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Abstract

Background: Virtual care models are used to follow-up patients with cardiovascular implantable electronic devices
(CIED), including pacemakers, implantable cardioverter defibrillators, and cardiac resynchronization therapy. There is
increasing interest in the expansion of virtual, or even remote-only, CIED care models to alleviate resource and
economic burden to both patients and specialty device clinics and to maintain or improve equity and access to
high-quality cardiovascular care. This qualitative framework synthesis aims to identify barriers and enablers to virtual
care models from both the perspective of the patient and device clinics. How setting, context, equity factors or
other aspects influence these factors, or satisfaction with care, will also be investigated.

Methods: We will perform a systematic literature search in MEDLINE, Embase, PsycINFO, CINAHL, Proquest
Dissertations & Theses, other EBM Reviews, and trial registry databases. Screening will be completed by two
independent review authors. Original research articles having a qualitative component (i.e., qualitative, mixed-, or
multi-method) are eligible. Study populations of interest are (a) individuals with a CIED or (b) healthcare providers
involved in any aspect of virtual or remote follow-up of patients with CIEDs. Eligibility will be restricted to studies
published after January 1, 2000 in English or French. Data will be captured using standardized templates based on
the domains and constructs of the Theoretical Domains Framework and the Warwick Patient Experiences
Framework. The Joanna Briggs Institute Critical Appraisal Checklist for Qualitative Research will be applied to all
included studies. The GRADE-CERQual approach will be applied to assess and summarize confidence in key
findings. Reporting will follow the enhancing transparency in reporting the synthesis of qualitative research
(ENTREQ) statement. Detailed descriptive results will be presented, and summary of qualitative findings tables will
be produced.
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Discussion: While a number of trials have captured the clinical effectiveness and safety of virtual follow-up for
CIEDs, there has been less attention given to factors affecting use and implementation of remote care by patients
and healthcare providers or satisfaction with care. Results from this qualitative framework synthesis will provide
important lived experience data from both patients and healthcare providers which will be essential to incorporate
in clinical guidelines.

Systematic review registration: PROSPERO CRD42020160533.

Keywords: Remote monitoring, Virtual care, Model of care, Distance factors, Cardiovascular implantable electronic
device, ICD, Pacemaker, CRT, Patient satisfaction, Healthcare provider, Barriers

Background
Patients with cardiovascular electronic implantable de-
vices (CIEDs), including pacemakers, implantable cardio-
verter defibrillators (ICDs), and cardiac resynchronization
therapy (CRT), are managed by specialty device outpatient
clinics who provide lifelong follow-up. Patients are typic-
ally seen in clinic for follow-up appointments every three
to 12months, provisional on the device implanted, per-
sonal health status, physician preference, and device recall
or alert status. Busy device clinics struggle to balance
available resources with the consistently increasing num-
ber of patients who require CIED follow-up appointments
[1, 2]. Virtual outpatient visits (also referred to as remote
interrogation or monitoring) offer an alternative model of
care to supplement, delay or alternate, but not replace,
traditional in-clinic visits. Virtual follow-up offers patients
the convenience of staying home while obtaining quality
care for themselves and their CIED. This model of care
permits clinics to follow patients with normal device func-
tion and adequate battery longevity routinely or to moni-
tor patients under device recalls, alerts or, who are close
to requiring replacement of the device, leads or battery
more closely [2]. Guidelines in both Canada and the USA
now recommend an alternating virtual/in-clinic model for
CIEDs as standard of care [2, 3].
There is increasing interest in the expansion of virtual

