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 Trial Summary 

Title Evaluating different rate control therapies in permanent atrial 
fibrillation: A prospective, randomised, open-label, blinded endpoint 
trial comparing digoxin and beta-blockers as initial rate control 
therapy 
 
RAte control Therapy Evaluation in Atrial Fibrillation: RATE-AF 

Acronym RATE-AF  
Trial Design and Methods 

 
 
 

A prospective, randomised, open-label, blinded-endpoint (PROBE) trial 
design. The RATE-AF trial combines hypothesis testing (quality of life, 
cardiac function, exercise capacity and biomarkers), evaluation of 
measures (validity, reproducibility and correlation of outcomes) and a 
feasibility study for a future clinical event trial (assessing recruitment, 
retention and sample size). 

Trial Medications Digoxin 62.5 – 250 μg od 
Bisoprolol 1.25 – 15 mg od 

Trial Outcomes Primary Outcome: 
Patient-reported quality of life (QoL): SF-36 physical component summary 
score at six months 

Secondary Outcomes: 

Patient-reported QoL: 
 SF-36 global and domain-specific scores at 6 and 12 months 
 EQ-5D-5L summary index and visual analogue scale at six and 

twelve months  
 AFEQT overall score at six and twelve months 

Cardiac function: 
 Echocardiographic LVEF at 12 months 
 Diastolic function (E/e’ and composite of diastolic indices) at 12 

months 

Functional assessment: 
 Six-minute walking distance at 6 and 12 months 
 Change in European Heart Rhythm Association (EHRA) class at 6 

and 12 months 

Biomarkers: 
 Change in B-type natriuretic peptide (BNP) levels at 6 months 

Change in heart rate using 24-hour ambulatory ECG 

Feasibility Outcomes:  

Recruitment target of 3 patients per week across all participating centres.  

Compliance and reasons for non-compliance  

Number of withdrawals and losses to follow-up (with reasons) 

Drug discontinuation rate and adverse reactions requiring drug 
discontinuation. 
Number of patients needing therapy-induced requirement for additional 
treatment 
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Population-specific standard deviations (SD) and proportions: 
 SD of SF36 physical functioning score at 6 and 12 months  
 SD of SF36 overall score at 6 and 12 months 
 SD of AFEQT overall score at 6 and 12 months 
 SD of LVEF and E/e’ scores at 6 and 12 months  
 Unplanned hospitalisation admissions rates 

Cardiovascular Events (particularly mortality, thromboembolic events, 
myocardial infarction and cardiovascular interventions)  

Trial Duration per Participant 12 months of trial therapy 

Planned Trial Sites Multiple screening sites with single site recruitment 

Total Number of Participants  160 

Main Inclusion/ Exclusion 
Criteria Inclusion Criteria 

Adult patients, aged 60 years or older  

Permanent AF, characterised (at time of randomisation) as a physician 
decision for rate-control with no plans for cardioversion, anti-arrhythmic 
medication, or ablation therapy 

Symptoms of breathlessness (New York Heart Association Class II or more) 

Able to provide written, informed consent  

Exclusion Criteria 

Established indication for beta-blocker therapy, e.g. myocardial infarction in 
the last 6 months 

Known contraindications for therapy with beta-blockers or digoxin, e.g. a 
history of severe bronchospasm that would preclude use of beta-blockers, 
or known intolerance to these medications  

Baseline heart rate <60 bpm  

History of second or third-degree heart block 

Supraventricular arrhythmias associated with accessory conducting 
pathways (e.g. Wolff-Parkinson-White syndrome) or a history of ventricular 
tachycardia or fibrillation 

Planned pacemaker implantation (including cardiac resynchronisation 
therapy), pacemaker-dependent rhythm or history of atrioventricular node 
ablation 

Decompensated heart failure (evidenced by need for intravenous inotropes, 
vasodilators or diuretics) within 14 days prior to randomisation 

A current diagnosis of obstructive hypertrophic cardiomyopathy, 
myocarditis or constrictive pericarditis  

Received or on waiting list for heart transplantation  

Receiving renal replacement therapy 

Major surgery, including thoracic or cardiac surgery, within 3 months of 
randomisation 

Severe, concomitant non-cardiovascular disease (including malignancy) 
that is expected to reduce life expectancy 
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1.1 Trial Schema          

Figure 1 

 

This protocol describes the RATE-AF trial only. The trial will be conducted in accordance with the protocol, Good Clinical Practice 
(GCP) and applicable regulatory requirements. Every care has been taken in the drafting of this protocol, but future amendments may 
be necessary, which will receive the required approvals prior to implementation. 
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 Introduction  

2.1 Background 

Atrial fibrillation (AF) is an increasingly common cardiac condition that leads to a substantial burden 
on quality-of-life (QoL), an increased risk of cardiovascular events, hospitalisation and death, and 
significant healthcare costs for the NHS.  In addition to anticoagulation and considerations for 
rhythm control therapy, most patients with AF are in need of pharmacological control of heart rate.  
This aspect of care has not received stringent investigation, with treatment guidelines based on 
small crossover studies and observational data rather than robust controlled trials.1-3  Beta-blocker 
monotherapy remains the first-line option in the current NICE AF guidelines consultation document, 
with digoxin only for sedentary patients, although this recommendation is based on ‘very low-quality 
evidence’.4  The benefit of different rate-control therapies on symptoms and other intermediate 
outcomes (such as left-ventricular ejection fraction [LVEF] and diastolic function) are unknown, as 
are their effects on clinical events such as hospitalisation.  This situation is unacceptable in light of 
the potential benefits and risk of different rate-control options in AF.  It also limits our ability to 
personalise treatment according to patient characteristics. 

 

The RAte control Therapy Evaluation in Atrial Fibrillation (RATE-AF) trial is informed by a number 
of in-depth systematic reviews of management and clinical outcomes in AF patients.5-11  Taken 
together, this information provides a sound basis to plan a major randomised controlled trial 
(RCT).12, 13  However as trials of rate-control in AF have typically been small or uncontrolled, further 
information is needed before designing a trial that can assess clinical outcomes.  The RATE-AF 
trial will allow us to define appropriate primary and secondary outcome measures and their 
standard deviation in a contemporary population of patients with permanent AF.  This information 
will allow us to estimate sample size, determination of recruitment, retention and adherence 
policies, and to ascertain the best methods of obtaining adverse event data and reliable economic 
costs for a larger trial assessing cardiovascular outcomes and hospitalisation.  The RATE-AF trial 
will also be the largest RCT of its kind, allowing us to compare the effect of beta-blockers and 
digoxin on QoL as initial rate-control therapy in patients with permanent AF.  The long-term aim of 
the research is to answer key questions about how to initiate therapy, stratified by relevant patient 
characteristics such as systolic and diastolic cardiac function, baseline symptoms and concurrent 
medication.  The research will also define the patho-physiological mechanisms underlying AF-
related symptoms, left-ventricular function and their association with adverse clinical outcomes, 
and to identify clinical markers for the response to different rate control therapy.   

 

2.2 Epidemiology and Consequences of AF 

AF is a common condition that is associated with increased rates of mortality and serious morbidity, 
including stroke, worsening of heart failure, sudden death, and reduced QoL.1  The prevalence of 
AF increases with age, ranging from 0.7% in those aged 55–59 years to 17.8% in those aged above 
85.14  A doubling of both incidence and prevalence of AF is predicted in the next 20 years.15    
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Patients with AF are twice as likely to be hospitalised as propensity score-matched controls, with 
direct medical costs estimated to be 73% higher.16  Further, AF is an independent predictor of all-
cause mortality, with a two-fold adjusted increase in death.17, 18  While most strokes in AF can be 
prevented by oral anticoagulation, AF patients still have high cardiovascular death rates due to 
sudden death or progressive heart failure.19, 20  Patients with AF also have significantly poorer 
QoL21, experiencing a variety of symptoms including lethargy, palpitations, dyspnoea, sleeping 
difficulties and psychosocial distress.22, 23  In the context of patients diagnosed with heart failure, 
the presence of AF leads to higher rates of death and hospitalisation, independent of other risk 
variables or which condition comes first.24, 25  From observational data, 40% of AF patients will be 
diagnosed with heart failure and vice-versa16, representing a large and growing unmet clinical need 
for healthcare improvement. 

 

2.3 Rhythm-Control in AF 

Numerous large RCTs comparing rhythm-control (using arrhythmic drugs and/or cardioversion) 
versus rate-control have identified no significant difference in clinical outcomes in patients with 
persistent AF.26-30  In a number of studies, hospitalisation rates were actually higher in those 
randomised to rhythm-control.26, 29, 30  Similar findings have been shown in AF patients with heart 
failure31, 32, both in those with impaired and preserved ejection fraction.33-35  Although AF ablation 
is becoming increasingly popular to restore sinus rhythm, it remains a highly invasive method to 
improve AF-related symptoms.36, 37  At present, European and NICE treatment guidelines 
recommend ablation only in symptomatic paroxysmal AF, or as a treatment option in symptomatic 
persistent AF that is refractory to other therapy.3  Further trials are currently underway to determine 
the clinical value of prompt rhythm-control, including the Early treatment of Atrial fibrillation for 
Stroke prevention Trial (EAST).38  In light of the high recurrence rate of AF (even in patients 
receiving intensive rhythm-control therapy), rate-control is an important part of AF management in 
almost all patients.  Unfortunately, rate-control therapy has much less evidence underpinning its 
use.   

 

2.4 Lack of Evidence to Guide Rate-Control Therapy 

Rate-control in AF can be achieved with beta-blockers, non-dihydropyridine calcium-channel 
blockers (CCB), digoxin and their combinations.  Unfortunately, little data exists to assist clinicians 
in choosing appropriate first-line and subsequent therapy.  Current patterns of medication usage 
vary considerably (between and within countries).  For example, in a worldwide registry, digoxin 
was prescribed in 2877 of 10,523 patients (27.3%), compared to 1599 of 3141 (50.9%) of patients 
in the German Competence NETwork on Atrial Fibrillation (AFNET).39, 40 

Current European guidelines suggest “the choice of medication should be individualised and the 
dose modulated to avoid bradycardia”.  This recommendation (Class 1, Level B) is based on a 
systematic review of trials addressing rate-control between 1983 and 1997.41  Most of the studies 
included less than 50 participants (with several less than 10).  The majority were low quality studies, 
as assessed by the risk of bias or confounding, and follow-up was typically in the order of hours, 
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days or weeks.  Whilst this may be sufficient to assess an acute effect on heart-rate, it provides 
limited data on the longer-term effects of different treatments or the frequency of adverse reactions.   
 
Beta-blockers are often preferred over other agents due to the prognostic benefit seen in patients 
with heart failure who are in sinus rhythm.  However, in patients with heart failure, reduced LVEF 
and concomitant AF, we have shown that beta-blockers do not reduce mortality (hazard ratio 0·97, 
95% CI 0.83-1.14; p=0.73) or cardiovascular hospital admissions (hazard ratio 0·91; 95% CI 0.79-
1.04; p=0.15).5  This distinctly contrasts with the significant benefit seen in patients with sinus 
rhythm and highlights the need for further comparative RCTs specifically in patients with AF.   
 
The most highly cited trial comparing beta-blockers and digoxin for rate-control in chronic AF was 
an open-label two-week crossover study of 5 drug regimes in 12 patients.42  Peak heart-rate after 
exercise was significantly higher in those taking digoxin compared to beta-blockers but there were 
no differences in exercise duration.  In a trial of 42 patients, rate-control was improved with 
combination beta-blocker/digoxin therapy compared to digoxin alone, however there were similarly 
no differences in exercise capacity.43  Systematic review of other small randomised studies identify 
no difference in exercise tolerance with beta-blockers, despite a lowering of heart-rate.44  From 
observational data, such as the Atrial Fibrillation Follow-up Investigation of Rhythm Management 
(AFFIRM) study, more cardiac and non-cardiac adverse effects have been noted with beta-blockers 
than digoxin (n=67 vs. n=38).28   In a 3-week crossover study of 60 participants, 10% withdrew 
during beta-blocker therapy due to adverse events.45  Those in the beta-blocker group had a 
reduction in exercise capacity on cardio-pulmonary testing and a significant increase in B-type 
natriuretic peptide (BNP, a marker of ventricular strain) compared to patients treated with calcium-
channel blockers.46   
 
Only a single RCT has been published comparing digoxin and beta-blockers in patients with AF 
and heart failure (mean LVEF 24%, n=47).47  Although there was a marginally-significant 
improvement in LVEF with carvedilol/digoxin versus placebo/digoxin, blinded withdrawal of digoxin 
then led to a deterioration in LVEF, accompanied by an increase in BNP.  There was no difference 
in the number of heart-rate pauses >3 seconds or in daytime/exercise heart-rate comparing the 
two therapies alone. 
 
