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Effectiveness of interventions to improve
rates of intravenous thrombolysis using
behaviour change wheel functions: a
systematic review and meta-analysis
Md Golam Hasnain1* , John R. Attia1,2,3, Shahinoor Akter1,4, Tabassum Rahman1,5, Alix Hall2, Isobel J. Hubbard1,
Christopher R. Levi1,6 and Christine L. Paul1,2

Abstract

Background: Despite being one of the few evidence-based treatments for acute ischemic stroke, intravenous
thrombolysis has low implementation rates—mainly due to a narrow therapeutic window and the health system
changes required to deliver it within the recommended time. This systematic review and meta-analyses explores
the differential effectiveness of intervention strategies aimed at improving the rates of intravenous thrombolysis
based on the number and type of behaviour change wheel functions employed.

Method: The following databases were searched: MEDLINE, EMBASE, PsycINFO, CINAHL and SCOPUS. Multiple
authors independently completed study selection and extraction of data. The review included studies that
investigated the effects of intervention strategies aimed at improving the rates of intravenous thrombolysis and/or
onset-to-needle, onset-to-door and door-to-needle time for thrombolysis in patients with acute ischemic stroke.
Interventions were coded according to the behaviour change wheel nomenclature. Study quality was assessed
using the QualSyst scoring system for quantitative research methodologies. Random effects meta-analyses were
used to examine effectiveness of interventions based on the behaviour change wheel model in improving rates of
thrombolysis, while meta-regression was used to examine the association between the number of behaviour
change wheel intervention strategies and intervention effectiveness.

Results: Results from 77 studies were included. Five behaviour change wheel interventions, ‘Education’, ‘Persuasion’,
‘Training’, ‘Environmental restructuring’ and ‘Enablement’, were found to be employed among the included studies.
Effects were similar across all intervention approaches regardless of type or number of behaviour change wheel-
based strategies employed. High heterogeneity (I2 > 75%) was observed for all the pooled analyses. Publication bias
was also identified.

Conclusion: There was no evidence for preferring one type of behaviour change intervention strategy, nor for
including multiple strategies in improving thrombolysis rates. However, the study results should be interpreted with
caution, as they display high heterogeneity and publication bias.
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Background
Stroke causes 5.5 million deaths worldwide and requires
substantial treatment and post-stroke care-related eco-
nomic costs [1]. There are an estimated 80 million
stroke survivors worldwide, with an increase in absolute
numbers of disability-adjusted life years [1]. Acute ische-
mic stroke (AIS) refers to the most prevalent and disab-
ling form of stroke [2]. Intravenous thrombolysis (IVT)
is considered one of the mainstream therapies for AIS
since its approval in 1996 by the United States Food and
Drug Administration as a first-line treatment [3]. Des-
pite substantial evidence for both the safety and cost-
effectiveness of IVT, the implementation rate has
remained persistently low [4]. Subsequently, over 50
published studies deploying a variety of trial designs
have tested a variety of approaches to boost implementa-
tion rates. One major challenge for increasing IVT usage
is reducing onset-to-needle time, the sum of the onset-
to-door and the door-to-needle times. Several strategies
to reduce door-to-needle time have already been tested
and have achieved improvements in IVT rates. Delayed
patient arrival at hospital remains, however, one of the
major obstacles to better IVT implementation with
many studies focusing on approaches aiming to reduce
pre-hospital delay [5]. Several additional factors, relevant
at both individual and organisational levels, have been
identified as major rate-limiting factors for IVT imple-
mentation [6]. Patients’ and bystanders’ inability to rec-
ognise stroke symptoms and signs resulting in delayed
response in seeking support from healthcare providers
contributes to delayed hospital arrival [6]. Delays in
stroke recognition by paramedics and hospital staff, de-
lays in obtaining and interpreting brain imaging, ineffi-
ciencies in emergency stroke care, delays in obtaining
treatment consent, an absence of decision support sys-
tems and protocols in emergency care facilities and

physician perception of IVT efficacy and safety have also
been identified as major factors that limit IVT imple-
mentation [5]. Consequently, several, often multi-faceted
intervention strategies have been tested in efforts to im-
prove the rates of IVT in AIS [7]. Such intervention
strategies include telemedicine and ‘hub-spoke’ models,
pre- and/or in-hospital notification, multi-disciplinary
collaborative approaches and re-organisation of pre-
hospital and hospital systems of care [4, 7].
Since the intervention strategies to date have used a

