training (59.9% vs. 40.7%). 

Additionally, patients were more likely to receive recombinant tissue-type plasminogen 

activator (r-tPA) in GWTG-Stroke participating hospitals (OR = 3.69). Although 

differences in vascular risk factors explain most of the excessive burden seen in the 

stroke belt, additional factors remain poorly understood (Karp et al., 2016). 

Treatment of AIS is time-dependent, relying on various treatment modalities to 

avoid later complications and death. The Joint Commission on Accreditation of 

Healthcare Organization (JCAHO) enacted the Stroke Center certification program to 

study core stroke quality metrics, aligning evidence-based practices. Implementing 

JCAHO Certified Stroke Programs (CSPs) increased acute stroke intervention while 

reducing stroke mortality (JCAHO, 2018). These centers have implemented the AHA’s 

GWTG-Stroke program and improved functional outcomes at discharge and reduced post 

discharge mortality. Nevertheless, states situated in the stroke belt experience significant 

accessibility problems in JCAHO-certified stroke centers, suggesting that diminished 

access to care may contribute to elevated stroke-related illness rates in that area (Karp et 

al., 2016). Johnson et al. (2014) said patients received defect-free care most consistently 
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at hospitals preparing for certification (52.8%), followed by JCAHO primary stroke 

centers (45%). This suggests that hospital adherence to guidelines is essential to effective 

stroke patient care. Timely evaluation and treatment initiation for AIS is crucial, and 

clinical practice often fails to meet established policies and goals. Rural hospitals, such as 

those within the stroke belt, struggle to meet time-based goals expected by JCAHO-

certified centers in urban environments (Jauch et al., 2018). Implementation and use of 

structured quality initiatives improves use of stroke modalities and enhances the rate of 

defect-free stroke care, which reduces stroke-related mortality. What was unclear is how 

these policies have affected America’s most afflicted region. A significant knowledge 

gap existed. In this study, AIS care and mortality rates of patients presenting to hospitals 

in the GWTG-Stroke program were compared both within and outside the stroke belt. 

Problem Statement 

The gap in the literature addressed in this study related to efficacy of 

implementing the GWTG-Stroke program among SBHs and its association with 

improving AIS treatment, patient outcomes, and eliminating tertiary treatment disparities 

compared to NSBHs participating in this program. Researchers noted treatment 

differences or similarities between SBHs and NSBHs regarding AIS patient care 

treatment and modalities as well as stroke mortality. This is an equivalence study to 

provide insight and analysis regarding the efficacy of the GWTG-Stroke program among 

SBHs compared to NSBHs. I examined whether GWTG-Stroke implementation differed 

based on geographical location and attendant demographical factors. This study involved 

assessing the performance of the GWTG-Stroke program to determine if SBHs and 
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NSBHs were quantitatively equivalent. A lack of substantial discrepancy in yield 

between the two comparison groups would suggest that the GWTG-Stroke quality 

intervention effectively decreases AIS treatment disparities and mortality. I addressed the 

problem by examining significant differences in terms of mean distribution of r-tPA 

administration, door-to-imaging (DTI) time, DTN time, and AIS mortality among 

GWTG-Stroke participating hospitals. I examined GWTG-Stroke implementation and 

component differences based on geography for convenience. Comparison between the 

GWTG-Stroke program among SBHs and NSBHs is more relevant than GWTG-Stroke 

hospitals and Non-GWTG-Stroke hospitals as evaluated in prior studies because of the 

lack of a standardized quality improvement program and data collection instrument 

implementation nationwide. Most hospitals nationwide use the GWTG-Stroke program, 

which has a valid and reliable data instrument, and led to improved outcomes (AHA, 

2019a). 

Purpose of the Study 

The purpose of this study was to compare the efficacy of the GWTG-Stroke 

program in terms of reducing key AIS treatment disparities and AIS stroke-related 

mortality between SBHs and NSBHs. This study aids in identifying trends that fostered 

improved patient care outcomes for AIS patients. 

 Previous research has demonstrated the effectiveness of the GWTG-Stroke 

program in terms of improving stroke quality metrics, increasing r-tPA usage, and 

decreasing mortality in urban hospitals outside of the stroke belt. However, the 

effectiveness of the GWTG-Stroke program to improve outcomes and reduce mortality in 
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SBHs compared to NSBHs remains unknown; thus, a gap in research knowledge existed. 

Increasing adherence to evidence-based practice (EBP) should decrease the above-

average stroke mortality rate within the stroke belt. However, numerous covariates can 

also affect outcomes: not-for-profit versus for-profit, academic versus community 

medical centers, and location. Use of secondary analysis of existing data limits available 

variables and data for comment. Through an equivalence study using secondary data, I 

explored the effectiveness of stroke treatment policies in the stroke belt, the region of the 

US that still exhibits the highest stroke-related mortality rates in the country. I postulated 

that SBHs have adequately implemented the GWTG-Stroke program and thus would 

have no significant differences in outcomes compared to NSBHs using this program. The 

lack of significant differences in outcomes between the two comparison groups would 

suggest that the GWTG-Stroke program effectively decreases AIS treatment disparities 

and mortality. By implementing evidence-based practice guidelines for SBHs in the 

GWTG program, stroke rates will diminish, and the stroke belt should follow national 

trends in terms of decreased DTI and DTN times, improved r-tPA administration rates, 

and reduced stroke mortality. 

Research Questions and Hypotheses 

Research questions for equivalence studies are quantitatively based and should 

compare interventions among comparison groups. The research questions and hypotheses 

for this study are: 

RQ1: Is there a difference between in-hospital r-tPA administration rates for AIS 

patients meeting criteria for SBHs and NSBHs?  
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H01: There is a difference between in-hospital r-tPA administration rates for AIS 

patients meeting criteria for SBHs and NSBHs. 

Ha1: There is no difference between in-hospital r-tPA administration rates for AIS 

patients meeting criteria for SBHs and NSBHs. 

RQ2: Is there a difference regarding in-hospital DTN time for AIS patients’ 

administered r-tPA between SBHs and NSBHs? 

H02: There is a difference regarding in-hospital DTN time for AIS patients’ 

administered r-tPA between SBHs and NSBHs. 

Ha2: There is no difference regarding in-hospital DTN time for AIS patients’ 

administered r-tPA between SBHs and NSBHs. 

RQ3: Is there a difference regarding in-hospital DTI time between SBHs and 

NSBHs? 

H03: There is a difference regarding in-hospital DTI time between SBHs and 

NSBHs. 

Ha3: There is no difference regarding in-hospital DTI time between SBHs and 

NSBHs. 

RQ4: Is there a difference in terms of GWTG ischemic stroke only mortality rates 

between SBHs and NSBHs? 

H04: There is a difference in terms of GWTG ischemic stroke only estimated 

mortality rates between SBHs and NSBHs. 

Ha4: There is no difference in terms of GWTG ischemic stroke only estimated 

mortality rates between NSBHs and SBHs. 
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Conceptual Framework 

The conceptual framework used in this study is Donabedian’s lasting framework 

for healthcare quality. The Donabedian framework involves structure, process, and 

outcomes, along with seven pillars of quality (efficacy, effectiveness, efficiency, 

optimality, acceptability, legitimacy, equity) to evaluate quality of treatment (Ayanian & 

Markel, 2016). Fundamentally, theories can help identify barriers between patient needs 

and effective treatment. Various agencies have used the Donabedian framework 

extensively throughout the US to improve quality and achieve desired health outcomes. 

The conceptual framework is a modified Donabedian casual chain of quality factors 

influencing improved AIS patient treatment and outcomes (see Figure 1) and includes the 

framework’s three dimensions of quality. Quality of outcome measures associated with 

variables studied as part of this research were ischemic stroke mortality and disability 

rates, r-tPA usage, DTI time, DTN times, and disparity reduction related to SBHs and 

NSBHs. The Donabedian model was used to assess healthcare quality and was helpful for 

this quantitative equivalence study. More detailed information on the conceptual 

framework is in Chapter 2. 

Nature of the Study 

I used an equivalence study design with a quantitative cross-sectional 

nonexperimental approach. Secondary analysis of existing data was completed. GWTG-

Stroke data was available and required region-specific interpretations. This study’s data 

and results provide quantitative evidence that may be useful to create relevant public 

healthcare policies and EBP. The primary objective of this study was to compare the 
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efficacy of the GWTG-Stroke program in terms of reducing ischemic stroke mortality 

and foster improvements in AIS treatment (DTN, DTI, and r-tPA administration rates) 

among SBHs and NSBHs. The independent variable was GWTG-Stroke hospital type 

based on geographical location and attendant demographical factors (i.e., SBH, NSBH). 

Dependent variables were patient outcomes, DTN time, DTI time, and r-tPA 

administration. The unit of analysis was GWTG-Stroke quality program implementation 

and use within hospitals stratified by geographical location and attendant demographical 

factors. 

Definition of Terms 

The following terms are defined to help the reader understand the context of each 

term in this study. 

Acute Ischemic Stroke (AIS): A subtype of cerebral vascular accident (CVA), 

better known as stroke. Ischemic stroke pathogenesis is due to obstruction or occlusion of 

vessels supplying blood to the brain, resulting in sudden loss of blood circulation to an 

area of the brain and the corresponding loss of neurological function (AHA, 2019b; 

Goljan, 2013). Ischemic stroke accounts for 70-80% of stroke incidences involving the 

atherosclerosis line vessel wall, subsequently forming obstructions. There are two 

obstructions: cerebral atherosclerotic (thrombotic) and cerebral embolic (Goljan, 2013). 

Cerebral atherosclerotic thrombotic stroke is the most common type of ischemic stroke. 

AIS as an ischemic stroke that presents within 4.5 hours of ischemic stroke symptom 

onset. AIS patients with symptom onset before 4.5 hours can be administered intravenous 
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(IV) or intra-arterial (IA) r-tPA by clinicians if no contraindications exist regarding the 

treatment modality. 

Door-to-Imaging (DTI) Time: DTI time measures time from presentation to the 

hospital or activation of in-hospital code stroke to brain imaging (i.e., non-contrast 

computerized tomography [CT] or magnetic resonance imaging [MRI]). Prehospital 

imaging, as in the case with prehospital or Emergency Medical Services (EMS) mobile 

stroke units, is not considered. 

Door-to-Needle (DTN) time: DTN time measures the timespan from initial arrival 

to hospital or activation of in-hospital code Stroke to administration of thrombolytic 

therapy (i.e., r-tPA) for patients with imaging completed, confirmed ischemic stroke, and 

no drug contraindications present. In this study, I did not consider prehospital 

administration of r-tPA (i.e., prehospital, EMS, and mobile stroke units). 

Non-Stroke Belt Hospital (NSBH): Hospitals (i.e., academic and nonacademic 

medical centers, JCAHO CSPs, and noncertified programs) that participate in the 

GWTG-Stroke program and are located outside of the eight stroke belt states.  

Recombinant Tissue Plasminogen Activator (r-tPA/Alteplase): r-tPA is a 

recombinant thrombolytic drug available in a synthesized endogenous tissue plasminogen 

form (Trevor et al., 2015). r-tPA is a serine protease; proteases are enzymes that cleave 

peptide bonds in proteins and are essential components of blood clot dissolution (Jilani & 

Siddiqui, 2019). The pharmacological mechanism of action of r-tPA is based on its 

enzymatic activity that directly converts plasminogen to plasmin by cleaving the 

zymogen plasminogen from fibrin in the coagulation cascade. Subsequently, plasmin 
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dissolves the thrombus (blood clot; Jilani & Siddiqui, 2019; Trevor et al., 2015). 

Alteplase (r-tPA) is a Food and Drug Administration (FDA)-approved human 

plasminogen activator authorized to manage AIS. The drug is administered at a 0.9 

mg/kg dosage through an IV infusion; 10% of the total dosage is administered initially as 

a bolus over 1 minute. The remaining is gradually infused over 1 hour (Jilani & Siddiqui, 

2019). Prompt r-tPA usage within 3 hours of initial stroke symptoms in patients with AIS 

and no contraindication for r-tPA (i.e., cerebral hemorrhage or increased bleed risk) has 

been associated with significantly better clinical outcomes (Trevor et al., 2015). 

Stroke Belt: The stroke belt is a geographical area in the Southeastern US and 

Mississippi Valley with high stroke mortality rates (Stroke Center, 2019). Eight 

contiguously clustered states in the American Southeast have disproportionately high 

stroke mortality rates that are 10% higher than the national average (Karp et al., 2016). 

The eight states that compose the stroke belt are Alabama, Arkansas, Georgia, Indiana, 

Kentucky, Louisiana, Mississippi, North Carolina, South Carolina, and Tennessee. 

Stroke Belt Hospital (SBH): Academic and nonacademic medical centers, JCAHO 

CSPs, and noncertified programs participating in the GWTG-Stroke program that are 

located within the eight stroke belt states. 

Assumptions of the Study 

I assumed that data collection and synthesis from GWTG-Stroke program during 

the specified timeframe was adequate for this study. Furthermore, I assumed that the 

GWTG-Stroke database had sufficient and appropriate data. I also assumed that 

diagnoses of ischemic stroke were correct and confirmed by a licensed physician or 
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physician extender. An additional assumption was that all healthcare data for tertiary 

healthcare systems was available and accurate. Hospitals participating in the GWTG-

Stroke program were assumed to be pursuing a JCAHO Stroke Center certification. 

Scope and Delimitation of the Study 

I examined significant differences in terms of distribution of r-tPA administration, 

DTN time, DTI time, and AIS estimated mortality among SBHs compared to NSBHs 

using the GWTG-Stroke quality program. There were minimal studies in which 

researchers use GWTG-Stroke data to examine AIS treatment and outcome differences 

between SBHs and NSBHs. Secondary analysis of existing data was performed on a 

convenience sample. The secondary dataset included all patients who presented with 

stroke symptoms to a hospital that implemented and used the GWTG-Stroke program. 

The study population in this study included patients diagnosed with an ischemic stroke. 

This study did not focus on hemorrhagic stroke subtypes. 

Limitations of the Study 

Despite the advantages of the GWTG-Stroke quality program, which offers a 

platform for collecting core stroke measure data, quality indicators, and reportable data, 

the disadvantages of the registry component and its data are also noteworthy. Limitations 

of this study are associated with secondary analysis of existing data. The secondary data 

instrument, variables, and data collection were finalized; information pertaining to 

additional research inquiries was not possible because of prior data instrument and 

variable selection. Missing data and incorrect input by data abstractors also resulted in 

missing data identified as outliers. An additional limitation was that not all hospitals 
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within a specific region participate in the GWTG-Stroke program; thus, there was no way 

of knowing if the dataset represented all hospitals within an area. The data and study 

sample lacked homogeneity in terms of specific research questions due to stroke belt 

states being much smaller than non-stroke belt states. 

Ethical Considerations 

Information retrieved from the data source was deidentified secondary data. All 

data and information obtained were confidential and not divulged to any party or used for 

any other purpose apart from this research study. This research study was conducted per 

Institutional Review Board (IRB) ethical practices and AHA GWTG data request 

guidelines. 

Significance of the Study 

I sought to fill a significant gap in current understanding of stroke treatment. By 

focusing on treatment interventions and mortality rates in a single geographical treatment 

facility type, researchers and physicians will better understand stroke treatment programs 

in the region most severely affected by this health crisis. The GWTG-Stroke program has 

improved stroke care and critical process measures. However, the impact regarding SBH 

treatment and mortality remains limited. Howard et al., (2018) said 1,656 out of 5,564 

(29.8%) of hospitals in the US currently use the GWTG-Stroke Program.  

Little research has compared regional differences in terms of efficacy of the 

GWTG-Stroke program on stroke mortality and r-tPA administration in hospitals within 

and outside the stroke belt. By analyzing management and treatment of AIS, researchers 

and physicians in stroke belt states may learn ways to improve quality and continuity of 
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stroke care and identify more productive ways to manage AIS patients while reducing 

stroke mortality rates and long-term disability. This study will lead to public health 

benefits and positive social change by reducing mortality and improving survivability 

among stroke victims in stroke belt states. By comparing the efficacy of the GTWG-

Stroke program within and outside of stroke belt states, I examined the notion that 

elevated rates of stroke-related mortality in that region are reducible in terms of stroke-

associated risk factors alone, rather than deficiencies in proper stroke treatments. 

Within hospitals that have implemented the GWTG-Stroke program, there are 

reductions in stroke mortality rates, along with increases in intervention usage. The point 

where primary preventative methods are effective in terms of drastically reducing 

mortality in the stroke belt is no longer possible. Tertiary prevention, along with use and 

implementation of the GWTG-Stroke program, may reduce stroke mortality and increase 

intervention use within the stroke belt region. 

Social Implications 

Social implications related to public health benefits include reducing patient 

deficits, long-term disability, and stroke-related healthcare costs. This would lead to 

improved patient outcomes such as increased functionality status post-ischemic stroke 

and declines in ischemic stroke-related mortality rates. Furthermore, by identifying 

treatment methods that can decrease disproportionate stroke mortality rates within the 

stroke belt, hospital administrations and policymakers may assist in the reallocation of 

public health resources.  
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Summary 

I sought to understand and compare the efficacy of the GWTG-Stroke quality 

program in terms of reducing stroke-related mortality and improving AIS treatment and 

patient outcomes in SBHs and NSBHs. Previous research has been done on related 

topics, particularly use of stroke quality improvement programs and stroke registry data 

to improve AIS treatment in small subsets of hospitals in the US. There was a gap in the 

literature related to the efficacy of the GWTG-Stroke program within SBHs compared to 

NSBHs regarding improving AIS treatment and outcomes and eliminating tertiary 

treatment disparities. 

