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Background and Purpose—We aimed to evaluate the effectiveness of an intervention to improve triage, treatment, and 
transfer for patients with acute stroke admitted to the emergency department (ED).

Methods—A pragmatic, blinded, multicenter, parallel group, cluster randomized controlled trial was conducted between 
July 2013 and September 2016 in 26 Australian EDs with stroke units and tPA (tissue-type plasminogen activator) 
protocols. Hospitals, stratified by state and tPA volume, were randomized 1:1 to intervention or usual care by an 
independent statistician. Eligible ED patients had acute stroke <48 hours from symptom onset and were admitted to 
the stroke unit via ED. Our nurse-initiated T3 intervention targeted (1) Triage to Australasian Triage Scale category 
1 or 2; (2) Treatment: tPA eligibility screening and appropriate administration; clinical protocols for managing 
fever, hyperglycemia, and swallowing; (3) prompt (<4 hours) stroke unit Transfer. It was implemented using (1) 
workshops to identify barriers and solutions; (2) face-to-face, online, and written education; (3) national and local 
clinical opinion leaders; and (4) email, telephone, and site visit follow-up. Outcomes were assessed at the patient level. 
Primary outcome: 90-day death or dependency (modified Rankin Scale score of ≥2); secondary outcomes: functional 
dependency (Barthel Index ≥95), health status (Short Form [36] Health Survey), and ED quality of care (Australasian 
Triage Scale; monitoring and management of tPA, fever, hyperglycemia, swallowing; prompt transfer). Intention-to-
treat analysis adjusted for preintervention outcomes and ED clustering. Patients, outcome assessors, and statisticians 
were masked to group allocation.

Results—Twenty-six EDs (13 intervention and 13 control) recruited 2242 patients (645 preintervention and 1597 
postintervention). There were no statistically significant differences at follow-up for 90-day modified Rankin Scale 
(intervention: n=400 [53.5%]; control n=266 [48.7%]; P=0.24) or secondary outcomes.

Conclusions—This evidence-based, theory-informed implementation trial, previously effective in stroke units, did not 
change patient outcomes or clinician behavior in the complex ED environment. Implementation trials are warranted to 
evaluate alternative approaches for improving ED stroke care.

Clinical Trial Registration—URL: http://www.anzctr.org.au. Unique identifier: ACTRN12614000939695.   (Stroke. 
2019;50:1346-1355. DOI: 10.1161/STROKEAHA.118.020701.)
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Emergency departments (EDs) are pivotal for early diagnosis 
and management of stroke patients.1 However, ED acute 

stroke treatment is suboptimal: triage of stroke patients to lower 
acuity categories than clinically indicated (76% not allocated 
Australasian Triage Scale category 1 or 2 to be seen within 10 
minutes)1; low assessment for tPA (tissue-type plasminogen ac-
tivator) eligibility (45% of patients with ischemic stroke arriv-
ing <3 hours of stroke onset not assessed for tPA eligibility)2; 
low national tPA rates (7%)2; and variable physiological moni-
toring1 and extended ED length of stays (7–11 hours).1,3

Fever, hyperglycemia, and swallowing difficulties after 
stroke commonly occur, and suboptimal management is as-
sociated with poor outcomes.4 We previously demonstrated 
the effectiveness of structured support for implementation of 
nurse-led multidisciplinary clinical protocols to manage fever, 
hyperglycemia, and swallowing in stroke units, reducing 
90-day death or dependency by 16%,4 and longer-term mor-
tality.5 If 65% of the eligible Australian population received 
care according to these protocols, there would be $AUD281 
million saving over 12 months.6

Our trial examined whether commencing these treatments 
earlier in the ED improved patient outcomes by implementing 
an intervention aiming to change behavior at both individual 
clinician and ED organizational levels. This T3 Trial evalu-
ated the effectiveness on 90-day outcomes and ED quality of 
care of a theory-informed, nurse-initiated multifaceted ED 
organizational intervention focusing on appropriate Triage, 
Treatment in ED, and prompt Transfer to an acute stroke unit.

Methods

Trial Design and Participants
A pragmatic, prospective, multicenter, parallel group, cluster ran-
domized controlled trial was undertaken with EDs as the unit of ran-
domization to minimize contamination, with outcomes assessed at 
the patient level.

The study protocol has been previously published.7 Project materi-
als except data are available at http://www.acu.edu.au/t3trial. Authors 
can be contacted about data availability. Hospitals, recruited from 3 
Australian states (New South Wales, Victoria, and Queensland) and 
the Australian Capital Territory, were eligible if they had an ED, a 
preexisting dedicated stroke unit, and established tPA protocols. S. 
Middleton enrolled the clusters, and ED directors provided cluster 
guardian consent.

All consecutive patients admitted to the stroke unit were screened 
for eligibility by the hospital stroke teams. Eligible patients were 
English-speaking, aged ≥18 years, admitted to the stroke unit via 
ED with a clinical diagnosis of ischemic stroke or intracerebral hem-
orrhage, and presented to ED within 48 hours from symptom onset 
(time the person was last seen/known to be well by patient or rel-
ative/carer). This extended time window was used because signifi-
cant lesion growth has been found to occur after 24 hours and even 
out to 7 days poststroke in what has been named the inflammatory 
penumbra.8 Palliative patients and those with no telephone were 
excluded. Informed consent was provided by the patient or a relative/
friend for access to the patient’s medical records and for the 90-day 
computer-assisted telephone interview. Two patient cohorts were 
recruited: preintervention using an opt-in consent process to provide 
baseline data and postintervention using an opt-out approach.

