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Background: Guideline-recommended integrated care based on the ABC (Atrial fibrillation Better Care) pathway for “general” 
patients with atrial fibrillation (AF) improves clinical outcomes, as demonstrated in our prior mobile Atrial Fibrillation Application 
(mAFA)-II cluster randomized trial. The present study aims to investigate whether mAFA III-supported structured follow-up 
rehabilitation packages adapted to patient risk profiles and different treatment patterns (eg, for patients receiving drug treatment 
only, AF ablation, or left atrial appendage occlusion [LAAO]) will improve guideline adherence and reduce the risk of adverse 
cardiovascular events.
Methods and Analysis: In this prospective, observational mAFA III pilot cohort study, patients with AF aged ≥ 18 years will be 
enrolled using the mAFA III App for self-management. Assuming an annual rate of composite outcome of “ischaemic stroke or 
systemic embolism, all-cause death and cardiovascular hospitalization” of 29.3% for non-ABC pathway compliance compared with 
20.8% for ABC pathway compliance, at least 1475 patients would be needed to detect the outcome of the A, B and C components of 
the ABC pathway, assuming a withdrawal rate of 20% in the first year. The primary endpoint is adherence to guidelines regarding the 
A, B and C components of the ABC pathway. Ancillary analyses will be performed to determine the impact of the ABC pathway using 
smart technologies on the outcomes among the “high-risk” population (eg, ≥75 years old, with multimorbidities, with polypharmacy) 
and the application of artificial intelligence machine-learning AF risk prediction management in assessing AF recurrence. The 
individualised anticoagulants with AF burden will be monitored by smart devices.
Trial Registration Number: ISRCTN13724416.
Keywords: atrial fibrillation, rehabilitation, mobile health

Introduction
Atrial fibrillation (AF) is an increasing global epidemic and public health challenge.1 Guideline-recommended integrated 
care based on the ABC (atrial fibrillation better care) pathway for “general” patients with AF improves clinical outcomes, 
as demonstrated in our prior mobile Atrial Fibrillation Application (mAFA)-II cluster randomized trial. The ABC 
pathway refers to the following: Avoid stroke, Better symptom control, and Cardiovascular risk and comorbidity 
management, and it has been recommended in updated guidelines for the management of AF.2

The inappropriate prescription of oral anticoagulants (OACs) is common. Many AF patients are not anticoagulated 
according to their CHA2DS2-VASc (Congestive heart failure; Hypertension; Age ≥75 years; Diabetes Mellitus; Stroke; 
Vascular disease; Age 65–74 years; Sex category) risk score.3 In a large US administrative database, 13.3% of AF patients 
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with no renal indication for dose reduction were underdosed.4 Approximately 3 in 10 Asian AF patients were treated with off- 
label dosing of nonvitamin K antagonist oral anticoagulants (NOACs) in daily practice.5 Of concern, only 40.2% of AF 
patients on OACs were both adherent and persistent at 1 year in UK primary care,6 while in a Danish national patient registry, 
half of the AF patients discontinued NOAC therapy after one year.7 Noncompliance with anticoagulant guidelines for AF is 
associated with an increased risk of adverse outcomes, including ischaemic stroke, bleeding, and death.8

In China, there is an increasing trend for more OAC use, especially in the era of NOACs; however, there remains 
much heterogeneity in OAC use. The 2019 Clinical Performance and Quality Measures for Atrial Fibrillation in China 
demonstrated that the prescription rate of OACs upon discharge was 66% in Class III hospitals but only 25.8% in Class II 
hospitals in 2018.9 A screening program with handheld single-lead electrocardiography (ECG) in Chinese community 
health centres involving 4531 participants showed that only 20% of identified AF patients were receiving OACs (mainly 
warfarin), but 85% should have been administered guideline-recommended anticoagulants.10

In our mobile health (mHealth) technology in improving screening and integrated care for atrial fibrillation (mAFA II) 
study, mHealth supported integrated care based on the ABC pathway and improved the adherence to OAC (mainly 
NOAC) use from 63.4% at baseline to 73.2% in one year11 and reduced the short- and long-term composite outcome of 
ischaemic stroke, bleeding, and rehospitalization.12,13

Indeed, mHealth and other innovative technologies are proposed for arrhythmia management.14,15 Nonetheless, 
mHealth-supported guideline-recommended treatment adoption in routine clinical care needs to be further clarified and 
adapted to the patient’s risk profile and specific patient groups (eg, for patients receiving drug treatment only, AF 
ablation, or left atrial appendage occlusion [LAAO]).