 Four additional chapters follow. Chapter 2 is a comprehensive review of 

literature on the implementation of stroke quality improvement programs and use of 

stroke registry data to improve patient treatment and outcomes for AIS patients. In 

Chapter 2, the primary topic discussed is the gap in literature related to GWTG-Stroke 

implementation within SBHs specifically, and associated changes, if any, resulting from 

decreasing disparities in AIS patient treatments and outcomes. My goal was to clarify and 

fill this gap in literature. In Chapter 3, topics include an overview of the research design 

and methodology. Research results are provided in Chapter 4, followed by an 

interpretation of findings in Chapter 5.
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Chapter 2: Literature Review 

Introduction 

Stroke is the fifth leading cause of mortality in the US (CDC, 2017; Man et al., 

2017). Between 2014 and 2016, the age-adjusted ischemic stroke mortality rate in the US 

was 37.9 per 100,000 in persons 35 years of age and older (NCCDP, 2018a; NCCDP, 

2018b). Ischemic stroke is the most common type of stroke, accounting for 87% of cases 

(Benjamin et al., 2017). Since 1980, eight contiguously clustered states in the American 

Southeast have represented the stroke belt due to disproportionately high stroke mortality 

rates, which are 10% higher than the national average (Karp et al., 2016). Researchers 

have termed a cluster of Eastern coastal counties within the Stroke Belt as the stroke 

buckle; these counties have stroke mortality rates that are twice as high as the national 

average (NINDS, 2018). Stroke is the leading cause of long-term disability and admission 

to long-term care facilities in the US. Public health experts estimate the costs of such care 

at $34 billion yearly; these costs include healthcare, pharmacotherapy, and wages lost due 

to missed days of work (CDC, 2017). Consequently, stroke has a detrimental impact on 

individual health status, public health, quality of life, and healthcare expenditure. 

Therefore, to minimize the damaging effect of stroke, it is of great importance that AIS 

patients in the stroke belt receive quality care based on EBP that is comparable to their 

counterparts outside the stroke belt. 

I examined whether the GWTG-Stroke program differed based on geographical 

location and attendant demographical factors. The gap in literature that this study 

addressed was efficacy of the GWTG-Stroke program in terms of reducing ischemic 
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stroke-related mortality and improving AIS treatment in stroke belt hospitals compared to 

hospitals outside the stroke belt. Researchers may have noted various treatment 

differences or similarities between SBHs and NSBHs related to AIS patient care 

treatment modalities usage (i.e., intravenous r-tPA administration, DTN time, DTI time) 

and stroke mortality. A quantitative study design was used to provide insight and analysis 

on the efficacy of the GWTG-Stroke quality program within SBHs compared to NSBHs. 

In Chapter 1, I discussed AIS as a leading cause of mortality. First, AIS was 

addressed as a significant public health issue that disproportionately affects the stroke 

belt. Secondly, I discussed stroke core measures and JCAHO CSPs. Finally, I discussed 

implementation of quality improvement programs and associations with improved stroke 

core measures. In this chapter, I discuss stroke belt history, JCAHO CSP development, 

stroke core measures, and the GWTG-Stroke program. As part of this chapter, I provided 

a literature review of quality improvement program implementation and associated 

improvements in terms of key stroke core outcomes. Furthermore, I identified existing 

gaps in literature and discuss the theoretical framework that was applicable to this 

research study. The following literature review includes evidence that quality 

improvement program implementation and use is associated with improved AIS patient 

care treatment and outcomes related to this study’s measures. 

Literature Search Strategies 

A literature search was completed using the Medline, PubMed, and Google 

Scholar electronic databases. The following key terms were used in the literature: acute 

ischemic stroke, door-to-imaging, door-to-needle, quality improvement, GWTG-stroke, 
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get with the guidelines, r-tPA, and stroke belt. Sources were peer-reviewed articles 

published between 2015 and 2020. A limited number of articles published before 2015 

were referenced to provide additional context pertaining to historical changes. 

History of Stroke Performance Measures and Stroke Center Formation 

The formation of clinical practice guidelines (CPGs) for AIS based on EBP 

started in 1994 with the AHA’s first AHA stroke CPGs. A special study group from the 

National Institute of Neurological Disorders and Stroke (NINDS) in 1995 determined that 

rt-PA was the first effective therapy for AIS and was safe and effective within 3 hours of 

stroke symptom onset (Marler, 1995). The NINDS rt-PA study group incorporated its 

findings into the AHA stroke CPG the following year. A multidisciplinary working group 

of representatives from major stakeholder organizations involved in stroke care convened 

the Brain Attack Coalition (BAC) to strategize future initiatives. The BAC proposed 

criteria for Primary Stroke Center (PSC) and Comprehensive Stroke Center (CSC) 

certification. The BAC criterion for PSC stated centers should have outcomes and quality 

improvement, and a database or registry to track stroke type, treatment, timelines, and 

outcome and performance measures. 

Additionally, the BAC also called for written stroke care protocols (Albert et al., 

2000). The JCAHO began PSC certifications in 2003. Over the past decade, JCAHO has 

enacted certified stroke centers, along with JCAHO stroke core measures (STKs) that 

align with EBP to reduce mortality and disability status post-stroke. With policy 

development came the evolution of stroke systems of care and the possibility of AIS 
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patients in hospitals that lacked the capacity of certified stroke programs (CSPs, and 

many hospitals began to pursue certification. 

CSCs 

The JCAHO initially certified PSCs and then CSCs based on certification criteria 

from the BAC. Currently, Joint Commission disease-specific care (DSC) (CSPs) are 

inclusive of the following four types: Acute Stroke Ready Hospital (ASRH), PSC, 

Thrombectomy-Capable Stroke Center (TSC), and CSC. Various Joint Commission CSPs 

designations are ordered from entry-level (ASRH) to most comprehensive (CSC). All 

certified stroke programs have the capacity to, at a minimum, provide r-tPA as 

thrombolytic therapy for AIS (JCAHO, 2019). 

Stroke Performance Measures 

The BAC recommended that a certified center engages in outcomes and quality 

improvement (Albert et al., 2000). The BAC, in collaboration with the AHA/ASA, 

created the core stroke measures for PSCs initially. The JCAHO requires PSC, TSC, and 

CSC to submit data monthly to maintain certification; eight JCAHO STK core measures 

are currently required and are referenced as core stroke measures or STKs. The STK 

measures or core measures are venous thromboembolism (VTE) prophylaxis (STK-1), 

discharge on antithrombotic therapy (STK-2), anticoagulation therapy for atrial 

fibrillation/flutter (STK-3), thrombolytic therapy (STK-4), antithrombotic therapy by the 

end of hospital day two (STK-5), discharged on statin medication (STK-6), stroke 

education (STK-8), and assessed for rehabilitation (STK-10). The eight STK core 

measures set is also the national inpatient hospital quality measure set for stroke and 
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provides data for STK electronic clinical quality measures (eCQMs). The required core 

stroke measures for PSCs and higher were updated in 2019 to include two new measures: 

stroke outpatient (STK-OP-1), which measures door-to-transfer (DTF) time to another 

facility, and comprehensive stroke (CSTK-01) that, measures NIHSS score performed for 

ischemic stroke patients. The 2019 updates required measures for PSC-certified centers 

and higher, while ASRHs has three inpatient stroke measures that are not STK core 

measures. 

GWTG-Stroke  

The AHA and ASA created the GWTG-Stroke quality program and, after a 

successful pilot phase, began enrolling hospitals in April 2003 (Song et al., 2016). Since 

the GWTG-Stroke program’s creation, more than 2,000 hospitals have entered over five 

million patient records that researchers have used to publish multiple studies 

documenting improved patient outcomes (AHA, 2019a). Hospital data submission and 

feedback reports are available through the AHA’s Patient Management Tool (PMT), an 

online interactive platform provided by IQVIA (AHA, 2019a). IQVIA serves as the data 

collection and coordinating center for AHA GWTG (AHA, 2019a). The GWTG-Stroke 

program is a voluntary stroke registry and nationwide performance improvement 

program. The GWTG-Stroke platform fulfills the BAC PSC criterion recommendations 

that centers should have: outcomes and quality improvement, and have a database or 

registry to track stroke type, treatment, timelines, and outcome measures (i.e., 

performance measure) (Albert et al., 2000). Core Stroke Measures require submission to 

Centers for Medicare and Medicaid (CMS) and JCAHO using GWTG. The AHAs 
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GWTG-Stroke Program fulfills both requirements simultaneously while reinforcing 

written care protocols utilizing clinical tools and resources. The web based interactive 

PMT allows hospitals to download reports without delay for utilization in quality 

improvement projects (AHA, 2019a). The GWTG-Stroke Program is the most used 

stroke registry and quality improvement program throughout the United States. 

Stroke Belt 

The Stroke Belt is a geographical area in the Southeastern United States and 

Mississippi Valley, with high stroke mortality rates (Stroke Center, 2019). Eight 

contiguously clustered states in the American Southeast have represented the so-called 

“Stroke Belt” due to their disproportionately high stroke mortality rates—ten percent 

higher than the national average (Karp et al., 2016). The eight states that compose the 

Stroke Belt are Alabama, Arkansas, Georgia, Indiana, Kentucky, Louisiana, Mississippi, 

North Carolina, South Carolina, and Tennessee (Howard & Howard, 2020). The 

disproportionately high stroke mortality rates date back 40-years and persist despite an 

overall decline in stroke mortality rates Nationwide (Karp et al., 2016). The risk of AIS 

varies as it is region-specific, but the highest incidence of AIS has been noted in the 

“Stroke Belt” region (Howard & Howard, 2020). The disparity within the Stroke Belt 

compared to nationwide treads may be related to Primary Stroke Center (PSC) access 

being lower within the Stroke Belt regions, suggesting diminished access to care may be 

a contributing factor (Karp et al., 2016). This study must state that patients receiving r-

tPA at an outside hospital or mobile stroke unit were excluded from this research study 

population. 
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Quality Initiative Implementation and Improved AIS Outcomes 

Previous researchers have noted that structured quality improvement interventions 

like GWTG-Stroke increase the number of patients that receiver-tPA within the 

recommended 60-minute DTN (Jauch et al., 2018). While past research studies have 

focused on the systemic stroke quality initiatives such as GWTG-Stroke based on 

nationwide trends, there has not been an equivalence study that assesses GWTG-Stroke 

utilization in SBHs (Cumbler et al., 2014; Howard et al., 2018; Ormseth et al., 2017; 

Romano et al., 2018). Over the past five years, research suggests improved hospitals’ 

adherence to stroke quality metrics has resulted in improved outcomes and reduced 

mortality for stroke patients. Based on REGARDS study data, Howard et al. (2018) 

concluded that the care of stroke patients admitted to hospitals participating in GWTG-

Stroke were more likely to meet stroke quality care metrics. The AHA/ASA has 

conducted several studies utilizing its GWTG-Stroke Program; most have demonstrated 

that the GWTG-Stroke Program has improved stroke care and critical process measures 

(AHA, 2019a). However, the impact on Stroke Belt Hospital treatment and mortality 

remains limited. These previous studies compared JCAHO-certified stroke centers and 

non-certified hospitals implementing GWTG Stroke. Prior research studies examined the 

efficacy of IV-r-tPA, r-tPA administration rates, and status-post intervention outcomes 

such as hemorrhage, disability, and mortality. Stroke belt hospital data is readily 

available for the researcher to examine and housed within the GWTG-Stroke Registry. 

Prior studies have examined the implementation of acute ischemic stroke quality 

initiatives regarding r-tPA administration rates and door-to-needle time. Fonarow et al. 
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(2014) examined the DTN time for r-tPA administration and clinical outcomes in AIS 

patients before and after implementing a quality improvement initiative. The study 

measured in-hospitality and all-cause mortality, discharge status, ambulatory status at 

discharge, r-tPA administration rates, and complication rates. The researchers utilized 

data obtained from the GWTG-Stroke national quality improvement program. Fonarow et 

al. (2014) study revealed that clinical outcomes, DTN time, and r-tPA administration 

rates improved significantly during the postintervention period. The mean DTN time for 

r-tPA administration during the preintervention period was 77 min (interquartile range 

[IQR]: 60-98 min) and decreased to 67 min (IQR: 51-87 min) during the postintervention 

period (P-value [P] < .001). Door-to-needle times for r-tPA administration of 60 min or 

less increased from 26.5 percent (95 percent CI, 26.0 percent-27.1 percent) of patients 

during the preintervention period to 41.3 percent (95 percent CI, 40.8 percent-41.7 

percent) during the postintervention period (P < .001). The Fonarow study suggests the 

postintervention period is essential for reducing in-hospital mortality, minimizing 

symptomatic intracranial hemorrhages, decreasing r-tPA complications, improving 

independent ambulation at discharge, and increasing discharge-to-home rates. Moreover, 

appropriate treatment during the postintervention period reduced the likelihood of in-

hospital mortality (adjusted OR, 0.89 [95 percent Confidence Interval [CI], 0.83-0.94], P 

< .001). Fonarow et al. (2014) concluded that implementing a national quality 

improvement initiative was associated with improved timeliness of r-tPA administration 

following AIS on a national scale. This improvement resulted in lower rates of in-hospital 

mortality and intracranial hemorrhage and an increase in the percentage of patients 
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discharged home. While Fonarow et al. (2014) found that implementing AIS quality 

initiatives significantly improved clinical outcomes, DTN time, and r-tPA administration 

rates, Jauch et al. (2018) approached the problem in another way. 

Similarly, there are parallels to the study by Fonarow et al. (2014); Jauch et al. 

(2018) examined the effect of implementing a systematic quality initiative to improve 

outcomes in AIS care within a rural emergency department (ED). They obtained a 

convenience sample using a retrospective chart review for five non-primary stroke center 

(PSC) hospitals in the Stroke Belt between May 2015 and May 2017. At the baseline, 

clinical staff in participating emergency departments overestimated the proportion of 

patients with AIS administered alteplase (r-tPA) within their facility's recommended 60-

min DTN window. At the end of the intervention (i.e., six months), there were 

significantly more AIS patients treated with alteplase within the recommended DTN 

window compared to the baseline across the entire sample (1.9 percent of patients at 

baseline versus 5.2 percent at six months; P < 0.01).  There was a significant trend 

towards a decrease in the percentage of patients who received alteplase (r-tPA) more than 

60 min after they arrived at the ED (67.3 percent at baseline vs. 22.2 percent at six 

months. The results of this initiative reaffirm the value of structured, data-driven quality-

improvement interventions such as GWTG-Stroke in the administration of r-tPA within 

the 60 minutes DTN time. The Jauch et al. (2018) study rendered similar results to the 

Fonarow et al. (2014) concerning improved DTN times post quality initiative 

implementation. The Fonarow study focused on rural emergency departments, which are 

more analogous to SBHs in Southern and rural states. Providing evidence-based acute 
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stroke care at hospitals throughout the Stroke Belt is critically important to mitigate the 

adverse effects of patient morbidity and mortality. Residents of the southeastern United 

States generally have significantly less timely access to PSCs than individuals living in 

other regions of the United States. Specific to AIS identification and management, the 

GWTG-Stroke Quality Program within the AHA/ASA's "Target: Stroke Initiative" 

provided participating hospital teams with various resources resulting in a significant 

improvement in the number of patients with a DTN time of ≤ 60 min over ten years. The 

Jauch et al. (2018) study examined systemic quality improvement program 

implementation in rural emergency departments located in the Stroke Belt. Jauch and 

researchers' study results suggest that quality program implementation helps improve 

stroke outcomes and core measures; this study did not compare SBH and NSBH or focus 

on the GWTG-Stroke quality improvement program directly. 

Building upon finding in the Jauch et al. (2018) and Fonarow et al. (2014) studies, 

Howard et al. (2018) added a level of complexity by examining GWTG-Stroke quality 

program implementation directly. Based on the REGARDS study data, Howard et al. 

(2018) examined differences in stroke care between patients in hospitals participating in 

the GWTG-Stroke program and those that were not. The Stroke Belt had fewer patients 

treated at GWTG hospitals (46.9 percent versus 60.8 percent). This discrepancy has a 

significant impact on treatment. Past studies have found that GWTG hospitals are 

significantly more extensive and more likely to participate in graduate medical education 

(GME) resident training (59.9 percent versus 40.7 percent). Patients treated in GWTG 

hospitals were more likely to be administered r-tPA (OR = 3.69), education on stroke risk 



26 

 

factors and warning signs (OR = 1.52), swallowing evaluation (OR = 1.26), lipid profile 

evaluation (OR = 1.17), and evaluation by a neurologist (OR = 1.12) (Howard et al., 

2018). The researchers concluded that the care of stroke patients admitted to hospitals 

participating in the GWTG-Stroke was more likely to meet important stroke quality care 

metrics. Howard et al. (2018) posits that hospitals participating in GWTG-Stroke were 

more likely to meet stroke quality metrics. Fewer patients within the Stroke Belt 

presented to hospitals participating in GWTG-Stroke. The Howard et al. (2018) study did 

not compare SBH and NSBH participating in GWTG-Stroke. The Fonarow study 

coincided with REGARDS study findings; Fonarow et al. (2018) suggest that 

implementing AIS quality initiatives is efficacious in improving core stroke measures 

concerning r-tPA administration and DTN time in rural hospitals. Such as those identified 

by Howard et al. (2018) identified rural hospitals in the Stroke Belt as being less 

extensive regarding GWTG-Stroke participation, medical specialists, and graduate 

medical education. 