CIED care models to alleviate resource and economic
burden to both patients and specialty device clinics and
to improve equity and access to high-quality cardiovas-
cular care. Clinical investigations are ongoing to examine
the impact to patients and device clinics if routine in-
clinic follow-up visits is jettisoned in favor of entirely
virtual follow-up and surveillance [4]. Despite advance-
ments in information technology and telecommunica-
tions that have facilitated expansion of virtual follow-up
and care models for CIEDs, recent national survey data
from Canada indicates that there is an unmet need in
delivery of timely, uniform and efficient care for these
patients [5]. Current data shows that CIED follow-up
care is heterogeneous, and there are inconsistent ap-
proaches to remote monitoring used across jurisdictions.
Although many clinics use virtual follow-up at least

partially, implementation is disparate and variable across
and within clinics. Patients generally perceive remote
follow-up to be safe, effective, and efficient, yet not all
device clinics offer virtual follow-up visits to all patients,
and uptake has been suboptimal in patients offered the
service [5].
Lack of a unified approach to in-clinic or virtual

follow-up after CIED implant is at least partially attribut-
able to deficiencies in current clinical guidelines that
recommend use of virtual follow-up but without
process- or context-specific direction or details on im-
plementation. It is essential to understand how patient,
clinic, or system factors influence current use and up-
take of virtual models of care for patients with CIEDs to
support and inform the development of new guideline-
supported and promote more unified clinical ap-
proaches. The implementation and use of virtual follow-
up or care may be influenced by many factors. A theor-
etical examination of all factors that impede and en-
hance the implementation and use of virtual follow-up
or care is necessary in order to develop strategies to im-
prove the consistency of care and optimize patient up-
take. This study will use a framework-based qualitative
synthesis approach to understand patients’ and health-
care provider barriers and facilitators to virtual follow-
up or care for CIEDs, including remote-only models.
Additionally, satisfaction, barriers, and facilitators will be
examined and compared according to key patient, device
and clinic characteristics, and by country.

Methods
The protocol for this qualitative synthesis was written
a priori and registered in the International Prospect-
ive Register of Systematic Reviews (PROSPERO,
CRD42020160533). This protocol follows guidance
from the Preferred Reporting Items for Systematic Re-
view and Meta-Analysis-Protocols (PRISMA-P) state-
ment (Additional file 1) [6]. Research questions will
be addressed through a systematic, framework-based
qualitative synthesis approach informed by methodo-
logical guidance for systematic reviews of complex
health interventions [7–14].
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Thematic synthesis is one of a number of approaches
recommended by the Cochrane Qualitative Review
Methods Group [11]. This approach is particularly useful
when expected evidence will likely contribute thin de-
scriptions and is likely to be predominantly descriptive
(versus a highly theorized or conceptual evidence base)
[15]. In the framework approach, our thematic synthesis
will be guided by two theoretical frameworks selected a
priori. Instead of developing a new framework after
reading included studies, this review will use the War-
wick Patient Experiences Framework (WaPEF) [16] and
the Theoretical Domains Framework (TDF) [17, 18] for
themes or categories. Both patient and device clinic (or
healthcare provider) experiences with virtual follow-up
or care for CIEDs will be synthesized using the TDF and
the Warwick Frameworks. To understand patient experi-
ence specific to local setting or context, PROGRESS+
equity factors will be explored [19, 20]. Patients and
healthcare providers who have experience and continue
to use virtual follow-up will be compared to those who
have used yet chose not to continue.

Theoretical Domains Framework
The TDF is a comprehensive theoretical framework de-
veloped to facilitate the identification of factors affecting
the behaviour of health professionals related to the im-
plementation. Michie et al. proposed the TDF following
a synthesis of 30+ theories of behaviour and behaviour
change, and a rigorous consensus and validation process
[18]. The original TDF synthesized a large number of in-
dividual behaviour change constructs into 12 distinct do-
mains, with the goal of providing a “theoretical lens” for
users to view the various environmental, cognitive, so-
cial, and affective influences on behaviour. The TDF was
later put through an extensive validation process, and
the individual domains and constructs were reconfigured
into 14 domains by Cane et al. [17]. The TDF was se-
lected for this review as it enables a fulsome and struc-
tured investigation into facilitators and barriers for both
patient and healthcare providers, offers strength over
a single model or theory approach, and provides com-
prehensive coverage of the possible influences on be-
haviour that effect the diffusion of evidence into
practice [21]. It can also be applied to patient behav-
iours as well as healthcare providers [22]. The TDF
also provides a means to progress from theories of
behaviour change towards the techniques of behaviour
change which will be used in future research phases
to inform the design of interventions to address im-
plementation issues and inform process evaluations.
Results may also provide insight or lead to greater
understanding of the processes that underlie existing
non-theoretically based interventions.

