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Background: The timely evaluation and initiation of treatment for acute ischemic stroke (AIS) 

is critical to optimal patient outcomes. However, clinical practice often falls short of guideline-

established goals. Hospitals in rural regions of the USA, and notably those in the Stroke Belt, 

are particularly challenged to meet timing goals since the vast majority of primary stroke centers 

(PSCs) are concentrated in urban academic institutions.

Methods: Between May 2015 and May 2017, emergency department (ED) teams from 5 

non-PSC hospitals in the Stroke Belt participated in a quality improvement (QI) initiative. The 

intervention included a baseline practice assessment survey, repeat audit-and-feedback cycles 

with patient data on AIS treatment timing, personalized Continuing Medical Education/Con-

tinuing Education-certified grand rounds sessions at each participating site with expert study 

faculty, targeted reinforcement of best practices, and follow-up to evaluate the benefits and 

limitations of the intervention.

Results: At the start of the initiative, clinical staff from participating EDs overestimated the pro-

portion of patients with AIS who received alteplase within the guideline-recommended 60-minute 

door-to-needle window at their facility. At the end of the 6-month intervention period, significantly 

more patients were treated with alteplase within 60 minutes of ED arrival compared to baseline 

across the entire sample (1.9% of patients at baseline vs. 5.2% at 6 months; P < 0.01). Similarly, 

there was a trend toward a decrease in the percentage of patients whose alteplase treatment was 

initiated more than 60 minutes after their arrival at the ED (67.3% at baseline vs. 22.2% at 6 months).

Conclusion: Structured QI interventions that engage ED care teams to reflect on processes 

related to AIS diagnosis and treatment and deploy repeat audit-and-feedback cycles with real-

time patient data have the potential to support an increase in the number of patients who receive 

alteplase within the guideline-recommended timeframe of 60 minutes from hospital arrival.

Keywords: AIS, neurology, CME, quality improvement, alteplase

Introduction
Approximately 795,000 Americans experience a new or recurrent stroke each year, 

contributing to a substantial share of morbidity, mortality, and serious long-term 

disability in the USA.1 Although the number of stroke deaths nationwide has been 

steadily declining for decades, stroke mortality rates vary substantially by geographic 

region.1–3 Counties with particularly elevated stroke mortality rates are concentrated in 

the so-called Stroke Belt, an 8-state region that includes Alabama, Arkansas, Georgia, 

Louisiana, Mississippi, North Carolina, South Carolina, and Tennessee.1,3
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Extensive clinical evidence demonstrates the importance 

of timely evaluation and initiation of treatment to optimal 

short- and long-term outcomes for patients with acute isch-

emic stroke (AIS).4 However, clinical practice often falls 

short of guideline-established goals. For example, Adeoye 

et al found that while alteplase use roughly doubled from 

2005 to 2009, the rate of patients receiving alteplase in 2009 

remained low at 3.4%–5.2%, correlating to ~23,800–36,000 

of the over 700,000 patients with AIS.5 Furthermore, data 

from Get with the Guidelines (GWTG)-Stroke, a quality 

improvement (QI) project within the American Heart Asso-

ciation (AHA)/American Stroke Association’s (ASA) Target: 

