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Summary:
Background Oral anticoagulation is underused in patients with atrial fibrillation. We assessed the impact of a
multifaceted educational intervention, versus usual care, on oral anticoagulant use in patients with atrial
fibrillation.
Methods This study was a two-arm, prospective, international, cluster-randomised, controlled trial. Patients
were included who had atrial fibrillation and an indication for oral anticoagulation. Clusters were randomised
(1:1) to receive a quality improvement educational intervention (intervention group) or usual care (control
group). Randomisation was carried out centrally, using the eClinicalOS electronic data capture system. The
intervention involved education of providers and patients, with regular monitoring and feedback. The primary
outcome was the change in the proportion of patients treated with oral anticoagulants from baseline
assessment to evaluation at 1 year. The trial is registered at ClinicalTrials.gov, number NCT02082548.
Findings 2281 patients from five countries (Argentina, n=343; Brazil, n=360; China, n=586; India, n=493; and
Romania, n=499) were enrolled from 48 clusters between June 11, 2014, and Nov 13, 2016. Follow-up was at a
median of 12·0 months (IQR 11·8–12·2). Oral anticoagulant use increased in the intervention group from 68%
(804 of 1184 patients) at baseline to 80% (943 of 1184 patients) at 1 year (difference 12%), whereas in the
control group it increased from 64% (703 of 1092 patients) at baseline to 67% (732 of 1092 patients) at 1 year
(difference 3%). Absolute difference in the change between groups was 9·1% (95% CI 3·8–14·4); odds ratio of
change in the use of oral anticoagulation between groups was 3·28 (95% CI 1·67–6·44; adjusted p
value=0·0002). Kaplan-Meier estimates showed a reduction in the secondary outcome of stroke in the
intervention versus control groups (HR 0·48, 95% CI 0·23–0·99; log-rank p value=0·0434).
Interpretation A multifaceted and multilevel educational intervention, aimed to improve use of oral
anticoagulation in patients with atrial fibrillation and at risk for stroke, resulted in a significant increase in the
proportion of patients treated with oral anticoagulants. Such an intervention has the potential to improve
stroke prevention around the world for patients with atrial fibrillation.
Funding Bayer, Boehringer Ingelheim, Bristol-Myers Squibb, Daiichi Sankyo, and Pfizer.
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Introduction
Atrial fibrillation represents the most common sus- tained arrhythmia worldwide, affecting an estimated 33·5
million people.1 Atrial fibrillation is also an important cause of stroke, accounting for one in five ischaemic
strokes.2 These strokes are more severe than those in patients without atrial fibrillation, leading to permanent
disability in 60% and death in 20% of patients.3 At least two-thirds of these atrial fibrillation-related strokes
can be prevented by oral anticoagulation.4 Nevertheless, only about half of patients for whom current
guidelines recommend oral anticoagulation are treated, resulting in a substantial number of preventable
ischaemic strokes.5 Moreover, among patients with atrial fibrillation who experience ischaemic strokes, over
80% had inadequate therapeutic anticoagulation preceding the strokes.6 Underuse of oral anticoagulation
becomes even more pronounced in middle-income countries, where the use of oral anticoagulation has been
reported to be less than 40% in Eastern Europe, South America, and India, and only 11% in China7 in
unselected populations. These regional differences have been associated with different levels of physician and
patient education.7 Additionally, after oral anticoagulation was started appropriately in one study, more than
30% of patients stopped therapy by the end of the first year.8 Recent studies have suggested that an
educational intervention might improve patient knowledge about oral anticoagulation, leading to a substantial
impact on time in therapeutic range in patients with atrial fibrillation on warfarin.9,10 However, these studies
were relatively small, single-centre, limited to single countries, or focused only on patient education.9,10 A
2017 systematic review11 showed that there is insufficient evidence to draw definitive conclusions regarding
the impact of educational interventions on time in therapeutic range in patients with atrial fibrillation
receiving oral anti- coagulation. Thus, more trials are needed to examine the impact of interventions on
anticoagulation control in patients with atrial fibrillation and the mechanisms by which they are successful.
The cluster-randomised trial to IMProve treatment with AntiCoagulanTs in patients with Atrial Fibrillation
(IMPACT-AF) is a prospective, international, cluster-randomised, controlled trial that assessed the impact of a
customised, multifaceted, and multilevel educational intervention on the use of oral anticoagulation in
patients with atrial fibrillation at 1 year, compared with usual care. Secondary objectives were to evaluate the
effect of this intervention on the persistence of oral anticoagulation in patients with atrial fibrillation, as well
as its impact on clinical outcomes.