Warwick Patient Experiences Framework
The WaPEF was developed by Staniszewska et al. as a
way to include patient-based evidence in guidelines
alongside standard clinical and economic outcomes [16].
Important consideration so that patient experiences and
perspectives can be included in eventual guidelines. It is
used to collect and summarize qualitative data using a
framework of generic dimensions of patient experiences
and to provide an evidence base for each theme and
sub-theme by linking each using comprehensive evi-
dence tables. In this review, the WaPEF will be used to
assemble and structure patient experience with virtual
follow-up or care for patients with CIEDs. This will also
a structured examination of patient satisfaction and any
model characteristics that contribute to a positive or
negative lived experiences with CIED follow-up.

Research questions
The qualitative synthesis will address the following re-
search questions:

1. From the patient perspective, what are the barriers
and facilitators related to patient use and uptake of
virtual follow-up and care models for patients with
CIEDs?

2. From the healthcare provider perspective, what are
the barriers and facilitators related to virtual follow-
up or care program delivery or implementation for
patients with CIEDs?

3. What are the barriers and facilitators to remote-
only models of care based on the experience or per-
ceptions of patients or healthcare providers?

4. How do setting, geography, context, equity or other
factors influence the barriers, facilitators, or
satisfaction with care?

These research questions will orient data selection,
collection, and analysis toward patients’ and clinical ex-
periences and reflect a need to identify important con-
textual and equity influences.

Literature search strategy
An information specialist will design and perform the
literature search following peer-review of the electronic
search strategy by a second, independent information
specialist using the Peer Review of Electronic Search
Strategies (PRESS) Guideline Statement (29). The
complete proposed search strategy is presented in Add-
itional file 2.
Information will be identified by searching the follow-

ing bibliographic databases: Using the OVID platform,
Ovid MEDLINE®, including Epub Ahead of Print and In-
Process & Other Non-Indexed Citations, Embase Classic
+ Embase, PsycINFO, and the following EBM Reviews
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databases: Cochrane Central Register of Controlled Tri-
als, Cochrane Database of Systematic Reviews, Database
of Abstracts of Reviews of Effects, Health Technology
Assessment, and the NHS Economic Evaluation Data-
base. We will also search CINAHL (EBSCO platform)
and Proquest Dissertations & Theses Global.
An initial search strategy was designed and piloted be-

tween December 29, 2018, and January 6, 2019. The pro-
posed strategy was run on June 26, 2019 to test for
volume. Following discussion, the search was revised to
include additional vocabulary and thereby increase sensi-
tivity. The searches will be conducted in two parts. The
main search will apply research design filters, and the
second supplemental search will utilize an extensive
qualitative filter. Qualitative and case studies will be the
focus of the qualitative synthesis. Trials are included in
the search as they may contain embedded qualitative
studies and will be identified through a related quantita-
tive systematic review of patient outcomes currently in-
progress (CRD42020145210). We will use a combination
of controlled vocabulary (e.g., “Remote Consultation”,
“Defibrillators, Implantable”, “Cardiac Electrophysi-
ology”) and keywords (e.g., telemonitor, pacemaker,
CIED) for the concepts in all searches. We will remove
animal-only citations and news items where possible
from the results. Searches will be limited by date to re-
cords available after January 1, 2000 (to coincide with

the first regulatory approvals of wireless, remote moni-
toring systems), and not limited in any other way (e.g.,
by language or publication status).

Literature selection criteria
Eligible studies will be primary English- or French-
language reports of original research articles having a
qualitative component (i.e., qualitative, mixed-, or multi-
method studies). Studies of interest will focus on elicit-
ing ambulatory patients’ or healthcare providers’ percep-
tions, attitudes, experiences, viewpoints, expectations, or
understanding of CIED virtual follow-up or care. Studies
may also focus specifically on elucidation of factors that
influence patients’ decision to initiate, continue or cease
virtual follow-up or care, or provider ability to initiate,
deliver, or implement quality CIED care using remote
approaches, or to change follow-up approach (e.g., from
a blended clinic/virtual combination to a virtual only).
Factors influencing patients’ satisfaction with care are
also eligible. Table 1 details the eligibility criteria to be
applied using the Perspective, Setting, Phenomenon of
interest, Environment, Comparison, Timing, and Find-
ings (PerSPECTiF) framework [8].
All studies will be included regardless of comparability

of health care systems; transferability or generalizability
(i.e., external validity) will be considered during data ex-
traction, critical appraisal, and analysis.

