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Abstract 

Acute ischemic stroke affects 696,000 people annually and is a leading cause of disability in the 

United States (Benjamin et al., 2017; CDC, 2012). Tissue plasminogen activator (tPA) is the 

mainstay of treatment with earlier administration associated with improved benefits (Hacke et 

al., 2004; Lees et al., 2010).  Despite this, less than one third of patients in the United States are 

treated with tPA in less than 60 minutes from presentation (Fonarow et al., 2011).  With 

significant improvements in multiple stroke outcomes appreciated with each 15-minute 

improvement in door to needle (DTN) time, reduction of DTN is essential to improve outcomes 

and reduce disability (Saver et al., 2013). Stroke related disability imposes a significant 

economic burden, further supporting the need to decrease treatment times and improve stroke 

outcomes (Sreedharan et al., 2013).  Telestroke technology was placed within the Computed 

Tomography (CT) imaging suites at two institutions to improve DTN times when a stroke 

neurologist is not on-site.  A retrospective review of the Providence Stroke Registry was 

conducted to determine median DTN time for patients treated with tPA in the emergency 

department.  The intention to treat analysis showed there was no difference in the median DTN 

time prior to CT telestroke installation (44.0 minutes) and after CT telestroke installation (44.0 

minutes, p=0.909). In the post-intervention period, CT telestroke was utilized in 38.8% of 

patients, traditional telestroke in 44.8%, and the remaining 16.4% were evaluated at bedside. 

Within the post-intervention period, the median DTN time was shown to significantly improve 

by 9.5 minutes when using CT telestroke as compared to using traditional telestroke (38.5 

minutes versus 48.0 minutes, p=0.011).  The use of CT telestroke in the treatment of acute 

ischemic stroke patients decreased DTN time when the stroke neurologist is not on-site.   
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Initiative to Improve Door to Needle Times in Acute Ischemic Stroke Treatment 

Introduction 

Acute stroke affects 795,000 people annually in the United States, of which 87% are 

ischemic strokes (Benjamin et al., 2017).  Intravenous thrombolysis with tissue plasminogen 

activator (tPA) remains the foundation of acute ischemic stroke treatment and has been 

demonstrated to improve stroke outcomes.  The American Heart Association/ American Stroke 

Association (AHA/ASA) guidelines for the early management of acute ischemic stroke endorse 

the use of tPA for patients with ischemic stroke presenting within 4.5 hours of stroke symptom 

onset or last known to be well (Powers et al., 2019).  Several randomized controlled trials have 

investigated the benefits and risks of tPA in the treatment of acute ischemic stroke (See 

Appendix A for pivotal tPA in ischemic stroke trials).  The use of intravenous tPA in patients 

within 3 hours of stroke onset has been demonstrated to significantly improve functional 

outcomes at 3 months despite an increased risk of symptomatic intracranial hemorrhage with 

administration (The National Institute of Neurological Disorders and Stroke rt-PA Stroke Study 

Group, 1995).  Additionally, a significant functional benefit of treatment between 3 and 4.5 

hours has been appreciated (Hacke et al., 2004; Hacke et al., 2008).  Although the absolute 

benefit was somewhat reduced compared to treatment within the earlier time window, treatment 

is associated with significantly improved functional outcomes and the occurrence of large 

parenchymal hemorrhage did not appear to increase with increasing time to treatment with tPA 

(Lees et al., 2010).  There is no significant difference in symptomatic intracranial hemorrhage, 

mortality at 3 months or independence at 3 months between those patients treated 0-3 hours from 

onset and those treated 3-4.5 hours from ischemic stroke onset (Wahlgren et al., 2008).  As a 
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result of this evidence, intravenous tPA administration is recommended by the AHA/ASA in 

select acute ischemic stroke patients who can be treated within 3 to 4.5 hours of stroke symptom 

onset or last known normal (Powers et al., 2019). Despite this recommendation, the Food and 

Drug Administration has not approved the extended time window on the labeling of Alteplase in 

the United States (Food and Drug Administration, 2015).   

 Although evidence supports the use of tPA in extended time windows, greater benefit is 

appreciated with earlier treatment. Data suggests the earlier a patient can be treated with tPA the 

higher the probability of achieving favorable outcomes (Lees et al., 2010).  A meta-analysis of 

six of the major randomized tPA trials demonstrated significantly improved outcomes at 3 

months with decreased times to treatment (Hacke et al., 2004).  Extension of these findings and 

inclusion of additional studies and patients similarly demonstrated an increased functional 

benefit and decreased mortality as the time to treatment decreased (Lees et al., 

2010).  Interventions to improve treatment times, or door-to-needle (DTN) times, are of the 

highest priority to reduce the individual and community burdens of stroke. 

Problem Description 

Acute ischemic stroke is a leading cause of long-term disability in the United States 

(CDC, 2012).  Currently, there is estimated to be between 5.4 and 6.6 million stroke survivors in 

the United States, with approximately 60% of those survivors left with moderate to severely 

impaired functional status (Skolarus, Freedman, Feng, Wing, & Burke, 2016; Sreedharan, 

Unnikrishnan, Amal, Sarma, & Sylaja, 2013).  Disability contributes to a large economic burden 

through increased care needs and loss of employment status (Sreedharan et al., 2013).  The 

annual cost for stroke specific caregiving for an elderly stroke survivor is approximately $18.2 

billion (Skolarus et al., 2016). In 2008, an additional $15.5 million was attributed to lost 
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productivity and premature mortality costs (CDC, 2012).  Despite significantly improved stroke 

outcomes with the use of tPA overall use of tPA in eligible patients remains low in the United 

States (Fang, Cutler, & Rosen, 2010). Improving functional benefits and reducing disability is 

dependent not only on the use of tPA but also on the expeditious treatment with tPA (Lees et al., 

2010).  However, less than one third of acute ischemic stroke patients in the United States treated 

with tPA have DTN times <60 minutes (Fonarow et al., 2011).  As acute ischemic stroke 

imposes a significant economic burden, improving functional outcomes through efforts to reduce 

DTN times has an impact on the larger health care system.  

Available Knowledge 

The Get with the Guidelines-Stroke (GWTG) program was implemented in 2003 as a 

national registry for scientific advancement and to improve quality of care and stroke outcomes 

(Fonarow et al., 2010; Ormseth, Sheth, Saver, Fonarow, Schwamm, 2017).  The program has 

demonstrated a statistically significant increase in adherence to identified performance measures 

increasing overall compliance with clinical guidelines (Howard et al., 2018). With increasing 

adherence to GWTG measures, there were significant improvements in ischemic stroke 

outcomes including an increased proportion of patients discharged home, decreased length of 

stay, decline in in-hospital mortality, decrease in death 30-days from admission and a decline in 

1-year mortality (Fonarow et al., 2010; Song et al., 2016).  In addition, those patients receiving 

intravenous tPA within 60 minutes of arrival were more likely to be discharged home and less 

likely to have a symptomatic intracranial hemorrhage within 36 hours of treatment (Tong et al., 

2018).  For every 15-minute improvement in the treatment time, significant improvements in 

multiple stroke outcomes were demonstrated (Saver et al., 2013).  



INITIATIVE TO IMPROVE DOOR TO NEEDLE TIMES 6 

To further improve these DTN times Target Stroke was developed as a nationwide 

quality improvement initiative (American Heart Association, 2018).  The primary goal of Target 

Stroke is a DTN time of <60 minutes in >85% of acute ischemic stroke patients, with secondary 

goals of DTN times of <45 minutes in >75% of patients and DTN <30 minutes in >50% of 

patients (American Heart Association, 2018).  Improvements in DTN times for tPA 

administration is significantly associated with improved in-hospital mortality, decreased 

symptomatic intracranial hemorrhage and increased proportion of patients discharged home 

(Fonarow et al., 2014).  Decreasing DTN times is well demonstrated to decrease disability and 

improve stroke outcomes. 