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Research in context
Evidence before this study
We did a systematic review of studies assessing educational interventions in patients with atrial fibrillation. We
searched PubMed (from Jan 1, 1980, to June 1, 2017) using the terms [atrial fibrillation] AND [education] AND
[anticoagulation] without language restrictions. We identified 224 papers, of which 19 were clinical trials. Seven
studies addressed educational interventions in atrial fibrillation. Two studies assessed the effects of a nurse-led care
initiative, providing patient education and monitoring, whereas one study reported the results of an education and
support programme implemented at the level of Belgian general practitioners to improve the quality of management
of oral anticoagulation. One study examined patients’ knowledge and perception of atrial fibrillation and their
anticoagulant treatment. One study investigated the effectiveness of a dedicated software tool to identify patients at
risk of stroke not receiving oral anticoagulation. Only two studies focused on the impact of a dedicated educational
intervention on patients with atrial fibrillation to improve quality of oral anticoagulation (time in therapeutic range).
However, each of these seven studies was relatively small (less than 750 patients), single-centre, limited to single
countries, and focused only on patient education. Meanwhile, a Cochrane systematic review showed that there is
insufficient evidence to draw definitive conclusions regarding the impact of educational interventions on quality of
anticoagulation care (measure to time in therapeutic range) for patients with atrial fibrillation. The coauthors
concluded that more trials are needed to examine the impact of interventions on anticoagulation control in patients
with atrial fibrillation and the mechanisms by which they are successful. We also searched ClinicalTrials.gov (through
June 1, 2017).Our search terms were [atrial fibrillation] AND [education].
We identified 52 completed and ongoing clinical trials, but only six of them reported results. Only one (unpublished)
enrolled more than 1000 patients with atrial fibrillation, in which patients were started on apixaban, and randomly
assigned to either standard-of-care patient information or an educational programme. The primary outcome was
adherence to apixaban assessed at 24 and 48 weeks, which was high in both groups, with no additional value of
educational programme over usual care. This study focused on a single anticoagulant (apixaban) and not on the broad
spectrum of oral anticoagulation therapy for patients with atrial fibrillation.
Added value of this study
This trial adds important evidence as a large, international, randomised controlled trial showing that a multifaceted
and customised educational intervention can improve use of oral anticoagulation in patients with atrial fibrillation. We
have shown that an educational intervention can substantially increase the use of oral anticoagulants in patients with
atrial fibrillation and at risk of stroke. Of patients with atrial fibrillation at risk of stroke who were not on oral
anticoagulants, about half were successfully started and maintained on oral anticoagulants for 1 year with the
intervention, an effect that could have very important public health implications. The effect was robust and consistent
across countries and key subgroups of patients.
Implication of all available evidence
The successful intervention in the current trial, which was customised by each country, included education of patients
and their families and of health-care providers, as well as measurement and feedback of performance. Whereas the
trial was not powered to show a difference in clinical outcomes, the potential clinical impact of the intervention was
highlighted by the occurrence of significantly fewer strokes in the intervention group. Therefore, the aggregate
evidence shows that increased education, better communication between all stakeholders (patients, caregivers, and
health-care providers), and feedback are needed to improve the use of anticoagulants to reduce the occurrence of
stroke in atrial fibrillation. Importantly, the interventions used in our study were simple and can be implemented in
standard clinical practice, which has the potential to lead to better care of patients with atrial fibrillation around the
world.
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Methods
Study design and participants
The design and rationale of the IMPACT-AF trial has been described previously.12 Briefly, IMPACT-AF was a
two-arm, prospective, international, cluster-randomised, controlled- trial that enrolled patients with atrial
fibril- lation. IMPACT-AF was designed as a cluster-randomised study to provide a randomised control group,
while minimising the presence of contamination that might occur with individual randomisation, given that the
implementation of the educational intervention was applied at both the cluster and individual level. The
national coordinating centres from five participating middle-income countries (Argentine Clinical Research
Group [ACRG], Rosario, Argentina; Brazilian Clinical Research Institute, São Paulo, Brazil; Peking University First
Hospital, Beijing, China; St John’s Medical College and Research Institute, Bangalore, India; and University of
Medicine and Pharmacy Carol Davila, Bucharest, Romania) were responsible for the conduct of the trial in each
respective country. Clusters (sites) were identified by each coordinating centre based on feasibility and patient
volume. All clusters demonstrated access to adequate numbers of eligible patients by providing pre-screening
lists of 40–90 eligible patients.
