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Abstract

Background

Atrial fibrillation (AF) is associated with substantial morbidity, in particular stroke. Despite

good evidence for the reduction of stroke risk with anticoagulant therapy, there remains sig-

nificant undertreatment. The main aim of the current study was to investigate whether a clini-

cal decision support tool (CDS) for stroke prevention integrated in the electronic health

record could improve adherence to guidelines for stroke prevention in patients with AF.

Methods and findings

We conducted a cluster-randomized trial where all 43 primary care clinics in the county of

Östergötland, Sweden (population 444,347), were randomized to be part of the CDS inter-

vention or to serve as controls. The CDS produced an alert for physicians responsible for

patients with AF and at increased risk for thromboembolism (according to the CHA2DS2-

VASc algorithm) without anticoagulant therapy. The primary endpoint was adherence to

guidelines after 1 year. After randomization, there were 22 and 21 primary care clinics in the

CDS and control groups, respectively. There were no significant differences in baseline

adherence to guidelines regarding anticoagulant therapy between the 2 groups (CDS group

70.3% [5,186/7,370; 95% CI 62.9%–77.7%], control group 70.0% [4,187/6,009; 95% CI

60.4%–79.6%], p = 0.83). After 12 months, analysis with linear regression with adjustment

for primary care clinic size and adherence to guidelines at baseline revealed a significant

increase in guideline adherence in the CDS (73.0%, 95% CI 64.6%–81.4%) versus the con-

trol group (71.2%, 95% CI 60.8%–81.6%, p = 0.013, with a treatment effect estimate of
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0.016 [95% CI 0.003–0.028]; number of patients with AF included in the final analysis 8,292

and 6,508 in the CDS and control group, respectively). Over the study period, there was no

difference in the incidence of stroke, transient ischemic attack, or systemic thromboembo-

lism in the CDS group versus the control group (49 [95% CI 43–55] per 1,000 patients with

AF in the CDS group compared to 47 [95% CI 39–55] per 1,000 patients with AF in the con-

trol group, p = 0.64). Regarding safety, the CDS group had a lower incidence of significant

bleeding, with events in 12 (95% CI 9–15) per 1,000 patients with AF compared to 16 (95%

CI 12–20) per 1,000 patients with AF in the control group (p = 0.04). Limitations of the study

design include that the analysis was carried out in a catchment area with a high baseline

adherence rate, and issues regarding reproducibility to other regions.

Conclusions

The present study demonstrates that a CDS can increase guideline adherence for anticoag-

ulant therapy in patients with AF. Even though the observed difference was small, this is the

first randomized study to our knowledge indicating beneficial effects with a CDS in patients

with AF.

Trial registration

ClinicalTrials.gov NCT02635685

Author summary

Why was this study done?

• Atrial fibrillation is the most common heart arrhythmia, affecting approximately 3% of

the population.

• In combination with certain risk factors, atrial fibrillation carries an increased risk of

stroke.

• Despite evidence that we can reduce this risk with the use of blood thinners, underuse

remains significant worldwide.

What did the researchers do and find?

• We developed an automated clinical decision support tool integrated in the electronic

health record.

• The clinical decision support tool produced an alert (pop-up) for patients with atrial

fibrillation at risk of stroke without appropriate treatment.

• We were able to show that this straightforward intervention increased the usage of

blood thinners in patients with atrial fibrillation.

Clinical decision support for stroke prevention
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What do these findings mean?

• The current findings show that an easy-to-implement intervention can improve patient

care for patients with atrial fibrillation at risk for stroke.

• This study highlights the possibility of using available medical record data in an auto-

mated fashion.

• The results encourage further investigation of clinical decision support tools within

other areas of medicine.

Introduction

Atrial fibrillation (AF) has a prevalence of more than 3% in developed countries [1] and is esti-

mated to affect more than 33 million people worldwide [2]. The condition carries an increased

risk of thromboembolism, in particular stroke. The Global Burden of Disease project estimated

the incidence of ischemic stroke at more than 6 million cases worldwide in 2013 [3]. Of these,

approximately 20% are attributable to AF [3,4]. Moreover, stroke in patients with AF more

often leads to permanent disability and death than stroke from other causes [5].