Several factors have been shown to have an on impact DTN times.  Patient characteristics 

associated with DTN times less than 60 minutes include male gender, white race, and a medical 

history without previous stroke (Fonarow et al., 2011; Kamal, Sheng et al., 2017; Tong et al., 

2018).  Patients presenting with more severe strokes as indicated by a higher presenting National 

Institute of Health Stroke (NIHSS) score were more likely to have DTN times less than 60 and 

45 minutes (Tong et al., 2018).  Those patients presenting to the hospital institution by 

ambulance in contrast to private vehicle were associated with decreased DTN times (McVerry et 

al., 2019; Tong et al., 2018).  While patient characteristics are not modifiable, there are system 

characteristics which also have an impact on DTN times and are more amenable to change and 

improvement. Among hospitals admitting more than 300 stroke patients annually, those with a 

stroke unit, teaching hospitals or those hospitals that were certified stroke centers, DTN times 

were significantly less than 60 minutes (Tong et al., 2018). The proportion of patients treated 

with tPA and DTN times less than 60 minutes, 45 minutes and 30 minutes were significantly 

greater in Comprehensive Stroke Centers compared to Primary Stroke Centers (Man et al., 
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2018). Arrival to the hospital by ambulance with pre-notification has been associated with 

decreases in DTN times as compared to arrival by ambulance without pre-hospital notification 

(McVerry et al., 2019).  Implementation of a pre-notification system at a system level may 

improve DTN times for individual institutions.  In addition, use of telestroke when a stroke 

neurologist is not on-site has been shown to be significantly associated with decreased DTN 

times (Sanders, Patel, Kiely, Gwynn, & Johnston, 2016).  However, the most significant factor 

found to be independently associated with decreased DTN times was treatment occurring during 

normal working hours versus treatment outside of regular working hours to include nights and 

weekends (McVerry et al., 2019).  Identification of system level factors impacting door to needle 

times is valuable in the evaluation of quality improvement initiatives to improve DTN times. 

Rationale 

 The Model for Improvement framework and the Plan-Do-Study-Act (PDSA) cycle tool is 

used to inform the conduct of this quality improvement initiative (Langley et al., 2009).  The 

Model for Improvement is composed of foundational concepts that drive the PDSA cycle 

including understanding the final goal of the change, understanding the impact of the change on 

the goal and exploring what changes will result in an improvement (Langley et al., 2009).  The 

primary objective of this quality improvement initiative and PDSA cycle is to improve DTN 

times in acute ischemic stroke patients treated with tPA. Time of day and weekend hours have 

been described as an independent factor in determining DTN times, with thrombolysis occurring 

outside normal working hours associated with increased DTN times (McVerry et al., 

2019).  While the institution has maintained DTN times compliant with AHA/ASA guidelines 

and national goals, the DTN times have been inconsistent and greater after hours. This suggests 

opportunities for improvement, particularly outside of normal working hours when DTN times 
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were as much as 20 minutes longer. Understanding areas in which the institution is excelling and 

areas requiring improvement is critical in planning (Bollegala et al., 2016).  As the telestroke 

camera is utilized outside of normal working hours when the stroke neurologist is not on-site, 

telestroke was placed in the CT scanner to decrease the time from patient arrival to neurology 

consult, diagnosis, and ultimately DTN time, or treatment.  

To understand the impact of the improvement initiative, the DTN times prior to and 

following the placement of the telestroke technology within the CT suite were collected and 

analyzed.  The outcome measures have been informed by the AHA/ASA guidelines for the early 

management of acute ischemic stroke, GWTG outcome measures and the goals established by 

the Target Stroke initiative. While it is important to compare data to predictions and summarize 

findings, it is also critical to reflect on the data to reveal additional areas of focus to perpetuate 

improvement (Langley et al., 2009).  Findings from this quality improvement initiative 

determine if telestroke technology located in the CT scanner has an impact on DTN times in 

addition to promoting the evaluation of other areas for improvement. The data obtained will 

inform the next iteration of the PDSA cycle to continue the cycle of improvement.  

Specific Aims 

A telestroke unit was placed within the CT suites on July 28, 2019 for use in the evaluation 

of acute ischemic stroke patients beginning July 29, 2019. The purpose of this quality 

improvement initiative was to evaluate the effectiveness of telestroke technology in the CT suite 

to decrease DTN times in acute ischemic stroke patients eligible for thrombolysis with tPA when 

a stroke neurologist is not on-site. DTN times were assessed at two community hospitals. 

Specifically, the following was evaluated: 
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• The DTN times prior to locating telestroke technology in the CT suite between 

January 1, 2019 and July 28, 2019. 

• The DTN times after telestroke technology was installed in the CT suite between July 

29, 2019 and February 29, 2020. 

Methods 

Context 

 This project took place within two community hospitals, Providence Portland Medical 

Center (PPMC) and Providence St. Vincent Medical Center (PSVMC) located in Portland, 

Oregon, which are part of Providence St. Joseph Health and Services network.  Providence 

Portland Medical Center is a 483-bed hospital with an acute care neuro-telemetry unit. It is 

certified by the Joint Commission as a Thrombectomy Capable Stroke Center treating 

approximately 15.2% of the 488 acute ischemic stroke admissions with tPA between June 2018 

and July 2019 (Providence Health and Services, 2019).  Providence St. Vincent Medical Center 

is a 523-bed hospital with a dedicated 12 bed NeuroCritical Care unit (Providence Health and 

Services, 2020a). Providence St. Vincent Medical Center is certified by the Joint Commission as 

a Comprehensive Stroke Center with 550 ischemic stroke patients admitted and 12.4% of 

patients treated with tPA June 2018 through July 2019 (Providence Health and Services, 

2020b).  In 2018, PPMC and PSVMC treated 100% of stroke patients with intravenous tPA in 

less than 60 minutes, 73% within 45 minutes and 33% in less than 30 minutes from the time of 

presentation (Providence Health and Services, 2020b).  However, DTN times were noted to be 

approximately 20 minutes longer during nights and on weekends.  

The current stroke treatment model includes a shared stroke team, including vascular 

neurologists, neuroradiologists, neurosurgeons, and interventional neuroradiologists are available 
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to evaluate and treat acute ischemic stroke patients 24 hours a day, 7 days a week on-site or 

through a telestroke network (Providence Health and Services, 2020b).  While a stroke 

neurologist is present at each site Monday through Friday 0800 to 1600, an on-call stroke team 

covers both facilities after hours and on weekends.  When the stroke neurologist cannot be 

physically present to evaluate a patient, most often outside of regular working hours, traditional 

telestroke is utilized to evaluate patients in the emergency department (ED).  Acute stroke 

protocols also include pre-notification from emergency medical services (EMS) for patients with 

stroke symptoms, a direct route to CT and the administration of thrombolytics prior to labs being 

resulted if the patient is not on anticoagulants and the medical history is well known.   

Intervention 

Telestroke monitors were permanently placed in the CT suites located at PPMC and 

PSVMC on July 28, 2019, with anticipation of improving DTN times by allowing for evaluation 

by telestroke concurrently with imaging preparation.   Stroke neurologists, ED nurse champions, 

and ED physician liaisons were informed of the new CT telestroke equipment and encouraged to 

use it and provide feedback to develop a standardized process. 

