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FULL STUDY TITLE

Tissue microarchitecture-information based ventricular tachycardia ablation
SHORT TITLE OR ACRONYM
Targeted ablation for VT
LAY DESCRIPTION OF THE PROJECT (2-3 LINES ONLY)

Ventricular tachycardia (VT) is a life-threatening electrical disorder in patients with heart disease. Current methods treat VT by widespread ablation of damaged regions in the heart. We aim to test a strategy of focused ablation limited only to those areas that have electrical properties prone to facilitate VT. This will reduce procedural time and improve safety.
WORDING TO STATE STUDY WILL BE CONDUCTED IN COMPLIANCE RELEVANT LEGISLATION AND GUIDANCE DOCUMENTS   
The project will be conducted in compliance with Australian Medical Association Code of Conduct for Medical Practitioners. The project will follow current best practices in the field of Medicine, including offering best current clinical practices and treatments in all arms of the project. The project will abide the National Statement and all other relevant NHMRC standards for best practice in ethics. The project will follow Townsville hospital policies and procedures for conduct of clinical research.
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1. BACKGROUND 
Recurrent ventricular tachycardia (VT) is a major cause of death and significant source of health care utilization in patients with previous myocardial infarction and heart failure (1,2).  Multiple ICD shocks due to VT storm (defined as ≥3 episodes in 24 hours) produce serious psychological distress and impair quality of life in these patients (2). Catheter ablation of VT has been shown to reduce VT recurrences and number of ICD shocks (1-3). Current VT ablation strategies across the world involve ablation of all electrically and structurally abnormal tissue in the ventricle without discerning if a region is responsible for VT generation or not (4,5). This blind approach has simplified an otherwise complex ablation, to an extent that electrophysiologists now have a general lack of willingness to spend time to determine the mechanism of VT. This approach is favoured as there is no available mapping method that can determine participation of a tissue region in VT in an expeditious and safe manner. It significantly increases unwanted myocardial injury and unnecessarily prolongs the procedure time. In addition, diffuse ablation of all abnormal tissue in an already diseased ventricle compromises the safety of the procedure and adds to the risk of complications in sick patients (1). 

There is an unmet need for a method that allows rapid and accurate characterization of diseased tissues in the ventricle into those segments that participate in VT and which are innocuous bystanders. We have built a systematic approach to map ventricular tissues in sinus rhythm (6,7). Entire ventricle is mapped in sinus rhythm (which is part of the standard method), and then our algorithm is applied to electrical signals to ascertain tissue areas that support VT. Within minutes, these areas are annotated for selective catheter ablation. Our algorithm does not require time-consuming pacing manoeuvres or unsafe practice of mapping in VT, yet it provides an accurate assessment of tissue microarchitecture responsible for maintaining VT.  The algorithm is based on basic principles of electrical impulse conduction in a tissue, and re-entry formation (7). It estimates information content in an electrical signal and shows minimum-size region(s) that are physically protected within a large diseased area and have the highest probability to support VT. Typically, critical regions encompass only 4% of the entire diseased areas (6). These are not obvious with naked eye assessment of the electrical signals. Our pilot testing in small number of patients has shown feasibility and success of this cutting-edge approach in the clinical setting during catheter ablation of VT (6). We aim to conduct a larger prospective multi-centre study and compare efficacy and safety of our new approach against the prevailing methods of VT ablation. 

2. AIM(S) OF STUDY

To compare efficacy and safety of limited ablation for VT in sinus rhythm with other prevailing methods of VT ablation in patients with ischemic cardiomyopathy.

3. HYPOTHESI(E)S 

Targeted limited ablation in the ventricular scar will be

a) Non-inferior to extensive ablation in reducing recurrence of VT, 

b) Reduce ablation time, total dwell time in the left ventricle, and radiation exposure.

4. STUDY DESIGN 
A prospective cluster case- control design will be employed, where each participating centre will adopt one of the two strategies for VT ablation during the study period. Consecutive patients with ischemic cardiomyopathy meeting inclusion criteria presenting at the Townsville hospital and Health Service, Royal Adelaide Hospital and Toronto General Hospital will be offered VT ablation. All patients at the Townsville hospital will undergo an attempt at limited ablation of VT, whereas all patients at the Royal Adelaide Hospital and Toronto General Hospital will undergo conventional ablation of VT according to the clinical practice of that institution. At the Townsville hospital, if an acceptable outcome could not be achieved by a limited ablation in a patient, conventional ablation will then be performed. 
Limited ablation