Table 1 Eligibility criteria for the research questions using the PerSPECTiF framework for (a) patients or their caregivers, (b) device
clinics

Per
perspective

S
setting

P
phenomenon of
interest

E
environment

C
comparison

Ti
timing

F
findings

(a) Individuals with
a CIED (pacemaker,
ICD, (CRT)a.

(b) Clinical caregiver
involved in any
aspect of virtual
follow-up or care
of patients with
CIEDs.

Outpatient/
ambulatory care.
In any setting
(urban, rural,
remote) or context.

Virtual follow-up
and/or virtual careb.

In any environment
or within an
environment of
prioritized health
equity.

Any or
none.

Any time following
CIED implant (short
or long-term).
Any timing of
intervention delivery.

Barriers, facilitators,
and satisfaction with
care as identified
through perceptions,
attitudes, experiences,
viewpoints, expectations,
understandings of
patients or healthcare
providers when using or
implementing virtual
follow-up or care (using
any service model or
approach).

Study design

Original research articles having a qualitative component (i.e., qualitative, mixed-, or multi-method studies).

Time frame

January 1, 2000 to present.

Language

English or French.

CIED cardiovascular implantable electronic device, ICD implantable cardioverter defibrillator, CRT cardiac resynchronization therapy
aDevice may be de novo, existing, or in a patient undergoing a pulse generator change that now has virtual follow-up or care capabilities, or their
informal caregivers
bIncludes the broad context in which virtual follow-up or care is used (e.g., setting, resource allocation considerations, health, and human resources issues); how it
fits in the process of patient care; experiences, expectations, and perceptions of virtual follow-up or care
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The following definitions for virtual follow-up and care
will be used:

1. Virtual follow-up may also be referred to as remote
monitoring. In this study, we broadly include the
collection of device or patient data and/or
diagnostics via passive remote device interrogations
and the automated transmission of active pre-
specified alerts related to device functionality and
clinical events. This involves a one-way transmis-
sion of data from the patient in their outpatient set-
ting to a receptor device or specialty clinic. Here,
the patient alternates virtual follow-up from home
with in-person device clinic visits (6-month inter-
vals for ICDs/CRT, 12-month intervals for pace-
makers). This approach can be utilized for any
CIED (pacemakers, ICDs, or CRTs) which have the
capability. This may include remote-only models of
care. Virtual follow-up is most-often suited for pa-
tients with stable device function and adequate bat-
tery longevity after at least one in-person post-
surgical follow-up visit.

2. Virtual care may also be referred to as remote
patient management and involves therapeutic
intervention on the patient’s implanted CIED from a
distance using available technology (e.g., remotely re-
programming device thresholds and automated recal-
ibration of device settings using machine-learning al-
gorithms). This involves two-way interaction and is
informed by virtual follow-up through transmission
of data from the patient in their outpatient (or non-
device clinic) setting to a receptor device clinic and
then related care or action involving some kind of
therapeutic adjustment from a physician at the recep-
tor device clinic back to the patient’s device. Any vir-
tual therapeutic intervention for CIED patients is
considered in-scope for this review.

Both approaches may also be accompanied by concur-
rent interventions aimed at patient self-efficacy and em-
powerment (e.g., providing a patient with their own
data, software, or mobile phone applications).
Findings are representative of outcomes for the phe-

nomena of interest and while prioritization of barriers
and facilitators of interest (or factors influencing satis-
faction with care) is not appropriate in advance, report-
ing of results will highlight factors which may be
modifiable, contribute most to desired changes in patient
or provider behaviours, and/or be more likely to be
measurable in some way in future research.