Study of the Intervention 

The focus of this project was to evaluate the impact of utilization of CT telestroke 

technology on DTN times in acute ischemic stroke patients treated with tPA when a stroke 

neurologist was not on site.   Regular working hours are defined as Monday through Friday 0800 

to 1600 and therefore, outside regular working hours, or off-hours, are defined as Monday 

through Thursday between 1600 and 0800 (weeknight) and Friday 1600 to Monday 0800 

(weekend). Door to needle times were assessed prior to and following placement of the monitors 

to determine the impact of telestroke technology within the CT suite. 
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A retrospective review of the Providence Stroke Registry was conducted inclusive of all 

acute ischemic stroke patients presenting to PPMC and PSVMC emergency departments and 

treated with tPA between January 2019 and February 2020.   The Providence Stroke Registry 

consists of the Get with the Guidelines and RealTime databases. All in-hospital acute ischemic 

strokes were excluded from data collection.  Emergency department patients with fluctuating 

symptoms or developing symptoms while in the ED were considered to be inpatients at the time 

of tPA administration and were therefore excluded. 

The proposed quality improvement initiative was determined by the Providence St. 

Joseph Institutional Review Board (IRB) and the Oregon Health and Sciences University IRB to 

not meet the conditions of human subject research and did not require IRB review.  Privacy of 

patient information was maintained throughout the conduct of this project. 

Measures 

Demographic and baseline case characteristics were collected including age, gender, race, 

presenting NIHSS score, time of arrival in the emergency department, time of tPA bolus 

initiation, use of telestroke, telestroke camera used, documented reason for delay in thrombolysis 

and weeknight versus weekend treatment.  DTN time is defined as the time of patient arrival in 

the ED to the time of tPA bolus initiation.   The case was defined as having used CT telestroke 

technology if the CT telestroke camera was used at any point in the patient’s evaluation, 

otherwise it was classified as a traditional telestroke case. If no camera was utilized, the patient 

was determined to have been assessed at bedside.  

The following measures were evaluated for this project: 

• The DTN times for acute ischemic stroke patients treated with tPA in the 

emergency department outside of normal working hours prior to installation of 
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CT telestroke technology between January 2019 and July 28, 2019.  This is the 

pre-intervention time period. 

• The DTN times for acute ischemic stroke patients treated with tPA in the 

emergency department outside of normal working hours after implementation of 

CT telestroke between July 29, 2019 and February 2020. This is the post-

intervention time period. 

Analysis 

The baseline characteristics and demographics were expressed as direct counts and 

percentages.  Baseline characteristics between the pre and post-intervention groups were 

compared using an independent t-test for continuous variables and Pearson’s chi-square for 

categorical variables.  Normality testing revealed the distribution of DTN times between groups 

did not follow a normal distribution.  Therefore, nonparametric tests were used to determine the 

differences in distribution between the pre-intervention and post-intervention groups. 

Specifically, the Mann-Whitney U test was used to examine differences in DTN times between 

groups. Categorical outcome variables were depicted as direct counts and percentages. All 

analyses were performed using SPSS software (IBM version 26). A 2-tailed value of P<0.05 was 

considered statistically significant.        

Ethical Considerations 

 As the conduct of this project did not involve the implementation of any interventions, 

the ethical considerations for this project included the maintenance of patient data privacy and 

insurance of the accuracy and completeness of collected data.  Patient data was de-identified, and 

information was stored on a password encrypted computer maintained in a secure location at all 

times.  Confidentiality was maintained in accordance with Providence St. Joseph Health.  
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Results 

Details of patient abstraction and exclusion are detailed in Appendix B.  A total of 111 

patients were included in the final analysis with 44 patients included in the pre-intervention 

group and 67 included in the post-intervention group.  Appendix C shows the patient 

demographics and baseline characteristics.  The mean distribution of age, race, gender, mode of 

arrival, initial NIHSS score and weekend treatment versus weeknight were comparable between 

the groups. Due to the limited racial diversity of the sample, races other than white were grouped 

for analysis.  Similarly, the demographics and case characteristics for the CT telestroke used 

versus traditional telestroke used in the post-intervention period were analyzed with no 

significant difference detected between the groups (See Appendix C for details of the 

demographics and case characteristics).  Missing data was excluded from analysis of the related 

category.  For instance, those patients with race undefined were excluded from the race analysis 

between the groups and patients missing mode of arrival information were excluded from the 

mode of arrival analysis.   

The intention-to-treat analysis demonstrated the median DTN time in the post-

intervention group was unchanged from the pre-intervention group (median 44 minutes; 

p=0.909) (See Appendix C).  While not significant, there was improvement in the percentage of 

patients treated with tPA within 30 minutes from the pre-intervention period to the post 

intervention time period (15.9%, 23.9%, p=0.311).  There was little change in the percentage of 

patients treated within 45 minutes and 60 minutes from the pre-intervention group to the post-

intervention group (56.8% versus 56.7%, p=0.992; 77.3% versus 76.1%, p=0.888 

respectively).  Percentages of patients achieving Target Stroke treatment goals are detailed in 

Appendix C. 
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Considering each institution separately, the median DTN time at PPMC improved 8 

minutes from the pre-intervention to the post-intervention time period, although this was not 

statistically significantly (median 49 minutes, 41 minutes respectively, p=0.158).  There was 

improvement in treatment in less than 30 minutes from 15.8% in the pre-intervention to 28.1% of 

patients in the post-intervention period (p=0.315).  There was significant improvement in those 

treated within 45 minutes from 36.8% in the pre-intervention group to 65.6% in the post 

intervention group (p=0.046). Conversely, the median DTN time at PSVMC increased 3 minutes 

from the pre-intervention to the post-intervention time period (median 43 minutes versus 46 

minutes, p=0.233).  Although there was no improvement appreciated in the overall median DTN 

times, there was improvement in the percentage of patients treated within 30 minutes of 

presentation from 16% in the pre-intervention time period to 20% in the post intervention time 

period (p=0.693).  The percentage of patients treated within 45 and 60 minutes decreased from 

the pre-intervention period to the post-intervention period (72.0% versus 48.6%, p=0.070; 84.0% 

versus 68.6%, p=0.174 respectively). 

Based on the original hypothesis, (the use of CT telestroke would improve DTN times 

when stroke neurologists were not on-site) DTN times when CT versus traditional telestroke was 

utilized was assessed. In the post-intervention group, evaluation was accomplished with CT 

telestroke in 38.8% (n=26), with traditional telestroke exclusively in 44.8% (n=30) and at the 

bedside in 16.4% (n=11). Additionally, traditional telestroke was used for evaluation in 97.7% of 

patients (n=43) in the pre-intervention group. Those patients evaluated by the stroke neurologist 

at the bedside during the off-hours time period were excluded. There was an improvement of 5.5 

minutes in the median DTN time from the pre-intervention period to the post intervention period 

with the utilization of CT telestroke (median DTN 38.5 minutes, 44.0 minutes respectively, 
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p=0.128).  In the post intervention group, there was a significant improvement of 9.5 minutes in 

the median DTN time with the use of CT versus traditional telestroke (38.5 minutes versus 48.0 

minutes, p=0.011).  Improvement in DTN times with the use of CT telestroke versus traditional 

telestroke was maintained when analyzing each facility separately.  Providence Portland Medical 

Center demonstrated a significant decrease in DTN times of 18.5 minutes when utilizing CT 

telestroke (p=0.014).  Providence St. Vincent Medical Center showed a non-significant 

improvement of 4.5 minutes when using CT telestroke compared to traditional telestroke 

(p=0.308). Results and details of the analysis for CT telestroke versus traditional telestroke are 

detailed in Appendix C.  

