

WITHDRAWal of heart failure directed therapies in recovered Atrial Fibrillation mediated cardiomyopathy- the WITHDRAW-AF study


Aims and Hypothesis
Primary aim: The primary aim is to determine if ongoing neuro-hormonal pharmacological therapy can be safely withdrawn in patients with a fully recovered atrial fibrillation (AF) mediated cardiomyopathy 
Secondary aim: Secondary aims include evaluating the impact of withdrawal of neuro-hormonal blockade upon cardiac volumes, MRI detected fibrosis, clinical outcomes, functional status and arrhythmia recurrence. 
Hypothesis: We hypothesise that in patients with a fully recovered AF mediated cardiomyopathy with successful rhythm control, ongoing pharmacological neurohormonal blockade is not required to maintain normal ventricular function and can be safely withdrawn.

Background
Heart failure: Heart failure (HF) remains a growing epidemic worldwide, creating a rising health and economic burden the across the world1. Systolic heart failure, responsible for just over half of the global burden, has been somewhat fortunate with respect to availability of effective therapies for a considerable portion of patients. Pharmacological neurohormonal blockade, including renin angiotensin system and adrenergic inhibition, has become the cornerstone of long-term management of heart failure and has overseen a dramatic improvement in patient outcomes over the last several decades as it has been incorporated into mainstream clinical practice2. Current guidelines recommend indefinite neuro-hormonal blockade in all patients with established heart failure irrespective of aetiology3. 

Atrial fibrillation and Heart Failure: Atrial fibrillation (AF) and heart failure (HF) share a complex pathophysiological relationship and frequently co-exist in up to a third of patients4. AF drives heart failure through a loss of atrial contractile function, ventricular irregularity and tachycardia – all of which reduce cardiac output and contribute to adverse ventricular modelling. Heart failure in turn promotes the occurrence and maintenance of AF through raised filling pressures, neuro-hormonal dysfunction and abnormal calcium handling – all of which lead to adverse atrial structural remodelling which promotes the AF4. Given this ‘chicken and egg’ relationship, distinguishing which process is primarily driving is a common clinical conundrum for the treating physician, made more difficult by the historical limited efficacy of pharmacological rhythm control, and clinical guidelines suggesting medical rate control the mainstay of treatment in this patient population3.

Catheter ablation in AF and HF: Recently, with advancements in rhythm control strategies, namely catheter ablation, it has become possible to identify the benefit of sustained sinus rhythm in patients with AF and HF. The ATTAC-AF study5 compared catheter ablation and amiodarone in patient with heart failure and AF, and clearly demonstrated improved efficacy, ventricular function and mortality with catheter ablation. These findings were subsequently confirmed in a large randomised clinical trial (CASTLE-AF) which showed improved mortality, LV function and AF freedom over 5 years of follow up in 398 patients6. However, these studies encompassed a heterogenous mix of heart failure types and provided little guidance as to identify those patients. 

AF mediated cardiomyopathy: The landmark CAMERA-MRI study7, evaluated the effect upon LV function of the restoration of sinus rhythm with catheter ablation in patients with persistent AF and otherwise unexplained heart failure – and was the first study to characterise the syndrome of AF mediated cardiomyopathy. That study randomised patients to either catheter ablation, or ongoing medical rate control. At six months, those patients with restoration of sinus rhythm had a dramatic improvement in LVEF (+18%), much greater than those seen in unselected patients. Importantly, the absence of MRI detected cardiac fibrosis at baseline, identified those improving the most (+22%), with nearly three-quarters normalising LV function at 6 months, which was largely maintained out to 4 years8. Interestingly, patients improving LVEF demonstrated a reverse ventricular and atrial remodelling with improvements in chamber dimensions7. Importantly, in a novel finding, there was also at least a partial resolution of MRI detected diffuse ventricular fibrosis9 and atrial fibrosis10 as detected by invasive voltage mapping. Although this study was instrumental in highlighting AF as an under-appreciated reversible cause of heart failure, what was not clear, is the whether this patient cohort remains susceptible to LV dysfunction in the absence of recurrent AF and whether guideline directed heart failure management or rhythm control should be the central aim of management.

The endpoint of neuro-hormonal blockade: Despite its effectiveness, ongoing indefinite pharmacological therapy in patients with heart failure entails a significant morbidity and economic burden for patients and health care systems alike11. Nonetheless, a paucity of data exists regarding the safety and long term sequalae of withdrawing anti-heart failure pharmacological therapy. The TRED-HF12 study randomised 51 patients with dilated cardiomyopathy and recovered LV function to ongoing anti-heart failure pharmacological therapy or a staged withdrawal of medications, and were followed up for 12 months with treatment cross over at 6 months. In that study recurrence of LV dysfunction was 44% and 36% in the withdrawal and crossover arms of the study respectively. This is perhaps unsurprising given the lack of identifiable reversible causes of heart failure in this cohort of idiopathic cardiomyopathy. The STOP-CRT13 study evaluated the effect of withdrawing neurohormonal blockade on LV dimensions in patients with dilated cardiomyopathy and normalised LV function and volumes after initiation of CRT in 80 patients. In that study, recurrence of LV dysfunction (LVESV increasing to >15%) was rare, occurring in only 7.5%. Although obviously evaluating very different heart failure types, the fact that neuro-hormonal blockade withdrawal in the continued presence of bi-ventricular pacing appeared to serve minimal benefit. This may be likened to the effect to the continued of sinus rhythm in patients with AF mediated cardiomyopathy, where the role of ongoing neurohormonal blockade over and above the maintenance of sinus rhythm is unclear. In 2020, an expert consensus panel identified the management on patients with heart failure with recovered LV function (HFrecEF), including the role of ongoing neurohormonal blockade as a significant gap in the current literature, significantly impairing the development of meaningful clinical guidance14.