Numerous studies have shown that the risk for ischemic stroke can be reduced by approxi-

mately 60%–70% with the use of anticoagulant therapy in patients with additional risk factors

for stroke and concurrent AF [6]. The European Society of Cardiology recommends using the

CHA2DS2-VASc algorithm to identify patients at increased risk for stroke in whom anticoagu-

lant therapy should be considered [7,8]. Anticoagulant agents recommended include warfarin

and non–vitamin K oral anticoagulants (NOACs).

Despite the recommendations in current guidelines, there remains substantial undertreat-

ment in this group of patients [9–11]. Moreover, in patients presenting with ischemic stroke,

more than 4 out of 5 patients had inadequate therapeutic anticoagulation preceding the ische-

mic event, further highlighting the clinical importance of adequate treatment [12]. The reasons

for anticoagulant underuse are most likely manifold, including difficulties in identifying AF

and the conditions constituting the CHA2DS2-VASc algorithm. Furthermore, there is a reluc-

tance to use potent anticoagulant drugs due to increased risks of falling and bleeding. Finally, a

recent report demonstrated that underuse is more pronounced in middle- and low-income

countries, indicating that patients’ and physicians’ awareness as well as educational levels may

contribute to the inequality regarding anticoagulant use [13].

Clinical decision support systems are receiving increased attention as tools to reduce costs

and improve care. Reports indicate a promising potential, but evidence with regards to clinical

outcome is conflicting [14–16], with systematic reviews reporting only modest improvements

of the healthcare process [14–18]. Of note, a recent review could not establish a beneficial effect

on mortality with this technology [18]. Furthermore, in the case of anticoagulant therapy in

AF, recent reports did not show any beneficial effects of 2 different clinical decision support

systems in primary care [19,20].

The clinical decision support tool (CDS) for stroke prevention under investigation in this

study is a computerized instrument developed by cardiologists and primary care physicians in

collaboration with Cambio Healthcare Systems. This CDS is integrated in the ordinary elec-

tronic health record (EHR) and uses medical record data to identify patients with a diagnosis

Clinical decision support for stroke prevention
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of AF and 1 or more risk factors according to the CHA2DS2-VASc algorithm who have not

been prescribed anticoagulant therapy.

The aim of the present study was to investigate if a clinical decision support system could

increase adherence to guidelines regarding stroke prevention in patients with AF in a cluster-

randomized trial in the primary care setting.

Methods

The technical aspects of the CDS and the study design, with additional secondary outcomes,

have been published elsewhere [21]. What follows is an overview of the CDS and the overall

study design.

The clinical decision support tool

The CDS was developed in a collaboration between Cambio Healthcare Systems (the supplier

of the EHRs in the county of Östergötland), the Department of Cardiology at Linköping Uni-

versity Hospital, and primary care professionals. The CDS is activated when a patient with a

diagnosis of AF or atrial flutter (International Classification of Diseases [ICD] code I48) is

being logged into the EHR. If the patient has additional risk factors for stroke according to the

CHA2DS2-VASc algorithm (based on age, sex, and ICD codes listed in S1 Text) and is without

anticoagulant therapy according to the medication list, a pop-up screen warning appears (Fig

1). By clicking on the pop-up, the responsible physician is directed to an overview of the

patient’s risk factors including a calculated annual risk for stroke for the patient and a recom-

mendation to consider anticoagulant therapy. The physician can thereafter decide to prescribe

Fig 1. The clinical decision support tool for improving adherence to guidelines on anticoagulant therapy. CDS, clinical decision support tool; NOAC, non–vitamin

K oral anticoagulant; VKA, vitamin K antagonist; TIA, transient ischemic attack.

https://doi.org/10.1371/journal.pmed.1002528.g001
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anticoagulant therapy in accordance with the current guidelines (warfarin and the NOACs are

listed in alphabetic order) or, alternatively, postpone the decision or make a decision to refrain

from medication. If the choice is made to refrain from medication, the physician is asked to

choose from a set of predetermined alternative reasons in order to monitor the main reason

for not adhering to the guidelines. Regardless of the decision made, a note in the EHR is auto-

matically generated. If the patient already has anticoagulant therapy in accordance with cur-

rent guidelines, no screen warning appears.

