
INTRODUCTION
Atrial fibrillation (AF) is a common heart 
rhythm disorder in older people, which 
is associated with an increased risk of 
ischaemic stroke, heart failure, and 
mortality.1–3 Oral anticoagulants can reduce 
the risk of stroke by approximately 60% 
and risk of mortality by approximately 25% 
in patients with AF.4 AF is asymptomatic 
in around 30% of patients.5 Current 
guidelines recommend opportunistic 
screening for AF in primary care using 
pulse palpation or rhythm strip, followed 
by a 12-lead electrocardiograph (ECG) in 
case of irregularity.6,7 Several screening 
devices have been developed to help detect 
AF with a single time-point measurement, 
such as blood pressure monitors with heart 
rhythm registration, and single-lead ECG 
devices.8 Single-lead ECG devices seem 
attractive because 1-minute registrations 
can be downloaded for interpretation by a 
cardiologist. 

Previous studies have shown that 
screening with single-lead ECG devices 
resulted in an increased detection of AF 
compared with usual care,9–12 but these 
studies performed a systematic screening 
approach, that is, proactively inviting 
participants to the GP practice, using pop-
ups in the GP’s computer, or using an 
additional team of coworkers to screen 
patients during an influenza vaccination 
session.9,10,12,13 Opportunistic screening 

programmes that leave screening for AF 
to the discretion of the GP practice are 
scarce but worth considering because they 
are easy to implement; however, most of 
the above studies were performed before 
the guidelines suggested opportunistic 
screening using pulse palpation and it is 
not known whether detection in usual care 
might have improved since then. 

This study aimed to evaluate whether 
opportunistic screening with a single-lead 
ECG device at the discretion of general 
practice healthcare professionals over 
1 year, in patients aged ≥65 years who 
visited the primary care surgery, resulted 
in a higher AF detection yield than general 
practices providing usual care. 

METHOD
Design 
A clustered, randomised controlled trial was 
performed in which 15 general practices 
had the opportunity of screening for AF with 
a single-lead ECG device, and 16 general 
practices provided usual care. 

Participants
Practices were located in rural, suburban, 
and urban areas in the Netherlands. All 
patients aged ≥65 years without a history 
of AF and enlisted with the participating GP 
practices were eligible for inclusion. The 
study was conducted from October 2014 
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Abstract
Background
Atrial fibrillation (AF) increases the risk of 
stroke, heart failure, and all-cause mortality. 
AF may be asymptomatic and therefore remain 
undiagnosed. Devices such as single-lead 
electrocardiographs (ECGs) may help GPs to 
diagnose AF.

Aim
To investigate the yield of opportunistic screening 
for AF in usual primary care using a single-lead 
ECG device.

Design and setting
A clustered, randomised controlled trial among 
patients aged ≥65 years with no recorded AF 
status in the Netherlands from October 2014 to 
March 2016.

Method
Fifteen intervention general practices used a 
single-lead ECG device at their discretion and 16 
control practices offered usual care. The follow-
up period was 1 year, and the primary outcome 
was the proportion of newly diagnosed cases 
of AF.

Results
In total, 17 107 older people with no recorded AF 
status were eligible to participate in the study. In 
the intervention arm, 10.7% of eligible patients 
(n = 919) were screened over the duration of the 
study year. The rate of newly diagnosed AF was 
similar in the intervention and control practices 
(1.43% versus 1.37%, P = 0.73). Screened patients 
were more likely to have comorbidities, such 
as hypertension (60.0% versus 48.7%), type 2 
diabetes (24.3% versus 18.6%), and chronic 
obstructive pulmonary disease (11.3% versus 
7.4%), than eligible patients not screened in the 
intervention arm. Among patients with newly 
diagnosed AF in intervention practices, 27% were 
detected by screening, 23% by usual primary 
care, and 50% by a medical specialist or after 
stroke/transient ischaemic attack. 

Conclusion
Opportunistic screening with a single-lead ECG 
at the discretion of the GP did not result in a 
higher yield of newly detected cases of AF in 
patients aged ≥65 years in the community than 
usual care. For higher participation rates in future 
studies, more rigorous screening methods are 
needed. 

Keywords
atrial fibrillation; diagnosis; electrocardiograph; 
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to March 2016, and lasted 1 year in each of 
the practices.