Rational of this study: Ongoing indefinite anti-failure pharmacological therapy is currently the recommendation for all forms of systolic heart failure15. However, in the case of a reversible cardiomyopathy such as AF medicated cardiomyopathy, there may be a compelling case that indefinite neuro-hormonal may not be required in the setting of ongoing rhythm control. There is a distinct lack of data regarding the need for ongoing indefinite neuro-hormonal blockade in patients with a fully recovered AF-mediated cardiomyopathy. Pharmacological anti-heart failure therapy is associated with significant morbidity16 (such as bradycardia, fatigue, renal impairment (rarely) and postural hypotension) in addition to a financial burden with medications accounting for up to 43% of all heart failure health care related costs11. There is also the considerable, often overlooked, psychological burden associated with indefinite pharmacological therapy16. Being able to demonstrate these medications may be unnecessary in the long-term and can be safely withdrawn would be associated with considerable clinical, psychological and economic benefits for these patients and the community at large. Conversely, the predisposition for the development of heart failure in this cohort of patients with concurrent AF remains poorly understood, particularly as the vast majority of patients with persistent AF do not develop LV dysfunction. A detailed analysis of the myocardium with cardiac MRI (including assessment for diffuse fibrosis) will further our understanding of the pathophysiology of AF mediated cardiomyopathy, including if there exist any predictors of LV dysfunction in the absence of AF. We propose a prospective randomised clinical trial in patients with a fully recovered AF mediated cardiomyopathy currently on anti-failure therapy. Patients will be randomised to a staged withdrawal of neuro-hormonal therapies (including ACE inhibitors, Angiotensin receptor antagonists, beta blockade, diuretics and mineralocorticoid receptor antagonists), or their continuation. Patients will be followed clinically for 12 months including serial ventricular function assessment with cardiac MRI, ongoing rhythm assessment and both objective and subjective assessment of symptoms and functional capacity.


Research Plan
Study team and feasibility: The study will be performed across multiple sites across Melbourne, with the Alfred and Baker Institute as the primary co-ordinating centre and the core location for cardiac MRI scanning. CIA Dr Sandeep Prabhu was the principle investigator of the CAMERA-MRI study and is extensively published in the field of AF and HF. The Alfred Cardiac MRI unit has extensive experience in the co-ordination of clinical trials including CIB Professor Andrew Taylor who will co-ordinate and oversee the cardiac MRIs for the study. The Alfred has an established collaborative network with the Royal Melbourne and Monash Medical Centre Hospitals which will be utilised to co-ordinate and administer this study.

Study design: This will be a multi-centre, open-label, prospective, randomised controlled crossover multicentre trial of phased withdrawal of HF pharmacotherapy in patients with rhythm-controlled AF with recovered LV function. Participating sites within Victoria, Australia, will include the Alfred Hospital, Western Health, the Royal Melbourne Hospital and Monash Medical Centre utilising the well-established collaborative clinical trial infrastructure between these institutions. Subjects will be followed for 12 months after inclusion. All patients will provide written consent. The possible risks of heart failure recurrence and arrhythmias will be explained to study participants as part of the informed consent process. This trial will undergo local ethics review by the Alfred Hospital Ethics and Research Governance Committee.

Clinical trial infrastructure: This clinical trial will utilise the collaborative relationships between participating institutions based on clinical trial infrastructure utilised in similar studies from this research team.
Once ethics approval has been obtained, the following clinical trial bodies will oversee the performance of the clinical trial. These have been formulated in accordance with the NHMRC Australian Clinical Trials Guidelines.
· The Trial Steering Committee (TSC). This body will consist of a body of independent expert members and at least one chief investigator which will monitor the progress of the study and ensure that the study is meeting its required milestones and objectives in order to reach completion. The body will consist of: 
· An independent Chairperson (not involved directly with the study other than as a member of the Steering Committee) 
· Two or more other independent expert members (clinical and/or methodological) 
· The chief investigator (CIA) 
· A lay representative 
· Data Safety and Monitoring Board (DSMB). This will consist of a body of members independent to the investigators to ensure the study adheres to pre-specified objectives and ethical requirements. The DSMB will have access to unblinded data and advise on safety aspects of the study and whether there is an indication to halt or cease the study based on the findings. 
· Clinical Endpoint Adjudication Committee (CEC). This will consist of members independent to the study investigators who will adjudicate clinical endpoints to ensure the unbiased assessment of occurrences of outcomes, in particular hospitalisations. The CEC will be blinded to treatment allocation of the study participants. The CEC will determine the need for interim analyses at a pre-specified number of primary endpoint events, and if required, advise the TSC upon progress and trial continuation.

The principal investigators will report all related serious adverse events, serious adverse reactions and suspected unexpected serious adverse reactions to study participants, to the DSMB and to Alfred Research Ethics unit as set out in the Alfred Health and NHMRC guidance.