Study population

CDS-AF (Clinical Decision Support for Stroke Prevention in Atrial Fibrillation) (Clinical-

Trials.gov registration number NCT02635685) was a cluster-randomized trial performed in

the primary care setting. The study was conducted in the county of Östergötland, situated in

the southeast of Sweden. The catchment area had a total population of 444,347 inhabitants at

study initiation, of which 14,134 had a diagnosis of AF. In Sweden, the healthcare system is

organized in a way that each individual in need of primary healthcare resources is asked to

choose a specific primary care clinic. In case medical attention is needed, the patient preferably

visits the chosen clinic, unless emergency or specialized care is required. Typically, anticoagu-

lant therapy for AF is initiated at primary care clinics. Sweden has a publicly funded healthcare

system. As such, no reimbursements are provided for individual healthcare providers or pri-

mary care clinics regarding anticoagulant therapy.

Data from 2015 indicated that 70% of the patients with AF in the county of Östergötland

were adherent to guidelines regarding anticoagulant therapy at study initiation. Considering

an increase in adherence from 70% to 75% in the intervention group clinically meaningful, a

sample size calculation for a randomized trial with a fixed number of clusters was performed

[22]. Assuming an intraclass correlation coefficient of 0.01, a sample size of 2,494 patients

would give a power of 80% (alpha 0.05) to detect a significant difference between the interven-

tion and control group. However, our primary aim was to include the whole population of the

catchment area.

All primary care clinics in the county of Östergötland using the Cambio EHR were eligible

for participation in the study. At the time of inclusion, all primary care clinics—all of which

were using the Cambio EHR—were approached for participation and randomized to interven-

tion with the CDS or to serve as controls (i.e., continue with usual care). The clinics were strat-

ified into 4 strata based on the number of patients listed at each clinic and current adherence

to guidelines (i.e., the percentage of patients with a diagnosis of AF and CHA2DS2-VASc� 1,

but not including those with CHA2DS2-VASc = 1 based on female sex, who were currently

prescribed anticoagulant therapy) [7]. The majority of patients with a diagnosis of AF were

identified before study initiation, but individuals with a new diagnosis of AF during the study

period were also included in the final analysis.

After stratification, the clinics were randomized 1:1 to CDS intervention or control. Forum

Östergötland, a core facility with statistical expertise at Linköping University, Sweden, per-

formed the randomization sequence. Before study initiation, all primary care clinics received

general information regarding AF and the indication for anticoagulant therapy in this setting.

The clinics randomized to intervention with CDS received a briefing regarding the technical

aspects of the CDS, and this information was thereafter available to the physicians on the local

intranet throughout the study period. The primary care physicians were therefore not blinded

to group assignment, but the patients and the persons responsible for extracting data from the

EHR were unaware of group allocation.

The main phase of the study lasted for 12 months, with study initiation on 11 January 2016.

Clinical decision support for stroke prevention
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Informed consent and ethical considerations

The primary research subjects in this study were the primary care physicians who were ran-

domized to receive or not receive the CDS intervention. The population of physicians and the

primary healthcare clinics are heterogeneous groups. They represent the real-world setting in

which anticoagulants are being prescribed. To receive a true picture of the feasibility and effec-

tiveness of the CDS in supporting prescription of anticoagulants, we considered it important

to cover all primary healthcare clinics and, if possible, all physicians working in the catchment

area. According to Swedish laws and ethics regulations in human research, it is acceptable to

perform this type of research without formal informed consent from each participant, if the

consent procedure could be expected to severely limit the study realization or the quality and

generalizability of the data obtained from the study. In this study, all physicians received oral

and written information about the study, but no formal informed consent was collected from

each study participant. A resource certification was, however, obtained from the head of each

primary care clinic participating in the study.

The patients receiving or not receiving anticoagulants were the secondary research subjects

in this study. Patients expect their physicians to use the best available knowledge in order to

make good clinical decisions. In this regard, physicians can employ various written guidelines

and recommendations. We considered that asking the patients whether their physician should

use a CDS would be of questionable benefit from a patient perspective. In addition, there was

an obvious risk that the included population would be non-representative for the real-world

population. Thus, we decided not to obtain any formal informed consent from the patients.

The patients were verbally informed about the study by their physician, as found appropriate.

