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ABSTRACT

Background Door-to-needle time (DTN) has an important
impact on thrombolysis and reperfusion outcomes in the
treatment of acute ischaemic stroke. This systematic
review is a critical synthesis of studies evaluating DTN
reduction strategies.

Method Ovid MEDLINE, PubMed, Cochrane Database
of Systematic Reviews, CINAHL, ProQuest dissertations
and LILACS were used as bibliographic databases

for primary literature. CIHI, Health Quality Council of
Alberta, Health Quality Ontario and websites of heart and
stroke associations in Canada, USA, UK, Australia and
New Zealand were used as sources of grey literature.
Searched reports were screened by title and abstract,
and full texts were located for review. Articles quality
was evaluated using National Institute of Health’s Study
Quality Assessment tools. Methods for improving DTN
were categorised under 13 DTN reduction strategies,
primarily adapted from the Target: Stroke Phase I
recommendations, and including two additional categories:
Strategies not encompassed by any Target: Stroke
recommendation, and Combinations of Interventions.
Results 96 studies (4 randomised control trials, 1
review, 91 observational pre/post studies) were included
in the review. All strategies and interventions resulted in
a reduction of DTN. Approaches using combinations of
interventions were the most effective at reducing DTN
(33.77% DTN reduction, standard mean difference=1.857,
95% Cl=1.510-2.205), and were more effective than
approaches using only a single strategy (p=0.040). DTN
reduction was associated with the duration of the DTN
reduction programme at each facility (p=0.006).
Interpretation The greatest reductions in DTN were
observed when implementing combinations of DTN
reduction strategies, although there was no significant
advantage to implementing more than two strategies
simultaneously.

PROSPERO registration number 42016036215.

INTRODUCTION

Thrombolysis has been shown to improve
stroke outcomes by reducing disability,' and
it is most effective when administered early.””
Performance measurement of an acute stroke
service can be evaluated based on the time
from patient arrival at the hospital to the
time of alteplase (tissue plasminogen acti-
vator (tPA)) administration or door-to-needle
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time (DTN).! From stroke onset to alteplase
administration, multiple teams (Emergency
Medical System (EMS), care centre emer-
gency department, acute stroke team) work
in coordination to deliver care. Healthcare
providers possess varying knowledge, skills
and resources to care for acute stroke patients,
and thus the logistics of delivering effec-
tive and efficient care can be challenging.
However, it is possible to consistently reduce
the DTN through targeted procedural and
system-level changes.*” The American Stroke
Association implemented the Target: Stroke
programme in 2010 to provide guidelines for
achieving DTN of less than 60 min.* ® The
programme was updated in 2015 with Target:
Stroke Phase II, which built on the success of
the first phase and provided organisational
recommendations for improving care facility
DTN/ Despite the Target: Stroke campaign’s
success, there is currently no published system-
atic evaluation of which recommended strat-
egies are most effective for improving systems
of acute stroke care. The lack of guidance is
particularly noticeable when contrasted with
other time-sensitive DTN initiatives affecting
patient prognosis and outcomes, such as
those studied in acute coronary syndrome
systems of care.

To address the knowledge gap, we
performed a systematic review and meta-
analysis of all published DTN reduction
initiatives to date. The goal of the systematic
review is to clearly identify the most effec-
tive strategies for improving and reducing
DTN to provide a recommendation for
acute ischaemic stroke care improvement.
The broader learnings from the review may
be useful beyond the scope of intravenous
alteplase treatments, with applicability to
door-to-puncture time and door-to-balloon
time initiatives as well. This study adds to the
current body of knowledge by summarising
and comparing interventions to reduce DTN
for acute ischaemic stroke. We hypothesise

BM)

Siarkowski M, et al. BMJ Open Quality 2020;9:6000915. doi:10.1136/bmjoq-2020-000915 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-6469-377X
http://orcid.org/0000-0002-0410-4232
http://dx.doi.org/10.1136/bmjoq-2020-000915
http://dx.doi.org/10.1136/bmjoq-2020-000915
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjoq-2020-000915&domain=pdf&date_stamp=2020-08-03

Open access

I

Table 1 Patient Intervention Comparison Outcome: PICO statement
PICO aspect
Population Care facilities admitting patients for treatment of acute ischaemic stroke with intravenous thrombolytic therapy.

Intervention

The review will only consider studies where a door-to-needle optimisation programme was in place, wherein
the goal of the programme was to reduce the time from suspected acute ischaemic stroke patient intake at a
care facility until the point where they received thrombolytic therapy.