Patients in the limited ablation group will be mapped in sinus rhythm, and minimal catheter ablation will be performed in only 1-to-5 ventricular regions that are designated as critical for VT maintenance by the algorithm. The computer-based algorithm determines a tissue's propensity to be part of VT circuits based on its electrical information in time- and voltage-domain in sinus rhythm. The overall electrogram information is displayed in 3 color-coded maps: mean activation, dispersion in activation and Shannon entropy, and a VT supporting region is identified where sites with latest mean activation, high dispersion and least entropy are clustered together in a small region. Post-ablation, VT inducibility will be tested using standard pacing protocols. If VT remains inducible after limited ablation, conventional ablation will be performed.
Conventional ablation

Patients in the conventional ablation group will be treated through a standard approach whereby all abnormal tissues in the ventricle will be targeted with catheter ablation. The precise selection of target sites for ablation will be left to the investigator with the following guidelines: Ablation sites will be required to have abnormal low-amplitude electrograms, wide fractionated, double or late potentials, paced QRS morphology similar to target VT morphology, stimulus to QRS interval >40ms, anatomic continuity with other lesions. In cases with mappable VT, mid-diastolic potential during VT or sites with successful entrainment of VT will be targeted. Post-ablation, VT inducibility will be tested using standard pacing protocols. If VT remains inducible after limited ablation, additional ablation will be performed at the discretion of the operator.
A case example of VT ablation from our published data (6) is shown in Figure 1 below. 
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Panel A. Case example of limited ablation
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Panel B. Case example of conventional ablation
Figure 1. Left ventricular maps are shown. Grey colour represents diseased tissue, purple represents healthy tissue, brown dots represent ablation lesions. Panel A shows limited ablation only in the 5 VT supporting regions (white lines) that were found by our algorithm. Panel B shows extensive ablation in the entire diseased region (grey areas) performed in the conventional manner. 

5. STUDY SETTING/LOCATION(S)
This will be a multi-centre study involving the Townsville hospital and Health Service, Royal Adelaide Hospital, Toronto General Hospital. The Townsville hospital and Royal Adelaide hospital are part of the Queensland Health and South Australian Central Adelaide Health System respectively. Toronto General hospital is part of the University Health Network, University of Toronto, in Canada. The research software will be written by a researcher at the University of Hamburg (who was previously at the University of Adelaide). The Townsville Hospital will be the coordinating centre for this project.
6. STUDY DURATION
Patient recruitment is expected to run for 24 months or until a minimum of 55 patients have been recruited into each group. The aim is to follow up patients for 1 year through 3-monthly reviews. 
7. STUDY POPULATION 
7.1 Recruitment Process
Consecutive patients with ischemic cardiomyopathy meeting inclusion criteria presenting at the Townsville hospital and Health Service, Royal Adelaide Hospital and Toronto General Hospital will be offered VT ablation. All patients at the Townsville hospital will undergo an attempt at limited ablation of VT, whereas all patients at the Royal Adelaide Hospital and Toronto General Hospital will undergo conventional ablation of VT according to the clinical practice of that institution.
7.2 Inclusion criteria  
Patients will be over 18 years of age (not inclusive) and meet standard requirements for catheter ablation of VT. Patients will be eligible if they had had a myocardial infarction, had undergone placement of an implantable cardioverter defibrillator (ICD), and had (1 episode of sustained VT or ICD therapy during treatment with anti-arrhythmic drugs within the previous 6 months.
7.3 Exclusion criteria 
Patients with ventricular fibrillation, previous VT ablation, acute ischemia, non-ischemic cardiomyopathy, uncontrolled heart failure, left ventricular thrombus, mechanical prosthetic valves, severe peripheral vascular disease, disease process likely to limit survival to <1year, dementia or pregnancy will be excluded.
7.4 Potential for Risk, burdens and benefits
All data collected will be in re-identifiable coded manner, to reduce the risk of privacy breach. All patients undergoing VT ablation are exposed to combined 6-12% risk of minor and major complications related to the procedure itself, that include vascular injury, bleeding, stroke, cardiac tamponade, heart failure, hypotension and death (8, 9). 
Usual immediate risks of VT ablation include:
· Any complication is 11.5% 

· Major bleeding requiring blood transfusion is 5.6% (6 in 100)

· In-hospital mortality is 2.7 % (3 in 100)

· Use of mechanical circulatory support risk is 2.3% (2 in 100)

· Pericardial complications risk is 2% (2 in 100) 

· Vascular complications risk is 1.7% (2 in 100) 