All patients will provide written consent. The possible risks of heart failure recurrence and arrhythmias will be explained to study participants as part of the informed consent process. This trial will undergo local ethics review by the Alfred Hospital Ethics and Research Governance Committee. A senior heart failure expert was appointed as an independent trial data monitor, who will review the conduct of the study and adverse events at pre-specified meetings and will be advised of serious adverse events as they occur within 24 hours as per the study protocol.

Patient population: Patients will be identified from the HF clinic at the study centre and other participating sites. Participating sites will include the Alfred, Royal Melbourne, Monash Medical Centre and Sunshine Hospital. Participants who have successfully completed the study duration of the currently enrolling CAMERA-MRI II study who meet inclusion criteria, would also be offered participation in this study. Potential study participants will be invited to a screening consultation and will undergo a comprehensive assessment for eligibility. Enrolment criteria is specified in Table 1. Every effort will be made to avoid gender bias in the study recruitment, though it is expected that the gender composition will reflect that in other clinical trials evaluating AF and heart failure. We anticipate the recruitment of approximately 40 patients per year across the study sites.

Table 1: Inclusion and Exclusion Criteria:
	Inclusion Criteria
	Exclusion Criteria

	Age>18 years
	Patients with unsuccessful rhythm control

	AF mediated cardiomyopathy
-Previous LVEF <40% in the setting of AF with recovery to >50% within 6 months after restoration of sinus rhythm (with anti-arrhythmic medications, electrical cardioversion, catheter ablation or any combination of these)
	Patients with known contributing cause of LV dysfunction including
· Ischaemic cardiomyopathy
· Valvular heart disease
· Hypertrophic cardiomyopathy
· Uncontrolled alcohol intake
· Other cause of cardiomyopathy (eg thyroid disease)

	NYHA class I
	Significant renal impairment (eGFR=30mL/min/1.73m2)

	Currently on pharmacological anti-heart failure therapy including at least 2 of:
· ACE inhibitor or Angiotensin receptor antagonist
· Diuretic (excluding MRA)
· Cardiac specific beta blocker
· Mineralocorticoid receptor antagonist
· Entresto (Sacubitril/Valsartan)
	Contraindication to
· cardiac MRI, 
· catheter ablation or 
· anti-coagulation

	No recurrence of AF with previous 6 months
	Any condition with expected survival < 2 years

	No heart failure related admissions with last 6 months.
	Unable to provide informed consent

	Cardiac MRI demonstrating
· LVEF >50%
· The absence of ventricular late gadolinium enhancement
· Indexed LVEDV less than 10% upper limit of normal
	Patients with a clear indication for ACE/ARB therapy for reasons other than heart failure where alternative agents are contra-indicated or inappropriate.

	Able to consent
Willing to adhere to follow up requirements
	



Baseline assessment: Study participants will be recruited and followed at 4 tertiary centres in Victoria, Australia, including the Alfred Hospital, the Royal Melbourne Hospital, Monash Medical Centre and Sunshine Hospital and may be referred to these institutions from peripheral centres. Eligible participants will be identified on the basis of medical records and from the heart failure services at each participating centre and will be invited for a screening visit. Baseline screening will involve a physical examination, review of medications, assessment of heart failure status (NYHA functional class), transthoracic echocardiography and recent cardiac MRI, device interrogation (where relevant) and review of recent blood tests (renal function) and BNP/NT-proBNP. [image: /var/folders/wt/zjbf8nhn1h7b49kr7vygy9t00000gn/T/com.microsoft.Word/WebArchiveCopyPasteTempFiles/social.png?v=3083279809659071861]


Prior to baseline CMR assessment, all enrolled patients will be screened to ensure they meet eligibility criteria and are on appropriate HF therapy. In addition to CMR, baseline assessments will include clinical review, transthoracic echocardiography (TTE), cardio-pulmonary exercise testing (CPEX) blood tests (including serum brain natriuretic peptide (BNP) or NT-proBNP), short-form 36 health survey (SF-36) and Minnesota Living with Heart Failure Questionnaire (MLHFQ) (Figure 2). The purpose of the additional functional and subjective symptoms assessment is to determine the benefit of cessation of neuro-hormonal blockade with respect to quality of life and exercise tolerance – an important secondary endpoint. Individuals with LVEF >50% and without signs or symptoms of heart failure and normal BNP (BNP <100pg/ml) will be eligible for study participation.Figure 1: Smart phone ECG monitors will be used to assess for AF recurrence


Follow up: Patients will spend 6 months in each treatment group before crossover. This means the patients randomly allocated to undergo staged withdrawal will then crossover into the continued medical therapy (after having HF therapy reinstituted over a 4-week period) and the initial continued medical therapy group will then crossover into staged withdrawal after the first 6 months. 

In addition to follow up outlined in Figures 2 and 3, patients will be monitored for AF recurrence during the 12-month study period with the use of AliveCor Smartphone based ECG monitor and transmit regular transmissions (two transmissions per day, additional transmission in the setting of symptom) to study investigators and during symptomatic episodes, a well validated approach17. Documented AF or atrial tachycardia >30 seconds will be recorded. Patients with recurrent AF will have prompt treatment escalation with may include one or more of: addition or change to anti-arrhythmic therapy, electrical cardioversion or catheter ablation. Follow-up investigations are shown in Figure 1. 

