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Abstract: 

Background: Despite proven efficacy of intravenous tissue plasminogen activator (tPA) and endovascular 

thrombectomy (EVT) in acute ischemic stroke, there has been slow administration of these therapies in the 

real world practice. We examined the ongoing quality improvement in acute stroke care at our 

comprehensive stroke center.  

Methods: Consecutive patients with acute ischemic stroke from 2013 to 2018 were studied. Patients were 

managed using Code Stroke algorithm per concurrent AHA guidelines and a simple quality improvement 

protocol implemented in 2015. Demographics and clinical data were collected from Get-With-The-

Guideline-Stroke registry and electronic medical records. Patients were divided into 3 groups per admission 

and implementation date of quality improvement initiatives. Quality measures, including rates of 

intravenous tPA and EVT, door-to-needle (DTN) time, and door-to-puncture (DTP) time, were analyzed 

with general mean linear regression models and Jonckheere-Terpstra test. 

Results: Of the 1,369 eligible patients presenting within 24 hours of symptom onset or wakeup stroke, the 

rate of intravenous tPA was 20%, 30% and 22%, respectively, in 2013-2014, 2015-2016, and 2017-2018. 

In contrast, EVT rate was 9%, 14% and 15%, respectively. Based on Jonckheere-Terpstra test, there was 

significant ongoing improvement in the median DTN time (57, 45, 39 minutes; p < 0.001) and DTP time 

(172, 130, 114 minutes; p =0.009) during the 3 time periods, with DTN time ≤ 60 and ≤45 minutes in 80% 

and 63% patients, respectively, in 2017-2018.  

Conclusions: Getting with the guidelines and simple quality improvement initiatives are associated with 

satisfactory rates of acute stroke therapy and ongoing improvement in door to treatment times.  

Keywords: acute ischemic stroke; benchmarks; endovascular thrombectomy; intravenous thrombolysis; 

outcomes; quality improvement 

Running Title：Recurrent Hemorrhagic Transformations 

Introduction 
 
Stroke is the 5th cause of death and a leading cause of long-term disability 

in the United States [1,2]. Intravenous thrombolysis with tissue 

plasminogen activator (tPA) is the only proven medical therapy for acute 

ischemic stroke (AIS) within 4.5 hours of symptoms onset [3, 4]. The 

benefit of tPA is time-dependent, with better outcome from earlier 

treatment [5, 6]. In patients with AIS from large vessel occlusion (LVO), 

endovascular thrombectomy (EVT) within 6 to 24 hours of last-known-

well (LKW) has become the standard of care since 2015 [2,7-13]. EVT is 

also time sensitive. Every 1-hour delay from LKW to arterial puncture 

was associated with more severe disability [14]. 

 

The American Heart Association (AHA)’s Get with the Guidelines 

(GWTG)-Stroke programme was established in 2003 to collect data on 

patient characteristics, hospital adherence to guidelines and inpatient 

outcomes [15]. For time-sensitive quality measures in stroke care, 

American Heart Association /American Stroke Association (AHA/ASA) 

launched the Target: Stroke initiative in January 2010 [16]. Two years 

later, the Joint Commission started comprehensive stroke center (CSC) 

certification [17]. Despite these initiatives, only 50% of AIS patients 

registered in GWTG-Stroke from October 2012 to April 2015 received 

intravenous tPA within 60 minutes of emergency room arrival [18].  
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In a study of patients treated at 134 CSCs and 1047 primary stroke centers 

(PSCs) in the United States from 2013 to 2015, the median door-to-needle 

(DNT) times were 52 and 61 minutes, respectively [19]. The rate of 

intravenous tPA was 14.3% at CSCs and 10.3% at PSCs, while the EVT 

rate was only 4.1% at CSCs and 1.0% at PSCs, respectively [19]. In a 

most recent study, Menon et al. analyzed data from 195 CSCs and 

identified 2929 patients treated with EVT from October 2014 to 

September 2016. The median annual EVT volume per center was 16 and 

the median door to first pass time was 130 minutes [20]. 

Benchmarking is critical for quality improvement in stroke care. Our 

stroke center received CSC certification in 2013 and implemented a 

simple quality improvement protocol in January 2015 [21]. The aim of 

this study was to investigate the evolution of stroke care and ongoing 

improvement in quality indicators since CSC certification. 

Materials and Methods 

Consecutive patients with AIS admitted at a 417-bed comprehensive 

stroke center in California, USA, from January 1, 2013 to December 31, 

2018 were included in the study. The patient list was generated from the 

prospectively maintained AHA/ASA GWTG-Stroke Registry at our 

hospital. The registry uses a web-based patient management tool to collect 

clinical data on consecutively admitted patients, to provide decision 

support, and to enable real-time online reporting [22]. Patients with TIA, 

stroke mimics, subacute stroke, inpatient stroke and brain hemorrhage 

were excluded. Patients who were transferred from outside facilities were 

also excluded. The screening flow chart for eligible patients is shown in 

Figure 1.  