variety of methods in various settings, we aim to per-
form a systematic review and meta-analysis to compare
the effectiveness of the various forms of intervention
strategies. Thus far, there are three published systematic
reviews that have attempted to investigate these issues;
however, each has limitations. The first systematic re-
view, published in 2016, only included studies that met
the Cochrane collaboration standards for practice and
organisation of care study design criteria [8]. The second
and third systematic reviews and meta-analyses were
published in 2018 and 2019 [4, 7]. Both studies
expressed the meta-analyses results based on various
intervention approaches, but they did not use any spe-
cific operational definitions or theoretical approaches
when grouping the studies in the analyses [4, 7]. More-
over, neither study explored publication bias when de-
scribing group-based results [4, 7], despite the
importance of this information to data interpretation.
Theory-based analysis of interventions is recom-

mended when investigating the effect of a specific inter-
vention strategy and aiding in the specification of a
potentially active process of care [9]. For example,
behaviour-targeted theories can be utilised to define the
components of implementation interventions [10].
Multi-level, multi-disciplinary testing and decision-
making processes are needed to identify a patient’s eligi-
bility for IVT [11]. Therefore, increasing rates of IVT in
AIS are considered an example where multiple factors
could be critical to the design of targeted intervention
strategies [8]. Conceptual frameworks, such as the be-
haviour change wheel (BCW), can be useful in defining
the range of factors (e.g. training) that need to be ad-
dressed to effect complex change [12]. BCW is a behav-
ioural framework which has at its centre the Capability,
Opportunity, Motivation-Behaviour (COM-B) theory. As
described by Nilsen et al. 2015 [13], the COM-B is an
implementation theory which is useful for providing an
understanding or an explanation of aspects of imple-
mentation. The overarching BCW framework specifies
intervention functions (e.g. education, persuasion, train-
ing), which can be used to develop intervention content
(i.e. a process model) and guide evaluation of an imple-
mentation intervention (e.g. an evaluation framework)
[13]. Therefore, the BCW framework provides a useful

Contribution to the literature

This study is the first rigorous systematic review and meta-

analysis, which evaluates the differential effect of intervention

strategies aimed at improving rates of intravenous thrombolysis

based on behaviour change wheel intervention function as an

analytical framework.

This review illustrates that this field of research not only has

high heterogeneity as previously known, but also provides new

evidence of publication bias both within and across intervention

types.

Although this study indicates that various strategies can be

effective, it does not provide strong evidence supporting any

specific strategy. Most studies do not have enough detail to

unambiguously classify the intervention components.
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Table 1 Operational definitions for the assessed intervention components

Intervention component Definition

Education Providing systematic education or instruction to increase knowledge or understanding on stroke
via face-to-face or online educational session, or by providing print or online educational materials
to the health professionals from any level or community members.

Persuasion Improve communication to stimulate the treatment process in patients with stroke.

Training Providing systematic training to the community members or health professionals from any level to
improve their skills in identifying suspected stroke cases.
AND OR
Providing systematic training to the health professionals from any level to improve their skills in
diagnosing and treating stroke cases.

Environmental Restructuring Restructuring, reorganising or rearranging individual, social or organisational context to promote the
usage of thrombolysis in stroke.

Enablement Increasing resources such or reducing obstacles to increase capability or opportunity at the individual
level, e.g. health care staff or organisational level, e.g. hospital to promote the process and quality of
stroke care.

19,917 records identified from the databases

8,961 duplicates removed

10,956 records identified from the databases

207 records identified from the databases

77 records identified from the databases

10,749 excluded according 
to selection criteria

125 excluded according to 
selection criteria
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Fig. 1 Flow diagram of studies included in the systematic review
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structure for categorising and understanding the content
of previous interventions and considering their potential
implications; particularly in the context of literature
where in-depth detail about intervention content is not
commonly provided. In the context of stroke care, con-
sidering the existing literature in terms of intervention
functions rather than solely pooling all implementation
studies has the potential to provide additional under-
standing regarding how to successfully implement a
complex multi-component practice like IVT in a given
healthcare organisation. Thus, an evaluation of the inter-
ventions aimed at improving the rates of IVT in AIS in-
cluding coding them based on BCW intervention
function could assist to identify more clearly the

approaches which might be associated with higher rates
of IVT implementation.
The core aspect of the BCW framework described by

Michie et al. consists of a ‘behaviour system’ that in-
cludes three key elements: capability, opportunity and
motivation. This core aspect is surrounded by nine inter-
vention functions and then by seven policy categories
[12]. The intervention functions help to identify the gaps
and highlight the areas that need intervention. For ex-
ample, the intervention functions were used to charac-
terise interventions related to smoking cessation and
reducing obesity [12]. The functions can also be used to
contextualise already implemented interventions and to
lead to more efficient design of effective interventions.