Safety: A prespecified interim analysis of CMR LVEF data from baseline and 6-month data will be performed at once 20 patients in each arm have completed 6 months MRI scans to ensure the clinical safety of the withdrawal arm. Data will be available to the DSMB to determine the safety of continuing the withdrawal therapy arm. In the event of AF recurrence, rapid restoration of sinus rhythm will be prioritised (in both arms). This may include addition or changes to anti-arrhythmic therapy, electrical cardioversion or prompt catheter ablation (either de novo or repeat ablation procedure) with the aim of minimising duration of continuous AF to less than 4 weeks.

Cardiac MRI: CMR scans will be performed on a 1.5 or 3-Tesla scanner with a standardised protocol including late gadolinium enhancement imaging, T1 mapping and strain assessment. The CMR scanner will have cardiac gating and calibration capacity. Delayed enhancement using gadolinium will determine the presence of ventricular fibrosis. Delayed enhancement imaging will be performed 10 minutes after Gadovist injected directly into a vein via a cannula at a single dose of 0.2mmol/kg up to a maximum dose of 20ml Pre and post contrast T1 times, to assess for diffuse fibrosis will also be obtained and correlated with outcomes using previously validated methodology,18 utilising the validated SmartT1 assessment protocol. Raw DICOM MRI data will be collated and assessed centrally to standardise reporting. MRI images will be analysed by investigators blinded to treatment allocation. MRI’s will be performed centrally and reviewed by blinded investigators at the Alfred Hospital to remove the confounding of inter-observer variability in reporting. 



Recruitment and Randomisation: All participants will be provided with verbal and written information and informed consent will be obtained prior to enrolment. Patient meeting eligibility following baseline screening will undergo baseline assessments and will subsequently be computer randomised in a 1:1 fashion to either continued HF pharmacotherapy or supervised phased withdrawal. Study investigators reporting investigations including all cardiac imaging (MRI and echocardiography) will be blinded to randomisation status.



Intervention: Patients undergoing staged withdrawal will first withdraw from a HF specific beta blocker with the option to replace with an antiarrhythmic agent (such as sotalol, amiodarone or flecainide) at operator discretion with an ECG performed at baseline and during initiation of antiarrhythmic therapy to monitor QTc intervals. Antiarrhythmic dose will be decided at the physician’s discretion. At subsequent visits, mineralocorticoid receptor antagonists (MRAs) will be weaned, followed by ACE inhibitors, angiotensin receptor blockers or angiotensin receptor blocker/neprilysin inhibitor (Eg. Entresto) combinations. Diuretics can be ceased if the patient is taking the equivalent or less than frusemide 40mg daily or spironolactone 25mg daily. Participants taking 25% or less of the maximum recommended dose of ACE inhibitor or ARB can be discontinued; higher doses will be weaned by 50% every 2 weeks. This phased withdrawal method is adapted from the recent TRED-HF study12. wean Patients in the control group (continued medical therapy) will undergo regular clinical review at 12, 26 and 52 weeks with interval visits as clinically indicated.[image: A picture containing text, screenshot, calculator  Description automatically generated]


Repeat cardiac MRI at 6 and 12 months is designed as a safety mechanism for the early detection of LV dysfunction in patients during the withdrawal treatment phase. Patients with a reduction in LV function to < 45% at 6 months from weaning, in the absence of AF recurrence will be able to re-initiate anti-heart failure therapy. For the purpose of analysis of the primary end-point, the LVEF value from the 6 months scan prior to the re-introduction of neuro-hormonal blockade will be utilised.Figure 2: Study protocol. CPEX: Cardiopulmonary exercise testing, BNP: Brain natriuretic peptide, TTE: transthoracic echocardiography, 6MWT: 6-minute walk test, QOL: Quality of life assessments (SF-36 questionnaire and Minnetosa Living with heart failure questionnaire).



Ongoing medical treatment arm: Patients in the ongoing medical treatment arm will continue with their current regime of anti-heart failure therapy. To avoid confounding, changes in pharmacological therapy such as further up-titration of medications, in the absence of clinical necessity will be discouraged.

Study participants will undergo baseline, 6-month and 12-month transthoracic echocardiogram and cardiac MRI surveillance. This is to ensure accurate determination of changes in LV dimensions, systolic function (including left ventricular ejection fraction and global longitudinal strain assessments), during both treatment phases (staged withdrawal and continuing medical therapy).
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Figure 3: Study follow up for both treatment groups.


Study endpoints: The primary endpoint is equivalence of phased withdrawal compared to continued medical therapy, defined as maintenance of LVEF >50% at 6 and 12 months in both study groups. This allows for inter-observer variability between imaging of <10% as recognised previously. 

Secondary endpoints include:
· Clinical outcomes including: overall mortality, cardiovascular mortality, major adverse cardiovascular events and unplanned heart failure hospitalisation.
· Change from baseline of:
· LVEF from baseline to 6 months
· NYHA class, 
· Heart failure / QOL symptoms scores, 
· VO2max and exercise time
· Change in cardiac biomarkers: serum BNP or NTproBNP
· Change in cardiac chamber dimensions as determined by cardiac MRI
· Change in diffuse fibrosis as determined by T1 mapping
· Arrhythmia recurrence (AF or AT) including:
· AF or AT lasting >30 seconds as detected on Smart phone monitoring, implantable loop recorder or device interrogation.
· AF burden, as determined by Smart phone monitoring, implantable loop recorder or device interrogation.

