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Rationale
Ischaemic stroke (IS) is an important cause of disability. Adequate preventive therapy after IS is important to prevent recurrent stroke. In 25% of IS the cause remains unclear after analysis. Studies indicate that up to 23% within this group may be caused by atrial fibrillation (AF), especially in cryptogenic stroke. The presence of AF implies an indication for using oral anticoagulants as secondary prevention. Currently, the usual diagnostic workup consists of rhythm monitoring for 72 hours. Studies have shown that long-term rhythm monitoring increases the chance of finding AF. Additionally, the presence of frequent premature atrial contractions (PACs) indicates an increased chance of AF. Limitations of studies with long-term rhythm monitoring is the variable interval between the IS and start of monitoring and the duration of monitoring with variation from days to years. Insight is growing that the importance of finding AF short after IS is different from finding AF after a longer period after IS. Using an external loop recorder (ELR) for 30 days, starting immediately after a cryptogenic IS and frequent PACs may be of additional value to detect AF in this high-risk group.
Objective(s)
The overall objective of this study is to evaluate implementation of an ELR during 30 days in the diagnostic work up in patients with a cryptogenic IS with frequent PACs.
We defined the following specific objectives:

1. To assess the percentage of patients with AF after rhythm monitoring for 30 days.

2. To assess the additional percentage of patients in which AF is found after follow-up of 1 year.

3. To assess the percentage of patients with a major cardiovascular event after follow-up of 1 year.

Study type
We will perform an observational implementation study.

Study population
All consecutive adult patients (≥18 years) with a cryptogenic IS and frequent PACs during the first 72-hours rhythm monitoring.

Methods
Patients will receive an ELR immediately after the first 72-hours rhythm monitoring during 30-days. The number of patients with AF, detected using the ELR will be recorded. Follow-up by phone will take place after 3, 6 and 12 months. The number of patients with newly detected AF and/or major cardiovascular events will be recorded.

Burden and risks
In this study we evaluate the implementation of ELR. The burden for patients consists of additional follow-up by phone after 6 and 12 months. Follow-up after 3 months is already implemented in current practice.

Recruitment and consent
Patients are recruited in the hospital setting at the stroke-care unit. Informed consent for use of anonymized data and for follow-up after 6 and 12 months will be asked.
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Ischaemic stroke (IS) is one of the most important causes of disability worldwide.1 About 25% of IS is caused by atrial fibrillation (AF).2 If AF is present after IS, anticoagulants are indicated is secondary prevention. The detection of AF in patients with IS is therefore very important. Within the group with IS without an underlying cause after usual analysis, the so-called cryptogenic IS, the percentage of underlying AF seems high, up till 23%. 3–6 Guidelines advice to monitor the heart rhythm in cryptogenic IS at least for 72 hours.
Several studies investigated which patients with cryptogenic IS have the highest risk for underlying AF.7–10 An important risk factor is the presence of frequent premature atrial contractions (PACs) during the initial monitoring. Several theories have been postulated to explain the association between frequent PACs and the occurrence of AF: 1) the presence of frequent PACs is a first symptom of developing AF, 2) increased ectopic atrial activity is associated with multiple cardiovascular risk factors, as older age, cardiovascular disease, higher N-terminal pro-B-type natriuretic peptide and dilated left atrium and 3) AF is an epiphenomenon for structural, biochemical and functional changes of the atrium, so-called atrial cardiopathy.7
One retrospective study found AF de novo in 18.6% of patients with IS and frequent PACs with holter monitoring for 7 days.11 In another retrospective study patients that eventually had AF appeared to have significant more PACs than patients without AF (16.7 PACs per hour versus 0.21 PACs per hour).12 A subanalysis of a study, investigating the presence of AF using an external loop recorder (ELR) for 30 days showed an association between the frequency of PACs and the presence of AF.4 A cohort study of an otherwise healthy population of 55 years and older showed a higher risk of IS or death in the presence of frequent PACs (> 30 per hour).13
Both national and international guidelines concerning diagnostic approach of patients with IS do not give clear advice how to deal with frequent PACs in patients with cryptogenic IS. 2,14 The chance to detect AF in the presence of frequent PACs increases if rhythm is longer monitored.2,15 Prior studies varied with rhythm monitoring from 7 till 30 days using an ELR till a couple of years using an implantable loop recorder (ILR).11,15–17 There is increasing insight that the detection of AF short after IS is of more relevance than the finding of AF after a longer episode.3 Several studies investigated the presence of AF using an ILR. It is unclear if starting anticoagulants if AF is detected using an ILR improves clinical outcome.18 We therefore prefer to start rhythm monitoring immediately after cryptogenic IS in the high-risk group with frequent PACs using a 30-days ELR. Compared with ILR, an ELR is applicable without delay, less invasive, cheaper and gives information in the most relevant era after IS.2,19

[bookmark: _Toc125021922]Objective(s)

The overall objective of this study is to evaluate the implementation an ELR during 30 days in the diagnostic work up in patients with a cryptogenic IS and frequent PACs.
We defined the following specific objectives:

Objective 1.
To assess the percentage of patients with AF after rhythm monitoring for 30 days.