Discussion 

Summary 

The primary objective of this quality improvement initiative was to determine the impact 

of utilization of telestroke technology within the CT suite on the DTN times in the treatment of 

acute ischemic stroke patients when a stroke neurologist is not on-site.  The DTN times in the 

post-intervention group did not improve from the DTN times in the pre-intervention group in the 

intention-to-treat analysis.  Additional analysis demonstrated an improvement in median DTN 

time between the pre-intervention group using traditional telestroke and the post-intervention 

period using CT telestroke.  Furthermore, there was a statistically significant improvement in 

DTN time with the use of the CT telestroke as compared to the use of traditional telestroke in the 

post-intervention period.  In addition to improvements in median DTN times, there were also 

improvements in the percentage of patients treated within 30 minutes.  Small reductions in 

median DTN times and improvements in the percentage of patients treated within 30 minutes 

contribute to improved clinical outcomes.  As DTN times are decreased further it is challenging 



INITIATIVE TO IMPROVE DOOR TO NEEDLE TIMES 16 

to elicit a significant change in DTN time.  Small changes appreciated in DTN times with a 

single intervention contribute to larger clinical impacts over time.  Those hospitals implementing 

a greater number of initiatives to decrease DTN times were more likely to have shorter DTN 

times (Xian et al., 2017). The reduction of DTN time by one-minute results in an average of 1.8 

days of extra healthy life for each stroke patient treated with thrombolytics (Meretoja et al., 

2014).  Utilization of multiple interventions, each having a small impact on treatment times, may 

result in a significant decrease in DTN time and subsequent improvement in clinical outcomes. 

Interpretation 

Many initiatives have been implemented to decrease DTN times in an effort to improve 

stroke patient outcomes.   Streamlining processes to decrease the time of arrival to key time 

points, such as door to imaging, in the evaluation and treatment of an acute stroke patient has 

been shown to decrease DTN times (Mong, Tiah, Wong & Tan, 2019).  This current quality 

improvement project aimed to decrease the time from arrival to neurology consultation to 

decrease the time to treatment. Additional processes strongly associated with a reduction in DTN 

time includes direct transport to imaging, premixing of tPA and a visual display of time elapsed 

from arrival (Xian et al., 2017). A quality improvement effort inclusive of the administration of 

alteplase in the CT suite has been shown to significantly reduce DTN times (Kamal, Holodinsky 

et al., 2017; Xian et al., 2017).  Many quality improvement initiatives include multiple 

interventions to decrease DTN time.  Implementing multi-step protocols to include the 

administration of thrombolytics in the CT suite have been implicated in reducing DTN times 

(Ajmi et al., 2019; Tran et al., 2019).   While tPA could feasibly be administered in the CT suite 

during periods when the stroke neurologist is not on-site using CT telestroke, the primary 
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objective of this assessment was to evaluate the impact of CT telestroke on DTN time and the 

frequency of tPA administration in the CT suite was not assessed.   

Analysis demonstrated no difference in median DTN times between the pre-intervention 

period and the post-intervention period.  However, there was an improvement in the percentage 

of patients treated within 30 minutes of presentation.  An increased percentage of patients treated 

within 30 minutes of presentation was observed within each facility when considered separately. 

Despite the lack of statistical significance, there is clinical significance for improving the 

percentage of patients treated within 30 minutes as this leads to an increased likelihood of 

improved functional outcomes in a higher percentage of patients.  Although the percentages of 

patients treated within 45 minutes and 60 minutes remained approximately the same from pre-

intervention to post-intervention, there was significant improvement in those treated within 45 

minutes of presentation at PPMC. The difference in improvement trends between the facilities 

supports the presence of unexplained contextual features impacting DTN times.  Concurrent 

quality initiatives to improve DTN times and stroke outcomes may have influenced differences 

in DTN times at each facility. To better understand these differences, further research would be 

required.  

Inability to demonstrate a change in DTN time between the pre-intervention group and 

the post-intervention group may be related to a few key factors.  A total of 17.1% of patients in 

the dataset had documented delays in thrombolysis related to eligibility or medical interventions. 

The most commonly documented delay in thrombolysis was related to patient eligibility and was 

reported in 65.5% of delays. Extended time to consent, primarily related to prolonged 

conversations with patients and families, was found to be the primary reason for 

delay.  Extended consent conversations occurred more frequently in mild strokes with an NIHSS 
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score of 7 or less.  Determination of eligibility delays have been shown to be strongly associated 

with treatment times greater than 60 minutes (Kamal, Sheng et al., 2017). Medical delays 

occurred in 27.5% of documented delays and included interventions to treat hypertension and 

complications related to intravenous access.  With delays more frequently documented in the 

post intervention group (22.4%) as compared to the pre-intervention group (9.1%), this could 

have influenced the significance of CT telestroke on DTN times.  In the subset of patients, 

excluding those with documented eligibility or medical delays in thrombolysis, the median DTN 

improved from 43 minutes in the pre-intervention group to 41 minutes in the post-intervention 

(p=0.568).  Although this is not significant from a statistical perspective, the clinical implications 

of reducing DTN times by 2 minutes are more significant.   

While DTN times may have been influenced by delays, the most significant factor 

implicated in the unchanged DTN times from pre-intervention to post-intervention is the 

frequency of use of CT telestroke.  In the post-intervention period CT telestroke was only 

utilized in 38.8% of cases, with equivalent usage between PPMC and PSVMC (40.6% versus 

37.1%, p=0.770).  Variable utilization may be related to lack of familiarity and standardization of 

the technology prior to assessment of its use in the post-intervention group. Designating a period 

of time to ensure new protocols are fully implemented has contributed to the accuracy of 

assessment of quality improvement initiatives to reduce DTN times (Tran et al., 

2019).  Simulation-based training to increase familiarity, improve efficiency of clinical 

implementation and increase adherence have also been implicated in the successful 

implementation of a quality improvement protocol (Ajmi et al., 2019).  Although there were 

discussions to introduce and familiarize providers with the CT telestroke technology, utilization 

was not fully implemented or standardized.  Allowing for a period of time to increase clinical 
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familiarity and experience using CT telestroke may have improved usage, providing a more 

accurate assessment of the impact of CT telestroke in the post-intervention period.   

Evaluation of changes in DTN times between the pre-intervention and post-intervention 

period does not fully represent the impact of CT telestroke.  While telestroke is primarily used 

after hours and on weekends, CT telestroke was only used in 46.4% of cases treated with tPA 

while a stroke neurologist was not on-site.  Similar to the pre-intervention time period, traditional 

telestroke was utilized for acute ischemic stroke evaluation when the stroke neurologist was not 

on-site.  Although weekends were defined as outside of regular working hours, a stroke 

neurologist may be present rounding on inpatient stroke patients during the daytime hours on the 

weekends. This accounts for the bedside evaluations observed in both the pre-intervention and 

post-intervention periods.  As the intent of this quality improvement initiative was to evaluate the 

impact of CT telestroke technology on DTN times when the stroke neurologist was not present 

on-site, those patients evaluated at the bedside were excluded.  Using CT telestroke 

demonstrated a 5.5 minute reduction in median door to needle time from the pre-intervention 

period. While this was not a statistically significant reduction, it is clinically meaningful.  To 

further isolate the impact of CT telestroke, DTN times with the use of CT telestroke versus 

traditional telestroke were assessed in the post-intervention period, reducing confounding 

features that may influence DTN times. A statistically and clinically significant reduction of 9.5 

minutes was appreciated between the use of CT telestroke and traditional telestroke when the 

stroke neurologist was not on-site.   The effect was preserved when considering each institution 

separately, although the number of cases are small and the effect was not statistically significant 

at PSVMC. Improvement in DTN times related to CT telestroke is appreciated.  A positive effect 

on the reduction of DTN times through allocation of physical resources in the emergency 
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department specifically to acute stroke care has been appreciated in other quality improvement 

initiatives (Shpak et al., 2019).  Telestroke within the CT suite can be utilized to reduce DTN 

times in the treatment of acute ischemic stroke patients when the stroke neurologist is not present 

on-site.  This, in conjunction with other methods to reduce DTN times, contributes to clinically 

relevant reductions in in-hospital mortality, reduction in symptomatic intracranial hemorrhage 

and increased discharge to home. Therefore, the clinically significant reduction of DTN times 

has impacts on improving stroke outcomes and reducing disability. 