Randomization and Masking
EDs were randomized 1:1 to intervention or control stratified by ju-
risdiction (state or territory) and preintervention tPA rate (<7.7% or 
>7.7%, the average annual pretrial [2013] tPA rate2) by an independent 

statistician masked to study aim, design, and outcomes using random 
number generating software with group allocation concealed until 
provided to the Trial Manager. tPA rates were chosen as a proxy to 
control for how organized/mature the stroke care may have been at 
each hospital as an additional measure to maximize balance between 
treatment groups. Patients and all outcome assessors, but not study 
investigators or hospital staff, were masked to the study aim, design, 
and group allocation. The statistician undertaking the analysis was 
blinded to group allocation.

Procedure

T3 Trial Intervention
The T3 Trial intervention aimed to change behavior at both individual 
clinician and ED organizational levels and comprised (1) T3 Trial 
nurse-initiated evidence-based clinical protocols developed by stroke 
and ED clinical experts for triage, treatment (assessment for eligi-
bility for tPA; administration of tPA to eligible patients; fever, sugar, 
swallowing management), and prompt transfer to a stroke unit and (2) 
the T3 Trial implementation strategy (Figure 1).

Two 1-hour face-to-face multidisciplinary group workshops 
with ED and stroke unit clinicians were held 6 to 18 weeks apart 
(5–11 participants per site attended consisting of senior ED and 
stroke unit nurses and nurse managers, medical practitioners [ED 
physicians, neurologists, endocrinologists, and junior doctors], and 
speech pathologists) to identify local barriers to implementation9,10 
(workshop 1, also attended by 2 national opinion leaders in stroke 
and ED care) and develop site-specific action plans (workshop 2). 
Identification of target behaviors and techniques to address identified 
barriers9,11 was informed by the Theoretical Domains Framework,10 
a behavior change matrix and components of our previous suc-
cessful QASC trial (Quality in Acute Stroke Care) implementation 
strategy.4,12 We used mixed interactive and didactic education for 
ED and stroke unit clinicians; site clinical champions from both the 
ED and stroke unit13; reminders (ED posters, lanyard cards); and 
sustained engagement (visits, telephone, email) to discuss progress 
against site-specific action plans (Figure 1).13,14

Intervention delivery fidelity was maximized through a uniform 
format for all workshop and education sessions and materials and 
facilitation by at least 1 nurse researcher who had received training. 
Sessions were audiotaped to ensure accurate documentation of barri-
ers and enablers to inform site-specific action plans.

EDs randomized to the control group did not receive the clin-
ical protocols or additional support. The T3 intervention ran from 
November 2014 to September 2016. At each hospital, a start date was 
negotiated with the ED clinical champion after a 3-month bedding 
down period4 to allow time for the behavior change to become routine 
care, before recruitment of the postintervention patient cohort.

Data Collection
Patient demographic data (age, sex) and clinical data including 
stroke subtype using the Oxfordshire Community Stroke Project 
Classification15 and stroke severity using the National Institutes of 
Health Stroke Scale16 were obtained for all eligible consenting and 
nonconsenting patients to assess potential selection bias.

Patients (or relative/friend) were telephoned 90 days after hos-
pital presentation by a trained blinded research assistant to complete 
a 30-minute computer-assisted telephone interview. Premorbid risk 
factors and ED quality-of-care clinical outcomes were abstracted 
from patient medical records. A 10% random sample (or minimum 
5 records) was selected for each ED and independently audited by a 
second research assistant and interrater reliability assessed using the 
Kappa statistic.

Outcomes
The primary outcome was death or dependency (modified Rankin 
Scale score of ≥2) 90-day posthospital admission.17 Secondary 
outcomes comprised 90-day functional dependency (Barthel Index 
≥95),18 health status (SF-36 physical component summary score and 
mental component summary score19), and 11 ED quality-of-care 
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measures (Figure 2). All patients who received tPA were defined 
as assessed for tPA eligibility. On admission was defined as occur-
ring within 60 minutes of ED arrival. Fever monitoring within 4.5 
hours and glucose monitoring within 6.5 hours of ED admission 
were considered acceptable practice. Patients transferred out of 
ED within 4.5 hours were considered to have met the fever care 
measures and those transferred within 6.5 hours were considered 

to have met the glucose care measures. Where temperature readings 
were provided as a range, the midpoint between minimum and max-
imum reading was used. Received paracetamol <60 minutes of first 
ED temperature reading ≥37.5°C excluded patients who already 
had been administered paracetamol within the previous 5 hours. 
Treatment/monitoring time frames were based on reasonable clin-
ical expectations.

Figure 1. T3 Trial (Triage, Treatment, and Transfer) intervention components.
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Statistical Analysis
Assuming, based on our previous QASC trial,4 10% loss-to-follow-
up, a design effect of 1.4, 50% of patients in the control group 
with a modified Rankin Scale score of ≥2, 60% with Barthel Index 
≥95, SDs for mental component summary and physical compo-
nent summary of 11, intracluster correlation coefficients of 0.01 
to 0.015 (because of correlation of outcomes within hospitals) 
and an average cluster sample size of at least 45,20 and a postinter-
vention sample of 1160 would provide 80% power, with 5% sig-
nificance level, to detect between groups differences of 10% for 
modified Rankin Scale score of ≥2 (primary outcome); 10% for 
Barthel Index ≥95, 0.2 SDs (≈2.5 U) for SF-36 physical compo-
nent summary and SF-36 mental component summary (secondary 
outcomes), and a difference in ED quality of care outcomes of at 
least 10%. Intention-to-treat analysis was undertaken using SAS.21 
Characteristics of eligible patients who did and did not consent 
were compared using the χ2 test. Primary analysis of complete 
cases involved generalized linear modeling using an identity link, 
assuming a normal distribution for continuous outcomes and bi-
nomial distribution for dichotomous outcomes. Models included 
intervention group, preintervention cluster-level summary values 
of the outcome (proportion or means for binary or continuous 
outcomes, respectively), and adjusted for correlation of outcomes 
within EDs using a Generalized Estimating Equations framework. 
Secondary analyses were adjusted for sex, age group, and stroke 
severity, with sensitivity analyses undertaken using multiple impu-
tation to account for missing data. Kappa values estimated inter-
rater agreement for 6 quality-of-care measures: triage category; 
screening for and receipt of tPA; provision of oral fluid or food be-
fore a swallow screen; provision of oral medication before a swal-
low screen; and admission to the stroke unit within 4 hours.

