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Abstract 
Aims: Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia and a key risk factor for ischaemic stroke. Following AF detection, treatment with oral anticoagulation can significantly lower mortality and morbidity rates associated with this risk. The availability of several hand-held devices which can detect AF may enable trained health professionals to adopt AF screening approaches which do not interfere with people’s daily routines. This study aims to investigate the effectiveness of a hand-held device (the MyDiagnostick single-lead Electrocardiogram (ECG) sensor) in screening for AF when embedded into the handles of supermarket trolleys. 
Methods: A mixed methods two-phase approach will be taken. The quantitative first phase will involve the recruitment of 2000 participants from a convenience sample at four large supermarkets with pharmacies. Prospective participants will be asked to conduct their shopping using a trolley embedded with a MyDiagnostick sensor. If the device identifies a participant with AF, the in-store pharmacist will be dispatched to take a manual pulse measurement, a static control sensor reading, and offer a cardiologist consultation referral. When the sensor does not detect AF, a researcher will confirm the reading with a manual pulse measurement. ECGs will be compiled, and the sensitivity, specificity and positive and negative predictive values will be determined. A qualitative second phase will consist of semi-structured interviews carried out with those pharmacists and store managers in store during the running of the trial period. These will explore the perceptions of staff regarding the merits of embedding sensors in the handles of supermarket trolleys to detect AF. Conclusion: This feasibility study will inform a larger future definitive trial. 
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1 Introduction 
Cardiovascular disease accounts for almost a quarter (24.7%) of all premature deaths in men and nearly a fifth (17%) in women in the U.K. [1]. Four percent of these deaths are stroke related [1]. Indeed, while stroke mortality rates have reduced over time, the condition remains one of the major global causes of mortality and disability [2]. In the U.K., stroke is the third most common cause of years of life lost and of disability [3], and is estimated to cost the UK Health and Social Care system £8.6 billion per annum [4]. This cost equates to £22,429 in the first year with ongoing five-year costs of £46,039 per patient [2]. Eighty seven percent of these admissions (126,640) are ischaemic stroke related and atrial fibrillation (AF) is responsible for around a quarter of such strokes, which are more likely to be severe and fatal compared to other causes of stroke [5,6].  Unlike many other cardiac conditions, recent UK registry-based data has noted that the prevalence of AF is increasing [1] which, if not treated effectively will likely result in an increasing number of strokes in the longer term, with a major impact on NHS healthcare costs related to AF [7]. Moreover, Public Health England estimate that while around 123,000 people in England are living with AF, around 20% of these people are undiagnosed and are therefore untreated (NHS digital 2022)

Whilst it is recognised that the risk of stroke in patients with AF is not homogeneous, all patients with AF should be risk-assessed using the CHA2DS2-VASc score [8,9], with most patients, except the very lowest risk (CHA2DS2-VASc score of 0 in men and 1 in women), receiving oral anticoagulation therapy. Anticoagulant therapy, using either vitamin K antagonists (VKAs) or non-vitamin K antagonist oral anticoagulants (NOACS), markedly reduces the risks of stroke and mortality in AF patients [10,11]. More recent focus has been placed on the detection and characterisation of AF patients, followed by a holistic approach to AF care, given the improved clinical outcomes with integrated care management [12,13].  

The detection and diagnosis of AF requires ECG rhythm documentation showing the typical pattern of irregular RR intervals with an absence of discernible P waves [9]. By accepted convention, an episode lasting at least 30 seconds is considered diagnostic [9]. However, whilst an ECG provides documentary evidence, the presence of an irregular pulse arouses suspicion of AF and whilst not as specific or as sensitive as the ECG, checking an individual’s pulse is much less costly and requires fewer resources. A pulse check is therefore an easy, low cost means of ruling out or raising suspicion of AF, as an approach to AF screening [14]. 