Digoxin itself has been associated with an increased mortality in observational cohorts of AF 
patients48, however careful adjustment of baseline differences reject a true excess in adverse 
outcomes.49-51  In a detailed systematic review of all studies published on digoxin, we identified that 
confounding was the main reason that digoxin was associated with increased mortality in 
observational studies, and confirmed a neutral association in RCTs (risk ratio 0.99, 95% CI 0.93 to 
1.05).6  Lower rates of hospitalisation have been noted with digoxin therapy, independent of the 
type of heart failure52, however the lack of randomised data versus placebo (despite widespread 
clinical use) makes true comparison difficult.  Small RCTs comparing CCB with digoxin have been 
inconsistent; two have identified lower heart-rates with CCB but no significant difference in exercise 
capacity42, 43, one demonstrated higher post-exercise cardiac output after digoxin53 and another 
showed improved exercise duration and QoL with CCB.54  These results highlight the need for 
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randomised data with appropriately-defined outcomes to accurately identify the benefits and risks 
of common therapies in patients with AF. 
 
An example where RCT data have impacted on clinical practice is the Rate Control Efficacy in 
Permanent Atrial Fibrillation (RACE II) trial.  This study challenged conventional wisdom that stricter 
control of heart-rate would allow time for diastolic filling and improve haemodynamics.  In summary, 
614 patients with permanent AF were randomised to strict or lenient rate-control and followed for 
2-3 years.55  There was no significant difference in the cumulative incidence of the composite 
primary outcome; 14.9% in the strict-control arm and 12.9% in the lenient-control group.  There 
were also no differences in symptoms, New York Heart Association (NYHA) class or 
hospitalisations55, 56, no interaction with baseline heart failure57, and those participants achieving 
strict rate-control required more clinic visits and higher doses of medical therapy.58  Current 
guidelines therefore suggest that lenient rate-control is acceptable, except for patients with adverse 
symptoms or clinical deterioration.1  Whilst this study provides important data on the intensity of 
rate-control in AF, the more clinically-relevant questions of how to initiate therapy and the choice 
of optimal agents for individual patients remain unanswered. 

 

2.5 Patient Wellbeing 

Patient-reported outcomes are any report of a patient’s health status (for example QoL) that is 
derived directly from the patient, without interpretation by a clinician.59  There is limited data on the 
effect of pharmacological rate-control therapy on QoL and no comparative data assessing the 
benefit of different strategies.22, 60  Rate-control has been associated with improved QoL scores in 
trials assessing rate versus rhythm-control.61, 62  In the PIAF study, over 50% of participants 
randomised to calcium-channel blockers reported an improvement in health with significant benefits 
in the physical aspects of the SF-36.63  A number of smaller studies have shown inconsistent effects 
on QoL in AF, although the data is limited by inclusion of patients with paroxysmal AF, a focus on 
heart rate and the use of a variety of QoL tools.   
 
Current QoL questionnaires can be divided into disease-specific evaluations or generic health 
assessments (such as the Short Form Health Survey SF-3664 or the EuroQol EQ-5D65, 66). However 
there is a distinct lack of knowledge regarding the mechanisms that underpin AF-related symptoms, 
the responsiveness of QoL questionnaires and their validity.60  The Atrial Fibrillation Effect on 
QualiTy-of-life (AFEQT) questionnaire was designed to address these disparities by using more 
robust methods.67  Although there is limited clinical application to-date, AFEQT has demonstrated 
sensitivity to clinical change.68  An important objective of the research is to ascertain appropriate 
and responsive QoL tools for this population, as well as determine the acceptability and delivery of 
the questionnaires to patients.   

 

2.6 Rationale for the RATE-AF Trial 

Rate-control is an integral part of management in all AF patients but hardly any controlled trial 
evidence exists to guide the choice of agents.  We have shown that neither beta-blockers nor 
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digoxin has an impact on mortality in AF patients, even with concomitant heart failure, which 
highlights the need to determine treatment effects on quality of life and cardiac function.   

 
 Trial Design and Objectives 

RATE-AF is Prospective, Randomised Open-label Blinded Endpoint (PROBE) clinical trial 
comparing the use of digoxin and beta-blockers as initial rate control therapy. 
 
In this section, we discuss the trial design and study objectives.  Detailed outcome measures are 
listed in Section 12. 

 

Justification for a PROBE rather than a Double Blind Trial Design 

Although a double blind design would be the most robust trial design with respect to bias, it would 
not be ethical to do so in this scenario as clinicians would feel the need to add therapy according 
to heart rate.  In addition, the RATE-AF Trial aims to test a strategy of initial care.  PROBE trial 
design maintains the benefits associated with a strict randomisation procedure, while the blinded 
end points help to eliminate bias.   
 
The trial design aims for a pragmatic ‘all-comers’ approach, applicable to those seen in clinical 
practice to allow transfer of the findings to routine clinical management of patients with permanent 
AF. 
 
Assessment and Management of Risk 

This trial is categorised by the Medicines and Healthcare products Regulatory Agency (MHRA) as:  

Type A = No higher than the risk of standard medical care 

The assessment and management of risk is detailed in the separate RATE-AF Risk Assessment 
document.  An on-going evaluation of risk will continue throughout the recruitment period. 

 
3.1 Hypothesis 

Null Hypothesis for primary outcome: 

No difference in patient-reported quality of life (measured using the physical functioning domain of 
the SF36 questionnaire) when comparing a strategy of digoxin versus beta-blocker therapy for 
initial rate control in patients with permanent AF. 
 
Alternative Hypothesis: 

Use of digoxin or beta-blocker therapy as initial rate control in patients with permanent AF is 
superior based on patient reported quality of life (measured using the physical functioning domain 
of the SF36 questionnaire). 
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3.2 Primary objective 

 Patient-reported quality of life (QoL), with a predefined focus on physical well-being using 
the SF-36 physical component summary at six months. 

3.3 Secondary objectives 

 Generic and AF-specific patient-reported QoL using the SF-36 global and domain-specific 
scores, the AFEQT overall score and the EQ-5D-5L summary index and visual analogue 
scale at six and twelve months. 

 Echocardiographic left-ventricular ejection fraction (LVEF) and diastolic function (E/e’ and 
composite of diastolic indices) at twelve months. 

 Functional assessment, including 6-minute walking distance achieved, change in European 
Heart Rhythm Association (EHRA) class and cognitive function at six and twelve months. 

 Change in B-type natriuretic peptide (BNP) levels as a surrogate for total cardiac strain at 
six months. 

 Change in heart rate from baseline and group comparison using 24-hour ambulatory ECG. 
 
3.4 Feasibility objectives 

 Successful methods for recruitment   

 Key issues that affect retention of participants, such as convenience, compliance and cross-
over (target of 85% study completion rate). 

 Drug discontinuation rate and adverse reactions leading to drug discontinuation. 

 Therapy-induced requirement for additional treatment (e.g. pacemaker implantation). 

 Population-specific standard deviations and proportions to enable sample size calculation 
for a future trial. 

 Assessment of cardiovascular outcomes including a composite of adverse clinical events 
(mortality, thromboembolic events, myocardial infarction and cardiovascular interventions). 

 
3.5 Exploratory objectives 

 Correlation of baseline measures, including QoL questionnaires and unblinded baseline 
investigations such as QoL, BNP, LVEF, E/e’, EHRA, intracellular methods and heart rate. 

 Impact of therapy on intracellular sodium and calcium concentration and cardiotonic steroid 
levels as biomarkers of cellular response at six and twelve months. 

 Impact of combination therapy on outcomes, including comparison of bisoprolol/non-
dihydropyridine calcium channel blocker (CCB) vs. bisoprolol/digoxin vs. digoxin/CCB vs. 
single therapies. 

 Change in cognitive function at twelve months  
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 Qualitative research of patient-reported QoL using focus groups to explore patient 
acceptability, optimal delivery methods and responsiveness. 

 Assessment of the validity and reproducibility of echocardiographic measures in patients 
with AF. 

 Correlation of serum digoxin concentration with change in QoL and intracellular methods. 

 Cost-consequence economic analysis from an NHS perspective. 

 

 Selection of Participants 

Participants who potentially fulfil the inclusion criteria for this trial must have their eligibility 
confirmed by medically qualified personnel with access to and a full understanding of the potential 
participant’s medical history.  If eligibility has been assessed and documented by medically 
qualified personnel, then the process of obtaining informed consent may be delegated as 
appropriate and as documented on the RATE-AF Delegation and Signature Log.  

 

4.1 Inclusion Criteria 

 Adult patients aged 60 years or older 

 Permanent AF, characterised (at time of randomisation) as a physician decision for rate-

control with no plans for cardioversion, anti-arrhythmic medication, or ablation therapy 

 Symptoms of breathlessness (New York Heart Association Class II or more) 

 Able to provide written informed consent 

 

4.2 Exclusion Criteria 

 Established clinical indication for beta-blocker therapy, e.g. myocardial infarction in the 

last 6 months 

 Known contraindications for therapy with beta-blockers or digoxin, e.g. a history of 

severe bronchospasm that would preclude use of beta-blockers, or known intolerance 

to these medications 

 Baseline heart rate <60 bpm  

 History of second or third-degree heart block 

 Supraventricular arrhythmias associated with accessory conducting pathways (e.g. 

Wolff-Parkinson-White syndrome) or a history of ventricular tachycardia or fibrillation 

 Planned pacemaker implantation (including cardiac resynchronisation therapy), 

pacemaker-dependent rhythm or history of atrioventricular node ablation 

 Decompensated heart failure (evidenced by need for intravenous inotropes, 

vasodilators or diuretics) within 14 days prior to randomisation 
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 A current diagnosis of obstructive hypertrophic cardiomyopathy, myocarditis or 

constrictive pericarditis 

 Received or on waiting list for heart transplantation  

 Receiving renal replacement therapy 

 Major surgery, including thoracic or cardiac surgery, within 3 months of randomisation 

 Severe, concomitant non-cardiovascular disease (including malignancy) that is 

expected to reduce life expectancy 

 

 Informed Consent Process  

It will be the responsibility of the Investigator to obtain written informed consent for each participant 
prior to performing any trial related procedure. If local practice allows, this responsibility may be 
delegated by the Principal Investigator, to a Research Nurse as captured on the Site Signature and 
Delegation Log.  A Participant Information Leaflet (PIL) will be provided to facilitate this process. 
Investigators or delegate(s) will ensure that they adequately explain the aim, trial treatment, 
anticipated benefits and potential hazards of taking part in the trial to the participant. They will also 
stress that participation is voluntary and that the participant is free to refuse to take part and may 
withdraw from the trial at any time.  The participant will be given adequate time to read the PIL and 
to discuss their participation with others outside of the site research team. The participant will be 
given the opportunity to ask questions.  
 
If the participant expresses an interest in participating in the trial they will be asked to sign and date 
the latest version of the Informed Consent Form (ICF).  The participant must give explicit consent 
for the regulatory authorities, members of the research team and representatives of the sponsor to 
be given direct access to the participant’s medical records.  
 
The Investigator or delegate(s) will then sign and date the form. A copy of the ICF will be given to 
the participant, a copy will be filed in the medical notes, and the original placed in the Investigator 
Site File (ISF).  Once the participant is entered into the trial, the participant’s unique trial 
identification number will be entered on the ICF maintained in the ISF.  As part of the consent 
process, the participant will be asked to give explicit consent to their trial-related information being 
sent to the Trials Office at the University of Birmingham.   
 
This trial will include optional consent to allow linkage to patient data available in NHS routine 
clinical datasets, including primary care data (e.g. Clinical Practice Research Datalink; CPRD, The 
Health Improvement Network; THIN, QResearch), secondary care data (Hospital Episode 
Statistics; HES) and mortality data from the Office of National Statistics (ONS) through NHS Digital 
and other central UK bodies.  The consent will also allow access to other new central UK NHS 
databases that will appear in the future.  This will allow us to double check the main outcomes 
against routine data sources, and extend the follow-up of patients in the trial and collect long-term 
outcome and health resource usage data without needing further contact with the trial 
participants.  This is important as it will link a trial of treatments that may become a clinical standard 
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of care to long-term outcomes that are routinely collected in clinical data but which may be collected 
during the follow-up period of the trial. 
 
