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Remote Patient Management for Cardiac Implantable Electronic Devices (RPM-CIED)

1.0 Background and Rationale

1.1  Clinical Management of CIEDs
Canada is a country with a diverse geography, of which 19% of the inhabitants are in communities classified as ‘rural’, but many may still have long distances to travel to reach a health care facility.1 This results in challenges in uniform delivery of health care throughout the country.  There are 25,000 pacemaker (PM) implants and 7,000 implantable defibrillator (ICD) implants yearly in Canada, with approximately 120,000 patients living with these devices. The recommended follow-up for these devices are based on consensus and position statements, with the majority of patients requiring at least yearly visits to a specialized device clinic during the lifetime of their device .2 During the life of these patients, many issues may arise, such as atrial or ventricular arrhythmias that may result in syncope, stroke or sudden death, need for increased monitoring resulting from device advisories, or minor programming adjustments to improve device performance, or simply the need for enhanced surveillance as the device battery depletes and replacement is anticipated. 

1.2 Current standard of care
Practice guidelines in Canada recommend that patients receiving CIEDs undergo routine follow-up assessment of their CIED at regular intervals (6 months to one year depending upon the kind of device). The purpose of these assessments is to evaluate the patient and the CIED including reprogramming of the device where clinically appropriate. Traditionally, these assessments have been conducted at a designated Device Follow-Up Clinics (hub sites for ICDs, combination of both hub and spoke sites for PMs), which might be remote from the patient’s own community.  A recent position statement by Yee et al recommended that for CIED patients in whom no device issues are identified, routine follow-up assessment during the maintenance phase should blend remote monitoring (RM) with in-clinic assessments beginning after the 3-month post-implant assessment, alternating assessments between in-clinic and RM transmissions in a 1:1 ratio (Conditional Recommendation, Low-Quality Evidence).2
While remote monitoring technology is currently available and has permitted surveillance and device assessment from any patient location accessible to a landline or mobile phone, the use has been inconsistent in Canada, where only 8,500 out of a potential 120,000 patients with CIEDs are enrolled in this program.3  Further, this technology is in widespread use worldwide for all CIEDs but in Canada, it is utilized primarily for implantable defibrillators, but not pacemakers. 
Several early cohort studies, predominantly single centre, were the first to demonstrate the potential benefits of RM for CIEDs4-16 including significant reductions in the time required for CIED interrogation with improved patient and clinician satisfaction, reduction in the number of inappropriate shocks delivered to ICD patients through earlier identification of lead and/or device failures, and earlier detection of atrial fibrillation (AF) and ventricular arrhythmia events in CIED patients.6  Benefits to heart failure management have also been demonstrated. These studies were limited by short durations of follow-up and the lack of a well-designed comparator group.
In the PM population, there have been two multi-centre randomized trials performed, both of which have shown an increase in detection frequency of adverse clinical events and a reduction in reaction time to those events by RM.17, 18  
This advancement in technology is very important as it addresses several potential gaps and barriers in the care of patients with CIEDs:
1. Long, expensive travel for patients
2. Morbidity to patients due to delay in receiving appropriate treatment
3. Efficiency in health care delivery
4. Patient satisfaction

This is the optimal time point at which to do this study due to the burgeoning population with CIEDs, the need for patient-centered care in this arena and the advancement in the field, from a technology standpoint.  In a recent announcement, the Canadian Agency for Drugs and Technology for Health listed remote CIED monitoring as one of the top 10 emerging technologies of 2015. As this is new technology, there are no prior preliminary studies on this topic.  
2.0  New Technology
In CANet, a patient-centered virtual computer application was created called VIRTUES (Appendix 1).  This system will permit patients to access their own data at any time, as well as grant access to health care professionals as desired.  This empowers patients to manage their own device and receive appropriate care if they are outside of their jurisdiction.  This new system will be applied to pacemaker patients to evaluate whether this paradigm shift in patient-centered care results in increased patient satisfaction and cost savings for the health care system.  