The Regional Ethical Review Board of Linköping found the study to be in accordance with

Swedish laws and regulations for ethical approval in human research and approved the study

(Dnr: 2015/204-31). The study was conducted in accordance with the principles in the Decla-

ration of Helsinki.

Outcomes

Primary outcome. The primary endpoint was the proportion of patients eligible for

stroke prophylaxis who were prescribed anticoagulant therapy 12 months after study initia-

tion. Data were extracted from the EHR system at baseline and at study closure, and the results

presented at the cluster level. At these 2 time points, current adherence to guidelines was calcu-

lated (the percentage of patients with a diagnosis of AF and CHA2DS2-VASc� 1 [but not

including those with CHA2DS2-VASc = 1 based on female sex] who were currently prescribed

anticoagulant therapy, i.e., had an active prescription in the EHR medication list for warfarin,

apixaban, dabigatran, or rivaroxaban; ATC codes as per S1 Text).

Secondary outcomes. To investigate whether a clinical decision support system could

reduce the incidence of stroke, TIA, and systemic thromboembolism compared to standard

care, data were extracted from the Cambio EHR. Diagnosis of stroke, TIA, and systemic

thromboembolism (ICD codes I63–64, G45, I74) was compiled at study end (11 January

2017). In order to monitor a late effect on clinical endpoints, in future analyses we will extract

data 3 and 6 years after study completion. This will be done through extraction from the

National Patient Register (National Board of Health and Welfare, Sweden), a database that

covers all diagnoses recorded from inpatient care in Sweden.

To investigate the reasons for deviation from guidelines regarding anticoagulant therapy in

patients with AF, the responsible physician was asked to choose from 1 of 3 prespecified rea-

sons listed in the CDS: “patient preference,” “contraindication,” or “other reason.” In the last

Clinical decision support for stroke prevention
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case, the physician was requested to state a reason for not following guidelines, a mandatory

measure.

Other secondary outcomes will be published separately on the usefulness, ease of use, and

acceptance of the CDS as well as a health economic analysis of the approach.

Safety outcome. With the study not conducted on an individual level, but rather with a

cluster-randomized trial design, possible adverse effects of the CDS intervention were monitored

at the clinic level. A major possible adverse effect with anticoagulant therapy is an increased inci-

dence of bleeding. In order to monitor this issue during the study period, we extracted data

directly from the EHR. The log constituted the number of patients with AF who were started on

anticoagulants with a diagnosis of clinically significant bleeding (ICD codes in S1 Text).

The study was monitored and assessed through an external safety board that consisted of 3

professionals not associated with the study. This board received an extract of the safety out-

come from the EHR 3, 6, and 9 months after study initiation. The board could recommend

discontinuing the study if there was a significant increase in bleeding events in the CDS group

based on the bleeding extractions as per above.

Data collection

The information needed to evaluate primary and secondary outcomes was calculated for each

patient at the clinic level. For the most part, this information could be collected from the EHR. In

future analyses, when data extraction is performed after study closure through the National Patient

Register from the National Board of Health and Welfare, this will be done in a decoded manner.

All results are presented at the clinic level, without the possibility of identifying individuals.

Statistical considerations

Baseline characteristics are presented as mean with 95% CI for continuous data that are nor-

mally distributed, and as median (25th–75th percentile) for data that are not normally distrib-

uted. Categorical data are presented as counts with percentages. The primary endpoint was the

proportion of patients with AF receiving anticoagulant therapy (out of the total number of

patients eligible for medication) in each cluster at 12 months. The primary analysis was a linear

regression of the cluster proportion of adherence to guidelines on randomized treatment,

adjusted for baseline adherence to guidelines, and weighted by cluster size [23]. We also per-

formed subgroup analysis using linear regression modeling based on the baseline stratification

where we compared clinics with low and high adherence to guidelines (first and fourth quar-

tiles), respectively. Intraclass correlation coefficients were calculated using the formula by

Shrout and Fleiss [24].