Blinding: Study investigators involved in reporting investigation results including cardiac MRI, transthoracic echocardiography and functional testing will be blinded to treatment arm. Study investigators co-ordinating the withdrawal of therapy in the withdrawal arm, will not be involved in the reporting of investigations. [image: ]













Figure 3: Regression of CMR detected diffuse fibrosis following restoration of sinus rhythm in patients with AF mediated cardiomyopathy. (Prabhu et al, JACCEP, 2018).




Preliminary data: There are no previous studies evaluating the role of ongoing neuro-hormonal blockade in patients with recovered AF mediated cardiomyopathy. There is nonetheless evidence to suggest that patients with no late gadolinium enhancement on CMR have excellent long-term outcomes and significantly reverse remodel. Ling et al demonstrated that in all patients with persistent AF, LV dysfunction (LVEF<50%) and no LGE on cardiac MRI who maintained sinus rhythm post catheter ablation (15 of 16 patients) demonstrated a dramatic improvement in LV function (+20%, p<0.001)18. The CAMERA-MRI study similarly demonstrated that in patients with heart failure (LVEF<45%) and no LGE, nearly three quarters normalised LV function at 6 months (72% vs 21%, p=0.009). This was accompanied by a reduction in LV end systolic volume >15% (86% vs 43%, p=0.006)7. This benefit was still seen after 4 years of follow up (58% vs 18%, p=0.008)8. Diffuse fibrosis, a pre-cursor to more irreversible fibrosis was seen to regress in patients with recovered LV function, but still above the level seen in normal control (Figure 3). However, this cohort included patients who had LGE present on MRI (up to 50%), and only had follow up for 6 months. All patients however, continued medical anti-failure therapy so its role in preserving LV function and promoting fibrosis regression, over and above the effect on continued sinus rhythm remains unknown. Nonetheless, in a cohort of patients (n=18) with focal atrial tachycardia mediated heart failure successfully treated with catheter ablation followed up for nearly 5 years, LVEF was maintained (60±6%) despite only 16% being on ACE inhibition or betablockade, even in the presence of higher than control levels of diffuse fibrosis19. It is unclear if this finding is translatable to patients with AF medicated cardiomyopathy, however tachycardia is a significant contributor to LV dysfunction in these patients as well. Nonetheless the reverse remodelling in both the atria and ventricle demonstrates that in those patients maintaining sinus rhythm are likely to maintain ventricular function in the long term. Additionally, given the fact that all patients in CAMERA-MRI were on established neurohormonal blockade at the time at baseline with persisting LV dysfunction, suggests that the role of this therapy in maintaining LV function, even out to 4 years, compared to sinus rhythm restoration is minimal (+16.4% vs +8.6%, p=0.008)8. Atrial reverse remodelling also suggests there may be reduced incidence of AF recurrence even in the absence of beta-blockade10. Thus, limited preliminary data suggests the hypothesis of the present study is a reasonable assertion, worthy of formal analysis in a randomised prospective setting.Figure 4: Electro-anatomical mapping study showing reduced scarring and improved tissue voltages over long term follow up after successful restoration of sinus rhythm and normalisation of LV function post ablation. (Sugumar et al, JACCEP, 2019).  
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Sample size calculation: 
There are limited randomised studies evaluating the safety and feasibility of withdrawal of HF therapies and no studies to date have explored whether supervised withdrawal of HF therapies can be undertaken in those with rhythm-controlled AF and normalized LVEF. The pilot TRED-HF study explored the safety of supervised neurohormonal withdrawal in a randomised fashion in a cohort with dilated cardiomyopathy (DCM). This was a single arm crossover pilot study including 51 patients (25 in phased withdrawal group and 26 in control group). As such, no power calculation was performed. In a sub-analysis of individuals with AF within the TRED-HF study, the event rate of relapse in LVSD was 27.3% following HF therapy withdrawal. On this basis and with the assumption of a 0% event rate in the continuing medical therapy group (as was demonstrated in TRED-HF), a total of 60 patients (30 per treatment group) in this 2-arm study would be required to provide statistical power of 80% to detect a difference with the probability of a type one error being 0.05 and allowing for 10% loss to follow up. The primary analysis was by intention to treat.


Statistical analysis: Baseline characteristics will be compared between study groups with the use of the chi-square test, Wilcoxon rank-sum test & two-sample t-tests.  With respect the primary endpoint at 6 months, logistic regression will also be used to compare outcomes according to randomization according to the intention-to-treat principle, adjusted for clinical variables included in the baseline characteristics. Secondary outcomes were assessed using repeat measures ANOVA. Analysis of AF burden, which is expected to be non-normally distributed, will be performed using the Wilcoxon-Mann Whitney non-parametric test.
Statistical significance is defined as a p value of <0.05. Data will be analysed using R software.