Interventions, defined here as methods or programmes to reduce door-to-needle times, will be the focus of
If a study introduces different interventions to reduce door-to-needle times at different time points, the previous

Across studies, different methods to reduce door-to-needle times will be considered active control
interventions. The common core feature to all active control interventions is a specific aim and detailed method
to reduce door-to-needle time for ischaemic thrombotic stroke patients, and may include prehospital care or

a component of door-to-needle time (door-to-imaging time, imaging-to-needle time, etc). Trials including only
one component of the intervention will be limited to comparison among data sets for the same component (eg,
door-to-imaging time data will only be compared with door-to-imaging time data from other studies). Where
two or more interventions, each for a different component, are combined in a study, data will be both split into

Comparison/control

comparison.

time point will be considered inactive control interventions.

its components and compared against other complete interventions as a novel method.
Outcome

The primary outcome measured for all compared studies is the absolute improvement of the door-to-needle

measurement, in units of time (usually minutes).

that some DTN reduction strategies would result in
greater DTN improvement than others. This review
aimed to answer the question: for care facilities admit-
ting patients for treatment of acute ischaemic stroke with
intravenous thrombolytic therapy, which interventions
to reduce in-hospital delays, when compared with other
strategies, have been most effective at reducing DTN?

METHODS

Protocol and registration

The review adhered to recommendations in the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement and registered with PROS-
PERO (accessible from the NHS PROSPERO website
http://www.crd.york.ac.uk/PROSPERO/). Drafting was
performed according to MOOSE guidelines.8

Patient involvement

This research was done without patient involvement.
Patients were not invited to comment on the study
design and were not consulted to develop patient rele-
vant outcomes or interpret the results. Patients were not

invited to contribute to the writing or editing of this docu-
ment for readability or accuracy.

Literature search

A qualified health sciences librarian (at least MLIS, or
equivalent) conducted searches of Ovid MEDLINE,
PubMed, Cochrane Database of Systematic Reviews,
CINAHL, ProQuest dissertations and the LILACS data-
base based on the Patient Intervention Comparison
Outcome (PICO) statement outlined in table 1. CIHI,
Health Quality Council of Alberta, Health Quality
Ontario and websites of heart and stroke associations in
Canada, USA, UK, Australia and New Zealand were used
as sources of grey literature. Hand-searching through
reference lists of obtained articles was performed on
articles passing full-text screening. Databases and grey
literature sources were last searched on 1 August 2019,
covering all publication date ranges to 1 August 2019.
Figure 1 shows our detailed search strategy, which was
informally peerreviewed by another health sciences
library prior to execution.

Database(s): Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 1945 to Present

# | Searches

Results

exp Stroke/

114774

[l

stroke™ kftw.

214735

3l1or2

247376

=

exp Thrombolytic Therapy/ or exp Tissue plasminogen activator/

34381

4]

(thromboly* or tissue plasminogen activator or tpa) kf tw.

59271

6l4or3

70847

7 | (door-to-needle or dtn or dnt or door-to-thrombolysis or in-hospital delay*® or onset-to-treatment or interval time* or triage-to-treatment or door-to-CT or treatment time or tPA time).kf,tw. | 13341

8 |/3andGand7

710

Figure 1
identified databases as of 1 August 2019.

Example of detailed search strategies for used databases. Search strategy included all studies available through the
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Study selection

We included studies assessing the efficacy of DTN reduc-
tion strategies. A DTN reduction strategy was any method
implemented at a care centre with intent to reduce the
time between hospital entry and administration of intra-
venous thrombolytic agent to acute ischaemic stroke
patients. The study inclusion criteria were as follows: (1)
patients must be initially diagnosed with acute ischaemic
stroke, (2) study patients must receive thrombolytic treat-
ment (eg, alteplase) via intravenous route, (3) the study
must record time taken from hospital entry until admin-
istration of intravenous thrombolytic therapeutic, (4) a
formal protocol, provision or plan for reducing DTN must
have been implemented over the course of the study, (5)
comparative data must be present, with a clear result as to
margins of improvement post implementation of DTN-
improvement protocol versus pre-implementation at the
same facilities.

Only full records in English or translated to English were
considered as no group member was sufficiently fluent in
other languages to translate otherwise available studies.
Records subject to change or updates (eg, abstracts)
were rejected from consideration. All study designs were
included. No restriction was placed on publication date.