IMPACT-AF included patients aged 18 years or older with atrial fibrillation not due to reversible causes and
who had an indication for oral anticoagulation (CHA2DS2-VASc score ≥2 or rheumatic valvular heart disease).
Diagnosis of atrial fibrillation was confirmed by a 12-lead electro- cardiograph (ECG) or rhythm strip at
enrolment, or two ECGs or rhythm strips or both at least 2 weeks apart, showing atrial fibrillation if patients
were not in atrial fibrillation at the time of enrolment. Patients were excluded if they met any of the following
criteria: mechanical prosthetic valve; clinically unstable at the time of enrolment (eg, with ongoing shock); life
expectancy less than 6 months; unable to provide consent (eg, severe cognitive impairment);- unable to have 1
year of follow-up; or absolute contraindication to oral anticoagulation (eg, active bleeding or recent lifethreatening bleeding or multiple attempts on oral anticoagulation with bleeding each time).
The study was approved by the Duke University Institutional Review Board and by ethics committees in each
country. All patients gave written informed con- sent before enrolment into the study. An independent data
monitoring committee reviewed the protocol, data progress, and accumulating data, with no formal stopping
rules.
Randomisation and masking
Clusters in each of the five participating countries were randomised (1:1) to receive a quality-improvement
edu- cational intervention (intervention group) or usual care (control group). Randomisation was done by the
central coordinating centre (Duke Clinical Research Institute, Durham, NC, USA) using the eClinicalOS
electronic data capture system. Eligible intervention and control sites were matched into pairs and
randomised13 within each country (five in the intervention group and five in the control group) based on
practice type, practice size, and proportion of patients eligible for anticoagulation-. Each cluster enrolled
eligible and consenting patients in a sequential manner. Investigators and site personnel were not masked to
the intervention.

Procedures
The intervention included two main components: education, and regular monitoring and feedback. The
educational component had two target audiences. The first was patients and their families and involved the
use of educational brochures, use of web-based and video educational materials, and encouragement of
patients and family interactions with physicians, nurses, health workers, or other staff members at each site
regarding the benefits and risks of oral anticoagulation in atrial fibrillation. The second audience was healthcare pro- viders and involved systematic review of the current guideline recommendations for oral
anticoagulation; regular emails containing articles of interest; use of webinars, podcasts, dedicated
monographs, social media, and instant messaging; and telephone calls with the coordinating centre. The focus
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was encouraging initiation and persistence of oral anticoagulation. Educational mat- erials were available only
to clusters randomised to intervention, via a dedicated study website. The website included patient and
provider educational materials, including a monograph, three webinars, a podcast, a trifold for patient
education, and links to helpful websites and additional references. The monograph (appendix) was provided to
and discussed with all interventional sites, with a question-and-answer session between the coordinating
centre and the sites. The use of the online webinars (appendix), accessed from the Duke Learning
Management System, varied among the five country intervention site leaders, ranging from 100% in Romania
to only one site in China, where internet access was limited and the materials were shared as electronic files.
Each country’s national coordinating centre modified these resources to be more country-specific and to meet
language needs. For example, in China, WeChat, a social media and instant messaging tool, was used for
sharing best practices across intervention sites, under the coordination of a physician from the coordinating
centre; in India, the materials were translated into the five common languages, and non-physician health
workers educated patients and their families.
The monitoring and feedback component was developed to provide relevant information to coordinating
centres and investigators in each country in order to: identify patients enrolled in the study who were not
being treated with oral anticoagulants and to review opportunities for each patient not on treatment to start
or restart medications; and identify patients at risk for not staying on medications, and to intervene to prevent
dis- continuation of oral anticoagulation and improve adherence. Finally, newsletters were distributed and
monthly teleconferences between the physician national coordinators were done to share best practices
between the intervention centres.
Data were collected at baseline, 6 months, and 12 months at all sites, whereas for the intervention sites there
were additional telephone calls or patient visits at 1 month, 3 months, and 9 months. Otherwise, data
collection was the same at all sites. Each country had a system for quality assurance that included site visits
and data review verification of about 5% of the enrolled patients.