However, the regularity of a person’s pulse and the normality of their ECG is usually only confirmed as result of either opportunistic screening [9] or post-event identification. Silent or undetected AF is not uncommon [15,16] and although opportunistic screening is considered cost-effective in some populations [17], it may be seen as an inconvenience to those not currently experiencing symptoms and may be irrelevant to some socioeconomically deprived groups who do not engage with health professionals until a crisis occurs. Therefore, alternative models of screening that can be delivered by appropriately qualified personnel, whilst not detracting people from their daily activities are required. Until recently, such a process has been impractical; however, with the advent of new technology this may now be possible, as a number of validated hand-held devices are available that allow irregular pulses to be detected. 

Mydiagnostick is a cylindrical shaped MDD Class IIa medical device (length 26 cm, diameter 2 cm) costing circa £550 that records a single Lead I ECG tracing when a participant’s hands make contact with the metal electrodes (fig 1). The device’s algorithm-based internal software analyses the R-R interval of the ECG recording over a one-minute period whilst contact is maintained. The presence of AF is signified by a red light (fig 2) whereas the absence of AF is signified by a green light (fig 3). A single lead tracing can then be downloaded via a USB port onto a computer as a PDF document for further analysis. Whilst the MyDiagnostick algorithm is focussed solely on the presence or absence of AF, the PDF generated, allows a trained professional to identify additional arrhythmias if present
We propose to embed a MyDiagnostick single lead ECG sensor into the handles of supermarket trolleys thus assessing the person’s heart rhythm whilst they undertake their shopping (figure 1). If an abnormal heart rhythm is detected, the store’s pharmacist is notified and is dispatched to meet with the shopper. Community based pharmacies have been identified as a potential location to undertake opportunistic screening and lifestyle interventions [18]. Previous studies have demonstrated that pharmacists are able to successfully screen and identify those at risk of cardiovascular disease [19,20], and is acceptable to patients [21] but again, these studies have relied on self-presentation. 
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Figure 1. MyDiagnostick single lead ECG sensor embedded into the handles of supermarket trolleys to detect atrial fibrillation. A participant should place both hands around the device for 60 seconds. Depending on the detection of atrial fibrillation or not, the sensor will present with a red cross or a green tick, respectively. 
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Figure 3- A single lead ECG tracing showing AF
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Figure 4- A Single lead ECG tracing that was recorded as not AF
Methods
We are proposing to locate a research team in four large supermarkets, containing pharmacies, where shoppers will be asked to test the embedded technology and store managers and pharmacists will provide their views on the merits of the screening approach. We will do this using a mixed methods two-phase approach. 

Phase 1
Study Design
A cross sectional observational study with a convenience sample will be used to address the research objectives. 

Eligibility Criteria
Members of the public who are visiting four large supermarkets in the North West of England. We will recruit from four supermarkets for a period of two months each. To be eligible for inclusion, participants must be aged ≥18 years, able to grip a shopping trolley handle and provide written informed consent. Participants will be excluded if they have a physical tremor as this affects the ability of the device to record the heart rhythm due to movement artefact and previously participated in the study. Those with known AF will not be excluded from participation as the inclusion of this group of patients will aid the assessment of the sensitivity of the sensor and minimise selection bias.

Sample Size
Large supermarkets attract an average footfall of 25,000 people per week [22], providing a potential total population across four stores per week of 100,000 people. Recognising that many of these people are returning customers attending on a weekly basis, this study aims to recruit around 2% of the total population resulting in a sample of 2,000 participants. The prevalence of AF in the area of the North West of England from which participants are to be recruited is estimated to be 2.1% [23,24] this would result in 42/2000 positive results including some who are known to experience AF. However, we recognise that those most at-risk of developing AF are ≥ 65 years. Unfortunately, neither the British Retail Consortium nor YouGov provide age related data for in-store supermarket shopping. One American study estimated that those over the age of 60 years make up 24% of supermarket consumers [25]. Recognising that the prevalence of AF is highest in this older age group, ranging from 4-11% in those 65-79 years old, we estimate a total of 480/2000 people will be screened from within this age group and between 19/480 and 53/480 people will be found to be in AF. In addition, it is estimated that the remaining 1520 customers present between 0.1-1.5% risk of AF suggesting between 2/1520 and 23/1520 additional presentations. In total, it is estimated that between 21 and 76 participants will be found to be suffering AF.  The prevalence of undiagnosed AF differs dependent on age. A systematic review of 30 single time-point AF screening studies including 122,571 participants (Lowres et al 2013) reported the incidence of previously unknown AF as 1.0% (CI, 0.89–1.04%), increasing to 1.4% (CI, 1.2–1.6%) in those >65 years old. We recognise that we are recruiting a yonger population than those included in these studies, we therefore estimate that up to 28 people will be identified with undiagnosed AF.