Independently, three reviewers reviewed titles and
abstracts retrieved from the search and two reviewers
assessed the eligibility of the full papers corresponding
to records passing the initial screen. Both screen phases
were carried out by two or more reviewers independently
following achievement of an acceptable interrater reli-
ability score (Cohen’s kappa coefficient). Disagreements
on study rating were resolved through arbitration by the
principal investigator.

Data extraction
Data were independently extracted from eligible reports
and entered into a pre-designed spreadsheet (online
supplementary table 1). Extracted study characteris-
tics were established a priori ((1) duration of strategy
implementation (months), (2) hospital type (teaching vs
community), (3) registration with a database (yes/no),
(4) health practitioner type (neurology vs emergency),
(b) stroke centre designation, (6) the use of combination
interventions) and post hoc ((7) start date before or after
European Collaborative Acute Stroke Study III based on
group discussion and consensus of factors that have had
historical effects or those that might bear an effect).
Individual article quality and risk of bias was assessed
by two reviewers and evaluated for various characteristics,
including confounders, using the NIH Quality Assess-
ment Tools (available at https://www.nhlbi.nih.gov/
health-topics/study-quality-assessment-tools), specifically
‘Quality Assessment Tool for Observational Cohort and
Cross-Sectional Studies’, ‘Quality Assessment of Case—
Control Studies’, ‘Quality Assessment Tool for Pre-Post
Studies with No Control Group’ and ‘Quality Assessment
Tools of Controlled Intervention Studies’. Study quality
ratings of good, fair and poor were from the NIH website.

Publication bias was assessed by the Tweedie & Duval
(2000) Trim and Fill test with random-effects modelling.

Evidence quality for DTN reduction categories was
assessed using the GRADEpro application (available at
http://gdt.guidelinedevelopment.org/app/) to better
assess certainty of findings. Observational studies were
given default assessments of low quality, and randomised
controlled trials (RCTs) were high quality by default,
with additional downgrades or upgrades pertaining to
Grading of Recommendations Assessment Development
and Evaluation (GRADE) criteria.

Corresponding authors were contacted with an infor-
mation request for studies missing outcome data but
otherwise relevant and appropriate per the selection
criteria. Contact with authors followed the general form
laid out in online supplementary figure 1.

Statistical methods

The principal summary measure was standard mean differ-
ence (SMD) calculated from the mean of pre-intervention
and postintervention DTN. The SMD statistic (Cohen’s d,
calculated as mean difference between pre-intervention
and post-intervention DTN, divided by SD)? was selected
to represent DTN reduction associated with each strategy.
The rationale for the selection of SMD was to provide a
statistic that could be compared across studies and strate-
gies; SMD allows for accurate and absolute comparison of
strategy efficacy by controlling for studies with exception-
ally low or high starting DTNs where reductions are likely to
be smaller or larger.” Relative reduction (as per cent DTN
reduction) was included to improve accessibility of results,
however, was not used to make comparisons between cate-
gories due to limitations of inaccuracy of the statistic. Rela-
tive DTN reduction was calculated by averaging % reduc-
tion of each study within a category. Significance of overall
DTN improvement was calculated by paired t-test of pre-
intervention and post-intervention means.

Eleven strategies for improving DTN were adapted
directly from the Target: Stroke Phase II Campaign
Manual (2014) recommendations to reduce DTN,
with two additional categories for studies employing
multiple, simultaneous DTN reduction initiatives and
studies employing DTN reduction strategies outside of
the Target: Stroke Phase II recommendations (figure 2).
The 13 DTN reduction categories included: (1) EMS Pre-
Notification, (2) Stroke Tools, (3) Rapid Triage Protocol
and Stroke Team Notification, (4) Single Call Activation
System, (5) Transfer Directly to CT/MRI Scanner, (6)
Rapid Acquisition and Interpretation of Brain Imaging,
(7) Rapid Lab Testing (including Point of Care), (8)
Mix tPA Ahead of time, (9) Rapid Access and Adminis-
tration of intravenous tPA, (10) Team-based Approach,
(11) Prompt Data Feedback, (12) Strategies not encom-
passed by any Target: Stroke recommendation and (13)
Combinations of Interventions. For all studies employing
Combination Interventions, the results were pooled into
a single category for meta-analysis; unique combinations
were not treated as separate combinations, as the number
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EMS Pre-Notification
n=10