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Outcomes
The primary outcome was the change in the proportion of patients treated with oral anticoagulants, from
baseline assessment to evaluation at 1 year. This included starting oral anticoagulation for patients who were
not treated at baseline and continuing treatment for those who were treated at baseline. Key secondary
outcomes were: pro- portion of patients who were on oral anticoagulation at baseline and were on oral
anticoagulation at 6-month and 12-month visits (rate of persistence); and the proportion of patients who were
not on oral anticoagulation at baseline but were on oral anticoagulation at 6-month and 12-month visits (rate of
initiation). Other secondary clinical outcomes were: all-cause death; stroke (haemorrhagic and nonhaemorrhagic); transient ischaemic attack; systemic embolism; major bleeding; clinically relevant non-major
bleeding; myocardial infarction; atrial fibrillation ablation; and electrical cardioversion. Clinical events were
reported by investigators according to the prespecified definitions12 and were not adjudicated. Stroke was
defined as a non-traumatic abrupt onset of a focal neurological deficit lasting at least 24 h. Transient ischaemic
attack was defined as a non-traumatic abrupt onset of a focal neurological deficit lasting less than 24 h. Systemic
embolism diagnosis required a history consistent with an acute loss of blood flow to a peripheral artery
supported by evidence of embolism. Major bleeding was defined according to the International Society on
Thrombosis and Hemostasis (ISTH) criteria. Clinically relevant non-major bleeding was defined as bleeding not
meeting the ISTH definition for major bleeding but requiring change in therapy or extended hospitalisation.

Figure 1: Trial profile
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Statistical analysis
Sample size and power for the primary outcome was calculated by the Farrington and Manning score test14
method using PASS13 (NCSS, LLC, Kaysville, UT, USA). Assuming oral anticoagulant use of 60% at baseline in the
control group, an intra-cluster correlation of 0·02, 20–25 clusters per group with an average cluster size of 40–70
patients, and a two-sided type 1 error of 0·05, the study was powered at 88–98% to detect 10% absolute
improvement in oral anticoagulant use at 1 year, and powered at 71–89% to detect 8% of such an improvement.
With an expected average cluster size of 40 patients and 25 clusters in each group, we projected a total of 2000
patients needed to be enrolled in this study.
All analyses followed the intention-to-treat principle. Baseline characteristics for continuous variables were
summarised as means (SDs) and medians (IQRs), with comparisons between groups made using the Wilcoxon
rank-sum test; categorical variables were summarised as counts (percentages), with comparisons made using
Pearson’s χ² test. The primary outcome was analysed using a logistic regression model with generalised
estimating equation (GEE)15 to account for clustering effect and adjusted for baseline use of oral anticoagulants,
country, and baseline risk factors. The odds ratio (OR; odds of change to use of oral anticoagulation in the
intervention group to odds of change to use of oral anticoagulation in the control group at 12 months of followup) and 95% CIs were derived from the logistic model. Time-to-event methodology of Kaplan-Meier estimates
(log-rank test) and Cox proportional hazards models, with shared frailties to account for the effect of clustering,
adjusted for country and baseline risk factors, were used to analyse all-cause death, stroke, major bleeding, and
systemic embolism. Hazard ratios (HRs; hazard of intervention to control) and 95% CIs were estimated using the
Cox model. Additionally, for some clinical outcomes (clinically relevant non-major bleeding, myocardial
infarction, transient ischaemic attack, atrial fibrillation ablation, and electrical cardio- version) for which date of
the event was not collected, a logistic regression model was used to estimate the ORs and 95% CIs for
intervention versus control. Adjusted models included country, oral anticoagulant use at baseline, and other
potential baseline risk factors (appendix). All statistical tests were done at the nominal 0·05 (two-sided)
significance level. All statistical analyses were done by the Duke Clinical Research Institute (Durham, NC, USA)
using SAS software, version 9·4 (SAS Institute, Cary, NC, USA).
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Role of the funding source
This study was an investigator-initiated project, with limi- ted funding by independent research and educational
grants from four pharmaceutical companies, who had no Nov 13, 2016 (figure 1). Five patients (<1%) were lost
to follow-up after the baseline visit (three in the intervention group and two in the control group). None of the
clusters were further excluded from the trial. The median follow-up was 12·0 months (IQR 11·8–12·2).