Intervention and control practices 
Intervention practices were given two to 
eight MyDiagnostick ECG devices depending 
on the size of the GP practice. This is 
a handheld single-lead ECG device that 
registers lead I for 1 minute and provides 
an instant light result based on irregularity 
of the heartbeat. The MyDiagnostick 
was shown to have a sensitivity of 94% 
and 100% and a specificity of 93% and 
96% in two diagnostic accuracy studies 
when compared with the analysis of a 
simultaneously performed standard 12-lead 
ECG interpreted by a single cardiologist, in 
populations with AF prevalence of 54% and 
28%, respectively.14,15 Screening in primary 
care typically results in a low prevalence of 
AF (around 2–3% in those aged ≥65 years 
without a history of AF),9,11 and a negative 
result with a single-lead ECG device may be 
convincingly considered as sinus rhythm. 
However, a positive result with such a 
device needs confirmation with either a 
12-lead ECG or visual interpretation of the 
MyDiagnostick single-lead ECG registration 
by an experienced GP or cardiologist.

Intervention practices were instructed to 
screen all people aged ≥65 years without 
a history of AF when they visited the 
practice over the duration of the study 
year. Intervention practices received short 
training in how to use the screening device 
and were given examples on how screening 
with a single-lead ECG device could be 
organised; however, implementation was 

left to their discretion and the research 
team did not encourage screening.

Before screening, all participants in the 
intervention arm gave written informed 
consent and completed a questionnaire on 
symptoms exhibited that possibly relate to 
(yet are unrecognised as) AF in the previous 
month. In case of a positive MyDiagnostick 
result, GPs were instructed to examine 
the single-lead ECG recording themselves 
or: have an experienced GP examine it; 
obtain a 12-lead ECG; send the single-
lead ECG (or 12-lead ECG) to a research 
cardiologist for interpretation. When AF was 
diagnosed, further management was left to 
the discretion of the GP. In case of a green 
light on the ECG device, AF was considered 
to be absent and there was no further 
action. 

Control practices were briefly informed 
about the aim of the study without 
emphasising the diagnosis of AF.6 They 
were not contacted further until the end of 
the study period.

Main outcome measures
The main outcome was newly diagnosed AF 
cases, either screen detected or diagnosed 
otherwise, as a percentage of the total 
population aged ≥65 years without a known 
history of AF at baseline. Patients with atrial 
flutter were excluded because they have 
regular rhythms. A single short-lasting 
occurrence of AF during or directly after 
cardiac surgery was not considered to be 
AF because it is most often self-limiting.16,17

Eligible patients were retrieved from the 
practices’ electronic databases; they were 
all patients aged ≥65 years, with unknown 
AF status, enlisted with the GP. Details of 
the search terms used to identify AF cases 
are available in Supplementary Box S1. 
The electronic medical files of all eligible 
patients were evaluated to determine 
their AF status. In addition, 10% of those 
aged ≥65 years were randomly selected 
using a random number generator and 
their medical files were scrutinised for 
AF. The medical history and the use of 
cardiovascular medication were recorded 
for patients with newly diagnosed AF and 
for a 10% random sample of patients aged 
≥65 years. In those with newly diagnosed 
AF, it was additionally noted who had 
diagnosed the patient and by which pathway, 
that is, the GP or cardiologist, using the 
MyDiagnostick, by 12-lead ECG, and/or as 
a result of suspected symptoms. Screened 
cases included all patients who filled in 
informed consent and a short questionnaire 
on symptoms, and who held the single-lead 
ECG device.

How this fits in
Atrial fibrillation (AF) increases the risk 
of stroke and may be asymptomatic. 
Screening of people aged ≥65 years in the 
community with a systematic approach has 
previously resulted in increased detection 
of AF. The single electrocardiograph device, 
MyDiagnostick, has good diagnostic accuracy 
and could be used for AF screening. In this 
study, opportunistic screening of those aged 
≥65 years during usual care seems not to 
result in a higher yield of AF detection than 
usual primary care. Detection of AF within 
usual primary care including pulse palpation 
seems to have improved in recent years. In 
a previous UK study (2002), 1.0% were newly 
diagnosed with AF in usual primary care 
in patients aged ≥65 years during 1 year, 
whereas this was 1.4% in the present study. 
If screening for AF is left to the discretion of 
a GP, it is mainly patients with high levels of 
comorbidity who are investigated. 
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The study complied with the data 
protection  law of the Netherlands. 
All participants screened with the 
MyDiagnostick gave written informed 
consent. All data relating to patients were 
anonymised before being sent by the 
general practice for analyses.