 

 

From January 1, 2013 to December 31, 2018, 1759 patients were admitted to the medical center for acute ischemic stroke AIS. After excluding 

ineligible patients (n=390), 1369 patients were included in final analysis.  

 

Figure 1: Screening of eligible patients for the study 

 

All patients were managed by the emergency department (ED) and stroke team using standard ED code stroke algorithm per concurrent AHA guidelines 

(Figure 2). 
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Abbreviations: ETA: estimated time of arrival; ED: emergency department; CT: Computerized Tomography; CTA: Computerized Tomography 

Angiography; IR: interventional radiology; NIR: neuro interventional radiology; ABC: airway, breath and circulation; NIHSS: National Institutes of 

Health Stroke Scale; IV: intravenous; CBC: complete blood count; CMP: comprehensive metabolic panel; PT: prothrombin time; PTT: partial 

thromboplastin time; INR: international normalized ratio; ETOH: alcohol; EKG: electrocardiogram; CXR: chest X-ray; tPA: tissue plasminogen 

activator; LKW: last-known well; HTN: hypertension; NPO: nothing by mouth; LVO: large vessel occlusion; OR: operation room; Non-con CT: non-

contrast CT; ICU: intensive care unit. 

 

Figure 2: Emergency Department Code Stroke Algorithm 
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A simple quality improvement protocol was implemented in January 2015 

to minimize delays in DTN time for tPA as previously described [21]. It 

allowed stroke team to treat hypertension in the emergency room to keep 

blood pressure (BP) < 185/110 mmHg, to give tPA before getting blood 

test results unless patients were taking anticoagulants, and to give tPA in 

the CT scan suite. To continuously improve stroke care, we update our 

ED Code Stroke Algorithm and order sets annually per guidelines and 

advances in the field. In addition, we have a weekly stroke quality 

improvement committee meeting and case conferences to review every 

stroke admission for ongoing quality improvement. 

The following data, including patient demographics, co-morbidities, 

National Institutes of Health Stroke Scale (NIHSS), BP, LKW-to-door 

time, door-to-imaging time, DTN time for tPA, door-to-puncture (DTP) 

time for EVT, symptomatic intracranial hemorrhage (sICH), length-of-

stay (LOS) in the Intensive Care Unit (ICU) or hospital, and modified 

Rankin Scale (mRS) at hospital discharge, were collected from the 

registry and electronic medical record by experienced neurologists.[21] 

Laboratory results, including comprehensive metabolic panel, fasting 

lipid profile, and glycol-hemoglobin A1c (HbA1c), were also collected. 

sICH was defined as intraparenchymal hematoma, subarachnoid 

hemorrhage, or intraventricular hemorrhage associated with a worsening 

of the NIHSS score by ≥ 4 points within 24 h of tPA and/or EVT [5]. A 

mRS score of 0-3 at discharge was defined as favorable outcome. NIHSS, 

sICH and mRS were estimated by the stroke team. Uncertain cases or 

disagreement were adjudicated by experienced neurologists. 

To investigate the ongoing quality improvement in acute stroke therapy, 

patients were categorized into three groups according to admission and 

implementation date of quality improvement initiatives [16-21]: January 

1, 2013 to December 31, 2014; January 1, 2015 to December 31, 2016; 

and January 1, 2017 to December 31, 2018. Time sensitive-quality 

indicators, including LKW-to door time, DTI time, DTN time, DTP time, 

rates of tPA and EVT, sICH rate, LOS in the ICU and hospital, and 

functional outcome at hospital discharge, were analyzed and compared 

among the three time periods.  

Statistical analysis 

Categorical variables were expressed as frequencies and percentages (%), 

and continuous variables as median and interquartile range (IQR). 

General linear means regression models and Jonckheere-Terpstra test 

were used to assess the estimated difference of continuous variables. 

Univariate logistic regression analysis was performed to test the crude 

ORs (95% CI) of quality benchmarks between groups. Multivariate 

logistic regression models were performed to determine the adjusted ORs 

(95% CI) of favorable outcomes (mRS score 0-3) at hospital discharge, in 

association with the admission time. In the multivariate models, we 

adjusted age, initial NIHSS scores, and DTN time to exclude the potential 

confounding factors. The SAS statistical software (version 9.4; SAS 

Institute, Cary, NC, USA) was used to perform the data analysis. 

