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Door-to-Needle Times for Tissue Plasminogen Activator
Administration and Clinical Outcomes in Acute Ischemic
Stroke Before and After a Quality Improvement Initiative
Gregg C. Fonarow, MD; Xin Zhao, MS; Eric E. Smith, MD, MPH; Jeffrey L. Saver, MD; Mathew J. Reeves, PhD; Deepak L. Bhatt, MD, MPH;
Ying Xian, MD, PhD; Adrian F. Hernandez, MD, MHS; Eric D. Peterson, MD, MPH; Lee H. Schwamm, MD

IMPORTANCE The benefits of intravenous tissue plasminogen activator (tPA) in patients with
acute ischemic stroke (AIS) are time dependent and guidelines recommend a door-to-needle
(DTN) time of 60 minutes or less. However, studies have found that less than 30% of US
patients are treated within this time window. Target: Stroke was designed as a national quality
improvement initiative to improve DTN times for tPA administration in patients with AIS.

OBJECTIVES To evaluate DTN times for tPA administration and the proportion of patients
with times of 60 minutes or less before and after initiation of a quality improvement initiative
and to determine whether potential improvements in DTN times were associated with
improvements in clinical outcomes.

DESIGN, SETTING, AND PATIENTS The Target: Stroke initiative disseminated 10 care strategies to
achieve faster DTN times for tPA administration, provided clinical decision support tools, facili-
tated hospital participation, and encouraged sharing of best practices. This study included 71 169
patients with AIS treated with tPA (27 319 during the preintervention period from April 2003-
December 2009 and 43 850 during the postintervention period from January 2010-September
2013) from 1030 Get With The Guidelines—Stroke participating hospitals (52.8% of total).

MAIN OUTCOMES AND MEASURES The DTN times for tPA administration of 60 minutes or less
and in-hospital risk-adjusted mortality, symptomatic intracranial hemorrhage, ambulatory
status at discharge, and discharge destination.

RESULTS Measures of DTN time for tPA administration improved significantly during the
postintervention period compared with the preintervention period as did clinical outcomes.

Study Period Adjusted
Odds Ratio

(95% CI)
P

Value
Preintervention

(n = 27 319)
Postintervention

(n = 43 850)
tPA DTN time, median (IQR), min 77 (60-98) 67 (51-87) < .001

tPA DTN time ≤ 60 min, % (95% CI) 26.5 (26.0-27.1) 41.3 (40.8-41.7) < .001

End of each period 29.6 (27.8-31.5) 53.3 (51.5-55.2) < .001

Improvement in tPA DTN time ≤ 60
min, % per year (95% CI)

1.36 (1.04-1.67) 6.20 (5.58-6.78) < .001

In-hospital all-cause mortality, % 9.93 8.25 0.89 (0.83-0.94) < .001

Discharge to home, % 37.6 42.7 1.14 (1.09-1.19) < .001

Independent ambulatory status, % 42.2 45.4 1.03 (0.97-1.10) .31

Symptomatic intracranial
hemorrhage within 36 h, %

5.68 4.68 0.83 (0.76-0.91) < .001

CONCLUSIONS AND RELEVANCE Implementation of a national quality improvement initiative
was associated with improved timeliness of tPA administration following AIS on a national
scale, and this improvement was associated with lower in-hospital mortality and intracranial
hemorrhage, along with an increase in the percentage of patients discharged home.

JAMA. 2014;311(16):1632-1640. doi:10.1001/jama.2014.3203

Editorial page 1615

Author Video Interview at
jama.com

Related article page 1622

Supplemental content at
jama.com

Author Affiliations: Division of
Cardiology, University of California,
Los Angeles (Fonarow); Duke Clinical
Research Center, Durham, North
Carolina (Zhao, Xian, Hernandez,
Peterson); Department of Clinical
Neurosciences, Hotchkiss Brain
Institute, University of Calgary,
Calgary, Alberta, Canada (Smith);
Department of Neurology, University
of California, Los Angeles (Saver);
Department of Epidemiology,
Michigan State University, East
Lansing (Reeves); Brigham and
Women’s Hospital Heart and Vascular
Center and Harvard Medical School,
Boston, Massachusetts (Bhatt);
Department of Neurology,
Massachusetts General Hospital,
Boston, Massachusetts (Schwamm).

Corresponding Author: Gregg C.
Fonarow, MD, Ahmanson-UCLA
Cardiomyopathy Center, Ronald
Reagan UCLA Medical Center, 10833
LeConte Ave, Room 47-123 CHS, Los
Angeles, CA 90095 (gfonarow
@mednet.ucla.edu).

Research

Original Investigation

1632 jama.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2014 American Medical Association. All rights reserved.

I ntravenous tissue plasminogen activator (tPA) reduces long-
term disability when administered early to eligible pa-
tients with acute ischemic stroke.1-3 These benefits, how-

ever, are highly time dependent.4-6 Earlier intravenous tPA
administration is also associated with lower risks for compli-
cations, including symptomatic intracranial hemorrhage.7,8 Be-
cause of the importance of rapid treatment, national guide-
lines recommend that hospitals complete the evaluation of
patients with acute ischemic stroke and initiate intravenous
tPA therapy within 60 minutes of patient arrival in eligible
patients.1,9-11 However, prior studies demonstrate that less than
one-third of patients presenting with acute ischemic stroke in
the United States were treated within the guideline-
recommended door-to-needle time for tPA administration and
this measure had improved minimally over time.8,12

Target: Stroke, a national quality improvement initiative
organized by the American Heart Association/American Stroke
Association (AHA/ASA), was launched in January 2010 to ad-
dress this shortfall in providing timely acute ischemic stroke
care.13 To evaluate the principle results of the quality improve-
ment initiative, we analyzed the temporal trends in door-to-
needle times for tPA administration and determined the pro-
portion of patients with times of 60 minutes or less before and
after initiation of the program. In addition, we evaluated
whether any potential improvements in door-to-needle times
for tPA administration were associated with improvements in
clinical outcomes, including in-hospital all-cause mortality, dis-
charge destination, ambulatory status, symptomatic intracra-
nial hemorrhage within 36 hours after receiving tPA, and over-
all tPA complications.