Fig. 2 Pooled odds ratio of the intervention effectiveness in the studies that included only one BCW intervention
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To date, no studies have used the BCW classification as
a framework for examining the intervention strategies
aimed at improving the rates of IVT. To synthesise the
results of studies which tested the effect of intervention
strategies aimed at improving the rates of IVT in AIS,
we will use the BCW nomenclature as the analytical
context with the following primary and secondary objec-
tives:

❖ Primary objective: to explore the differential
effectiveness of the intervention strategies aimed
at improving the rates of IVT based on the
number and type of BCW intervention functions
employed.

❖ Secondary objective: to describe the number and
type of BCW intervention functions employed in
intervention strategies aimed at improving the rates
of IVT.

Methods
This systematic review follows the Preferred Reporting
Items for Systematic reviews and Meta-analyses (PRIS
MA) statement guidelines [14]. The PRISMA statement
is provided in Supplementary file 1. This systematic re-
view was not registered.

Searches
MEDLINE, EMBASE, PsycINFO, CINAHL and SCOPUS
databases were searched for articles published from Janu-
ary 1996 to December 2018 in English. We also checked
the reference lists of included articles and existing system-
atic reviews for relevant studies. The search dates were se-
lected to coincide with the 1996 approval and release of
the first thrombolysis guideline for AIS [15].
We followed the search strategy described by Paul

et al. 2016 [8] while selecting the search terms. The
search terms are a combination of keyword searches:

Fig. 3 Pooled odds ratio of the intervention effectiveness in the studies that included two BCW intervention functions

Hasnain et al. Implementation Science           (2020) 15:98 Page 9 of 21



‘Tissue plasminogen activator’ OR ‘tPA’ OR ‘rtPA’ OR
‘Alteplase’ OR ‘Thrombolysis’ AND ‘Stroke’ OR ‘Ische-
mic stroke’ OR ‘Brain ischemia’ OR ‘Middle cerebral ar-
tery infarction’ OR ‘Cerebrovascular disorder’ OR
‘Cerebrovascular accident’ OR ‘CVA’ OR ‘Cerebral
stroke’ OR ‘Cerebral accident’ OR ‘Cerebral infarction’
OR ‘Cerebral apoplexy’ OR ‘Cerebrovascular apoplexy’.
We used available MeSH headings; otherwise, a ‘multi-
purpose; mp.’ field search was conducted. One senior li-
brarian reviewed the final search strategy. The detailed
search strategy is provided in Supplementary file 2.

Inclusion and exclusion criteria
This systematic review included the following: quantita-
tive studies that investigated the effect of interventions
to improve the rates of IVT and/or onset-to-needle,
onset-to-door and door-to-needle time for IVT in pa-
tients with AIS; studies that reported the rates of IVT
utilisation and/or onset-to-door and/or door-to-needle

time for thrombolysis as their primary outcome; studies
that reported the number of patients with AIS who re-
ceived IVT and the total number of suspected stroke
and/or confirmed stroke and/or confirmed ischemic
stroke patients and/or the total number of eligible pa-
tients for IVT; randomised controlled trials and cluster-
randomised trials; non-randomised studies, such as un-
controlled before-after studies; parallel group trials; and
observational studies including cohort, case-control and
cross-sectional studies. The systematic review included a
wide range of study designs to identify the possible rea-
sons and factors behind the systematic review result
[16]. Inclusion was also limited to original human re-
search studies.
The review excluded studies that reported only haem-

orrhagic stroke or transient ischemic attack and those
reporting rates of thrombolysis other than IVT. Key ex-
clusion and inclusion points are summarised in Supple-
mentary file 3.