Acute ischemic stroke treatment and outcomes are time dependent. Efficient and 

well prime processes are needed to ensure that imaging is completed promptly, 

contraindications are assessed, and that door-to-needle time is within time parameters to 

avoid complications and mortality. Goldstein (2014) took an in-depth look at the medical 

management of AIS, including r-tPA-based data from a pooled analysis of four 

randomized trials. Goldstein identified that the main complication of treating AIS patients 

with IV-r-tPA is the potential for brain hemorrhage. In the pooled analysis, large-type 

intracranial hemorrhage occurred in 5.2 percent of patients in the IV-r-tPA group versus 
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1.0 percent in the control groups (OR 5.37, 95 percent CI, 3.22-8.95). There was no 

significant relationship between bleeding risk and time between onset to treatment time 

(OTT) up to 6 hours. This information significantly impacts intervention usage (i.e., r-

tPA) and associated detrimental outcomes such as associated mortality. Building on 

Goldstein's finding, Saver et al. (2013) added complexity by evaluating how OTT time 

affects the outcome among AIS patients treated with intravenous r-r-tPA. The study's 

methodology included data from 58,353 AIS patients treated with r-tPA within 4.5 hours 

after symptom onset in 1395 hospitals participating in the GWTG-Stroke Program from 

April 2003 to March 2012. Saver et al. (2013) identified the relationship between OTT 

time and in-hospital mortality. They also concluded that the median OTT time was 144 

min (IQR, 115-170), 9.3 percent (5404 patients) had an OTT time of 0 to 90 min, 77.2 

percent (45,029 patients) had an OTT time of 91 to 180 min, and 13.6 percent (7920 

patients) had OTT time of 181 to 270 min. Faster OTT times, in 15-minute increments, 

was associated with reduced in-hospital mortality (OR, 0.96; 95 percent CI, 0.95-0.98; P 

< .001), reduced symptomatic intracranial hemorrhage (OR, 0.96; 95 percent CI, 0.95-

0.98; P < .001), increased independent ambulation at discharge (OR, 1.04; 95 percent CI, 

1.03-1.05; P < .001), and increased discharge to home (OR, 1.03; 95 percent CI, 1.02-

1.04; P < .001). The researchers concluded that earlier thrombolytic treatment (r-tPA) is 

associated with reduced mortality rates and reduced symptomatic intracranial 

hemorrhage. 
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These previous studies are essential for developing and implementing healthcare 

structure and public health intervention, initiatives, and communication, resulting in the 

improved health status of AIS patients. 

Conceptual Framework 

Donabedian Model 

Growing evidence suggests that theory-based public health initiatives have 

increased efficacy when appropriately deployed in hospital settings. The health behavior 

of the patient population and the healthcare practitioner plays a significant part in 

dictating patient outcomes. Theories can guide patients and healthcare providers who 

may wonder why or why not specific health intervention is efficacious. Fundamentally, 

theories can also help identify barriers between patient needs and effective treatment. The 

specific focal aspect of healthcare is AIS treatment during the post-intervention period in 

GWTG-Stroke participating hospitals in the Stroke Belt. Healthcare professionals need to 

know more about improving the efficacy and administering treatments expediently. The 

barriers noted in past research studies are related to delays in patient presentation, 

imaging, and the completion of laboratory tests. To overcome these barriers, we will use 

Donabedian’s lasting framework for health care quality, which utilizes a triad of 

structure, process, and outcome—along with seven pillars of quality (i.e., efficacy, 

effectiveness, efficiency, optimality, acceptability, legitimacy, equity)—to evaluate the 

quality of treatment (Ayanian & Markel, 2016). The theoretical framework illustrating a 

modified Donabedian casual chain of quality factors influencing improved AIS patient 
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treatment and outcomes (see Figure 1) includes the framework’s three dimensions of 

quality: quality of structure, process, and outcomes. 

Structure describes the context in which healthcare providers deliver patient care 

and is influenced by policy (i.e., hospital infrastructure, staffing, equipment, and 

financing) as implemented by stakeholders. Process denotes the delivery of healthcare 

services and transactions between providers and patients; targeted interventions (i.e., 

stroke education, training), clinical interventions (i.e., r-tPA, brain imaging, therapies), 

are integral components of the quality of the process. Outcomes are the effects of 

healthcare on the health status of patients and populations; examples are ischemic stroke 

mortality, disability rate, increased r-tPA usage, decreased DTI times, DTN times, and 

disparity related to SBHs and NSBHs. Healthcare providers have used this framework 

extensively throughout the United States by various agencies: the U.S. Public Health 

Service (USPHS) Health Services Research Section (HSRS), the Centers for Medicare 

and Medicaid (CMS), and the Institute of Medicine (IOM). The Donabedian framework 

assesses “the degree to which health services for individuals and populations increase the 

likelihood of desired health outcomes and consistent with current professional 

knowledge” (Ayanian & Markel, 2016, p. 206). Healthcare providers utilize alternative 

quality improvement frameworks, such as the World Health Organization’s (WHO) 

“Quality of Care Framework” and the “Bamako Initiative Framework.”  Nevertheless, the 

Donabedian model remains the dominant framework utilized to assess healthcare quality 

and is helpful for this quantitative equivalence study. 
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Figure 1 

Donabedian’s Causal Chain of Quality Model 
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Summary and Conclusion 

Findings from the literature review were that implementation of quality 

improvement programs is associated with improved AIS patient treatment and 

improvement in terms of stroke core measures. Stroke quality program implementation 

increases adherence to stroke core measures (Cumbler et al., 2014; Howard et al., 2018; 

Ormseth et al., 2017; Romano et al., 2018). Based on literature review results, 

implementation of stroke quality improvement programs, systemic non-GWTG 

programs, and the GWTG-Stroke program results in improved intervention usage, patient 

outcomes, and decreased mortality rates. Fonarow et al. (2014) said implementation of 

systemic quality improvement resulted in improved r-tPA DTN times and decreases in 

overall r-tPA administration complications, in-hospital mortality, and intracranial 

hemorrhage. Saver et al. (2013) said implementation of the GWTG-Stroke program 

improved OTT, resulting in decreased mortality, decreased intracranial hemorrhage status 

post r-tPA administration, and improved discharge disposition.  Jauch et al. (2018) said 

implementation of the GWTG-Stroke program was associated with improvements in 

DTN time within hospitals that use quality improvement programs; furthermore, 

improvements in DTN should correlate with increases in the number of patients eligible 

for r-tPA administration. Howard et al. (2018) said hospitals that use the GWTG-Stroke 

program had increases in r-tPA administrations rate and adherence to stroke core 

measures. 

At the time of the current study, there were no studies that compared 

implementation of the GWTG-Stroke program between SBHs and NSBHs. Past studies 
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have examined the performance of systemic quality improvement programs (non-

GWTG) and GWTG-stroke in hospitals throughout the US. In this literature review, 

research has demonstrated the effectiveness of quality improvement program 

implementation and its association with improving stroke quality metrics, increasing r-

tPA usage, and decreasing mortality in urban hospitals outside of the stroke belt. 

However, the effectiveness of the GWTG-Stroke program to improve outcomes and 

reduce mortality in SBHs compared to NSBHs remains unknown. Through an 

equivalence study involving secondary data, I examined the effectiveness of GWTG-

Stroke implementation in the stroke belt by comparing SBHs and NSBHs to fill this gap 

in literature. Chapter 3 includes research methods used for secondary analysis of existing 

data within the GWTG-Stroke program. In Chapter 4, I provide results of the study. 

Chapter 5 includes study results, limitations, future research recommendations, and social 

change implications.
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Chapter 3: Research Methods 

Introduction 

In Chapter 2, I provided a literature review involving quality improvement 

program implementation and associated improvements in terms of key stroke core 

outcomes and measures, identified an existing gap in literature, and provided a discussion 

of Donabedian’s lasting framework for health care quality as it relates to this study. More 

specifically, I assessed if GWTG-Stroke implementation differed based on geographical 

location and attendant demographical factors. The purpose of this study was to compare 

the efficacy of the GWTG-Stroke quality program in terms of reducing key AIS 

treatment disparities and stroke-related mortality in SBHs as compared to NSBHs outside 

the stroke belt. As part of this research, I examined trends that foster improved patient 

care outcomes for AIS patients presenting to SBHs. Using an equivalence study design 

with secondary analysis of existing data, I explored the effectiveness of stroke treatment 

policies in the stroke belt.  

I postulated that SBHs have adequately implemented the GWTG-Stroke program 

and thus there were no significant differences in terms of outcomes compared to NSBHs. 

I assumed no significant differences in terms of distribution of crucial AIS treatment 

measures (r-tPA administration, DTI time, DTN) and AIS-estimated mortality among 

GWTG-Stroke participating hospitals. I hypothesized the two intervention groups were 

equivalent. Evidence suggested that the GWTG-Stroke program effectively decreased 

AIS treatment disparities and mortality. This chapter includes an overview of the 

statistical methodology employed to compare efficacy of the GWTG-Stroke quality 
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program in terms of reducing stroke-related mortality and improving AIS treatment 

between SBHs and NSBHs. In this chapter, I discuss participants, methodology, 

instrumentation, procedures, and the data analysis plan. In addition, the research design, 

threats to validity, and protection of participants are discussed in this chapter. 

Research Design and Rationale 

I employed an equivalence study design using a quantitative cross-sectional 

nonexperimental approach. Secondary analysis of existing data was used. This 

equivalence research study involved comparing the efficacy of the GWTG-Stroke quality 

program in terms of reducing stroke-related mortality and improvements in AIS treatment 

(DTN time, DTI time, and r-tPA administration rates) within SBHs and NSBHs. The 

independent variables were GWTG-Stroke hospital type, geographical location, and 

attendant demographical factors. The dependent variables were patient outcomes, 

including mortality, DTN time, DTI time, and r-tPA administration. The unit of analysis 

was GWTG-Stroke quality program implementation and use within hospitals stratified by 

geographical location and attendant demographical factors.  

An equivalence study design was employed in this study; this study design is 

most appropriate for measuring efficacy of medical therapies or interventions (Indrayan, 

2013). Equivalence studies help in terms of examining mean responses to treatments or 

interventions (Rao & Chakraborty, 1991). Equivalence testing is the appropriate testing 

method to eliminate health disparities across different demographic groups and is helpful 

in public health policies (Ahn et al., 2013). Equivalence studies examine whether two 

groups are essentially equivalent or similar enough in terms of a particular endpoint, as 
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well as differences which result as medical consequences (Indrayan, 2013). I 

operationally defined the term equivalence in this study as the efficacy of two therapies 

or interventions being close or similar enough that one cannot be considered superior, or 

inferior compared to the other. I examined the efficacy of implementation of the GWTG-

Stroke program in terms of demographics. I assessed comparisons of means between the 

two groups to identify if they were equivalent in terms of improving core stroke measures 

related to AIS patient treatments and outcomes. If implementation of the GWTG-Stroke 

program resulted in similar core stroke measures and outcomes among SBH and NSBHs, 

interventions would be equivalent. Thus, hospitals using the GWTG-Stroke program in 

the stroke belt will perform similar compared to hospitals outside the stroke belt. 

Blair and Taylor (2009) described the equivalence study design and testing as a 

method rather than a statistical test. The rationale for the equivalence study design is that 

standard statistical tests test what is not true rather than what is true (Blair & Taylor, 

2008). In equivalence testing, the null hypothesis is reversed, and the difference is a 

priori specified Δ or more; thus, rejection of the null hypothesis in the case of 

equivalence studies means equivalence, or the two groups are similar enough (Indrayan, 

2013). Interventions are considered equivalent when the entire CI is between -𝛿 and +𝛿 

(Indrayan, 2013). One intervention is considered medically equivalent to another when 

the difference between the two interventions does not exceed a predetermined medically 

unimportant difference; for this study, the predetermined difference or equivalence 

margin for the difference in proportion was five percentage points. The five-percentage 

point margin of difference in proportion is arbitrary but conceptualized based on the 
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notion that NSBHs using the GWTG-Stroke program perform at or above benchmark 

goals for core stroke measures. Core stroke measure benchmarks are based on clinical 

factors and EBP. In addition, If SBHs using the GWTG-Stroke program have outcome 

measures that differ from NSBHs by no more than plus or minus 5%, it can be argued 

that they are not meaningfully different. I employed a TOST procedure to test for 

equivalence. Equivalence could be established at the α-significance level if (1-2α) x 

100% CI. The equivalence margin was predetermined as 𝛿= five percentage points; thus, 

the interval is a -0.05 and 0.05 point difference, respectively. A 90% confidence interval 

is appropriate for the TOST procedure and will yield a significance level for the 

equivalence test of 0.05. 

I used a quantitative cross-sectional nonexperimental approach. A quantitative 

method is appropriate when researchers test an objective theory through examining 

relationships between variables; variables may be documented and measured by an 

instrument to produce numerical data for statistical analysis (Creswell, 2014). Cross-

sectional methods are observational and do not require researcher interactions with 

subjects. Additional benefits include cost-effectiveness and the ability to capture a 

specific point in time, resulting in saved time. Nonexperimental methods such as the 

correlational design involve a survey or instrument to capture data and generalize from 

samples to a population (Creswell, 2014). Statistical analysis was completed employing 

TOSTs in this study. Statistical analyses were performed on the AHA PMP using an R 

Package. 
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Methodology 

Population 

In this research study, the target population was patients with suspected stroke 

that presented to a hospital within the United States participating in the GWTG-Stroke 

Program and registry. All stroke patients presenting to a hospital utilizing GWTG-Stroke 

entered into the GWTG-Stroke registry through the Patient Management Tool™ (PMT). 

Stroke subtype (i.e., ischemic, hemorrhagic, transient ischemic attack (TIA)) were 

identified based on the final diagnosis after appropriate treatment had been rendered. The 

study population included patients treated and diagnosed with an ischemic stroke, as 

evident by the international classification of disease-10 (ICD-10) code at hospitals within 

the United States that have implemented the GWTG-Stroke Quality Program and its 

registry component. The target population was estimated to be over 100,000. The author 

stratified hospitals participating in the GWTG-Stroke into SBHs and NSBHs. The SBH 

comparison group is a hospital located within a geographical area in the Southeastern 

United States and Mississippi Valley, with high stroke mortality rates (Stroke Center, 

2019). Eight contiguously clustered states in the American Southeast have represented 

the so-called “Stroke Belt” due to their disproportionately high stroke mortality rates—

ten percent higher than the national average (Karp et al., 2016). The eight states that 

compose the Stroke Belt are Alabama, Arkansas, Georgia, Indiana, Kentucky, Louisiana, 

Mississippi, North Carolina, South Carolina, and Tennessee. 
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Sampling and Sampling Procedures 

It was hypothesized that the two groups, SBHs and NSBHs, are independent and 

that the sample size of SBH and NSBH groups would be unequal. I also hypothesized 

that SBHs and NSBHs participating in GWTG Stroke would be equivalent or similar 

enough that there would be no significant differences in the mean distribution of r-tPA 

usage, DTN time, DTI time, and AIS only estimated mortality rates. A convenience 

sample was used for the secondary analysis of existing data. Study participants included 

patients treated at United States hospitals participating in GWTG Stroke, diagnosed with 

an ischemic stroke as evident by the international classification of disease-10 (ICD-10) 

code. Additionally, patients had a Patient Management Tool (PMT) completed by a 

credentialed GWTG- data abstractor. Study Participants included participants older than 

18 years of age and patients with various means of hospital presentation or admission 

(i.e., Pre-hospital/EMS, direct self-admission to ED). This research study sample was not 

proportional; I started with the entire population then selected only cases specific to each 

research question. 

Furthermore, the study sample was not inclusive of outliers that were identified. 

Outliers were identified using R-Package, and formulas were utilized to create statistical 

limits. Cases identified within limits for each specific research question were included in 

the study sample. The sampling timeframe had participants meeting the criteria stated 

above during the following cross-section: January 1, 2015- December 31, 2019 (4-years). 

To effectively ensure reporting differences between SBHs and NSBHs will be 

statistically significant and not due to chance, I performed a sample size calculation for 
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an equivalence study based on the sample size needed to reject the hypothesis at alpha = 

0.05 and beta = 0.10. The sample size was arbitrarily calculated based on r-tPA 

administration, as this research question fits best for sample size formulation and the 

overall scientific intent of this research study. I employed the following equivalence 

study sample size formula: N=(Z α + Z β)2 [Ps(1-Ps) + Pn(1-Pn)] / (Ps-Pn-D)2 

(Blackwelder, 1982), where N  corresponds to the sample size needed for each group 

(i.e., SBH, NSBH); Z α  corresponds to standard normal variate corresponding to a tail 

probability of size β (for a confidence level of 95% using TOST, α is 0.05 and the critical 

value is 0.975); Z β corresponds to power and is the standard normal variant at β (for a 

power of 90%, β is 0.1. and the critical value is 0.975) Variables Ps and Pn are the 

respective proportions of the two groups of participants (where s denotes standard 

intervention (i.e., NSBHs) and n denotes novel intervention or comparison group (i.e., 

SBHs)); and D denotes the difference between the two interventions (Blackwelder, 

1982). It is important to note that Ps - Pn must be < D, and that all calculations assume 

alpha=0.05 and beta= 0.10 (power= 90%) (Blackwelder, 1982). Based on preliminary 

sample size calculations, with response rates set to 0.90 for both groups (i.e., Ps and Pn ) 

and a hypothesized difference of (0.05=D), the required sample size in each group is 616, 

and the total required sample size will be 1232. A total of 2,926,848 cases were analysed, 

data were in five datasets covering years 2015 to 2019. 