Limitations 

 This project has several limitations.  The project was an observational study performed 

within a limited time period. The time period in which the data collection was conducted reduced 

the overall study population included, limiting the number of patients evaluated with CT 

telestroke in the post-intervention group.  Other time constraints impacted the ability to 

standardize the quality improvement intervention to fully appreciate the effectiveness and assess 

sustainability. More extensive data collection periods would be required to establish the 

sustainability of the reduction in DTN times with the use of CT telestroke.  It is likely there were 

unaccounted factors influencing DTN times during the study period as indicated by the 

difference in effects appreciated at each facility.  In addition, factors related to using either 

camera were not addressed.  For instance, the opportunity to use the telestroke camera in 

instances of a late code stroke activation may not have been feasible. Lastly, all data was 

abstracted for this project from a database which relies on the accuracy and completeness of the 

primary data abstraction process.   

Conclusions 
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Installing telestroke within the CT scanner has been shown to be effective in significantly 

reducing DTN times during periods when a stroke neurologist is not present on-site.  As a 

method to reduce DTN times, the use of telestroke within the CT suite may be implemented at 

other facilities without a stroke neurologist on-site. Standardization of CT telestroke may 

contribute to increased usage of CT telestroke and further reductions in DTN times and 

assessment of sustainability would require a longer evaluation period. Further study should 

include assessment of stroke outcomes such as sICH and 90-day mRS to ensure safety while 

decreasing DTN times. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INITIATIVE TO IMPROVE DOOR TO NEEDLE TIMES 22 

References 

Ajmi, S.C., Advani, R., Fjetland, L., Kurz, K. D., Lindner, T., Qvindesland, S. A., … Kurz, M. 

(2019).  Reducing door-to-needle times in stroke thrombolysis to 13 min through 

protocol revision and simulation training: a quality improvement project in a Norwegian 

stroke centre.  BMJ Quality and Safety, 28, 939-948. doi: 10.1136/bmjqs-2019-009767 

American Heart Association. (2018).  Phase III: target stroke. Retrieved from 

https://www.heart.org/en/professional/quality-improvement/target-stroke 

Benjamin, E.J., Blaha, M.J., Chiuve, S.E., Cushman, M., Das, S.R., Deo, R., … Wong, S.S. 

(2017).  Heart disease and stroke statistics-2017 update: a report from the American 

Heart Association.  Circulation, 135(10), e146-e603. doi: 

10.1161/CIR.0000000000000485 

Bollegala, N., Patel, K., Mosko, J.D., Bernstein, M., Brahmania, M., Liu, L., … Weizman, A.V. 

(2016).  Quality improvement primer series: the plan-do-study-act cycle and data 

display.  Clinical Gastroenterology and Hepatology, 14, 1230-1233.  doi: 

10.1016/j.cgh.2016.04.042 

Centers for Disease Control and Prevention (CDC). (2012). Prevalence of stroke--United States, 

2006-2010. Morbidity and Mortality Weekly Report, 61(20), 379-382. 

Cheng, N.T., and Kim, A.S. (2015).  Intravenous thrombolysis for acute ischemic stroke within 3 

hours versus between 3 and 4.5 hours of symptom onset.  The Neurohospitalist, 5(3), 

101-109.  doi: 10.1177/1941874415583116 

Clark, W.M., Wissman, S., Albers, G.W., Jhamandas, J.H., Madden, K.P., Hamilton, S. 

(1999).  Recombinant tissue-type plasminogen activator (Alteplase) for ischemic stroke 3 

https://www.heart.org/en/professional/quality-improvement/target-stroke


INITIATIVE TO IMPROVE DOOR TO NEEDLE TIMES 23 

to 5 hours after symptom onset.  JAMA, 282(21), 2019-2026. doi: 

10.1001/jama.282.21.2019 

Fang, M.C., Cutler, D.M., & Rosen, A.B. (2010).  Trends in thrombolytic use for ischemic stroke 

in the United States.  Journal of Hospital Medicine, 5(7), 406-409. doi: 10.1002/jhm.689 

Fonarow, G.C., Reeves, M.J., Smith, E.E., Saver, J.L., Zhao, X., Olson, D.W., … & Schwamm, 

L.H. (2010).  Characteristics, performance measures, and in-hospital outcomes of the first 

one million stroke and transient ischemic attack admissions in get with the guidelines-

stroke. Circulation: Cardiovascular Quality Outcomes, 3(3), 291-302. doi: 

10.1161/CIRCOUTCOMES.109.921858 

Fonarow, G.C., Smith, E.E., Saver, J.L., Reeves, M.J., Bhatt, D.L., Grau-Sepulveda, M.V., … 

Schwamm, L.H. (2011).  Timeliness of tissue-type plasminogen activator therapy in 

acute ischemic stroke. Circulation, 123(7), 750-758. doi: 

10.1161/CIRCULATIONAHA.110.974675 

Fonarow, G.C., Zhao, X., Smith, E.E., Saver, J.L., Reeves, M.J., Bhatt, D.L., … Schwamm, L.H. 

(2014).  Door to needle times for tissue plasminogen activator administration and clinical 

outcomes in acute ischemic stroke before and after a quality improvement 

initiative.  JAMA, 311(16), 1632-1640. doi: 10.1001/jama.2014.3203 

Food and Drug Administration. (2015).  Label for Activase. Retrieved from 

https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/103172s5203lbl.pdf 

Hacke, W., Donnan, G., Fieschi, C., Kaste, M., von Kummer, R., Broderick, JP., … Hamilton, S. 

(2004).  Association of outcome with early stroke treatment: pooled analysis of 

ATLANTIS, ECASS, and NINDS rt-PA stroke trials.  Lancet, 363(9411), 768-774. doi: 

10.1016/S0140-6736(04)15692-4 



INITIATIVE TO IMPROVE DOOR TO NEEDLE TIMES 24 

Hacke, W., Kaste, M., Bluhmki, E., Brozman, M., Davalos, A., Guidetti, D., … Toni, D. 

(2008).  Thrombolysis with Alteplase 3 to 4.5 hours after acute ischemic stroke.  The New 

England Journal of Medicine, 359(13), 1317-1329. doi: 10.1056/NEJMoa0804656 

Hacke, W., Kaste, M., Fieschi, C., Toni, D., Lesaffre, E., von Kummer, R., …Hennerici, M. 

(1995).  Intravenous thrombolysis with recombinant tissue plasminogen activator for 

acute hemispheric stroke: the European cooperative acute stroke study (ECASS). JAMA, 

274(13), 1017-1025. Retrieved from https://jamanetwork-

com.liboff.ohsu.edu/journals/jama/fullarticle/389723  

Hacke, W., Kaste, M., Fieschi, C., von Kummer, R., Davalos, A., Meier, D., … Trouillas, V. 

(1998).  Randomised double-blind placebo-controlled trial of thrombolytic therapy with 

intravenous alteplase in acute ischaemic stroke (ECASS II).  Lancet, 352(9136), 1245-

1251.  Retrieved from https://www-sciencedirect-

com.liboff.ohsu.edu/science/article/pii/S0140673698080209?via%3Dihub 

Howard, G., Schwamm, L.H, Donnelly, J.P., Howard, V.J., Jasne, A., Smith, E.E., … Albright, 

K.C. (2018).  Participation in get with the guidelines-stroke and its association with 

quality of care for stroke.  JAMA Neurology, 75(11), 1331-1337.  doi: 

10.1001/jamaneurol.2018.2101. 