Fig. 4 Pooled odds ratio of the intervention effectiveness in the studies that included three BCW intervention functions
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Outcome measures
We used IVT rates as our outcome of interest. The nu-
merator was the total number of patients who received
IVT, and the denominator was the total number of sus-
pected stroke, confirmed stroke, confirmed ischemic
stroke or IVT-eligible patients.

Potential effect modifiers and reasons for heterogeneity
Outcome measures were grouped as follows, to explain
some of the heterogeneity across the studies:

❖ Hospital factors addressed by the intervention (pre-
hospital, in-hospital or both pre- and in-hospital)

❖ Denominator used (suspected stroke, confirmed
stroke, confirmed ischemic stroke or IVT-eligible
patients).

❖ Epidemiological design of the study (uncontrolled
before-and-after, parallel group trial or randomised
controlled trial).

The number of BCW intervention functions employed
was included as a covariate in a meta-regression to
examine the association between number of BCW

intervention functions employed and intervention effect-
iveness and to explain the heterogeneity between the
studies.

Study quality assessment
Three reviewers assessed the quality of the studies.
The principal reviewer (MGH) independently assessed
the methodological quality of the final articles using
the QualSyst scoring system for quantitative research
methodologies [17]. The total number of included
studies was then divided between two independent re-
viewers (SA and TR), who also assessed the quality of
the studies using the same scoring system. Joint dis-
cussion between all three reviewers resolved any dis-
agreements. Studies were scored depending on whether
they fully met the criteria (2 points), partially met the cri-
teria (1 point) or did not meet the criteria at all (0 points).
Quantitative studies were scored against 14 criteria. A cri-
terion for ‘evidence of ethical approach’ was added to the
QualSyst scoring, resulting in a maximum total possible
score of 22 for qualitative designs and 30 for quantitative
designs [18].

Fig. 5 Pooled odds ratio of the intervention effectiveness in the studies that included four to five BCW intervention functions
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Study selection
All reviewers reviewed the titles and abstracts of the last
500 search results to identify abstracts that would poten-
tially meet the inclusion criteria. There was > 95% agree-
ment between reviewers. After removing duplicates, the
principal reviewer reviewed all titles and abstracts and the
full text of each non-rejected article to arrive at final inclu-
sion determinations. The other two reviewers concur-
rently and independently reviewed half of the titles and
abstracts and the full texts of non-rejected articles each
and then compared their determinations to those made by
the principal reviewer. The study selection process is
described in more detail in Supplementary file 4 and
Supplementary file 5

Data extraction and coding strategy
The principal reviewer performed data extraction for all
articles independently identified as ‘included’. A data ex-
traction form was developed following the format used

in the Cochrane Handbook for Systemic Reviews of Inter-
ventions [19]. This process recorded the following infor-
mation: country, setting, publication year, intervention
duration, study type based on epidemiological design,
description of the intervention and outcome. The out-
come used the total number of patients receiving IVT as
the numerator and the total number of suspected stroke,
confirmed stroke, confirmed ischemic stroke or IVT-
eligible patients as the denominator. To ensure
consistency, a data extraction form was pilot-tested on a
5% subset of the included full-text studies.
The interventions in the included studies were coded

according to BCW framework intervention functions cri-
teria mentioned in Michie et al [10].. Operational defini-
tions for the included intervention functions have been
described in Table 1. Three reviewers were involved in
the process of coding. The principal author (MGH) inde-
pendently identified the BCW intervention functions ad-
dressed through the interventions of the 77 studies. The

Fig. 6 Pooled odds ratio of the intervention effectiveness in the studies that included an education component, at minimum
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total number of included studies was then divided be-
tween another two co-authors (SA and TR), who also
identified the BCW intervention functions addressed
through the interventions of the 38 and 39 studies re-
spectively. The discrepancy between MGH and SA was
10.5% (4 out of 38) and between MGH and TR was 7.7%
(3 out of 39). Joint discussion between all three reviewers
resolved any disagreements. All coding discrepancies were
then reviewed and finalised by the senior author (CP).

Studies were categorised based on the number and
type of BCW interventions employed. Specifically, stud-
ies were categorised based on:

❖ The number of BCW components implemented as
part of the intervention, with categories including 1,
2, 3 or > 3.

❖ Whether one of the following components were
included as part of the intervention: education,

Fig. 7 Pooled odds ratio of the intervention effectiveness in the studies that included a persuasion component, at minimum
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persuasion, incentivisation, coercion, training,
restriction, environmental restructuring, modelling
and enablement.