This trial will also have optional consent for two sub-studies, further details can be found in Section 
9.9 and 9.10. Participants already recruited to RATE-AF trial will have the opportunity to consent 
to these additional sub-studies if they wish.  
 
Details of the informed consent discussions will be recorded in the participant’s medical notes.  This 
will include date of discussion, the name of the trial, summary of discussion, version number of the 
PIL given to participant and version number of ICF signed and date consent received. Where 
consent is obtained on the same day that the trial related assessments are due to start, a note will 
be made in the medical notes as to what time the consent was obtained and what time the 
procedures started.  
 
At each visit the participant’s willingness to continue in the trial will be ascertained and documented 
in the medical notes. Throughout the trial the participant will have the opportunity to ask questions 
about the trial.  Any new information that may be relevant to the participant’s continued participation 
will be provided.  Where new information becomes available which may affect the participants’ 
decision to continue, participants will be given time to consider and if happy to continue will be re-
consented.  Re-consent will be documented in the medical notes. The participant’s right to withdraw 
from the trial will remain.   
 
Electronic copies of the PIL and ICF will be available from the Trials Office and will be presented 
on the headed paper of the local institution.  Details of all participants approached about the trial 
will be recorded on the Participant Screening/Enrolment Log and with the participant’s prior 
consent, their General Practitioner (GP) will also be informed that they are taking part in the trial. 

 

 Enrolment and Randomisation 

A flowchart of the recruitment process is shown in the Trial Schema (Figure 1) together with the 
schedule of investigation.  Section 9 gives more detailed information of trial procedures and 
assessments. 
 
In the majority, potentially eligible participants will be identified by their Cardiologist, usually 
following referral from their General Practitioner (GP), and provided with an ethically-approved 
patient information leaflet (PIL).  The patient will then be invited to attend a baseline visit at the 
NIHR Wellcome Trust Clinical Research Facility (WTCRF) at Queen Elizabeth Hospital, 
Birmingham.  Potentially eligible participants may also be identified from inpatient referrals; these 
patients will be provided with a PIL and invited to attend a baseline visit following the same 
procedure. 
 
GP Practices in the Birmingham area may be asked to refer patients that present with AF, but are 
not on medication, to the RATE-AF Research Team at University Hospitals Birmingham (UHB).  
These patients will be given a one-page, ethics committee-approved trial summary and asked to 
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sign a contact details form to confirm that they are happy to be contacted by a member of the 
Research Team to arrange an appointment.   
 
Prior to patients undertaking any trial-related procedures, informed consent will be obtained.  
 
Details of all patients approached about the trial should be recorded on the RATE-AF Screening & 
Enrolment Log. This Log should be maintained within the Investigator Site File. 

 

6.1 Randomisation Procedures 

After all eligibility criteria have been confirmed and informed consent has been received, the 
participants can be randomised into the RATE-AF trial. 
 
Participants will be randomised in a 1:1 ratio to either Digoxin 62.5 – 250 μg od or Bisoprolol 
1.25 – 15 mg od.  The time between randomisation and commencement of trial therapy should be 
minimised (ideally <24 hours).  Randomisation will be provided by a computer generated 
programme at the Birmingham Clinical Trials Unit (BCTU), using a minimisation algorithm to ensure 
balance between the arms with regard to important clinical variables, stratifying for baseline EHRA 
(class 1/2a and 2b/3/4) and gender.   
 

Telephone and Online Randomisation 

Participants can be randomised into the trial via a secure 24 hour internet based randomisation 
service (https://www.trials.bham.ac.uk/RATEAF) or by a telephone call to the BCTU (telephone 
number 0800 953 0274).  Telephone randomisations are available Monday-Friday, 09:00-17:00.  
For the secure internet randomisation, each site and each randomiser will be provided with a unique 
log-in username and password in order to access the online system.  Online randomisation is 
available 24 hours a day, 7 days a week, apart from short periods of scheduled maintenance and 
occasional network problems. 
 
Randomisation Forms will be provided to investigators and should be completed and used to collate 
the necessary information prior to randomisation.  Once all eligibility criteria have been provided 
and confirmed, a Trial Number and treatment allocation be given and relevant parties notified, 
including the participant’s GP. 
 
Back-up Randomisation 

If the internet based randomisation service is unavailable for an extended period of time, a back-
up paper randomisation will also be available at the BCTU.  The randomisation list will be produced 
using a random length block design.  In this instance, investigators should ring the BCTU 
randomisation service (telephone number 0800 953 0274). 
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 Trial Treatment 

7.1 Treatment 

The Investigational Medicinal Products (IMPs) for this trial are Digoxin and Bisoprolol. 
 
At randomisation, participants will be allocated to open-label treatment with either Digoxin 62.5 – 
250 μg od or Bisoprolol 1.25 – 15 mg od.   
 
Digoxin 
Digoxin is a cardiac glycoside derived from the foxglove plant.  The cardiac effects of digoxin 

therapy are summarised by:  

 Positive inotropic effects:  increased intracellular calcium due to direct inhibition of sodium-

potassium adenosine triphosphatase (Na/K-ATPase) 

 Negative chronotropic effects:  decreased conduction velocity through the atrioventricular 

node, an increase in the effective refractory period and an increase in vagal activity leading 

to sinus node depression.     

Clinically, digoxin is commonly prescribed in two conditions, heart failure and AF. 
 
Bisoprolol 

Bisoprolol fumarate is a highly beta-1 selective adrenoreceptor blocker first approved by the U.S. 
Food and Drug Administration in 1992.  The cardiac effects of bisoprolol therapy are summarised 
by:  

 Negative chronotropic effects:  a reduction in resting and exercise heart rate due to 

prevention of norepinephrine and epinephrine from binding to the beta-receptor in cardiac 

conduction tissue. 

 Negative (mild) inotropic effects:  an initial fall in resting and exercise cardiac output with 

little observed change in stroke volume and only a small increase in right atrial pressure or 

pulmonary capillary wedge pressure. 

 

Clinically, bisoprolol is commonly prescribed in a range of cardiology conditions, including post-
myocardial infarction, heart failure and in patients with atrial tachyarrhythmia, including AF. 
 

7.2 Treatment Supply and Storage 

Due to the participant population and the fact that the trial closely aligns with standard care, trial 
medication may be dispensed from routine standard stock by both the pharmacy at the research 
site and community pharmacies local to the participant. Both treatments are used as per normal 
clinical practice therefore there is no additional requirement, above that of local policy, to monitor 
temperature during storage.    
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Digoxin 

Digoxin is available as an oral tablet in doses of 62.5, 125 and 250 μg or as an elixir (50 μg/mL).  
It is packaged in 28 or 500 tablet packs under the generic title digoxin and trade label Lanoxin.69  
Digoxin should be stored according to local policy. 
 
Bisoprolol 

Bisoprolol is available as an oral tablet in doses of 1.25, 2.5, 3.75, 5.0, 7.5 and 10 mg.  It is 
packaged as 28 tablets under the generic title bisoprolol fumarate and trade labels Cardicor and 
Emcor.69  Bisoprolol should be stored according to local policy. 
 

7.3 Dosing Schedule 

Digoxin 
An advice sheet for the investigator is presented in Appendix A. 
 

Trial maintenance doses will initially be 62.5 or 125 μg orally (at the clinician’s discretion, taking 
into account age and renal function), with planned up-titration to 125/250 μg.  The maximum trial 
dose will be 250 μg daily.   
 
A single loading dose of four tablets (250 or 500 μg according to target maintenance dose) will be 
prescribed in digoxin-naïve participants.  The clinician is permitted to omit the loading dose or 
prescribe a second, where necessary. 
 
Unblinded serum digoxin concentrations will be assessed at visits 2 and 3, with results reported 
back to the relevant clinician(s).  This process will assist in monitoring compliance, adjusting 
dosage in cases of low serum levels and avoiding toxicity.  

 
Bisoprolol 

An advice sheet for the investigator is presented in Appendix B 

 

Trial starting doses will be 1.25 or 2.5 or 5 mg (at the clinician’s discretion), with planned up-titration 
to 10 mg in increments of 1.25 or 2.5 mg.  The maximum trial dose will be 15 mg daily. No loading 
dose is required. 
 
Plasma concentrations have not shown to be associated with toxicity and are not part of standard 
clinical practice. 
 

7.4 Drug Interactions and Contraindications 

Digoxin 

Following oral administration of digoxin, approximately 60–85% of the dose is usually absorbed, 
mainly from the small intestine.  The onset of action is 0.5-2 hours and maximal effects occur in 2-
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6 hours.  Digoxin has a large volume of distribution and approximately 20-30% of digoxin in blood 
is bound to plasma proteins.  Metabolism is minimal but variable, with the majority of drug excreted 
unchanged in the urine by glomerular filtration and tubular secretion.  With normal renal function, 
the elimination half-life is 34-44 hours which is prolonged in patients with renal failure by two to 
threefold.  Dose adjustment is unnecessary in patients with hepatic impairment.  Therapeutic 
plasma concentrations of digoxin have been described as 0.5-2.0 ng/mL.70  In digoxin-naïve 
patients with normal renal function, approximately seven days are required to reach steady-state 
therapeutic concentrations if a loading dose is omitted.  As such, the majority of clinicians prescribe 
one or two loading doses, totalling 500 to 1000 μg over 24 hours. 
 
Caution is recommended in patients with electrolyte disturbance (due to increased risk of toxicity) 
and reduced doses are recommended in patients with renal impairment.  There are no concerns in 
pregnancy or with breast-feeding, although dose adjustment may be required.   
 
Contraindications for digoxin therapy include heart block, accessory pathway supraventricular 
tachycardia and a current diagnosis of obstructive hypertrophic cardiomyopathy, myocarditis or 
constrictive pericarditis. 
 
Digoxin has been associated with a number of adverse effects, although data from randomised 
trials show little difference in comparison to placebo, apart from cases of toxicity (2% versus 0.9% 
respectively in the DIG trial of patients with HF)71.  The most common side effects are 
gastrointestinal upset, dizziness, blurred vision, headache and rash.  In toxic states (serum levels 
>2 ng/mL), digoxin is pro-arrhythmic and can aggravate heart failure, particularly with co-existent 
hypokalaemia.  In cases of overdose, repeated early doses of activated charcoal may be given to 
reduce absorption and in severe toxicity, digoxin-specific antibody fragments are available as an 
intravenous infusion.   
 
In rigorous assessment, drug interactions with digoxin have proved inconsistent.72  Serum digoxin 
concentrations are increased by amiodarone, dronedarone, propafenone and quinidine but 
increased bioavailability with CCB and certain antibiotics (such as erythromycin and tetracycline) 
only occur in selected patients.  The risk of toxicity increases with drugs that cause electrolyte 
disturbances, such as thiazide and loop diuretics.  

 
Bisoprolol 

Following oral administration of Bisoprolol, the absolute bioavailability is approximately 80%, first 
pass metabolism of 20% and 30% protein binding.  Peak plasma concentrations occur within 2-4 
hours, the elimination half-life is 9-12 hours and steady state is attained within 5 days.  Elimination 
occurs equally by renal and non-renal pathways with about 50% of the dose remaining unchanged 
in the urine. 
 
Caution is recommended in patients with first-degree heart block, portal hypertension, diabetes, a 
history of obstructive airways disease, myasthenia gravis, a history of hypersensitivity and 
psoriasis, although many cardiologists use beta-blockers frequently in these groups with 
appropriate supervision.  In pregnancy, beta-blockers may cause intra-uterine growth restriction, 
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neonatal hypoglycaemia, and bradycardia (although as above, these agents are frequently used in 
pregnancy).  There is a theoretical risk of toxicity in breast feeding, although the amount present in 
milk is likely too small to affect infants.  Abrupt withdrawal should be avoided, especially in cases 
of ischaemic heart disease.  Up-titration should be more cautious in patients with renal or hepatic 
impairment. 
 
Contraindications for bisoprolol therapy include cardiogenic shock, overt cardiac failure, second or 
third degree heart block, marked sinus bradycardia and severe peripheral arterial disease. 
 