Data Collection Procedures 

I used secondary analysis of existing data contained within the GWTG-Stroke 

PMT. The AHA GWTG Stroke Quality Program provides hospital data submission and 
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feedback reports through the Patient Management Tool (PMT) (Appendix A), which is 

part of the GWTG-Stroke online interactive platform (AHA, 2019a). The GWTG-Stroke 

program is the most used voluntary stroke registry and performance improvement 

program within the United States. The GWTG-Stroke platform fulfills the BAC PSC 

criterion recommendations that centers should have: outcomes and quality improvement, 

and have a database or registry to track stroke type, treatment, timelines, and outcome 

measures (i.e., performance measure) (Albert et al., 2000). Core Stroke Measures require 

submission to Centers for Medicare and Medicaid (CMS) and JCAHO by the GWTG-

Stroke Platform; therefore, data is part of quality improvement efforts and does not 

require informed consent. The GWTG-Stroke platform allows hospitals to submit 

required STK or core stroke measures to CMS and JCAHO as part of quality 

improvement efforts. As such, non-identifiable patient data is collected and inputted into 

the GWTG-Stroke PMT. 

This study included PMT data submitted by credentialed GWTG-Stroke Data 

Abstractors and uploaded into the GWTG-Stroke online PMT portal. The study's sample 

population was inclusive of the follows: (a) patients presenting to GWTG-Stroke 

participating hospitals within the United States with suspected stroke (i.e., ischemic 

stroke, hemorrhagic stroke) or Transient Ischemic Attack (TIA), (b) patients with a stroke 

or TIA diagnosis as indicated by ICD-9 or ICD-10 code, (c) patients with a completed 

prospective PMT or retroactive chart review based. Data collected and inputted into the 

GWTG-Stroke PMT online interface contained no patient identifiers. The web-based 

interactive PMT allows hospitals to download reports without delay for utilization in 
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quality improvement projects (AHA, 2019a). Additionally, GWTG-Stroke PMT 

aggregate datasets can be accessed and analyzed on the American Heart Association®'s 

Precision Management Platform with prior approval. 

As a Stroke Registry, the GWTG-Stroke Quality Program also provided a source 

of secondary data for research purposes. The author gained access to GWTG-Stroke data 

by completing and submitting the Get With The Guidelines Data Request Form titled 

"Proposal for a Scientific Manuscript using American Heart Association® Quality 

Improvement Program Registry" (Appendix B). The Data request included 

acknowledging proprietary rights, non-disclosure agreement, data use agreement, 

obligations of data recipients, permitted usages, disclosures, breach notifications, non-

commercial usage, data recipient contact, and program registry usage. I was required to 

provide information related to the research target group, working research study title, 

research questions, goals, hypotheses, study population, study variables, primary 

outcomes, and a brief description of proposed analyses. The approval of the Get With 

The Guidelines data request occurred after eight months; this significant delay was due to 

the SARS CoV-2 pandemic. 

Upon approval of the Get With The Guidelines Data Request Form, the American 

Health Association Quality Publications and Precision Management Platform Statistical 

Staff provided five datasets based on inclusion/exclusionary criteria provided by the 

research time. The study's inclusion criteria were as follows: (a) patients older than 18 

years of age, (b) patients treated and diagnosed with an ischemic stroke as evident by the 

international classification of disease-10 (ICD-10) code, (c) AIS patients treated at 
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GWTG Stroke participating hospital in the United States, (c) patients with various means 

of hospital presentation or admission (i.e., Pre-hospital/EMS, direct self-admission to 

ED), (d) patients with a PMT completed by a credentialed GWTG- data abstractor. I 

excluded patients from the study sample if patients had an ICD-10 of Hemorrhagic stroke 

or documented r-tPA contraindications.  

I conducted data analysis by utilizing specific datasets requested from and 

approved by the AHA. Upon Approval of the GWTG Data Request Form titled "Proposal 

for a Scientific Manuscript using American Heart Association Quality Improvement 

Program Registry" (Appendix B), AHA Statisticians uploaded the datasets onto the 

AHA's Precision Management Platform for researcher access and analysis. Data were in 

five datasets covering 2015 to 2019 and in SAS format (sas7bdcat). These files were 

converted to R using the function "sas7dbcat" from the library sas7dbcat. In total, there 

were 2,926,848 cases. After that, the author selected the variables of interest and joined 

all the files into one. 

Instrumentation and Operationalization of Constructs 

The American Heart Association and American Stroke Association created the 

Get With The Guidelines-Stroke Quality Program and, after a successful pilot phase, 

began enrolling hospitals in April 2003 (Song et al., 2016). Since creating the GWTG-

Stroke program, more than 2,000 hospitals have entered over five-million patient records 

to publish multiple studies documenting improved patient outcomes (AHA, 2019a). 

Hospital data submission and feedback reports are provided using the AHA’s PMT, an 

online interactive platform. Data analysis for research purposes is conducted and 
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completed on the AHA’s Precision Management Platform (PMP). The GWTG-Stroke 

Program is a voluntary stroke registry and nationwide performance improvement 

program. The GWTG-Stroke platform fulfills the BAC PSC criterion recommendations 

that centers should have: outcomes and quality improvement, and have a database or 

registry to track stroke type, treatment, timelines, and outcome measures (i.e., 

performance measure) (Albert et al., 2000). Core Stroke Measures require submission to 

Centers for Medicare and Medicaid (CMS) and JCAHO by the GWTG-Stroke Platform. 

The AHAs GWTG-Stroke platform fulfills both requirements simultaneously while also 

reinforcing written care protocols utilizing clinical tools and resources. The GWTG-

Stroke Program is the most used stroke registry, and quality improvement program 

hospitals use throughout the United States. 

I conceptualized the operationalization of research question variables, as stated 

below. The primary variable [tPA administration] was defined as an answer of “Yes” to 

the relevant question “IV t-PA initiated at this hospital?” on page 5 of the GWTG PMT. 

In addition to a stated answer of “No” for “IV tPA at an outside hospital or Mobile Stroke 

Unit?” on page 6 of PMT, and “No” for “documented exclusions (i.e., contraindication) 

for not initiating thrombolytics in the 0-3 hour treatment window?” on page 5 of PMT. 

The primary variable [DTN Time] was measured in (MM/DD/YYYY, hour, minutes 

format (00:00)). It was calculated by subtracting the “arrival time” shown on Page 1 of 

the PMT and the “Date/Time IV tPA initiated” shown on Page 5. The primary variable 

[DTI time] was measured in (MM/DD/YYYY, hour, minutes format (00:00)). It was 

calculated by subtracting the “arrival time” shown on Page 1 of the PMT and the 
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“Date/Time Brain Imaging Initiated” shown on Page 4. The primary variable [GWTG 

ischemic stroke only estimated mortality rates] was calculated within the PMT for each 

GWTG Stroke hospital, based on “GWTG Ischemic Stroke-Only Estimated Mortality 

Rate” under Discharge information on page 7 of the PMT. 

Data Analysis Plan 

This study utilized secondary analysis of existing data contained within the 

GWTG-Stroke PMT. The GWTG-Stroke platform allows hospitals to submit required 

Core Stroke Measures to CMS and JCAHO as part of quality improvement efforts. As 

such, non-identifiable patient data is collected and inputted into the GWTG-Stroke PMT. 

This study included PMT data submitted by credentialed GWTG-Stroke Data Abstractors 

and uploaded into the GWTG-Stroke online PMT portal. Data was collected and inputted 

into the GWTG-Stroke PMT online interface. The data did not contain patient identifiers 

and was available stratified for individual site usage or national comparison. The web-

based interactive PMT allows hospitals to download reports without delay for utilization 

in quality improvement projects (AHA, 2019a). 

I conducted data analysis by utilizing specific datasets requested from and 

approved by the AHA. Upon Approval of the GWTG Data Request Form titled “Proposal 

for a Scientific Manuscript using “American Heart Association Quality Improvement 

Program Registry” (Appendix B). After AHA study approval, Statisticians uploaded the 

datasets to the AHA Precision Management Platform for researcher access and analysis. 

The AHA approved the GWTG data request after eight months. This significant delay 

was due to the SARS CoV-2 pandemic. Data were in five datasets covering 2015 to 2019 
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and SAS format (sas7bdcat). These files were converted to R using the function 

“sas7dbcat” from the library sas7dbcat. In total, there were 2,926,848 cases. After that, 

the author selected the variables of interest and joined all the files into one. 

The study’s inclusion criteria were as follows: (a) patients older than 18 years of 

age, (b) patients treated and diagnosed with an ischemic stroke as evident by the 

international classification of disease-10 (ICD-10) code, (c) AIS patients treated at 

GWTG Stroke participating hospital in the United States, (c) patients with various means 

of hospital presentation or admission (i.e., Pre-hospital/EMS, direct self-admission to 

ED), (d) patients with a PMT completed by a credentialed GWTG- data abstractor. I 

excluded patients from the study sample if patients had an ICD-10 of Hemorrhagic stroke 

or documented r-tPA contraindications. 

Before requesting GWTG-Stroke data and commencing the secondary analysis of 

existing data, approval from the IRB was sought and obtained (12-22-20-0047087). Upon 

receiving IRB approval (Appendix C), the five data described above were accessed and 

analyzed on the AHA’s Precision Management Platform. 

Primary Research Questions 

Research questions for equivalence studies are quantitatively based and should 

compare interventions amongst comparison groups. The set of statistical hypotheses that 

is tested is as follows:  

𝐻0: |𝑝1.0 − 𝑝2| ≥ 𝛿 versus𝐻1: |𝑝1.0 − 𝑝2| < 𝛿 

The composite hypothesis, as stated above, can further be reduced to two one-sided 

hypotheses as follows: 
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𝐻0𝐿: 𝑝1.0 − 𝑝2 ≤  𝛿𝐿 versus 𝐻1𝐿: 𝛿𝐿  ≤  𝑝1.0 − 𝑝2 

𝐻0𝑈: 𝑝1.0 − 𝑝2  ≥ 𝛿𝐿 versus 𝐻1𝐿: 𝛿𝐿  ≥  𝑝1.0 − 𝑝2𝐻𝐴 ∶  𝛿𝐿  ≤  𝑝1.0 − 𝑝2  ≤  𝛿𝑈 

Parameter = difference computed as 𝛿 = 𝑝1.0 − 𝑝2 

The research questions for this study are as follows: 

RQ1: Is there a difference between in-hospital r-tPA administration rates for AIS 

patients meeting criteria for SBHs and NSBHs?  

H01: There is a difference between in-hospital r-tPA administration rates for AIS 

patients meeting criteria for SBHs and NSBHs. 

Ha1: There is no difference between in-hospital r-tPA administration rates for AIS 

patients meeting criteria for SBHs and NSBHs. 

RQ2: Is there a difference regarding in-hospital DTN time for AIS patients’ 

administered r-tPA between SBHs and NSBHs? 

H02: There is a difference regarding in-hospital DTN time for AIS patients’ 

administered r-tPA between SBHs and NSBHs. 

Ha2: There is no difference regarding in-hospital DTN time for AIS patients’ 

administered r-tPA between SBHs and NSBHs. 

RQ3: Is there a difference regarding in-hospital DTI time between SBHs and 

NSBHs? 

H03: There is a difference regarding in-hospital DTI time between SBHs and 

NSBHs. 

Ha3: There is no difference regarding in-hospital DTI time between SBHs and 

NSBHs. 
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RQ4: Is there a difference in terms of GWTG ischemic stroke only mortality rates 

between SBHs and NSBHs? 

H04: There is a difference in terms of GWTG ischemic stroke only estimated 

mortality rates between SBHs and NSBHs. 

Ha4: There is no difference in terms of GWTG ischemic stroke only estimated 

mortality rates between NSBHs and SBHs. 

I employed an equivalence study design utilizing a quantitative cross-sectional 

non-experimental approach. Secondary analysis of existing data was used. Blair and 

Taylor (2009) describe the equivalence study design and testing as a method rather than a 

statistical test. The rationale for equivalence study design is that standard statistical tests 

are designed to test what is not true rather than what is true (Blair & Taylor, 2009). In 

equivalence testing, the null hypothesis is reversed, and the difference is a priori specified 

Δ or more; thus, rejection of the null hypothesis in the case of equivalence studies means 

equivalence or that the two groups are similar enough (Indrayan, 2013). Interventions are 

considered equivalent when the entire confidence interval (CI) is within -𝛿 and +𝛿 

(Indrayan, 2013). One intervention is considered medically equivalent to another when 

the difference between the two interventions does not exceed a predetermined medically 

unimportant difference (i.e., no medical consequence); for this study, the predetermined 

difference or equivalence margin for the difference in proportion is 𝛿= 5 percent points. 

The five-percentage point margin of difference in proportion is arbitrary. Still, it is 

conceptualized based upon the notion that NSBHs utilizing the GWTG-Stroke program 

perform at or above benchmark goals for core stroke measures based on clinical factors 
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and evidence-based practice. In addition, If SBH using the GWTG-Stroke program have 

outcome measures that differ from NSBH by no more than plus or minus 5%, it can be 

argued that they are not meaningfully different. The two one-sided test (TOST) procedure 

was utilized to test for equivalence. Equivalence could be established at the α-

significance level if (1-2α) x 100% confidence interval (CI) for the difference in efficacy 

between SBHs and NSBHs is contained within the interval (-𝛿, 𝛿) (Nowacki & Walker, 

2010). The equivalence margin has been predetermined as 𝛿= five percentage points; 

thus, the interval is ( -0.05, 0.05) point difference, respectively. A 90% confidence 

interval is appropriate for the TOST procedure and will yield a significance level for the 

equivalence test of 0.05 (Steiger, 2004) 

The primary objective of this study was to compare the efficacy of the GWTG-

Stroke Program in reducing ischemic stroke mortality (i.e., GWTG Ischemic Only 

Estimated Mortality Rate) and fostering improvements in AIS treatment (i.e., DTN, DTI, 

and r-tPA administration rates) within SBHs in comparison to NSBHs. The independent 

variable was GWTG-Stroke hospital type, geographical location, and attendant 

demographical factors (i.e., SBH, NSBH). In contrast, the dependent variables were 

patient outcome (i.e., mortality), DTN, DTI, and r-tPA administration. The unit of 

analysis was GWTG-Stroke Quality Program implementation and usage within the 

hospital stratified by geographical location and attendant demographical factors (i.e., 

SBH, NSBH). Statistical analysis employing two one-sided t-tests (TOST) was utilized. 

Statistical analysis was performed using an R Packages add-on package (TOSTER) on 

the AHA Performance Management Platform. Results are presented in tabular format and 
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figures comparing SBHs and NSBHs for each primary variable related to the research 

questions. 

Threats to Validity 

This study employed an equivalence study design utilizing a quantitative cross-

sectional non-experimental approach to analyze secondary data. The use of secondary 

data may present threats to validity related to under-reporting, misclassification bias, and 

issues related to generalizability. Furthermore, since the dataset is secondary, limited 

information about the sample may be problematic with this study design (Alexander et 

al., n.d.). 

Study data was initially inputted into the GWTG-Stroke PMT by Certified Data 

Abstractors. Internal validity may be affected by abstractor inputting incorrect data such 

as incorrect ICD-9 or ICD-10 related to ischemic stroke diagnosis (i.e., ischemic stroke 

vs. transient ischemic attack (TIA)). An incorrect diagnosis of ischemic stroke may result 

in a misclassification bias related to the research outcome of interest. Additional threats 

to internal validity may be present as it relates to experimental mortality (i.e., mortality 

variable) as it was calculated in the GWTG-Stroke PMT as a GWTG Ischemic Only 

Estimated Mortality Rate. Equivalence studies require the researcher to determine a zone 

of clinical equivalence related to standardized and novel interventions; this is defined as 

±Ψ and can be problematic as it relates to internal validity (Penn State Eberly College of 

Science, n.d.). Equivalence studies do not provide a natural check for internal validity; 

this is because equivalence of the standard and novel/experimental intervention does not 
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imply that either is effective in their own right (Penn State Eberly College of Science, 

n.d.). 

The primary objective of this study was to compare the efficacy of the GWTG-

Stroke Program in reducing ischemic stroke mortality (i.e., GWTG Ischemic Only 

Estimated Mortality Rate) and fostering improvements in AIS treatment (i.e., DTN time, 

DTI time, and r-tPA administration rates) within SBHs and NSBHs. The data analyzed 

was from hospitals within the United States participating in GWTG-Stroke (i.e., SBH and 

NSBH). I should note that not all hospitals participate in the GWTG-Stroke Quality 

Program; this can threaten external validity as it relates to the generalizability of research 

results from the sample to the population. Furthermore, the test of statistical assumptions 

found that homogeneity of variance was unequal for Research Question 3 (i.e., patient-

level) and Research Question 4 (i.e., hospital-level and patient-level).  