Objective 2. 
To assess the additional percentage of patients in which AF is found after follow-up of 1 year.

Objective 3. 
To assess the percentage of patients with a major cardiovascular event after follow-up of 1 year.
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3.1. Study type 

☐ Retrospective
☒ Prospective
☐ Combination Retrospective/Prospective

3.2.  Single center / Multicenter

☒ Single center
☐ Multicenter

3.3  Check all the applicable boxes

☒ Medical records (re-use of data from healthcare, including AI)
☐ Case report
☐ Re-use data from research
☐ Evaluations of quality of healthcare (retrospective
☐ Research with additional use of residual material from regular healthcare
☐ Research with re-use of human material from research or existing biobank
☐ De novo biobank
☐ Phase IV research
☒ Healthcare evaluation research (prospective)
☐ Research with medical devices
☐ Research with In Vitro Diagnostic Tests
☐ Other research, describe
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4.1. Study population

☒ Adults (16 years and older)
☐ Minors (younger than 16 years)
☐ Incapacitated adults (16 years and older)
☐ Incapacitated minors (younger than 16 years)

4.2. Population (base) 
All consecutive in-hospital adult patients (≥18 years) with a cryptogenic IS after regular stroke workup and frequent PACs during the first 72-hours rhythm monitoring will be included. Frequent PACs are defined as more than 500 PACs per 24 hours and/or atrial run of 20 or more complexes. Yearly, 1200 patients with IS are hospitalized in Albert Schweitzer hospital. The percentage of frequent PACs in cryptogenic IS is about 5%. Considering a drop-out of about 10%, 50 patients will be included in the study.
Part of the patients may be incapacitated due to stroke. Informed consent and follow-up will be acquired from legal representatives.

4.3. Inclusion criteria
To be eligible to participate in this study, a subject must meet all of the following criteria:
Age ≥ 18 years
Cryptogenic ischaemic stroke
Frequent PACs during the first 72-hours rhythm monitoring, defined as more than 500 PACs per 24 hours and/or atrial run of 20 or more complexes.

4.4. Exclusion criteria
A potential subject who meets any of the following criteria will be excluded from participation in this study: 
Atherosclerosis of large cerebral vessels with stenosis of >50% on the ipsilateral side of the ischaemic stroke
Lacunar ischaemic stroke with underlying causal small vessel disease
Dissection large cerebral vessels on the ipsilateral side of the ischaemic stroke
Known atrial fibrillation in history
Confusion making ELR impossible

4.5. Sample size calculation
The study is an evaluation of implementation of ELR. We will study a cohort for one year. Yearly, 1200 patients with IS are hospitalized in Albert Schweitzer hospital. The percentage of frequent PACs in cryptogenic IS is about 5%. Considering a drop-out of about 10%, 50 patients will be included in the study.
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5.1. Research methods
Patients with cryptogenic IS and frequent PACs will receive an ELR immediately after in-hospital 72-hours rhythm monitoring for 30 days. After 30 days, data from the ELR will be evaluated. If AF is present, anticoagulants will be initiated. If AF is not present antiplatelets will be continued.
Follow-up by phone will occur after 3 months as regular care. Additionally, follow-up by phone will occur after 6 and 12 months. At follow-up, the occurrence of major cardiovascular events or intermittent diagnosed atrial fibrillation will be recorded. In case of incapacitated patients, legal representatives will be contacted.

5.2. Standard clinical care versus extra for research 
All of the data (i.e. patient characteristics, (neurological) examinations, imaging and laboratory tests) that are collected for the purpose of this study are obtained during standard clinical care at the discretion of the attending paramedics and attending physician. 
Additionally, follow-up by phone will occur after 6 and 12 months.

5.3. Burden and risks
Implementation of ELR during the first 30 days after stroke will lead to detection of more AF and initiation of anticoagulants. This will significantly reduce the risk of recurrent stroke. The risks and burden of using an ELR for 30 days are very low. The benefit of timely detection of AF and prevention of recurrent stroke outweigh by far the burden and risks of ELR.

5.4. Medical device(s) / In vitro diagnostic tests
An ELR is a device, already used in cardiology. The ELR is available for diagnostic purposes in hospital. In this study, we evaluate the implementation of ELR for diagnostic purposes for a broader indication.
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6.1. [bookmark: _Toc114086142]Chance of incidental findings
Is there a chance of incidental findings?
☐ Yes
☒ No

6.2. Procedures
Not applicable.

[bookmark: _Toc125021927]Statistical analysis
Describe how data will be analyzed

7.1 Main study parameters/endpoints
Percentage of patients with AF after rhythm monitoring for 30 days.

7.2 Secondary study parameters/endpoints
Percentage of patients in which additional AF is found after follow-up of 1 year.
Percentage of patients with a major cardiovascular event after follow-up of 1 year.