Statistical analyses
Separate random effects meta-analyses by type of BCW
strategy (i.e. education, persuasion, training, environmental,
restructuring and enablement) and by number of BCW
strategies implemented (i.e. one, two, three and more than
3) were conducted to assess the effectiveness of the interven-
tions on improving IVT rates (primary objective). For each
meta-analysis, a pooled odds ratio (OR) with a 95% confi-
dence interval (CI) was calculated using the metan com-
mand in Stata. In addition, forest plots were used to show
the effect sizes, to assess possible heterogeneity and identify
potential outliers. Statistical heterogeneity was assessed by
chi-square and I2 statistics. Publication bias was assessed by
testing the asymmetry of funnel and contour-enhanced fun-
nel plots, which were created using the metafunnel and con-
funnel commands in Stata, and via Egger’s test, which was

conducted using the metabias command which was used
in Stata. The impact of potential outliers on the results
was assessed by conducting sensitivity analyses whereby
any identified outliers were removed and the analysis re-
run. Descriptive analyses were used to report the number
and type of BCW framework interventions used as part of
the study intervention (secondary objective). Finally, to de-
termine if the number of BCW intervention strategies
used were associated with intervention effectiveness,
meta-regression was conducted using the metareg com-
mand in Stata. Stata (StataCorp LLC, College Station,
Texas, USA) version 14 was used to conduct all analyses.

Results
Description of studies
A total of 19,917 titles were screened following database
searches and hand searching of bibliographies, and 8961 ti-
tles were excluded (Fig. 1). The search hits of all databases
are showed in Supplement 2. The remaining 10,749 ab-
stracts were reviewed. A total of 207 articles were included

Fig. 8 Pooled odds ratio of the intervention effectiveness in the studies that included a Training component, at minimum
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for full-text data review, and 77 were selected based on the
inclusion and exclusion criteria. BCW classifications were
coded for all interventions described in the eligible manu-
scripts and then included in the meta-analyses.

Characteristics of studies
The 77 studies included in the meta-analyses represent
40,614 IVT cases, and their general characteristics are
shown in Table 1. All were published between 2002 and
2018. There were 29 (38%) studies from European coun-
tries, 26 (34%) from North American countries, 17 (22%)
from Asian countries, four (5%) from Australia and one
(1%) from South America. In the methods used, 58%
(45/77) were uncontrolled before-and-after, 29% (22/77)

were parallel group trial and 13% (10/77) were rando-
mised controlled in design. For the factors the interven-
tions addressed, 35 (45%) addressed in-hospital factors,
33 (43%) addressed pre- and in-hospital factors and nine
(12%) addressed pre-hospital factors only.

Quality of studies
The quality scores across studies were normally distrib-
uted with a mean of 78 and SD of 11, as shown in Table 2.
The highest mean score of 97 (SD 7) was observed in the
randomised controlled trial group, followed by similar
scores of 76 (SD 7) and 74 (SD 9) for the parallel group
trial and the uncontrolled before-and-after study group,
respectively.

Fig. 9 Pooled odds ratio of the intervention effectiveness in the studies that included an Environmental restructuring component, at minimum
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Description on behaviour change wheel categories
Twenty nine (38%) studies implemented one BCW com-
ponent, 22 (29%) implemented two components, 18
(23%) implemented three components and 8 (10%) im-
plemented more than 3 components. Of the types of
BCW interventions included, 47 (61%) studies included
at least enablement, 46 (60%) included at least persua-
sion, 31 (40%) at least environmental restructuring, 19
(25%) at least education and 16 (21%) at least training.

Outcome measures
Four separate meta-analyses were conducted to assess
the effect of incorporating one, two, three or more BCW
intervention types (Fig. 2, 3, 4 and 5). All four analyses
found significant overall improvements in rates of IVT
delivery, with odds ratio of between 1.78 to 2.94, with
largely overlapping confidence intervals. High heterogen-
eity was seen in all meta-analyses (I2 range 84 to 97%).
Sub-group analyses based on the hospital factors