Methods
Design and Implementation of Target: Stroke
Target: Stroke was initiated by the AHA/ASA together with other
partner organizations in January 2010 as previously described.13

This collaborative national quality improvement initiative com-
prises a multidisciplinary group of clinicians and a broad alli-
ance of participating hospitals.13-15 The primary goal of the ini-
tiative was for participating hospitals to administer tPA to at
least 50% of their patients with acute ischemic stroke within
60 minutes of hospital arrival. An expert working group per-
formed a systematic review of the published data on improv-
ing door-to-needle times for tPA administration in patients with
acute ischemic stroke and identified 10 key evidence-based
strategies associated with timely stroke reperfusion that could
be most rapidly, feasibly, and cost-effectively adopted by par-
ticipating hospitals.13 These strategies include promoting
prenotification of hospitals by emergency medical services per-
sonnel, activating the entire stroke team with a single call or
page, rapid acquisition and interpretation of brain imaging, use
of specific protocols and tools, premixing tPA for high-
likelihood candidates, a stroke team–based approach, and rapid
feedback to the stroke team on performance (eTable 1 in
Supplement).13

All Get With The Guidelines (GWTG)—Stroke hospitals were
encouraged to participate and each hospital received a de-

tailed tool kit, including the 10 key strategies, protocols, stroke
screening tools, order sets, algorithms, time trackers, patient
education materials, and other tools.13 The tools are available
on the Target: Stroke website (http://www.targetstroke.org).
An implementation manual with a step-by-step guide to ex-
ecuting the program was developed and widely dissemi-
nated to all GWTG-Stroke hospitals. A multidimensional edu-
cation program was created to support the initiative, which
included digital materials, source documentation, compre-
hensive slide sets, webinars, interactive videos by experts, and
successful approaches by participating hospitals. An annual
honor roll recognition program for hospitals achieving the door-
to-needle goal for tPA administration of 60 minutes or less in
at least 50% of patients was also integrated. Input, collabora-
tion, and feedback from GWTG-Stroke participating hospital
teams was sought and considered essential to the success of
the initiative.

Additional best practices, clinical decision support tools,
and advice were also sought from clinicians from select GWTG-
Stroke hospitals demonstrated to have achieved exception-
ally good door-to-needle times for tPA administration. Hos-
pitals were strongly encouraged to organize a multidisciplinary
door-to-needle time improvement team and to implement each
of the key best practice strategies to improve their times. The
AHA/ASA GWTG quality improvement field staff also pro-
vided expert assistance to hospitals in their efforts to make im-
provements in door-to-needle times. A network of stroke cham-
pions in every state was used to motivate and facilitate changes
at the hospital and clinician level.

Data Source and Study Population
The population consisted of patients receiving intravenous
tPA at GWTG-Stroke participating hospitals during the study
period. The analysis was confined to those hospitals partici-
pating in GWTG-Stroke both during the preintervention and
postintervention periods. A national registry, GWTG-Stroke
was launched by the AHA/ASA to support continuous
quality improvement in hospital systems of care for patients
with stroke and transient ischemic attack as previously
described.7,8,16 The registry uses a web-based patient man-
agement tool (Real-World & Late Phase Research, Quintiles
Inc) to collect clinical data on consecutively admitted
patients, to provide decision support, and to enable real-
time online reporting features.16 Data from patients treated
with intravenous tPA between April 1, 2003, and September
30, 2013, were included in this analysis; the primary analysis
was confined to patients with a class 1, level of evidence A,
guideline recommendation for tPA (onset-to-treatment time
≤3 hours); and the sensitivity analyses included patients in
the expanded tPA treatment window (onset-to-treatment
time ≤4.5 hours).1

Each participating hospital received either human re-
search approval to enroll cases without individual patient con-
sent under the Common Rule or a waiver of authorization and
exemption from subsequent review by their institutional re-
view board.16 Quintiles Inc serves as the data collection and
coordination center for GWTG. The Duke Clinical Research In-
stitute serves as the data analysis center and has an agree-
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ment to analyze the aggregate deidentified data for research
purposes. The institutional review board of Duke University
approved the study.

Patient data, including demographics, medical history,
stroke onset time (defined as last known well time), arrival
time, in-hospital diagnostic studies, tPA treatment initiation
time, tPA complications, in-hospital mortality, ambulatory sta-
tus at discharge, and discharge destination were abstracted by
trained hospital personnel. Stroke severity was measured by
the National Institutes of Health Stroke Scale (NIHSS; a 15-
item validated neurological examination scale with scores rang-
ing from 0 to 42, with higher scores indicating more severe
stroke). Admission staff, medical staff, or both, recorded the
patient’s self-reported race/ethnicity, usually during registra-
tion. Prior studies have suggested differences in outcomes from
acute ischemic stroke related to race/ethnicity. Data on hospital-
level characteristics (ie, bed size, academic or nonacademic sta-
tus, and geographic region) were obtained from the Ameri-
can Hospital Association database.

Statistical Analysis
Patient demographic and clinical variables, hospital-level char-
acteristics, door-to-needle times for tPA administration, pro-
portion of patients with times of 60 minutes or less, and clini-
cal outcomes were compared among patients treated during
the preintervention period (April 1, 2003, to December 31, 2009)
and the postintervention period (January 1, 2010, to Septem-
ber 30, 2013). Standardized differences (calculated as the dif-
ference in means or proportions divided by a pooled estimate
of the standard deviation) were used to compare categorical
and continuous patient and hospital characteristic variables
between patients during the preintervention and postinter-
vention periods. The median door-to-needle times and the pro-
portion of patients with door-to-needle times of 60 minutes
or less were compared between the preintervention and post-
intervention periods, as well as by each calendar quarter dur-
ing the 2003-2013 study period.

The clinical outcomes measured included (1) in-hospital
all-cause mortality, (2) discharge status (home vs acute reha-
bilitation, skilled nursing facility, hospice, or death), (3) am-
bulatory status at discharge (ambulatory without another’s as-
sistance vs ambulatory only with assistance or nonambulatory),
(4) tPA complication of symptomatic intracranial hemor-
rhage within 36 hours of tPA administration, and (5) tPA com-
plications within 36 hours of tPA administration, including
symptomatic intracranial, life-threatening, or serious sys-
temic hemorrhage. Symptomatic intracranial hemorrhage was
defined in GWTG-Stroke as neurological worsening within 36
hours of tPA administration that is attributed to intracranial
hemorrhage by physician documentation and verified by brain
imaging.7

The relationships between median door-to-needle times
for tPA administration, the proportion of patients with times
of 60 minutes or less, and clinical outcomes during the prein-
tervention and postintervention periods were further exam-
ined with multivariable logistic regression models. To ac-
count for within-hospital clustering, generalized estimating
equations were used to generate both unadjusted and ad-

justed models. To compare the temporal change in rates of
door-to-needle times within 60 minutes between the prein-
tervention and postintervention periods, piecewise (seg-
mented) logistic regression analyses were performed.