Literature screening and selection
One reviewer will screen the titles and abstracts of all ci-
tations retrieved against the eligibility criteria (see Table

1). A second independent reviewer will screen all titles
and abstracts excluded by the first reviewer, and a cit-
ation will not be excluded during screening at the title
and abstract stage unless both reviewers agree. All cita-
tions deemed potentially relevant (or unclear) at the title,
and abstract stage will be retrieved as full-text articles
for a second level of screening by two independent re-
view authors. Discrepancies will be resolved through dis-
cussion or consultation with a third reviewer if
necessary. We will use standardized forms for article
screening and selection set up through online systematic
review management software (e.g., DistillerSR). The full
literature screening and selection process will be docu-
mented and presented in a PRISMA flow diagram [23].

Data-extraction and synthesis approach
All data extraction will be completed by one reviewer
and checked for completeness and accuracy by a second
independent reviewer. Extraction of data for all included
studies will be done in Microsoft Excel using forms cus-
tomized for this review and standardized in advance.
Where there are multiple reports for a single study, we
will extract data from all reports into one form and
document the related citations. A data extraction form
will be developed to capture the domains and constructs
of the TDF and the WaPEF, along with a study design
and participant characteristics. The frameworks allow
for thematic and theory-informed extraction of key data
from all included studies. A single review author will in-
dependently review the key findings and conclusions of
the eligible studies and extract all barriers, facilitators
(SK), or factors related to patient satisfaction. These data
will be checked by a second independent review author
for consistency and completeness. Extracted data will
consist of verbatim text from the original publication
and include participant quotations and/or associated in-
terpretive descriptions from the study authors alongside
the summaries of results as appropriate. All barrier, en-
abler, and satisfaction data will be collected regardless of
duplication across studies.
One review author will independently code relevant

text directly into the a priori domains (and sub-domains
or themes) of the WaPEF and TDF domains and code
any additional data in an “other” domain if not covered
by the existing frameworks. The WaPEF will be used to
code patient satisfaction data, and the TDF will be used
for both patient and healthcare provider barriers and fa-
cilitators. A second independent review author will
check the coding completed by the first author in its en-
tirety, and any disagreements will be resolved through
discussion, with input from a third review author if ne-
cessary, for consensus.
Additional information will be extracted from all in-

cluded studies, including bibliographic information
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details pertinent to study characteristics (e.g., first au-
thor, publication year, and country), research method-
ology (study design, aim or objectives, methods of data
collection, source of barrier/facilitator data extraction),
and population (e.g., type of participants, number of pa-
tients/healthcare providers/clinics, age, sex/gender, and
type of device).
The thematic synthesis will be developed by arranging

individual study data by domain into tables to both ex-
plore sub-domains within each framework and to pro-
vide a means to develop refined summaries of evidence
across studies. Using the charts, the range and nature of
the data for virtual follow-up and care models will be ex-
plored separately for patients and for healthcare pro-
viders. Data within and across domains (including
subdomains) will be used to identify barriers and facilita-
tors common across or unique to patients and health
providers, as well as apparent and potentially unexplored
gaps in the literature. Local or regional context, type of
CIED, sex, age, setting (urban, rural, remote), and
PROGRESS-PLUS equity factors [19, 24] will be ex-
plored within the extracted data across and within do-
mains. Identified barriers will be classified as modifiable
or non-modifiable and will provide a platform to explore
potentially relevant behavioural change techniques
aimed at modifiable barriers with the goal of improving
quality of care, uptake, and implementation in future
research.

Critical appraisal of individual studies
A critical appraisal of included studies will be conducted
by one reviewer and checked by a second independent
reviewer. All disagreements will be resolved through dis-
cussion or consultation with a third reviewer as needed.
Results from the appraisal will be summarized narra-
tively to highlight strengths and limitations within and
across studies. Tables or figures will be used to present
and/or graphically summarize results.
The Joanna Briggs Institute (JBI) Critical Appraisal