2.1  Results of pilot study
Enrollment has been completed for the pilot RPM study designed to test feasibility of this system in the health care system. A number of barriers were encountered as the study was initiated in 5 centres in Canada.  These barriers are shown in Table 1; the strategies to target these barriers are provided.

	RPM CIED PILOT
	Study Roll out to 7 sites - 28-Oct-15

	
	

	Barriers to site participation
	Strategies to Overcome

	Site compensation/staffing/resources 
	Increased site compensation

	Sharing/billing of CIED patients (satellite vs hub)
	This will be addressed in project 3 – implementation, but will also be discussed at the knowledge exchange meeting (May, 2017)

	Device tender considerations
	

	
	

	Barriers to site activation
	Strategies to Overcome

	Subsite agreement/contract delays/staffing changes
	Incentive to achieve site activation within 4 months

	Site resources/staffing for ethics app
	

	Study approval process (Scientific review/Ethics review)
	

	Service agreements with Industry (issues with defining signatories)
	Reconciled after multiple communications

	Privacy Impact Assessment (NSHA & AHS)
	5 months to reconcile - completed

	Internet drops required - satellite clinics (NS, AB)
	Additional costs covered by study budget

	Alberta Health Services (AHS) - issues with Medtronic Service agreement
	Multiple communications with AHS

	AHS - IT procurement issues with RemoteView
	Multiple communications with AHS

	AHS - Security specifications required from UOHI
	Provided 

	
	

	
	First site activated  19-Oct-16

	Barriers to implementation
	Strategies to Overcome

	Protocol - Patient refusal to participate because they want to come to referral centre
	Protocol to reflect normal standard of care

	Remote View not released to Canada by the US
	Application released on Nov. 11, 2016



In addition to the strategies listed above, a document was compiled to assist with the contract, privacy and IT requirements for this program in the hopes that this will assuage the difficulties encountered in the pilot. RPM was successfully implemented in sites in Alberta, Quebec and Nova Scotia.  

Survey results – Device Clinic:
An online device clinic survey was completed by 22 clinics (10 in Ontario, 4 in Alberta, 3 in BC, 1 in NS and 4 in Quebec).  Of these, 20/22 clinics use remote monitoring as part of their follow-up strategy.  8/20 (40%) routinely communicate with their patients after a remote transmission is received.  Reimbursement strategies differed greatly amongst clinics, 50% of clinics had a professional fee, 50% had a technical fee and 14% had institutional funding.  The range in professional fees was $16-$60 for a pacemaker, and $45-$70 for an ICD.  Reimbursement fees for remote visits were not universal. Two clinics in Ontario indicated reimbursement fees, two clinics in Montreal and two clinics in Calgary; reimbursement is also available in Nova Scotia.  On further discussion with BC, reimbursement for RM has recently been instituted.  In terms of patient management regarding health concerns or triggered alerts, most clinics instruct the patient to either present to the closest emergency department or that they will be contacted the next business day; only 2 clinics provide an on call pager number to their patients.  A shared care model was used in 60% of the respondents.
3.0 Hypotheses
Remote monitoring of pacemakers, with in-clinic visits when necessary, is:
1. non-inferior in safety, 
1. cost-effective.
Specific research questions:
· Is remote monitoring as safe as routine care?
· What health care systems cost savings can be achieved through a program of remote monitoring?
· Is the quality of life of patients improved by remote monitoring in Canadian device follow up centres?