The variables used in the risk models were patient-level
and hospital-level risk adjustors that were previously shown
to be predictive of outcome and used in prior GWTG-Stroke
analyses.7,8 Patient-level factors included age, race/ethnicity,
sex, medical history (including atrial fibrillation, prosthetic
heart valve, previous stroke or transient ischemic attack, coro-
nary artery disease or prior myocardial infarction, carotid ste-
nosis, peripheral vascular disease, hypertension, dyslipid-
emia, and current smoking), stroke severity (NIHSS score), and
arrival time during regular work hours (7 AM to 6 PM Monday
through Friday), arrival mode (emergency medical services
transport, private vehicle). Hospital-level factors included hos-
pital size, region, teaching status, certified primary stroke cen-
ter status, average number of patients treated with intrave-
nous tPA annually, and average number of annual stroke
discharges. All variables were included in the models with-
out use of a stepwise or other formal variable selection pro-
cess.

To assess whether the intervention may have had any un-
intended consequences on the use of tPA in patients with acute
ischemic stroke, we compared tPA use quality metrics16 and
overall tPA treatment rates before and after the intervention.
We also performed comparative analyses evaluating poten-
tial changes for in-hospital all-cause mortality among (1) pa-
tients with acute ischemic stroke not treated with tPA and
(2) patients with hemorrhagic stroke at the 1030 GWTG-
Stroke hospitals before and after the quality improvement in-
tervention, using similar modeling methods.

All P values were 2-sided and statistical significance was
defined as a P value of less than .05. All statistical analyses were
performed with SAS version 9.1 software (SAS Institute Inc).

Results
We analyzed 71 169 patients treated with tPA from 1030 hos-
pitals (52.8% of the 1952 GWTG-Stroke hospitals with a least 1
patient with acute ischemic stroke entered since 2003 and
64.1% of the 1607 GWTG-Stroke hospitals with at least 1 pa-
tient treated with tPA). Details of the study inclusion and ex-
clusion criteria appear in Figure 1. In sensitivity analyses, we
included those patients treated with tPA and with onset-to-
treatment times of 4.5 hours or less (n = 83 220). The patient-
level and hospital-level characteristics of hospitals included
and excluded from the study appear in eTable 2 in Supple-
ment. Excluded hospitals were smaller, had lower volumes of
patients with stroke, and were less likely to be primary stroke
centers.

The demographics and clinical characteristics of the pa-
tient population overall and for the preintervention and post-
intervention study periods appear in Table 1. The median age
of the patient population was 72 years and 50.1% were women.
The median onset to arrival time was 51 minutes and the me-
dian NIHSS score at time of presentation was 11. Most patient
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characteristics between the preintervention and postinter-
vention periods were similar (standardized differences <10;
Table 1). Hospital characteristics also are shown in Table 1. The
median intravenous tPA treatment volume per hospital was 19.5
per year. The hospital characteristics during the preinterven-
tion and postintervention periods were similar, including the
proportion of hospitals that were certified as primary stroke
centers.

Door-to-Needle Times
The median door-to-needle time for tPA administration for the
entire preintervention period was 77 minutes (interquartile
range [IQR], 60-98 minutes) and decreased to 67 minutes (IQR,
51-87 minutes) for the entire postintervention period (P < .001).
Door-to-needle times for tPA administration of 60 minutes or
less increased from 26.5% (95% CI, 26.0%-27.1%) of patients
during the preintervention period to 41.3% (95% CI, 40.8%-
41.7%) during the postintervention period (P < .001). The me-
dian door-to-needle time was 74 minutes (IQR, 58-95 min-
utes) during the fourth quarter of 2009 immediately prior to
initiation of the quality improvement intervention. The me-
dian door-to-needle time declined to 59 minutes (IQR, 46-78
minutes) by the third quarter of 2013 (absolute difference, 15
minutes; P < .001).

The temporal trends in the percentage of patients with
door-to-needle times of 60 minutes or less are shown in
Figure 2. The percentage of patients with door-to-needle times
of 60 minutes or less increased from 29.6% (95% CI, 27.8%-
31.5%) immediately prior to the start of the quality improve-
ment implementation during the fourth quarter of 2009) to
53.3% (95% CI, 51.5%-55.2%) during the third quarter of 2013
(P < .001). The median onset-to-treatment time during the en-
tire preintervention period was 137 minutes (IQR, 113-160 min-
utes) and decreased to 128 minutes (IQR, 103-154 minutes) dur-
ing the postintervention period (P < .001). The median onset-
to-treatment time was 135 minutes (IQR, 110-160 minutes)
during the fourth quarter of 2009 and declined to 121 minutes
(IQR, 97-149 minutes) by the third quarter of 2013.

The annual rate of increase in the proportion of patients
with door-to-needle times for tPA administration of 60 min-
utes or less was 1.36% per 4 quarters (95% CI, 1.04%-1.67%) dur-
ing the preintervention period. After implementation of the
intervention, there was a notable change in slope with the an-
nual rate of increase in patients with door-to-needle times of
60 minutes or less increasing to 6.20% per 4 quarters (95% CI,
5.58%-6.78%; P < .001). Piecewise multivariable generalized
estimating equation analysis confirmed accelerated improve-
ment during the postintervention period, independent of pa-
tient and hospital characteristics (P < .001; Table 2). The im-
provement in guideline-recommended door-to-needle times
postintervention were observed among clinically relevant sub-
groups of patients, including men and women; patients older
and younger than the median age of 72 years; white, black, and
Hispanic patients; and patients with greater and lesser stroke
severity (NIHSS score above and below the median of 11). Simi-
lar findings were obtained in sensitivity analyses including all
patients treated with intravenous tPA with onset-to-
treatment times within 4.5 hours (eFigure in Supplement).