7.3 Other study parameters
Patient and clinical characteristics will be collected:
Age, date of birth (hashed bye one-way hashing), sex and medical history.
Furthermore, vital functions (blood pressure, pulse, rhythm, saturation), Glasgow Coma Scale (GCS) score, National Institutes of Health Stroke Scale (NIHSS) score, CHADS VASC score, intravenous treatment (IVT) and endovascular treatment (EVT). Radiological parameters as Non Contrast Computer Tomography scan (NCCT), Computer Tomography Perfusion scan (CTP), Computer Tomography Angiography scan (CTA), Magnetic Resonance Imaging (MRI) and Magnetic Resonance Angiogram (MRA). Cardiac parameters (standard bloodsamples, ECG, echo cardiography). At last, duration of hospitalization, discharge location and modified Rankin Scale score (mRS) after 3, 6 and 12 months.

7.4 Analysis
Statistical analysis will be performed using SPSS software version 29.0. Descriptive statistics will be performed to assess the primary and secondary outcome. Correlations between normal and non-normal distributions will be calculated with Pearson and Spearman correlation coefficients. Possible prediction of variables for development of AF will be calculated with logistic regression analysis.
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8.1 Regulation statement
The study will be conducted according to the principles of the Declaration of Helsinki (version, date, see for the most recent version: www.wma.net), Gedragscode Gezondheidsonderzoek 2022 and in accordance with other guidelines, regulations and Acts.

8.2 Informed consent
Will the subjects be asked for informed consent?
☒ Yes (Upload Participant Information Letter and Informed Consent)
☐ No, consent already given in previous study (Upload Participant Information Letter and Informed Consent previous study)
☐ No, this research will be performed under the exception consent (Upload form Care for data Template, in Dutch: Formulier uitzondering toestemming)
☐ Other (e.g. partly, indirectly) Please describe the situation.

8.3 Recruitment and informed consent procedures
Patients will be recruited at the stroke-care unit in the Albert Schweitzer hospital. Informed consent will be obtained by the principal investigator, or by physician-assistants neurology or residents neurology supervised by the principal investigator. Participants will be informed and asked for consent. They will be given 24 hours to consider the decision. In case of incapacitated patients, informed consent will be asked to the legal representatives.

8.4 Exception consent
Not applicable. 
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9.1 Data / images / sound recordings / photos / film recordings
Hospital will be gathered for the purpose of this study. No images, sound recordings, photos or film recordings will be gathered. All data gathered for the purpose of this study have been obtained for regular healthcare purposes. For a detailed list of collected parameters, please refer to chapters 7.2 and 7.3.

9.2 Privacy protection
To protect the subject’s privacy, no directly identifiable data will be entered. Subject’s will be pseudonymized to an unique ID number. The key of this number will be stored on a separate file in the Albert Schweitzer hospital.

9.3 Handling and storage of data
Data will be stored on a server, using CastorEDC. Access and changes to the data are logged. Access is granted to the researchers conducting the study. Subjects’ records are coded with a unique study ID and a subject identification code is safeguarded to facilitate tracing data to individual subjects as long as necessary. The key to the code will be safeguarded by the coordinating investigator.

In line with Albert Schweitzer hospital guidelines, data will be kept 10 years after it is collected.

9.4 Handling and storage of images / sound recordings / photos / film recordings
No images, sound recordings, photos or film recordings will be collected for the purpose of this study.


9.5 Approval of access to data / images / sound recordings / photos / film recordings
Approval of access to data will be granted by the principal investigators.
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10.1 Human material
No human material will be collected for the purpose of this study.

10.2 Check all the boxes which are applicable to the human material origin:
☐ Residual material from regular healthcare
☐ Research (material acquired from a previous study). 
Add the reference of the study i.e., MEC-number Erasmus MC.
☐ Re-use of human material from existing biobank
      Describe whether the human material originates from research into the same disease. 
☐ Other, please specify

10.3 Handling and storage of human material 
☐ Anonymous, i.e. the material can never be traced back to an individual subject
☐ Pseudonymized/Coded
☐ Identifiable

10.4 Biobank
Not applicable.

10.5 Approval of access to human material
Not applicable.

[bookmark: _Toc125021931] Exchange, sharing or transfer of data and/or human material and/or images
No data exchange or sharing will take place with other organisations.
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Not applicable.

[bookmark: _Toc125021933]End of study report
Within one year after the end of the study a final study report will  be submitted with the results of the study, including any publications/abstracts of the study.


[bookmark: _Toc125021934]Publication
Do you have the intention to submit the study results in a manuscript for publication in a journal:
☒ Yes 
☐ No, please motivate
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