Results 

From January 1, 2013 to December 31, 2018, 1,759 patients were 

admitted to the medical center for AIS within 24 hours of symptom onset 

or wakeup stroke. During the initial screening, 390 patients were excluded 

from the study for the following reasons (Figure 1): 1). 274 patients were 

transferred from outside hospitals for higher level of care, including 58 

treated with intravenous tPA at outside facilities; 2). 78 patients were 

inpatient consultations for suspected ischemic stroke; 3). 25 patients 

presented with subacute infarction that was confirmed by brain imaging, 

4). 12 patients were outliners for LOS (≥ 28 days) and discharge outcome 

due to insurance issue; and 5). 1 patient left hospital against medical 

advice. 

A total of 1,369 patients were included in the final analysis. Of note, 53 

patients had 2 admissions, 3 patients had 3 admissions, and 1 patient had 

4 admissions during the study period. The median age and interquartile 

range (IQR) of the patients was 71 (24). There were 755 men and 614 

women. There were 52% White, 23% Asian, 18% Hispanic, 2% American 

African, and 5% other ethnic patient population. Of the entire cohort, 71% 

listed English as primary language, 16% spoke Spanish, and 12% spoke 

other languages. The most common past medical histories were 

hypertension (71%), diabetes mellitus (36%), and hyperlipidemia (39%).  

The baseline demographics and clinical data of the 3 groups were shown 

in Table 1. 
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Abbreviations: DBP, diastolic blood pressure; Hb A1c, hemoglobin A1c; IQR, interquartile range; LDL-c, low-density lipoprotein cholesterol; 

LKW, last known well; NIHSS, National Institutes of Health Stroke Scale; SBP, systolic blood pressure.

 

Table 1: Demographics and clinic data of patients from the 3 time period

  

There were no significant differences among the 3 groups in age, gender, 

race, preferred language, major co-morbidities, initial BP, NIHSS scores, 

LDL and Hb A1c levels.  

Ongoing improvement in treatment rate and quality benchmarks  

A total of 328 patients received intravenous tPA in the cohort (Table 2).  
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Abbreviations: DTI, door-to-image; DTN, door-to-needle; DTP, door-to-puncture; EVT, endovascular thrombectomy; ICU, intensive care unit; IQR, 

interquartile range; LOS, length of stay; NIHSS, National Institutes of Health Stroke Scale; sICH, symptomatic intracranial hemorrhage. 

* Difference was significant when compared with 2013-2014: univariate logistic regression models were used to compare categorical variables; 

general linear means regression models were used to compare continuous variables. 
† Trend analysis with Jonckheere-Terpstra test. 

 

Table 2: Quality indicators and outcomes of the patients during the 3 time periods 

  

The tPA rate was 20%, 30% and 22% in 2013-2014, 2015-2016, and 

2017-2018, respectively (Table 2). In the crude logistic regression model, 

tPA rate was significantly higher in 2015-2016 than that in 2013-2014 

(OR, 1.77; 95% CI, 1.30-2.40; p = 0.0003). There was no significant 

difference in tPA rate between 2017-2018 and 2013-2014 (OR: 1.17; 95% 

CI: 0.85-1.61; p = 0.33). There was no significant difference in DTI time 

among the 3 time periods. However, there was significant ongoing 

improvement in median DTN time (57, 45, and 39 minutes, respectively)  

 

during the 3 groups per trend analysis, with DTN time ≤ 60, 45 and 30 

minutes in 80%, 63% and 30% of patients, respectively, during 2017-

2018. There was no significant difference in sICH rate, LOS in the ICU 

or hospital, and mortality at hospital discharge among the 3 groups. Of 

note, significantly more patients had favorable outcomes (mRS score 0-

3) at hospital discharge in 2015-2016 than in 2013-2014. There was no 

difference between 2013-2014 and 2017-2018. (Table 2) 

A total of 167 patients received EVT with or without intravenous tPA. 

The rate of EVT was 9%, 14% and 15%, respectively, during the 3 time 

periods. Significantly more patients were treated with EVT in 2015-2016  
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(OR, 1.70; 95% CI, 1.11 - 2.59; p = 0.01) and 2017-2018 (OR, 1.77; 95% 

CI, 1.16 - 2.68; p = 0.008) than in 2013-2014, due to acceptance of EVT 

as standard of care for patients with AIS from LVO in 2015.  

There was also continual improvement in median DTP time (172, 130, 

114 minutes) during the 3 time periods per trend analysis with 

Jonckheere-Terpstra test. There was no significant difference in sICH 

rate, LOS in the ICU and Hospital, or favorable outcome among the 3 

groups. There appeared to be a trend of decreased mortality rate at 

hospital discharge during the 3 time periods. The overall rates of sICH 

and mortality after EVT were 2.4% and 16%, respectively. 