There was no evidence to suggest that the intervention was
associated with a decline in tPA use. A significantly greater pro-
portion of patients with acute ischemic stroke were treated with
tPA during the postintervention period (85.2%) compared with
the preintervention period (64.7%) among those eligible pa-
tients arriving to the hospital within 2 hours of stroke onset
and treated with tPA within 3 hours of stroke onset (P < .001).
Use of tPA in eligible patients arriving to the hospital within
3.5 hours of stroke onset and treated with tPA within 4.5 hours
of stroke onset was also higher during the postintervention pe-
riod (63.9%) compared with the preintervention period (22.5%)
(P < .001). The use of tPA among all patients with acute ische-
mic stroke was also higher during the postintervention pe-
riod (8.1%) compared with the preintervention period (5.7%)
(P < .001).

Clinical Outcomes
Overall, there were 6054 (8.9%) in-hospital deaths, 3514 (5.1%)
symptomatic intracranial hemorrhages within 36 hours, 22 787
(44.1%) patients achieved independent ambulation at hospi-
tal discharge, and 26 376 (40.8%) patients were discharged to
home. Table 3 provides the rates along with unadjusted and
adjusted odds ratios (ORs) for the clinical outcomes before and
after the intervention. The postintervention period was asso-
ciated with reduced in-hospital mortality, fewer sympto-
matic intracranial hemorrhages, fewer overall tPA complica-
tions, more frequent independent ambulation at discharge, and
more frequent discharge to home. For patients treated during
the postintervention period compared with the preinterven-
tion period, and after adjustment for patient and hospital char-
acteristics, in-hospital mortality was less likely to occur (ad-
justed OR, 0.89 [95% CI, 0.83-0.94], P < .001), symptomatic
intracranial hemorrhage was less likely to occur (adjusted OR,

Figure 1. Selection of the Study Population

28 300 Excluded
16 621 Treated >3 h after stroke onset

6800 Treated at 532 hospitals not participating
in study during both the preintervention
and postintervention periods

4421 Had treatment times missing
458 Treated with experimental protocol

1 487 761 Excluded
1 278 602 Not treated with intravenous tPA

174 002 Transferred in from another facility
30 897 Had stroke while in hospital

4260 Received tPA at another hospital

71 169 Patients included in primary analysis (1030
hospitals; mean, 69 patients per hospital;
median, 48 [IQR, 23-92; range, 2-544])

99 469 Patients treated with intravenous tPA (1607
hospitals; mean, 62 patients per hospital;
median, 35 [IQR, 11-85; range, 1-801])

1 587 230 Patients with acute ischemic stroke (1952
hospitals; mean, 813 patients per hospital;
median, 487 [IQR, 111-1202; range, 1-8171])

IQR indicates interquartile range; tPA, tissue plasminogen activator.
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0.83 [95% CI, 0.76-0.91], P < .001), and discharge to home was
more likely to occur (adjusted OR, 1.14 [95% CI, 1.09-1.19],
P < .001). Improved outcomes were also observed in the sen-
sitivity analyses including all patients treated with intrave-
nous tPA with onset-to-treatment times within 4.5 hours
(eTable 3 in Supplement).

In comparative analyses, 1 242 365 patients with acute is-
chemic stroke were not treated with tPA during the study pe-
riod, of whom 569 773 were hospitalized during the preinter-

vention period and 672 592 during the postintervention period.
The in-hospital all-cause mortality rate for these patients with
acute ischemic stroke not treated with tPA was 5.28% during
the preintervention period and 4.63% during the postinter-
vention period (P < .001). After adjustment for patient and hos-
pital characteristics, in-hospital mortality during the post-
intervention period vs preintervention was slightly lower
(adjusted OR, 0.96; 95% CI, 0.94-0.98). There were 314 061 pa-
tients hospitalized with hemorrhagic stroke during the study

Table 1. Demographics and Clinical Characteristics of the Overall Patient Population and Hospital
Characteristics

Patients With Acute Ischemic Stroke, %a
Standardized
Difference,

%b
Total

(n = 71 169)
Preintervention

(n = 27 319)
Postintervention

(n = 43 850)
Patient demographics

Age, median (25th-75th), y 72 (60-82) 72 (60-82) 72 (60-83) 3.70

Female sex 50.1 49.4 50.5 2.25

Race/ethnicity

White 72.8 75.1 71.4 8.43

Black 13.8 12.6 14.5 5.80

Hispanic 6.6 5.7 7.3 6.51

Patient arrival and admission

Via emergency medical services 80.4 84.6 77.7 17.8

On hoursc 47.4 47.4 47.4 0.10

Onset-to-arrival time, median
(25th-75th), min

51 (36-72) 50 (35-70) 52 (36-73) 4.74

Patient medical history

Atrial fibrillation or flutter 22.8 22.6 22.9 0.69

Prosthetic heart valve 1.2 1.3 1.1 1.17

Previous stroke or TIA 23.7 22.5 24.5 4.79

Coronary artery disease or prior MI 25.7 26.9 24.9 4.48

Carotid stenosis 2.8 3.1 2.7 2.32

Diabetes mellitus 24.6 22.9 25.6 6.28

Peripheral vascular disease 3.5 3.4 3.5 0.87

Hypertension 72.4 71.2 73.1 4.24

Smoking 17.8 18.7 17.3 3.71

Dyslipidemia 39.6 36.5 41.5 10.4

Heart failure 7.8 4.9 9.6 18.2

Patient evaluation

NIH Stroke Scale scored

Median (25th-75th) 11 (6-18) 12 (7-18) 11 (6-18) 12.9

Documented 90.3 84.0 94.2 32.8

Length of stay, median (25th-75th), d 5 (3-8) 5 (3-8) 5 (3-7) 11.2

Hospital characteristics, median
(25th-75th)

Ischemic stroke admissions/y 233 (163-339) 240 (165-347) 230 (161-337) 2.50

Intravenous tPA administration/y 19.5 (11.6-29.6) 19.2 (11.6-29.3) 19.7 (11.7-29.6) 1.15

No. of beds 403 (283-595) 404 (283-601) 401 (280-588) 2.51

Location of hospital by region

West 21.5 21.2 21.7 1.23

South 33.9 32.3 34.8 5.27

Midwest 17.3 17.3 17.3 0.17

Northeast 27.3 29.2 26.2 6.83

Teaching hospital 65.2 65.5 65.0 0.94

Hospital in rural location 2.2 2.2 2.2 0.15

Certified primary stroke center 57.3 58.3 56.7 3.12

Abbreviations: MI, myocardial
infarction; NIH, National Institutes of
Health; TIA, transient ischemic
attack; tPA, tissue plasminogen
activator.
a Values expressed as percentages

unless otherwise indicated.
b Calculated as the difference in

means or proportions divided by a
pooled estimate of the standard
deviation. A standardized difference
greater than 10 is typically
considered meaningful.17,18

c Refers to regular work hours (7 AM

to 6 PM Monday through Friday).
d Score range from 0 to 42 on this

15-item neurological examination,
with higher scores indicating more
severe stroke.
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period, of whom 146 755 were hospitalized during the prein-
tervention period and 167 306 were hospitalized during the
postintervention period. The in-hospital all-cause mortality
rate for these patients with hemorrhagic stroke was 25.0% dur-

ing the preintervention period and 23.8% during the postinter-
vention period (P < .001). After adjustment for patient and hos-
pital characteristics, in-hospital mortality for hemorrhagic
stroke postintervention vs preintervention was also slightly