Fig. 10 Pooled odds ratio of the intervention effectiveness in the studies that included an Enablement component, at minimum
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addressed by the intervention, the denominator used
and epidemiological design of the study indicated that
heterogeneity (I2) still ranged from moderate to high. A
sensitivity analysis that excluded the results of an outlier
study (Demaerschalk et al. [27]) did not result in any
substantial change in the results or conclusions.
Five separate meta-analyses (Figs. 6, 7, 8, 9 and 10) were

conducted to assess the effect of including at least one of
the five BCW intervention types. All five found significant
improvement in rates of IVT delivery, with odds ratios of
between 1.63 and 2.39 with largely overlapping confidence
intervals. High heterogeneity was seen in all meta-analyses
(I2 range 75.5 to 98.8%). Sub-group analyses based on hos-
pital factors addressed by the intervention, denominator
used and epidemiological design of the study were again
conducted and exhibited moderate to high levels of hetero-
geneity (I2). A sensitivity analysis excluding the results of
the outlier, Demaerschalk et al. [27] study, was again per-
formed, but this did not substantially change the results.
The meta-regression analysis undertaken to assess

whether the number of BCW interventions were associ-
ated with efficacy, showed no statistically significant as-
sociation (OR 1.10; 95% CI 0.93, 1.32, p = 0.26).
The contour-enhanced funnel plots investigating the

type and number of BCW interventions employed indi-
cated the likelihood of a small-study bias across all
meta-analyses, and this is confirmed by Egger’s test
(Supplementary file 6, and Supplementary file 7). The
missing regions in the contour-enhanced funnel plots in-
dicate that the bias is likely due to a mix of heterogen-
eity and publication bias. We analysed our results based
on various study types (including pre-hospital versus
in-hospital) and evaluated the effect on the outcomes.
However, the result was the same—an overall signifi-
cant result with all sub-groups. This result also indi-
cated high heterogeneity and potential publication bias
(Supplementary file 8, Supplementary file 9, and Sup-
plementary file 10). Since RCTs provide the strongest
evidence, we also looked at the results within the RCT
sub-group. In this sub-group, meta-analysis revealed a sta-
tistically significant improvement in promoting IVT deliv-
ery with an OR of 1.55 (95% CI 1.02–2.35) for the
interventions including at least persuasion, OR 1.44 (95%
CI 1.04–1.80) for enablement and OR 1.26 (95% CI 1.03–
1.54) for environmental restructuring.

Discussion
The findings of this systematic review and meta-analyses
bring together empirical evidence regarding the strategies
that are potentially effective in improving IVT rates for AIS.
This is the first review to evaluate the differential effect of
implementation interventions using a theory-informed (i.e.
COM-B) approach using the BCW framework to increase
the information available about effective intervrention

content. This study found similar overall benefits for the five
BCW intervention approaches reviewed. Using the BCW
nomenclature, education, persuasion, training, environmen-
tal restructuring and enablement all increase thrombolysis
uptake with odds ratios of approximately 2. Because the
pooled effect sizes were largely overlapping, there seems to
be no clear ‘winner’ in terms of which strategy has the lar-
gest effect for improving rates of IVT for AIS.
The COM-B theory proposes that multiple aspects of

behaviour (capability, opportunity and motivation) are
necessary to performing a given behaviour, and the
BCW framework proposes multiple factors (education,
training, etc.) which support and drive behaviour at an
individual and system level. Despite the theory-driven
expectation that multiple implementation intervention
strategies may potentially increase success in the context
of a complex multi-step health care practice, we found
no evidence that increasing the number of BCW strat-
egies used in an intervention programme resulted in in-
creased effectiveness. However, the sub-group analysis of
RCTs provides some suggestion that persuasion, envir-
onmental restructuring and enablement may be particu-
larly effective.
The results should be interpreted with caution based on

the existence of both high study heterogeneity or variability
of studies, and publication bias. Heterogeneity describes the
degree of variability among studies. The presence of high
heterogeneity in this study indicates that the true interven-
tion effect may be different in different studies. On the
other hand, the presence of bias indicates the possibility of
having overestimated the summary effect size [19]. There-
fore, until there is more substantial evidence, rather than
selecting an intervention approach based on the literature,
it may be more relevant to select approaches which best ad-
dress the major barriers in a given health service context.
The findings of the current study align with those of
McDermott et al. [4] who concluded that it was difficult to
identify any one particular most effective strategy because
the overall effects of the identified strategies were almost
the same [4]. Conversely, Huang et al. [7] concluded that
interventions reducing in-hospital delays may serve as the
most effective way to increase IVT delivery; however, sev-
eral approaches were included under the ‘in-hospital’ ap-
proach, which made it difficult to recommend any specific
approaches, and they did not find strong evidence to sug-
gest a minimum or maximum number of interventions
were required to achieve maximum success.
Although it is unclear why particular strategies were