Sample size
For the primary outcome, it was calculated 
that 10 000 people (5000 in each arm) should 
be included. The effect sizes used for the 
power calculation were based on a UK study 
performed in 2002,13 in which AF was newly 
detected in 1.0% of the control arm (usual 
care) and 1.6% in the intervention arm GP 
practices over 1 year. The intervention arm 
was composed of two groups: one group 
who received screening with a single 12-lead 
ECG and the other with pulse palpation, 
and 53% and 69%, respectively, of eligible 
people aged ≥65 years, were screened.13 In 
the Netherlands, everybody is enlisted with 
a GP; 90% of those aged ≥65 years consult 
the GP practice at least once per year and 
on average eight times per year.18,19 It was 
therefore assumed that practices would 
manage to screen ≥80% of these eligible 
patients over a year because the single-
lead ECG device used seemed to be more 
convenient than pulse palpation or 12-lead 
ECG. Based on these assumptions, it was 
estimated that 2.0% of newly diagnosed 
cases with AF would be detected in the 
intervention arm and 1.0% in the control 
arm. A 5% significance level, 90% power, 
and an inter-cluster correlation coefficient 
of 0.0027 were used.

Randomisation
GP practices were randomised using a 
random number generator, and cluster 
size was the number of patients enlisted in 
each practice. 

Data analysis
Logistic regression analysis was used to 
compare overall 12 months’ incidence rates 
between arms on an ‘intention to treat’ 
basis. Initially, a random intercept was 
incorporated into the logistic regression 
analysis to correct for clustering. Since 
clustering adjustment showed no or very 
limited impact of clustering (standard 
deviation [SD]2 close to 0), ‘standard’ logistic 
regression was applied. For comparison 
between the screened and non-screened 
populations, the two-sided χ2 and Fisher’s 
exact test were used for dichotomous 
variables and the Student’s t-test was used 
for continuous variables. 

RESULTS
In total, 31 GP practices participated, 
including 18 916 enlisted people 
aged ≥65 years, with 1809 (9.6%) who 
had a history of AF at baseline and were 
excluded from the trial (Figure 1). The study 
population included 8581 patients in the 
intervention arm and 8526 in the control 

aPatient with false positive MyDiagnostick® result with any of screening measurements during study
year. Of these false positive results, 41 were measured at first screening measurement for that
person.

31 GP practices

Randomisation

15 intervention practices 16 control practices 

Population ≥65 years, n = 9542
Known/previously diagnosed AF, n = 961

Eligible for AF detection, n = 8581

Population ≥65 years, n = 9374
Known/previously diagnosed AF, n = 848

Eligible for AF detection, n = 8526

Screened, n = 919

AF detected with
usual care, n = 117

AF detected with
usual care, n = 95

False positive 
result,a

n = 47

Screen-
detected AF, 

n = 28

Figure 1. Flow diagram of practice recruitment process.
aPatient with false-positive MyDiagnostick result during 
the study year. Since patients could be screened more 
than once, the false-positive results can be recorded at 
a first or a later screening moment. Forty-one of the 47 
false positive results were recorded at the first screening. 
AF = atrial fibrillation.

Table 1. Baseline characteristics of the 17 107 adults aged ≥65 years 
with unknown atrial fibrillation status

Variable	 15 intervention practices	 16 control practices

Patient characteristics
  Number of patients, n	 8581	 8526
  Mean age, years (SD)	 74.3 (7.3)	 74.5 (7.3)
  Females, n (%)	 4680 (54.5)	 4610 (54.1)

Medical history as collected in 
a random sample of 10% of both  
intervention and control groupa

  Sample size of random samples, n	 867	 848

Comorbidities, n (%)
  Hypertension	 441 (50.9)	 427 (50.4)
  Type 2 diabetes	 172 (19.8)	 145 (17.1)
  COPD	 70 (8.1)	 68 (8.0)
  Prior myocardial infarction	 59 (6.8)	 57 (6.7)
  Ischaemic strokeb	 34 (3.9)	 54 (6.4)
  TIA	 40 (4.6)	 40 (4.7)

aBecause of rounding at practice level, sample size is not an exact 10% in either the intervention or control arm. 
bStrokes were defined as either ischaemic or stroke of undefined origin. COPD = chronic obstructive pulmonary 

disease. SD = standard deviation. TIA = transient ischaemic attack. 
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arm. The mean age of patients was 74.3 
(SD = 7.3) years in the intervention and 74.5 
(SD = 7.3) years in the control arm, and 
comorbidities were equally distributed in 
both arms (Table 1).