Recruitment
A convenience sample of all those attending four designated supermarkets in the North West of England.  We will station a researcher at the entrance of each store who will approach shoppers as they enter the store and invite them to participate in the study. Participant information sheets on the trolley will outline the study and provide details of how people can participate and also include details of the funder (Bristol Myers Squibb). The supermarkets included in the study are located within the Liverpool City Region, a region with pockets of high levels of deprivation. The supermarkets are situated within community hubs and recognise their social responsibility. 
Informed Consent
Verbal consent will be gained prior to recruitment with written consent obtained for all participants with an abnormal sensor reading whose personal data are required for onward referral to a consultant cardiologist. 
Sensor Technology 
The sensor used within this study, MYDiagnostick has been shown to be highly sensitive in detecting AF, with sensitivity levels ranging between 94% (95% CI 87%-98%) [26] to 100% (95% CI 93%-100%) [27]. The specificity of MyDiagnostick also compares well with other devices ranging between 93% (95% CI 85-97%) [26] to 95.9% (95% CI 91.3% to 98.1%) [27]. 
Study Procedures
We will recruit 2,000 people attending one of four supermarkets in the North West of England. Each participant will use a supermarket trolley to undertake his or her routine shopping and by doing so will grip the trolley handle at differing points and for differing time periods. It will be made clear to each participant that only one person should push the trolley during his or her visit to the store. During each contact with the trolley handle, the sensor will assess the participants pulse and store a recording of the rhythm strip, which is stored within the sensors file storage system. This data will be downloaded alongside the personal data, at the end of each day, and deleted from the storage system. The handles of all trolleys will be sanitised between participants to minimise the risk of infection. 
If the pulse sensor detects AF, the store pharmacist will be alerted by the researcher, they will meet with the participant in the store to repeat the sensor check and undertake a manual pulse check. If the pulse sensor does not detect AF whilst the person is pushing the trolley the researcher will meet with the participant and a manual pulse check will be undertaken once the person has completed their shopping. The procedure to be followed for each participant is outlined in Figure 4. An irregular pulse is defined as any irregularity between pulse waveforms in the radial artery within a period of sixty seconds. Guidance recommends pulse palpation as the first step for AF screening [9]. Two randomised controlled trials have found that pulse palpation is an effective and cost-effective approach for screening for AF [17,28]. All staff undertaking manual pulse checks will undertake additional training using simulation manikins to ensure that they are practising in line with the procedures outlined in the Royal Marsden Manual of Clinical Nursing Procedures [29]. However, a static sensor check (control) will provide an ability to differentiate between normal irregular pulses e.g. sinus arrhythmia and more harmful conditions, including AF. 
Outcome of interest
The primary objective is to determine the effectiveness of a MyDiagnostick sensor embedded in the handle of a supermarket trolley in detecting AF. 
The 12 lead ECG of all participants referred for follow-up will be analysed for evidence of AF by a Consultant Cardiologist (GL). AF is characterized on the ECG by rapid, irregular waves that vary in size, form and timing. The results of this analysis will be compared with the participant’s initial sensor recording and the static sensor recording to establish concordance. 
Within this phase there are two secondary objectives [1] to establish what percentage of the public will choose to carry out their shopping using a trolley with a pulse sensor in the handle and [2] to establish if shoppers, who have been identified as having an irregular pulse rate, would be willing to attend a local healthcare facility to have an ECG recorded. 