· Stroke or mini-stroke (TIA) risk is 0.4% (1 in 200) 

· Other complications (heart block, coronary artery injury, venous clots) is 1.8 % (2 in 100)

These risks are routine and well known using the conventional extensive ablation approach. The new method of VT mapping does not require triggering unstable VT, and will permit faster mapping and ablation. This will reduce total dwell time of catheters in the left ventricle and reduce the amount of ablation, and is therefore anticipated to reduce risk of above-mentioned complications compared to the conventional approach. It is anticipated that approximately 5 patients will crossover from limited to conventional ablation, and therefore may have procedure time comparable to conventional ablation. No extra X-ray radiation exposure is required in the limited ablation. After conventional VT ablation, nearly 30-50% patients have VT recurrence at 1-year (2,9). Although we anticipate that limited ablation will be non-inferior to extensive ablation in reducing recurrent VT, recurrence rate of VT after limited ablation is unknown at present. A previous randomized study has shown that limited ablation guided by activation mapping of hemodynamically stable VT (an approach completely different from ours) was associated with 30% increased risk of VT recurrence but there was no difference in mortality (5). 
8. STUDY OUTCOMES 

8.1 Primary Outcome
The primary outcome of the study will be recurrent VT storm or intermittent VT within 6-months of the procedure. 
8.2 Secondary Outcome(s)
The secondary outcomes will be i) acute success determined by non-inducibility of clinical VT at the end of ablation, ii) hospitalization for heart failure or VT within 6-months of the procedure, iii) cardiovascular death within 1-year of the procedure.

9. STUDY PROCEDURES 

9.1 Recruitment and consent of participants 
Consecutive patients with ischemic cardiomyopathy meeting inclusion criteria presenting at the Townsville hospital and Health Service, Royal Adelaide Hospital and Toronto General Hospital will be offered VT ablation. Total 110 patients will be enrolled prospectively in 2 independent clusters: 55 at the Townsville hospital (cases) and 55 at the Royal Adelaide and Toronto General hospitals together (controls). All patients at the Townsville hospital will undergo an attempt at limited ablation of VT, whereas all patients at the Royal Adelaide Hospital and Toronto General Hospital will undergo conventional ablation of VT according to the clinical practice of that institution. 
Patients admitted for emergency ablation will be screened for inclusion in the study by the principal investigator after admission. If eligible, they will be provided with the patient information sheet explaining the type of research procedure being offered at their hospital. First, they will be consented in writing by the medical practitioners involved in their care, according to the standard procedures of the hospital. Following the routine consent, they will also have the study protocol explained separately to them in understandable terms by a member of the research team (other than the principal investigator). Patient willing to participate will then be consented for the research ablation, data collection and follow up for the duration of the study by the member of the research team. 

Patients receiving a planned elective procedure will be screened for eligibility by the principal investigator in the outpatient clinic, where they will have the study protocol explained to them in understandable terms by and be provided with the patient information sheet. They will be called over the phone within 1 week of the planned procedure to review their willingness to participate and answer any of the patient’s questions. Final consent will be signed at the time of the patient’s admission in the presence of the research coordinator.
9.2 Withdrawal of participants from a study
Study participants will be capable of withdrawing from follow up at any point. Data up until the point of withdrawal from the study will still be included in data analysis, as to not compromise the scientific integrity of the study. This will be explained to all patients upon consent for inclusion in the study as well as at the time of withdrawal. Where possible, patients will be consented for a limited follow up, including chart reviews and clinic reviews on an as necessary basis, determined by the patient’s condition.

9.3 Measurement tools used 
Patients in the limited ablation group will be mapped in sinus rhythm and their complete electrogram data will be collected in a digital format at the time of index ablation procedure. These patients will be treated with minimalistic catheter ablation in the regions according to the arrhythmogenic region predicted by a computer-based analysis of sinus rhythm electrograms. The computer-based analysis will be performed in real time during each case on a parallel onsite software platform. The software will be installed onsite in conjunction with the standard mapping equipment using a research cable. Patients in the conventional ablation group will be treated through a standard approach targeting all abnormal tissues in the ventricle. Storage of electrogram data in a digital format will be encouraged in the conventional group arm for future analysis.
Post ablation follow-up