Kamal, N., Holodinsky, J.K., Stephenson, C., Kashayp, D., Demchuk, A.M., Hill, M.D., … 

Smith, E.E. (2017).  Improving door-to-needle times for acute ischemic stroke: effect of 

rapid patient registration, moving directly to computed tomography, and giving alteplase 

at the computed tomography scanner.  Circulation, 10(1), e003242. doi: 

10.1161/CIRCOUTCOMES.116.003242  

https://jamanetwork-com.liboff.ohsu.edu/journals/jama/fullarticle/389723
https://jamanetwork-com.liboff.ohsu.edu/journals/jama/fullarticle/389723


INITIATIVE TO IMPROVE DOOR TO NEEDLE TIMES 25 

Kamal, N., Sheng, S., Xian, Y., Matsouaka, R., Hill, M.D., Bhatt, D.L., … Smith, E.E. (2017). 

Delays in door-to-needle times and their impact on treatment time and outcomes in get 

with the guidelines-stroke.  Stroke, 48(4), 946-954. doi: 

10.1161/STROKEAHA.116.015712 

Langley, G.L., Moen, R.D., Nolan, K.M., Nolam, T.W., Norman, C.L., & Provost, L.P. (2009). 

The improvement guide: A practical approach to enhancing organizational 

performance.  (2nd ed.). San Francisco: Jossey-Bass. 

Lees, K.R., Bluhmki, E., von Kummer, R., Brott, T.G., Toni, D., Grotta, J.C., … Hacke, W. 

(2010). Time to treatment with intravenous Alteplase and outcome in stroke: an updated 

pooled analysis of ECASS, ATLANTIS, NINDS, and EPITHET trials.  Lancet, 

375(9727), 1695-17033mm. doi: 10.1016/S0140-6736(10)60491-6 

Man, S., Zhao, X., Uchino, K., Hussain, M.S., Smith, E.E., Bhatt, D.L., … Fonarow, G.C. 

(2018).  Comparison of acute ischemic stroke care and outcomes between comprehensive 

stroke centers and primary stroke centers in the United States.  Circulation: 

Cardiovascular Quality and Outcomes, 11(e004512), 1-11. doi: 

10.1161/CIRCOUTCOMES.117.004512 

McVerry, F., Hunter, A., Dynan, K., Matthews, M., McCormick, M., Wiggam, I., … McCarron, 

M.O. (2019).  Country-wide analysis of systemic factors associated with acute ischemic 

stroke door to needle time.  Frontiers in Neurology, 10(676), 1-7. doi: 

10.3389/fneur.2019.00676 

Meretoja, A., Keshtkaran, M., Saver, J.L., Tatlisumak, T., Parsons, M.W., … Churilov, L. 

(2014).  Stroke thrombolysis: save a minute, save a day.  Stroke, 45(4), 1053-1058. doi: 

10.1161/STROKEAHA.113.002910 



INITIATIVE TO IMPROVE DOOR TO NEEDLE TIMES 26 

Mong, R., Tiah, L., Wong, M., & Tan, C. (2019).  Improving telestroke treatment times through 

a quality improvement initiative in a Singapore emergency department.  Singapore 

Medical Journal, 60(2), 69-74.  doi: 10.11622/smedj.2018083 

Ormseth, C.H., Sheth, K.N., Saver, J.L., Fonarow, G.C., Schwamm, L.H. (2017).  The American 

Heart Association’s get with the guidelines (GWTG)-stroke development and impact on 

stroke care.  Stroke and Vascular Neurology, 2 (e000092), 94-105. doi: 10.1136/svn-

2017-000092 

Powers, W. J., Rabinstein, A. A., Ackerson, T., Adeoye, O. M., Bambakidis, N. C., Becker, K., 

… Tirschwell, D. L. (2019).  Guidelines for the early management of patients with acute 

ischemic stroke: 2019 update to the 2018 guidelines for the early management of acute 

ischemic stroke, a guideline for healthcare professionals from the American Heart 

Association/American Stroke Association.  Stroke, 50, e344-e418. doi: 

10.1161/STR.0000000000000211 

Providence Health and Services. (2019). Providence Portland Medical Center.  Retrieved from 

https://oregon.providence.org/location-directory/p/providence-portland-medical-

center/overview/ 

Providence Health and Services. (2020a). Providence St. Vincent Medical Center. Retrieved 

from https://oregon.providence.org/location-directory/p/providence-st-vincent-medical-

center/overview/ 

Providence Health and Services. (2020b). Stroke treatment and preventative procedures. 

Retrieved form https://oregon.providence.org/our-services/p/providence-stroke-

center/forms-and-information/preventive-stroke-procedures-outcomes-data/ 

https://oregon.providence.org/location-directory/p/providence-portland-medical-center/overview/
https://oregon.providence.org/location-directory/p/providence-portland-medical-center/overview/
https://oregon.providence.org/location-directory/p/providence-st-vincent-medical-center/overview/
https://oregon.providence.org/location-directory/p/providence-st-vincent-medical-center/overview/


INITIATIVE TO IMPROVE DOOR TO NEEDLE TIMES 27 

Sandercock, P., Wardlaw, J.M., Lindley, R.I., Dennis, M., Cohen, G., Murray, G., … Arauz, A. 

(2012).  The benefits and harms of intravenous thrombolysis with recombinant tissue 

plasminogen activator within 6 h of acute ischemic stroke (the third international stroke 

trial [IST-3]): a randomized controlled trial.  Lancet, 379(9834), 2352-2363. doi: 

10.1016/S0140-6736(12)60768-5 

Sanders, K.A., Patel, R., Kiely, J., Gwynn, M.W., & Johnston, L.H. (2016).  Improving 

telestroke treatment times in an expanding network of hospitals.  Journal of Stroke and 

Cerebrovascular Diseases, 25(2), 288-291. doi: 

10.1016/j.jstrokecerebrovasdis.2015.09.030 

Saver, J.L., Fonarow, G.C., Smith, E.E., Reeves, M.J, Grau-Sepulveda, M.V., Pan, W.,  ... 

Schwamm, L.H. (2013). Time to treatment with intravenous tissue plasminogen activator 

and outcome from acute ischemic stroke.  JAMA, 309(23), 2480-2488. 

doi:10.1001/jama.2013.6959 

Shpak, M., Korwek, K., Nadasdy, Z., Ramakrishnan, A., Cowperthwaite, M., Ankrom, K., … 

Fanale, C. (2019).  Driving stroke quality improvement at scale in Eds across a 

nationwide network of hospitals: strategies and interventions.  Emergency Medicine 

Journal, 36, 423-430. doi: 10.1136/emermed-2018-208257 

Skolarus, L.E., Freedman, V.A., Feng, C., Wing, J.J., & Burke, J.F. (2016).  Care received by 

elderly US stroke survivors may be underestimated.  Stroke, 47(8), 2090-2095. doi: 

10.1161/STROKEAHA.116.012704 

Song, S., Fonarow, G.C., Olson, D.M., Liang, L., Schulte, P.J., Hernandez, A.F., … Saver, J.L. 