Moreover, the elderly patient population may have more limited technical skills related to smart technology use, while 
they are likely to have the most possible benefit from adherence to the guidelines. Multimorbidity and polypharmacy are 
common among patients with AF, and up to 40% of AF patients suffer more than four comorbidities.16,17 The current 
mHealth opportunities, combined with clinical pathways, need to be explored in this “high-risk” population.

The present study aims to investigate whether mAFA-supported structured follow-up rehabilitation packages adapted 
to patient risk profiles and different treatment patterns (eg, for patients receiving drug treatment only, AF ablation, or 
LAAO) will improve guideline adherence and reduce the risk of adverse cardiovascular events.

Primary and Secondary Hypotheses
The primary hypothesis is to analyse adherence to guidelines based on the ABC pathway (Avoid stroke, Better symptom 
control, and Cardiovascular risk or comorbidity management) with mHealth-supported structured follow-up rehabilita-
tion packages adapted to the patient’s risk profile and different management patterns (eg, for patients receiving drug 
treatment only, AF ablation, or LAAO).

The secondary hypotheses are to explore the application of artificial intelligence machine-learning AF risk prediction 
management in AF recurrence, the impact of the ABC pathway upon smart technologies on outcomes among a “high- 
risk” population (eg, ≥75 years old, multimorbidities, polypharmacy), and the influence of mAFA III system support in 
reducing the heterogeneity of treatment among primary care/Class-I, Class-II, and III hospitals.

Methods
The present study is a prospective, multicentre, observational registry (Figure 1). The study was approved by the Central 
Medical Ethics Committee of Chinese PLA General Hospital (Approval number: HZKY-PJ-2021-13) and was also 
approved by local institutional review boards. All patients will provide written informed consent. The study was 
performed in accordance with the Declaration of Helsinki document on human research ethics. The study is registered 
on https://www.isrctn.com/ISRCTN13724416 (Registration number: ISRCTN13724416).

Study Population
The inclusion criteria include the following: (i) patients aged ≥ 18 years old; (ii) patients had >30-s AF on a 12-lead 
resting electrocardiogram or Holter; and (iii) the patient informed consent form is signed. The exclusion criteria are as 
follows: (i) no ECG of AF is recorded.
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Patients will be consecutively recruited at each site to ensure representative inclusion of the overall population in each 
practice setting in China. Enrolment will occur between May 1, 2021, and May 31, 2023.

We previously developed a user-friendly mobile Atrial Fibrillation Application (mAFA) for doctors and patients for 
the management of AF based on the Android Operating System.18 The mAFA provides clinical decision support tools 
(CHA2DS2-VASc, HAS-BLED, SAMe-TT2R2 scores), guideline-based treatment recommendations, educational materi-
als and patient involvement strategies with self-care protocols to support implementation of the ABC pathway for 
integrated or holistic AF management.19

In the present study, the structured follow-up packages guiding the rehabilitation at home have been updated for 
mAFA (mAFA III) and are suitable for patients receiving drug treatment only, AF ablation, or LAAO. The specified 
structured follow-up package, matching the patient’s treatment pattern, was initiated when patients were discharged or 
after consultation in the clinic. All structured follow-up packages are compliant with the 2020 ESC Guideline on AF 
management2 but focus on different features of patients who received different treatment patterns.

Structured Follow-Up Rehabilitation Packages
i) For AF patients with anticoagulants or other drug treatment only who do not receive AF ablation or LAAO, the 
structured follow-up rehabilitation package will include ABC pathway components, timely communication, and the 
patient educational programme (Table 1 and Figure 2A).