Stroke Tools
n=3

Rapid Triage Protocol and
Stroke Team Notification

n=8

single Call Activation System
n=0

Transfer Directly to CT/MRI
Scanner

n=2

Target: Stroke Phase Il
Quality Improvement
Guidelines

n=28

Rapid Acquisition and
Interpretation of Brain Imaging

n=1

Single Strategy Quality
Improvement
Initiatives

n=41

Door-to-Needle Time
Quality Improvement
initiatives

Mon-Target Quality
Improvement
Strategies

n=19

Combinations of
Quality Improvement

Rapid Laboratory Testing
(Including Point of Care Testing)

n=0

Mix tPA Ahead of Time
n=0

Rapid Access and
Administration of Intravenous
tPA

n=1

Emergency Medical Service providers
should provide early pre-notification to
the receiving hospital when stroke is
recognized in the field

A Stroke Toolkit contains rapid triage
protocol, clinical decision support, NIH
Stroke Scale, other toals, and should be
utilized for each patient

Acute triage protocols facilitating the
timely recognition of stroke and
reducing time-to-treatment

A single call that activates the entire
stroke team, including notification for
rapid availability of brain imaging tools

Guided by pre-specified protocols,
eligible stroke patients can be
transported from the ED triage area
directly to the CT/MRI scanner

Initiation of a brain CT (or MRI) scan as
quickly as possible after patient arrival

Strategies that, when indicated, achieve
laboratory results available no later
than 30 minutes after ED arrival

Mixing the drug and setting up the
bolus dose and one-hour infusion pump
as s00n as a patient is recognized as a
tPA candidate

Team-Based Approach
n=0

Prompt Data Feedback
n=7

Prompt administration of intravenous
tPA once eligibility has been
determined and intracranial

hemorrhage has been excluded

Any team-based approach on
standardized stroke pathways and
protocols, including interdisciplinary
collaborative teams

Data monitoring and feedback systems
provide timely feedback and
recommendations for facilities on a
case-by-case basis

Strategies not falling in to other

Initiatives
n=44

categories

Any combination of the other
interventions

Figure 2 List of reviewed quality improvement categories. Recommendations 1-11 were adapted from Target: Stroke Phase
Il. Category 12 (Non-Target Quality Improvement Initiatives) was added to capture quality improvement initiatives not falling
under any of the recommendations in Target: Stroke Phase Il. Category 13 (Combinations of Quality Improvement Initiatives)
was added to include studies employing multiple strategies simultaneously. Number of studies (n) listed under each category
heading. ED, Emergency Department; NIH, National Institute of Health; tPA, tissue plasminogen activator.

of unique possibilities would have reduced the likelihood
of adequate representation in the literature, preventing
meta-analysis. However, a meta-regression was performed
to determine if use of a strategy within a combination was
more efficacious in reducing DTN than other strategies.

Analyseswere conducted using STATA V.14. We conducted
direct and respective conversion of medians and interquar-
tile ranges to means and SD using the method outlined in
§7.7.3.5 of the Cochrane Handbook'” as needed.

Analyses were done assuming random-effects modelling
to account for heterogeneity inherent in grouping similar

but non-identical DTN reduction strategies. Studies in any
category may encompass different implementations that
abide by the original definition (eg, Rapid Laboratory
Testing may present as relocation of patient tissue sampling
location or relocation of labs), introducing inherent noise
to the data and making a random-effects model an appro-
priate choice. The 1° statistic was consequently chosen to
represent between-study variance.

Meta-regression was performed for the seven study
characteristics listed in the ‘Data extraction’ section.
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Records excluded
(n = 4359)

Full-text articles excluded, with
reasons
(n=484)

Non-IV Route of Administration: 8

No Comparative Data: 27
No DTN Reduction Initiative: 28
DTN Not Recorded: 16
Abstract Only/No Full Paper: 365

Records not in English: 23
No Author Reply to DTN

Information Request: 17

Y
c Records identified through Additional records identified
=) database searching through other sources
T (n=1923) (n=3026)
=
E=]
c
]
=
N Records after duplicates removed
(n=4949)
g
.E Y
[
o Records screened
@} (n = 4949)
v
P
Full-text articles assessed
for eligibility
= (n=590)
3
)
bl v
Studies included in
qualitative synthesis
(n=96)
L 4
-]
e Studies included in
% quantitative synthesis
£ (meta-analysis)
(n=96)

Figure 3 Summary of evidence search and selection. DTN, door-to-needle time.