Site characteristics and baseline clinical and treatment-related patient characteristics according to country have
been published previously.16 In that analysis of the IMPACT-AF baseline dataset, we have demonstrated existing
regional differences in patient characteristics and antithrombotic treatment among patients enrolled from the
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five middle-income countries.16 Baseline characteristics according to the randomised groups are presented in
table 1. Age and sex were well balanced between the two groups. Similarly, educational level and socioeconomic
factors were not different between the two groups. The intervention group had a higher proportion of patients
with permanent atrial fibrillation, history of major bleeding, systemic embolism, and uncontrolled hypertension, and a lower proportion of patients with rheumatic valvular heart disease, heart failure, or left
ventricular role in data collection, data analysis, data interpretation, or writing of the report. The corresponding
author had full access to all the data in the study and had final responsibility for the decision to submit for
publication.
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Results
A total of 50 clusters (ten in each of the five countries) were initially recruited into the trial. Two clusters (both
from Brazil), one from each group, were removed before enrolling any patient due to unexpected inability to
engage in the trial. In the remaining 48 clusters, a total of 2281 patients were enrolled from June 11, 2014, to
dysfunction, vascular disease, and previous myocardial infarction than the control group. Patients from the
intervention group had a slightly lower mean CHA2DS2-VASc score than patients from the control group (3·6 [SD
1·5] vs 3·7 [1·6]). There was an imbalance of type of antithrombotic treatment, with higher usage of the vitamin
K antagonist in the intervention group and higher usage of the non-vitamin K-dependent oral anticoagulants and
aspirin in the control group.
The proportion of patients on oral anticoagulation increased from 68% (804 of 1184 patients) at baseline to 80%
(943 of 1184 patients) at 1 year in the intervention group (difference 12%) and from 64% (703 of 1092 patients)
to 67% (732 of 1092 patients) in the control group (difference 3%), with an absolute difference in the change of
oral anticoagulation use of 9·1% (95% CI 3·8–14·4; figure 2). This corresponds to an odds ratio of 3·28 (95% CI
1·67–6·44; adjusted p value=0·0002), represent- ing the proportional increase in anticoagulation use from
baseline to 1 year in the intervention group compared with the control group. The effect size in favour of the
intervention was consistent across prespecified sub- groups, with a significant interaction in the aspirin subgroup
(appendix). The effect size in favour of the intervention was also preserved in the small subgroup of patients
(n=220) with a history of rheumatic valvular heart disease (interaction p value=0·18). Although the study was not
powered to show the intervention’s effectiveness within each country, the primary outcome was consistent
(interaction p value=0·41) across all five countries. Key secondary anticoagulation treatment outcomes by
intervention versus control are presented in table 2. 761 (95%) of 804 patients who were on oral anticoagulants
at baseline in the intervention group and 661 (94%) of 703 patients in the control group continued taking oral
anticoagulants at 1 year, with no significant difference between groups. In the intervention group, the
proportion of patients on vitamin K antagonists decreased slightly (from 87% [697 of 805 of patients] at baseline
to 78% [700 of 893 of patients] at 1 year), in favour of the non-vitamin K-dependent oral anticoagulants;
whereas in the control group, the proportion of patients on vitamin K antagonists remained the same (from 78%
[548 of 704 patients] at baseline to 78% [551 of 707 patients] at 1 year). For patients who were not on oral
anticoagulants at baseline, 48% (182 of 380 patients) in the intervention group and 18% (71 of 389 patients) in
the control group were on oral anticoagulants at 1 year. This corresponds to an odds ratio of 4·60 (95% CI 2·20–
9·63; adjusted p value <0·0001), representing the proportional increase in anticoagulation use from baseline to 1
year in the intervention group compared with the control group.
Clinical outcomes by intervention versus control are presented in table 3. There was a nominally signifi- cant
reduction in stroke in the intervention group in comparison with the control group (HR 0·48, 95% CI 0·23–0·99;
log-rank p=0·0434; figure 3). Adjusted Cox modelling for the stroke outcome resulted in a similar point estimate,
but a wider confidence interval (HR 0·49, 95% CI 0·21–1·13; p=0·09). The number needed to treat was 100
patients exposed to intervention to prevent one stroke event over a 1-year period. All-cause death and the
composite of stroke, systemic embolism, or major bleeding did not differ between the intervention and control
groups. Major bleeding was also similar in the two groups (nine [1%] of 1147 patients vs seven [1%] of 1069
patients), whereas clinically relevant non-major bleeding was numerically higher in the intervention group
versus the control group (40 [3%] of 1147 patients vs 31 [3%] of 1069 patients).