The follow-up report and recommendation based on the updated patient’s profile will be automatically generated and 
proposed for the patients at 1, 3, 6, 9, and 12 months by mAFA III to aid patients in self-management.

ii) For AF patients who undergo ablation, a structured follow-up rehabilitation package will include ablation 
complication monitoring, symptom and cardiac rhythm control after ablation, drug management, AF recurrence manage-
ment, and cardiovascular risk and comorbidity management (Table 2 and Figure 2B).

The follow-up report and recommendation based on the updated patient’s profile will be generated and proposed for 
the patients at 1, 2, 3, 6, 9, and 12 months by mAFA III to facilitate safe drug use, to predict AF recurrence, and, thus, 
propose lifestyle modification to decrease the risk for recurrence after ablation.

Figure 1 Flow chart. 
Abbreviations: mAFA, mobile Atrial fibrillation Application; LAAO, left atrial appendage occlusion.
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iii) For AF patients who undergo LAAO or LAAO plus ablation, the structured follow-up rehabilitation package will 
include ablation/LAAO complication monitoring, symptom and cardiac rhythm control after ablation, drug management, 
AF recurrence management, cardiovascular risk and comorbidity management, and rehabilitation for patients with stroke 
(Table 2 and Figure 2C).

Table 1 Structured Follow-Up Rehabilitation Package for AF Patients Not Undergoing Invasive Procedures

1 m 3 m 6 m 9 m 12 m

Avoid stroke

Dynamic stroke risk monitoring √ √

Dynamic bleeding risk monitoring √ √ √ √ √
Anticoagulant quality monitoring √ √ √ √ √

OAC dosage adjustment √ √ √ √ √
Safe drug monitoring √ √ √ √ √

Green channel for TE/bleeding event √ √ √ √ √

Better symptom control

Symptom control √ √ √ √ √
Cardiac rhythm management √ √ √ √ √

AI AF risk prediction √ √ √ √ √

Antiarrhythmic drug/rate–control drug management (safe monitoring, dosage adjustment) √ √ √ √ √

Comorbidity management √ √ √ √ √

Timely communication between doctors and patients √ √ √ √ √

Patient educational programme √ √ √ √ √

Abbreviations: OAC, anticoagulant; TE, thromboembolism; AI, artificial intelligence; AF, atrial fibrillation.

Figure 2 Structured follow-up rehabilitation packages. (A) Structured follow-up rehabilitation package for AF patients with drug treatment only. (B) Structured follow-up 
rehabilitation package for patients undergoing AF ablation. (C) Structured follow-up rehabilitation package for patients undergoing LAAO or LAAO plus ablation. 
Abbreviations: mAFA, mobile Atrial fibrillation Application; LAAO, left atrial appendage occlusion; AI, artificial intelligence; AF, atrial fibrillation.
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Rehabilitation for Patients with Stroke
For AF patients with stroke, the general condition, mobility, sense, cognitive function, speech, dysphagia at enrolment 
and the safety of rehabilitation at home will be evaluated by local health providers. Then, the main components of 
rehabilitation will be proposed as an educational program by mAFA III based on the clinical evaluation as follows: i) 
mobility rehabilitation: muscle strength training, muscle spasm prevention; ii) mood disorder rehabilitation: anxiety and 
depression scale, emotional support; iii) speech rehabilitation: communication support, oral and facial muscle training; 
iv) dysphagia rehabilitation: swallowing reflex training; v) cardiac and pulmonary rehabilitation; and vi) vein throm-
boembolism prevention: lifestyle modification, ankle pump exercise.

The follow-up report and recommendation based on the updated patient’s profile will be generated and proposed for 
the rehabilitation of patients at 1, 2, 3, 6, 9, and 12 months.

All patients were followed up for at least 12 months to assess adherence to guidelines and adverse cardiovascular 
events.

Study Outcomes
The primary endpoint is adherence to guidelines based on the ABC pathway and its individual components.