Bisoprolol has been associated with a wide variety of adverse effects although data from RCTs 
suggest similar discontinuation rates compare to placebo.5, 73  The most common adverse 
symptoms are lethargy, headache, peripheral oedema, upper respiratory tract symptoms, 
gastrointestinal upset and dizziness.  In cases of overdose, bradycardia, hypotension, congestive 
heart failure, bronchospasm and hypoglycaemia may be expected, with treatment directed to 
supportive methods and atropine, fluids, glucagon or diuretics as required.   
 
Pharmacokinetic interactions with beta-blockers have not shown to be clinically significant.  Drugs 
that reduce absorption include aluminium salts and cholestyramine, whilst metabolism can be 
increased by barbiturates and rifampicin and decreased with cimetidine, erythromycin, 
fluvoxamine, and hydralazine.  
 

7.5 Accountability Procedures and Labelling 

Through the risk-adapted approach, a full risk assessment of the RATE-AF trial has been 
conducted including the drug accountability requirements.  The IMPs will be used within their 
authorisations, prescribed on an NHS prescription and dispensed by pharmacy from standard 
stock.  The risk assessment has determined that a normal dispensing label is appropriate and an 
additional clinical trial label is not necessary (as covered by Regulation 46 (2) of SI 2004/1031).   
Drug accountability will be according to standard practice for NHS prescriptions.  Details of how 
compliance will be assessed can be found in Section 7.7. 

 

7.6 Treatment Modification 

Patients that withdraw from medication for any reason will do so under strict clinical supervision. 
 
The trial is designed to assess the impact of initial impact of rate control therapy; it is expected 
that treatments will modify during the trial period (in particular, the addition of therapy to attain heart 
rate targets).  Patients will not be withdrawn from the trial if they commence therapy from the other 
arm of the trial due to any absolute or relative clinical indications (for example, patients in the 
digoxin arm starting beta-blockers due to incident myocardial infarction, or heart failure with 
reduced LVEF). 
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7.7 Assessment of Compliance 

We will ask participants about compliance with their trial medication at each follow-up visit and this 
will be documented in the CRFs.  It may also be clinically evident from the heart rate check, 
performed as part of all visits, whether or not the patient has been compliant with their trial 
mediation. 
 
In addition, patients that are randomised to the digoxin arm will have a serum digoxin sample taken 
as part of Visit 2 (month 6) and Visit 3 (month 12) follow-ups.  The results will indicate whether the 
patient has been compliant with their trial medication. 

 

 Trial Procedures and Schedule of Assessments 

8.1 Baseline Visit  

The baseline visit will occur as soon as possible after screening and will involve the following 

procedures (see Section 9 for procedure details): 

 Verify inclusion/exclusion criteria. 

 Obtain written informed consent from the potential participant. 

 Randomise the patient via telephone or the secure web-based system as outlined in 

Section 6 

 Administer QoL and functional capacity questionnaires. 

 Review recent blood results (within 6 months of Baseline Visit) 

o Assessing renal function to aid in dose assignment and serum potassium level 

as part of standard clinical care.   

 Document the use of oral anticoagulation and arrange appropriate prescription for 

patients not on therapy according to clinical guidelines.  If the participant is already 

receiving vitamin-K antagonists (VKA), recent INR results will be documented. 

 Record results of physical examinations. 

 Collect blood samples for baseline blood tests and biomarker analysis. 

 Complete case report form (CRF) 

 Perform a 12-lead electrocardiogram. 

 Supervise a 6-minute walk test, recording distance walked and peak heart rate. 

 Arrange the baseline echocardiogram; images will be delivered to the 

echocardiographic core laboratory for blinded reporting. 

 Discuss the randomised allocation with the participant including schedule for drug 

therapy and up-titration. 
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Participants will be followed up by telephone call two weeks after the Baseline Visit to ensure they 

have commenced trial medication. 

 

8.2 Up-Titration Visits 

For the majority of participants, two up-titration visits will be planned to supervise the appropriate 

use of medications as per the up-titration schedule (see Appendices A and B).  Additional up-

titration visits, as required, are acceptable in order to attain a heart rate at rest of ≤100bpm. 

 

Up-titration visits will involve the following procedures: 

 Record adverse events as reported by the participant or observed by the investigator. 

 Review of medications and plan for trial drug up-titration 

 Assessment of compliance 

 Symptom-directed clinical examination 

 Vital signs, including heart rate and blood pressure 

 Administer QoL and functional capacity questionnaires (last uptitration visit only). 

 Organise a 24-hour ambulatory ECG once up-titration completed (results to be forwarded to 

the clinician). 

 

8.3 Visit 2, Month 6  

Visit 2 will occur at an interval of six months (± four weeks) after the Baseline Visit and involve the 

following procedures: 

 Administer QoL and functional capacity questionnaires. 

 Record adverse events as reported by the participant or observed by the investigator. 

 Confirm current rate control therapy (including dosage) and check concomitant medications. 

 Assessment of compliance. 

 Collect blood samples for biomarker analysis. 

 Collect blood sample for serum digoxin concentration, potassium and creatinine as part of 

standard clinical care. 

 Record time in therapeutic range for patients on anticoagulation with vitamin-K antagonists and 

compliance in patients receiving non-VKA oral anticoagulants. 

 Obtain a twelve lead ECG. 

 Record the results of physical examinations and vital signs. 

 Supervise a 6-minute walk test, recording distance walked and peak heart rate. 

 Complete other CRF requirements. 

 If an echocardiogram has been performed for clinical reasons since the previous visit, images 

will be retrieved and sent to the core echocardiographic laboratory. 
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 Confirm appointment date for Visit 3. 

 

8.4 Visit 3, Month 12 (Final Trial Assessment) 

Visit 3 will occur at an interval of 12 months (± four weeks) after the Baseline Visit and involve the 

following procedures: 

 Administer QoL and functional capacity questionnaires. 

 Record adverse events as reported by the participant or observed by the investigator. 

 Confirm current rate control therapy (including dosage) and check concomitant medications. 

 Assessment of compliance. 

 Transthoracic echocardiography (as per Section 9.6), with images delivered to the 

echocardiographic core laboratory for blinded reporting. 

 Collect blood sample for serum digoxin concentration, potassium and creatinine as part of 

standard clinical care. 

 Record time in therapeutic range for patients on anticoagulation with vitamin-K antagonists and 

compliance in patients receiving non-VKA oral anticoagulants. 

 Obtain a twelve lead ECG. 

 Record the results of physical examinations and vital signs. 

 Supervise a 6-minute walk test, recording distance walked and peak heart rate. 

 Complete other CRF requirements. 

 If an echocardiogram has been performed for clinical reasons since the previous visit, images 

will be retrieved and sent to the core echocardiographic laboratory. 

 Complete the end of trial standardised letter to the GP and clinician explaining that the 

participant has reached the end of the trial protocol and is no longer bound by their allocated 

medication strategy. Advise that all participants are invited for continued follow up and long 

term clinical outcome assessment. 

 Provide final instructions to participant (e.g. follow-up of ongoing adverse events). 

 

8.5 Investigator-blinded Endpoints  

Investigator-blinded endpoints (PROMs, echocardiography and biomarkers) will be assessed by 
the core laboratory, identified only by the trial number.  Ambulatory ECG and serum digoxin level 
will remain unblinded and results delivered to the responsible clinician.   

 

8.6 Long Term Follow-Up  

In patients who have agreed to NHS data linkage, a follow-up CRF will be completed.  The CRF 
will capture items that include, but are not limited to death, hospital admissions and cardiovascular 
events.  The planned interval for outcome assessment is 2 and 5 years post-enrolment.  
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8.7 Withdrawal  

Participants may withdraw at any time during the main RATE-AF trial if they choose not to continue 
or if their clinical team feel that continued participation in the trial is inappropriate.  

An investigator may deem it necessary to withdraw a participant from the trial if: 

1) Any clinical adverse event, laboratory abnormality, or other medical condition or situation 
occurs such that continued participation in the trial would not be in the best interest of the 
participant. 

2) The participant meets an exclusion criterion (either newly developed or not previously 
recognised) that precludes further trial participation. 

Full details of the reason(s) for withdrawal should be recorded on the Case Report Forms (CRFs) 
if healthcare professional-initiated, otherwise a simple statement reflecting patient preference will 
suffice. 

Clear distinction will be made between withdrawals from trial treatments whilst allowing further 
follow-up, and any participants who refuse any follow-up.  If a participant explicitly withdraws 
consent to any further data recording, then this decision will be respected.  All communications 
surrounding the withdrawal will be noted in the participant’s records and no further data will be 
collected for the participant.  
 
In the case of missing echocardiographic outcome data due to withdrawal (but with consent for 
ongoing follow-up) or death, results of recent clinical echocardiography will be retrieved.  The 
participant’s permission to obtain such data will be obtained and documented during the consent 
process.  As with all trial echocardiograms, the scan will be reported by the core echocardiographic 
laboratory.  With respect to patient-reported outcomes, QoL questionnaires will be mailed to 
participants who withdraw from trial treatment but consent to ongoing follow up.  Those patients 
where adverse symptoms were related to withdrawal will be invited to a focus group for further 
discussion.   

 

8.8 Trial Duration 

Patients will be on trial medication for 12 months and will be followed-up, during this period 
according to the protocol.  At the end of the 12 months, the participants may, as determined by 
their clinician, continue on medication but it will not be considered part of the trial intervention. The 
trial will cease when the 12-month follow-up has been completed for the last participant recruited. 
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Table 1: Schedule of Assessments  

Procedures 

B
as

el
in

e 
Vi

si
t 

U
p-

tit
ra

tio
n 

Vi
si

ts
 

(D
ay

 1
4 

to
 6

0)
 

Vi
si

t 2
, M

on
th

 6
 

(±
 4

 w
ee

ks
) 

Vi
si

t 3
, M

on
th

 1
2 

(±
 4

 w
ee

ks
) 

Assessment of eligibility criteria  X    

Informed consent taken  X    

Review of medical history X    

Review of medications X X X X 

Ph
ys

ic
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Complete X    

Symptom-directed  X X X 

Vital signs X X X X 

Quality of life assessment X (X) X X 

Functional and cognitive 
assessment X  X X 

Transthoracic echocardiogram X   X 

12-lead electrocardiogram X  X X 

6-minute walk test X  X X 

24-hour ambulatory ECG  X (X)  

C
lin

ic
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bs

 

Chemistry X  X X 

Haematology X  X X 

Serum digoxin   (X) (X) 

Tr
ia

l l
ab

s 

BNP X  X X 

Stored sample X  X  

Assessment of compliance  X X X 

Assessment of adverse events  X X X 

 

Parentheses denote where a procedure is dependent on the stage of participants within the trial. 
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 Trial Procedures 

9.1 Procedures Defined as Standard Clinical Care 

The following assessments are considered part of the standard clinical care of AF patients receiving 
heart rate control therapy and will occur at all trial visits: 

 Blood tests for haemoglobin, serum creatinine, potassium and serum digoxin concentration; 
these will be obtained by the research nurse and submitted to the site-specific hospital 
laboratory as per local guidelines and SOPs, ensuring that all specimens are accurately 
labelled and handled appropriately.  In the case of results requiring urgent action, local 
policies will be followed which may include the participant visiting their GP, local hospital or 
investigator.  In all cases, appropriate trial documentation will be completed.   

 A 12-lead ECG; these will be completed by appropriately trained local staff. 

 

9.2 Medical History 

Medical history will be obtained by interview and from medical records (physical and electronic) at 
the Baseline Visit comprising: 

 Cardiovascular history, including prior ischaemic coronary disease, interventions and 
surgery, history of hypertension, heart failure or hyperlipidaemia, stroke or transient 
ischaemic attack, pulmonary embolus/deep vein thrombosis and peripheral vascular 
disease. 

 AF history, including year of diagnosis, previous cardioversions, previous ablation therapy 
and anti-arrhythmic drug history. 

 Pacemaker history, including date and reason for implantation, type of device (single-
chamber, dual-chamber, biventricular, implanted defibrillator) and dependency. 

 Non-cardiac history, including diabetes mellitus, airways disease (asthma/COPD), renal 
impairment, bleeding history and other major co-morbidities. 

 Social and demographic history, including smoking status (current/ex/never), race 
(Caucasian/Indian subcontinent/Asian/African/other) and physical activity using the 
International Physical Activity Questionnaire (short form). 

 

9.3 Medication History 

Medications history will be assessed according to the categories below and include current dosage.  
Except for anticoagulation, antiarrhythmic and rate control therapies, only current medications will 
be included. 

 Anticoagulation therapy (vitamin-K antagonists and novel agents), including past use, INR 
results and time in therapeutic range. 