The bleeding and thromboembolic events (stroke, TIA, or systemic thromboembolism) are

presented as a proportion. The numerator is the total number of patients with AF initiated on

oral anticoagulants after study commencement with a clinically significant bleeding or throm-

boembolic event since study initiation. The denominator is the total number of patients with

AF initiated on anticoagulant therapy after study commencement. The chi-squared test was

used at each extraction to detect possible differences in proportions of patients with a signifi-

cant bleeding or thromboembolic event between the intervention and control groups.

The statistical analysis was performed with SPSS version 24.0 (SPSS Statistics for Windows,

version 24.0; IBM, Armonk, NY).

Deviation from study plan

In our initial study design, a calculation of the number of times the clinical decision support pop-

up screen was shown was not included. During the study period, however, we realized that this

Clinical decision support for stroke prevention
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would contribute valuable information on the use of the system and possibly add to the overall

evaluation of the intervention. Therefore, this analysis was later included in the study plan.

Results

All 43 primary care clinics in the county of Östergötland eligible for inclusion consented to partic-

ipate in the study. Of the 14,134 patients with AF at baseline, 13,379 had an indication for antico-

agulant therapy according to current guidelines. One primary care clinic in the control group was

lost to follow-up due to closedown. The 287 patients with AF listed at that clinic were allocated to

other clinics and were included in the final intention to treat analysis. In the final analysis, 42 pri-

mary care clinics with a total of 14,800 patients with AF were included (Fig 2). During the study

period, 1,857 patients received a new diagnosis of AF and were included in the final analysis.

Baseline characteristics

Baseline characteristics for the population with AF at study commencement and the patients

with a new diagnosis of AF during the study are presented in Table 1. There were no signifi-

cant differences between the 2 groups at baseline.

Fig 2. The CONSORT flow diagram of trial participants. �Patients were transferred to other primary care clinics

and were included in the final intention to treat analysis. AF, atrial fibrillation; CDS, clinical decision support tool.

https://doi.org/10.1371/journal.pmed.1002528.g002
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Proportion of eligible patients prescribed anticoagulant therapy after 12

months

There was no difference in the baseline proportion of eligible patients prescribed anticoagulant

therapy in the CDS and control groups (CDS group 70.3% [95% CI 62.9%–77.7%], control

group 70.0% [95% CI 60.4%–79.6%], p = 0.83). After 12 months, there was a significant

increase in anticoagulant prescription in the CDS versus the control group (73.0% [95% CI

64.6%–81.4%] versus 71.2% [95% CI 60.8%–81.6%], p = 0.013, with a treatment effect estimate

of 0.016 [95% CI 0.003–0.028]; Fig 3; Table 2). Analysis revealed an intraclass correlation coef-

ficient of 0.001. When we analyzed differences in rates of guideline adherence in different

quartiles based on baseline rates, we could not show any difference between primary care clin-

ics with a high and low baseline rate regarding impact from the CDS (first quartile range 0.61–

0.69; fourth quartile range 0.76–0.80).

Stroke, TIA, and systemic thromboembolism

During the study period, the CDS group had an incidence of stroke, TIA, or systemic throm-

boembolism of 49 (95% CI 43–55) per 1,000 patients with AF compared to 47 (95% CI 39–55)

per 1,000 patients with AF in the control group (p = 0.64).

Safety outcome

During the study period, the CDS group had a lower incidence of significant bleeding, with 12

(95% CI 9–15) per 1,000 patients with AF compared to 16 (95% CI 12–20) per 1,000 patients

with AF in the control group (p = 0.04).

Table 1. Baseline characteristics in the CDS and control groups, and patients with a new diagnosis of AF during the study, who were included in the final analysis.

Characteristic CDS group (n = 22) Control group (n = 21) Patients with a new diagnosis of AF during study

All CDS group only Control group only

Total population 232,561 211,786 n/a n/a n/a

Total population with AF 7,764 6,370 1,857 955 902

Total population with AF and indication for anticoagulant

therapy

7,370 6,009 1,705 873 832

Primary care clinic list size 10,570 ± 5,032 10,085 ± 3,658 n/a n/a n/a

CHA2DS2-VASc score 4 (3–5) 4 (3–5) 3 (2–4)�� 3 (2–4) 3 (2–4)

Age� 75 years 4,622 (59%) 3,713 (58%) 1,015

(55%)��
536 (56%) 479 (53%)