Ethics Approval
Approval was obtained from Human Ethics Research Committees 
from Australian Catholic University (2012 16N), Sydney Local 
Health District (Royal Prince Alfred Hospital Zone [HREC/12/
RPAH/32]; NSW Lead Ethics Committee), and other multiple sites.

Results
Of the 40 EDs assessed for eligibility, 11 were ineligible as 
they were participating in another cluster randomized stroke 
trial with similar outcome measures.22 Twenty-six (90%) 
of the remaining 29 eligible EDs consented to participate. 
Preintervention (July 3, 2013, to July 17, 2014), 645 (75%) of 
857 eligible patients consented, 71 (11%) of whom were lost to 
follow-up (Appendix 1 in the online-only Data Supplement).

Thirteen EDs were randomized to the intervention and 
13 to the control group. Of the 1644 patients eligible in the 
postintervention cohort (recruited between July 25, 2015, and 
September 28, 2016), 1597 (97%) consented (intervention: 
n=920; control: n=677; Figure 3). Age, sex, stroke subtype, 
and stroke severity were similar for eligible patients who did 
and did not consent (data not shown).

No clusters were lost to follow-up; 140 participants subse-
quently withdrew consent for 90-day outcomes (intervention: 
n=75 [8.2%]; control: n=65 [9.6%]), and a further 163 (10%) 
were lost to follow-up (intervention n=97 [11%]; control: 
n=66 [9.7%]) with proportions similar by group (Figure 3). 
Characteristics including mean age, percentage of men, and 
stroke severity were similar for patients who were and were 
not followed up at 90 days (Appendix II in the online-only 
Data Supplement). There were no differences between groups 
in the proportion of responses provided by patients and those 
provided by a proxy (21% proxy in both groups).

Demographic, clinical characteristics, and baseline stroke 
risk factors of the postintervention cohort were similar for 
the intervention and control groups (Table 1). There were no 
statistically significant difference between intervention and 
control groups for the primary or secondary outcomes: 90-d 
modified Rankin Scale score of ≥2; BI ≥95; mean physical 
component summary and mean mental component summary 
(Table 2). There were no statistically significant differences 
between intervention and control group for any of the ED 
quality of care outcomes (Table 3).

Approximately 60% of patients in both groups had 
a temperature reading taken on ED admission and fourth 
hourly while in ED. Of patients with an ED recorded tem-
perature reading ≥37.5°C, and few (n=2) received parace-
tamol within 60 minutes.

Formal venous (laboratory) blood glucose testing was 
performed on admission for just over half intervention group 
patients and less than half control patients. The percentage of 
patients who received a finger-prick blood glucose on admis-
sion and 6 hourly glucose monitoring while in ED was over 
40% in both groups. Of patients who recorded a blood glu-
cose reading ≥10 mmol/L in ED, few (<10%) received insulin 
within 60 minutes of first high blood glucose reading.

Figure 2. Primary and secondary outcome 
measures. ED indicates emergency department.
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Swallow screen or assessment within 24 hours of ED ad-
mission or placing patients nil by mouth was performed for the 
majority of patients in both groups. There were 266 patients 
given oral medication in ED before the first swallow screen or 
assessment and 98 patients given oral food or fluids in ED before 
the first swallow screen/ assessment. Approximately one-third 
of patients who received oral medications before a swallowing 
screen/ assessment (intervention: n=72 [31.9%]; control: n=64 
[36.4%]) received oral medications outside of the ED environ-
ment, and over 60% of these occurred in the stroke unit (inter-
vention: n=45 [62.5%]; control: n=38 [59.4%]). Of patients who 
failed a swallow screen in ED, over 80% subsequently received 
a formal swallow assessment by a Speech Pathologist (Table 3). 
The median ED length of stay was 4 hours 54 minutes.

Less than one-third of patients from either group were 
transferred from ED to a stroke unit within 4 hours of ED 
admission (Table 3), with 152 additional patients transferred 
from ED within 4 hours but not to a stroke unit (intervention: 
70 [7.6%] of 918; control: 82 [12.2%] of 673; data not shown).

Adjustments for covariates or missing data, as specified 
in statistical methods, did not change the results. Kappa 
values for interrater reliability ranged from 0.49 for provi-
sion of oral fluids or food before a swallow screen or assess-
ment to >0.98 for triage category assigned and whether tPA 
was administered.

A post hoc analyses examining delay in presenting to the 
ED showed no difference in primary outcome for patients who 
presented 0 to 4.5 hours (P=0.54), 4.5 to 6 hours (P=0.92), or 
over 6 hours from symptom onset (P=0.10; Appendix III in 
the online-only Data Supplement).

Discussion
This comprehensively designed, theoretically informed, and ev-
idence-based implementation strategy, previously shown to be 
effective in stroke units, provided no evidence of significant dif-
ferences in either the primary patient outcome of 90-day death or 
dependency; secondary patient 90-day outcomes of functional 
dependency or health status; or changes in ED clinical behavior. 