Stroke initiative, demonstrated a significant increase in the 

number of patients with a door-to-needle (DTN) time of ≤60 

minutes between the 4th quarter of 2009 and the 3rd quarter 

of 2013; however, only 53% of patients received alteplase 

treatment within the guideline-recommended 60-minute 

DTN window.6

Hospitals in rural areas of the country are particularly 

challenged to meet these critical goals related to treatment 

timing. Although more than 1,000 hospitals in all 50 states 

have been recognized by The Joint Commission as a primary 

stroke center (PSC), the percentage of individuals who live 

within 60 minutes of a PSC is markedly lower in the Stroke 

Belt than it is nationally (44% vs. 69%).7 Correspondingly, 

significantly fewer individuals with AIS in this region are 

evaluated at a PSC compared to the rest of the country (14.7% 

vs. 27.3%; P < 0.001).8 Furthermore, data from the GWTG-

Stroke dataset suggest that hospitals located in the South or 

in rural regions, as well as those that are not a designated PSC 

or teaching hospital, are less likely to administer alteplase 

to eligible patients.9

The implementation of recommended time-to-treatment 

parameters has been the focus of several QI initiatives 

over the past decade. Hospitals participating in the Paul 

Coverdell National Acute Stroke Registry demonstrated 

significant improvements in 9 of 10 AHA/ASA-endorsed 

stroke performance measures from 2005 to 2009, including 

an 11% increase in the average annual use of alteplase.10 

Additionally, hospitals participating in the AHA/ASA 

GWTG-Stroke QI program have demonstrated significant 

improvement in adherence to stroke performance measures 

over a 5-year period, including the use of alteplase within 2 

hours (42.1%–72.8%; P < 0.0001). Furthermore, centers that 

follow GWTG have shown good outcomes compared to those 

that do not follow GWTG, and those with better adherence 

to GWTG measures have shown better outcomes.6

Therefore, to bring the demonstrated benefits of struc-

tured, data-driven QI interventions to non-PSC-designated 

community hospitals in the South, this initiative was designed 

to engage 5 emergency department (ED) teams to reflect on 

current processes and performance related to the administra-

tion of alteplase to patients presenting to their facility with 

AIS and improve the percentage of individuals receiving 

treatment within 60 minutes of ED arrival.

Methods
hospital recruitment
Five hospitals located in Stroke Belt states across the south-

eastern USA were recruited based on expressed interest in 

conducting a QI initiative in their ED. None of the hospitals 

were designated as a PSC at the time of study initiation. 

Participation required the involvement of a designated site 

champion and clinical team members who cared for patients 

presenting with symptoms of AIS from each site, including 

at least 1 physician or advance practice provider involved in 

making treatment decisions.

initiative components
The QI initiative was implemented in 4 phases between May 

2015 and May 2017 (Figure 1). The protocol for this project 

was approved by the Chesapeake Institutional Review Board. 

All participants in this study provided written informed 

consent.

Phase i: Baseline assessment
A practice assessment survey, developed in conjunction with 

multidisciplinary study faculty, was distributed via email to 

ED teams from each participating site. Participants received a 

nominal stipend in return for their time. The practice assess-

ment survey used multiple-choice questions, self-efficacy rat-

ings, and open-ended barrier questions to facilitate reflection 

on current processes and frontline challenges, and served to 

identify potential areas for improvement related to the evalu-

ation of patients arriving at the ED with symptoms of AIS 

and the timely initiation of treatment.

In addition to the electronic survey, the baseline assess-

ment also included a retrospective abstraction of data from 

the electronic health record (EHR) at each participating 

site conducted by appropriate local designees. This sample 

identified continuous ED admissions over the course of 

the previous 12 months with a discharge diagnosis of AIS. 

From this dataset, local designees calculated the percentage 

of patients who: 1) had documentation of treatment with 
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alteplase, 2) were treated with alteplase within 3 hours of 

last known well time, and 3) received alteplase within 60 

minutes of hospital arrival.

Results of the electronic practice assessment survey and 

retrospective EHR data abstraction were compiled into a 

baseline summary report that was distributed to ED clinicians 

at each hospital site-by-site champions. EHR data of indi-

vidual sites were presented in comparison with de-identified 

results from other participating sites and put into context of 

the practice assessment survey findings.

Phase ii: Targeted education
Following the distribution of the baseline assessment report, 

five, 60-minute, Continuing Medical Education (CME)/

Continuing Education (CE)-certified grand rounds presenta-

tions were conducted by study faculty, one at each hospital 

site. In addition to an overview of available clinical evidence 

and guideline recommendations for the identification and 

timely treatment of AIS in the ED, the sessions highlighted 

insights from the electronic practice assessment survey and 

site-specific performance metrics from the baseline EHR 

data abstraction. Study faculty facilitated a discussion with 

each ED team regarding site-specific challenges hindering 

timely alteplase administration and recommendations for 

process improvements.