Ethical Procedures 

Procedures for researchers to gain access to GWTG-Stroke data required the 

researcher to complete and submit the Get With The Guidelines Data Request Form titled 

“Proposal for a Scientific Manuscript using American Heart Association Quality 

Improvement Program Registry” (Appendix B). Given that the GWTG-Stroke data is 

available to the public and de-identified, it is impossible to trace back the original data to 

patients or providers. Since these data are de-identified and open to the public, the 

subsequent use of such data would not constitute human subject research as defined by 45 

CFR 46. 102 and does not require Institutional Review Board (IRB) approval but should 

be reviewed by IRB (University of Connecticut, 2020). Moreover, since this research 
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study utilizes secondary analysis of existing data, participant recruitment was not 

required. The elimination of participate recruitment also excluded recruitment of 

vulnerable populations, including but not limited to the following: children under the age 

of 18, pregnant women and fetuses, physically disabled persons, emotionally disabled 

persons, hospitalized persons, incarcerated persons, persons under community 

supervision for a crime, elderly persons, active-duty military personnel, victims or 

witnesses of violent crime or trauma, individuals who may not be able to protect their 

right or interests, and individuals within the United States that may not be fluent in 

English (Walden University, 2020a). 

Furthermore, this research study was not be inclusive of the following sensitive 

topics, which could present significant ethical challenges requiring early ethics 

consultation with the Walden University Office of IRB: questions pertaining to 

professional work leading to disclosures of behaviors/views that could potentially get the 

person’s job terminated or passed over for promotion (i.e., lack of compliance with 

policies, disagreement with leadership style or discissions); question pertaining to 

substance use, mental health state, or violence that might obligate a referral and/or 

intervention to prevent harm to participate (e.g., addiction, severe depression, suicidal or 

homicidal ideations, physical threats); illegal activities that may incriminate the 

participate by means of the research data ( e.g., illicit drug use, illegal immigration, child 

abuse/neglect, assault, cyber bullying); personal issues that could distress an individual if 

framed in a judgmental, dismissive, non-inclusive, or insensitive manner (i.e., religion, 

ethnicity, etc.); race or ethnicity as a variable or inclusionary criterion; outcomes of a new 
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intervention or program that is not already part of a standard offering in specific 

environment (e.g., education, psychological, and/or clinical settings) (Walden University, 

2020b). 

Doctoral research studies or projects that utilize a secondary analysis of existing 

data are non-inclusive of interaction or intervention with human subjects. Still, they 

require review by the Walden University IRB as defined by 45 CFR 46. 102 (f) 

(University of Connecticut, 2020). Human subjects are defined in 45 CFR 46. 102 (e)(1) 

as a living individual about whom an investigator (professional or student) is conducting 

research (United States Department of Health and Human Services: Office of Human 

Research Protection [HHS-OHRP], 2020). As noted, secondary analysis of existing data 

and de-identified data available to the public does not require IRB review if the research 

study meets these stated criteria; it falls outside the regulatory definition of research 

involving human subjects (University of Connecticut, 2020) (HHS-OHRP, 2020). While 

IRB approval is not required for this research study, an IRB application was submitted to 

the Walden University IRB for review and was subsequently approved (12-22-20-

0047087) (Appendix C). 

Summary 

I employed an equivalence study design using a quantitative cross-sectional 

nonexperimental approach. Secondary analysis of existing data was performed using 

TOSTs. In this chapter, I discussed methodological and statistical strategies related to 

efficacy of the GWTG-Stroke program in terms of reducing stroke-related mortality and 

fostering improvements in AIS treatment between SBHs and NSBHs. submission and 
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approval of the GWTG data request form resulted in requested datasets for research 

access and analysis. I assessed the datasets based on the study’s inclusion/exclusionary 

criteria. Statistical analysis was performed using TOSTER on the AHA’s PMP. Chapter 4 

include study results, limitations, implications of social change, and recommendations for 

future research. 
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Chapter 4: Results 

Introduction 

I employed an equivalence study design using a quantitative cross-sectional 

nonexperimental approach. Secondary analysis of existing data was used. The purpose of 

this study was to compare efficacy of the GWTG-Stroke program in terms of reducing 

ischemic stroke mortality and fostering improvements in AIS treatment between SBHs 

and NSBHs. The independent variables were GWTG-Stroke hospital type, geographical 

location, and attendant demographical factors. Dependent variables were patient 

outcomes, DTN time, DTI time, and r-tPA administration. The unit of analysis was 

GWTG-Stroke quality program implementation and use within the hospital stratified by 

geographical location and attendant demographical factors. The Chapter 4 includes the 

sample and variables used in statistical analyses, examination of research questions, and 

testing of hypotheses. I employed TOSTs and statistical analysis was performed using the  

TOSTER R-Package. Study findings are presented in tables and figures comparing SBHs 

and NSBHs for each primary variable related to the research questions. Furthermore, test 

of statistical assumptions found that homogeneity of variance was unequal for RQ3 and 

RQ4. 

Primary Research Questions 

Research questions for equivalence studies are quantitatively based and should 

compare interventions between comparison groups. The following set of statistical 

hypotheses were tested is as follows:  

𝐻0: |𝑝1.0 − 𝑝2| ≥ 𝛿 versus 𝐻1: |𝑝1.0 − 𝑝2| < 𝛿 
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The composite hypothesis can further be reduced to two one-sided hypotheses as follows: 

𝐻0𝐿: 𝑝1.0 − 𝑝2 ≤  𝛿𝐿 versus 𝐻1𝐿: 𝛿𝐿  ≤  𝑝1.0 − 𝑝2 

𝐻0𝑈: 𝑝1.0 − 𝑝2  ≥ 𝛿𝐿 versus 𝐻1𝐿: 𝛿𝐿  ≥  𝑝1.0 − 𝑝2 

𝐻𝐴 ∶  𝛿𝐿  ≤  𝑝1.0 − 𝑝2  ≤  𝛿𝑈 

Parameter = difference computed as 𝛿 = 𝑝1.0 − 𝑝2 

The research questions for this study are as follows: 

RQ1: Is there a difference between in-hospital r-tPA administration rates for AIS 

patients meeting criteria for SBHs and NSBHs?  

H01: There is a difference between in-hospital r-tPA administration rates for AIS 

patients meeting criteria for SBHs and NSBHs. 

Ha1: There is no difference between in-hospital r-tPA administration rates for AIS 

patients meeting criteria for SBHs and NSBHs. 

RQ2: Is there a difference regarding in-hospital DTN time for AIS patients’ 

administered r-tPA between SBHs and NSBHs? 

H02: There is a difference regarding in-hospital DTN time for AIS patients’ 

administered r-tPA between SBHs and NSBHs. 

Ha2: There is no difference regarding in-hospital DTN time for AIS patients’ 

administered r-tPA between SBHs and NSBHs. 

RQ3: Is there a difference regarding in-hospital DTI time between SBHs and 

NSBHs? 

H03: There is a difference regarding in-hospital DTI time between SBHs and 

NSBHs. 
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Ha3: There is no difference regarding in-hospital DTI time between SBHs and 

NSBHs. 

RQ4: Is there a difference in terms of GWTG ischemic stroke only mortality rates 

between SBHs and NSBHs? 

H04: There is a difference in terms of GWTG ischemic stroke only estimated 

mortality rates between SBHs and NSBHs. 

Ha4: There is no difference in terms of GWTG ischemic stroke only estimated 

mortality rates between NSBHs and SBHs.  

Data Collection 

Data analysis was conducted by using specific data contained within datasets 

requested from and approved by the AHA. Upon Approval of the GWTG data request 

form (see Appendix B), statisticians from the AHA uploaded data to the PMP for 

researcher access and analysis. Approval of the GWTG data request occurred after 8 

months. This significant delay was due to the SARS CoV-2 pandemic. I used five 

datasets covering the years 2015 to 2019 in SAS format (SAS7BDAT). These files were 

converted to R using the function “sas7dbcat” from the library SAS7DBAT. In total, there 

were 2,926,848 cases. After that, I selected the variables of interest and joined all files 

into one. 
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Table 1 

 

Study Variables and their Dataset Coding 

Variable Code of the variable 

Hospital Id SITE_ID 

Hospital’s State SITE_STATE 

Age of the patient GS_AGE 

Type of stroke GS_STROKETYPE 

GS_ZIP1 Patient’s ZIP code 

Arrival time JC_ARRDATETIME 

Date and time brain imaging GS_CTCOMPDATETIME 

Date and time IV tPA initiated JC_IVTHRODTTM 

IV tPA initiated at this hospital gs_ivthroinit 

IV tPA at an outside hospital GS_IVTPAOUTSIDE 

Documented exclusions GS_ITVPANC 

How patient arrived to hospital GS_PATIENTARRIVAL 

Mortality rate GS_ISCHEMICRISK 

  

Three initial filters were applied (GS_AGE > 18, GS_STROKETYPE = 

“Ischemic stroke,” and SITE_ID with empty values). After that, the author transformed 

the numeric values of the time data to date and time readable values. The next stage 

involved the creation of three of our independent variables (IV): tPA administration, 

DTN time, and DTI time. In this operation, I created two categorical variables to identify 
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whether a hospital or a patient belonged to the Stroke Belt. Following this procedure, I 

selected the positive values of the variables DTN time, DTI time, and Ischemic risk 

(negative values of time and ischemic risk lacked meaningful value and represented a 

probable error). The evaluation of the outliers of those three quantitative IVs was the next 

step. The limits were determined using the following formulas: 

𝑈𝑝𝑝𝑒𝑟 𝐿𝑖𝑚𝑖𝑡 = 𝑄3 + 1.5 (𝑄3 − 𝑄1) 

𝐿𝑜𝑤𝑒𝑟 𝐿𝑖𝑚𝑖𝑡 = 𝑄1 − 1.5 (𝑄3 − 𝑄1) 

Once the limits were applied to the data, I created four new datasets, one for each 

research question. I obtained the descriptive values grouped at the hospital-level only for 

the first research question. For the other research questions, descriptive results are at the 

hospital-level and patient-level. The following limits of outliers for each variable were 

utilized. Research cases within these limits are valid: Ischemic risk [Min 0.400-13.100 

Max], DTI time [Min 60-6960 Max], DTN time [Min 60-2400.0 Max]. Time variable 

cleaning was performed to remove missing or inaccurate time data related to negative 

data, missing data, and outliers. The rate for tPA Administration was calculated based on 

the percentage of people who were administered tPA inside each hospital. The sample 

was not proportional. I started with the whole population and selected only specific cases 

relevant to each research question. 

Results 

RQ1 

RQ1: Is there a difference between in-hospital r-tPA administration rates for AIS 

patients meeting criteria for SBHs and NSBHs?  
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H01: There is a difference between in-hospital r-tPA administration rates for AIS 

patients meeting criteria for SBHs and NSBHs. 

Ha1: There is no difference between in-hospital r-tPA administration rates for AIS 

patients meeting criteria for SBHs and NSBHs. 

Table 2 

Distribution of r-tPA Administration Rates for AIS Patients in NSBHs and SBHs utilizing 

GWTG-Stroke, 2015-2019 

Stroke Belt N Mean Median SD SE 

No 562 64.84 76.92 33.36 1.41 

Yes 100 62.58 72.22 33.18 3.32 

      

For RQ1, I examined whether SBHs and NSBHs utilizing GWTG Stroke were 

equivalent in tPA administration rates for patients meeting criteria. Demographics for 

RQ1, pertaining to r-tPA administration stratified by hospital type were NSBHs (N=562) 

and SBHs (N=100), as shown in Table 2. A two-one side t-test (TOST) analysis was 

conducted. Equivalence test results for RQ1 can be seen in Table 3. As seen in table 3, 

the equivalence test was non-significant, t(660) = -.271, p = .393, given equivalence 

bounds of -3.242 and 3.242 (on a raw scale) and an alpha of .05. The null hypothesis test 

was non-significant, t(660) = .625, p = .532, given an alpha of .05. Based on the 

equivalence test and the null-hypothesis test combined, I concluded that the observed 

effect is statistically not different from zero and statistically not equivalent to zero. The 

final decision is both groups are not equivalent and not statistically different. According 
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to Mecklin (2003, 331), the result must be termed as equivocal. Under this situation, 

“there is insufficient evidence to conclude that the groups are either equivalent or 

different. This would most likely occur when the samples are very small and/or the group 

variances are very large.” 

Table 3 

Equivalence Test of r-tPA Administration Rates for AIS Patients in NSBHs and SBHs 

utilizing GWTG-Stroke, 2015-2019 

Null Hypothesis DF t-value p-value 

Difference <= -3.242 660 1.52 .064 

Difference >= 3.242 660 -.27 .393 
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Figure 2 

Plot of Equivalence Test of r-tPA Administration Rates for AIS Patients in NSBHs and 

SBHs Utilizing GWTG-Stroke, 2015-2019 

 
RQ2 

RQ2: Is there a difference regarding in-hospital DTN time for AIS patients’ 

administered r-tPA between SBHs and NSBHs? 

H02: There is a difference regarding in-hospital DTN time for AIS patients’ 

administered r-tPA between SBHs and NSBHs. 

Ha2: There is no difference regarding in-hospital DTN time for AIS patients’ 

administered r-tPA between SBHs and NSBHs. 
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Table 4 

Distribution of in-hospital DTN time for AIS Patients in NSBHs and SBHs utilizing 

GWTG-Stroke, 2015-2019 - Hospital Level 

Stroke Belt N Mean Median SD SE 

No 617 3350.96 3315.19 661.34 26.62 

Yes 112 3411.77 3318.40 746.34 70.52 

      

For RQ2, I examined whether SBHs and NSBHs utilizing GWTG Stroke were 

equivalent regarding in-hospital DTN time. Demographics for RQ2, pertaining to in-

hospital DTN time stratified by hospital type were NSBHs (N=617) and SBHs (N=111) at 

the hospital-level, as shown in Table 4. A two-one side t-test (TOST) analysis was 

conducted at the hospital-level and patient-level. As shown in Table 5, at the hospital-

level, the equivalence test was non-significant, t(727) = 1.540, p = 0.0621, given 

equivalence bounds of -167.548 and 167.548 (on a raw scale) and an alpha of .05. The 

null hypothesis test was non-significant, t(727) = -0.877, p = 0.381, given an alpha of .05. 

Based on the equivalence test and the null-hypothesis test combined, I concluded that the 

observed effect is statistically not different from zero and statistically not equivalent to 

zero, as illustrated in Figure 3. The final decision is: both groups are not equivalent and 

not statistically different. 
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Table 5 

Equivalence Test of in-hospital DTN time for AIS Patients in NSBHs and SBHs utilizing 

GWTG-Stroke, 2015-2019 - Hospital Level 

Null Hypothesis DF t-value p-value 

Difference <= -167.55 727 1.54 .06 

Difference >= 167.55 727 -3.29 <.001 
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Figure 3 

Plot of Equivalence Test of in-hospital DTN time for AIS Patients in NSBHs and SBHs 

utilizing GWTG-Stroke, 2015-2019 - Hospital Level 
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Table 6 

Distribution of in-hospital DTN time for AIS Patients in NSBHs and SBHs utilizing 

GWTG-Stroke, 2015-2019 - Patient Level 

Stroke Belt N Mean Median SD SE 

No 45669 3040.75 2880 1279.86 5.99 

Yes 8777 3003.32 2820 1276.87 13.63 

      

For RQ2, I examined whether SBHs and NSBHs utilizing GWTG Stroke were 

equivalent regarding in-hospital DTN time. Demographics for RQ2, pertaining to in-

hospital DTN time stratified by hospital type, were NSBHs (N=45669) and SBHs 

(N=8777) at the patient-level as shown in Table 6. A two-one side t-test (TOST) analysis 

was conducted at the hospital-level and patient-level. As can be seen in Table 7, at the 

patient-level, the equivalence test was significant, t(54444) = -8.726, p < .001, given 

equivalence bounds of -167.538 and 167.538 (on a raw scale) and an alpha of .05. The 

null hypothesis test was significant, t(54444) = 2.510, p = .0121, given an alpha of .05. I 

concluded that the observed effect is statistically different from zero and statistically 

equivalent to zero based on the equivalence test and the null-hypothesis test combined. 

The final decision is: both groups are equivalent and statistically different, as illustrated 

in Figure 4. According to Mecklin (2003), “a simultaneous rejection of both inferential 

procedures, could happen in a situation where large samples provide too much power, 

resulting in a trivial difference in means being statistically significant. The equivalence 
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test (and the effect size) should detect the small magnitude of these mean differences” (p. 

331). 

Table 7 

Equivalence Test of in-hospital DTN Time for AIS Patients in NSBHs and SBHs utilizing 

GWTG-Stroke, 2015-2019 - Patient Level 

Null Hypothesis DF t-value p-value 

Difference <= -167.54 54,444 13.75 < .001 

Difference >= 167.54 54,444 -8.73 < .001 
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Figure 4 

Plot of Equivalence Test of In-Hospital DTN Time for Acute Ischemic Stroke Patients in 

NSBHs and SBHs Utilizing GWTG-Stroke, 2015-2019 - Patient Level 

 

 

RQ3 

RQ3: Is there a difference regarding in-hospital DTI time between SBHs and 

NSBHs? 

H03: There is a difference regarding in-hospital DTI time between SBHs and 

NSBHs. 