Checklist for Qualitative Research will be used to ap-
praise all included qualitative research studies. Judge-
ments on the ten checklist questions pertaining to the
methodological quality of the study using the answers
provided, including “yes,” “no,” “unclear,” and “no infor-
mation.” In this checklist, “yes’ answers indicate stronger
study quality. In addition to the JBI checklist, reviewers
will globally consider major strengths and limitations of
studies included in terms of credibility, transferability,
dependability, and confirmability and will document re-
sults by study. Studies that meet the eligibility criteria
will be included regardless of study quality.
There is currently no consensus on the role of quality

criteria and how they should be applied, and there is on-
going debate about how qualitative study quality should

be assessed for the purposes of systematic reviews [25].
As such, the quality assessment will be used when judg-
ing the relative contribution of each study to the devel-
opment of explanations and relationships, and reviewers
will use critical appraisal results to broadly consider both
the internal validity and reliability of the research. Fol-
lowing an approach used by CADTH, studies deemed to
be lacking in one or both of these areas may be coded
last so they do not lead the analysis. Likewise, the trans-
ferability of the research findings will be considered dur-
ing analysis and reporting.

Certainty of evidence
The GRADE-CERQual (“Confidence in the Evidence
from Reviews of Qualitative research”) approach will be
applied to assess and summarize confidence in key find-
ings, including the methodological limitations of the in-
dividual qualitative studies contributing to a review
finding, the coherence of the review finding, the ad-
equacy of data supporting a review finding, and the rele-
vance to the review question of the individual studies
contributing to a review finding [9]. A fifth component,
dissemination (or publication) bias will also be explored
[26]. This will provide overall confidence in each of the
key findings. Key research findings are defined as the set
of themes, concepts, or perceptions or experiences iden-
tified as having the most relevance to the research
question.
A single reviewer will independently assess certainty of

the evidence using the GRADE-CERQual approach. A
second independent review author will verify results.
Disagreements will be resolved through discussion and
documented to facilitate reviewer conclusions pertaining
to confidence and transparency of study findings. Add-
itional GRADE guidance currently under development
in an ongoing research project will be used to more spe-
cifically contextualize the assessment for considerations
relevant to complex health interventions [10]. This ap-
proach facilitates incorporation of evidence from frame-
works into the GRADE assessment and outlines
additional considerations relating to context, setting, and
other factors that assessors can use in rating the cer-
tainty of evidence. Results will be presented in GRADE-
CERQual summary of qualitative findings tables.

Discussion
While a number of primary research studies have exam-
ined the clinical effectiveness and safety of virtual
follow-up for CIEDs, there has been less attention given
to factors affecting use and implementation of remote
care by patients and healthcare providers, and, to our
knowledge, this literature has never been synthesised.
This review will be a comprehensive synthesis of the
qualitative literature on virtual follow-up or care for
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CIEDs and will be the first to apply a theory-based
framework assessment to this body of evidence. Results
will inform the development and application to theory-
based behavioural change techniques that aimed at im-
proving consistency and quality of care. Results will be
informative to a variety of knowledge users, including
patients, informal caregivers, health providers, and policy
makers. Results will complement an associated quantita-
tive systematic review of context and setting-specific ef-
fectiveness and safety to inform future work and
research aiming to generally expand access, uptake, use
and spread of virtual follow-up, and care models for
CIED patients. Globally, results may also inform ad-
vances in post-implant care in high-, middle-, or low-
income countries. Ideally, new practice guidelines for
management of this population will be developed that
adequately consider all evidence relevant to the deliv-
ery of context and equity-sensitive patient-centred
arrhythmia management strategies for virtual follow-
up and care.
There are potential limitations associated with relying

on data reported and interpreted at the individual study
level. Possible limitations include a potential for biased
reporting in the original studies if selective findings are
presented to fit any stated research question(s). In this
case, results or data that are relevant to this review may
not have been reported completely. The review is also
reliant on the descriptions of results in the eligible stud-
ies, and the granularity of results may be inadequate
which is also a potential limitation.

Reporting
Reporting for this study will follow the enhancing trans-
parency in reporting the synthesis of qualitative research
(ENTREQ) statement [38]. All deviations from the ori-
ginal review protocol will be documented and reported
in full in the final review publication.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13643-020-01410-w.

Additional file 1. PRISMA-P 2015 Checklist.

Additional file 2. Proposed search strategy.
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