chosen by studies’ authors, it was feasible to categorise
the type of intervention strategies used using the BCW
theoretical framework and to assign interventions to the
categories of education, persuasion, training, environ-
mental restructuring and enablement. This is the only
systematic review and meta-analysis that has evaluated
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the effect of implementation interventions aimed at in-
creasing rates of IVT for AIS using a theoretical frame-
work. However, it should be noted that the studies
analysed often did not provide enough detail to unam-
biguously classify the intervention components based on
BCW intervention functions. The inability to find differ-
ences in the effect of different BCW intervention func-
tions in improving IVT rates may be due to the fact that
the 5 categories are relatively coarse. The BCW inter-
vention functions do lend themselves to finer classifica-
tion but a lack of detailed information in many of the
studies reviewed precluded us using this finer-grained
classification. Our study also failed to identify any rela-
tionship between the number of intervention compo-
nents and effectiveness of the intervention. A systematic
review on multi-component healthcare interventions in-
dicated that multi-component interventions are difficult
to implement and seldom implemented as planned [95].
Complex multi-level multi-component interventions or
strategies are more difficult to implement and reproduce
in the practical setting with fidelity. Multiple strategies
may be needed to engage the variety of professionals in-
volved in care such as IVT, which can increase the level
of difficulty when implementing or replicating such in-
terventions [96]. Several studies have showed that poor
implementation can reduce intervention impact [97].
Therefore, considering the level of complexity in the im-
plementation process, using multi-component BCW in-
terventions in one package may be challenging.
This study has several strengths and limitations. One

limitation, as mentioned above, was that the coding for the
BCW intervention functions was based on the information
available in the studies’ publications only. Given that the
reviewed literature focused on reporting outcome-related
aspects of methodology including outcome measures and
sample size rather than describing intervention develop-
ment and content, the literature provides only a very lim-
ited understanding of the types of behaviour change
interventions that can be effective. A more inter-
disciplinary approach to designing these trials may be
needed to progress the field. If more explicit descriptions of
the intervention used were to be published, this may allow
for more in-depth classification and, in turn, more capacity
to isolate specific BCW strategies associated with change in
AIS practice. It must be acknowledged however, that there
is a tension between multi-component and single-focus
studies in implementation science. Successful implementa-
tion of complex evidence-based practices in any given
healthcare setting may require a variety of behaviour
change interventions to be implemented. Therefore, evalu-
ating the effectiveness of one BCW intervention function
over another might not always be enough to understand
how to effect change on a multi-level multi-component
process within a complex health system. One strength of

the review is the large number of studies which were in-
cluded and the total of 40,614 IVT cases, thus giving weight
to the results. Other strengths include the rigorous review
process used to identify studies and extract data, and the
use of the BCW theoretical framework for pooling the
intervention effects. Our results may assist researchers with
the development of future interventions, including avoiding
the assumption that using multiple strategies will necessar-
ily increase intervention effectiveness.
In terms of implications for practice in stroke care, this

review suggests that despite the complexity of the IVT care
pathway, successfully increasing IVT rates does not neces-
sarily require a complex suite of implementation interven-
tion components, nor should it focus on one specific type
of intervention function. Therefore, it seems reasonable to
suggest that successful interventions will be those that draw
on the diversity of potential interventions to address identi-
fied challenges in the local context by paying close attention
to each aspect of the patient pathway.

Conclusion
The evidence we provide does not support using one spe-
cific type of BCW intervention strategy over another in the
setting of IVT implementation and also that using multiple
BCW intervention strategies in the same programme may
not necessarily increase intervention effectiveness. A more
inter-disciplinary approach to study design may be needed.
A caveat, however, is that the sub-group analysis with RCTs
suggested more effect with persuasion, environmental re-
structuring and enablement approaches. Our results sug-
gest it may be more relevant for policy makers and
implementation scientists to select the approaches that best
address the major obstacles in a given context. However,
because of the high degree of heterogeneity and publication
bias, these conclusions cannot be considered robust.
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