(2016). Association of get with the guidelines-stroke program participation and clinical 

https://jamanetwork.com/searchresults?author=Jeffrey+L.+Saver&q=Jeffrey+L.+Saver
https://jamanetwork.com/searchresults?author=Jeffrey+L.+Saver&q=Jeffrey+L.+Saver
https://jamanetwork.com/searchresults?author=Eric+E.+Smith&q=Eric+E.+Smith
https://jamanetwork.com/searchresults?author=Eric+E.+Smith&q=Eric+E.+Smith
https://jamanetwork.com/searchresults?author=Maria+V.+Grau-Sepulveda&q=Maria+V.+Grau-Sepulveda
https://jamanetwork.com/searchresults?author=Eric+D.+Peterson&q=Eric+D.+Peterson


INITIATIVE TO IMPROVE DOOR TO NEEDLE TIMES 28 

outcomes for Medicare beneficiaries with ischemic stroke.  Stroke, 47(5), 1294-1302. 

doi: 10.1161/STROKEAHA.115.011874 

Sreedharan, S.E., Unnikrishnan, J.P., Amal, M.G., Shibi, B.S., Sarma, S., Sylaja, P.N. 

(2013).  Employment status, social function decline and caregiver burden among stroke 

survivors, a South Indian study.  Journal of the Neurological Sciences, 332(1-2), 97-101. 

doi: 10.1016/j.jns.2013.06.026 

The National Institute of Neurological Disorders and Stroke rt-PA Stroke Study Group. (1995). 

Tissue plasminogen activator for acute ischemic stroke. The New England Journal of 

Medicine, 333(24), 1581-1587. doi: 10.1056/NEJM199512143332401 

Tong, X., Wiltz, J.L., George, M.G., Odom, E.C., Coleman King, S.M., Chang, T., … & Merritt, 

R. (2018).  A decade of improvement in door-to-needle time among acute ischemic 

stroke patients, 2008 to 2017.  Circulation: Cardiovascular Quality and Outcomes, 

11(e004981), 1-10. doi: 10.1161/CIRCOUTCOMES.118004981 

Tran, D., Zhu, Z., Shafie, M., Abcede, H., Stradling, D., Yu, W. (2019).  Three easily 

implementable changes reduce median door-to-needle time for intravenous thrombolysis 

by 23 minutes.  BMC Neurology, 19(300), 1-6. doi: 10.1186/s12883-019-1527-8.  

Wahlgren, N., Ahmed, N., Davalos, A., Hacke, W., Millan, M., Muir, K., … Lees, K.R. 

(2008).  Thrombolysis with alteplase 3-4.5 h after acute ischaemic stroke (SITS-ISTR): 

An observational study.  Lancet, 372(9646), 1303-1309. doi: 10.1016/S0140-

6736(08)61339-2 

Xian, Y., Xu, H., Lytle, B., Blevins, J., Peterson, E.D., Hernandez, A.F. (2017).  Use of 

strategies to improve door-to-needle times with tissue-type plasminogen activator in 

acute ischemic stroke in clinical practice: findings from Target Stroke.  Circulation 



INITIATIVE TO IMPROVE DOOR TO NEEDLE TIMES 29 

Cardiovascular Quality and Outcomes, 10(1), e003227. doi: 

10.1161/CIRCOUTCOMES.116.003227 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INITIATIVE TO IMPROVE DOOR TO NEEDLE TIMES 30 

Appendix A 

Summary of pivotal trials for tissue plasminogen activator treatment in acute ischemic stroke 

Table 1A 

Pivotal Tissue Plasminogen Activator Trials 

Trial tPA Dose Time 
Window 

Primary Endpoints Findings Comments 
      
ECASS I 
(Hacke et al., 
1995) 

1.1 mg/kg 
(100 mg 
maximum) 

<6 hours BI and mRS at 90-days No significant difference in BI scores 
or mRS scores between those treated 
with placebo and those treated with 
tPA at 90± 14 days; Intention to treat 
analysis demonstrates significant 
increase in death from intracranial 
hemorrhage in tPA group; Intention to 
treat analysis 90-day mortality 
significantly greater in the tPA treated 
group 

Excluded patients <18 
and >80 years of age 

      
tPA for Acute 
Ischemic 
Stroke 
(NINDS, 
1995) 

0.9 mg/kg 
(90 mg 
maximum) 

< 3 hours 
(180 
minutes) 

Part 1: Improvement in 
score of >4 on the 
NIHSS within 24 hours 
of stroke onset 
Part 2: BI, mRS, GOS 
and NIHSS at 3 
months  

Part 1: No statistical difference 
between placebo and tPA group. 
Part 2: Significant improvement in BI, 
mRS, GOS and NIHSS at 3 months in 
the tPA group as compared to the 
placebo group; No significant 
difference at 90 days in mortality 
between the groups. Significantly 
increased number of patients with 
symptomatic intracranial hemorrhage 
in the tPA group within 36 hours of 
treatment (7.14% vs. 1.2 %) 

 

      
ECASS II 
(Hacke et al., 
1998) 

0.9 mg/kg 
(90 mg 
maximum) 

<6 hours mRS score at 90-days 
dichotomized for 
favorable outcome 
(score 0-1) and 
unfavorable (score 2-6) 

No significant difference in favorable 
outcome between the tPA group and 
the placebo group; No difference in 
mortality at 30 or 90 days between the 
treatment groups; Symptomatic 
intracranial hemorrhage occurred 
more frequently in tPA group (8.8% 
vs. 3.4%) 

Excluded patients <18 
and >80 years of age 

      
ATLANTIS 
(Clark et al., 
1999) 

0.9 mg/kg 
(90 mg 
maximum) 

3-5 hours Excellent neurological 
recovery defined as 
NIHSS<1 at 90 days 

No difference appreciated between 
the tPA and placebo group 

Excluded patients <18 
and >80 years of age; 
Trial stopped 
prematurely based on 
the interim analysis 
indicating “treatment 
was unlikely to prove 
beneficial”       

ECASS III 
(Hacke et al., 
2008) 

0.9 mg/kg 
(90 mg 
maximum) 

3-4.5 hours Disability at 90 days 
dichotomized as a 
favorable outcome 
defined as a mRS score 
of 0 or 1 or an 
unfavorable outcome 
defined as a mRS score 
of 2-6 

A favorable outcome was 
significantly more associated with the 
tPA group than the placebo group 
(52.4% vs. 45.2%, odds ratio 1.34, 
95% confidence interval 1.02-1.76, 
P= 0.04); Symptomatic intracranial 
hemorrhage occurred more frequently 
in the tPA group (2.4% vs. 0.2%; 
P=0.008); Mortality did not differ 
between the groups 

Excluded patients <18 
and >80 years of age 

      
IST-3 
(Sandercock et 
al., 2012) 

0.9 mg/kg 
(90 mg 
maximum) 

<6 hours Proportion of patients 
alive and independent 
defined by an OHS 0-2 
at 6 months 

No difference in proportion of 
patients alive and independent 
between the groups at 6 months; 
Symptomatic intracranial hemorrhage 
occurred in 7% of patients in the tPA 
group within 7 days vs 1% in the 

53% (1617) of total 
enrollment were older 
than 80 years of age 
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control group; Similar mortality at 6 
months in both groups 
       

 
Note. Adapted from “Intravenous thrombolysis for acute ischemic stroke within 3 hours versus between 3 and 4.5 hours of symptom onset,” by N.T. Cheng 

and A.S. Kim, 2015, The Neurohospitalist, 5(3) p.103. Copyright 2015 by The Authors. tPA= tissue plasminogen activator; BI= Barthel Index; mRS= 

modified Rankin Scale; NIHSS= National Institute of Health Stroke Scale; GOS= Glasgow Outcome Scale; OHS= Oxford Handicap Score; DWI= 

Diffusion weighted imaging; FLAIR=Fluid attenuated inversion recovery; MRI= Magnetic resonance imaging; NINDS= National Institute of Neurological 

Disorders and Stroke; ECASS= European Cooperative Acute Stroke Study; ATLANTIS= Alteplase ThromobLysis for Acute Noninterventional Therapy in 

Ischemic Stroke; IST-3= Third International Stroke Trial; WAKE-UP= MRI-Guided Thrombolysis for Stroke with Unknown Time of Onset.  
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Appendix B 

Patient Inclusion Algorithm 

Patients were abstracted from the Providence Stroke Registry inclusive of the Get with the Guidelines database 

(GWTG) and the Real Time database.  The registry is inclusive of all stroke and transient ischemic attack (TIA) 

patients admitted to Providence Portland Medical Center (PPMC) and Providence St. Vincent Medical Center 

(PSVMC).  Patients receiving tissue plasminogen activator (tPA) were filtered and included in the final analysis as 

depicted in Figure 1B.   