Ha3: There is no difference regarding in-hospital DTI time between SBHs and 

NSBHs. 
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Table 8 

Distribution of DTI time for AIS Patients in NSBHs and SBHs utilizing GWTG-Stroke, 

2015-2019 - Hospital Level 

Stroke Belt N Mean Median SD SE 

No 617 853.52 846.32 243.62 9.81 

Yes 112 879.18 847.49 267.78 25.30 

      

For RQ3, I examined whether SBHs and NSBHs utilizing GWTG Stroke were 

equivalent in DTI time. Demographics for RQ3, pertaining to in-hospital DTI time 

stratified by hospital type were NSBHs (N=617) and SBHs (N=112) at the hospital-level, 

as shown in Table 8. A two-one side t-test (TOST) analysis was conducted at the 

hospital- level, and patient-level. As can be seen in Table 8, at the hospital-level the 

equivalence test was non-significant, t(727) = 0.669, p = .252, given equivalence bounds 

of -42.676 and 42.676 (on a raw scale) and an alpha of .05. The null hypothesis test was 

non-significant, t(727) = -1.010, p = .313, given an alpha of .05. Based on the 

equivalence test and the null-hypothesis test combined, I concluded that the observed 

effect is statistically not different from zero and statistically not equivalent to zero, as 

illustrated in Figure 5. The final decision is both groups are not equivalent and not 

statistically different. 
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Table 9 

Equivalence Test of DTI time for AIS Patients in NSBHs and SBHs utilizing GWTG-

Stroke, 2015-2019 - Hospital Level 

Null Hypothesis DF t-value p-value 

Difference <= -42.68 727 .67 .25 

Difference >= 42.68 727 -2.69 < .01 
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Figure 5 

Plot of Equivalence Test of DTI time for AIS Patients in NSBHs and SBHs utilizing 

GWTG-Stroke, 2015-2019 - Hospital Level 
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Table 10 

Distribution of DTI time for AIS Patients in NSBHs and SBHs utilizing GWTG-Stroke (01 

January 2015 - 31 December 2019) - Patient Level 

Stroke Belt N Mean Median SD SE 

No 45669 845.84 720 510.91 2.39 

Yes 8777 884.55 780 550.87 5.88 

      

For RQ3, I examined whether SBHs and NSBHs utilizing GWTG Stroke were 

equivalent in DTI time. Demographics for RQ3, pertaining to in-hospital DTI time 

stratified by hospital type, were NSBHs (N=45669) and SBHs (N=8777) at the patient-

level as shown in Table 10. A two-one side t-test (TOST) analysis was conducted at the 

hospital-level and patient-level. As can be seen in Table 11, at the patient-level the 

equivalence test was non-significant, t(11,855.21) = .560, p = .288, given equivalence 

bounds of -42.292 and 42.292 (on a raw scale) and an alpha of .05. The null hypothesis 

test was significant, t(11,855.21) = -6.103, p < 0.001, given an alpha of .05. Based on the 

equivalence test and the null-hypothesis test combined, I conclude that the observed 

effect is statistically different from zero and statistically not equivalent to zero, as 

illustrated in Figure 6. The final decision is: both groups are not equivalent and 

statistically different. According to Mecklin (2003, 331), they must be considered 

different. 
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Table 11 

Equivalence Test of DTI time for AIS Patients in NSBHs and SBHs utilizing GWTG-

Stroke, 2015-2019 - Patient Level 

Null Hypothesis DF t-value p-value 

Difference <= -42.29 11,855.21 .56 .28 

Difference >= 42.29 11,855.21 -12.77 <.001 

    

Figure 6 

 

Plot of Equivalence Test of DTI Time for AIS Patients in NSBHs and SBHs Utilizing 

GWTG-Stroke, 2015-2019 - Patient Level 
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RQ4 

RQ4: Is there a difference in terms of GWTG ischemic stroke only mortality rates 

between SBHs and NSBHs? 

H04: There is a difference in terms of GWTG ischemic stroke only estimated 

mortality rates between SBHs and NSBHs. 

Ha4: There is no difference in terms of GWTG ischemic stroke only estimated 

mortality rates between NSBHs and SBHs.   
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Table 12 

Distribution of GWTG Ischemic Stroke Only Mortality Rate in NSBHs and SBHs utilizing 

GWTG-Stroke, 2015-2019 - Hospital Level 

Stroke Belt N Mean Median SD SE 

No 617 3.46 3.46 .85 .03 

Yes 112 3.46 3.38 1.10 .10 

      

For RQ4, I examined whether SBHs and NSBHs utilizing GWTG Stroke were 

equivalent in GWTG Ischemic Stroke Only Mortality Rate. Demographics for RQ4, 

pertaining to GWTG Ischemic Stroke Only Mortality Rate stratified by hospital type 

were NSBHs (N=617) and SBHs (N=112) at the hospital-level as shown in Table 12. A 

two-one side t-test (TOST) analysis was conducted at the hospital-level and patient-level. 

As can be seen in Table 13, at the hospital-level the equivalence test was non-significant, 

t(137.54) = -1.587, p = .0574, given equivalence bounds of -.173 and .173 (on a raw 

scale) and an alpha of .05. The null hypothesis test was non-significant, t(137.54) = 

0.000, p = 1, given an alpha of .05. Based on the equivalence test and the null-hypothesis 

test combined, I concluded that the observed effect is statistically not different from zero 

and statistically not equivalent to zero, as illustrated in Figure 7. The final decision is: 

both groups are not equivalent and not statistically different. 
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Table 13 

Equivalence Test of GWTG Ischemic Stroke Only Mortality Rate in NSBHs and SBHs 

utilizing GWTG-Stroke, 2015-2019 - Hospital Level 

Null Hypothesis DF t-value p-value 

Difference <= -.173 137.54 1.59 .06 

Difference >= .173 137.54 -1.59 .06 
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Figure 7 

Plot of Equivalence Test of GWTG Ischemic Stroke Only Mortality Rate in NSBHs and 

SBHs utilizing GWTG-Stroke, 2015-2019 - Hospital Level 
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Table 14 

Distribution of GWTG Ischemic Stroke Only Mortality Rate in NSBHs and SBHs utilizing 

GWTG-Stroke, 2015-2019 - Patient Level 

Stroke Belt N Mean Median SD SE 

No 45669 3.60 2.6 2.82 .01 

Yes 8777 3.59 2.5 2.85 .03 

      

For RQ4, I examined whether SBHs and NSBHs utilizing GWTG Stroke were 

equivalent in GWTG Ischemic Stroke Only Mortality Rate. Demographics for RQ4, 

pertaining to GWTG Ischemic Stroke Only Mortality Rate stratified by hospital type 

were NSBHs (N=45669) and SBHs (N=8777) at the patient-level as shown in Table 14. A 

two-one side t-test (TOST) analysis was conducted at the hospital-level and patient-level. 

As can be seen in Table 15, at the patient-level the equivalence test was significant, 

t(54,444) = -5.164, p < .001, given equivalence bounds of -0.180 and 0.180 (on a raw 

scale) and an alpha of .05. The null hypothesis test was non-significant, t(54444) = 0.304, 

p = .761, given an alpha of .05. Based on the equivalence test and the null-hypothesis test 

combined, I concluded that the observed effect is statistically not different from zero and 

statistically equivalent to zero, as illustrated in Figure 8. The final decision is: both 

groups are equivalent and not statistically different. According to Mecklin (2003, 331), 

they should be considered equivalent.  
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Table 15 

Equivalence Test of GWTG Ischemic Stroke Only Mortality Rate in NSBHs and SBHs 

utilizing GWTG-Stroke, 2015-2019 - Patient Level 

Null Hypothesis DF t-value p-value 

Difference <= -.18 54,444 5.78 < .001 

Difference >= .18 54,444 -5.16 < .001 
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Figure 8 

Plot of Equivalence Test of GWTG Ischemic Stroke Only Mortality Rate in NSBHs and 

SBHs Utilizing GWTG-Stroke, 2015-2019 - Patient Level 

 
Summary 

Data analysis was conducted by using datasets requested from and approved by 

the AHA. I used five datasets covering the years 2015 to 2019 which were in SAS format 

(SAS7BDAT). In total, there were 2,926,848 cases examined in this study. A TOST at 

the hospital and patient level was completed for each research question as part of the 

equivalence study.  

Equivalence study results varied based on the research question and stratification 

by hospital versus patient-level analysis. For RQ1, I examined only hospital-level data 

regarding r-tPA administration stratified by stroke belt hospital type. RQ2 examined 

DTN time at the hospital and patient level for SBHs and NSBHs. For RQ2 at the hospital 
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level, equivalence and null hypothesis test results were nonsignificant. I concluded based 

on results that DTN time in both groups were not equivalent or statistically different. For 

RQ2 at the patient level, the equivalence and null hypothesis test results were significant. 

I concluded based on results that DTN for both SBHs and NSBHs at the patient level 

were equivalent and statistically different. For RQ3 examining DTI time at the hospital 

level, equivalence and null hypothesis tests were nonsignificant. I concluded based on 

results that DTI time for NSBHs and SBHs at the hospital level were not equivalent or 

statistically different. For RQ3 at the patient level, the equivalence test was non-

significant, and the null hypothesis test was significant. I concluded based on results that 

DTI time for NSBHs and SBHs were not equivalent or statistically different. For RQ4, 

the equivalence test and null hypothesis test both were nonsignificant. I concluded based 

on results that GWTG AIS mortality rates among at the hospital level were not equivalent 

or statistically different. For RQ4 at the patient level, the equivalence test was significant, 

and the null hypothesis test was nonsignificant. I concluded based on results that GWTG 

AIS mortality rates for SBHs and NSBHs at the patient level both were equivalent and 

not statistically different and should be considered equivalent. 

Next, in Chapter 5, I discuss results, study limitations, implications for social 

changes, and recommendations for future research. 
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Chapter 5: Discussion, Conclusion, and Recommendations 

Introduction 

The purpose of this study was to compare the efficacy of the GWTG-Stroke 

quality program in terms of reducing key AIS treatment disparities and AIS stroke-related 

mortality between SBHs and NSBHs. I employed an equivalence study design using a 

quantitative cross-sectional nonexperimental approach. Secondary analysis of existing 

data was used. As part of this study, I examined if implementation and use of the GWTG-

Stroke program resulted in differences in terms of mean outcomes based on geographical 

location and attendant demographical factors. Implementation of the GWTG-Stroke 

program was reviewed to determine if SBHs and NSBHs were quantitatively equivalent. 

A lack of significant differences in terms of outcomes between the two comparison 

groups would suggest that the GWTG-Stroke quality program effectively decreases AIS 

treatment disparities and mortality as it relates to the stroke belt. This chapter includes a 

discussion of significant findings related to differences in the mean distribution of r-tPA 

administration, DTI time, DTN time, and AIS-specific mortality between SBHs and 

NSBHs participating in the GWTG-Stroke program. The discussion will include 

implications which may be beneficial for legislators, hospitals, and other stakeholders 

which will lead to positive social change. This chapter concludes with a discussion of 

conceptual frameworks, implications for positive social change, study limitations, 

identification of future research, and a conclusion. 

This chapter assists in answering the following research questions: 
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RQ1: Is there a difference between in-hospital r-tPA administration rates for AIS 

patients meeting criteria for SBHs and NSBHs?  

H01: There is a difference between in-hospital r-tPA administration rates for AIS 

patients meeting criteria for SBHs and NSBHs. 

Ha1: There is no difference between in-hospital r-tPA administration rates for AIS 

patients meeting criteria for SBHs and NSBHs. 

RQ2: Is there a difference regarding in-hospital DTN time for AIS patients’ 

administered r-tPA between SBHs and NSBHs? 

H02: There is a difference regarding in-hospital DTN time for AIS patients’ 

administered r-tPA between SBHs and NSBHs. 

Ha2: There is no difference regarding in-hospital DTN time for AIS patients’ 

administered r-tPA between SBHs and NSBHs. 

RQ3: Is there a difference regarding in-hospital DTI time between SBHs and 

NSBHs? 

H03: There is a difference regarding in-hospital DTI time between SBHs and 

NSBHs. 

Ha3: There is no difference regarding in-hospital DTI time between SBHs and 

NSBHs. 

RQ4: Is there a difference in terms of GWTG ischemic stroke only mortality rates 

between SBHs and NSBHs? 

H04: There is a difference in terms of GWTG ischemic stroke only estimated 

mortality rates between SBHs and NSBHs. 
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Ha4: There is no difference in terms of GWTG ischemic stroke only estimated 

mortality rates between NSBHs and SBHs. 

Equivalence study results varied based on the research question and hospital level 

versus patient level analysis. I examined only hospital-level data regarding r-tPA 

administration stratified by Stroke Belt hospital type for RQ1. Based on the results, I 

concluded both groups were not equivalent and not statistically different and were thus 

equivocal. RQ2 involved DTN time at the hospital and patient level for SBHs and 

NSBHs. For RQ2 at the hospital level, I concluded that DTN time in both groups was not 

equivalent. For RQ2 at the patient level, I concluded that DTN time for both SBHs and 

NSBHs was equivalent. For RQ3, I concluded that DTI for both SBHs and NSBHs was 

not equivalent. For RQ3 at the patient level, I concluded that DTI time for NSBHs and 

SBHs was not equivalent. For RQ4, I concluded that GWTG ischemic stroke only 

mortality rates for SBHs and NSBHs were not equivalent. For RQ4 at the patient level, I 

concluded that GWTG ischemic stroke only mortality rates for SBHs and NSBHs were 

equivalent and not statistically different and should be considered equivalent. As part of 

this study, trends that fostered improved patient care outcomes for AIS patients 

presenting to SBHs were identified. 

Interpretation of Findings 

This study has a specific focus on the stroke belt. I attempted to fill a significant 

gap in terms of current understanding of stroke treatments. By focusing on treatment 

interventions and mortality rates between geographical treatment facility types, 
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researchers and physicians will better understand stroke treatment programs in the region 

that are most severely affected by this health crisis.  

Implementation of a quality improvement program such as the GWTG-Stroke 

program is associated with improved AIS patient treatment and improvements in terms of 

stroke core measures. Stroke quality program implementation increases adherence to 

stroke core measures (Cumbler et al., 2014; Howard et al., 2018; Ormseth et al., 2017; 

Romano et al., 2015). Based on literature review results, implementation of both systemic 

non-GWTG programs and the GWTG-Stroke program results in improved r-tPA 

administration and patient outcomes and decreased mortality rates. Structured quality 

improvement interventions like the GWTG-Stroke program increases the number of 

patients that receive r-tPA within the recommended 60-minute DTN time (Jauch et al., 

2018). Over the past 5 years, improved hospital adherence to stroke quality metrics has 

improved outcomes and reduced mortality for stroke patients. Howard et al. (2018) said 

care of stroke patients in the GWTG-Stroke program was more likely to meet stroke 

quality care metrics. Howard et al. (2018) said 1,656 out of 5,564 (29.76%) of hospitals 

in the US currently use the GWTG-Stroke program. Many hospitals implementing the 

GWTG-Stroke program are JCAHO-certified stroke centers or have plans to become 

certified. 

There has not been an equivalence study that concentrates on GWTG-Stroke use 

among SBHs. The GWTG-Stroke program has improved stroke care and critical process 

measures (AHA, 2019a). However, the impact of the program on AIS treatment and 

mortality within SBHs compared to NSBHs remains limited. As previously mentioned, 
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most hospitals using the GWTG-Stroke program are JCAHO CSPs or have implemented 

clinical guidelines to become a JCAHO CSP. Previous studies examined the efficacy of r-

tPA administration rates and status-post intervention outcomes such as hemorrhage, 

disability, and mortality. However, minimal research has compared regional differences 

in terms of effectiveness of the GWTG-Stroke Program on stroke mortality and r-tPA 

administration in hospitals within and outside stroke belt until this study.  

In this study, I examined whether SBHs and NSBHs were equivalent in terms of 

tPA administration rates for AIS patients meeting criteria. Demographics for RQ1, are 

shown in Table 2. RQ1 was analysed only at the hospital-level (see Table 3). Based on 

the equivalence test and the null-hypothesis test combined, I concluded that the observed 

effect was statistically not different from zero and statistically not equivalent to zero. The 

conclusion is SBHs and NSBHs were not equivalent and not statistically different 

regarding r-tPA administration for AIS patients meeting criteria. Regarding r-tPA 

administration, the result suggests that “there is insufficient evidence to conclude that the 

groups are either equivalent or different. This would most likely occur when the samples 

are very small and/or the group variances are very large.” must be termed equivocal 

according to Mecklin (2003, 331). The demographic data for Research Question 1 

suggests that the sample size for SBHs (N=100) is significantly smaller than NSBH 

(N=562) regarding r-tPA administration rates. 

Prior research studies such as Howard et al. (2018) and Fonarow et al. (2014) 

suggest that implementing quality improvement programs such as GWTG-Stroke is 

associated with an increase in r-tPA administration rates DTN time or OTT time. The 
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studies performed by Howard et al. (2018) and Fonarow et al. (2014) utilized similar data 

from the GWTG-Stroke Quality Improvement Program but different analysis methods in 

comparison to this research study. The assumption is that implementation of a systemic 

stroke quality improvement program would improve r-tPA administration in SBHs 

utilizing such an intervention. This study’s finding suggests that r-tPA administration in 

SBHs and NSBH are neither equivalent nor different. Study findings related to r-tPA 

administration may be due to various factors. As stated, one reason the results are 

equivocal may be due to small sample size or substantial group variance. While study 

results are equivocal regarding r-tPA administration in SBHs compared to NSBHs, the 

study finding suggests there is insignificant evidence to say the two groups are different 

in the rate of r-tPA administration. 