Post ablation, ICD's in all patients will be programmed according to a standard protocol on the basis of the best available evidence. Patients will be followed up as routine at 3-monthly ICD arrhythmia clinic. Clinical events and episodes of arrhythmia detected by ICD's will be adjudicated with review by two members. Serious adverse events attributed to ablation will also be recorded as those caused or prolonged hospitalization for cardiovascular causes or were life threatening or fatal. 
Patients with recurrent VT in both limited and extensive ablation groups will be offered repeat VT ablation within 1 year if clinically indicated. The selection of patients for repeat catheter ablation will be left to the investigator with the following guidelines: recurrence of VT as VT storm (>3 episodes in 24 hours) and failure of multiple antiarrhythmic medications. All repeat ablation procedures will be performed using conventional extensive ablation strategy only.
9.4 Study involvement by participants
Patients will be consented for study participation and the ablation procedure during their hospital admission. Post-ablation, they will be followed up at 3-monthly ICD arrhythmia clinic for a projected follow up period of 1 year. 
9.5 Data management 
Data will be collected by investigators and specified data collectors who form part of the research team. This will be obtained from medical records and 3-monthly reviews at the ICD arrhythmia meeting for 1 year post-ablation. The data will be stored in a re-identifiable coded fashion, and retained for a minimum of 15 years. 
9.6 Safety considerations/Patient safety 
All potential risks of VT ablation namely vascular injury, bleeding, stroke, cardiac tamponade, heart failure, hypotension, are expected to be reduced with limited ablation compared to extensive ablation. Serious adverse events attributed to ablation will be recorded as those caused or prolonged hospitalization for cardiovascular causes or were life threatening or fatal. 
Patients will receive intraprocedural monitoring during VT ablation which will be performed in exactly the same way as for conventional ablation, which includes continuous haemodynamic, blood oxygenation and neurological status monitoring by the operating physician and nursing staff. For procedure under general anaesthesia, anaesthetic team will also be involved in the intraprocedural patient care. Immediate post-procedural monitoring will also follow standard protocols identical to conventional ablation. There are no research related procedures that will require any special intra or post-procedural monitoring. Long term post-procedural monitoring will also be performed in the standard fashion through regular 3 monthly follow-up at ICD clinics.
Although we anticipate that freedom from VT recurrence after limited ablation will be similar to extensive ablation, VT recurrence after limited ablation is unknown at present. After conventional VT ablation, nearly 30-50% patients have VT recurrence at 1-year (2,9). Based on our pilot data of limited ablation, long-term recurrence rate of VT after a limited ablation was comparable to extensive ablation (6). A previous randomized study has shown that limited ablation guided by an approach completely different from ours (activation mapping of hemodynamically stable VT) had no effect on 1-year mortality (5). Patients will be reviewed 3-monthly at the ICD arrhythmia clinic post-ablation to determine VT recurrence. Patients with recurrent VT in both limited and extensive ablation groups will be offered repeat VT ablation within 1 year if clinically indicated. 
An interim analysis of recurrence rate will be performed at 50% of final recruitment (~25 patients in each arm), if VT recurrence rate after limited ablation is >75% then the trial will be stopped prematurely. 
An independent safety data monitoring person (cardiac electrophysiologist) not involved in the study procedures will be appointed. 
10. SAMPLE SIZE AND DATA ANALYSIS

10.1 Sample size and statistical power 
We assumed that the primary outcome of VT recurrence would occur in 50% of the patients in the conventional ablation group after 6-month of follow-up (2). Accordingly, we calculated that enrolling 55 patients in each group would provide a power of 80% to determine that the absolute risk of the primary outcome would be at most 25% higher in the limited ablation group than in the conventional ablation group (non-inferiority margin, 50%) at a significance level of 0.05 (two-sided). A 10% crossover rate from limited to conventional ablation will be permissible.

10.2 Data analysis plan
All analyses will be conducted according to the intention-to-treat principle. Survival-analysis techniques will be used to compare the incidence of primary and secondary outcomes between the groups. The survival rates in each group will be summarized with the use of Kaplan-Meier estimates and compared with the use of nonparametric log rank tests. Hazard ratios and confidence intervals will be calculated with the use of Cox proportional-hazards models, which will also be used to test for interactions in the planned subgroups. The following variables will be included as candidates for subgrouping: age, prevalent heart failure, left ventricular ejection fraction, prior coronary bypass surgery, anterior myocardial infarction, time since first infarction, total number of clinical VT, maximal cycle length of VT, history of VT storm, and amiodarone therapy at the time of ablation. Descriptive variables will be summarized by means and standard deviations, means of frequency distributions, or medians and interquartile range and tested with the use of t-test, Fisher's exact test, or the Wilcoxon-Mann-Whitney test, as appropriate.