 

 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Figure 1B. Algorithm with exclusion criteria and included numbers for patient selection and inclusion in the 
assessment of the quality improvement initiative.   
 

 

 

Real Time Query: 
All ischemic strokes treated within 
PPMC and PSVMC emergency 
departments 1/1/2019 through 
2/29/2020 n= 314 
 

GWTG Database Query: 
All ischemic strokes treated at 
PPMC and PSVMC with a 
discharge date >2018 n= 104 

Excluded duplicate patients 
already present within the 
GWTG database n=187 
Excluded patients not treated 
with tPA, n=38 
Excluded patients treated with 
tPA Monday-Friday 0800-1600 
(regular working hours). N= 31 
Excluded patients being 
observed in the emergency 
department for TIA, stuttering, 
improved or resolving 
symptoms. N= 1 
Excluded patients not treated 
with alteplase or treated within a 
clinical trial. N=1 
 

N= 56 
PPMC= 26 
PSVMC= 

 

Excluded inpatients N=3;  
Excluded patients being 
observed in the emergency 
department for TIA, stuttering, 
improved or resolving 
symptoms n= 2 
Excluded patients treated with 
tPA Monday-Friday 0800-
1600 (regular working hours) 
n=3 
Excluded patients treated prior 
to 1/1/2019 n=1 
Excluded patients not treated 
with tPA n=40 
 

N= 55 
PPMC= 25 
PSVMC= 30 
 N= 111 

PPMC= 51 
PSVMC= 60 
 

Post-Intervention Group 
N= 67 
PPMC= 32 
PSVMC= 35 
 

Pre-Intervention Group 
N= 44 
PPMC= 19 
PSVMC= 25 

Providence Stroke Registry 
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Appendix C 

Results of the Initiative to Improve Door to Needle Times 

The results of the statistical analyses performed as per the analysis plan in the conduct of this 

quality improvement initiative are presented.  

 
Table 1C  

Demographics and characteristics of patients receiving thrombolytics pre and post quality improvement initiative 

Parameter Pre-Intervention 
(n=44) 

Post-Intervention 
(n=67) 

P-Value 

Mean Age in years (n=111) 68.16 ± 14.85 69.43 ± 16.19 0.676 
Gender (n=111) 

   
 

Male 54.5% (n=24) 47.8% (n=32) 
 

 
Female 45.5% (n=20) 52.2% (n=35) 0.484 

Race * (n=98) 
   

 
White 87.2% (n=34) 89.8% (n=53) 

 
 

Other 12.8% (n=5) 10.2 % (n=6) 0.663 
Mean Initial NIHSS score (n=111) 9.98 ± 7.63 10.52 ± 8.94 0.740 
Mode of arrival (n=110) 

   
 

EMS 81.4 % (n= 35) 71.6% (n=48) 
 

 
Private Vehicle 18.6 % (n= 8) 28.4% (n=19) 0.246 

Treated on the Weekend (n=44) 29.5% (n=13) 46.3% (n=31) 0.078 
NIHSS= National Institute of Health Stroke Scale  
* 13 patients with race listed as unable to determine and therefore excluded from race analysis 
** 1 patient without identified mode of transportation and therefore excluded from mode of transportation analysis 
 

Table 2C 

 Demographics and characteristics of post-intervention CT versus traditional telestroke   

Parameter CT Telestroke  
(n=26) 

Traditional Telestroke 
(n=30) 

P-Value 

Mean Age in years (n=56) 68.46 ± 14.92 68.80 ± 17.08 0.938 
Gender (n=56) 

   
 

Male 53.8% (n=14) 36.7% (n=11) 
 

 
Female 46.2% (n=12) 63.3% (n=19) 0.197 

Race* (n=50) 
   

 
White 87.0% (n=20) 96.3% (n=26) 

 
 

Other 13.0% (n=3) 3.7% (n=1) 0.225 
Mean Initial NIHSS score (n=56) 11.38 ± 9.84 9.90 ± 8.93 0.566 
Mode of arrival (n=56) 

   
 

EMS 65.4 % (n= 17) 73.3% (n=22) 
 

 
Private Vehicle 34.6 % (n= 9) 26.7% (n=8) 0.519 

Treated on the Weekend (n=56) 30.7% (n=8) 46.7% (n=14) 0.224 
NIHSS=National Institute of Health Stroke Scale 
* 6 patients with Race listed as unable to determine and therefore excluded from race analysis 
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Table 3C 

 Median Door to Needle Time (DTN)  
 

Pre-Intervention  Post-Intervention  P-value (Mann-Whitney U test) 
 Door to Needle Time (minutes) 44.0 (n=44) 44.0 (67) 0.909 
PPMC DTN (minutes) 49.0 (n=19) 41.0 (n=32) 0.158 
PSVMC DTN (minutes) 43.0 (n=25) 46.0 (n=35) 0.233 
DTN Without delays (minutes) 43.0 (n=40) 41.0 (n=53) 0.568 

 
 

Table 4C 

Door to Needle Target Stroke Goals 
 

Pre-Intervention Post-Intervention P-value 
Treated ≤30 minutes 15.9% (n=7) 23.9% (n=16) 0.311 
Treated ≤45 minutes 56.8% (n=25) 56.7% (n=38) 0.992 
Treated ≤60 minutes 77.3% (n=34) 76.1% (n=51) 0.888 
PPMC n= 19 n= 32 

 
 

Treated ≤30 minutes 15.8% (n=3) 28.1% (n=9) 0.315  
Treated ≤45 minutes 36.8% (n=7) 65.6% (n=21) 0.046  
Treated ≤60 minutes 68.4% (n=13) 84.4% (n=27) 0.180 

PSVMC n= 25 n= 35 
 

 
Treated ≤30 minutes 16.0% (n=4) 20.0% (n=7) 0.693  
Treated ≤45 minutes 72.0% (n=18) 48.6% (n=17) 0.070  
Treated ≤60 minutes 84.0% (n=21) 68.6% (n=24) 0.174 

 

Table 5C 

Door to Needle Times (DTN) for CT Telestroke versus Traditional Telestroke  
 

Telestroke Camera Used P value (Mann 
Whitney U test) 

Patient cohort CT Median DTN 
(minutes) 

Traditional Median DTN 
(minutes) 

 

Pre-intervention vs. post-
intervention (n=69) 

37.7% 
(n=26) 

38.5 62.3% 
(n=43) 

44.0 0.128 

Post-Intervention (n=56) 46.4% 
(n=26) 

38.5 53.6% 
(n=30) 

48.0  0.011 

PPMC Post-Intervention 
(n=27) 

48.1% 
(n=13) 

32.0 51.9% 
(n=14) 

50.5 0.014 

PSVMC Post-Intervention 
(n=29) 

44.8% 
(n=13) 

43.0 55.2% 
(n=16) 

47.5 0.308 

**Patients evaluated at bedside were removed for this analysis 

 
 

 
 