Approximately 1 month after the grand rounds sessions, 

study faculty facilitated a Community of Practice audiocon-

ference with participating ED teams. This audioconference 

provided a forum for participants to further engage with 

faculty on their site’s baseline data and troubleshoot specific 

barriers to the timely initiation of alteplase for patients with 

AIS.

Phase iii: Ongoing data collection
Ongoing audit-and-feedback related to each participating 

ED’s patterns of alteplase use for the treatment of patients 

Figure 1 initiative components.
Abbreviations: Ehr, electronic health record; Ais, acute ischemic stroke; cME/cE, continuing Medical Education/continuing Education.

•  Electronic practice assessment survey
•  EHR data abstraction to examine alteplase treatment patterns among
    patients with a discharge diagnosis of AIS during the previous 12
    months

•  Individualized, CME/CE-certified grand round sessions at each site
•  Community of practice audio conference with expert faculty

•  Final report to sites
•  Final practice assessment survey

Phase IV:
Follow-up

Phase III:
Ongoing data

collection

Phase II:
Targeted
education

Phase I:
Baseline

assessment

•  Data collected at 2, 4, and 6 months after the grand rounds sessions
•  Interim reports sent to sites after each round of data collection
•  Two brief, electronic resources to reinforce best practices and guideline
   recommendations
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with AIS was provided on an every-other-month basis (eg, 

2, 4, and 6 months) following the distribution of the baseline 

summary report. These interim data reports were shared with 

participating sites via site champions as a reinforcement and 

engagement tactic for clinicians practicing at these locations.

In addition, over the course of the 6-month data collec-

tion period, each participating site received a series of brief 

electronic resources (2 in total) via email that were designed 

to reinforce earlier training conducted in Phase II of the ini-

tiative. Topics discussed included strategies to support the 

rapid diagnosis of AIS, the benefits of timely treatment with 

tissue plasminogen activator (alteplase), the appropriate use 

of endovascular therapy, and ways to overcome barriers to 

the timely treatment of AIS.

Phase iV: Follow-up
At the conclusion of the initiative, the participating sites 

received a final summary data report detailing performance 

changes from baseline to initiative completion in patterns of 

alteplase use across the entire cohort of participating hospitals 

and within individual EDs. Furthermore, clinicians from par-

ticipating ED teams were given an opportunity to complete a 

final practice assessment survey to assess changes in knowl-

edge, competence, and practice patterns related to the timely 

treatment of patients with AIS in their setting. Respondents 

received a nominal stipend in return for their time.

Data analysis
Electronic baseline and follow-up practice survey data were 

tabulated to visually assess trends in attitudes and practice 

behaviors, and the results described herein are descriptive. 

Administration of alteplase after ED presentation with symp-

toms of AIS at baseline vs. 6 months was subject to statistical 

analysis (chi-square, 2-tailed) according to following cut-

points: ever, within 3 hours, and within 60 minutes. P values 

less than 0.05 were considered statistically significant.

Results
Five community hospital EDs located in Arkansas and 

North Carolina participated in the QI initiative. The baseline 

practice assessment survey had 45 respondents, including 

physicians, nurses, nurse practitioners, physician assistants, 

a certified nurse assistant, and an ED greeter (Table 1). The 

average number of respondents per facility was 9 (range: 

6–13).

The baseline practice assessment survey assessed ED 

teams’ perceptions of the quality of stroke care provided 

in their facility. Across all 5 sites, respondents estimated 

that an average 71% of patients with AIS who are treated 

with alteplase receive it within the guideline-recommended 

60-minute window (Table 2). When asked about what barriers 

they face in improving DTN times for patients with AIS, the 

most frequently cited challenges among the 37 open-ended 

responses provided related to coordinating across the stroke 

team, recognizing symptoms of AIS by triage staff, and 

obtaining a neurology consult. Three of the sites had access 

to neurologists at larger stroke centers via telestroke. Clini-

cian education and increased staffing were most frequently 

cited as strategies to improve DTN times in their facility 

(accounting for 32% and 24% of responses, respectively).