The yield of newly diagnosed AF was 
comparable in intervention and control 
practices (123, 1.43% versus 117, 1.37%, 
P = 0.73) (Figure 1); odds ratio (OR) = 1.05 

(95% confidence interval [CI] = 0.81 to 1.35). 
Of the 123 newly detected AF cases in 
intervention GP practices, 28 (22.8%) were 
detected by screening and the remaining 95 
(77.2%) were detected in usual primary care, 
for example, by presentation of symptoms 
or during blood pressure measurement. 
Mean CHA2DS2-VASc score was 4.0 for 
newly detected AF cases in the intervention 
practices during regular care, 3.9 in control 
practices, and 3.6 for the 28 screen-detected 
cases (Table 2). 

Intervention practices screened on average 
10.7% of the eligible population (919 of 8581 
patients) and found newly detected AF in 
28 of these patients (3.0% of the screened 
population) (Figure 1). Forty-seven patients 
(5.1%) had a false positive MyDiagnostick 
result (Figure 1). The screened population 
were a comparable age to the non-
screened population (74.8 years versus 
74.3 years), but had greater comorbidity, 
including hypertension (60.0% versus 48.7%, 
P<0.001), type 2 diabetes (24.3% versus 
18.6%, P = 0.001), and chronic obstructive 
pulmonary disease (COPD) (11.3% versus 
7.4%, P = 0.003) (Table 3). 

Approximately half of new AF cases were 
diagnosed in primary care (intervention 50% 
versus control 54%) (Figure 2). Figure 3 
shows for each intervention practice the 
total rate of newly detected AF and the rate 
of screen-detected AF as a function of the 
screened percentage in that practice. 

DISCUSSION
Summary
In this pragmatic, cluster randomised 
controlled trial there was no difference 
between the overall rate of newly detected 
AF when using a single-lead ECG device for 
opportunistic screening at the convenience of 
the general practice compared with usual care 
(1.43% versus 1.37%, P = 0.73). In total, 919 
patients (10.7%) were screened in intervention 
practices and these patients more often 
had the comorbidities hypertension (60.0% 
versus 48.7%), type 2 diabetes (24.3% versus 
18.6%), and/or COPD (11.3% versus 7.4%) 
than those who were not screened. In the 
intervention arm, 28 new cases of AF (3.0% 
of the screened population) were found by 
screening, and another 95 new cases of AF 
were detected during regular medical care by 
the GP or hospital specialist.

Strengths and limitations
This pragmatic trial illustrates how 
opportunistic screening would be executed 
in primary care when left to the discretion 
of the GP practice. The participation rate in 
the study was low (10.7%), and much lower 

Table 2. CHA2DS2-VASc score and initiated anticoagulant treatment 
in patients with newly diagnosed atrial fibrillation

	 Intervention arm	 Control arm

	 Screen-detected	 Regularly detected 	 Regularly detected  
Variable	 AF, N = 28	 AF, N = 95	 AF, N = 117

Mean CHA2DS2-VASc scorea (SD)	 3.6 (1.6)	 4.0 (1.5)	 3.9 (1.5)
CHA2DS2-VASc score 1, n (%) 	 3 (10.7) 	 6 (6.3)	 3 (2.6)
Female, n (%)	 15 (53.6)	 51 (53.7)	 71 (60.7)
CHA2DS2-VASc score 2 in females, n (%)	 0 (0.0)	 4 (7.8) 	 8 (11.3) 

Initiation of anticoagulant  
treatment,b n (%)
  VKA	 18 (64.3)	 45 (47.4)	 68 (58.1)
  NOAC	 5 (17.9)	 41 (43.2)	 34 (29.1)
  Antiplatelet	 0 (0.0)	 1 (1.1)	 4c (3.4)