Figure 3. T3 Trial (Triage, Treatment, and 
Transfer) CONSORT flow diagram for postint-
ervention cohort. ^Secondary Patient Outcome 
data not available for those who died or those 
with missing data. CATI indicates Computer As-
sisted Telephone Interview; and ED, emergency 
department.
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The suboptimal implementation of key ED stroke processes of 
care may have accounted for the nonsignificant differences in 
90-day outcomes. However, we noted that tPA administration 
was performed well in both groups, exceeding Australia’s av-
erage of 13%.23 Furthermore, the following practices were per-
formed for at least 3 quarters of patients in each group: 4-hourly 
temperature readings; nil by mouth or received a swallowing 
screen/assessment within 24 hours of ED admission; and re-
ferral of patients to swallow assessment by speech pathologist 
after failed swallow screen. This evidence of improved manage-
ment may be because of external factors during the trial, such 
as promulgation of the Code Stroke protocol embedding stroke 
expertise into the ED as an emergency response24 and prior in-
troduction into the ED of the previously proven clinical proto-
cols for nurse-initiated fever, hyperglycemia, and swallowing 
management in stroke units.4 This rising tide phenomenon has 
been noted in other implementation trials.25

Practices not performed optimally (positive outcomes re-
ceived by <75% in either group or negative outcomes received 

Table 1. Postintervention Cohort Demographic and Clinical Characteristics by 
Treatment Group

Variable

Groups

Intervention 
(n=920) n (%)

Control  
(n=677) n (%)

On trial enrollment

                                Age group, y

     <65 228 (24.8%) 204 (30.1%)

     65 to <75 239 (26.0%) 165 (24.4%)

     75 to <85 294 (32.0%) 186 (27.5%)

     85+ 159 (17.3%) 122 (18.0%)

                                Age, mean (SD) 72.2 (13.4) 70.6 (14.3)

                                Sex: male 539 (58.6%) 413 (61.0%)

                                Oxfordshire community stroke project classification

                                 Total anterior circulation 
infarct

104 (11.3%) 75 (11.1%)

                                 Partial anterior circulation 
infarct

441 (47.9%) 281 (41.5%)

                                 Lacunar infarct 211 (22.9%) 173 (25.6%)

                                 Posterior circulation infarct 120 (13.0%) 126 (18.6%)

                                 Intracerebral hemorrhage 41 (4.5%) 20 (3.0%)

                                National Institutes of Health Stroke Scale

                                 0–7 (mild stroke) 659 (71.6%) 487 (71.9%)

                                 8–16 (moderate stroke) 175 (19.0%) 138 (20.4%)

                                 17+ (severe stroke) 78 (8.5%) 43 (6.4%)

                                Premorbid mRS

                                 No symptoms at all 649 (70.5%) 486 (71.8%)

                                 No significant disability 
despite symptoms

88 (9.6%) 91 (13.4%)

                                 Slight disability 86 (9.3%) 50 (7.4%)

                                 Moderate disability 64 (7.0%) 41 (6.1%)

                                 Moderately severe disability 26 (2.8%) 7 (1.0%)

                                 Severe disability 5 (0.5%) 1 (0.1%)

                                Time from onset of symptoms to emergency department, min

                                 Median (Q1–Q3) 180 (90–450) 150 (90–480)

                                 Mean (SD) 356.3 (437.6) 386.9 (510.5)

                                Time from onset of symptoms to stroke unit, min

                                 Median (Q1–Q3) 630 (360–1110) 630 (360–1320)

                                 Mean (SD) 854.0 (941.4) 1037.6 (1382.7)

90-d follow-up cohort
Intervention 

(n=748)
Control  
(n=546)

                                Aboriginal/Torres Strait Islander

                                 Yes 5 (0.7%) 6 (1.1%)

                                Marital status

                                 Never married 35 (5.4%) 24 (4.7%)

                                 Married 396 (60.7%) 341 (66.1%)

(Continued )

                                 Widowed/divorced/
separated

221 (33.9%) 151 (29.3%)

                                Highest level of education

                                 No school certificate 179 (28.3%) 152 (29.8%)

                                 School certificate 180 (28.4%) 139 (27.3%)

                                 Higher school certificate 100 (15.8%) 82 (16.1%)

                                 University/TAFE/college 174 (27.5%) 137 (26.9%)

                                Employment status

                                 Retired 441 (65.6%) 327 (63.5%)

                                 Full time 121 (21.0%) 103 (20.0%)

                                 Permanently unable to 
work/ill

20 (3.0%) 21 (4.1%)

                                 Part time/casual 49 (7.3%) 47 (9.1%)

                                 Unemployed/home duties/
volunteer work/student

21 (3.1%) 17 (3.3%)

Medical audit data
Intervention 

(n=918) n (%)
Control  

(n=673) n (%)

                                Premorbid risk factors

                                 Hypertension 624 (68.0%) 457 (67.9%)

                                 Hypercholesterolemia 379 (41.3%) 281 (41.8%)

                                 Atrial fibrillation 207 (22.5%) 176 (26.2%)

                                 Known diabetes mellitus 209 (22.8%) 135 (20.1%)

                                 Previous stroke 176 (19.2%) 120 (17.8%)

                                 Current smoker 142 (15.5%) 107 (15.9%)

                                 Previous TIA 110 (12.0%) 79 (11.7%)

BI indicates Barthel Index; MCS, mental component summary; mRS, modified 
Rankin Scale; PCS, physical component summary; TAFE, technical and further 
education; and TIA, transient ischemic attack.

Table 1. Continued

Variable

Groups

Intervention 
(n=920) n (%)

Control  
(n=677) n (%)
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by >10% in either group) were triage to Australasian Triage 
Scale category 1 or 2; tPA eligibility assessment; temperature 
on ED admission; paracetamol within 60 minutes of ED tem-
perature ≥37.5°C; laboratory glucose testing on ED admission; 
finger-prick glucose on ED admission; 6-hourly blood glucose 
level readings; insulin within 60 minutes of first ED glucose 
>10 mmol/L; oral food/fluids before screen or assessment; 
oral medications before first swallow screen/assessment; and 
transfer to stroke unit within 4 hours. While low tPA eligibility 
assessment may be a function of poor medical record recording, 
lack of formal venous (laboratory) blood glucose testing could 
be because of the requirement for medical orders for this inves-
tigation. However, we are unable to explain reasons for lack of 
improvement in intervention group triage practices, poor tem-
perature, and bedside glucose monitoring on ED admission by 
nurses and poor fever and hyperglycemia treatment practices. 
While the majority of patients were kept nil by mouth before 
a swallow screen/assessment, nil by mouth orders did not pre-
vent dispensing of oral medications, as a quarter of patients in 
both groups were given oral medication before the first swal-
low screen/ assessment. Of note, this practice was occurring in 
the stroke unit and not just the ED. This could be because of 
aspirin prescription; however, this is unacceptable as aspirin 
could be administered using an alternate route if timely patient 
swallowing screening or assessment is unavailable. Despite na-
tional ED length of stay targets introduced in 2011 to transfer 
90% of patients out of ED within 4 hours by 2015,26 only a 
third of patients were transferred within this timeframe to a 
stroke unit (30% in both groups), with a further 7.6% of in-
tervention patients and 12.2% of control patients suboptimally 
transferred out of ED within 4 hours but not to a stroke unit. 
Admission to stroke units is dependent on organizational pro-
cesses including appropriate staffing, typically beyond the im-
mediate control of ED clinicians.