Outcome and Significance
Successful completion of this study will have several crucial implications for the long-term management of patients with recovered AF mediated cardiomyopathy and for the pathophysiological understating of this condition. Firstly, the ability to ability to safely discontinue neuro-hormonal blockade has clear symptomatic benefits for patients including a reduction in fatigue, hypotension and bradycardia20, 21. Secondly, the avoidance of long term indefinite anti-arrhythmic therapy will reduce the emotional and psychological burden of the condition upon patients and improve overall quality of life. Thirdly, the ability to avoid a potential lifetime of daily pharmacological therapy in this patient population would have considerable economic benefits for the health system and community at large16. Fourthly, the study will improve our pathophysiological understanding of the relationship between atrial fibrillation and heart failure, and whether patients with AF mediated cardiomyopathy remain susceptible to LV dysfunction even in the absence of AF. Such a finding would have important implications for the pathophysiology of this phenotype and may in fact suggest that these patients have an underlying predisposition to LV dysfunction merely accelerated by AF, but which is ultimately not the driving cause. Additionally, the relationship between myocardial characteristics detected on cardiac MRI (such as diffuse fibrosis) and its impact upon ventricular function may help determine the utility of CMR in identification of patients suitable to discontinue neuro-hormonal blockade. Importantly, a successful realisation of the study aims will fundamentally change the long-term priorities of management in patients with AF-mediated cardiomyopathy from chronic heart failure management to a focus on rhythm control. This will have a profound impact upon the quality of life, health care costs and personal financial and emotional costs to patients with this condition. Finally, given the complete lack of data in this space, the findings from this study are highly likely to inform future clinical guidelines, and result in high impact publications with international recognition, and a significant potential to change clinical practice.




















References

1.	Lund LH, Savarese G. Global Public Health Burden of Heart Failure. Cardiac Failure Review 2017;03.
2.	Group NCAFGW, Brieger D, Amerena J, et al. National Heart Foundation of Australia and the Cardiac Society of Australia and New Zealand: Australian Clinical Guidelines for the Diagnosis and Management of Atrial Fibrillation 2018. Heart Lung Circ 2018;27:1209-1266.
3.	Atherton JJ, Sindone A, De Pasquale CG, et al. National Heart Foundation of Australia and Cardiac Society of Australia and New Zealand: Guidelines for the Prevention, Detection, and Management of Heart Failure in Australia 2018. Heart Lung, Circ 1444-2892 (Electronic).
4.	Prabhu S, Voskoboinik A, Kaye DM, Kistler PM. Atrial Fibrillation and Heart Failure; Cause or Effect? Heart, Lung and Circulation 2017.
5.	Di Biase L, Mohanty P, Mohanty S, et al. Ablation Versus Amiodarone for Treatment of Persistent Atrial Fibrillation in Patients With Congestive Heart Failure and an Implanted Device: Results From the AATAC Multicenter Randomized Trial. Circulation 2016;133:1637-1644.
6.	Marrouche NF, Brachmann J, Andresen D, et al. Catheter Ablation for Atrial Fibrillation with Heart Failure. N Engl J Med 2018;378:417-427.
7.	Prabhu S, Taylor AJ, Costello BT, et al. Catheter Ablation Versus Medical Rate Control in Atrial Fibrillation and Systolic Dysfunction: The CAMERA-MRI Study. J Am Coll Cardiol 2017;70:1949-1961.
8.	Sugumar H, Prabhu S, Costello B, et al. Catheter Ablation Versus Medication in Atrial Fibrillation and Systolic Dysfunction: Late Outcomes of CAMERA-MRI Study. JACC: Clinical Electrophysiology 2020.
9.	Prabhu S, Costello BT, Taylor AJ, et al. Regression of Diffuse Ventricular Fibrosis Following Restoration of Sinus Rhythm With Catheter Ablation in Patients With Atrial Fibrillation and Systolic Dysfunction. JACC: Clinical Electrophysiology 2018682.
10.	Sugumar H, Prabhu S, Voskoboinik A, et al. Atrial Remodeling Following Catheter Ablation for Atrial Fibrillation-Mediated Cardiomyopathy: Long-Term Follow-Up of CAMERA-MRI Study. JACC Clin Electrophysiol 2019;5:681-688.
11.	Dunlay SM, Shah ND, Shi Q, Morlan B, VanHouten H, Long KH, Roger VL. Lifetime costs of medical care after heart failure diagnosis. Circ Cardiovasc Qual Outcomes 2011;4:68-75.
12.	Halliday BP, Wassall R, Lota AS, et al. Withdrawal of pharmacological treatment for heart failure in patients with recovered dilated cardiomyopathy (TRED-HF): an open-label, pilot, randomised trial. The Lancet 2019;393:61-73.
13.	Nijst P, Martens P, Dauw J, et al. Withdrawal of Neurohumoral Blockade After Cardiac Resynchronization Therapy. J Am Coll Cardiol 2020;75:1426-1438.
14.	Wilcox JE, Fang JC, Margulies KB, Mann DL. Heart Failure With Recovered Left Ventricular Ejection Fraction: JACC Scientific Expert Panel. J Am Coll Cardiol 2020;76:719-734.
15.	January CT, Wann LS, Calkins H, et al. 2019 AHA/ACC/HRS Focused Update of the 2014 AHA/ACC/HRS Guideline for the Management of Patients With Atrial Fibrillation. Circulation 2019CIR0000000000000665.
16.	Fry M, McLachlan S, Purdy S, Sanders T, Kadam UT, Chew-Graham CA. The implications of living with heart failure; the impact on everyday life, family support, co-morbidities and access to healthcare: a secondary qualitative analysis. BMC Fam Pract 2016;17:139.
17.	Voskoboinik A, Kalman JM, De Silva A, et al. Alcohol Abstinence in Drinkers with Atrial Fibrillation. N Engl J Med 2020;382:20-28.
18.	Ling LH, Taylor AJ, Ellims AH, et al. Sinus rhythm restores ventricular function in patients with cardiomyopathy and no late gadolinium enhancement on cardiac magnetic resonance imaging who undergo catheter ablation for atrial fibrillation. Heart Rhythm 2013;10:1334-1339.
19.	Ling LH, Kalman JM, Ellims AH, Iles LM, Medi C, Sherratt C, Kaye DM, Hare JL, Kistler PM, Taylor AJ. Diffuse ventricular fibrosis is a late outcome of tachycardia-mediated cardiomyopathy after successful ablation. Circ Arrhythm Electrophysiol 2013;6:697-704.
20.	Butler J, Khadim G Fau - Belue R, Belue R Fau - Chomsky D, Chomsky D Fau - Dittus RS, Dittus Rs Fau - Griffin M, Griffin M Fau - Wilson JR, Wilson JR. Tolerability to beta-blocker therapy among heart failure patients in clinical practice.
21.	Lachaine J, Beauchemin C, Ramos E. Use, tolerability and compliance of spironolactone in the treatment of heart failure. BMC Clinical Pharmacology 2011;11:4.