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Discussion
We found that a multifaceted and multilevel educational intervention, which aimed to improve the use of oral
anticoagulation in patients with atrial fibrillation and at risk for stroke, resulted in a significant increase in the
proportion of patients treated with oral anticoagulants in five middle-income countries. The intervention, which
was customised in each country, included education of patients and their families and of health-care providers,
measurement, and feedback of performance. Although the trial was not powered to show a difference in clinical
outcomes, the potential clinical impact of the intervention was highlighted by the observation of significantly
fewer strokes in the intervention group, counterbalanced by modest and non-significant higher rates of clinically
relevant non-major bleeding.
Whereas oral anticoagulation is highly effective in preventing atrial fibrillation-related strokes, worldwide it is
used only in 58% of patients with risk factors for stroke, as shown by the RE-LY registry, including 164 sites from
46 countries.7 Published registries have reported higher rates of treatment with oral anticoagulants in patients
with atrial fibrillation.
The GARFIELD-AF registry found that the proportion of patients with atrial fibrillation on oral anticoagulation
increased by almost 15% (from 57% in 2010–2011 to 71% in 2014–2015).17 Similarly, in the GLORIA-AF registry,
prescription of oral anticoagulants in patients with atrial fibrillation increased by 16% (from 64% in phase 1,
when non-vitamin K-dependent oral anticoagulants were not available, to 80% in phase 2, enrolling patients
between 2011 and 2014).18
However, these registries are typically initiated in centres that are focused on anticoagulation care and among
patients who provide consent, and thus, the use of oral anticoagulants is likely overestimated compared with
unselected populations.
Use of oral anticoagulation is even more limited in patients with atrial fibrillation from low-income and middleincome countries. Oral anticoagulant use is less than 40% in Eastern Europe and South America and less than
38% in Asia.7,19 The reason might be related to the regional differences in health-care systems and resource
availability, but also insufficient education of patients and physicians. This generates misperceptions around
bleeding risk and a protective effect of antiplatelet therapy, and a lack of systematic approaches to review
appropriateness of anticoagulation status at the patient level.7,19,20 Therefore, increased education and better
communication between all stakeholders (patients, caregivers, and health-care providers) are needed to
improve anticoagulation treatment and reduce the occurrence of stroke in atrial fibrillation.20
A recent survey of 1147 patients with atrial fibrillation from eight high-income European countries suggested
that the patients’ education level and knowledge are directly related to the use of antithrombotic treatment.21
Overall, 54% of patients reported knowing that oral anticoagulation was associated with risk of bleeding.21 The
awareness of oral anticoagulation-related risk of bleeding was lowest in patients without schooling (38%) and
highest in those with a college or university education (57%).21 This survey highlighted the potential opportunity
to improve anticoagulation treatment in atrial fibrillation with education. Consequently, a European Heart
Rhythm Association consensus docu- ment emphasised the need for patient education.21,22 Additionally,
physician decisions not to initiate oral anticoagulation therapy in eligible patients is one of the main barriers for
the effective use of antithrombotic therapy in atrial fibrillation.23 The need for frequent monitoring, medication
costs, and lack of knowledge regarding the appropriate use of non-vitamin K antagonist oral anticoagulants were
all shown to be related to unwillingness to initiate and maintain oral anticoagulation treatment in individual
patients.23 Health-care providers require the tools necessary not only to identify high-risk patients who would
benefit from anticoagulation therapy, but also to provide appropriate therapy given the in- creasing choices in
anticoagulants. We designed a multifaceted and multilevel educational intervention to address these well known
barriers.
In addition to education of patients and physicians, the intervention included engagement of health-care providers in reviewing each patient’s eligibility for oral anticoagulation. Because changing practice might be more
successful by leveraging regional opportunities to enhance implementation, each country was encouraged to
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customise their intervention based on local practice and resources. Patient education was part of the
intervention in all countries, which was enhanced in India, for example, by the use of non-physician (or
community) health workers, who have been part of a successful intervention in improving adherence following
acute coronary syndromes.24 Communication and sharing best practices among physicians was part of the intervention in all countries, and this was also enhanced with messaging tools in China (WeChat) and Argentina
(WhatsApp), used for physician education, information sharing, and case discussions.