The ED is a challenging environment because of the broad 
range of patient conditions treated and unpredictable degrees of 
clinical urgency. Two stroke-related implementation random-
ized controlled trials, both targeting tPA administration using 
multifactorial strategies including barrier assessments, reported 
similar difficulties in achieving ED practice change.27,28 A re-
cent trial using interactive simulation workshops for ED staff 

did improve thrombolysis rates but not median door-to-imaging 
nor door-to-needle times.29 Explanations for previous lack of 
success in changing ED practice include workforce shortfalls, 
turnover of ED staff,30 lack of resources such as equipment,27 
workload, and overcrowding.27,31 The ED clinician must pri-
oritize assessment, resuscitation, diagnosis, and referral, and 
patients with acute stroke may be regarded by ED clinicians as 
lower priority, particularly as there are no bedside modalities 
to monitor cerebral perfusion. As part of our multifaceted im-
plementation strategy, ongoing intensive structured support was 
regularly provided to clinical champions throughout the imple-
mentation process; hence, it is unlikely that dose was insuffi-
cient. We acknowledge other factors occur in the stroke unit 
and elsewhere, which affect care. We were trying to enhance 
business as usual in the ED, testing whether facilitated efforts 
to improve ED practices could be achieved and whether this 
resulted in improved 90-day outcomes. The randomized control 
trial design and our adjustment for baseline cluster level values 
of the outcome should account for other variables that may have 
impacted on patient’s outcome. The process evaluation to be re-
ported separately will examine influential, organizational, con-
textual, and structural factors for low-intervention uptake.

With respect to methodological limitations, we first ac-
knowledge the higher recruitment rate for the postinterven-
tion cohort because of adoption of the newly available opt-out 
consent process. While different recruitment strategies were 
used for the pre- and postintervention cohorts, this method 
was used consistently between the intervention and control 
group. While the sample also comprised more mild to mod-
erate strokes and more ischemic strokes than expected, these 
patients were evenly distributed between groups, and outcomes 
were adjusted for preintervention outcomes at the hospital 
level minimizing bias. Our withdrawals were higher pos-
tintervention (8.8%) compared with preintervention (3.4%), 
which we attribute to the postimplementation opt-out consent 
process. A further 7.9% preintervention and 10.2% postinter-
vention were lost to follow-up. Importantly, loss to follow-up 
was evenly distributed between groups, and an analysis that 
included all patients using multiple imputation for missing 
data did not change the results. These potential limitations are 
balanced by methodological strengths. Excellent engagement 

Table 2. Primary and Secondary Outcomes: Number (%) or Mean (SD) 90-d Posthospital Admission

90-d Outcome (ICC)

Group

Absolute Difference (95% CI)Intervention (n=748), n (%) Control (n=546), n (%) P Value*

Death or dependency (mRS score ≥2) (0.013) 400 (53.5%) 266 (48.7%) 0.24 4.19 (−2.85 to 11.24)

 (n=655) (n=519)  

Barthel Index (BI ≥95) (0.009) 478 (73.0%) 386 (74.4%) 0.87 −0.46 (−6.12 to 5.19)

 (n=646) (n=516)  

SF-36 Physical Health (PCS score) (0.006), mean (SD) 46.1 (10.5) 46.7 (10.2) 0.41 −0.58 (−1.98 to 0.81)

SF-36 Mental Health (MCS score) (0.00†), mean (SD) 48.5 (12.5) 48.4 (11.6) 0.49 0.40 (−0.74 to 1.54)

Analyses adjusted for correlation within hospitals using a generalized estimating equation framework and for preintervention cluster-level summary values of 
outcome (proportion for binary outcomes and means for continuous outcomes). ICC indicates intracluster correlation coefficient; ED, emergency department; MCS, 
mental component summary; mRS, modified Rankin Scale; and PCS, physical component summary.

*P value for Wald test from regression model.
†Small negative value rounded to zero.
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was achieved with 26 sites in 4 large Australian jurisdictions, 
and large patient cohorts were recruited. The implementation 
strategy was evidence-based2,4 and theoretically informed,9,11 
with the use of an existing matrix32 to assist selection of ap-
propriate behavior change techniques.11 Assessment of bar-
riers and development of action plans in conjunction with 

clinicians maximized clinician engagement. Such tailoring of 
interventions is a feature of effective implementation in other 
contexts.14 Constant implementation monitoring at each site 
was a further strength.