Secondary outcomes will include the following: i) the composite of stroke/thromboembolism, all-cause death and 
rehospitalization. The thromboembolism endpoint includes ischaemic stroke, transient ischaemic attack (TIA), pulmonary 
embolism, deep vein thromboembolism (DVT), and other thromboembolisms (eg, peripheral embolism, atrial thrombus and 
left atrial appendage thrombus). All-cause death will include cardiac death, vascular death and non-cardiovascular death. 
Cardiac death includes death caused by ST-segment elevation myocardial infarction/non-ST-segment elevation myocardial 
infarction (STEMI/NSTEMI), heart failure (HF), arrhythmia, cardiac perforation/tamponade and other deaths of cardiac 
origin. Vascular death will include death ascribed to ischaemic stroke, haemorrhagic stroke, systemic haemorrhage, peripheral 
embolism and pulmonary embolism. Rehospitalization for cardiovascular events will include stroke, systemic thromboem-
bolism, angina, STEMI/NSTEMI, HF, and arrhythmia; ii) AF recurrence after 3 months following AF ablation; iii) 
compliance with guideline-recommended antithrombotic management for patients undergoing LAAO or ablation plus 

Table 2 Structured Follow-Up Rehabilitation Package for AF Patients with Ablation or LAAO

1 m 2 m 3 m 6 m 9 m 12 m

Ablation complication monitoring

Atrial-oesophageal fistulas √

Pulmonary vein stenosis √ √ √

Symptom and cardiac rhythm control after ablation

Symptom amelioration √ √ √ √ √ √

Cardiac rhythm/rate monitoring* √ √ √ √ √ √

Drug management

Antiarrhythmic drug (safe monitoring, dosage-adjustment) √ √ √ √** √** √**

OACs (safe monitoring, dosage-adjustment) √ √ √** √** √** √**

AF recurrence management

AF recurrence risk assessment √
AI AF risk prediction √ √ √ √ √ √

Reduce AF recurrence through cardiovascular risk control √ √ √ √ √ √

Comorbidity management √ √ √ √ √ √

Rehabilitation for patients with stroke^ √ √ √ √ √ √

Notes: *If patients had compatible smart devices. **Depending on patient’s risk profile. ^If patients had a stroke. 
Abbreviations: LAAO, left atrial appendage occlusion; OAC, oral anticoagulant; TE, thromboembolism; AI, artificial intelligence; AF, atrial fibrillation.
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LAAO; iii) event rates: event rate for the composite of ischaemic stroke/TIA and systemic thromboembolism, HF, cardio-
vascular death or rehospitalization for any cardiac cause; and iv) quality of life.

Study Setting and Site Selection
A pilot investigation was performed to assess possible study sites, hospital size, and focused clinical care (pathways A, B, C), 
as well as the possible enrolment of AF patients per month, in terms of patients with prior stroke, with ≥ 2 comorbidities, ≥75 
years old, and taking more than 5 drugs. In addition, the feasibility of systemic support was investigated among the possible 
study sites, including a cluster of one central research site and its affiliated small-sized hospitals.

There are 43 hospitals (35 Class III and 8 Class II hospitals). Among them, 94% (40/43) of the investigated hospitals 
are affiliated with approximately five medical hospitals of different sizes (Supplementary Table 1). Thus, there were an 
estimated 200 affiliated research centres in a total of 43 central research hospitals (mostly Class III hospitals).

The research sites in the study represent the current hierarchical medical system in China, including Class III 
hospitals, Class II hospitals, and Class I or community service centres, with Class III hospitals leading medical care. 
Community service centres are less likely to provide standard AF management (eg, prescribing oral anticoagulants, 
performing cardioversion), primarily due to the lower level of specialist skills and knowledge among general practices 
(GPs) who staff Class I or community service centres. Patients diagnosed with AF are usually referred to Class II 
hospitals or directly to Class III hospitals for treatment.

The medical support staff, referral evaluation, and educational program by mAFA III will be provided to facilitate standard 
AF management for Class II and Class I hospitals or community services centres through a cluster of one central research site (eg, 
Class III hospitals) plus five affiliated small-sized hospitals (eg, Class II and Class I hospitals or community service centres).

Health Provider’s Focus and Patient’s Risk Profile
Among the 47.5% of health providers who focused on the Avoid stroke pathway, 27.5% cared about pathway B, and 
25.0% cared about Pathway C or the patient’s education (Supplementary Figure 1). The distribution of “high-risk” AF 
patients among the investigated hospitals is shown in Supplementary Figure 2.