Regarding r-tPA administration amongst hospitals utilizing GWTG-Stroke, the 

observed effect was statistically not different between SBHs and NSBHs. This equivocal 

research finding does align with the past study finding that implementation of systemic 

stroke quality improvement programs such as GWTG-Stroke is associated with increased 

r-tPA administration rates in hospitals that have implemented such programs. In addition, 

the smaller sample size related to r-tPA administration within the Stroke Belt and SBHs 

has been reported in prior research studies such as the REGARDS Study.  

The REGARDS study by Howard et al. (2018) examined differences in stroke 

care between patients in hospitals participating in the GWTG-Stroke program and those 

not. The same authors found that patients treated in hospitals participating in the GWTG 

Stroke Program were more likely to receive r-tPA (OR = 3.69) and evaluation by a 
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neurologist (OR = 1.12) (Howard et al., 2018). Howard et al. (2018) found that the Stroke 

Belt had fewer patients treated at GWTG hospitals (46.9 percent versus 60.8 percent). 

This discrepancy has a significant impact on treatment because past studies have found 

that GWTG hospitals are significantly more extensive and more likely to participate in 

graduate medical education (GME) resident training (59.9 percent versus 40.7 percent) 

(Howard et al., 2018). This research study examined r-tPA administration, DTN time, 

and AIS mortality similar to the REGARDS study. This study’s findings regarding r-tPA 

administration rates for SBHs and NSBHs utilizing GWTG-Stroke align with REGARDS 

study findings. Howard et al. (2018) concluded that the care of stroke patients admitted to 

hospitals participating in the GWTG-Stroke was more likely to meet important stroke 

quality care metrics such as r-tPA administration and DTN time. The REGARDS study’s 

implications suggest that GWTG-Stroke utilization effectively increases r-tPA 

administration rates and other core stroke measures such as DTN time. While Howard et 

al. posit that hospitals participating in GWTG-Stroke were more likely to meet stroke 

quality metrics, the researchers also suggest fewer patients within the Stroke Belt 

presented to hospitals participating in GWTG-Stroke. In contrast to the current study, the 

REGARDS study did not compare SBH and NSBH participating in GWTG-Stroke. 

The Stroke Belt is a contiguous region in the Southern United States, composed of 

many rural areas and rural hospitals compared to Non-Stroke Belt states. Hospitals 

outside the Stroke Belt are more urban, large academic medical centers with specialized 

staff (i.e., Neurologist, Neurosurgery, Neuro-Interventionalist, Neuro-Radiologists) 

within closer proximity to patients. Administration of r-tPA is dependent on various 
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factors such as time of symptom onset, timely hospital access, and other associated 

delays regarding DTI and DTN/OTT time constraints, all of which have been concluded 

in prior studies (Fonarow et al., 2014; Howard et al., 2018). Regardless of hospital type, 

research on nationwide data suggests that implementing quality program initiatives 

decreased DTN time and OTT time. Decreasing DTN and OTT times should result in 

more r-tPA administration for patients meeting diagnostic criteria and time constraints.  

To address patients that presented with AIS to a hospital utilizing GWTG-Stroke 

that is outside of their catchment areas (i.e., States of residence); for example, patients 

that reside in a Stroke Belt States or Non-Stroke Belt state that presented to a hospital 

within another state operationally defined as the opposing study groups (i.e., SBHs, 

NSBHs). Data for RQ4 was examined with hospital-level and patient-level analysis. 

Hospital-level analyses were based on Hospital State in contrast to patient-level analyses 

based on residency locale. Data was assessed at the hospital and patient levels to 

accurately group patients who may live within the Stroke Belt but live close to hospitals 

within a Non-Stroke Belt state and vice-versa. A situation like the aforementioned may 

occur if an AIS patient visits out of state at the time of symptom onset or when the closest 

hospital is located with another state (i.e., border cities). 

This study examined whether SBHs and NSBHs utilizing GWTG Stroke were 

equivalent regarding in-hospital DTN time. RQ2 was analysed at the hospital-level and 

patient-level. Demographics for RQ2, about in-hospital DTN time at the hospital-level 

were NSBHs (N=617) and SBHs (N=111), as shown in Table 4. The equivalence test 

result for Research Question 2 is shown in Table 5. Based on the equivalence test and the 
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null-hypothesis test combined, I concluded that the observed effect was statistically not 

different from zero and statistically not equivalent to zero, as illustrated in Figure 3. The 

conclusion is SBHs and NSBHs utilizing GWTG-Stroke were not equivalent and not 

statistically equivalent to zero regarding DTN time at the hospital-level. Within this 

study, I also assessed whether SBHs and NSBHs using GWTG-Stroke were equivalent 

regarding in-hospital DTN time at the patient-level. Demographics for RQ2 at the 

patient-level pertaining to in-hospital DTN time were NSBHs (N=45669) and SBHs 

(N=8777), as shown in Table 6. Equivalence test results for RQ2 can be seen in Table 7. 

We concluded that the observed effect was statistically different from zero and 

statistically equivalent to zero based on the equivalence test and the null-hypothesis test 

combined. The conclusion is SBHs and NSBHs utilizing GWTG-Stroke were equivalent 

and statistically different regarding DTN time at the patient-level. The final decision, 

according to Mecklin (2003, 331), “a simultaneous rejection of both inferential 

procedures, could happen in a situation where large samples provide ‘too much power,’ 

resulting in a trivial difference in means being statistically significant. The equivalence 

test (and the effect size) should detect the small magnitude of these mean differences.” 

One of the notable differences in this study’s results, compared to existing studies, 

was DTN time hospital-level results. Study results about in-hospital DTN time at the 

hospital-level and patient-level differ. Hospital-level analysis results related to DTN time 

were not equivalent and not statistically equivalent, in juxtapose to patient-level analysis 

results indicating equivalent and statistically difference. The difference in outcome may 

be attributed to a difference in demographic attendant or locale, as mentioned prior. 
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Patients with AIS may reside in border cities or towns, rural or urban settings, and 

present to a GWTG-Stroke hospital or the opposing group (i.e., SBH, NSBH). Patients 

residing within the Stroke Belt may also live within rural settings with an associated 

increased hospital presentation time and decreases in stroke-specific Specialists 

(Neurologists, Neuro-Interventionalists, Neuroradiologists) as noted by prior literature 

(Howard et al., 2018). Jauch et al. (2018) indicated that provisions of evidence-based 

acute stroke care at hospitals throughout the Stroke Belt is critically important to mitigate 

the adverse effects of patient morbidity and mortality, as residents of the southeastern 

United States generally have significantly less timely access to PSCs than individuals 

living in other regions of the United States. Results from this study at the hospital-level 

regarding DTN time contradict previous studies that suggest the implementation of 

quality improvement programs such as GWTG-Stroke aid in decreasing DTN times 

(Fonarow et al., 2014; Jauch et al., 2018). Patient-level results regarding DTN time align 

with previous study findings as DTN time for SBHs and NSBHs utilizing GWTG-Stroke 

were equivalent and statistically different (Jauch et al., 2018). 

Jauch et al. (2018) examined the effect of implementing a systematic quality 

initiative to improve outcomes in AIS care within a rural emergency department (ED). 

The researchers obtained a convenience sample using retrospective chart review for five 

non-primary stroke center (PSC) hospitals in the Stroke Belt. The Jauch et al. (2018) 

study suggest at the end of the intervention (i.e., six months), there were significantly 

more AIS patients treated with alteplase with the recommended DTN window, compared 

to the baseline across the entire sample (1.9 percent of patients at baseline versus 5.2 
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percent at six months; P < 0.01). There was a significant trend towards a decrease in the 

percentage of patients who received alteplase (r-tPA) more than 60 minutes after arriving 

at the ED at six months. The results of this initiative reaffirm the value of structured, 

data-driven quality-improvement interventions such as GWTG-Stroke in the 

administration of alteplase within 60 minutes DTN. The researchers of Jauch et al. (2018) 

study concluded that quality program implementation helps improve stroke outcomes and 

core measures. Still, the study did not compare SBH and NSBH nor focus on the GWTG-

Stroke program directly as in the current study. 

Based on REGARDS study data, Howard et al. (2018) concluded that the care of 

stroke patients admitted to hospitals participating in GWTG-Stroke were more likely to 

meet stroke quality care metrics such as DTN time. Furthermore, DTN time results at the 

patient-level regarding DTN time coincide with previous research findings presented in 

Fonarow et al. (2014), suggesting that clinical outcomes and DTN for r-tPA 

administration improved significantly post-intervention period, in comparison to the pre-

intervention period. Differences in DTN time based on hospital and patient-level analyses 

may be due to patients for one demographical region or catchment area presenting to a 

hospital outside the catchment region of interest (i.e., Stroke Belt vs. the Non-Stroke Belt 

States). Study results pertaining to DTN time at SBHs vs. NSBHs at the hospital level 

were not equivalent, but patient-level results were concluded to be equivalent. The study 

finding at the patient level coincides with prior research that suggests an associated 

decrease in DTN time and OTT time in hospitals that utilize systemic stroke quality 

improvement initiatives and programs such as GWTG-Stroke. 



92 

 

Furthermore, it should be mentioned that while hospital-level data suggests SBHs 

versus NSBHs regarding DTN time is not equivalent, this does not mean that the study 

result differs from prior studies such as Jauch et al. (2018), which suggest quality 

improvement programs decrease DTN time. Study results about DTN time at the 

hospital-level may not be equivalent, but this does not indicate a lack of improvement in 

DTN time related to SBHs. Examining data at the patient level might have elucidated that 

the two are equivalent after data was analyzed based on the demographic region per zip 

code and state of residence (i.e., Stroke belt vs. Non-Stroke Belt State). 

I examined whether SBHs and NSBHs utilizing GWTG Stroke were equivalent 

regarding DTI time with RQ3. Research Question 3 was analysed at the hospital-level 

and patient level. Demographics for RQ3, about in-hospital DTI time, were NSBHs 

(N=617) and SBHs (N=112) at the hospital-level, as shown in Table 8. Equivalence test 

results for RQ3 can be seen in Table 9. Based on the equivalence test and the null-

hypothesis test combined, we concluded that the observed effect was statistically not 

different from zero and statistically not equivalent to zero, as illustrated in Figure 5. The 

conclusion is SBHs and NSBHs utilizing GWTG-Stroke were not equivalent and not 

statistically different regarding DTI time at the hospital-level. Within this study, I also 

assessed whether SBHs and NSBHs using GWTG-Stroke were equivalent regarding in-

hospital DTI time at the patient-level. Demographics for RQ3 at the patient-level 

pertaining to in-hospital DTI time were NSBHs (N=45669) and SBHs (N=8777), as 

shown in Table 10. Equivalence test results for RQ3 at the patient-level can be seen in 

Table 11. Based on the equivalence test and the null-hypothesis test combined, I 
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concluded that the observed effect was statistically different from zero and statistically 

not equivalent to zero, as illustrated in Figure 6. The conclusion is SBHs and NSBHs 

utilizing GWTG-Stroke were not equivalent and statistically different regarding DTI 

time. According to Mecklin (2003, 331), they must be considered different. Study results 

about RQ3 and DTI time equivalence at the hospital-levels and patient-level were both 

concluded to be not equivalent. Concerning DTI time, one notable difference in this 

study’s results as compared to existing studies was that implementation of a stroke 

quality program did not result in an improved stroke measure (i.e., DTI time) as 

referenced in the literature (Howard et al., 2018; Jauch et al., 2018). 

For RQ4, I examined whether SBHs and NSBHs utilizing GWTG Stroke were 

equivalent in GWTG Ischemic Stroke Only Mortality Rate. Research Question 4 was 

analysed at the hospital-level and patient level. Demographics for RQ4, pertaining to 

GWTG Ischemic Stroke Only Mortality Rate, were NSBHs (N=617) and SBHs (N=112) 

at the hospital level, as shown in Table 12. Equivalence test results for RQ4 can be seen 

in Table 13. Based on the equivalence test and the null-hypothesis test combined, I 

concluded that the observed effect is statistically not different from zero and statistically 

not equivalent to zero, as illustrated in Figure 7. The conclusion is SBHs and NSBHs 

utilizing GWTG-Stroke were not equivalent and not statistically different regarding 

GWTG Ischemic Stroke Only Mortality Rate. Research Question 4 was also assessed at 

the patient-level to examine whether SBHs and NSBHs utilizing GWTG Stroke were 

equivalent in GWTG Ischemic Stroke Only Mortality Rate. Demographics for RQ4 at the 

patient-level, pertaining to GWTG Ischemic Stroke Only Mortality Rate were NSBHs 
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(N=45669) and SBHs (N=8777) as shown in Table 14. Equivalence test results for RQ4 

can be seen in Table 15. Based on the equivalence test and the null-hypothesis test 

combined, I can conclude that the observed effect is statistically not different from zero 

and statistically equivalent to zero, as illustrated in Figure 8. The conclusion is SBHs and 

NSBHs utilizing GWTG-Stroke were equivalent and not statistically different regarding 

GWTG Ischemic Stroke Only Mortality Rate. According to Mecklin (2003, 331), they 

should be equivalent.  

Study results about RQ4 and GWTG Ischemic Stroke Only Mortality Rate at the 

hospital-level and patient-level differ. At the hospital-level, SBHs and NSBHs were 

concluded as not equivalent and not statistically different, in contrast to patient-level 

results, which I concluded was equivalent and not statistically different. The difference in 

equivalency as it pertains to GWTG Ischemic Stroke Only Mortality Rate at the hospital-

level and patient-level may be due to patients for one demographical region or catchment 

area presenting to a hospital that is outside the catchment region of interest (i.e., Stroke 

Belt vs. the Non-Stroke Belt States) as previously discussed. The GWTG Ischemic Stroke 

Only Mortality Rate at the patient-level more accurately identifies patients with a primary 

residence within a Stroke Belt State or Non-Stroke Belt State. I concluded based on 

results that SBHs and NSBHs utilizing GWTG Stroke at the patient-level were equivalent 

and not statistically different in GWTG Ischemic Stroke Only Mortality Rate. This 

conclusion aligns with prior literature and research results suggesting a decline in AIS 

mortality (i.e., AIS in-hospital mortality, AIS all-cause mortality) status post-stroke 

quality program implementation (Fonarow et al., 2014).  
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The Fonarow et al. (2014) study concluded that implementing a national quality 

improvement initiative was associated with improved timeliness of r-tPA administration 

following AIS on a national scale. Fonarow et al. (2014) examined the DTN time for r-

tPA administration and clinical outcomes in AIS patients before and after implementing a 

quality improvement initiative. The study measured both in-hospitality and all-cause 

mortality, r-tPA administration rates, discharge status, ambulatory status at discharge, and 

complication rates. Similar to this study, researchers utilized data obtained from the 

GWTG-Stroke program. The study revealed that clinical outcomes and DTN for r-tPA 

administration improved significantly during the postintervention period compared to the 

preintervention period (Fonarow et al., 2014). The post-intervention period was crucial 

for reducing in-hospital mortality, minimizing symptomatic intracranial hemorrhages, 

decreasing overall r-tPA complications, improving independent ambulation at discharge, 

and increasing discharge-to-home rates. Moreover, appropriate treatment during the 

postintervention period was associated with a reduced likelihood of in-hospital mortality 

(adjusted OR, 0.89 [95 percent Confidence Interval [CI], 0.83-0.94], P < .001) (Fonarow 

et al., 2014). An improvement in DTN time and r-tPA administration resulted in lower 

rates of in-hospital mortality and intracranial hemorrhage, along with an increase in the 

percentage of patients discharged home (Fonarow et al., 2014). The Fonarow et al. (2014) 

study utilized GWTG Stroke data. It examined similar variables (i.e., DTN time, 

mortality) in comparison to this study. Still, the Fonarow research did not examine the 

implementation of GWTG-Stroke as it relates to SBHs compared to NSBHs. 
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Limitations of the Study 

Despite the advantages of the GWTG-Stroke quality improvement program and 

registry, which offers a solid structure for collecting core stroke measure data, quality 

indicators, and reportable data, disadvantages of the registry component and its data are 

also noteworthy to discuss. Disadvantages related to limitations of this study are 

associated with secondary analysis of existing data. The secondary data instrument, 

variables, and data collection have been finalized, information pertaining to additional 

research inquires was not possible because of prior data instrumentation and variable 

selection. Missing data and incorrect data input by data abstractors also resulted in 

missing data which was identified as outliers and corrected. Example noted relate to time 

variables (i.e., Arrival time, DTN time, DTI time) with incorrect input values which may 

result in negative numerical time values after analysis. An additional limitation was that 

not all hospitals within a specific region participate in GWTG-Stroke; thus, there was no 

way of knowing if the dataset was representation of all hospitals within a region. 

Additional limitations related to the data and the study sample is that it lacked 

homogeneity due to the Stroke Belt being much smaller in comparison to Non-Stroke 

Belt states. Since the study used quantitative methods, perceptions of AIS treatment and 

outcomes were not assessed. 

Recommendations 

Studying findings suggest differences in mean outcome measures, highlighted 

when the researcher examined the comparison groups (SBH vs. NSBH) with patient-level 

analysis based on the patient state of residence (i.e., zip code). Researchers may examine 
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GWTG-Stroke data and identify opportunities for decreasing acute ischemic stroke 

treatment disparities in the most adversely affected regions. By further examining acute 

ischemic stroke quality of care at SBHs compared to NSBHs, Researchers can note 

existing disparities requiring quality improvement or decreases in disparities confirming 

quality interventions were efficacious. Future studies focusing on acute ischemic stroke 

regarding the Stroke Belt should also assess data at the patient-level based on the state of 

residence. Data analysis at the patient level may differ from hospital-level results. 