The T3 Trial illustrates the value of rigorous implementa-
tion research to evaluate clinician behavior and organizational 

Table 3. ED Quality of Care Secondary Outcomes

Outcome (ICC)

Group

P Value*
Absolute Difference 

(95% CI)
Intervention 

(n=918) n (%)
Control (n=673) 

n (%)

Triage

                                Australiasian Triage Scale category 1 or 2 (to be seen in <10 min; 0.030) 567 (61.8%) 415 (61.7%) 0.37 3.1 (−3.7 to 9.9)

Thrombolysis

                                Screened for eligibility for tPA (0.127) 560 (61.0%) 340 (50.5%) 0.69 3.2 (−12.4 to 18.7)

                                Received intravenous tPA (0.025) 180 (19.6%) 154 (22.9%) 0.25 −3.8 (−10.2 to 2.7)

Fever

                                Temperature taken on ED admission (0.133) 655 (71.4%) 472 (70.1%) 0.07 8.7 (−0.6 to 17.9)

                                4 hourly temperature taken in ED (0.0127) 700 (76.3%) 557 (82.8%) 0.91 0.5 (−7.8 to 8.7)

                                Temperature taken on ED admission and 4 hourly in ED (0.212) 537 (58.5%) 412 (61.2%) 0.19 7.8 (−3.9 to 19.5)

                                Temperature ≥37.5°C while in ED (0.005) 35 (3.8%) 27 (4.0%) 0.80 0.3 (−1.7 to 2.2)

                                 Received paracetamol <60 min of first ED temperature ≥37.5°C 2 (5.7%) 0 (0%) NA† NA†

Glucose

                                Formal venous (laboratory) blood glucose on ED admission (0.147) 534 (58.2%) 322 (47.8%) 0.95 −0.7 (−21.6 to 20.2)

                                Finger-prick BGL on ED admission (0.104) 528 (57.5%) 390 (57.9%) 0.93 −0.6 (−13.6 to 12.5)

                                6 hourly finger-prick BGL taken in ED (0.032) 638 (69.5%) 520 (77.3%) 0.30 −4.3 (−12.4 to 3.8)

                                Finger-prick BGL taken on ED admission and 6 hourly in ED (0.127) 400 (43.6%) 321 (47.7%) 0.81 −1.4 (−13.2 to 10.4)

                                Laboratory or finger-prick BGL >10 mmol/L while in ED (0.004) 120 (13.1%) 74 (11.0%) 0.35 1.9 (−2.2 to 6.0)

                                 Received insulin <60 min of first ED blood glucose reading >10 mmol/L 
(0.008)‡

12 (10.0%) 5 (6.8%) 0.47 2.9 (−5.1 to 11.0)

Swallow screening

                                NBM or received a swallowing screen or assessment with 24 h of ED 
admission (0.058)

840 (91.5%) 591 (87.8%) 0.29 3.6 (−3.1 to 10.4)

                                Swallow screen or assessment within 24 h of ED admission (0.071) 748 (81.5%) 547 (81.3%) 0.88 0.7 (−8.4 to 9.8)

                                Given oral food/fluids before first swallow screen/assessment (0.077) 91 (9.9%) 85 (12.6%) 0.47 −2.4 (−8.9 to 4.1)

                                 Given oral food/fluids in ED before first swallow screen/assessment 
(0.023)

42 (46.2%) 56 (65.9%) 0.14 −4.6 (−10.7 to 1.5)

                                Given oral medication before first swallow screen/assessment (0.047) 226 (24.6%) 176 (26.2%) 0.98 0.1 (−9.0 to 9.3)

                                 Given oral medication in ED before first swallow screen/assessment 
(0.039)

154 (68.1%) 112 (63.6%) 0.77 1.1 (−6.5 to 8.7)

                                Failed swallow screen in ED (0.066) 152 (16.6%) 82 (12.2%) 0.07 7.8 (0.8–16.3)

                                 After failing swallow screen in ED, received a formal swallow 
assessment by speech pathologist (0.088)‡

138 (90.8%) 68 (82.9%) 0.41 5.3 (−7.2 to 17.7)

Transfer

                                Transferred to stroke unit within 4 h (0.037) 277 (30.2%) 203 (30.2%) 0.79 1.3 (−8.0 to 10.5)

On admission: <60 min of arrival to ED, 4 hourly: <4.5 h, 6 hourly: <6.5 h. BGL indicates blood glucose level; ED, emergency department; ICC, intracluster correlation 
coefficient; NBM, nil by mouth; and tPA, tissue-type plasminogen activator.

*P Value for Wald test from regression model.
‡Analyses adjusted for correlation within hospitals using a generalized estimating equation framework (except where sufficient data were unavailable) for 

preintervention cluster-level summary values of outcome (proportion for binary outcomes and means for continuous outcomes).
†Generalized estimating equation algorithm did not converge because of insufficient data.
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change strategies before considering a wider rollout across 
health services, thus minimizing health system waste. The 
findings invite consideration of new models of care, such 
as targeted liaison by an experienced acute stroke nurse or 
stroke nurse practitioner to assist ED nurses to provide ev-
idence-based stroke care before transfer to the stroke unit. 
These models would extend the current Code Stroke model 
that predominantly focuses on tPA administration and could 
involve bypassing the ED altogether, with direct admission to 
the stroke unit. ED implementation trials are a priority for ef-
ficient, safer, and cost-effective health care.

Appendix
T3 Trialist Collaborators: We thank Christopher May, Rohan Grimley, 
Richard Paolini for assisting with site engagement; Todd Allen, 
Asmara Jammali-Blasi, Rosemary Phillips, Janne Pitkin, Enna 
Salama, Toni Sheridan (state co-ordinators); Benjamin McElduff 
(junior statistician).

Acknowledgments
We thank all participating patients, nurse unit managers, speech 
pathologists, ED directors, stroke unit directors, and endocrinolo-
gists, and nurses from participating hospitals (Appendix IV in the 
online-only Data Supplement).

Sources of Funding
The study was supported by National Health Medical Research 
Council APP1024812 (2012–2017). Prof Cadilhac (co-funded 
Heart Foundation: 1063761) and Dr Levi (Practitioner: 1043913) 
were supported by National Health Medical Reasearch Council 
fellowship funding; Dr Grimshaw by Canada Research Chair in 
Health Knowledge Transfer and Uptake. Trial sponsors had no role 
in study design, data collection, data analysis, data interpretation, 
or report writing.