The CME/CE-certified grand rounds sessions held at each 

of the 5 participating hospitals in Phase II of the intervention 

were attended by 88 ED team members. Sessions included 

an overview of available guideline recommendations and 

current evidence from recent clinical trials that outlined the 

importance of identification and timely treatment of patients 

with AIS, as well as strategies that the participating hospi-

tals could adopt in an effort to decrease DTN times. Each 

session then concluded with the study faculty presenting 2 

data points related to the frequency at which patients receive 

alteplase in 60 minutes or less: the perceived percentage 

of patients with AIS who are treated within this timeframe 

based on self-reports from their colleagues who responded 

to the baseline electronic survey, and the actual percentage 

Table 1 Emergency department team members responding to 
baseline electronic survey by degree type (n = 45)

Respondent n (%)

MD/DO 14 (31.1)
nP/PA 6 (13.3)
nurse 23 (51.1)
Other 2 (4.4)

Abbreviations: MD, medical doctor; DO, doctor of osteopathy; nP, nurse 
practitioner; PA, physician assistant.

Table 2 clinicians’ baseline estimation of the percentage of 
patients with acute ischemic stroke treated with alteplase within 
60 minutes of emergency department arrival

Number of  
respondents

Average percentage of  
patients receiving alteplase  
≤60 minutes

Overall* 43 69.2%
By clinician type

MD/DO 14 80.6%
nurse 23 60.9%
nP/PA 6 74.2%

Note: *Does not include 2 respondents who were nonclinician emergency 
department staff.
Abbreviations: MD, medical doctor; DO, doctor of osteopathy; nP, nurse 
practitioner; PA, physician assistant.
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of patients achieving this goal based on data abstracted from 

the EHR. Across all groups, the differential between these 2 

data points was substantial; the actual percentage of patients 

who received alteplase within 60 minutes based on patient 

chart data abstracted from all 5 hospitals was approximately 

half of survey respondents’ estimates (Figure 2).

The grand rounds sessions evaluation form posed an 

optional open-ended question about what participants 

planned to do differently in practice as a result of the educa-

tion; among the 23 responses submitted, the 2 most common 

themes were more quickly evaluating patients with suspected 

AIS (30%) and taking steps to treat more patients with 

alteplase when appropriate (22%). In addition, when asked 

how they planned to implement these changes in practice, 

40% of responses focused on better communication with col-

leagues and 30% of responses indicated ongoing education 

for themselves and their team (N = 20 responses).

Data abstracted from the EHR of patients discharged 

with a diagnosis of AIS from the 5 participating EDs in 

Phase III of the initiative are depicted in Figure 3. In the 12 

months prior to the start of the intervention (baseline), there 

were 1,651 patients with AIS from all 5 sites who came 

to the ED with symptoms of AIS; 1.9% of these patients 

received alteplase within 60 minutes of ED arrival. After the 

6-month intervention period, 5.2% of the 266 eligible patients 

received alteplase within 60 minutes (P < 0.01; Figure 3A). 

Similarly, there was a nonsignificant trend toward a reduc-

tion in the percentage of patients with AIS who were treated 

with alteplase outside of the target DTN window of less 

than 60 minutes from ER arrival (67.3% of patients receiv-

ing alteplase greater than 60 minutes after ED presentation 

with symptoms of AIS at baseline vs. 22.2% of patients at 6 

months; Figure 3B). Interestingly, DTN outcomes were no 

different at sites with telestroke capabilities compared with 

those without telestroke capabilities.

Discussion
The results of this initiative reaffirm the value of data-driven, 

structured QI interventions to improve the administration 

of alteplase within 60 minutes for patients presenting to 

community-based EDs with symptoms of AIS. The provision 

of evidence-based acute stroke care at hospitals throughout 

the Stroke Belt is critically important to mitigate the negative 

effects of attendant morbidity and mortality, as residents of 

the southeastern USA generally have significantly less timely 

access to PSCs than individuals living in other regions of 

the country.