Details about anticoagulant  
treatment, n (%)
  According to guidelinesd	 26 (92.9)	 89 (93.7)	 106 (90.6)
  Intended deviation from guidelinese	 1 (3.6)	 4 (4.2)	 5 (4.3)
  Unintended deviation from guidelinesf	 1 (3.6)	 2 (2.1)	 6 (5.1)

aCHA2DS2-VASc = Congestive heart failure (1 point); Hypertension (1 point); Age >75 years (2 points); Diabetes 

mellitus (1 point); Stroke including ischaemic stroke or transient ischaemic attack (2 points); Vascular disease 

including myocardial infarction, angina pectoris, coronary intervention, peripheral artery disease, arterial, or venous 

thrombosis (1 point); Age 65–75 years (1 point). bInitiation of oral anticoagulant (OAC) treatment: some patients used 

OAC before diagnoses for mechanical heart valve or venous thromboembolism (VTE) (either lifelong prescription 

due to multiple VTE or temporary for recent first VTE); this was 2 for AF detection by screening, 4 for detection in 

usual care of intervention arm, and 4 for detection in control arm. cIncluding two cases in whom either fragmin or 

clopidogrel was initiated. dTreatment according to the Dutch College of General Practitioners guideline for patients 

treated in primary care and the European Society of Cardiologists guideline for patients treated in hospital.6,7 
eDocumented reason for deviation. fNo documented reason for deviation from guidelines. AF = atrial fibrillation. 

NOAC = novel oral anticoagulants. SD = standard deviation. VKA = vitamin K antagonists. 

Table 3. Medical history of patients (aged ≥65 years) in the 
intervention GP practices

	 Non-screened	 Screened	  

Variable	 population, N = 7662	 population, N = 919	 P-valuea

Mean age, years (SD)	 74.3 (7.4)	 74.8 (6.5) 	 0.057
Female, n (%)	 4186 (54.6)	 494 (53.8)	 0.61

Sample (N = 770b) comorbidity, n (%)	
Hypertension	 375 (48.7)	 551 (60.0)	 <0.001
Type 2 diabetes 	 143 (18.6)	 223 (24.3)	 0.001
COPD	 57 (7.4)	 104 (11.3)	 0.003
Prior myocardial infarction	 48 (6.2)	 78 (8.5)	 0.025
Ischaemic strokec	 30 (3.9)	 36 (3.9)	 0.98
TIA	 32 (4.2)	 50 (5.4)	 0.22

aP-value on difference in non-screened and screened population. bComorbidity is collected for a random 10% 

sample of total population. cStrokes were defined as either ischaemic or stroke of undefined origin. COPD = chronic 

obstructive pulmonary disease. SD = standard deviation. TIA = transient ischaemic attack.
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than expected with 80% used for the power 
calculation. In the Netherlands, everybody 
is enlisted with a GP; 90% of those 
aged ≥65 years consult the GP practice at 
least once per year and on average eight 
times per year.18,19 Therefore, potentially 
>85% of the eligible patients could have 
been screened, even multiple times during 
a year. The following factors likely played a 
role in the low participation rate: a lack of 
financial incentive; ‘inertia’ of GPs when it 
comes to screening; time constraints for 
GPs; the need for written informed consent 
imposed by the medical ethics committee; 
and a short questionnaire needing to be 
filled in. In particular, the need to fill in an 
informed consent and short questionnaire 
on symptoms had a disincentive effect 
and likely resulted in lower numbers of 
screened patients than would be achieved 
in real-world implementation (where GPs 
would ask patients if they would like to be 
screened without paperwork).

Furthermore, a detection rate of 1.0% of 
new AF cases in the control GP practices 
was assumed based on existing studies, 
but this was higher in the present study 
at 1.37%. Even though a 3% detection rate 
of AF in the screened population seems 
promising, it is not possible to determine 
whether higher participation rates would 
cause a clinically relevant increased AF 
detection.

Information from incidental practices’ 
reporting showed that some people held 
the device without completing the survey. 
They were not counted as screened cases; 
rather only those who completed the 
informed consent and short questionnaire 
were included. It is unclear how many 
patients this concerned and whether this 
could have caused selection bias.

The study protocol included as secondary 
outcome the incidence of cardiovascular 
events. These numbers were not reported 
because there was a lack of difference in 
newly detected AF cases between the arms. 