 Antiarrhythmic therapy, including past use. 

 Rate control therapy (beta-blockers, digoxin, CCB), including past use. 
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 Antiplatelet therapy. 

 Angiotensin-converting enzyme inhibitors or angiotensin receptor blockers. 

 Aldosterone antagonists. 

 Diuretics (loop, thiazide, potassium-sparing, others). 

 Nitrates. 

 Other anti-hypertensive/anti-anginal therapy. 

 Statins. 

 Other lipid-lowering medication. 

 Diabetic medication and insulin. 

 Asthma/COPD medication (including inhalers). 

 Non-steroidal anti-inflammatory agents. 

 

9.4 Physical Examination 

Physical and vital signs will be assessed at all up-titration and trial visits.  In most cases, a targeted 
physical examination will be performed, comprising of cardiovascular elements as summarised 
below: 

 Heart rate (manual palpation at radial artery and apex). 

 Heart sounds. 

 Lung auscultation. 

 Assessment of jugular venous pressure and/or peripheral oedema. 

 Other focused examinations according to symptoms and complaints. 

 Blood pressure (two measurements at the right brachial in a seated position preferred, using 
a validated oscillometric device). 

 Height (Baseline Visit only), weight (all listed visits) and waist circumference (Baseline Visit; 
defined as the narrowest point between ribs and hips when viewed from the front after 
exhaling to the nearest centimetre). 

 

9.5 Patient Reported Outcomes 

9.5.1 Choice of Outcomes and Qualitative Research 

A systematic review (according to and in collaboration with the COnsensus-based Standards for 
the selection of health Measurement Instruments, COSMIN74) is underway to evaluate PROMs in 
AF, with a focus on psychometric properties including internal consistency, reliability, and 
measurement error.  Additional assessment and practical evaluation of PROMs will follow 
published guidance75, 76, complementing qualitative research using patient focus groups, surveys 
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and directed interviews guided by the PROMs and qualitative research centres at the University of 
Birmingham.77 
 
Instruments for assessment will be selected on the basis of overall validity, preferably in this patient 
population but including other groups where data are limited.  Patient focus groups will allow 
exploration of patient perspectives on appropriate instruments that adequately reflect the 
experience of living with AF.78  They will also allow comparison of QoL questionnaires that 
adequately summarise patient-prioritised components of their health and well-being.  Additional 
focus groups and individual interviews will occur at interim and final follow-up during the trial.  These 
aim to understand the patient experience of trial participation and processes, including the ease of 
completion of QoL questionnaires, relevance, reasons for non-completion and other feasibility 
issues that emerge during the trial e.g. non-compliance and recruitment, with reference to core 
outcome sets for this population.79  A patient and public involvement (PPI) panel will contribute to 
all stages in the focus group process.80 
 
This protocol was developed in accordance with the Standard Protocol Items for Randomized Trials 
[SPIRIT] statement81, and the latest PROM-specific guidance from the International Society for 
Quality of Life Research (ISOQOL) Best Practice taskforce.77, 82, 83  

 

9.5.2 Data Collection for PROMs 

PROMs will be assessed at all main visits (Baseline, 2 and 3) and at the participants final up-
titration visit (if applicable).  The QoL tools used will be EQ-5D-5L, SF-36 and AFEQT.  To avoid 
introducing co-intervention bias, all QoL data will be kept confidential and will not be used to inform 
clinical care.84  Patients will be advised of this in the patient information sheet.  PROMs will be 
collected at the start of each visit, before other trial procedures.  In cases where the visit coincides 
with a clinician review, questionnaires should be completed in advance.  The feasibility of using an 
online data collection tool will be explored, administered by trained research nurses and according 
to good-practice guidelines.85  We will use this trial to perform an initial small-group assessment of 
electronic PROMs-equivalence to inform a future clinical event trial.   
 
Qualitative research will be performed using a focus group of 10 volunteer patients enrolled at the 
start of the trial (5 in each randomised group).  The focus group will meet after up-titration and then 
at 6 and 12 months.  Detailed methods will be established before the first meeting, in collaboration 
with the University of Birmingham Qualitative Research Group. 
 
All staff will receive training in QoL collection, with specific guidance on reducing introduced bias, 
minimising missing data and coaching participants to use the QoL software.  Levels of missing 
PROMs data will be monitored.  The site personnel responsible for collection of patient reported 
outcomes will be the Research Nurse under the supervision of the Principal Investigator. 
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9.5.3 Outcome Appraisal 

Each QoL tool will be scored according to their published requirements (www.euroqol.org; www.sf-
36.org; www.afeqt.org), using total and sub-category scores where appropriate. 
 
To avoid dilution of effect over time, the primary analysis will be at six months (adjusting for baseline 
QOL and stratification variables).  We have predefined a focus on physical well-being, which we 
hypothesize are where the greatest treatment effects will be observed, but will explore all aspects 
of QoL.  Exploratory analysis of medication effects over the 12-month period will also be analysed 
and remain clinically important, as little data currently exists on the longer-term profile of QoL in 
AF.   
 
Qualitative research outcomes will focus on the clinical responsiveness of the QoL instruments.  
The findings of the COSMIN systematic report will determine these outcomes and their relevant 
appraisal. 
 
The RATE-AF trial will allow us to gain an initial understanding and framework of the patient 
experience of AF.  We aim to begin the process of determining appropriate and responsive PROMs 
for AF patients and the optimum methods for delivery into a subsequent large-scale clinical trial.  

 

9.6 Transthoracic Echocardiography  

Echocardiography will be performed at Visits 1 and 3 and focus on systolic left-ventricular (LV) 
function, diastolic function and left-atrial assessment.  Images will be obtained by an accredited 
echocardiographer.  All trial echocardiograms will be labelled with the Trial Number and 
pseudoanonymised patient data, with specific instruction that the echocardiographer will remain 
blinded to the treatment assignment.  All images will be archived to the core echocardiographic 
laboratory, with a copy retained in the site file. 

 

9.6.1 Reproducibility and Validity of Measurements 

Inter-observer and intra-observer variability in measurement will be assessed by comparing results 
of the stated methods discussed below across the cardiac cycle.  To evaluate the minimum number 
of repeat measurements required that maintains clinical utility, reproducibility of single 
measurements will be compared to averages of 3/5/10 beats.  This will also include the reliability 
of using an ‘index beat’ with a cycle length equivalent to a heart rate of 70-80 beats per minute, or 
with similar preceding and pre-preceding RR intervals.   

 

9.6.2 Systolic LV Function 

Systolic LV function will be determined by the following methods: 

 Two-dimensional biplane Simpson’s method utilising the simultaneous multi-planar 
approach to obtain LVEF in a single heartbeat (four and two-chamber views).  In each view, 
LV end-diastolic and end-systolic volumes (LVEDV, LVESV) are computed, with LVEF 
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calculated as (LVEDV – LVESV) / LVEDV.  Two-dimensional echocardiography has 
excellent spatial resolution but is limited by potential foreshortening of the ventricular apex 
and drop-out of the endocardial border. 

 Standard Simpson’s biplane method with four and two-chamber volumes obtained from 
separate heartbeats.  This is the conventional method in current clinical use but is limited 
by varying RR intervals in AF. 

 Fractional shortening on M-mode along the minor-axis of the left-ventricle (parasternal long-
axis), calculated by the formula: (LV internal dimension in diastole - LV internal dimension 
in systole) / LV internal dimension in diastole.  M-mode measurements are reproducible and 
easy to perform with excellent temporal resolution, but are limited in cases of regional wall 
motion abnormalities and in patients where the true minor-axis is difficult to visualise.   

 Both automated endocardial tracking and speckle-tracking analysis will be utilised (where 
available) by the echocardiographic core laboratory.  Multiple planes will be obtained (four-
chamber, two-chamber and short-axis mid-ventricle views).  These methods have the 
advantage of reducing operator time and are angle-independent, but rely on good 
ultrasound windowing.  Global longitudinal systolic strain using 2D speckle-tracking has 
recently been proposed as an important marker for adverse cardiovascular outcomes in 
AF.86 

 Three-dimensional full-volume analyses of LV function, with single-beat analysis where 
feasible.  This method has the advantage of not relying on geometric assumptions and 
allows the acquisition of full volume data within a single heartbeat.  It correlates well with 
gold standard methods such as cardiac magnetic resonance imaging, but relies on 
adequate ultrasound windowing. 

 Peak S-wave on tissue Doppler imaging (TDI) of the mitral valve annular sub-endocardium.  
This method has good correlation with LVEF across a wide range of function and is 
obtainable in patients with poor acoustic windows, but is limited in cases of regional wall 
motion abnormality. 

 
Where poor quality acoustic windows limit accurate assessment of LV function, use of an 
intravenous contrast agent is recommended in participants without known allergy. 

 

9.6.3 Diastolic LV Function  

Diastolic LV function will be determined using the following methods (in all cases repeated over 3-
5 cardiac cycles): 

 

 Mitral inflow pulse-wave Doppler peak E velocity and deceleration time (DT). 

 Mitral annular TDI to calculate septal E’, lateral E’ and the individual and averaged E/E’ ratios. 

 LV outflow tract pulse-wave Doppler to calculate isovolumic relaxation time (IVRT). 

 Pulmonary vein pulse-wave Doppler to calculate peak systolic (where present) and diastolic 

velocities, ratio of peak velocities and DT of diastolic PV flow. 
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 Colour M-mode Doppler assessment of mitral flow propagation velocity (Vp) and ratio of E/Vp. 

 

Overall diastolic function will be categorised according to the British Society of Echocardiography 
guidelines into normal function or mild/moderate/severe dysfunction based on a combination of the 
above variables.  Individual parameters will also be categorised using cut-points identified from 
published studies.87  

 

9.6.4 Left Atrial Size and Function 

Left atrial (LA) size will be measured in the anteroposterior (parasternal long-axis), transverse and 
longitudinal dimensions (apical 4-chamber).  LA volumes will be calculated using the biplane area-
length method: (0.85 x 4-chamber LA area x 2-chamber LA area) / LA length.  The length is 
measured from the middle of the plane of the mitral annulus to the superior aspect of the LA 
(shortest of 4- and 2-chamber measurements).  LA volumes will be indexed for body surface area.   
 
Where suitable datasets are obtained, 3D LA volumetric analysis and assessment of LA function 
and strain will also be performed. 

 

9.6.5 Additional Echocardiography Parameters 

The following parameters will be obtained in all participants: 

 Tricuspid annular plane systolic excursion (TAPSE) for estimation of right ventricular 
function using pulse-wave Doppler. 

 Where applicable, mitral regurgitation dP/dt. 

 

9.7 Laboratory Evaluations 

The use of biomarkers than can affect treatment decisions in AF is at an early stage of 
development.88  The RATE-AF trial will allow us to collect and store blood samples on patients at 
baseline and follow-up, providing a unique biobank of AF patients receiving rate-control.  In 
collaboration with the Human Biomaterials Resource Centre (HBRC) at the University of 
Birmingham, we will also isolate DNA for future work on predictors of response, including known 
polymorphisms of rate-responsiveness.89 
 
Laboratories at each clinical site will process the standard laboratory investigations required as part 
of standard clinical care (see Section 9.1).  Trial laboratory evaluations will be performed at the 
core laboratory and processed according to the guidelines in Sections 9.7.1, 9.7.2 and 9.7.3. 

 

9.7.1 Laboratory Assays 

NT-pro B-type natriuretic peptide will be analysed using a Sandwich immunoassay using 
monoclonal ruthenium labelled antibody and Roche Cobas 8000 e602.  The total coefficient of 
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variation for repeatability with this assay is <2% with an estimated volume of 250 microlitres 
required for each test and measurement range of 5 35000 pg/mL (0.6 4130 pmol/L). 

 

9.7.2 Cellular Response to Rate Control 

The effect of baseline and follow-up serum on intracellular sodium/calcium, force of contraction and 
activation of ERK1/2-dependent cascades will be examined in human induced pluripotent stem 
cell-derived cardiomyocytes, using well-established integrated fluorescence/contractility 
photometry and western blotting techniques.90, 91  DigiFAB92, will be used to determine whether 
changes are dependent on endogenous cardiotonic steroids, which can modulate intracellular ion 
concentration in cardiomyocytes93, 94, and potentially contribute to treatment discontinuation (or the 
development of toxicity).95  The concentration of serum cardiotonic steroids will be determined 
using liquid chromatography–tandem mass spectrometry.  Individual change in cardiotonic steroids 
and intracellular sodium/calcium will be correlated with the change in heart rate, LVEF, B-type 
natriuretic peptide and quality of life.  In addition, we will identify patterns in patients withdrawing 
from treatment or experiencing adverse reactions. 