Table 2. Unadjusted and Adjusted Piecewise Generalized Estimating Equation Analyses

Unadjusted OR (95% CI) P Value Adjusted OR (95% CI)a P Value
Door-to-needle time ≤60 min

Preintervention period (per 4 quarters of calendar time) 1.08 (1.05-1.12) <.001 1.09 (1.06-1.13) <.001

Postintervention period (per 4 quarters of calendar time) 1.32 (1.28-1.35) <.001 1.35 (1.31-1.38) <.001

Difference between preintervention vs postintervention

Per 4 quarters of calendar time 1.22 (1.16-1.28) <.001 1.23 (1.17-1.29) <.001

Cumulative difference during entire period 1.98 (1.84-2.12) <.001 2.09 (1.95-2.25) <.001

Abbreviation: OR, odds ratio.
a Adjusted for patient characteristics including age, sex, race, medical history of

atrial fibrillation, prosthetic heart valve, previous stroke or transient ischemic
attack, coronary artery disease or prior myocardial infarction, carotid stenosis,
peripheral vascular disease, hypertension, dyslipidemia, current smoking,

stroke severity (National Institutes of Health Stroke Scale score), arrival time
during regular work hours, arrival mode, and onset-to-arrival time; and
adjusted for the hospital characteristics of size, region, teaching status,
certified primary stroke center, annual volume of tissue plasminogen activator,
and annual stroke discharge.

Table 3. Clinical Outcomes During the Preintervention and Postintervention Periods

Outcome

Patients With Acute Ischemic Stroke, %

P Value
Unadjusted OR

(95% CI) P Value
Adjusted OR

(95% CI)a P Value
Preintervention

(n = 27 319)
Postintervention

(n = 43 850)
In-hospital all-cause mortality 9.93 8.25 <.001 0.81 (0.77-0.86) <.001 0.89 (0.83-0.94) <.001

Discharged to home 37.6 42.7 <.001 1.23 (1.18-1.27) <.001 1.14 (1.09-1.19) <.001

Ambulatory status of
independent

42.2 45.4 <.001 1.14 (1.09-1.20) <.001 1.03 (0.97-1.10) .31

Symptomatic ICH ≤36 h 5.68 4.68 <.001 0.81 (0.75-0.88) <.001 0.83 (0.76-0.91) <.001

tPA Complications 6.68 5.50 <.001 0.80 (0.75-0.87) <.001 0.83 (0.77-0.90) <.001

Abbreviations: ICH, symptomatic intracranial hemorrhage; OR, odds ratios;
tPA, tissue plasminogen activator.
a Adjusted for patient characteristics including age, sex, race, medical history of

atrial fibrillation, prosthetic heart valve, previous stroke/transient ischemic
attack, coronary artery disease or prior myocardial infarction, carotid stenosis,
peripheral vascular disease, hypertension, dyslipidemia, current smoking,

stroke severity (National Institutes of Health Stroke Scale score), arrival time
during regular work hours, arrival mode, and onset-to-arrival time; and
adjusted for the hospital characteristics of size, region, teaching status,
certified primary stroke center, annual volume of tPA, and annual stroke
discharge.

Figure 2. Time Trend in the Proportion of Patients with Door-to-Needle Times for Tissue Plasminogen Activator
(tPA) of 60 Minutes or Less During the Preintervention and Postintervention Periods of Target: Stroke
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The total number of patients included
was 71 169 (per-quarter mean of 1695
patients; median, 1705; interquartile
range, 583-2703; and range,
65-3450). The slopes and intercepts
of the regression lines were obtained
from the unadjusted segmented
regression model for trend rate on
door-to-needle time of 60 minutes of
less. The rate of increase in patients
with door-to-needle times of 60
minutes or less was 6.20% (95% CI,
5.58%-6.78%) per each 4 quarters
postintervention for Target: Stroke vs
1.36% (95% CI, 1.04%-1.67%) per
each 4 quarters preintervention for
Target: Stroke (P < .001 for
comparison of the 2 slopes).
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lower (adjusted OR, 0.96; 95% CI, 0.93-0.98). The magnitude
of benefit associated with the postintervention period for pa-
tients treated with tPA (adjusted OR, 0.89; 95% CI, 0.83-0.94)
was greater than that found for patients with acute ischemic
stroke not treated with tPA (P = .03 for interaction) and that
found for patients with hemorrhagic stroke (P < .001 for in-
teraction).

Discussion
Even though historically fewer than 30% of patients treated
with intravenous tPA received this therapy within 60 min-
utes of hospital arrival,8,13 the initiation of the Target: Stroke
quality improvement initiative was associated with a substan-
tial improvement in the timeliness of tPA administration with
the proportion of patients with door-to-needle times of 60 min-
utes or less increasing from 29.6% to 53.3%. There was also a
more than 4-fold increase in the annual rate of improvement
in the proportion of patients with door-to-needle times of 60
minutes or less after initiation of the intervention. Impor-
tantly, the improvement in timeliness in tPA administration
following the start of the program was associated with im-
proved clinical outcomes including lower in-hospital mortal-
ity, more frequent discharge to a more independently func-
tioning environment, and lower rates of tPA complications,
including symptomatic intracranial hemorrhage. These find-
ings further reinforce the importance and clinical benefits of
more rapid administration of intravenous tPA.5-8

