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Background

Addressing the healthcare gap faced by rural patients requires broad application of technology (such as telemedicine and remote monitoring) to ensure access to high-quality, evidence-based care. For patients with pacemakers and implantable cardioverter-defibrillators (ICDs), who require frequent device checks, remote device monitoring offers a way to avoid unnecessary in-person visits. Remote monitoring involves patients wirelessly transmitting data from their homes to experts at Cardiology clinics; this activity is equivalent to in-person device checks. The current literature suggests that remote monitoring is noninferior to in-person visits in terms of health outcomes; thus, remote monitoring holds a Class 1, Level of Evidence A recommendation from the Heart Rhythm Society.[endnoteRef:1] Additional benefits of remote care include reduced travel/opportunity costs for patients, increased access to care, patient satisfaction, and preservation of face-to-face visits only for essential in-person activities.[endnoteRef:2]  [1: References:
 Slotwiner D, Varma N, Akar JG, Annas G, Beardsall M, Fogel RI, et al. HRS Expert Consensus Statement on remote interrogation and monitoring for cardiovascular implantable electronic devices. Heart Rhythm Society. 2015. http://dx.doi.org/10.1016/j.hrthm.2015.05.008 ]  [2:  Walker RC, Tong A, Howard K, Palmer SC. Patient expectations and experiences of remote monitoring for chronic diseases: Systematic review and thematic synthesis of qualitative studies. Int J Med Inform. 2019. 124: 78-85.] 

	Our study aims to evaluate the application of remote monitoring among rural veterans receiving care through the Veterans Affairs National Cardiac Device Surveillance Program (VANCDSP), which currently includes approximately 52,000 patients with pacemakers and ICDs. Of these, approximately 20,000 reside in rural areas. During the COVID-19 pandemic, many veterans with CIEDs transitioned to remote care (including both remote monitoring and virtual visits) to limit potential COVID exposures in healthcare facilities. This immediate reduction in face-to-face visits serves as a natural experiment of how remote monitoring impacted clinical outcomes. The potential impact of this project includes broader implementation of remote monitoring and reduction in total in-person visits for device checks.


Research questions:

1) What proportion of rural veterans enrolled in the VA NCDSP transitioned from in-person device checks pre-pandemic to virtual visits during the pandemic?

2) Among rural veterans enrolled in the VA NCDSP, did patients who had in-person evaluations before the COVID-19 pandemic but only remote monitoring during the pandemic have a significant difference in clinical outcomes (cardiac hospitalization, pacemaker/ICD lead or generator replacement, death) between pre- and post-pandemic periods?

3) What are the barriers, facilitators, and contextual factors (from both patient and clinician perspectives) involved in transitioning device checks completely to remote monitoring for rural veterans with CIEDs?

Study methods:
1) Descriptive
2) Retrospective cohort (interrupted time series analysis)
3) Qualitative

Study design for Question 2:

Sampling
· Target population: patients with CIEDs capable of remote monitoring
· Accessible population: 52,000 veterans enrolled in the VA NCDSP
· Inclusion criteria:
· Adult patients with CIEDs enrolled in the VA NCDSP program from 1/1/2019 – 6/30/2021
· Rural patients as defined by VA Rural-Urban Commuting Areas (RUCA criteria): https://www.ruralhealth.va.gov/aboutus/ruralvets.asp
· Adherent (>70%) to remote monitoring. This is defined by the previously-described interval-based percent adherence: the percentage of days adherent per patient during the study period based on the patient’s prescribed transmission interval (i.e., time during which the patient’s CIED was monitored divided by the number of days in each patient’s study period). Patients may have different prescribed transmission intervals, depending on their device type and indication, although nearly all are approximately every 12 weeks or 90 days. We will include patients with transmission intervals ranging from 28 to 90 days. To determine the “days adherent,” an assessment was made for each day, whether the patient’s last transmission had occurred within the prescribed transmission interval plus a 10-day buffer period. If a transmission had occurred within that interval, the patient was determined to be adherent that day. “Percent adherence” was calculated as the number of days adherent divided by the total days of follow-up. 
· Have completed >1 remote transmission previously
· Exclusion criteria
· Receiving device checks outside of the VA system (community care)
· Receiving remote monitoring only prior to pandemic
· Having condition or device type that requires in-person device checks (not active in NCDSP)
· Hospice patients (?)
· COVID-19 infection (?)
· Sampling
· NA (existing dataset from NCDSP and VA Corporate Data Warehouse)

Study variables
· Predictor variable (categorical, nominal)
· Remote monitoring only (+/- virtual visits via VVC or telephone) post-pandemic
· Comparator group: usual care (continued remote monitoring + in-person visits)
· Outcome variables (binary)
· Primary outcome: monthly composite index of 
· Cardiac death
· Cardiac ED visit (arrhythmia-related, HF-related, ischemia-related)
· Cardiac hospitalization (arrhythmia-related, HF-related, ischemia-related)
· Clinical outcomes data are available through VA Corporate Data Warehouse, CMS, PIT and will be matched with NCDSP records
· Reduce random/systematic error
· Each patient acts as own control, as those transitioning to remote-monitoring-only will have previously undergone usual care (remote monitoring + in-person device checks)
· Cluster participants by VA facility (to control for different VA capabilities)

Statistical analysis
· Chi-squared test and sample size calculation
· P0 = 0.39 (risk of cardiac hospitalization or all-cause mortality in similar population in this paper, which notably only includes patients with ICDs, not PPMs: https://pubmed-ncbi-nlm-nih-gov.ucsf.idm.oclc.org/34410384/)
· P1= 0.600 (assumed)
· Q1=q1 because our sample is comprised of patients who switched to RM-only
· Group 1 sample size (minimum): 98 (pre-pandemic outcomes)
· Group 2 sample size (minimum): 98 (post-pandemic outcomes for patients switching to RM-only)
· Totally patients (minimum): 186
· Regression method: 
· Differences-in-differences, interrupted time series

Anticipated results
· Among VA patients enrolled in the VA NCDSP who switched from usual care to remote-monitoring only at the start of the COVID-19 pandemic, there was not a significant difference in clinical outcomes between pre- and post-pandemic periods.

Conclusions
· Remote monitoring is a noninferior means of maintenance care for patients with CIEDs and may also have benefits in terms of cost, convenience, and access to care for rural veterans.

List up to 10 variables that may be confounders

Limitations/confounders
· Confounding variables influencing patients’ preference for switching to RM-only
· Age
· Familiarity with technology
· Caregiver support
· Access to transportation and/or transport funds
· Relative distance to VA facility
· Other comorbidities prompting in-person visits at VA (which may be coordinated with device checks)
· How many patients were lost completely during the pandemic? These patients would be excluded from study, but could represent a critical population

Addressing confounders
· Using pre- and post-pandemic changes for patients uses themselves as natural control
· Sub-stratify by age, rural location, caregiver support, etc.
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