Age 65–74 years 2,092 (27%) 1,704 (27)% 544 (29%)� 262 (27%) 282 (31%)

Age < 65 years 1,050 (14%) 953 (15%) 298 (16%)� 157 (16%) 141 (16%)

Female sex 3,328 (43%) 2,740 (43%) 784 (42%) 417 (44%) 367 (41%)

Hypertension 6,082 (78%) 4,881 (77%) 1,289

(69%)��
659 (69%) 630 (70%)

Congestive heart failure 2,735 (35%) 2,270 (36%) 323 (17%)�� 161 (17%) 162 (18%)

Diabetes mellitus 1,763 (23%) 1,454 (23%) 342 (18%)�� 174 (18%) 168 (19%)

Vascular disease 2,630 (34%) 2,122 (33%) 356 (19%)�� 182 (19%) 174 (19%)

Chronic kidney disease 308 (4%) 228 (4%) 52 (3%)� 27 (3%) 25 (3%)

Stroke, TIA, or systemic thromboembolism 1,435 (18%) 1,165 (18%) 260 (14%)�� 130 (14%) 130 (14%)

Values are presented as mean ± SD, n (%), or median (25th–75th percentile). The study period was 11 January 2016 to 11 January 2017. There were no significant

differences in baseline characteristics between the CDS and control groups regarding the population included at baseline or in the patients with a new diagnosis of AF

during the study. ICD codes constituting the different diagnosis are listed in S1 Text.

�p< 0.05 versus the overall baseline population (CDS and control group analyzed together).

��p< 0.01 versus the overall baseline population (CDS and control group analyzed together).

AF, atrial fibrillation; CDS, clinical decision support tool; n/a, not applicable; TIA, transient ischemic attack.

https://doi.org/10.1371/journal.pmed.1002528.t001
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Reason for deviation from guidelines

In 663 unique patients for whom guidelines indicated anticoagulant therapy, we were able to

collect data regarding a specified reason why anticoagulant therapy was not initiated (Fig 4).

Of the 663 written reasons for deviation from guidelines, 285 were stated as other reason and

will undergo qualitative analysis and be published separately.

Alert appearance

We analyzed the number of times the CDS appeared in the intervention group. By looking at

the first time a CDS message was shown for a unique individual, we got an estimate of the fre-

quency of the CDS alerts over time (Fig 5).

Fig 3. Proportion of eligible patients prescribed anticoagulant therapy after 12 months in control and CDS groups.

Rate of adherence to guidelines presented as percentage on the y-axis, with the different study groups over time on the x-

axis. Data are presented as mean ± SD. �p = 0.013. CDS, clinical decision support tool.

https://doi.org/10.1371/journal.pmed.1002528.g003

Table 2. Primary endpoint with adherence to guidelines at baseline and after 12 months.

Measure January 2016 January 2017

Control group CDS group Control group CDS group�

Adherence to guidelines (%) 70.0

(95% CI 62.9–77.7)

70.3

(95% CI 60.4–79.6)

71.2

(95% CI 60.8–81.6)

73.0

(95% CI 64.6–81.4)

Numerator (number of patients with AF adherent to guidelines) 4,187 5,186 4,346 5,734

Denominator (total number of patients with AF)�� 6,009 7,370 6,156 7,861

�p = 0.013 versus control group in January 2017. Analysis with linear regression adjusted for baseline adherence to guidelines, and weighted by cluster size.

��Total number or patients with AF eligible for anticoagulant therapy based on CHA2DS2-VASc score.

AF, atrial fibrillation; CDS, clinical decision support tool.

https://doi.org/10.1371/journal.pmed.1002528.t002
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Discussion

The present study demonstrates that a newly developed clinical decision support system yields

a small increase in adherence to guidelines regarding stroke prevention in patients with AF.

During the study period of 1 year, the intervention did not translate into a clinically significant

reduction in stroke, TIA, and systemic thromboembolism. This study serves as a proof of con-

cept that an easily available technique could increase preventive measures in healthcare.