The knowledge gap to be addressed through the research project is: what we need to know to make them work, and work well, across the diversity of healthcare systems and patients that make up the Canadian context. Patients have need of knowledge of how to incorporate remote assistance with care of their devices and how this will affect their levels of health risk, functionality, and quality of life. Clinicians, remote device technicians, and industry device developers need to know patients' barriers to receiving this new form of care, and the variables (including environmental contingencies) that could thwart uptake. Research-informed evidence is also needed by those responsible for developing and reviewing policy and practice. As Ian Graham argues, across all knowledge users, each is an expert on their own needs, and most often also on the context of implementation—i.e. the realities of the environment in which the research results will be implemented.( http://www.cihr-rsc.gc.ca/e/40618.html) Having knowledge users work collectively to provide solutions to the knowledge gaps in consort—i.e. providing mutual support through a network—means that each is necessary to provide/generate knowledge to effectively address others' needs for knowledge and provide responsive feedback that can be incorporated for improvements on a systems-wide scale. Admittedly, in striving to find systems-wide solutions for management of CIEDs there will be other unforeseen knowledge needs and gaps identified through processes of ongoing consultation and subsequent reform, refinement, or augmentation to the research questions, means of interrogation (and testing), proposals for development, and metrics of evaluation at each stage of the wider program.

4.0 Study Purpose 

4.1 Overall Objective:  To evaluate and implement a patient oriented remote monitoring model incorporating advanced technological innovation to promote a paradigm shift to patient-centered care.
4.2 Specific Objectives:
1. To demonstrate that VIRTUES enhanced remote monitoring system is non inferior to standard of care in safety (major adverse cardiovascular events).
2. To demonstrate that VIRTUES enhanced remote monitoring system is superior from a cost-savings perspective for both the patient and the health care system.
1. 
  

5.0 Methods
5.1  Study Design
This is a Canadian multicentre,randomized, controlled trial (RCT) to assess remote patient management. 

5.2  Participants
The remote patient management strategy will be done in up to 15 academic centres across Canada once institutional ethics approval has been obtained. 
Population:
1. Patients with a Medtronic pacemaker capable of remote monitoring OR 
de novo Abbott pacemaker (Assurity or newer model) within 8 weeks of screening 
2. Able to provide consent.
3. Age >/= 18 years

Exclusion:  
1. No access to a family physician or general practitioner
2. Participation in the RPM-CIED pilot study
3. Unreliable automated capture verification function by device in pacemaker-dependent patients

Appropriate consent will be obtained for remote patient management, and participation in the project.  

Randomization:  Patients will be randomized in a 1:1 fashion to remote patient management or standard of care; stratified by pacemaker dependence and by centre.  Pacemaker dependent will be defined as escape rhythm < 30 bpm. A randomization schedule will be prepared by the data coordinating centre at the University of Ottawa Heart Institute, using a computerized random number-generator. Balanced randomization will be maintained at each Clinical Centre using a block randomization scheme with randomly permutating block sizes to help avoid anticipation of treatment allocation. This will be performed using the web-based REDCap system.Angiotensin Receptor Blocker