Version 4		Page 1
Date: 23rd March 2021
image20.tiff
Recovered AF Addtional
mediated Investigations.
Cardiomyopathy

CPEX, BNP, TTE,

Cardiac MR / Clinc Review 6MWT, QoL assessment

Withdrawal Arm
N=30

Cease diuretic
BB changed to AAD

Stop or reduce MRA

Stop MRA
Reduce ACEUARB

Reduce
ACEVARBIARNI

‘Stop ACEIARBIARNI

CPEX, BNP, TTE,

Gl Review 6MWT, QoL assessment

CPEX, BNP, TTE,

Cardiac MR/ Clinic Review 6MWT, QoL assessment

Withdrawal arm
N=30

Cease diuretic
BB changed to AAD

Stop or reduce MRA

Stop MRA
Reduce ACEUARB

"
( Reduce
ACEUARBIARNI
—
P
- Stop ACEVARBIARNI
-

CPEX, BNP, TTE,

G Review 6MWT, QoL assessment

CPEX, BNP, TTE,

Cardiac MRI / Clinc Review 6MWT, QoL assessment





image3.tiff
Baseline and Follow up assessments

eVt S -- Exerf:lse Symptom
testing
Baseline ¢ J

1 month
3 months
6 months

12 months





image4.emf



independently predicted single-procedure success in
patients undergoing CA for AF (4). Elevated T1
times have also been demonstrated with CMR
using native T1 in patients referred for AF ablation
(21).



REGRESSION OF DIFFUSE FIBROSIS. It is unclear
whether diffuse fibrosis, as determined by CMR, in
the setting of heart failure is reversible. Several
studies have demonstrated that myocardial collagen
content, as determined on myocardial biopsy, can be
decreased following prolonged angiotensin-
converting enzyme inhibition (22) or mineralocorti-
coid receptor antagonism (23), which was also asso-
ciated with a reduction in LV chamber stiffness (24).
McLellan et al. (2) demonstrated a reduction in
myocardial T1 times following successful blood pres-
sure reduction in hypertensive patients undergoing
renal denervation. Other studies have longitudinally
evaluated diffuse fibrosis in various disease states
such as aortic stenosis (25) and acute myocardial
infarction (26). The present study prospectively
assessed the impact of successful treatment of sys-
tolic dysfunction upon diffuse fibrosis with serial
CMR. Arrhythmia-mediated cardiomyopathy, when
successfully treated with CA, results in significant
improvements in ventricular function and reverse
cardiac remodeling (8,9,27,28). Because both AF and
reduced systolic function may be responsible for
diffuse fibrosis, the treatment of both with successful
CA affords a unique opportunity to examine the
impact of sinus rhythm and reverse remodeling upon
diffuse fibrosis. Interestingly, the improvements in T1
times in those both with and without $15% im-
provements in LVEF (!102 ms vs. !83 ms; p ¼ 0.77)
suggests that elimination of AF may itself regress
fibrosis even in the absence of a large accompanying
improvement in LVEF. This may in part explain the
reduction in mortality seen with CA in Catheter
Ablation versus Standard Conventional Therapy in
Patients with Left Ventricular Dysfunction and Atrial
Fibrillation in which the absolute improvement in
LVEF was 8% (6). Additionally, a more significant
reduction in T1 time was demonstrated in the LGE-
positive group because there was a greater initial
burden of fibrosis and therefore a greater capacity for
reversibility of fibrosis following the restoration of
sinus rhythm with CA. The present study demon-
strated regression of MRI-detected diffuse fibrosis in
concert with the improvement in ventricular function
following the restoration of sinus rhythm in
arrhythmia-mediated cardiomyopathy. To our
knowledge, this is the first time that reversibility of



ventricular fibrosis in the setting of systolic
dysfunction has been demonstrated in humans on
CMR.