The PICANT study, done in Germany in 736 patients with an indication for long-term oral anticoagulation
treatment (81% with atrial fibrillation), suggested that an educational intervention focused on patients might
improve their knowledge about oral anticoagulation.10 The TREAT study, which included 97 patients with atrial
fibrillation on warfarin randomised to educational inter- vention or usual care, showed that theory-driven
patient education had a significant impact on time in therapeutic range.9 However, these studies were small and
focused only on patient education. A larger and not yet published study (AEGEAN trial) randomised 1162
patients with atrial fibrillation who were initiating apixaban to receive either standard-of-care patient
information or an edu- cational programme. At 24 and 48 weeks, adherence to apixaban was high in both
groups, with no additional value of educational pro-gramme over usual care.25 However, this study had a more
than 90% adherence rate to apixaban in both groups, highlighting the challenge of enrolling patients
representative of general practice and the importance of a rigorous control group to determine whether
anticoagulation- care is truly changed by a given intervention.
Our trial differs from earlier studies in being a large, international, randomised controlled trial, and the results
establish that a customised, multifaceted, and multilevel educational intervention can improve the use of oral
anticoagulation in patients with atrial fibrillation at risk for stroke. We used a cluster-randomised trial design in
five countries representing five different world regions, according to the Global Burden of Disease
classification.26 This cluster-randomised design has previously been successful in showing improvement in the
use of evidence-based therapies for patients with acute coronary syndromes in Brazil27 and improvement in
walking distance in newly detected heart failure treated by general practitioners.28 In our study, the significant
9·1% absolute increase in the change of oral anticoagulant use from baseline to 1 year, observed in the
intervention versus the control group, is clinically relevant. Based on registry data of relatively unselected
patients,7,17–19,29 we believe that the proportion of untreated patients in general practice in the countries
included in our study is even higher than what we observed.
The relatively high use of oral anticoagulants at baseline in our study might relate in part to the inclusion of
experienced centres and to the need for patients to provide informed consent, which likely resulted in a selected
population. The fact that 94% of patients on oral anticoagulation at baseline remained on oral anti- coagulation
at 1 year in the control group underscores the high quality of care at these centres. When we examined the
patients without oral anti-coagulation treatment at baseline, we demonstrated that about half of these
untreated patients were able to be successfully treated with oral anticoagulants with the intervention that was
tested in our trial. This study is one of the first to provide information about a crucially important question: of all
patients with atrial fibrillation and risk of stroke who are not treated with oral anti-coagulants, what proportion
could be treated as the result of a comprehensive intervention? Finally, in the intervention- group, improvement
in oral anticoagulation use reduced the total number of strokes (ischaemic and haemorrhagic) by about 50%.
Our findings of improved clinical outcomes are aligned with the results from another study where a nurse-led
atrial fibrillation care initiative, providing patient education and monitoring, decreased the combined outcome
of cardiovascular hospitalisation and cardiovascular death by 35%.30
Due to the cluster-randomised nature of our study design, in which recruited centres were assigned to the
control group and to the need for consenting patients before entering the study, the baseline use of oral
anticoagulation likely overestimates what is seen in general practice in the participating countries. Mean- while,
most of the sites were tertiary, academic, or private centres and, therefore, highly experienced centres.
However, even in these well treated patients at baseline, an educational intervention improved the use of oral
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anticoagulation. There were some imbalances between the intervention and control site populations, including a
difference of about 10% between the number of patients enrolled, related to the modest total number of sites
and potentially to the open-label nature of the trial. However, the enrolment procedures were similar at
intervention and control sites. The open-label nature of the trial could be a limitation, although the small
number of patients lost to follow-up is reassuring that this did not have an impact on follow-up or outcome
ascertainment. The trial was an investigator-initiated project with limited funding, which did not allow the
development of sophisticated tools for education and adherence measurement or intense intervention at the
individual patient level. However, this might also be considered a strength, since the interventions used in this
trial were simple, and therefore could be implemented in standard clinical practice, at least in middle-income
countries. Another limitation is that the study was not powered to assess differences in the clinical outcomes
between study groups. However, even though a much larger study would be needed to be adequately powered
for clinical outcomes, the reduction in stroke observed in the intervention group was nominally significant and
thus consistent with an important clinical benefit.
In conclusion, a customised, multifaceted, and multi- level educational intervention, aimed to improve oral
anticoagulation use in patients with atrial fibrillation and at risk for stroke, resulted in a significant increase in
the proportion of patients treated with anticoagulation. Such an intervention has the potential to improve stroke
prevention around the world for patients with atrial fibrillation.
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