Subgroup meta-analyses were performed for separate
study types (observational, RCT).

Two sensitivity analyses were performed, (1) removing
the three most heavily-weighted studies and (2) removing
studies with ‘Poor’ ratings on quality assessment with the
respective assessment tool.

RESULTS

Search results

Figure 3 shows the PRISMA flow chart and trial selec-
tion process. Ninety-six reports (1 review/meta-analysis,
4 RCTs, 91 pre/post observational studies) were selected
for analysis. No studies examined Single-call Activation

Systems, Rapid Lab Testing, Mixing tPA Ahead of Time
or Team-based Approaches as single-reduction strategies,
resulting in each respective category being dropped from
meta-analysis. All strategies were implemented as part of
atleast one Combination approach, and thus retained for
within-Combination analyses.

Inter-rater reliability assessment of articles is shown in
table 2 and exceeded calculated requirements.

Primary analyses and study characteristics

There were 96 studies involving 397545 acute ischaemic
stroke patients. Pooled DTN improvement for all inter-
ventions was SMD=1.418 (95% CI=1.243-1.594, ‘c2=0.694,

Table 2 Inter-rater agreement scores for screening

Screening stage Rater 1 Rater2 Inter-rater agreement (%) Expected agreement (%) Cohen’s kappa SE

Title and abstract AAS KL 71.91 55.31 0.4367 0.0804
AAS MS 83.03 55.31 0.6247 0.1025
MS KL 84.27 55891 0.6480 0.1060

Full text MS NK 92.86 56.38 0.8363 0.1890

Pilot phase for title and abstract screening carried out over 90 papers with each reviewer assigned to 60 papers, with overlap such that

each paper was scored by two reviewers.
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p<0.001). Meta-analyses are presented as a Forest plot in
figure 4. Record characteristics and the results of indi-
vidual studies are detailed in online supplementary table
1. Heterogeneity (1) could not be calculated for single-
study categories, and only exceeded a value of 1 for the
Combination Strategy category.

Within the 30 studies employing a Combination
approach, the number of DTN reduction strategies
applied ranged from 2 to 10, however, there was no
significant association between number of implemented
strategies and DTN improvement (p=0.255). Within
combination approaches, meta-regression found no
significant association between each of the Target: Stroke
strategies and DTN improvement, however, did find that
Non-Target Strategies were associated with DTN improve-
ment (p=0.02) (table 3).

Meta-regression

Duration (per month) of the DTN reduction programmes
at each facility (r=0.018, p=0.006) showed significant asso-
ciation with DTN improvement. Reductions in DTN were
more strongly associated with Combination strategies vs
Single-strategy approaches (p=0.016). No other factor
was significantly associated with DTN reduction (online
supplementary table 2).

Publication bias and quality

Funnel plots were inspected for evidence of publication
bias. Tweedie & Duval (2000) Trim and Fill test using
random-effects modelling imputed 51 additional studies
beyond the 96 original records (p=0.005).

Study quality was reported for individual studies in
online supplementary tables 3-5. Individual study quality
ranged from Poor to Good, with 16 studies ranked as
low-quality (1 RCT, 10 pre/post observational) 72 studies
ranked as fair-quality (1 review/meta-analysis, 2 RCT, 54
pre/post) and 8 studies ranked as being Good quality (1
RCT, 7 pre/post observational).

Overall quality of the evidence, including rationale for
upgrading and downgrading, was assessed by GRADE and
displayed in online supplementary table 6.

INTERPRETATION
The pooled DTN improvement among all studies was posi-
tive, indicating a benefit to engaging in acute ischaemic
stroke DTN reduction activities regardless of the chosen
strategy. Combinations of DTN reduction strategies were
determined to be the most effective method for reducing
DTN. Within the studies using combinations of DTN
reduction strategies, Prehospital Notifications or Non-
Target Strategies were each individually associated with
significant reductions in DTN, although there was no
significant DTN reduction observed when increasing the
total number of strategies implemented. Single-strategy
initiatives represented the second through seventh most
effective intervention types.