Results from clinical trials and other studies have encour-
aged multiple organizations to set targets for timely initiation
of thrombolytic therapy after hospital arrival. A National
Institute of Neurological Disorders and Stroke national sym-
posium on the rapid identification and treatment of acute
stroke that recommended a door-to-needle target time for
tPA administration of 60 minutes was published in 1997.9 The
national AHA/ASA guidelines1,11 recommend treatment start
with tPA within 60 minutes of the patient’s arrival in the
emergency department. The Brain Attack Coalition’s target
for primary stroke centers since 2000 has been to achieve a
door-to-needle time within 60 minutes in 80% or more of
patients.11 However, despite the evidence, national guideline
recommendations, and prior quality improvement efforts,
hospitals initiation of tPA treatment was frequently beyond
the recommended national target of a door-to-needle time of
60 minutes or less. In a prior analysis of GWTG-Stroke, only
one-quarter of patients with acute ischemic stroke treated
with intravenous tPA within 3 hours of symptom onset had
door-to-needle times within 60 minutes and little improve-
ment was observed over a 7-year period.8 Other studies have
also shown relatively prolonged door-to-needle times in
patients treated with tPA for acute ischemic stroke.12,19 The
Standard Treatment with Alteplase to Reverse Stroke (STARS)
multicenter tPA study of 57 academic and community cen-
ters in the United States found a median door-to-needle time
of 96 minutes.12

Successful efforts to improve door-to-needle times for tPA
administration in patients with acute ischemic stroke have been

previously reported,20-23 but have usually involved single hos-
pitals or a small number of centers and a limited period of base-
line assessment. To the best of our knowledge, no completed
initiative for improving door-to-needle times in patients with
acute ischemic stroke has had the size, scope, and depth of that
reported with Target: Stroke, though additional efforts
launched after this initiative have been announced and cer-
tain individual centers have achieved very short door-to-
needle times.24,25 There was a prompt improvement in the per-
centage of patients meeting guideline-recommended door-
to-needle times once this quality improvement initiative was
implemented, with times of 60 minutes or less in at least 50%
of patients achieved in less than 4 years rather than the ex-
pected 15 or more years if the preintervention and interven-
tion slope for the increase in the proportion of patients with
door-to-needle times of 60 minutes or less had persisted. These
findings suggest that the 10 best practice strategies used with
this initiative may have contributed to the benefits observed.13

Prior experiences of hospitals successful in improving the qual-
ity of cardiovascular care suggests that improvement is most
effective when integrated into an environment that includes
explicit goals; collaborative, interdisciplinary teams; a patient-
focused organizational culture; engaged clinical leaders and
senior management; and detailed data feedback.26,27 These or-
ganization change elements were integrated into Target:
Stroke.13

Time to treatment (onset-to-treatment time) with intra-
venous tPA has been demonstrated to be an important deter-
minant of in-hospital clinical outcomes as well as 90-day and
1-year functional outcomes in patients with acute ischemic
stroke.4-7 There are also data demonstrating that shorter door-
to-needle times for tPA administration are associated with im-
proved outcomes in patients with acute ischemic stroke. A
cross-sectional analysis of 25 504 patients with ischemic stroke
treated with tPA found lower in-hospital mortality (OR, 0.78;
95% CI, 0.69-0.90) and less frequent symptomatic intracra-
nial hemorrhage for patients with door-to-needle times of 60
minutes or less compared with patients with times of more than
60 minutes.8 Our new findings suggest that the significant de-
cline in door-to-needle times along with acceleration in the per-
centage of patients meeting the guideline-recommended times
within 60 minutes during the postintervention period were as-
sociated with substantial improvement in short-term clinical
outcomes.

The in-hospital mortality benefit associated with the post-
intervention vs preintervention periods for patients with acute
ischemic stroke treated with tPA was of greater magnitude than
the improvement observed for those not treated with tPA and
for patients with hemorrhagic stroke cared for during the same
time frame in these hospitals, suggesting this finding was the
result of more than just general improvements in stroke care
and outcomes. These patient groups may not be entirely in-
dependent comparators because it is also possible that pa-
tients with acute ischemic stroke not treated with tPA and those
with hemorrhagic stroke may have also directly benefited from
the quality improvement intervention with more rapid evalu-
ation, more rapid brain imaging, and more timely initiation of
other acute stroke therapies.1
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Even though the clinical outcome improvements ob-
served in this study and their magnitude, including for in-
hospital all-cause mortality, are consistent with those ex-
pected with more timely tPA treatment based prior studies in
acute ischemic stroke,7,8 these findings stand in contradistinc-
tion to a recent analysis conducted in an overlapping 5-year
time frame involving 515 hospitals and 96 738 admissions in
which reductions in door-to-balloon times in ST-segment el-
evation myocardial infarction were not accompanied by any
changes in short-term mortality rates.28 This difference po-
tentially reflects greater sensitivity of the brain vs the heart to
functionally relevant ischemia progression over time spans of
several minutes.6 Although there have been concerns that at-
tempting to achieve shorter door-to-needle times may lead to
rushed assessments, inappropriate patient selection, dosing
errors, and greater likelihood of complications, our findings
suggest that more rapid reperfusion therapy in acute ische-
mic stroke is feasible and, importantly, can be achieved not only
without increasing rates of symptomatic intracranial hemor-
rhage, but with actual reductions in complications.

Limitations
There were some limitations to this study. First, participation
in GWTG-Stroke and Target: Stroke was voluntary and these
hospitals likely have greater interest in stroke quality improve-
ment than nonparticipating hospitals.16 Second, the quality im-
provement initiative did not have a concurrent control group
of hospitals and it is possible that the improvements in door-
to-needle times for tPA administration may have been influ-
enced by other factors. However, efforts in place during the
2003-2009 time frame were observed to have little influence
on door-to-needle times,8,13 and no other national initiatives

focused on door-to-needle times were launched during the
2010-2013 period, making it less likely that the observed im-
provements were due to external factors. Third, it is possible
that there were residual measured and unmeasured confound-
ers related to the improvements in door-to-needle times and
clinical outcomes. It is also possible that clinical outcomes im-
proved due to other factors, including general improvements
in stroke care. Fourth, to increase the precision of the esti-
mate of the preintervention period slope, we used all avail-
able data and, as a result, the time span of the preinterven-
tion period was nearly twice as long as the postintervention
period. Fifth, we did not have access to data on cause of
death. Sixth, data collected as part of GWTG-Stroke, includ-
ing door-to-needle times, are dependent on the accuracy and
completeness of abstraction from the medical record.16 To op-
timize data quality, the GWTG-Stroke program includes de-
tailed training of site chart abstractors, standardized case defi-
nitions and coding instructions, predefined logic and range
checks on data fields at data entry, audit trails, and regular data
quality reports for all sites.16 Source documentation audits
at the individual state and national level have shown high
data quality.29

Conclusions
Hospital participation in a multidimensional quality initia-
tive was associated with improvement in the timeliness of tPA
administration. This improvement was associated with lower
in-hospital mortality, symptomatic intracranial hemorrhage,
and overall tPA complications with an increase in the percent-
age of patients able to be discharged to home.