 

9.7.3 Stored Blood Samples 

Blood samples will be stored at HBRC for future biomarker and genetic analysis, with participants 
providing explicit consent for this process.  Any future use of these samples will be undertaken with 
ethical approval. 

 

9.7.4 Specimen Preparation, Handling, Storage and Shipment 

Specimens will be handled according to local standard operating procedures consisting of the time 
requirements for processing, required temperatures, aliquots of specimens, where they will be 
stored, how they will be labelled, the process for remnant samples/disposal and appropriate 
instructions for transportation. 

 

9.8 Economic Evaluation  

The RATE-AF trial will allow determination of the most appropriate data collection methods and 
ease of acquiring resource use and cost data for a subsequent outcomes trial.  Specifically, how 
data is obtained from secondary care records, patient-reported resource use and the feasibility of 
obtaining primary care records.  A preliminary economic evaluation from an NHS perspective will 
be performed to estimate costs over the 12-month period.  The patient-level cost-analysis will 
determine all AF-related costs, with respect to trial interventions and secondary-care resource use 
(including adverse events) in the two arms of the trial.  We will collect both cost and outcome data 
and present them in a cost-consequence analysis.  Costing for this trial suggests that simplifying 
medication alone could result in a saving of £5900 over each 12-month period.  Considering the 
high and increasing prevalence of AF, this could result in a substantial NHS cost savings, 
particularly if adverse reactions are also reduced.  The aim of this objective within the trial is to 
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prepare the groundwork for a future cost-per-quality adjusted life year (QALY) analysis of rate-
control in AF. 
 
Costs of care will be derived from patient level resource-use data, focusing on secondary care 
costs, and including adverse effects, such as pacemaker implantation.  Other major drivers of cost 
are hospitalisation (including visits to Accident & Emergency), unplanned outpatient visits and 
outpatient tests such as echocardiography or ambulatory ECG.  The cost analysis will also consider 
therapy costs, both trial drug and additional treatments.  Unit costs will be obtained from standard 
sources including NHS Reference Costs, Unit Costs of Health and Social Care96 and health care 
providers.  Total per-patient health care costs will initially be calculated thus allowing the estimation 
of mean costs per trial arm over 12 months follow-up.  Responses to the EQ-5D-5L questionnaire 
at baseline, visit 2 (6 months) and visit 3 (12 months) will be used to plan a future QALY analysis. 
 

Key feasibility elements are: 

 Determining the best methods for obtaining hospitalisation data, including where 
participants have been hospitalised outside of research site  

 Whether robust primary care costs can be estimated and the method(s) for acquiring this 
type of data   

 How key cost drivers can be incorporated into data collection for any future trial 

 

9.9 Heart rate and physical activity monitoring  

Secondary objectives of the RATE-AF trial include assessment of heart rate and physical 
functioning.  Conventional measures of obtaining this information include periodic measurement of 
pulse rate; apex beat rate and ECG data, and 6-minute walk tests and activity questionnaires 
respectively.  These type of measures are limited to specific time points, and are unable to explore 
the interaction of heart rate with physical activity in the patients’ normal environment.  To obtain 
more detailed information, RATE-AF trial participants will be asked to join an optional sub-study 
which uses a wearable device connected to a smartphone for a period of 6-12 months.  Potential 
participants will be given a specific Patient Information Leaflet written by the RATE-AF Patient and 
Public Involvement Team, and asked to sign the RATE-AF optional consent form.  Our intention is 
to enrol 75-100 participants to this sub-study, either at baseline or follow-up visits.  The technology 
for this research is supported by funding from an Innovative Medicines Initiative European Union 
Horizon 2020 grant (BigData@Heart; https://www.bigdata-heart.eu/).97 The work will be a 
collaboration between the University of Birmingham, University College London and Utrecht 
Medical Centre (the Netherlands), in addition to the Hyve (an IT support company based in the 
Netherlands), who are all major partners in this initiative.   

 

Wearable device:  

A commercially-available wrist-worn device will be used that measures physical activity 
(movement, activity, physical exercise and step count) and sleep (sleep efficiency, latency, wake 
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episodes and fragmentation) using heart rate and accelerometer sensors.  The device is non-
invasive, painless, and extremely low risk.  They are similar in size and dimension to a watch, 
manufactured primarily in rubber, and are marked as lifestyle devices, therefore not denoting 
participation in a research study, reducing stigmatisation and eliminating the possibility of 
identifying an individual as a research participant. 

 

Smartphone and software: 

Participants will be provided with a suitable Android platform smartphone, which functions as a 
regular mobile phone and allows users to make calls to all UK landlines and mobiles, or access the 
internet.  Software on the phone will connect with the wearable device and also passively collect 
information about the environment and phone usage, using sensors which are built into all modern 
smartphones. This includes the amount of noise and light in surroundings, Bluetooth interactions, 
local weather conditions, location, length and duration of texts and phone calls, keystrokes, and 
battery life.  GPS location will be anonymised in a way that does not reveal actual geographic 
location.  Similarly, we will not be able to see the content of text messages, or phone numbers that 
have been contacted.  Applications will be installed to record the pulse, AF symptoms and quality 
of life, and provide an educational resource for patients.98 

 

Data handling: 

All of the information collected will be pseudo-anonymised and kept confidential.  Data collected 
via the wrist-worn wearable device and smartphone will be encrypted, uploaded to a secure server 
and will not be identifiable by patient name. Data will be temporarily cached on the smartphone 
until an appropriate Wi-Fi or mobile data connection is available, and will then be automatically 
deleted from the phone memory. A contract between the University of Birmingham and The Hyve 
who will assist with the hosting of the RADAR platform has been made. Data are securely stored 
in the established RADAR platform (Remote Assessment of Disease and Relapse; 
https://www.radar-cns.org/) . Data collected from the devices will then be processed at the 
University of Birmingham.  The pseudo-anonymised data acquired may be shared with members 
of the BigData@Heart consortium in the UK and other countries of the European Union, after 
agreement from the RATE-AF Trial Steering Committee. 

 

Participant support: 

Contact will be made with participants by the BigData@Heart team throughout the course of follow-
up if there is a loss of data stream from a device.  The participant will be contacted by telephone to 
ensure compliance and correct use.  In addition to a telephone call provided after an introductory 
training session, participants will receive further call as needed to address any concerns or 
questions, and brief follow-up phone-calls will then be offered as needed to maintain engagement 
with participants and address any technical concerns. 

 

Objectives and analysis: 
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The objectives of this sub-study are exploratory – our hypothesis is that periodic ambulatory heart 
rate and physical activity monitoring will demonstrate a higher correlation with changes in SF36 
physical functioning, cardiac function and NTpro-BNP than conventional ECG-derived heart rate, 
IPAQ score or 6-minute walk distance.99  An analysis plan for this sub-study will be agreed before 
access to data.  

Pseudo-anonymised data will also contribute to the BigData@Heart Consortium, which in 
combination with other studies and registries across the European Union aims to redefine clinical 
phenotypes of common cardiovascular diseases.  Collaboration with the RATE-AF trial will allow 
development of the remote monitoring platform for capturing patient-related outcomes in this 
patient group.  We will demonstrate the feasibility of the platform for running further studies in the 
BigData@Heart Consortium, designed to have future impact on improving treatment outcomes in 
patients with AF. 

 

 

9.10 Heart rate and sympathetic nerve function  

A secondary objective of the RATE-AF trial is to compare heart rate control in patients randomised 
to beta-blockers and digoxin using 24-hour ambulatory ECG.  However, heart rate is not only 
affected by therapy, but also intrinsic variability in control by the autonomic nervous system.  
Sympathetic activity is elevated in cardiovascular conditions and could have a profound effect on 
heart rate response in individual patients, potentially masking the effects of therapy.100  The 
proposed assessment uses a fine Tungsten needle (human hair width) that records nerve activity 
from a sympathetic nerve, performed at the baseline visit and then at the final uptitration visit.  
MSNA is an established research investigation which is virtually painless, safe and allows direct 
measurement of sympathetic tone.  Our team have successfully used this technique in a range of 
conditions.101, 102   

10-15 patients from each treatment group will be asked to participate in a sub-study of muscle 
sympathetic nerve activity (MSNA).  Patients will be selected that lack existing impairment (or 
potential impairment) of the nervous system, excluding those with diabetes, other medical 
conditions affecting autonomic function (for example, Sjogren's syndrome, systemic lupus 
erythematosus and rheumatoid arthritis), prior stroke and previous neurological conditions 
(Parkinson's disease, dementia, multiple sclerosis or Guillain-Barre syndrome).  Potential 
participants will be given a specific Patient Information Leaflet written by the RATE-AF Patient and 
Public Involvement Team, and asked to sign the RATE-AF optional consent form.   

 

Protocol: 

Patients will be studied supine, in uniform conditions in a clinical environment.  They will be 
monitored with continuous heart rate and beat-to-beat blood pressure in response to handgrip 
exercises and other simple sympathetic stimulation exercises (Portapres, Finapres Medical 
Systems).  Recordings of postganglionic, multiunit MSNA will be obtained using a sterile 200μm 
tungsten microelectrode placed into the peroneal nerve at the fibular head and a reference 
electrode inserted subcutaneously at a site 2–3 cm distal.  Prior to digitization, raw signals are 
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amplified (×100,000), filtered (bandwidth 700–2000Hz), rectified and integrated (time constant 
100ms), in order to obtain a mean voltage sympathetic neurogram.     

 

Recovery: 

No recovery period is required; patients can immediately mobilise after the assessment is 
complete.  Rarely, some patients may exhibit temporary leg/foot paraesthesia which settles 
spontaneously.    

 

Objectives and analysis: 

The objectives of this sub-study are exploratory – our hypothesis is that MSNA will identify a subset 
of patients with autonomic dysfunction that have an altered or distinct response to rate control 
therapy.     

Change in sympathetic activity from baseline to after treatment with rate control will be analysed in 
comparison to change in heart rate to understand if sympathetic activity broadly interacts with 
treatment effects.  The results will be used as pilot data to formulate a new research study 
investigating the role of autonomic dysfunction and outcomes in patients with AF.  An analysis plan 
for this sub-study will be agreed before access to data. 
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10 Pharmacovigilance 

Definitions of different types of AE are listed in Table 2. The Investigator should assess the 
seriousness and causality (relatedness) of AEs experienced by the participant (this should be 
documented in the source data).  For further information please refer to Section 10.1.   
 
Table 2: Standard AE Definitions 

Term Definition 

Adverse Event (AE) Any untoward medical occurrence in a patient or clinical trial 

participant administered a medicinal product and which does not 

necessarily have a causal relationship with this treatment 

Adverse Reaction (AR) Any untoward and unintended response in a participant to an 

investigational medicinal product which is related to any dose 

administered to that participant  

Serious adverse event 
(SAE), serious adverse 
reaction (SAR) or 
unexpected serious 
adverse reaction  

Any adverse event, adverse reaction or unexpected adverse 

reaction, respectively, that: 

 results in death; 

 is life-threatening; 

 requires hospitalisation or prolongation of existing 

hospitalisation; 

 results in persistent or significant disability or 

incapacity; or 

 consists of a congenital anomaly or birth defect 

Unexpected Adverse 
Reaction 

An adverse reaction the nature and severity of which is not 

consistent with the information about the medicinal product in 

question set out: 

(a) in the case of a product with a marketing authorisation, in the 

summary of product characteristics for that product;  

(b) in the case of any other investigational medicinal product, in the 

investigator's brochure relating to the trial in question. 

SUSAR Suspected Unexpected Serious Adverse Reaction 

 

10.1 Recording and Assessment of Adverse Events 

Targeted adverse events as they appear on the CRF will be reportable to the RATE-AF Trial Office 
up to 30 days post last IMP administration.  Any SUSAR related to the IMP should to be reported 
irrespective of how long after IMP administration the reaction has occurred. 

Adverse events will be recorded in the medical records and CRFs.  Most AE/ARs that occur in this 
trial, whether they are serious or not, will be ‘expected’ treatment-related toxicities due to the drugs 
used in this trial.   
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Refer to Table 3 for definition of expectedness.   
 