Based on SMD outcomes for DTN reduction (table 4),
the best initiatives in descending order of effectiveness

were: Combinations of DTN reduction strategies, Prompt
Data Feedback, EMS Pre-Notification, Non-Target Inter-
ventions and Rapid Triage Protocol and Stroke Team
Activation. A low number of studies for the Stroke Tools
strategy (n=3), Transfer Directly to CT/MRI strategy
(n=2), Rapid Acquisition and Administration of intra-
venous tPA strategy (n=1), and Rapid Acquisition and
Interpretation of Brain Imaging strategy (n=1) resulted
in these DTN reduction strategies being dropped from a
ranked comparison due to risk of bias and imprecision.

Direct-to-CT/MRI transfer was the best Single DTN
reduction strategy, however, lack of weight behind the
strategy may cause policymakers to fall back to the third
best Single-strategy initiative, Prompt Data Feedback,
which was supported by a larger number of studies (n=7),
maintained a high relative improvement value, and
was supported by a Moderate certainty rating from the
GRADE table.

From the meta-regression, the duration of the DTN
reduction initiative was the only variable universally asso-
ciated with reduced DTN. Heterogeneity was not above
the threshold for serious consideration (t°>1) for any
Single-strategy approach, despite the expected diver-
sity of studies in at least the Non-Target Intervention
category. Tests for Single-strategy publication bias were
deemed inappropriate due to the small (<10) numbers of
studies in each category, as per §7.7.3.5 of the Cochrane
Handbook."

Limitations

Restricting the review to English language articles
excluded 23 studies from consideration. It is unclear if
these studies would have been relevant on full-text review,
however, it is worthwhile to consider that addition of
these studies may have eliminated the pre-sensitivity anal-
ysis publication bias. If these studies were relevant to the
review, it is possible that our findings could have been
altered, changing the conclusions made in this research.
Seventeen studies directly relevant to the review were
omitted due to lack of key DTN improvement informa-
tion and failure to respond to information requests. It is
possible that incorporation of these missing-information
studies could have affected relative ranking among the
single-DTN reduction strategies. Not all Target: Stroke
Phase II recommendations were individually represented
in the literature. A final limitation is that the outcome
measures do not represent feasibility of implementation.
The implementation of some strategies may be more
appropriate to specific care facilities than others, and
low-cost strategies such as Prompt Data Feedback may not
require exorbitant costs or restructuring to implement
effectively.

Conclusions

The greatest reductions in DTN were observed in health-
care facilities implementing combinations of DTN reduc-
tion strategies, although there was no observed benefit to
implementing more than two strategies simultaneously.
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%