The usage of clinical decision support systems is increasing. Data regarding long-term clini-

cal outcome, however, are to some extent conflicting [14,15]. There is good evidence that clini-

cal decision support systems can improve preventive measures. Kucher and colleagues showed

that a clinical decision alert system could reduce the incidence of symptomatic and asymptom-

atic deep vein thrombosis among hospitalized patients, and other studies have shown this type

of intervention to have sustained effects [25–27]. Furthermore, clinical decision support sys-

tems can improve patient safety, in particular by reducing medication errors [28,29]. On the

other hand, evidence for beneficial outcome in other areas is sparse, and there is a lack of evi-

dence for impact on mortality and health economy [18], with some reports indicating a poten-

tial for harm [30,31]. Furthermore, there is a need for further studies on workflow issues and

the users’ notion of these systems [14]. Indeed, these issues have recently been addressed in the

Fig 4. Flowchart of the specified reasons for not initiating anticoagulant therapy.

https://doi.org/10.1371/journal.pmed.1002528.g004

Clinical decision support for stroke prevention

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002528 March 13, 2018 11 / 17

https://doi.org/10.1371/journal.pmed.1002528.g004
https://doi.org/10.1371/journal.pmed.1002528


GUIDES project, with a structured checklist to support the design and implementation of

computerized decision support tools [32].

AF is a common disorder with a proven benefit of anticoagulant therapy for the prevention

of thromboembolic events [6]. Nevertheless, significant underuse of this therapy continues.

Taken together, these factors make anticoagulant therapy in patients with AF a suitable target

for a clinical decision support system in order to improve preventive measures. Until now,

however, there were no data to our knowledge supporting this intervention in patients with

AF. Cook et al. conducted a cohort study with historical controls for patients with new-onset

AF and found no difference in physician prescription with their clinical decision support sys-

tem [16]. Arts and colleagues conducted a randomized trial with no beneficial effect of their

clinical decision support system, most likely due to lack of usage [19]. Recently, a large ran-

domized trial in the primary care setting in the United Kingdom did not show any change in

prescription pattern regarding anticoagulant use in patients with AF [20].

Indeed, there are potential reasons why the abovementioned systems did not work, includ-

ing additional workload and the risk of false positive alerts—the latter contributing to the phe-

nomenon known as “alert fatigue” [33]—as well as the risk of automation bias, where users

tend to over-rely on computer output [34,35]. However, given the strong need for improve-

ment of stroke prophylaxis in patients with AF, further development and evaluation of these

complementary tools is relevant.

When designing a clinical decision support system, there are several factors to consider in

order to increase the likelihood of a successful intervention. Kawamoto et al. present 4 clinical

decision support features that contribute to improved clinical practice: “provide decision

Fig 5. Number of times the clinical decision support alert was shown for the first time in unique individuals throughout the

study period.

https://doi.org/10.1371/journal.pmed.1002528.g005
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support automatically as part of clinician workflow,” “deliver decision support at the time and

location of decision making,” “provide actionable recommendations,” and “use a computer to

generate the decision support” [36]. When designing the current CDS, an attempt was made

to fulfil all of these criteria. In accordance, an analysis regarding the users’ acceptance of the

current intervention will be published separately, and hopefully will contribute to further

understanding on how to best design these tools in order to enhance adherence to guidelines

and effectiveness.

When discussing anticoagulant therapy in the AF population, it is important to recognize a

circumstance that is specific to this issue: even though anticoagulant therapy is highly effective

in preventing stroke in this population, not all patients with AF will benefit from the interven-

tion. To date, we have no evidence that patients with a true low risk for stroke (CHA2DS2-

VASc score of 0 if male or 1 if female) should receive therapy. Furthermore, in certain patients,

the risks of anticoagulant therapy outweigh the benefits, such as patients with a high bleeding

risk or patients unable to comply with the prescribed medication. The exact number of people

who are eligible for therapy is therefore unknown. The Swedish National Board of Health and

Welfare has postulated that 80% of patients with AF should be prescribed an anticoagulant

agent [37]. Interestingly, in a recently published evaluation of a multifaceted intervention aim-

ing to increase anticoagulant use, the intervention group reached a rate of adherence to guide-

lines of 80% [38]. The percentage postulated is further supported by data from the

GLORIA-AF registry indicating this number as a reasonable goal [39]. In our study, the base-

line adherence rate regarding anticoagulant treatment was high, but in line with a recent publi-

cation from the GARFIELD-AF registry indicating a steady increase in the prescription

pattern since the introduction of NOACs [40]. With a postulated goal of 80%, the documented

increase of anticoagulant use with our CDS intervention therefore represents an important

step towards reaching this number.