The research team will introduce the new trolley to shoppers and the percentage uptake will be identified. These data will provide both the research team and the designers with valuable information that will inform the scalability of the device, if found to be effective.

With consent, details of all those who are found to have an irregular sensor reading will be stored on a research database. A Consultant Cardiologist will review the sensor recordings to eliminate those recordings that are uninterpretable and whereby the sensor has been activated by the presence of artefact. These participants will be invited to return for an additional static check. The details of those with confirmed AF or suspected AF will be referred to a local healthcare facility. These details will be compared against those who attend for a follow-up ECG. Anyone who has not attended for an ECG assessment will be contacted by telephone within one week of referral. During this telephone call, the participant will again be made aware of the risks associated with an irregular pulse, and a further invitation to attend clinic for an ECG will be offered. Participants who do not attend, will be contacted on two occasions after which, if they have still not attended, a letter will be sent to their GP explaining that the detection of an irregular pulse was found during a screening study. Follow-up care will then be provided by the GP as per routine NHS care. All data will be aggregated enabling comparisons to be made. As the aim of the study is to assess the merit of the screening approach, the study follow-up will discontinue once the participant has attended the cardiology clinic or failed to attend despite two follow up telephone calls. All treatment beyond this stage will be in line with contemporary NHS AF pathways and consequently, the likely incidence of stroke will be extrapolated from the results of national datasets.
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Figure 4. Phase 1 (Quantitative) procedure to follow regarding those participants to be recruited in a cross-sectional observational study determining the effectiveness of sensor technology to detect atrial fibrillation (AF) when embedded in the handles of supermarket trolleys. A minimum of two thousand participants will be recruited. A convenience sample will be used.

Statistical analysis
A sensitivity of 95% and specificity of 90% is sufficiently accurate to be incorporated into clinical practice. If confirmed they will make supermarkets with in-store pharmacies a nation-wide relevant and cost-effective point of screening AF. Such high sensitivity and specificity values are also indicated as plausible by existing published papers, with 95% confidence intervals of 93-100% and 91.3-98.1% [27] and 87-98% and 85-97% [26], for sensitivity and specificity, respectively. In our proposed feasibility study, our precision calculations show that with between 21 and 76 AF cases we will estimate the 95% confidence interval of sensitivity and specificity with interval width of 19.0% and 9.8%. The most likely precision will be 12.4%.

Descriptive statistics including simple percentages will be estimated from this feasibility study to demonstrate uptake, rates of detection and successful referral. Generating these data will enable the researchers to determine the number of shoppers who need to be approached to recruit into an adequately powered future study. In addition, conditional percentages will be used to describe the sensitivity and specificity of both the sensor and the pulse check. 
By recruiting from community supermarkets based in areas of high deprivation it is likely that we will recruit a greater number of individuals who are known not to typically engage in traditional screening programmes. This approach attempts to correct the inverse care law bringing healthcare to the community.

Phase 2
The second phase of the study involves an embedded qualitative approach. The primary objective is to explore the views of supermarket-based pharmacists and store managers on the merits of embedding pulse sensors in the handles of supermarket trolleys to enable the detection of AF. The secondary objective is to explore the pharmacists' perspectives and experiences of performing manual pulse checks on participants. 

Informed Consent
The Senior Store Manager will identify all those staff who are eligible for the study and will distribute a Participant Information Sheet and Consent Form accordingly. A member of the research team will be available to explain the study to potential participants at a mutually convenient time. All eligible participants will receive information about the study outlining the purpose, potential risks and implications of participation. They will be asked to sign and date an informed consent form that adheres to the ethical principles that have their origin in the Declaration of Helsinki, prior to enrolment. The participant information sheet and informed consent form will acknowledge that the study data will be used in academic publications. However, participants will be informed that no personal or identifiable data will be shared outside the research team. All data will be anonymised prior to publication.