Disclosures
Following funding, Prof Middleton was appointed to the Research 
Committee of the National Health and Medical Research Council. 
The other authors report no conflict.

References
 1. Considine J, McGillivray B. An evidence-based practice approach to 

improving nursing care of acute stroke in an Australian Emergency 
Department. J Clin Nurs. 2010;19:138–144. doi: 10.1111/j.1365-2702. 
2009.02970.x

 2. National Stroke Foundation. National Stroke Audit – Acute Services 
Clinical Audit Report. 2013. https://informme.org.au/-/media/A3039E 
82D9FF4BC7803B5C67B42DBBB0.ashx?la. Accessed June 30, 2018.

 3. Drury P, Levi C, D’Este C, McElduff P, McInnes E, Hardy J, et al. 
Quality in Acute Stroke Care (QASC): process evaluation of an inter-
vention to improve the management of fever, hyperglycemia, and swal-
lowing dysfunction following acute stroke. Int J Stroke. 2014;9:766–776. 
doi: 10.1111/ijs.12202

 4. Middleton S, McElduff P, Ward J, Grimshaw JM, Dale S, D’Este C, et 
al; QASC Trialists Group. Implementation of evidence-based treatment 
protocols to manage fever, hyperglycaemia, and swallowing dysfunction 
in acute stroke (QASC): a cluster randomised controlled trial. Lancet. 
2011;378:1699–1706. doi: 10.1016/S0140-6736(11)61485-2

 5. Middleton S, Coughlan K, Mnatzaganian G, Low Choy N, Dale S, 
Jammali-Blasi A, et al. Mortality reduction for fever, hyperglycemia, 
and swallowing nurse-initiated stroke intervention: QASC Trial (Quality 
in Acute Stroke Care) follow-up. Stroke. 2017;48:1331–1336. doi: 
10.1161/STROKEAHA.116.016038

 6. Australian Commission on Safety and Quality in Health Care. Economic 
evaluation of investigator-initiated clinical trials conducted by net-
works. https://www.Safetyandquality.Gov.Au/publications/economic- 

evaluation-of-investigator-initiated-clinical-trials-conducted-by- 
networks/. Accessed May 30, 2017.

 7. Middleton S, Levi C, Dale S, Cheung NW, McInnes E, Considine J,  
et al; T3 Trialist Collaborators. Triage, treatment and transfer of patients with 
stroke in emergency department trial (the T3 Trial): a cluster randomised trial 
protocol. Implement Sci. 2016;11:139. doi: 10.1186/s13012-016-0503-6

 8. Gauberti M, De Lizarrondo SM, Vivien D. The “inflammatory pe-
numbra” in ischemic stroke: From clinical data to experimental evi-
dence. Eur Stroke J. 2016;1:20–27.

 9. Craig LE, McInnes E, Taylor N, Grimley R, Cadilhac DA, Considine J, 
et al. Identifying the barriers and enablers for a triage, treatment, 
and transfer clinical intervention to manage acute stroke patients 
in the emergency department: a systematic review using the theo-
retical domains framework (TDF). Implement Sci. 2016;11:157. doi: 
10.1186/s13012-016-0524-1

 10. French SD, Green SE, O’Connor DA, McKenzie JE, Francis JJ, 
Michie S, et al. Developing theory-informed behaviour change interven-
tions to implement evidence into practice: a systematic approach using 
the theoretical domains framework. Implement Sci. 2012;7:38. doi: 
10.1186/1748-5908-7-38

 11. Craig L, Taylor B, Grimley R, Cadilhac D, McInnes E, Phillips R, et al. 
Development of a theory-informed implementation intervention to im-
prove the triage, treatment and transfer of stroke patients in emergency 
departments using the Theoretical Domains Framework (TDF): The T3 
trial. Implement Sci. 2016;12:1–17.

 12. Middleton S, Levi C, Ward J, Grimshaw J, Griffiths R, D’Este C, et 
al. Fever, hyperglycaemia and swallowing dysfunction management in 
acute stroke: a cluster randomised controlled trial of knowledge transfer. 
Implement Sci. 2009;4:16. doi: 10.1186/1748-5908-4-16

 13. Flodgren G, Parmelli E, Doumit G, Gattellari M, O’Brien MA, Grimshaw J, 
et al. Local opinion leaders: Effects on professional practice and health 
care outcomes. Cochrane Database Syst Rev. 2011;10:CD000125.

 14. Baker R, Camosso-Stefinovic J, Gillies C, Shaw EJ, Cheater F, Flottorp S, 
et al. Tailored interventions to overcome identified barriers to change: 
effects on professional practice and health care outcomes. Cochrane 
Database Syst Rev. 2010;17:CD005470.

 15. Bamford J, Sandercock P, Dennis M, Burn J, Warlow C. Classification 
and natural history of clinically identifiable subtypes of cerebral infarc-
tion. Lancet. 1991;337:1521–1526.

 16. Brott T, Adams HP Jr, Olinger CP, Marler JR, Barsan WG, Biller J, et al. 
Measurements of acute cerebral infarction: a clinical examination scale. 
Stroke. 1989;20:864–870.

 17. de Haan R, Limburg M, Bossuyt P, van der Meulen J, Aaronson N. 
The clinical meaning of Rankin ‘handicap’ grades after stroke. Stroke. 
1995;26:2027–2030.

 18. Mahoney FI, Barthel DW. Functional evaluation: the barthel index. Md 
State Med J. 1965;14:61–65.

 19. Ware JE. SF-36 Health Survey: Manual and Interpretation Guide. 
Boston: The Health Institute, New England Medical Center; 1993.

 20. Hemming K, Marsh J. A menu-driven facility for sample-size calcula-
tions in cluster randomized controlled trials. Stata J. 2013;13:114–135.

 21. SAS Institute Inc. Base SAS® 9.4 Procedures Guide: Statistical 
Procedures. 2nd Ed. Cary, NC: SAS Institute Inc; 2013.