ARTICLE INFORMATION

Author Contributions: Dr Fonarow had full access
to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.
Study concept and design: Fonarow, Smith, Saver,
Bhatt, Xian, Hernandez, Peterson, Schwamm.
Acquisition, analysis, or interpretation of data:
Fonarow, Zhao, Smith, Saver, Reeves, Bhatt, Xian,
Hernandez, Peterson.
Drafting of the manuscript: Fonarow.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Fonarow, Zhao, Xian, Peterson.
Obtained funding: Fonarow, Hernandez.
Administrative, technical, or material support:
Fonarow, Smith, Saver, Xian, Hernandez, Peterson.
Study supervision: Fonarow, Schwamm.

Conflict of Interest Disclosures: The authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest. Dr
Fonarow reported serving as a member of the Get
With The Guidelines (GWTG) steering committee;
receiving significant research support from the
National Institutes of Health; and being an
employee of the University of California, which
holds a patent on retriever devices for stroke. Dr
Smith reported serving as a member of the GWTG
steering subcommittee. Dr Saver reported serving
as a member of the GWTG science subcommittee;

the University of California, his employer, receives
funding in exchange for his services as a scientific
consultant for CoAxia, Grifols, Brainsgate,
Lundbeck, Ev3, and Stryker regarding trial design
and conduct; and the University of California holds
a patent on retriever devices for stroke. Dr Reeves
reported receiving salary support from the
Michigan Stroke Registry and serving as a member
of several American Heart Association (AHA) GWTG
subcommittees. Dr Bhatt reported serving on
advisory boards for Elsevier Practice Update
Cardiology, Medscape Cardiology, and Regado
Biosciences; serving on the board of directors for
Boston VA Research Institute and the Society of
Cardiovascular Patient Care; serving as chair of the
AHA GWTG steering committee; being a member of
data and safety monitoring committees for Duke
Clinical Research Institute, Harvard Clinical
Research Institute, Mayo Clinic, and the Population
Health Research Institute; receiving honoraria from
the American College of Cardiology (editor, Clinical
Trials, Cardiosource), Belvoir Publications (editor in
chief, Harvard Heart Letter), Duke Clinical Research
Institute (clinical trial steering committees),
Harvard Clinical Research Institute (clinical trial
steering committee), HMP Communications (editor
in chief, Journal of Invasive Cardiology), Population
Health Research Institute (clinical trial steering
committee), Slack Publications (chief medical
editor, Cardiology Today’s Intervention), WebMD
(continuing medical education steering

committees); serving as associate editor for Clinical
Cardiology, section editor (pharmacology) for the
Journal of the American College of Cardiology;
receiving research grants from Amarin,
AstraZeneca, Bristol-Myers Squibb, Eisai, Ethicon,
Medtronic, Roche, sanofi-aventis, The Medicines
Company; and performing unfunded research for
FlowCo, PLx Pharma, Takeda. Dr Hernandez
reported receiving AHA pharmaceutical roundtable
grant 0675060N and a research grant from
Johnson & Johnson; and receiving honoraria from
AstraZeneca and Amgen. Dr Peterson reported
receiving research grants from Lilly, Johnson &
Johnson, Bristol-Myers Squibb, sanofi-aventis, and
Merck-Schering Plough partnership; and serving as
principal investigator of the data analytic center for
the AHA/American Stroke Association’s (ASA)
GWTG. Dr Schwamm reported being the principal
investigator of an investigator-initiated study of
extended-window intravenous thrombolysis
funded by the National Institute of Neurological
Disorders and Stroke (clinicaltrials.gov/show/
NCT01282242) for which Genentech provides
alteplase free of charge to Massachusetts General
Hospital as well as supplemental per-patient
payments to participating sites; serving as chair of
the AHA/ASA GWTG stroke clinical work group;
serving as a stroke systems consultant to the
Massachusetts Department of Public Health; and
serving as a scientific consultant regarding trial
design and conduct to Lundbeck (international

Improving Outcomes in Acute Ischemic Stroke Original Investigation Research

jama.com JAMA April 23/30, 2014 Volume 311, Number 16 1639

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2014 American Medical Association. All rights reserved.

steering committee, DIAS3, 4 trial) and Penumbra
(data and safety monitoring committee, Separator
3D trial). Mr Zhao and Dr Xian reported not having
any disclosures.

Funding/Support: Target: Stroke is an initiative
provided by the American Heart Association/
American Stroke Association (AHA/ASA). The
GWTG-Stroke program also is provided by the
AHA/ASA. The GWTG-Stroke program is currently
supported in part by a charitable contribution from
Janssen Pharmaceutical Companies of Johnson &
Johnson. The GWTG-Stroke program has been
funded in the past through support from
Boeringher-Ingelheim, Merck, Bristol-Myers
Squib/sanofi pharmaceutical partnership and the
AHA pharmaceutical roundtable.

Role of the Sponsors: The industry sponsors of the
GWTG-Stroke Program had no role in the design
and conduct of the study; in the collection, analysis,
and interpretation of the data; or in the
preparation, review, or approval of the manuscript;
and decision to submit the manuscript for
publication.

Disclaimer: Drs Saver and Peterson, associate
editors for JAMA, were not involved in the editorial
review of or decision to publish this article.

REFERENCES

1. Jauch EC, Saver JL, Adams HP Jr, et al; American
Heart Association Stroke Council; Council on
Cardiovascular Nursing; Council on Peripheral
Vascular Disease; Council on Clinical Cardiology.
Guidelines for the early management of patients
with acute ischemic stroke: a guideline for
healthcare professionals from the American Heart
Association/American Stroke Association. Stroke.
2013;44(3):870-947.

2. Tissue plasminogen activator for acute ischemic
stroke: the National Institute of Neurological
Disorders and Stroke rt-PA Stroke Study Group.
N Engl J Med. 1995;333(24):1581-1587.

3. Wardlaw JM, Murray V, Berge E, et al.
Recombinant tissue plasminogen activator for
acute ischaemic stroke: an updated systematic
review and meta-analysis. Lancet.
2012;379(9834):2364-2372.