A possible adverse effect with anticoagulant therapy is an increased incidence of bleeding.

A clinical decision support system could potentially induce healthcare providers to initiate

anticoagulant therapy in patients not suitable for this therapy. It is therefore encouraging that

no increase in bleeding events was demonstrated in patients in the intervention group who ini-

tiated anticoagulant therapy during the study. Regarding the clinical outcome, we did not see

any significant reduction in thromboembolic events in the intervention group. However,

given the short observation time of 1 year, and the small increase in anticoagulant therapy

usage, this is not surprising. A longer follow-up period would be required to show a possible

beneficial effect of anticoagulant therapy on clinical events. Indeed, this analysis will be per-

formed as per our study protocol 3 and 6 years after closure of the primary study period.

An important issue when trying to increase physicians’ adherence to guidelines for anticoag-

ulant therapy is to understand the reasons why therapy is not initiated despite awareness of the

AF diagnosis. When analyzing the frequency of the CDS alerts being shown, we noticed that the

majority of the AF population attending their primary care facility received the intervention, as

indicated by the steady decrease of CDS alerts in unique individuals throughout the study

period. In contrast, the small increase in anticoagulant prescription in the CDS group indicates

that in some cases the primary care physicians either ignored the recommendation or made a

decision that the patient would not benefit from therapy. In light of this, it will be important to

analyze the written reasons for not following the suggestion from the CDS.

Regarding the reasons stated as contraindication, the majority of patients did not receive

treatment due to a combination of increased risk of bleeding and falls as well as terminal illness

such as malignancy and dementia, in line with previous reports [41]. The prespecified “other

reason” will be analyzed separately through qualitative analysis, and hopefully this analysis will

enhance the understanding of the decision-making regarding this important issue.
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There are a number of strengths of our study. Notably, we were able to include all primary

care clinics in the county of Östergötland. Therefore, the current study covers the overall pop-

ulation of our catchment area. Furthermore, since no clinics declined to participate, we were

able to reduce the likelihood of selection bias, where potentially primary care clinics already

aware of this important issue would be more likely to participate.

There are several limitations of the current study. In our sample size calculation, we consid-

ered an increase of adherence from 70% to 75% clinically meaningful. We were not able to

meet this level of increase, but still got a significant increase regarding adherence in our inter-

vention group. In hindsight, given the high prevalence of AF and the proven benefit of antico-

agulant therapy, we still consider our findings clinically meaningful, highlighting the fact that

the definition of a clinically meaningful effect of any intervention in this setting is not well

established, and requires further investigation. With the subset of patients with a new diagno-

sis of AF during the study, differential recruitment represents another possible limitation. Fur-

thermore, this group of patients had significant differences regarding baseline characteristics

compared to the population of patients included at baseline. We were, however, not able to

analyze if there was a difference regarding the effect of our intervention in the population with

a new diagnosis of AF as compared to the population included at baseline. Additionally, the

study was conducted in a region with publicly funded healthcare. Therefore, it might be diffi-

cult to extrapolate our findings to countries with alternative healthcare and reimbursement

systems. With our study carried out in a region with a high baseline rate regarding adherence

to guidelines, it is less clear what benefit the intervention would provide with different baseline

rates. However, the argument can be made that these interventions would have a greater

potential benefit where adherence to guidelines is worse. Furthermore, we were not able to

demonstrate any clinical benefit regarding a reduction of clinical events during our primary

study period. However, the net clinical benefit of anticoagulant therapy has been shown in pre-

vious studies [6], and we will monitor for a late beneficial effect regarding stroke, TIA, and sys-

temic thromboembolism. Finally, we experienced a closedown of 1 of the primary care clinics

in the control group, which led to a crossover effect.

In conclusion, the current study shows that a newly developed clinical decision support sys-

tem in the primary care setting contributed to a small improvement regarding anticoagulant

therapy in patients with AF. This easily implementable intervention represents an additional

tool for stroke prevention measures in the AF population, and highlights the feasibility of

using a CDS to enhance patient care in other areas of medicine.
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