NameYear SMD (95% Cl) Weight
1 - Prehospital Notification
Kim et al. (2009 - 0.67 (0.25, 1.09) 9.99
Kim et al. (2016) - 0.93 (052, 1.33) 10.05
Busby et al. (2016) —@— 4.36 (3.60,5.11) 8.65
Bae et al. (2010) —— 0.79 (0.20, 1.39) 9.34
Linetal. (2012) a 0.11(0.10,0.12) 10.76
Hseih et al. (2016) a 0.44 (0.29, 0.60) 10.65
Sadeghi-Hokmabadi et al. (2018) - 2.30 (1.98, 2.62) 10.30
Zhang et al. (2018 - 0.59 (0.13, 1.05) 9.87
Casolla et al. (2013) - 1.27 (0.95, 1.59) 10.31
Wang et al. (2019) - 0.89 (0.49, 1.29) 10.07
Subtotal (I-squared = 97.8%, p = 0.000) <> 1.19 (0.69, 1.68) 100.00
2 - Stroke Tools
Ibrahim et al. (2016) [ ] 0.92 (0.63, 1.21) 3321
Willeit et al. (2015) . 0.22 (0.14, 0.30) 33.76
Zaidi et al. (2017) [ ] 2.46 (2.13,2.79) 33.03
Subtotal (I-squared = 98.9%, p = 0.000) s 1.19 (-0.06, 2.45) 100.00
3 - Rapid Triage Protocel & Stroke Team Notification
Gurav et al. (2018) - 0.98 (0.58, 1.39) 11.98
Sohn et al. (2015) = 0.99 (0.71, 1.28) 1329
Mehdiratta et al. (2006) = 0.23 (-0.13, 0.59) 12.49
Tai etal. (2012) = 1.21(0.95, 1.48) 1337
Chen et al. (2014) [ 1.40 (113, 1.67) 1333
Vanhoucke et al. (2019) -- 0.67 (0.18,1.17) 11.00
Hsaio et a. (2018) - 1.73 (1.31, 2.16) 11.72
Hebant st al. (2018) - 0.43(0.11,0.75) 12.82
Subtotal (I-squared = 87.0%, p = 0.000) <> 0.96 (0.63, 1.29) 100.00
4 - Transfer Directly to CT/MRI Scanner
Kamal et al. (2017) 8 0.98 (0.64, 1.32) 50.61
Wu et al. (2018) ! 1.99 (1.59, 2.40) 4939
Subtotal (I-squared = 92.9%, p = 0.000) 1.48 (0.49, 2.47) 100.00
5 - Prompt Data Feedback
Rhew etal. (2017) 2.12(0.13,4.11) 5.80
Prabhakaran et al. (2016) a 0.34(0.20, 0.49) 17.14
Ford et al. (2012) [ 3 0.78 (0.50, 1.06) 16.66
Liang et al. (2016) —a— 2.66 (1.70, 3.62) 11.83
Burnett etal. (2014) E 227 (1.91,262) 16.29
Ghrooda et al. (2012) - 1.21(0.72, 1.69) 15.48
Rotanski et al. (2017) - 0.43 (0.18, 0.68) 16.80
Subtotal (I-squared = 95.2%, p = 0.000) <> 1.25(0.67, 1.84) 100.00
6 - Non-Target Interventions
Hansen et al. (2017) - -1.13 (-1.59, -0.68) 543
Rech et al. (2017) - 1.87 (1.44, 2.30) 548
de Seebra Marte et al. (2016) —— 0.68 (0.20, 1.16) 5.36
Zhao etal. (2018) — 501(428,5.75) 468
Qin et al. (2018) - 0.74 (0.45, 1.03) 577
Ashkenazi st al. (2015) M 0.28 (0.03, 0.54) 583
Yoo et al. (2010) - 0.96 (0.52, 1.40) 547
Bhatt et al. (2012) - 1.16 (0.75, 1.57) 553
Hsieh et al. (2014) —a 1.78 (0.94, 2.61) 441
Ruff etal. (2017) - 1.61(1.26, 1.96) 5.66
Tansini etal. (2016) -- 0.68 (0.35, 1.01) 5.70
Moran et al. (2016) -a- 0.69 (0.34, 1.05) 5.66
Dirks etal. (2015) - 0.05 (-0.24, 0.34) 578
Ye et al. (2019) a 0.45 (0.34, 0.55) 6.00
Qin et al. (2019) — 1.48 (0.92, 2.05) 5.16
Puri et al. (2019) —e 2.16 (1.16, 3.15) 3.94
Klinger et al. (2019) - 0.45(0.15,0.75) 5.76
Shen et al. (2019) M- 0.26 (0.00, 0.52) 5.83
Acar et al. (2018) -—— 1.24 (-0.35, 2.84) 2.56
Subtotal (I-squared = 94.6%, p = 0.000) <> 1.00 (0.66, 1.34) 100.00
7 - Combinations of Interventions
Meretoja et al. (2012) > 13.12(11.54, 14.70) 161
Nazir et al. (2009) —— 0.63 (-0.11, 1.37) 218
Iglesias Mohendano et al. (2017) - 1.38 (1.18, 1.59) 240
Belt et al. (2016) —a— 1.74 (1.07, 2.41) 222
Haesebaert et al. (2018) - -0.06 (-0.21, 0.09) 2.40
Kamal et al. (2017) - 0.75 (0.50, 1.00) 238
Hseih etal. (2016) - 0.37(0.19, 0.54) 240
Hillen et al. (2017) — 0.07 (-0.61,0.47) 228
Ruff et al. (2014) - 211 (201, 2.21) 2.41
Chen et al. (2016) — 2.62(2.10, 3.14) 229
Puy etal. (2017) —a— 0.21(-0.19, 0.61) 234
Heo et al. (2010 - 0.51(0.33, 0.69) 240
Sakamoto et al. (2016) — 1,62 (0.99, 2.24) 224
Mainali et al. (2017) —— 0.60 (0.07,1.14) 2.28
Huang et al. (2016) - 4.01(3.64, 4.38) 2.35
Puclakka et al. (2010) —— 2,94 (2.52,3.36) 233
Sakamoto et al. (2016) —_— 1.53(0.89, 2.17) 223
Tveiten et al. (2009) —— 2.10 (0.92, 3.28) 189
Lindsberg et al. (2006) * 8.75(7.15,10.36) 1.60
Jeon etal. (2017) —_— 3.55 (273, 4.36) 213
Van Schaik et al. (2014) - 1.28 (0.92, 1.64) 2.35
Tan etal. (2018) - 0.28 (0.05, 0.52) 2.39
Wu et al. (2018) - 1.76 (1.47, 2.05) 238
Zaidi st al. (2016) - 2.08 (1.77, 2.39) 2.37
Sung etal. (2011) —a— 0.54 (-0.06, 1.07) 228
Kendall et al. (2015) - 0.32(0.10, 0.54) 2.39
Tahtali et al. (2017) - 1.30 (1.03, 1.58) 238
Heikkila et al. (2016) —— 1.19 (0.66, 1.72) 228
Shah stal. (2015) —e—  359(276 441) 213
Zuckerman et al. (2016) —a 0.55 (-0.22, 1.32) 216
Zhou et al. (2017) > 10.12(9.29, 10.95) 213
Zinstok et al. (2016) —a 4.96 (458, 5.35) 234
Hebant et al. (2017) —— 2.86 (2.27, 3.45) 2.26
Tan etal. (2018) - 0.37 (0.13, 0.61) 239
Candelaresi et al. (2017) —_— 323 (2.49, 3.96) 218
Kamal et al. (2019) - 1.05 (0.79, 1.31) 2.38
Han et al. (2019) - 0.80 (0.48, 1.12) 237
Bhatt et al. (2019) - 0.77 (0.52,1.01) 2.39
Ajmi etal. (2019) - 0.73 (0.55, 0.91) 2.40
Sablot et al. (2018) - 0.46 (0.17, 0.75) 2.38
Nguyen-Huynh et al. (2018) - 0.69 (0.55, 0.84) 2.40
McGrath et al. (2018) o ol 0.17 (-0.43, 0.77) 2.25
Iglesias Mochendaro et al. (2018) - 0.51(0.32, 0.69) 240
Egi et al. (2018) —a— 0.63 (0.05, 1.21) 226
Subtotal (I-squared = 98.4%, p = 0.000) < 1.86 (1.51, 2.20) 100.00
NOTE: Weights are from random effects analysis