Data Management
Academic Steering Committee (Supplementary Material 1) and Data Management Committee (Supplementary Material 2) 
will be responsible for the data quality control.

Statistical Approach
Data will be summarized using the mean (standard deviation (SD), medians (range) for continuous data, and counts 
(percentages) for categorical data. Continuous variables were tested for distribution by the Kolmogorov–Smirnov test. 
Those with a normal distribution are presented as the mean and SD and were analysed by the t-test or analysis of variance 
(ANOVA). Data with a nonnormal distribution are presented as the median with interquartile range (IQR) and were analysed 
by nonparametric methods. The comparison of discrete variables was performed via the chi-square test. A Cox proportional 
hazard model on the outcomes will be performed to assess the impact of covariates (eg, patient characteristics, physician 
characteristics, risk scores, antithrombotic drugs). The analysis will be conducted for various age groups (particularly patients 
≥ 75 years old), multimorbid patients (defined as those with > 2 comorbidities), and patients with polypharmacy (with > 5 
drugs used) to clarify the adherence to guidelines and outcomes of the “high-risk” population with AF. All statistical analyses 
will be considered significant at the 5% confidence limit using 2-sided tests or 2-sided confidential intervals (CIs).

The planned analyses include the following:

● Compliance with guidelines regarding stroke avoidance: the rate of risk assessment (CHA2DS2-VASc, HAS-BLED) 
and dynamic risk assessment, the adherence and persistence of risk-stratified anticoagulant use, and compliance 
with guidelines will be assessed.
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● Adherence to guidelines regarding Better symptom control: rate control in compliance with guidelines (eg, <110 
bpm in AF patients without HF, <80 bpm in AF patients with HF) and the rate/rhythm-control drug modification 
based on patient-reported symptoms (EHRA AF symptom scale) will be investigated.

● Adherence to guidelines regarding cardiovascular risk or comorbidity management: lifestyle modification regarding 
the cardiovascular risk profile, guide-recommended drug therapy for comorbidities (eg, hypertension, coronary 
artery disease, HF, high blood pressure, and high lipid values), and compliance with the guidelines will be 
evaluated.

Other analyses will be explored, such as

● Recurrent AF episodes with “upstream management” with artificial intelligence machine-learning AF risk predic-
tion, through lifestyle modification or comorbidity management (pathway C).

● Anticoagulants with AF burden monitored by PPG or single ECG technologies if patients have compatible smart 
devices.

● Cardiovascular events: ischaemic stroke/thromboembolism, rehospitalization, death.
● Acceptability, adherence, and persistence of structured follow-up rehabilitation package use.
● Changes in the Quality of Life of AF patients at 12 months.
● Heterogeneity of adherence to guidelines in Class III, II, or I hospitals or community service centres with medical 

staff supporting teamwork and educational programs by mAFA III.

Other exploratory analyses include i) antithrombotic treatment as a guideline proposed for patients after receiving AF 
ablation, LAAO, or both AF ablation and LAAO; ii) the reasons why AF patients would not like to use the smartphone 
application at enrolment and during follow-up, together with their adherence to guidelines and cardiovascular events.

Determination of Sample Size
Based on respective cohort studies on integrated ABC pathway compliance,20,21 an annual rate of composite outcome of 
“ischaemic stroke or systemic embolism, all-cause death and cardiovascular hospitalization” of 29.3% associated with 
non-ABC compliance compared with 20.8% associated with ABC compliance (odds ratio 0.53, 95% CI 0.36–0.80), we 
would need 830 patients to identify a difference in pathway A compliance on the outcome, with a power of 80% and 
1-A=0.05. The withdrawal rate is assumed to be 20% for the first year; thus, the sample size for this study will be at least 
1039 patients to demonstrate a crude difference in compliance to guidelines recommended by pathway A for one year. 
The sample size calculation in relation to ABC compliance is shown in Table 3. It is estimated that approximately 1475 
patients would be needed to detect the outcome of pathway A, B, and C compliance. However, the present observational 
study allows the recruitment of patients with AF as soon as possible (n=3000) to achieve 80% power to detect 
a difference in compliance with all components of the ABC pathway.