Nonetheless, at 6 months although improved
from baseline, myocardial T1 values remained
significantly higher than that of normal controls
(p ¼ 0.0017). This may reflect the incomplete re-
covery of LVEF in the CA group. Alternatively, the
mechanisms responsible for diffuse fibrosis may be
primarily related to that responsible for the under-
lying cardiomyopathy rather than being explained
by AF alone (the well-recognized “chicken and egg”
relationship between AF and heart failure). It is also
possible that 6 months may be too short a time to
permit complete resolution of diffuse fibrosis. Ling
et al. (5) demonstrated that diffuse fibrosis was still
detectable despite recovery of LV function at
nearly 5 years following successful CA for atrial
tachycardia–mediated cardiomyopathy. Animal
studies have suggested that the early LV recovery
process may be associated with increased collagen
deposition (29).



CLINICAL IMPLICATIONS. There are several impor-
tant clinical implications of these findings. The
regression of diffuse fibrosis in concert with



FIGURE 2 Myocardial T1 Times in the Catheter Ablation Arm Compared With
Normal Controls



Significant improvement is seen from baseline to 6 months; however, T1 times are still
significantly higher at 6 months compared with normal controls. Bars ¼ 95% confidence
intervals.
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primarily related to that responsible for the under-
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deposition (29).
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Significant improvement is seen from baseline to 6 months; however, T1 times are still
significantly higher at 6 months compared with normal controls. Bars ¼ 95% confidence
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maps were analyzed off-line, and only points with
contact force of >5 grams were included in the anal-
ysis. Every individual point was manually annotated
for local activation timings and checked for consis-
tency. Analysis was performed at 200 mm/s sweep
speed for complex fractionated electrograms (CFEs).
CFE was defined as electrograms with $3 deflections
of $50 ms duration and reviewed in a blinded
fashion. The maximum difference in voltage between
the highest and lowest amplitude deflection was
taken as the bipolar voltage. Scar was defined
as <0.05 mV, and low voltage was defined as <0.5 mV
on bipolar voltage. Global and regional voltage was
determined by the average voltage across the entire
atria for global analysis or within each region
for regional analysis. For the purpose of regional
analysis, the RA was divided into 4 segments
that consisted of the anterior, lateral, posterior, and
septal segments as described previously (4). The 4



anatomical regions were divided into relatively
equal sections of the RA. The anterior RA encom-
passed the atrial appendage, the posterior RA
included the crista terminalis, the septum included
the region bounded superiorly by the base of the
superior vena cava to include the fossa ovalis,
the atrioventricular nodal region, and ostium of the
coronary sinus.



CONDUCTION VELOCITY. Conduction velocity was
measured off-line using previously published meth-
odology (4,12). In summary, the maps were analyzed
with isochronal line settings of 5 ms. Local activation
time (LAT) was manually annotated as per previous
studies (13), based on bipolar and unipolar signals
using the maximum negative slope (!dV/dT), and
compared unipolar signals with simultaneous bipolar
activity to exclude potential far-field signals. In the
presence of fractionation, the dominant potential was



CENTRAL ILLUSTRATION Electroanatomical Map of the RA at Baseline and Follow-Up
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Sugumar, H. et al. J Am Coll Cardiol EP. 2019;5(6):681–8.



Baseline and follow-up bipolar voltage maps of right atrium (RA) demonstrating an increase in bipolar voltage and a decrease in fractionation
in the posterior-septal segment(s). (A and B) Posterior-anterior projection with lateral rotation at baseline and (C and D) of the same view at
follow-up. (A and C) Unadjusted automatic bipolar voltage. (B and D) Bipolar voltage maps adjusted to 0 to 0.5 to 1.0 mV. Low voltage is
represented by red. Fractionated signals are marked with a turquoise arrow and circle. IVC ¼ inferior vena cava; SVC ¼ superior vena cava.
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the highest and lowest amplitude deflection was
taken as the bipolar voltage. Scar was defined
as <0.05 mV, and low voltage was defined as <0.5 mV
on bipolar voltage. Global and regional voltage was
determined by the average voltage across the entire
atria for global analysis or within each region
for regional analysis. For the purpose of regional
analysis, the RA was divided into 4 segments
that consisted of the anterior, lateral, posterior, and
septal segments as described previously (4). The 4



anatomical regions were divided into relatively
equal sections of the RA. The anterior RA encom-
passed the atrial appendage, the posterior RA
included the crista terminalis, the septum included
the region bounded superiorly by the base of the
superior vena cava to include the fossa ovalis,
the atrioventricular nodal region, and ostium of the
coronary sinus.



CONDUCTION VELOCITY. Conduction velocity was
measured off-line using previously published meth-
odology (4,12). In summary, the maps were analyzed
with isochronal line settings of 5 ms. Local activation
time (LAT) was manually annotated as per previous
studies (13), based on bipolar and unipolar signals
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Baseline and follow-up bipolar voltage maps of right atrium (RA) demonstrating an increase in bipolar voltage and a decrease in fractionation
in the posterior-septal segment(s). (A and B) Posterior-anterior projection with lateral rotation at baseline and (C and D) of the same view at
follow-up. (A and C) Unadjusted automatic bipolar voltage. (B and D) Bipolar voltage maps adjusted to 0 to 0.5 to 1.0 mV. Low voltage is
represented by red. Fractionated signals are marked with a turquoise arrow and circle. IVC ¼ inferior vena cava; SVC ¼ superior vena cava.
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