4. Lees KR, Bluhmki E, von Kummer R, et al;
ECASS, ATLANTIS, NINDS and EPITHET rt-PA Study
Group. Time to treatment with intravenous
alteplase and outcome in stroke: an updated
pooled analysis of ECASS, ATLANTIS, NINDS, and
EPITHET trials. Lancet. 2010;375(9727):1695-1703.

5. Marler JR, Tilley BC, Lu M, et al. Early stroke
treatment associated with better outcome: the
NINDS rt-PA stroke study. Neurology.
2000;55(11):1649-1655.

6. Lansberg MG, Schrooten M, Bluhmki E, Thijs VN,
Saver JL. Treatment time-specific number needed
to treat estimates for tissue plasminogen activator

therapy in acute stroke based on shifts over the
entire range of the modified Rankin Scale. Stroke.
2009;40(6):2079-2084.

7. Saver JL, Fonarow GC, Smith EE, et al. Time to
treatment with intravenous tissue plasminogen
activator and outcome from acute ischemic stroke.
JAMA. 2013;309(23):2480-2488.

8. Fonarow GC, Smith EE, Saver JL, et al.
Timeliness of tissue-type plasminogen activator
therapy in acute ischemic stroke: patient
characteristics, hospital factors, and outcomes
associated with door-to-needle times within 60
minutes. Circulation. 2011;123(7):750-758.

9. Marler JR, Winters Jones P, Emr M. The National
Institute of Neurological Disorders and Stroke:
Proceedings of National Symposium on Rapid
Identification and Treatment of Acute Stroke.
Bethesda, MD: National Institute of Neurological
Disorders and Stroke; 1997.

10. Alberts MJ, Hademenos G, Latchaw RE, et al;
Brain Attack Coalition. Recommendations for the
establishment of primary stroke centers. JAMA.
2000;283(23):3102-3109.

11. Summers D, Leonard A, Wentworth D, et al;
American Heart Association Council on
Cardiovascular Nursing and the Stroke Council.
Comprehensive overview of nursing and
interdisciplinary care of the acute ischemic stroke
patient: a scientific statement from the American
Heart Association [published correction appears in
Stroke. 2010;41(9):e563]. Stroke.
2009;40(8):2911-2944.

12. Albers GW, Bates VE, Clark WM, Bell R, Verro P,
Hamilton SA. Intravenous tissue-type plasminogen
activator for treatment of acute stroke: the
Standard Treatment with Alteplase to Reverse
Stroke (STARS) study. JAMA. 2000;283(9):1145-
1150.

13. Fonarow GC, Smith EE, Saver JL, et al.
Improving door-to-needle times in acute ischemic
stroke: the design and rationale for the American
Heart Association/American Stroke Association’s
Target: Stroke initiative. Stroke. 2011;42(10):2983-
2989.

14. Berwick DM. The science of improvement.
JAMA. 2008;299(10):1182-1184.

15. Shojania KG, Grimshaw JM. Evidence-based
quality improvement: the state of the science.
Health Aff (Millwood). 2005;24(1):138-150.

16. Schwamm LH, Fonarow GC, Reeves MJ, et al.
Get With the Guidelines-Stroke is associated with
sustained improvement in care for patients
hospitalized with acute stroke or transient ischemic
attack. Circulation. 2009;119(1):107-115.

17. Mamdani M, Sykora K, Li P, et al. Reader’s guide
to critical appraisal of cohort studies, 2: assessing
potential for confounding. BMJ. 2005;330(7497):
960-962.

18. Austin PC, Mamdani MM. A comparison of
propensity score methods: a case-study estimating
the effectiveness of post-AMI statin use. Stat Med.
2006;25(12):2084-2106.

19. Wahlgren N, Ahmed N, Dávalos A, et al;
SITS-MOST investigators. Thrombolysis with
alteplase for acute ischaemic stroke in the Safe
Implementation of Thrombolysis in
Stroke-Monitoring Study (SITS-MOST): an
observational study. Lancet. 2007;369(9558):
275-282.

20. Tveiten A, Mygland A, Ljøstad U, Thomassen L.
Intravenous thrombolysis for ischaemic stroke:
short delays and high community-based treatment
rates after organisational changes in a previously
inexperienced centre. Emerg Med J.
2009;26(5):324-326.

21. Lindsberg PJ, Häppölä O, Kallela M, Valanne L,
Kuisma M, Kaste M. Door to thrombolysis: ER
reorganization and reduced delays to acute stroke
treatment. Neurology. 2006;67(2):334-336.

22. Mehdiratta M, Woolfenden AR, Chapman KM,
et al. Reduction in IV t-PA door to needle times
using an Acute Stroke Triage Pathway. Can J Neurol
Sci. 2006;33(2):214-216.

23. Gomez CR, Malkoff MD, Sauer CM,
Tulyapronchote R, Burch CM, Banet GA. Code
stroke: an attempt to shorten inhospital therapeutic
delays. Stroke. 1994;25(10):1920-1923.

24. SITS International. Reduction of in-hospital
delays in stroke thrombolysis: SITS-WATCH.
http://clinicaltrials.gov/show/NCT01811901.
Accessed December 3, 2013.

25. Meretoja A, Strbian D, Mustanoja S, Tatlisumak
T, Lindsberg PJ, Kaste M. Reducing in-hospital delay
to 20 minutes in stroke thrombolysis. Neurology.
2012;79(4):306-313.

26. Krumholz HM, Bradley EH, Nallamothu BK,
et al. A campaign to improve the timeliness of
primary percutaneous coronary intervention:
door-to-balloon: an alliance for quality. JACC
Cardiovasc Interv. 2008;1(1):97-104.

27. Bradley EH, Curry LA, Webster TR, et al.
Achieving rapid door-to-balloon times: how top
hospitals improve complex clinical systems.
Circulation. 2006;113(8):1079-1085.

28. Menees DS, Peterson ED, Wang Y, et al.
Door-to-balloon time and mortality among patients
undergoing primary PCI. N Engl J Med.
2013;369(10):901-909.

29. Xian Y, Fonarow GC, Reeves MJ, et al. Data
quality in the American Heart Association Get With
The Guidelines-Stroke (GWTG-Stroke): results from
a national data validation audit. Am Heart J.
2012;163(3):392-398, e1.

Research Original Investigation Improving Outcomes in Acute Ischemic Stroke

1640 JAMA April 23/30, 2014 Volume 311, Number 16 jama.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023