Table 3 Sample Size Calculation in Relation to ABC Pathway Compliance

Pathway Compliance (%) Sample 
Size (n)

Dropout-Inflated 
Enrolment*(n)

Dropout-Inflated 
Enrolment**(n)

A 55.3% 830 913 1039

B 75.1% 1145 1260 1432

C 19.2% 1180 1298 1475
ABC 8.3% 2400 2640 3000

Notes: *The dropout rate was assumed to be 10% in the first year. **The dropout rate was assumed to be 20% 
in the first year. The sample size was calculated with a power of 80% and 1-A=0.05. The compliance of ABC was 
cited from the Gulf Survey of Atrial Fibrillation Events Registry (Gumprecht J, et al. J Clin Med 2020). PASS 15 
(NCSS, LLC.) was used for the calculation.
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Discussion
The present study will implement digital health in clinical practice in a real-world setting, aiming to improve adherence 
to guidelines based on an integrated care ABC pathway, Avoid stroke, Better symptom control, and Cardiovascular risk 
and comorbidity management for patients with AF.

The inappropriate prescription of OACs,22,23 the heterogeneity of OAC use in primary care and academic 
hospitals,10,11,13 and noncompliance with OAC use7 are common problems in current clinical practice, emphasizing 
the compelling need to improve risk assessment and management of guideline adherence.

However, addressing nonadherence to the treatment is complex. Only 40.2% of patients with AF had both adherent 
and persistent OACs at one year, and the risk of noncompliance increased over time at the individual and system levels.6 

Being elderly, having a greater number of comorbidities, and having a combined use of multiple drugs are risk factors for 
nonadherence. In our pilot investigation, 26.3% of AF patients received ≥5 drugs, 17.9% of patients were aged over 75 
years, and 23.1% had had a prior stroke (Supplementary Figure 2). Other clinical settings contributing to this complex 
setting included a high risk for bleeding, renal dysfunction, coronary artery disease, and invasive procedures. Thus, 
cardiovascular risk and comorbidity management are also important to achieve compliance, other than the prescription of 
OACs themselves.

Moreover, AF patients are heterogeneous and may have different risk profiles and management patterns (eg, drug 
therapy only, AF ablation, or LAAO). For patients with persistent/permanent AF who are receiving drug therapy only, 
Avoid stroke would possibly be the first consideration. However, for patients with paroxysmal AF who receive ablation, 
Better symptom control would likely be an important aspect. The present study will provide individualized follow-up 
rehabilitation packages adapted to patients with different management patterns based on the ABC pathway to improve 
their outcomes.

The supporting health care system is another crucial factor in reducing the heterogeneity of treatments. General 
practitioners (GPs) appear to have limited confidence in their ability to identify and manage AF, with limited use of 
appropriate OACs and cardioversion treatment. The mAFA programme could help GPs gain greater knowledge and 
skills regarding the implementation of the AF Better Care pathway12,18 and will facilitate medical support from senior 
hospitals through the App team-work function that closely links primary care, Class II hospitals, and Class III 
hospitals.

In this study, AI technology as a tool for AF prediction and management will also be explored. The introduction of AI 
technology into clinical practice will allow us to not only predict the risk but also explore the “true” implementation of 
personalized medicine through AI risk prediction, thus facilitating management.

Limitations
The present study is designed as an observational, real-world cohort study. Selection bias may exist given the 
enrollment from the different sites. However, we did the pilot investigation to assess possible study sites, hospital 
size. We did not plan to compare the outcomes of mAFA users and non–mAFA users in this observational study. 
However, the application of the ABC pathway using mHealth technology has been investigated in our prior cluster 
randomized clinical trial.12,13

Conclusion
The present study will provide evidence for personalized treatment through the implementation of a digital health 
technology-supported guideline-recommended clinical care pathway in clinical practice, adapted to the patient’s risk 
profile and different management patterns, facilitating improved adherence to guidelines.

Data Sharing Statement
The data used to support the findings of this study are available from the corresponding author upon request.
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