 22. Paul CL, Levi CR, D’Este CA, Parsons MW, Bladin CF, Lindley RI, 
et al; Thrombolysis ImPlementation in Stroke (TIPS) Study Group. 
Thrombolysis ImPlementation in Stroke (TIPS): evaluating the effec-
tiveness of a strategy to increase the adoption of best evidence practice–
protocol for a cluster randomised controlled trial in acute stroke care. 
Implement Sci. 2014;9:38. doi: 10.1186/1748-5908-9-38

 23. Stroke Foundation. National Stroke Audit Acute Services Report. 2017. 
https://informme.org.au/-/media/7D1480925C2046BA914F3F66D392B
83A.ashx?la. Accessed July 28, 2017.

 24. Meretoja A, Weir L, Ugalde M, Yassi N, Yan B, Hand P, et al. Helsinki 
model cut stroke thrombolysis delays to 25 minutes in Melbourne in 
only 4 months. Neurology. 2013;81:1071–1076. doi: 10.1212/WNL. 
0b013e3182a4a4d2

 25. Chen YF, Hemming K, Stevens AJ, Lilford RJ. Secular trends and eval-
uation of complex interventions: the rising tide phenomenon. BMJ Qual 
Saf. 2016;25:303–310. doi: 10.1136/bmjqs-2015-004372

 26. Sullivan C, Staib A, Khanna S, Good NM, Boyle J, Cattell R, et al. The 
National Emergency Access Target (NEAT) and the 4-hour rule: time to 
review the target. Med J Aust. 2016;204:354.

 27. Dirks M, Niessen LW, van Wijngaarden JD, Koudstaal PJ, Franke CL, 
van Oostenbrugge RJ, et al; PRomoting ACute Thrombolysis in Ischemic 
StrokE (PRACTISE) Investigators. Promoting thrombolysis in acute 

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 12, 2020

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.118.020701
https://informme.org.au/-/media/A3039E82D9FF4BC7803B5C67B42DBBB0.ashx?la
https://informme.org.au/-/media/A3039E82D9FF4BC7803B5C67B42DBBB0.ashx?la
https://www.Safetyandquality.Gov.Au/publications/economic-evaluation-of-investigator-initiated-clinical-trials-conducted-by-networks/
https://www.Safetyandquality.Gov.Au/publications/economic-evaluation-of-investigator-initiated-clinical-trials-conducted-by-networks/
https://www.Safetyandquality.Gov.Au/publications/economic-evaluation-of-investigator-initiated-clinical-trials-conducted-by-networks/
https://informme.org.au/-/media/7D1480925C2046BA914F3F66D392B83A.ashx?la
https://informme.org.au/-/media/7D1480925C2046BA914F3F66D392B83A.ashx?la


Middleton et al  T3 Trial  1355

ischemic stroke. Stroke. 2011;42:1325–1330. doi: 10.1161/STROKEAHA. 
110.596940

 28. Scott PA, Meurer WJ, Frederiksen SM, Kalbfleisch JD, Xu Z, Haan  
MN, et al; INSTINCT Investigators. A multilevel intervention to increase 
community hospital use of alteplase for acute stroke (INSTINCT): a 
cluster-randomised controlled trial. Lancet Neurol. 2013;12:139–148. 
doi: 10.1016/S1474-4422(12)70311-3

 29. Haesebaert J, Nighoghossian N, Mercier C, Termoz A, Porthault S, 
Derex L, et al. Improving access to thrombolysis and inhospital manage-
ment times in ischemic stroke. a stepped-wedge randomizedttrial. Stroke. 
2018;49:405–411.

 30. Nursing Workforce Sustainablity. Nursing Workforce Sustainability: 
Improving Nurse Retention and Productivity. https://www.Health.Gov.

Au/internet/main/publishing.Nsf/content/29418ba17e67abc0ca257d
9b00757d08/$file/nursing%20workforce%20sustainability%20-%20
improving%20nurse%20retention%20and%20productivity%20report.
Pdf. Accessed March 17, 2017.

 31. Paul CL, Ryan A, Rose S, Attia JR, Kerr E, Koller C, et al. How can 
we improve stroke thrombolysis rates? A review of health system 
factors and approaches associated with thrombolysis administra-
tion rates in acute stroke care. Implement Sci. 2016;11:51. doi: 
10.1186/s13012-016-0414-6

 32. Michie S, Johnston M, Francis JJ, Hardeman W, Eccles MP. From 
theory to intervention: Mapping theoretically derived behavioural 
determinants to behaviour change techniques. Appl Psychol Int Rev. 
2008;57:660–680.

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 12, 2020

https://www.Health.Gov.Au/internet/main/publishing.Nsf/content/29418ba17e67abc0ca257d9b00757d08/$file/nursing%20workforce%20sustainability%20-%20improving%20nurse%20retention%20and%20productivity%20report.Pdf
https://www.Health.Gov.Au/internet/main/publishing.Nsf/content/29418ba17e67abc0ca257d9b00757d08/$file/nursing%20workforce%20sustainability%20-%20improving%20nurse%20retention%20and%20productivity%20report.Pdf
https://www.Health.Gov.Au/internet/main/publishing.Nsf/content/29418ba17e67abc0ca257d9b00757d08/$file/nursing%20workforce%20sustainability%20-%20improving%20nurse%20retention%20and%20productivity%20report.Pdf
https://www.Health.Gov.Au/internet/main/publishing.Nsf/content/29418ba17e67abc0ca257d9b00757d08/$file/nursing%20workforce%20sustainability%20-%20improving%20nurse%20retention%20and%20productivity%20report.Pdf
https://www.Health.Gov.Au/internet/main/publishing.Nsf/content/29418ba17e67abc0ca257d9b00757d08/$file/nursing%20workforce%20sustainability%20-%20improving%20nurse%20retention%20and%20productivity%20report.Pdf