Intervention:  
· Patients will be followed by remote monitoring only.  A test transmission will be completed within 1 week of enrollment.  Transmissions will occur at six monthly intervals, with no in-clinic visits.  If there is an actionable event on the remote transmission, patients will be seen at their closest community device clinic.  The proposed intervention would eliminate any routine visits.
· Newly implanted pacemaker patients will be seen after the initial implant at the device clinic, within 3 months, to optimize programming for subsequent RM visits.  Thereafter, all follow-up will occur through remote monitoring every six months from the date of implant.  Unscheduled remote transmissions may also occur.  Using a combination of remote monitoring, and novel technology (VIRTUES), patients will be managed outside of the clinic.    
· Patients will be provided with real-time knowledge of (a) success of their remote transmission and (b) status of the remote, eg. no issues, call clinic, present to emergency department.  This will be done through a web-based portal called VIRTUES, developed by CANet. 
· Virtual patient record – all patient information in the intervention arm will be contained within an information cloud that will be accessible by patients; access to their own data may be granted by the patient themselves to permit delivery of care remotely, and to permit after hours follow up to be performed by the on call personnel.  The VIRTUES electronic platform will contain some patient identifiers including: patient name, date of birth, medical record number, and health card number to ensure accurate and consistent device follow-up.  VIRTUES is password protected and encrypted. Only the research coordinator and the electrophysiologists at each respective site will be permitted to add patient reports, personal health information, and patient data.  The information contained in VIRTUES will not be shared with any third party entities and will only be used for research purposes as detailed in this protocol. 
· Communication regarding the remote status will be distributed to the patient, the family physician, cardiologist (if applicable), and the device clinic through the VIRTUES portal.
· Patients will be asked to complete a VIRTUES acceptance and satisfaction questionnaire (ASQ) at the 12 month visit.
Standard:
· The standard arm will be required to have in-clinic visits at yearly intervals.  These patients would not have access to the virtual patient cloud or to remote monitoring.  
All patients will undergo one phone follow-up at 18 months to capture cardiovascular outcomes and the number of in-clinic and/or remote transmissions, and complete the questionnaires. Data regarding any of these events would be collected by research personnel through chart review.
Pacemaker programming:  All patients in both arms will undergo programming as per the ASSERT II protocol, published previously, to optimize pacemaker parameters and detection of atrial and ventricular high rate episodes.19, 20  Alerts in the RM arm will be programmed as per the COMPAS study.21 A standardized programming checklist has been developed – see appendix 2. 
5.3 Sub-study
The following questionnaires will be collected on 500 patients to perform a quantitative assessment regarding patients’ attitudes and behavior towards remote patient management at BL and 18 months:
· The Florida patient acceptance survey (FPAS): The FPAS will measure patient acceptance of their cardiac device. The FPAS is a device-specific quality of life measure intended to evaluate how well patients have accommodated their cardiac device into their lives (Burns, Serber, Keim, & Sears, 2005). The FPAS has been validated in both US (Burns et al., 2005) and European samples (Versteeg, Starrenburg, Denollet, Palen, Sears, & Pedersen, 2012). Use of the FPAS is intended to provide additional information to general QoL indices. It is an 18 item measure with four scales evaluating return to functioning since implant, device-related distress, positive appraisal of the ICD, and body image concerns related to having a device implanted. It demonstrated satisfactory internal consistency with Cronbach’s alpha statistics ranging from .74 to .89 for the total questionnaire and all of the scales. 
· Brief Illness Perception (BIPQ): The Common Sense Model of Health has been used as a broad patient centric model to account for illness perception (Leventhal, et al. 2008).  Illness perceptions are cognitive frameworks that patients use to understand the causes and consequences of illness.  Illness perception may play a central role in QOL perception.  We will include the Brief Illness Perception Questionnaire (BPIQ) (Broadbent, Petrie, Main, and Weinman, 2006) to examine aspects of personal attributions and control of the course and impact of their condition over time
Analysis plans include normative comparisons for patient acceptance total, health security, and shock anxiety with reference groups.  Additionally, between-group comparisons will be examined to assess the effects of group assignment.  
 The analysis will be completed by Dr. Sam Sears, Ph.D., Department of Psychology, East Carolina University, Greenville, North Carolina.
5.4 Response to COVID-19 Pandemic
The VIRTUES technology being used as part of this study will augment device management with regards to remote monitoring of pacemakers.  The VIRTUES portal and app were finalized and ready for utilization on March 26, 2020.  The consent process while pandemic restrictions are in place will involve contacting patients who have a Medtronic or Abbott pacemaker that is compatible with remote monitoring and who have indicated they may be contacted for research.  The consent will be either sent electronically via email or regular mail, at the patient’s direction.  If available, E-consents are acceptable, upon approval by the local Research Ethics Board.  The BL visit and patient onboarding to VIRTUES (if randomized to the intervention arm) will be completed by video conferencing or over the phone by the research staff, based on patient preference.  The current programming of the device will be documented.  If not programmed according to protocol, it will be considered a minor protocol deviation, and any necessary re-programming will be completed when in-clinic visits are able to resume.  The ensuing phone follow-up remains unchanged.