11.  ETHICAL CONSIDERATIONS 
All patients will receive an information sheet and written consent will be obtained.

Patients undergoing limited ablation of VT
The research procedure includes general anaesthesia, vascular access and placement of catheters that will be exactly the same as the clinical procedure, with the exception that the electrical data will be collected and analysed simultaneously on a research software platform. The computer-based analysis will be performed in real time, which will then guide focussed ablation limited only to the regions that are considered critical to VT. Typically, critical regions are found in the diseased tissues and encompass only 4% of the diseased areas (6). In approximately 10% cases where limited ablation may be unsuccessful, conventional ablation will then be performed in the remainder of diseased areas. Total procedure time is expected to be shorter or comparable to a standard procedure. No additional vascular access, catheters or X-ray exposure is required. There are no additional acute risks associated with the research procedure. Patient will be followed up for 1 -year in 3-monthly ICD clinic, which is part of standard of care. At follow-up, long-term recurrence rate of VT after limited ablation is unknown at present. Patients with recurrent VT will be offered repeat VT ablation by conventional approach within 1 year if clinically indicated. 
Patients undergoing conventional ablation of VT
The procedure includes general anaesthesia, vascular access and placement of catheters that will be exactly the same as the clinical procedure routinely used in the ablation of VT. No additional vascular access, catheters or X-ray exposure is required. Patient will be followed up for 1 -year in 3-monthly ICD clinic, which is part of standard of care.
DISSEMINATION OF RESULTS AND PUBLICATIONS 
We will present our findings at national and international heart rhythm and cardiology meetings and publish our results in reputed academic journals. The practical translation in the clinical mapping laboratory is already achievable in partnership with major software vendors in the electrophysiology industry across the globe. With adequate clinical testing over the next 3 years if our hypothesis stands proven, we will pitch for our limited VT ablation software to be incorporated in one of these commercially available mapping software systems. 

12. OUTCOMES AND SIGNIFICANCE
We have hypothesised that limited ablation in regions of ventricular scar that have fundamental structure and electrical measures to establish VT will produce a sustainable long-term reduction in VT burden equivalent to the extensive ablation. If proven, the new approach will allow rapid characterization of diseased tissues in the ventricle into those regions that participate in VT and which are innocuous bystanders. This will be a leap forward advancement in the invasive management of VT. Till now, the leading perplexity in cardiac mapping techniques is the lack of electrical resolution to readily identify critical muscle regions that maintain VT. Conventional criteria to classify ventricular electrograms as abnormal do not include any information that is both highly sensitive and specific for VT. Moreover, extensive ablation in the left ventricle is associated with 6-12% risk of major complications (8, 9). 

Our previous data suggests that a combination of novel electrical properties correlates with the presence of viable tissue capable of supporting VT with a very high degree of accuracy (sensitivity= 86%, specificity= 100%), not achievable with any of the present-day mapping methods (6, 7). The new approach will reduce excessive ablation employed in the traditional strategies and promote more focussed and targeted ablation, with expectedly similar long-term outcomes. The new method of mapping is practical, does not require triggering life-threatening VT during mapping, and is readily applicable in majority of patients. This will reduce total dwell time of catheters in the left ventricle and is therefore anticipated to reduce risk of associated complications such as stroke, bleeding, cardiac tamponade, heart failure, hypotension, and prolonged X-ray exposure.
13. GLOSSARY OF ABBREVIATIONS 
VT – Ventricular Tachycardia

ICD – Implantable Cardioverter-Defibrillator 
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Recommended protocol templates:

Townsville Hospital and Health Service clinical trial protocol.  
Based on QH GCP SOP 4: Protocol and Investigational Brochure Content, Design, Amendments & Compliance Prepared by the Research Ethics and Governance Unit May 2010 1. Based on, and with permission of the Victorian Managed Insurance Authority – VMIA GCP SOPS:   http://qheps.health.qld.gov.au/tville/district-executive/medical-services/mssu-ethics-templates.htm (Templates: General templates: Study protocol template ) 
SPIRIT

SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) is an international initiative that aims to improve the quality of clinical trial protocols by defining an evidence-based set of items to address in a protocol: http://www.spirit-statement.org/publications-downloads/  

Mater Research – UQ

This research protocol guidance document aims to offer researchers a generic guide suitable for a broad range of research studies: http://www.mater.org.au/Home/Research/Human-Research-Ethics-Committee/HREC-and-RGO-Resources (Mater guidelines: Guide to writing a research protocol)
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