Table 3: Expectedness 

Category Definition 

Expected An adverse event that is classed in nature as serious and which is 

consistent with the information about the IMP listed in the Investigator 

Brochure (or section 4.8 of the relevant SmPC if Licensed IMP) or clearly 

defined in this protocol 

Unexpected An adverse event that is classed in nature as serious and which is not 

consistent with the information about the IMP listed in the Investigator 

Brochure (or SmPC if Licensed IMP)  

 

Adverse events will be recorded with clinical symptoms and accompanied with a simple, brief 
description of the event, including dates as appropriate.  
 
The assessment of relationship of adverse events to the administration of IMP is a clinical decision 
based on all available information at the time. The following categories as outlined in Table 4 will 
be used to define the causality of the adverse event.        
 

Table 4: Categorisation of Causality 

 

Category Definition Relatedness 

Definitely There is clear evidence to suggest a causal relationship, and 

other possible contributing factors can be ruled out 

Related 

 

Probably There is evidence to suggest a causal relationship, and the 

influence of other factors is unlikely 

Possibly There is some evidence to suggest a causal relationship (e.g. the 

event occurred within a reasonable time after administration of 

the trial medication).  However, the influence of other factors may 

have contributed to the event (e.g. the patient’s clinical condition, 

other concomitant events) 

Unlikely There is little evidence to suggest there is a causal relationship 

(e.g. the event did not occur within a reasonable time after 

administration of the trial medication).  There is another 

reasonable explanation for the event (e.g. the patient’s clinical 

condition, other concomitant treatments) 

 
 

Not related 

Not related There is no evidence of any causal relationship 
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The collection and reporting of Adverse Events (AEs) will be in accordance with the Medicines for 
Human Use (Clinical Trials) Regulations 2004 and subsequent amendments. The Investigator will 
assess the seriousness and causality (relatedness) of all applicable AEs experienced by the 
participant with reference to the reference safety information. This should be documented in the 
source data with reference to the approved reference safety information (Section 4.8, Undesirable 
Effects) of the SmPC for Digoxin (dated: 20th March 2014) and the reference safety information 
(Section 4.8, Undesirable Effects) of the SmPC for Bisoprolol (dated: 19th June 2015). 
 

10.2 Non-Serious Adverse Events/ Adverse Reactions 

Refer to Table 2 for definitions 

 

Common adverse reactions (see Section 7.4) will be recorded on the relevant CRF and sent to the 
RATE-AF Trial Office. 

 

10.3 Serious Adverse Events 

Refer to Table 2 for definitions 
 

All Serious Adverse Events (SAEs), that are not excluded from expedited reporting will be recorded 
in the hospital notes and should be reported to the RATE-AF Trial Office on a SAE Form. The 
completed form should be faxed to the RATE-AF Trial Office on 0121 415 9135 or 0121 415 
9136, as soon as possible and ideally within one working day of becoming aware of the event.  The 
site Investigator should be able to respond to any related queries raised by the RATE-AF Trial 
Office as soon as possible.  

 

10.3.1 Expected SAEs NOT to be Reported on a SAE Form 

Expected SAEs are those listed in the current SmPC for the trial IMPs and can be excluded from 
the expedited reporting outlined in Section 10.1, for example if they are expected to occur on a 
regular basis, are no more severe and offer no further new information to the safety profile. These 
events should continue to be recorded in the source data and relevant CRFs.  
 
In addition, events NOT considered to be SAEs are hospitalisations for: 

 Routine treatment or monitoring of the studied indication, not associated with any 
deterioration in condition 

 Treatment, which was elective or pre-planned, for a pre-existing condition that is unrelated 
to the indication under trial, and has not worsened 

Note: Death from any cause should be reported on an SAE Form and returned to the RATE-AF 
Trial Office. 
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10.4 SUSARs 

Refer to Table 2 for definitions 

SAEs classed by as both suspected to be related to the trial IMP and unexpected are categorised 
as SUSARs, and are always subject to expedited reporting.  An SAE Form should be completed, 
and faxed to the RATE-AF Trial Office within 24 hours of the research staff at site becoming aware 
of the event. The local investigator will provide the causality assessment. 
 
The Chief Investigator (or nominated individual) will undertake urgent review of all such SAEs and 
may request further information immediately from the clinical team at site.  Causality will be 
assessed by a medically qualified doctor who has been delegated the task and then reviewed by 
the local PI.  The Chief Investigator will not overrule the causality or seriousness assessment given 
by the local investigator but may add additional comment on these. The Chief Investigator will 
provide the determination of expectedness according to the reference safety information. 
 
SUSARs will be notified to the MHRA and REC by the RATE-AF Trial Office.  SUSARs that are 
fatal or life-threatening will be notified to the MHRA and REC within 7 days after the RATE-AF Trial 
Office has been notified.  Other SUSARs will be reported to the REC and MHRA within 15 days 
after the Trial Office has been notified.  

 

10.5 Development Safety Update Reports  

The RATE-AF Trial Office will provide the MHRA with Development Safety Update Reports 
(DSURs).  The reports will be submitted within 60 days of the Developmental International Birth 
Date (DIBD) of the trial each year until the trial is declared ended. 

 

10.6 Annual Progress Reports 

An annual progress report will be submitted to the REC within 30 days of the anniversary date on 
which the favourable opinion was given, and annually until the trial is declared ended.  

 

10.7 Pregnancy  

Due to the age of participants that will be randomised into the RATE-AF Trial (≥ 60 years), it is 
highly improbable that female participants will be pregnant at the time of randomisation, or become 
pregnant during the trial.  Any pregnancies will be followed up for outcome; any outcome meeting 
the definition of an SAE will be reported to the RATE-AF Trial Office on the relevant CRF.  

 

10.8 Reporting Urgent Safety Measures  

If any urgent safety measures are taken the Principal Investigator/BCTU/Sponsor shall immediately 
and in any event no later than 3 days from the date the measures are taken, give written notice to 
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the MHRA and the REC of the measures taken and the circumstances giving rise to those 
measures. 

 

11 Quality Control and Quality Assurance 

11.1 Site Set-Up and Initiation 

All participating Principal Investigators will be asked to sign the necessary agreements and supply 
a current CV to the Trials Office.  All members of the site research team will also be required to 
sign a site signature and delegation log. Prior to commencing recruitment all sites will undergo a 
process of initiation and will have completed GCP training. Key members of the site research team 
will be required to attend either a meeting or a teleconference covering aspects of the trial design, 
protocol procedures, Adverse Event reporting, collection and reporting of data and record keeping.  
Sites will be provided with an Investigator Site File containing essential documentation, instructions, 
and other documentation required for the conduct of the trial.  The Trials Office must be informed 
immediately of any change in the site research team. 

 

11.2 Central Monitoring 

Monitoring of this trial will be to ensure compliance with Good Clinical Practice.  A risk proportionate 
approach to the initiation, management and monitoring of the trial will be adopted (as per the 
MRC/DH/MHRA Joint Project: Risk-adapted Approaches to the Management of Clinical Trials of 
Investigational Medicinal Products) and outlined in the trial-specific risk assessment.  
 
The Trials Office will be in regular contact with the site research team to check on progress and 
address any queries that they may have.  The Trials Office will check incoming CRFs for 
compliance with the protocol, data consistency, missing data and timing. Sites will be asked for 
missing data or clarification of inconsistencies or discrepancies. Sites will be requested to send in 
copies of signed Informed Consent Forms and other documentation for in-house review for all 
participants providing explicit consent.   
 
Additional on-site monitoring visits may be triggered, for example by poor CRF return, poor data 
quality, low SAE reporting rates, excessive number of participant withdrawals or deviations. This 
will be detailed in the monitoring plan. If a monitoring visit is required the Trials Office will contact 
the site to arrange a date for the proposed visit and will provide the site with written confirmation. 
Investigators will allow the RATE-AF trial staff access to source documents as requested.   

  

11.3 Audit and Inspection 

The Principal Investigator will permit trial-related monitoring, quality checks, audits, ethical reviews, 
and regulatory inspection(s) at their site, providing direct access to source data/documents. The 
Principal Investigator will comply with these visits and any required follow up. Sites are also 
requested to notify the Trials Office of any MHRA inspections.  
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11.4 Notification of Serious Breaches 

In accordance with Regulation 29A of the Medicines for Human Use (Clinical Trials) Regulations 
2004 and its amendments the Sponsor of the trial is responsible for notifying the licensing authority 
in writing of any serious breach of the conditions and principles of GCP in connection with that trial 
or the protocol relating to that trial, within 7 days of becoming aware of that breach. 
 
For the purposes of this regulation, a “serious breach” is a breach which is likely to effect to a 
significant degree the safety or physical or mental integrity of the participants of the trial; or the 
scientific value of the trial. Sites are therefore requested to notify the Trials office of any suspected 
trial-related serious breach of GCP and/or the trial protocol. Where the Trials Office is investigating 
whether or not a serious breach has occurred sites are also requested to cooperate with the Trials 
Office in providing sufficient information to report the breach to the MHRA where required and in 
undertaking any corrective and/or preventive action.  Sites may be suspended from further 
recruitment in the event of serious and persistent non-compliance with the protocol and/or GCP, 
and/or poor recruitment.  Any major problems identified during monitoring may be reported to Trial 
Management Group and Trial Oversight Committee, the REC and the relevant regulatory bodies.  
This includes reporting serious breaches of GCP and/or the trial protocol to the REC and MHRA. 
A copy is sent to the University of Birmingham Clinical Research Compliance Team at the time of 
reporting to the REC and/or relevant regulatory bodies. 

 

11.5 Data Handling and Analysis 

Paper CRFs must be completed from source, signed and dated by members of the site research 
team. CRFs will then be entered directly on to the RATE-AF database by members of the RATE-
AF Trial Office. Randomisation of the trial must be completed by an authorised member of the site 
research team (as delegated on the RATE-AF Trial Signature and Delegation Log) within the 
timeframe listed in Table 5.  Copies of all completed CRFs should be filed in the site file.  Entries 
on paper CRFs should be made in ballpoint pen, in black ink, and must be legible.  Any errors 
should be crossed out with a single stroke, the correction inserted and the change initialled and 
dated.  If it is not obvious why a change has been made, an explanation should be written next to 
the change.  
 
CRFs can be entered by CTU staff or viewed online by site staff at 
http://www.bctu.bham.ac.uk/RATEAF.  Authorised staff at sites will require an individual secure 
login username and password to access this online data system. 
 
Data reported on each CRF should be consistent with the source data or the discrepancies should 
be explained.  If information is not known, this must be clearly indicated on the CRF.  All missing 
and ambiguous data will be queried as detailed in the Trial Data Management Plan.  All sections 
are to be completed. 
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CRF versions may be updated by the RATE-AF Trial Office, as appropriate, throughout the duration 
of the trial.  Whilst this will not constitute a protocol amendment, new versions of the CRFs must 
be implemented by participating sites immediately on receipt. 

 

It will be the responsibility of the Principal Investigator to ensure the accuracy of all data entered in 
the CRFs.  The RATE-AF Trial Signature & Delegation Log will identify all those personnel with 
responsibilities for data collection.  
 

Access to data, including the final trial dataset, will be limited to members of the Research Team. 
 
The investigator(s)/institution(s) will permit trial-related monitoring, audits, REC review, and 
regulatory inspection(s), providing direct access to source data/documents.  Trial participants are 
informed of this during the informed consent discussion and will consent to provide access to their 
medical notes. 

 
Table 5: Data Collection Forms 
 

Form Name Schedule for submission 
Randomisation Form Collected at randomisation 

Baseline and Follow-
Up CRFs 

As soon as possible after each follow-up 

assessment time point 

Serious Adverse Event 
Form 

Faxed within 24hrs of research staff at 

site becoming aware of event 

 

 

11.6 End of Trial 

The end of trial will be 30 days after the last data capture. This will allow sufficient time for the 

completion of protocol procedures, data collection and data input.  The Trials Office will notify the 

MHRA and REC that the trial has ended within 90 days of the end of trial. Where the trial has 

terminated early, the Trials Office will inform the MHRA and REC within 15 days of the end of trial. 

The Trials Office will provide them with a summary of the clinical trial report within 12 months of the 

end of trial.  

 

A copy of the end of trial notification as well as the summary report is also sent to the University of 

Birmingham Research Governance Team at the time of sending these are sent to the MHRA and 

REC.  
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11.7 Archiving 

Archiving will be authorised by the BCTU on behalf of the Sponsor following submission of the end 

of trial report.  