6.0 Study Outcomes
6.1 Outcome measures
Objective 1:
The primary safety outcome is time to major adverse events.  The definition of major adverse events is based upon prior studies performed on remote monitoring.21-23  These include:  death, stroke, hospitalization for complications related to the device system, hospitalization for an adverse cardiovascular event (Cardiovascular event is defined as any unplanned hospitalization (admission with an overnight stay in hospital) due to one of the following causes: acute coronary syndrome, presyncope / syncope, transient ischemic attack / stroke, ventricular arrhythmias, atrial fibrillation, flutter, pulmonary embolism / deep vein thrombosis /systemic embolism, worsening congestive heart failure including pulmonary edema or dyspnea of cardiac origin), other events including syncope and device-related ER visits will be collected.  In addition, as part of addressing the targets in CANet, specific secondary outcomes will be: time to detection of ventricular arrhythmia events, AF detection/AF-related hospitalization and rate of syncope will be collected. 
Objective 2: 
An economic evaluation will be conducted to determine the cost-effectiveness of the VIRTUES strategy.    Dr. Doug Coyle (University of Ottawa) will oversee the economic analysis.

7.0 Statistical Analysis
7.1 Sample Size Calculation
The primary safety outcome is based on data from the COMPAS study with an upper bound of 7% for safety events.21 A non-inferiority log-rank test with an overall sample size of 809 subjects (404 in the control group and 405 in the intervention group) achieves 80.0% power at a 0.050 significance level to detect an equivalence hazard ratio of 1.37 when the actual hazard ratio is a hazard ratio of 1.00 and the control group hazard rate is 0.19. The study lasts for 2 years, of which subject accrual (entry) occurs in the first 0.5 years. The accrual pattern across time periods is uniform (all periods equal). The proportion dropping out of the reference group is 0.025. The proportion dropping out of the intervention group is 0.025. The proportion switching from the control group to the intervention group with a hazard rate equal to the treatment group is 0.00. The proportion switching from the intervention group to the control group with a hazard rate equal to the reference group is 0.05. The accrual pattern across time periods is uniform (all periods equal). In order to account for a 5% dropout and 5% crossover from the routine care arm to the remote patient management arm, the final sample size will be 848, with 424 in the RPM arm and 424 in the standard of care arm.
The sample size for the cost-effectiveness analysis is based on enough power for the 95% CI to exclude maximum willingness to pay (WTP) per QALY if the treatment is in fact cost-effective.24  Based on a study by Sapp et al 2021, the standard deviation for usual care of in-person ICD clinic cost is $ 36.08) and the expected mean difference in remote ICD monitoring and usual care is $ 94 assuming that the patient had to travel to a specialized site for monitoring at least twice a year, in the absence of remote monitoring, and keeping all other costs the same.25  Based on the assumptions above for the safety outcome, the control and intervention group hazard rate are 0.19 and 0.26 respectively and the standard deviation of the difference based on a small effect size between 0.2 and 0.25 is 0.32.  For a WTP of $ 20,000 and a conservative expected correlation of the difference in cost (C) and effect (Q) of 0.10, a power of 80% is achieved with an alpha of 0.05, for the 95% CI to exclude maximum WTP with a sample size of 376 per group. After adjusting for crossovers and dropouts as per the assumptions above for safety, the sample size is 417 per group.
A serial gate-keeping approach that allows the alpha from Objective 1 to be utilized for Objective 2 if non-inferiority is satisfied for the first objective.26