Analysis at the patient-level accurately groups patients according to their state of 

residence (i.e., Stroke Belt state or Non-Stroke Belt state); this assures correct grouping 

of patients living in border communities and allows state-level assessment if Stroke Belt 

states change. Howard & Howards (2020) suggest that the definition of the Stroke Belt 

based upon stroke mortality rates may be changing, welcoming new states, and 

discharging others. Future studies should focus on GWTG-Stroke data regarding Stroke 

Belt Hospitals and examine data at the patient-level concerning all core stroke measures 

(e.g., STKs) to better assess treatment disparities and opportunities for systemic quality 

improvement initiatives. An assessment of all core stroke measures (STKs) regarding 

SBHs compared to NSBHs utilizing GWTG-Stroke would be helpful to ascertain an 

overall perspective. 

Implications 

Social implications related to public health benefits at the individual level include 

reductions in patient deficits, long-term disability, and mortality. Additionally, 

individuals presenting to SBHs utilizing GWTG-Stroke have decreased odds of 
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experiencing AIS treatment disparities related to r-tPA administration and DTN times. 

Positive social change at the organizational level relates to SBHs utilizing GWTG-Stroke 

may experience improvements in reportable quality and stroke performance measures. 

Social implementations at the societal level include reduced stroke-related health care 

costs, as patient outcomes and functionality improve, associated long-term disability, and 

healthcare expenditures decrease. Furthermore, by identifying treatment methods that can 

decrease the disproportionate stroke mortality rates within the Stroke Belt, hospital 

administrations and policymakers may assist in the reallocation of public health 

resources. The social and personal implications of positive social change coincide with 

Walden University's scholar-practitioner mindset. 

The conceptual framework that was employed in this study was Donabedian's 

lasting framework for health care quality. Growing evidence suggests that public health 

initiatives based on theory have increased efficacy when appropriately deployed in 

hospital settings. The health behavior of not only the patient population but also the 

healthcare practitioner plays a significant part in dictating patient outcomes. 

Fundamentally, theories can also help to identify barriers between patient needs and 

effective treatment. The specific focal aspect of healthcare is AIS treatment during the 

post-intervention period for hospitals utilizing GWTG-Stroke within the Stroke Belt. The 

barriers noted in past research studies were related to delays in patient presentation, 

imaging, and the completion of laboratory tests. To overcome these barriers, I employed 

Donabedian's lasting framework for health care quality, which utilizes a triad of structure, 

process, and outcome—along with seven pillars of quality (i.e., efficacy, effectiveness, 
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efficiency, optimality, acceptability, legitimacy, equity)—to evaluate the quality of 

treatment (Ayanian & Markel, 2016).  

The conceptual framework illustrating a modified Donabedian casual chain of 

quality factors influencing improved AIS patient treatment and outcomes in hospitals 

using GWTG-Stroke (Figure. 1) includes the framework's three dimensions of quality: 

quality of structure, process, and outcomes. Implementation of the modified Donabedian 

relates to this study in the following manner. Structure describes the context in which 

healthcare providers deliver patient care and is influenced based on policy (e.g., JCAHO 

CSPs, CMS, evidence-based practice, hospital infrastructure, staffing, equipment, and 

financing) as implemented by stakeholders. Process denotes the delivery of healthcare 

services and transactions between providers and patients; targeted interventions (i.e., 

stroke education, training), clinical interventions (i.e., r-tPA, brain imaging, therapies), 

are integral components of the quality of the process. Outcomes are the effects of 

healthcare on the health status of patients and populations; examples are ischemic stroke 

mortality, disability rate, increased r-tPA usage, decreased DTI times, decreased DTN 

times, and disparity reduction as it relates to SBHs and NSBHs. Healthcare providers 

have used this framework extensively throughout the United States by various agencies: 

the U.S. Public Health Service (USPHS) Health Services Research Section (HSRS), the 

Centers for Medicare and Medicaid (CMS), and the Institute of Medicine (IOM). 

Nevertheless, the Donabedian model remains the dominant framework utilized to assess 

the quality of healthcare and is helpful for this quantitative equivalence study. 
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This study has shown that implementation of stroke quality programs such as 

GWTG Stroke may be beneficial in SBHs by decreasing disparities associated with AIS 

patient treatment and outcomes related to specific core stroke measures such as r-tPA 

administration, DTN time, and in-hospital ischemic stroke only mortality. Study results 

impact positive social change at the individual level and the tertiary care, societal, policy, 

and public health levels. Stroke is the fifth leading cause of mortality in the United States 

(Centers for Disease Control and Prevention [CDC], 2017); (Man et al., 2017). Between 

2014 and 2016, the age-adjusted stroke mortality rate in the United States for all causes 

(i.e., ischemic, and hemorrhagic combined) is 72.2 per 100,000 and 37.9 per 100,000 for 

ischemic stroke in persons 35 years of age and older (NCCDP, 2018a; NCCDP, 2018b). 

Ischemic stroke is the most common type of stroke, accounting for 87% of cases 

(Benjamin et al., 2017). Statistically, one out of every 20 deaths in the United States are 

stroke-related, some 800,000 people annually (CDC, 2017; CDC, 2018).  

The effects of a stroke are devastating and often lead to other health problems, 

making strokes the leading cause of long-term disability and admission to long-term care 

facilities in the United States. Public health experts estimate the costs of such care at $34 

billion yearly; these costs include health care, pharmacotherapy, and wages lost due to 

missed days of work (CDC, 2017). eight contiguously clustered states in the American 

Southeast have represented the so-called "Stroke Belt" due to their disproportionately 

high stroke mortality rates—ten percent higher than the national average (Karp et al., 

2016). The risk of AIS varies as it is region-specific; but, the highest incidence of AIS 

has been noted in the "Stroke Belt" region (Howard & Howard, 2020). A cluster of 
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Eastern coastal counties that are part of the Stroke Belt has been termed the "Stroke 

Buckle"; these counties have stroke mortality rates twice as high as the national average 

(NINDS, 2018). 

This study addressed the problem mentioned earlier by examining potential 

significant differences in the mean distribution of r-tPA usage, DTI time, DTN time, and 

AIS mortality amongst GWTG-participating hospitals (i.e., SBHs versus NSBHs). In this 

study I examined whether GWTG-Stroke implementation differed based on geographical 

location and attendant demographical factors. Implementation of GWTG-Stroke was 

examined to determine if SBH and NSBH were quantitatively equivalent if components 

were not an issue. The hypothesis was that hospitals within the Stroke Belt have 

adequately implemented the GWTG-Stroke program and thus will have no significant 

difference in outcomes in comparison to Non-Stroke Belt hospitals utilizing the GWTG-

Stroke Program. A lack of significant difference in outcome between the two comparison 

groups would suggest that the GWTG-Stroke Quality Program effectively decreases AIS 

treatment disparities and mortality. Individuals and stakeholders can benefit from this 

study's identification of both deficits and accomplishments related to core stroke 

measures and mortality. Increasing adherence to evidence-based practice should assist in 

decreasing the above-average stroke mortality rate within the Stroke Belt. At the tertiary 

or acute care level (e.g., hospital), healthcare providers treating AIS patients at SBHs can 

utilize evidence-based practice to focus on AIS treatment disparities more appropriately, 

as identified with this study. 
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Findings from this study suggest that GWTG-Stroke implementation may 

decrease AIS treatment disparities and mortality within SBHs, as evident by equivalency 

with NSBHs in specific core stroke measures. The equivalence study results varied based 

upon the research question and hospital-level and patient-level analyses. Concerning r-

tPA administration, based on study results at the hospital-level, we concluded that SBHs 

and NSBHs were equivocal for AIS patients meeting criteria. The equivocal decision 

may be due to the following, as explained by Mecklin (2003, 331), "a simultaneous 

rejection of both inferential procedures, could happen in a situation where large samples 

provide 'too much power,' resulting in a trivial difference in means being statistically 

significant. The equivalence test (and the effect size) should detect the small magnitude 

of these mean differences.". While this equivocal decision regarding r-tPA administration 

does not state equivalence amongst SBHs and NSBHs; it does not state that the two 

groups are statistically different or not equivalent. Clinical implications regarding 

GWTG-Stroke implementation and r-tPA administration in SBHs should focus upon the 

results that did not identify a disparity in treatment compared to NSBHs. 

Additionally, hospitals within the Stroke Belt may benefit from implementation of 

GWTG-Stroke. Study findings align with previous literature such as Howard et al. 

(2018), which concluded that care of stroke patients admitted to hospitals participating in 

the GWTG-Stroke was more likely to meet important stroke quality care metrics such as 

r-tPA administration and DTN time. In addition, Fonarow et al. (2014) suggest that 

implementation of quality improvement programs such as GWTG-Stroke is associated 

with an increase in r-tPA administration rates and DTN time or OTT time. 
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In regard to DTN time at the hospital-level and patient-level for SBHs in 

comparison to NSBHs, study findings at the hospital-level suggest that both groups were 

not equivalent. Study findings at the patient-level indicate that SBHs and NSBHs were 

equivalent. Study finding at the patient-level indicate that GWTG-Stroke implementation 

may be beneficial in decreasing disparities in AIS treatment as it relates to Hospitals 

within the Stroke Belt and DTN time. The finding of this study at the patient-level with 

regards to DTN time and implementation of stroke quality programs align with 

previously literature. Previous researchers have noted that structured quality 

improvement interventions like the GWTG-Stroke program increases the number of 

patients that receive r-tPA within the recommended 60-minute DTN (Jauch et al., 2018). 

Clinical implications related to DTN time have been associated with increased r-tPA 

administration rates, decreases in mortality, and better patient outcomes status-post 

stroke. Fonarow et al. (2014) concluded in their study that improvements in DTN time 

and r-tPA administration resulted in lower rates of in-hospital mortality and intracranial 

hemorrhage, along with an increase in the percentage of patients discharged home. 

(Fonarow et al., 2014).  

Acute ischemic stroke treatment is a time-dependent process that includes 

multiple processes and procedures working simultaneously to provide treatment 

modalities within specific time frames. Patient symptom onset to hospital presentation, 

DTI time, DTN time and OTT time are all dependent on a healthcare system and 

healthcare providers working efficaciously and collaboratively. As part of this study, I 

examined whether SBHs and NSBHs utilizing GWTG-Stroke were equivalent to DTI 
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time at the hospital and patient levels. Study results pertaining to DTI time equivalence at 

the hospital-levels and patient-level were both concluded to be not equivalent. In regard 

to DTI time, one notable difference in this study's results as compared to existing studies, 

was that implementation of a stroke quality program did not result in an improved stroke 

measure (i.e., DTI time) (Howard et al., 2018; Jauch et al., 2018). Based on findings in 

this study, a disparity remains regarding DTI time in SBHs in comparison NSBHs. 

Clinical implications associated with DTI time in SBHs should be prioritized, as delays in 

imaging present a dilemma as it is a vital component in r-tPA administration and DTN 

time.  

I examined the GWTG Ischemic Stroke Only Mortality Rate at the hospital and 

patient levels in this study. Study findings revealed that NSBHs and SBHs were not 

equivalent at the hospital-level. Study finding at the patient level, suggest SBHs and 

NSBHs were equivalent. Results from this study at the patient-level corroborate previous 

research suggesting that the implementation of stroke quality programs aid in decreasing 

stroke mortality. In the study by Fonarow et al. (2014), researchers found that appropriate 

treatment during the postintervention period was associated with a reduced likelihood of 

in-hospital mortality (adjusted OR, 0.89 [95 percent Confidence Interval [CI], 0.83-0.94], 

P < .001). 

Additionally, over the past five years, research has shown improved hospital 

adherence to stroke quality metrics has resulted in improved outcomes and reduced 

mortality for stroke patients. Study finding in this study at the patient-level suggest that 

implementation of GWTG-Stroke in SBHs may be beneficial in decreasing disparities in 
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AIS patient mortality in comparison to NSBHs. Implementations of GWTG-Stroke may 

also decrease ischemic stroke only mortality by means of improving DTN times and r-

tPA administration rates as suggested in this study by patient-level finding of equivalent 

or equivocal as noted (i.e., r-tPA, DTN time, GWTG Ischemic Stroke Only Mortality 

Rate). 

Conclusion 

In the United States stroke is the fifth leading cause of mortality, with ischemic 

stroke being the most common stroke subtype accounting for 87% of cases (CDC, 2017; 

Benjamin et al., 2017). The effects of a stroke are devastating and often lead to other 

health issues, making strokes the leading cause of long-term disability and admission to 

long-term care facilities in the United States. Public health experts estimate the costs of 

such care at $34 billion yearly; these costs include health care, pharmacotherapy, and 

wages lost due to missed days of work (CDC, 2017). Treatment of acute ischemic stroke 

(AIS) is time-dependent and reliant on various treatment modalities (i.e., tissue 

plasminogen activator (Alteplase/IV r-tPA) to avoid later complications and death. Since 

1980, eight contiguously clustered states in the American Southeast have represented the 

so-called “Stroke Belt” due to their disproportionately high stroke mortality rates—ten 

percent higher than the national average (Karp et al., 2016).  

Previous studies have demonstrated that the implementation and usage of 

structured quality initiatives such as the American Heart Association® GWTG Stroke 

Quality Program enhances utilization of stroke treatment modalities, rate of defect-free 

stroke care, and functional outcomes while reducing stroke-related mortality. A review of 
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the literature suggests that a hospital’s adherence to guidelines is essential to effective 

stroke patient care. Timely evaluation and treatment initiation for AIS is crucial, and 

clinical practice often fails to meet established policies and goals. Rural hospitals, such as 

those within the Stroke Belt, struggle to meet the time-based goals expected by JCAHO 

certified centers in urban environments (Jauch et al., 2018). What was unclear is how 

these policies have affected America’s most afflicted region and if GWTG-Stroke 

implementation effectively increased r-tPA usage, reduced “door to needle time” (DTN), 

and decreased stroke mortality in hospitals within the Stroke Belt. I examined if SBHs 

and NSBHs were providing similar or equivalent care. 

This study addressed the problem as mentioned earlier by examining significant 

differences in the mean distribution of r-tPA administration, door-to-imaging (DTI) time, 

Door-to-Needle (DTN) time, and AIS mortality amongst GWTG-Stroke participating 

hospitals (i.e., SBHs versus NSBHs). This study aimed to examine the efficacy of 

GWTG-Stroke in reducing key AIS treatment disparities and AIS stroke-related mortality 

(i.e., GWTG Ischemic Only Estimated Mortality Rate) in SBHs in comparison to NSBHs. 

Through an equivalence study utilizing secondary data, this research study explored the 

effectiveness of stroke treatment policies in the Stroke Belt: the region of the United 

States that still exhibits the highest stroke-related mortality rates in the country. An 

equivalence study was used to provide insight and analysis on the efficacy of GWTG-

Stroke within SBHs compared to NSBHs. In this study, I assessed the performance of the 

GWTG-Stroke to determine if SBH and NSBH were quantitatively equivalent if 

components were not an issue. I hypothesized that SBHs have adequately implemented 
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the GWTG-Stroke program and thus had no significant difference in outcomes compared 

to NSBHs utilizing GWTG-Stroke. A lack of substantial discrepancy in yield between the 

two comparison groups would suggest that the GWTG-Stroke quality intervention 

effectively decreases AIS treatment disparities and mortality. 

This study has shown that GWTG-Stroke implementation within SBHs is 

efficacious and association with improving AIS treatment, patient outcomes, and 

eliminating tertiary treatment disparities compared to NSBHs participating in GWTG-

Stroke. The equivalence study results varied based upon the research question and level 

of analysis (i.e., hospital-level and patient-level). The results of this study have revealed 

that implementation of the American Heart Association® GWTG Stroke Quality 

Program is efficacious at decreasing disparities related to acute ischemic stroke treatment 

disparities and mortality in SBH as compared to NSBHs at the patient-level. Study 

findings at the hospital-level differed from patient-level analysis. Regarding DTN time, 

patient-level analysis of SBHs and NSBHs utilizing GWTG-Stroke revealed both groups 

were equivalent and statistically different. Patient-level analysis of SBHs and NSBHs 

utilizing GWTG-Stroke revealed both groups were equivalent and not statistically 

different regarding GWTG Ischemic Stroke Only Mortality Rate. Hospital-level analysis 

of r-tPA administration rates at the hospital-level reveal that SBHs and NSBHs utilizing 

GWTG-Stroke were equivocal.  

The results from prior research suggested that implementation of systemic stroke 

quality improvement initiatives improvement acute stroke treatment, increased the rate of 

r-tPA administration and defect free care, and decreased stroke related mortality. Results 
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of this research study coincide with prior studies results at the patient-level for DTN time 

and Ischemic Stroke Only Mortality. Given the detrimental effects status post-stroke, the 

findings from this study suggest that implementation of GWTG-Stroke is effective at 

decreasing disparity related to acute ischemic stroke treatment and outcomes (i.e., 

mortality) as evident by SBH and NSBHs performing similarly regarding specific core 

stroke measures at the patient-level. Implementation of quality improvement cycles is a 

continuous process involving data, policy, stakeholder interactions, and ongoing 

incremental improvements. Hence, the finding from this study revealed the significance 

of GWTG Stroke on improving acute ischemic stroke treatment and outcomes within the 

hardest hit region known as the Stroke Belt.  
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