 

Principal Investigators are responsible for the secure archiving of essential trial documents (for 

their site) as per their NHS Trust policy.  All essential documents will be archived for a minimum of 

25 years after completion of trial.  

Destruction of essential documents will require authorisation from the BCTU on behalf of the 

Sponsor.   

 

12 Statistical Considerations 

12.1 Outcome measures 

12.1.1 Primary Outcome 

Patient-reported quality of life (QoL) - SF-36 physical component summary score at six months 

 

12.1.2 Secondary Outcomes 

Patient-reported QoL: 

 SF-36 global and domain-specific scores at 6 and 12 months 

 EQ-5D-5L summary index and visual analogue scale at six and twelve months  

 AFEQT overall score at six and twelve months 

Cardiac function: 

 Echocardiographic LVEF at 12 months 

 Diastolic function (E/e’ and composite of diastolic indices) at 12 months  

 Functional assessment 

 Six-minute walking distance at 6 and 12 months 

 Change in European Heart Rhythm Association (EHRA) class at 6 and 12 months 

Biomarkers: 

 Change in B-type natriuretic peptide (BNP) levels at 6 months 

 Change in heart rate using 24-hour ambulatory ECG 

 

12.1.3 Feasibility Outcomes 

 Recruitment target of 3 patients per week across all participating centres.  

 Compliance and reasons for non-compliance  
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 Number of withdrawals and losses to follow-up (with reasons) 

 Drug discontinuation rate and adverse reactions requiring drug discontinuation. 

 Number of patients needing therapy-induced requirement for additional treatment 

 Population-specific standard deviations (SD) and proportions 

o SD of SF36 physical functioning score at 6 and 12 months 

o SD of SF36 overall score at 6 and 12 months 

o SD of AFEQT overall score at 6 and 12 months  

o SD of LVEF and E/e’ score at 6 and 12 months  

o Unplanned hospitalisation admissions rates 

 Cardiovascular Events (particularly mortality, thromboembolic events, myocardial 

infarction and cardiovascular interventions) 

 

The final analyses will follow a pre-specified analysis plan, drafted in conjunction with the 
Birmingham Clinical Trials Unit and submitted to the steering committee at the penultimate meeting.  
We intend to perform a primary intention-to-treat analysis, in addition to a per-protocol analysis. 
 
Any additional (exploratory) analyses will be explicitly labelled as such in any subsequent 
manuscript.  

 

12.2 Power Calculations 

Randomising 144 patients we can assume an 85% power to detect an effect size of half a standard 
deviation in a continuous outcome measure of QoL (two-sided alpha of 0.05).  A sample size of 
160 patients would account for an estimated 10% loss to follow-up (including withdrawal and death 
prior to 12-month assessment).  There is some evidence from existing research to support the 
notion that the treatment effect could be this large.  The mean SF-36 role-physical score from the 
rate-control arm of the RACE study was 47, with a 17% improvement with rate-control over time.62  
In another study, CCB resulted in 22% improvement in a proprietary symptom-checklist, compared 
to a non-significant 8% change in those assigned to beta-blockers (SD 10-points in both groups).  
These values are also consistent with a 17% improvement in SF-36 scores in a third trial, PIAF.63  
Thus whilst it is possible that this trial may provide a clear indication of effect,  it is accepted that 
the trial will be underpowered to detect smaller differences, reinforcing the requirement for a larger 
definitive trial which would also be powered to assess impact on clinical event rates.  

 

12.3 Statistical analysis 

A separate Statistical Analysis Plan for the RATE-AF trial provides a detailed description of the 
planned statistical analyses. A brief outline of these analyses is given below. 
 
The primary comparison groups will be composed of those who are randomised to digoxin group 
and those randomised to the beta-blockers group. All analyses will be based on the intention to 
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treat principle, with all patients analysed in the arms to which they were allocated irrespective of 
compliance with the randomised allocated treatment, and all patients will be included in the 
analyses. We will, as a sensitivity analysis, conduct per-protocol analyses, where appropriate. 

For all analyses, a p-value <0.05 will be considered statistically significant.  
 

12.3.1 Primary outcome analysis 

The primary outcome for this trial is the continuous SF36 physical functioning domain score at 6 
months. This outcome will be analysed using an ANCOVA model adjusting for treatment arm, 
baseline score and all minimisation variables. Results will be presented as difference in means and 
95% confidence intervals.  

 

12.3.2 Feasibility and Secondary outcomes analysis 

The feasibility and secondary outcomes for the trial comprise of a combination of both continuous 
and categorical (dichotomous) data items.  
 
Categorical endpoints: 

For outcomes which are categorical (dichotomous) in nature, the proportion of participants and 
percentages will be analysed between arms.  
 
Logistic/Log-binomial regression models will be fitted (where appropriate) to adjust for treatment 
arm, baseline scores and all minimisation variables.  
 
Results will be presented as odds ratios/relative risks and 95% confidence intervals.    

 
Continuous endpoints: 

Any outcomes that are continuous in nature will be analysed in the same way as the primary 
outcome.  

 

12.3.3 Missing data and sensitivity analyses 

Primary analysis will concentrate on available data only, with no attempt made to impute missing 
data.  Where appropriate, sensitivity analyses will be carried out to examine the possible impact of 
missing data on the results (full details will be discussed within the Statistical Analysis Plan).  

 

12.3.4 Interim analyses and Stopping rules 

Analysis of the data with respect to efficacy and safety will be performed at 12 months and sent to 
Data Monitoring Committee (DMC); see Section 16.  The DMC will outline and agree the stopping 
rules for the trial which will be documented in the DMC charter.  It is likely that the Haybittle-Peto 
boundary will be used. This states that if an interim analysis shows a probability of less than 0.001 
that the treatments are different, then the trial should be stopped early.  This will be used alongside 
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data on important secondary endpoints and all other relevant evidence.  A DMC report and charter 
outlining the terms of reference (including information on stopping rules) will be agreed with the 
DMEC.  

 

12.4 Final analysis 

The final analysis for the RATE-AF trial will occur once the last randomised participant completes 
their 12-month follow-up.  

 

13 Ethics and Regulatory Requirements 

The trial will be performed in accordance with the recommendations guiding physicians in 
biomedical research involving human participants, adopted by the 18th World Medical Association 
General Assembly, Helsinki, Finland, June 1964, amended at the 48th World Medical Association 
General Assembly, Somerset West, Republic of South Africa, October 1996 (website: 
http://www.wma.net/en/30publications/10policies/b3/index.html).  
 
The trial will be conducted in accordance with the Research Governance Framework for Health 
and Social Care, the applicable UK Statutory Instruments, (which include the Medicines for Human 
Use Clinical Trials 2004 and subsequent amendments,the latest Data Protection legislation, the 
Human Tissue Act 2008, EU Clinical Trials Directive and amendment Regulations as appropriate) 
and Guidelines for Good Clinical Practice (GCP).  This trial will be carried out under a Clinical Trial 
Authorisation in accordance with the Medicines for Human Use Clinical Trials regulations. The 
protocol will be submitted to and approved by the REC prior to circulation.  
 

Before any participants are enrolled into the trial, the Principal Investigator at each site is required 
to obtain local R&D approval. Sites will not be permitted to enrol participants until written 
confirmation of R&D approval is received by the Principal Investigator.  
 
It is the responsibility of the Principal Investigator to ensure that all subsequent amendments gain 
the necessary local approval.  This does not affect the individual clinicians’ responsibility to take 
immediate action if thought necessary to protect the health and interest of individual participants. 
 
Within 90 days after the end of the trial, the Chief Investigator/Sponsor will ensure that the REC 
and the MHRA are notified that the trial has finished.  If the trial is terminated prematurely, those 
reports will be made within 15 days after the end of the trial.  The Chief Investigator will provide the 
Sponsor with a summary report of the clinical trial, which will then be submitted to the MHRA and 
REC within one year after the end of the trial.  
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14 Oversight Committees 

14.1 Trial Management Group 

The Trial Management Group (TMG) will comprise the CI, other lead investigators (clinical and non-
clinical) and members of the BCTU.  The TMG will be responsible for the day-to-day running and 
management of RATE-AF.  The TMG will convene at regular intervals. 

 

14.2 Trial Oversight Committee  

A joint oversight committee comprising a Trial Steering Committee (TSC) and Data Monitoring 
Committee (DMC) will be engaged for this trial.  
 
The role of the TSC is to provide the overall supervision of the trial.  The TSC will monitor trial 
progress and conduct and advice on scientific credibility.  The TSC will consider and act, as 
appropriate, upon the recommendations of the Data Monitoring Committee.  Further details of the 
remit and role of the TSC are available in the TSC Charter. 
 
An independent DMC will be established to oversee the safety of participants in the trial.  The DMC 
will meet prior to the trial opening to enrolment, and then meet at least annually, or as per a 
timetable agreed by the DMC prior to trial commencement.  Data analyses will be supplied in 
confidence to the DMC, which will be asked to give advice on whether the accumulated data from 
the trial, together with the results from other relevant research, justifies the continuing recruitment 
of further participants.  The DMC will operate in accordance with the trial specific charter. 

 

14.3 Protocol amendments 

Where important protocol modifications are required as a result of oversight (for example, changes 
to eligibility criteria, outcomes or analyses), this information will be communicated to relevant 
parties, such as investigators, the REC, trial registries and regulators.   

 

15 Finance 

The RATE-AF Trial is funded through a Career Development Fellowship awarded to the Chief 
Investigator by the National Institute for Health Research (NIHR). 

 

16 Confidentiality and Data Protection 

Personal data recorded on all documents will be regarded as strictly confidential and will be handled 
and stored in accordance with the latest Data Protection legislation. 
 
Participants will be identified using their unique trial identification number, date of birth and hospital 
number on the CRFs. and correspondence between the Trials Office and the participating site. 
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Participants will give their explicit consent for the movement of their consent form, giving permission 
for the Trials Office to be sent a copy.  This will be used to perform in-house monitoring of the 
consent process. 
 
The Investigator must maintain documents not for submission to the Trials Office (e.g. Participant 
Identification Logs) in strict confidence. In the case of specific issues and/or queries from the 
regulatory authorities, it will be necessary to have access to the complete trial records, provided 
that participant confidentiality is protected.  
 

The Trials Office will maintain the confidentiality of all participants’ data and will not disclose 
information by which participants may be identified to any third party other than those directly 
involved in the treatment of the participant and organisations for which the participant has given 
explicit consent for data transfer (e.g. competent authority, sponsor).  Representatives of the 
RATE-AF Trials Office and sponsor may be required to have access to participant’s notes for 
quality assurance purposes but participants should be reassured that their confidentiality will be 
respected at all times. 

 

17 Insurance and Indemnity 

The University of Birmingham has in place Clinical Trials indemnity coverage for this trial which 
provides cover to the University for harm which comes about through the University’s, or its staff’s, 
negligence in relation to the design or management of the trial and may alternatively, and at the 
University’s discretion provide cover for non-negligent harm to participants. 
 
With respect to the conduct of the trial at the Clinical Site and other clinical care of the patient, 
responsibility for the care of the patients remains with the NHS organisation responsible for the 
Clinical Site and is therefore indemnified through the NHS Litigation Authority.  
 
The University of Birmingham is independent of any pharmaceutical company, and as such it is not 
covered by the Association of the British Pharmaceutical Industry (ABPI) guidelines for participant 
compensation. 

 

18 Dissemination and Publication  

Regular newsletters will keep collaborators informed of trial progress and regular meetings will be 
held to report the progress of the trial and to address any problems encountered in the conduct of 
the trial.  The CI will coordinate dissemination of data from this trial.  All publications and 
presentations, including abstracts, relating to the main trial will be authorised by the RATE-AF 
TMG.  The results of the analysis will be published in the name of the RATE-AF Collaborative 
Group in a peer reviewed journal (provided that this does not conflict with the journal’s policy). 
 
Named authors must satisfy the International Committee of Medical Journal Editors (ICMJE) criteria 
for authorship (contribute to drafting of the article or revision for important intellectual content), 



RATE-AF Trial Protocol                       Version 3.0, 25th July 2019  

EudraCT No.: 2015-005043-13         Page 60 of 69 

 

provide timely approval of the final version to be published and supply detailed statements on any 
potential conflict of interest or financial relationship (http://www.icmje.org/).  Members of the group 
who do not fulfil ICMJE criteria for authorship will be listed in the article appendix.  Trial participants 
will be sent a lay summary of the final results of the trial, which will contain a reference to the full 
paper. 
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