8.2 Analysis
Descriptive statistics will be used to summarize the demographic and clinical variables. Rates of events will be reported as percentages of total population.  Patient in-clinic visits will be calculated for pacemaker patients as the number of visits that occur at their usual follow-up site divided by the number of patient-years for follow-up.  Descriptive statistics will be used to summarize the demographic and clinical variables. Rates of events will be reported as percentages of total population.  Patient in-clinic visits will be calculated for pacemaker patients as the number of visits that occur at their usual follow-up site divided by the number of patient-years for follow-up.  The baseline characteristics of the two study groups will be compared by two-sided χ2 test for nominal, qualitative variables, and by Student’s t-test for normally distributed, quantitative, continuous and discrete variables. The normal distribution of variables will be verified, using the Kolmogorov– Smirnov and Shapiro–Wilk tests. Survival free from the primary outcome will be estimated by the Kaplan–Meier method and compared, using the log-rank test. Cox proportional hazard regression analysis will be used to estimate the likelihood of survival, after verifying the proportional hazard assumption. Friedman’s nonparametric, repeated-measures analysis will be used to compare the SF-36-scale and summary scores. The number of follow-ups was estimated per patient-year, with 95% CI, in each study group, assuming a Poisson distribution. A P-value< 0.05 will be considered significant.
Analysis will take the form of a cost utility analysis with cost effectiveness assessed in terms of the incremental cost per quality life year.  Analysis will incorporate data on resource use and patient’s utility values for the period from initiation of remote patient management to 18 months follow-up.  Resource use associated with the remote patient management strategy will be estimated through detailed microcosting and will be contrasted with the costs of standard monitoring.27  Resource use associated with major clinical events will be assessed through review of patient charts.  Resource use from other clinical contacts will be assessed by patient interview at 18 months.   Patient utility values will be estimated at baseline and eighteen months using the SF6D utility instrument where utility values are derived from the SF36 quality of life questionnaire which will be completed by each patient at baseline and 18 months.28  QALYs will be estimated using the standard area under the cover methodology, controlling for baseline utility. Total costs and QALYs for each patient will be estimated with multiple imputation for missing data.29 The incremental costs and QALYs and incremental cost effectiveness ratios associated with remote patient management and the uncertainty around these will be derived through non-parametric bootstrapping.30

9.0 Knowledge Translation & Dissemination
9.1 Knowledge Translation
This is an integrated Knowledge Translation program, and as such the targeted potential knowledge users of the dissemination plan importantly include—though would not be restricted to— the research team. Since there is a diversity of knowledge users involved with the program, there may be knowledge translation needs and relevant challenges for communication across representatives from different fields. Hence the need for a dissemination plan (to assist information flow and knowledge uptake) even within the broader research team itself. The main goal of dissemination within the research team will be to increase knowledge and awareness. The main strategy for these communications will be through email and regular teleconferences. Still, there is benefit to having an opportunity for all members of the research team to attend sessions where two-way knowledge exchange is fostered. Given the size and geographical spread of the research team this would not be possible in person and therefore a virtual seminar as a webinar is planned for once per year at which all will be invited to assist dissemination across not only the team itself. In this regard, team members will be encouraged to invite relevant contacts from within their fields to attend that portion of the webinar which will be made open to the public, with another portion reserved for research members only (if judged necessary by the Steering Committee in conjunction with the Patient Council). 
Engaging knowledge users and decision makers both at the start and throughout the program will increase the likelihood that solutions are found which work for, and truly fit the unmet needs of the eventual end-users. Product development and testing of implementation strategies will be more efficient as design flaws and barriers will be more likely to be identified sooner rather than later, with input from a diversity of engaged end-users throughout the research and development process. 
The goals of knowledge translation will be to:
· Engage further practitioners, the program will focus on dissemination of the knowledge it generates through conferences, webinars, key opinion leaders and guideline creation.
· Engage policy makers, the program will hold meetings (see dissemination plans) to exchange possible solutions before embarking on the research projects. This will ensure that these solutions are tested, producing outcomes that will have traction and be convincing for policy makers and thus provide and evidentiary basis upon which to institute prospective policy changes.
· Provide feedback and guidance from the Patient Council on how best to educate the wider group of affected patients on this new form of CIED follow up.
· Obtain early involvement of government decision makers at the provincial level will result in early adoption of the knowledge generated by this program.
· Provide a collaborative network of industry partners to evaluate its novel technology.
Knowledge users include the following: 
1.) Patients - A Patient Council has been assembled consisting of 9 patients from participating centres across Canada.  The Patient Leader will chair the Council and be a member of the Steering Committee. It is expected that the Patient Partners will help expand the membership of the Patient Council to include membership from those provincial/territorial jurisdictions currently without representation. This research program is motivated by responsiveness to patient demands for patient-centered CIED care, so it is anticipated that Patient partners will advocate for further engagement with relevant health educators and community leaders who are linked to patient organizations to potentially grow patient engagement with the Program. 
This program supports a culture change from a paternalist model by which patients are passive recipients of treatment, to building a supportive environment where they are active partners in directing and taking responsibility for their healthcare. To better achieve this, the following have been implemented:
1. The Patient Leader is part of the Steering Committee and will be involved in the review of the research proposal, to ensure that relevant patient outcomes and issues are addressed.
2. The Patient Council will also be asked to provide direction in the research program, particularly, with respect to the patient surveys that will be carried out as part of Project 1.
3. Emphasize mutual responsibility (co-building and co-leadership in partnership of care)