| | 1

-2 0 2 5

Figure 4 Forest plot of standardised mean differences (SMD) for studies, with 95% CI, and weighting for individual studies and
categories of quality improvement (Ql) initiatives of acute ischaemic stroke management pathways by category.
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Table 3 Meta-regression of single DTN reduction strategies within Combination Interventions against standard mean

difference of door-to-needle time reduction

Variable Coefficient SE t p>[t| 95% ClI
Prehospital Notification 1.694 0.952 1.78 0.085 —0.248 to 3.637
Stroke Tools 1.206 0.978 1.23 0.227 —-0.788 to 3.201
Rapid Triage and Stroke Team Notification 0.985 0.958 1.03 0.312 -0.97 t0 2.94
Single Call Activation System —-0.559 1.542 -0.36 0.72 -3.706 to 2.587
Transfer Directly to CT/MRI -0.76 1.154 -0.66 0.515 -3.114 to 1.594
Rapid Acquisition and Interpretation of Brain Imaging —-0.096 1.233 -0.08 0.938 -2.611t02.419
Rapid Lab Testing (including PoC) 0.423 1.201 0.35 0.727 —2.026 to 2.873
Mixed tPA Ahead of Time 1.824 1.413 1.29 0.206 -1.056 to 4.706
Rapid Access and Administration of tPA 0.597 1.059 0.56 0.577 —1.563 to 2.757
Team-Based Approach -0.387 0.983 -0.39 0.696 -2.392t0 1.617
Prompt Data Feedback 0.174 1.135 0.15 0.879 -2.14 t0 2.489
Non-Target Interventions 2.362 0.966 2.44 0.02 0.391 to 4.332

DTN, door-to-needle time; tPA, tissue plasminogen activator.

Of the Target: Stroke Phase II DTN reduction strategies
represented, Prompt Data Feedback was associated with
the highest observed GRADEPro quality (moderate) and
is the foremost recommended Single-strategy approach
for improving DTN based on reviewed studies. DTN was
inversely related with the duration of a DTN reduction
initiative, suggesting some benefit to continued DTN
reduction campaigns over time. Underrepresentation of
many Target: Stroke Phase II DTN reduction strategies
limits the confidence of the review’s comparative find-
ings. Future work should consider investigation into the
feasibility of DTN reduction strategy implementation to
better inform healthcare professionals and policy makers
on appropriate DTN reduction strategies.
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