Study Design
Qualitative interviews will be undertaken to explore the views of pharmacists and store managers.  All pharmacists and store managers from each supermarket will be invited to participate in a qualitative interview. Store managers are defined as any manager with responsibility for managing the store during the study period.  Pharmacists are defined as being General Pharmaceutical Council (GPhC) registered and employed in the store. All participants must be able to provide written informed consent and devote time to attend the interview. The exclusion criteria include previous participation in the study in the event of a store manager or pharmacist transferring to a neighbouring store during the study period, and absence from the store during the entirety of the data collection period.
Recruitment
A convenience sample including store managers and GPhC registered pharmacists employed within the supermarket within the study period will be recruited. Each store manager will identify potential participants. 

Study Procedures
We will undertake individual semi-structured interviews with all store managers and pharmacists that have engaged with the screening study. The interviews will focus on exploring the supermarket employees’ views on the merits of embedding sensors in the handles of the supermarket trolleys, the impact of using these trolleys to screen for AF on the workload of the pharmacists and the efficiency of the stores and identify any additional customer feedback that may have been received. The procedure for Phase 2 is outlined in Figure 5. 
Figure 5. Phase 2 (Qualitative) procedure to follow when conducting semi-structured interviews exploring the views of supermarket-based pharmacists and store managers around the use of sensor technology to detect atrial fibrillation (AF) when embedded in the handles of supermarket trolleys. 
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Data Analysis
Thematic analysis using the qualitative data generated from the interviews with pharmacists and store managers will be independently analysed by two members of the research team adopting Braun and Clarke’s (1996) framework for thematic analysis [30].

Patient and Public Involvement (PPI)
The Service Users for Research Endeavour (SURE) group at Liverpool Heart and Chest Hospital and the patient and public involvement group at the Liverpool Centre for Cardiovascular Science will review the research protocol, participant information sheet and consent form. Their advice will be sought throughout the design of the study.

Ethical Considerations
Ethical review has been granted by Liverpool John Moores University’s University Research Ethics Committee. The study will be undertaken in compliance with the research protocol.  During Phase 1 verbal consent will be obtained upon recruitment, with written consent secured for those with an abnormal sensor recording whose personal data will be required for onward referral for 12-lead ECG. For the qualitative sub-study (Phase 2), written consent will be obtained for all participants. 
Discussion
Many people with AF are undiagnosed, unaware and are subsequently at increased risk of stroke and mortality compared with people with symptomatic AF [31-33]. The reasons for these differences are unclear but are likely to occur because of limited preventative treatment, such as anti-coagulation and inadequate management of additional risk factors. 

The high economic and individual burden of AF makes early identification through screening an attractive proposition to clinicians, patients and budget holders alike. However, trial data to support AF screening models are scarce [34,35]. Opportunistic screening has been found to be cost-effective [36] but remains reliant on a substantial health resource. Consequently, there is increasing interest in the use of patient-initiated ECG or photoplethysmography screening with >100 mHealth apps and ≥400 wearable activity monitors reportedly available [37]. However, patient-initiated screening can be expensive to the consumer and consequently excludes those with lower household incomes. Moreover, this form of screening is dependent on individuals with few or no symptoms actively purchasing and participating in a screening ritual. Furthermore, the number of e-health applications is increasing exponentially with little or no scrutiny of their efficacy. It is therefore inevitable that the public will be exposed to poor quality devices with limited accuracy, the results of which will lead to a combination of false reassurance for some and an inappropriate use of healthcare resources for others. Introducing sensor-based screening into everyday activities with immediate access to resident health care professionals could provide a means of capitalising on the improvements in technology whilst negating the need for individuals to invest in said technology, and in doing so revolutionise the way that healthcare screening is offered. 

This proposed study aims to introduce the concept of using sensor based diagnostic technology into everyday activities whilst ensuring that all participants have access to a defined healthcare pathway thus optimising the benefits that early diagnosis provides. The study design will allow the researchers to assess the acceptability of the concept, the efficacy of the sensors and the engagement of those found to be in AF. Finally, the study will address the uncertainties in optimal trial design to inform a future definitive trial.
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