One practical challenge surrounding the optimal use of 

alteplase in clinical practice is related to the therapeutic win-

dow of this agent. The debate continues over whether the time-

frame for alteplase administration can be extended beyond 3 

hours after symptom onset, with contradictory actions from 

regulatory authorities. While the European Medicines Agency 

approved the expansion of the timeframe for intravenous 

alteplase administration from 3 to 4.5 hours, the FDA declined 

to extend the timeframe beyond the currently approved 

3-hour window. The 2013 AHA/ASA guidelines specify that 

the findings of the ECASS III trial, a randomized, placebo-

Figure 2 Perceived vs. actual percentage of patients with acute ischemic stroke who receive alteplase within 60-minute door-to-needle window at the start of the initiative.
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controlled Phase III study prospectively designed to assess 

the safety and efficacy of alteplase administered to patients 

with AIS between 3 and 4.5 hours after symptom onset, sup-

port the recommendation that alteplase may be considered 

in this extended timeframe in select patients.11 However, ED 

physicians in the USA face the difficult task of weighing the 

risk/benefit profile of off-label alteplase administration for 

patients who fall into this category. Expanding the window for 

alteplase administration to 4.5 hours after symptom onset may 

be beneficial in rural regions of the USA where patients must 

travel longer distances to reach their local hospital, though 

additional research is needed to better understand whether the 

potential clinical benefits of broader alteplase use justify the 

associated risks of treatment-related adverse events.

Sustainability of practice behaviors that support clinical 

care improvements following the completion of a targeted 

QI intervention is of utmost importance in fulfilling the 

promise of high-quality care and optimal outcomes for 

patients interacting with the health care system. Specific to 

AIS identification and management, the GWTG-Stroke QI 

project within the AHA/ASA’s Target: Stroke initiative, which 

provided participating hospital teams with various practice 

resources and regularly shared real-time performance data 

and feedback, resulted in a significant improvement in the 

number of patients with a DTN time of ≤60 minutes over 

a 10-year period.6 While findings from the present study 

suggest an improvement in the timely administration of 

alteplase in participating EDs in the Stroke Belt, an evalua-

tion of whether this positive trend will be sustained after the 

intervention is beyond the scope of the project. However, the 

best practices described in the targeted education delivered 

in Phase II, together with the data abstraction method used 

at baseline and over the course of the intervention, provide 

participating hospitals with enduring tools that enable 

future audit-and-feedback cycles and support continuous, 

data-driven improvement efforts. Furthermore, the recom-

mendations and methods deployed in this project could be 

informally shared by the participating ED staff with the other 

non-PSC institutions in the region as a means to scale the 

initiative beyond the scope of the current study.

Figure 3 Patients with acute ischemic stroke receiving alteplase over the 6-month intervention period (all participating emergency departments combined). 
Notes: (A) Percentage of eligible patients receiving alteplase ever, within 3 hours, and within 60 minutes. (B) Percentage of eligible patients receiving alteplase more than  
60 minutes after arrival in the emergency department.
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The findings of this initiative were limited by several fac-

tors. Only a small number of EDs in the Stroke Belt region 

participated in the initiative; therefore, the conclusions drawn 

from the data may not be broadly applicable to other rural 

hospitals in this part of the country. Additionally, a systematic 

review of CME-based interventions by Tian et al suggests that 

study periods of less than 12 months may not be sufficient for 

new knowledge or skills to be incorporated into practice.12

Conclusion
Stroke remains a common cause of morbidity, mortality, and 

serious long-term disability, particularly in the Stroke Belt 

region of the southeastern USA. Extensive clinical evidence 

demonstrates the importance of timely evaluation and initia-

tion of treatment to optimal short- and long-term outcomes 

for patients with AIS. Structured QI interventions that engage 

ED care teams to reflect on processes related to AIS diagnosis 

and treatment, as well as deploy repeat audit-and-feedback 

cycles with real-time patient data, have the potential to sup-

port an increase in the number of patients who receive intrave-

nous alteplase within the guideline-recommended timeframe 

of 60 minutes from hospital arrival and mitigate both the 

financial and human burden of this often life-altering event.
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