Comparison with existing literature
The screening rate in the current study 
was much lower than in the UK primary 
care study performed in 2002,13 in which 
53% of those in the systematic screening 
arm and 69% of those in the GP-instructed 
opportunistic arm were screened. A 
positive stimulus had been the invitation 
by letter to people aged ≥65 years to have a 
12-lead ECG (systematic arm) and patients’ 
files were flagged to encourage GPs to 
palpate their pulse when visiting the GP 
office (opportunistic arm). Another study 
compared systematic pulse taking by a 
nurse with opportunistic pulse taking by 
a doctor or nurse in primary care.12 All 
patients in the systematic arm were sent an 
explanatory leaflet and an invitation letter 
to make a specific appointment at the GP 
surgery. The screening rates were 73% in 
the systematic and 29% in the opportunistic 
screening arm, clearly demonstrating 
that ‘promotion’ is effective for motivating 
patients and increasing participation rate.12 
In another study by the authors of the 
present study, a higher participation rate of 
35% was achieved by combining screening 
with the influenza vaccination programme in 
primary care.10 Some screening approaches 
were already successfully implemented in 
primary care, although with involvement 
of public health and hospital care, with 
cervical cancer, colon cancer, and breast 
cancer achieving uptakes of 61.0%, 72.6%, 
and 78.8%, respectively (further information 
is available from the authors on request).18 
Importantly, these programmes use a 

47.2%

3.3%

22.8%

26.8%

41.0%

5.1%

53.8%

15 intervention practices 16 control practices

AF diagnosed by medical specialist

AF diagnosed after stroke or TIAa

AF diagnosed in primary care by screening

AF diagnosed in primary care

Figure 2. Proportion of cases with atrial fibrillation 
diagnosed in primary or secondary care (control 
and intervention), and the proportion diagnosed by 
screening (intervention).
 aStrokes defined as either ischaemic or stroke of 
undefined origin. AF = atrial fibrillation. TIA = transient 
ischaemic attack.
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Figure 3. Percentage of people screened versus rate of 
all newly diagnosed AF and only screen-detected AF 
per intervention arm practice. 
AF = atrial fibrillation. 
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systematic approach with direct individual 
patient invitation; receive substantial 
governmental incentives; and have large 
public media campaigns on awareness 
among the general public.

There are important implementation 
barriers to screening for AF in primary 
care. These include a lack of prompts in 
the regular electronic medical files; a lack 
of financial incentive; ‘inertia’ of GPs when 
it comes to screening; being used to acting 
on a patient’s symptom presentation; and 
putting an additional task into an already 
high workload.20 These barriers are not easy 
to overcome but options to be considered 
are systematic organisation of screening, 
for example, during influenza vaccination 
sessions; combining AF screening with 
existing primary care disease management 
programmes, for example, patients with 
type 2 diabetes or cardiovascular risk 
management, preferably going along with 
sufficient financial incentives; and the use of 
prompts in the patient’s electronic medical 
file.

The lack of difference between intervention 
and control practices in the current study 
might also be due to the high prevalence 
of already known AF: 9.6% of those aged 
≥65 years. This is substantially higher 
than 7.2% in the previously mentioned UK 
study.13 In line with this, the detection rate 

of new AF with usual care in the control 
practices was 40% higher than in usual care 
in the UK study (1.4% versus 1.0%).13 Both 
findings suggest that AF is currently better 
detected by usual primary care than it 
was a decade ago. The increased attention 
of GPs to AF over the last decade might 
have increased their awareness about 
screening for AF in older patients and high-
risk groups, and in patients with symptoms 
such as palpitations or shortness of breath. 
Intervention practices mainly screened 
patients with comorbidities, which might 
have led to a higher screen-detection rate 
(3.0% of all screened patients) compared 
with previous primary care screening 
studies (on average 1.4%).11 It remains 
unknown whether these patients would 
also have been detected with usual care. 

Implications for research 
Opportunistic screening with a single-lead 
ECG device at the discretion of the GP seems 
not to be effective. Further research should 
investigate whether systematic screening 
for AF with a higher participation rate 
increases detection yield in contemporary 
usual care and how screening should be 
organised. Further research is also needed 
into the barriers and facilitators to improve 
screening for AF in primary care.
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