The Patient Council Leader will be an integral part of the research team for each identified project in the program as well as a liaison between the research team and the Patient Council. The Patient Council will meet at quarterly intervals by teleconference.  The Patient Leader will provide the Patient Council with regular updates from the monthly Steering Committee meetings. The Patient Leader will also provide regular written reports listing all patient input, and how the Project/Program has incorporated those suggestions and/or recommendations.  
2.) Provincial Health Authorities - Their roles and responsibilities include participation in the survey (Knowledge Exchange Program), assistance with dissemination and feedback on real world application. The strategy is to continue to build interest and engagement with this project through activities that target building relationships and securing future engagement from Health Canada, Provincial and Territorial Ministries of Health and Wellness, Regional and Municipal Hospital Authorities, as well as healthcare system managers, administrators, policy and decision-makers. 

This research program will require engagement on all these fronts to enlist motivation and the knowledge necessary for required changes to matters such as clinical practice guidelines, physician reimbursement fees for relevant services, and the infrastructure and human resources needed to make clinical practice align with the scientific findings of this study.  Clear linkages with health policy and health care service delivery administrators (at all the various levels) will ensure barriers are addressed prior to guideline changes. The implementation strategy here is to create a structure and contexts for two-way knowledge exchange that builds in end-user investment and response to stakeholder needs, with patient needs at the forefront of these, to generate benefit for all involved.
3.) CIED implant and follow up clinics – including physicians, health system administrators and allied health personnel are other potential knowledge users will be engaged.
4.) Industry partners – Medtronic and St. Jude
9.2 Dissemination
Identified audiences:
· Clinicians/practitioners [150 CIED follow up physicians]
· Health care administrators [25-30 CIED follow up centres]
· Industry [4 companies]
· Policy makers [one representative from each province]
· Patients [as widely as possible through CIED clinics]

Goals & Applications:
1. Inform & change clinicians' attitudes, behaviours, practice and facility with new technologies.
2. Inform health care administrators so that they can inform and change policy and practice; help identify barriers/supports to facilitate use; evaluate outcomes and consider changes needed for future uptake and sustainability of gains for patients. 
3. Inform industry to provide knowledge key for research, development, refinement and marketing of the technologies. 
4. Inform and change attitudes of policy makers to the potential uses of this technology so that they can construct or reform policies to support relevant parameters for physician reimbursement and entrench safety standards and better accessibility for patients.
5. Inform and change patients' attitudes and behaviours, which in turn will provide peer support to other patients and potentially act as advocates for overcoming barriers within the healthcare system.

Since knowledge users are experts in their own knowledge needs, relevant members of the research team will have expertise on what knowledge-users in their field find important and need to know regarding the Program's findings. It is expected that champions will rise up and be motivated to share study findings with their colleagues. Cross-fertilization will also be important, and therefore it is expected that champions will also disseminate study findings to other knowledge-user groups, and will furthermore be able to find advice within the research team on the knowledge needs of the group being bridged to. 
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Appendix 1 – VIRTUES
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Appendix 2 – Standardized Programming Checklist
· Minimize right ventricular pacing
· Optimize CRT (Pacing > 98%)
· Optimize rate responsiveness
· Optimize programming for battery longevity
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