Multivariate logistic regression analysis of favorable outcomes with 

Wald Model 

To examine the predictor of favorable outcomes after intravenous tPA, 

we performed a multivariate logistic regression model with Wald Chi-

Square test (Table 3). After adjusting for age, NIHSS scores and DTN 

time, age and initial NIHSS were independently associated with favorable 

outcomes at hospital discharge. 

 

 

 

 

 Abbreviations: OR, odds ratio; CI, Confidence Interval; NIHSS, National Institutes of Health Stroke Scale. 

 

Table 3: Multivariate regression model assessing the predictor of favorable outcomes after intravenous tPA therapy

 

Discussion 

We have reduced the median DTP times from 172 minutes in 2013-2014 

to 114 minutes in 2017-2018. The results were similar to the reported 130-

145 minutes at the CSCs registered in GWTG-Stroke program [19, 20], 

but very suboptimal compared to the median 47 minutes reported at high-

volume center with standardized protocol and conscious sedation for EVT 

[23]. Of note, DTP times were reduced to 17 - 20.5 minutes when the 

patients were directly transferred from ED to angiography suite [24, 25]. 

The median annual EVT volume per CSC in the United States was 16 

(IQR, 10–27) [20]. That was only slightly more than one EVT a month. 

Each 5-case increase in EVT volume per year was found to be associated 

with a 3% shorter door to first pass time, up to a case volume of 40 per 

year (P<0.001) [20].  Currently, only a minority of CSCs in the United 

States are providing EVT to > 40 patients per year partly due to very 

lenient criteria for CSC certification [17]. EVT is a labor-intensive 

procedure that requires a coordinated effort among numerous healthcare 

providers and timely access to angiography facilities. In addition to the 

Code Stroke team 24/7 in house, patients may also need intubation for the 

procedure, timely transport to the angiography suite, anesthesiologist, 

angiography suite nurses and technicians [24, 26].  Overnight and 

weekends pose additional challenges. Due to low EVT volume, it is 

financially impossible for individual CSC to implement rapid EVT 

protocol that requires the entire stroke team to be brought in for each 

possible code stroke [23].  

Currently, three strategies, including transporting patients directly from 

emergency medical services to the CT scanner, conscious sedation, and 

transferring patients with suspected LVO from ER to angiography suite  

directly, were reported to have large independent effect on reducing door 

to treatment times [23-26].  

Of note, significantly more patients were treated with iv tPA at our center 

in 2015- 2016 due to the implementation of a simple quality improvement  

 

 

initiative in January of 2015 [20]. However, the release of the PRISMS 

Trial results at the International Stroke Conference in January of 2018 led 

to decreased treatment of minor non-disabling stroke with tPA at our 

center in 2017-2018. PRISMS is a randomized trial of tPA  

versus aspirin for patients with minor nondisabling stroke (NIHSS 1-5). 

The primary outcome was minimal or no neurologic deficit (mRS 0–1) at 

90 days. The study was stopped early, after enrollment of 313 patients 

with median NIHSS 2 and median DTN time 2.7 hours. There was no 

significant difference in functional outcome at 90 days (81.5% in the 

aspirin group and 78.2% of patients in the tPA group). Thrombolysis 

showed no benefit even after exclusion of stroke mimics. sICH rate was 

3.2% with tPA and 0% with aspirin [28].  

Our study has many limitations. First, this is a single center retrospective 

study. The data were collected from GWTG-Stroke Registry and chart 

review. There could be data collection bias. Second, there was no long-

term follow up information. However, benchmarking is essential for 

continuous quality improvement in stroke care. To further improve the 

door to treatment times, we plan to implement new initiatives on 

transporting patients directly from emergency medical services to the CT 

scanner, conscious sedation, and transferring patients with suspected 

LVO from ER to angiography suite. We will also start long-term 

outpatient follow-up on all patients after hospital discharge.  

Conclusions  

We demonstrated satisfactory rates of acute stroke treatment and ongoing 

improvement in door to treatment times at our CSC. Our findings suggest 

that implementation of concurrent AHA guidelines and new quality 

improvement initiatives are essential for continuous quality improvement 

in acute stroke care.  

 

 OR 95% CI DF Wald Chi-Square p 

Year of admission 1.32 0.91-1.92 1 1.76 0.146 

Age 0.97 0.96-0.99 1 9.71 0.035 

Initial NIHSS scores  0.87 0.83-0.91 1 50.30 <0.001 

DTN time 0.99 0.98-1.00 1 2.55 0.330 
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