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Abstract

Objective: Remote monitoring technology (RMT) may enhance
healthcare quality and reduce costs. RMT adoption depends on
perceptions of the end-user (e.g., patients, caregivers, healthcare
providers). We conducted a systematic review exploring the accept-
ability and feasibility of RMT use in routine adult patient care, from
the perspectives of primary care clinicians, administrators, and
clinic staff. Materials and Methods: We searched the databases of
Medline, IEEE Xplore, and Compendex for original articles published
from January 1996 through February 2013. We manually screened
bibliographies of pertinent studies and consulted experts to identify
English-language studies meeting our inclusion criteria. Results: Of
939 citations identified, 15 studies reported in 16 publications met
inclusion criteria. Studies were heterogeneous by country, type of
RMT used, patient and provider characteristics, and method of im-
plementation and evaluation. Clinicians, staff, and administrators
generally held positive views about RMTs. Concerns emerged re-
garding clinical relevance of RMT data, changing clinical roles and
patterns of care (e.g., reduced quality of care from fewer patient
visits, overtreatment), insufficient staffing or time to monitor and
discuss RMT data, data incompatibility with a clinic’s electronic
health record (EHR), and unclear legal liability regarding response
protocols. Conclusions: This small body of heterogeneous literature
suggests that for RMTs to be adopted in primary care, researchers
and developers must ensure clinical relevance, support adequate
infrastructure, streamline data transmission into EHR systems, at-
tend to changing care patterns and professional roles, and clarify
response protocols. There is a critical need to engage end-users in the
development and implementation of RMT.
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Introduction
emote health monitoring technology (RMT), defined as
any technology that enables the monitoring of an indi-
vidual’s health status through a remote interface and then
transmits the information to a healthcare provider,1 holds
promise as a vehicle to improve health and wellness and help manage
disease. RMT data may enable clinicians to more effectively detect
early onset of disease or disease progression and monitor changes
over time.” In the context of global aging, RMT may help to address
shortages in the healthcare workforce while mitigating costs."?

Although media sites tout the potential benefits of RMT*"7 and
private sector investment nearly doubled in the first half of 2012,%
user-based research in the field is in its infancy. Patients, caregivers,
and medical professionals are potential users of RMT, and each brings
a unique perspective on the need for and utility of these technolo-
gies.>? Despite the critical role primary care professionals may play
in responding to RMTs, few studies explore their views. !

For RMT to improve clinical practice, primary care clinicians must
be involved in product development and testing.'* To our knowledge,
the factors associated with the adoption of RMT in ambulatory care
have not been rigorously explored. Therefore, we conducted a sys-
tematic review to better understand the perspectives of primary care
clinicians, administrators, and clinic staff regarding the acceptability
and feasibility of using RMT in routine adult patient care.

Materials and Methods
KEY QUESTIONS

We conducted a systematic search for studies that provided data to
address the following key questions:

» Key Question 1. How do primary care clinicians view the use of
RMT in routine patient care?

Ia. What are the major barriers and facilitators to incorporating
RMT into routine patient care as perceived by primary care
clinicians?

1b. How do these barriers and facilitators affect the accept-
ability of RMT and the feasibility of its adoption?

e Key Question 2. How do primary care administrators and clinic
staff view the use of RMT in routine patient care?

2a. What are the major barriers and facilitators to incorporating
RMT into routine patient care as perceived by primary care
administrators and clinic staff?

2b. How do these barriers and facilitators affect the accept-
ability of RMT and the feasibility of adoption?
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SEARCH STRATEGY

We searched multiple databases (Ovid Medline, IEEE Xplore, and
Compendex) for original articles published in English from January
1996 through February 2013. Our search strategy included terms for
primary care, RMTs, and possible targets for monitoring (e.g., phys-
iologic parameters, function, cognition). Although we intended to
focus the review on care for older adults (i.e., over 65 years of age), we
expanded our definition to explore care for patients over 18 years of
age (i.e., adults) given the paucity of research. We obtained additional
articles by manually screening the bibliographies of pertinent studies
and by consulting experts. The search strategy and the initial yields
from each database are given in the first section of Supplementary
Data (Supplementary Data are available online at www.liebertonline
.com/tmj).

STUDY SELECTION

We screened the titles and abstracts for inclusion according to
prespecified criteria (see the second section of Supplementary Data).
Articles selected at the abstract stage underwent full-text review by
two investigators (M.M.D. and M.F.). If there was a discrepancy be-
tween the two reviewers, a third reviewer determined eligibility and
inclusion (D.I.B.).

We included studies of any design on the use of RMT in primary
care settings by adult patients with chronic illness. We defined RMT
as any technology that enables the monitoring of an individual’s
health status (e.g., vital signs, heart rate, blood glucose levels, med-
ication management, mental health, physical and cognitive fitness)
through a remote interface and then transmits the information to a
healthcare provider for review, care management, and/or patient
education.! The information must be transferred electronically to the
health professional via download from a device, telephonically, via
the Web, or on a smartphone, rather than brought as a written output
to a visit at the primary care practice. We included studies where RMT
was used in permanent or transitional residential settings, including
home, assisted living, adult foster care, nursing home, “independent
living,” and rehabilitation centers. Inpatient settings and skilled
nursing facilities were excluded.

Included studies reported on the perspectives of primary care
clinicians, staff, or administrators regarding the use of RMT for
routine patient care, as either primary or secondary outcomes. We
also included studies that provided perspectives from a range of
healthcare settings that included but were not limited to primary
care. We defined primary care clinicians as licensed physicians (MD
or DO), nurse practitioners, or physician assistants practicing family
medicine, general internal medicine, or pediatrics. Primary care staff
included other healthcare providers such as RNs, social workers,
occupational therapists, and care coordinators, as well as office staff
and administrators.

DATA ABSTRACTION AND SYNTHESIS

We abstracted data on the study objectives and design, the target
patient population, RMT type, mode of data transmission, and pro-
cesses used to access, review, and respond to the data. We also

identified the training of the medical professionals and personnel
providing feedback on the technologies and their perspectives as
related to our key questions.

We conducted a qualitative synthesis of the studies to describe
how patient data were remotely gathered and monitored. We high-
light user perceptions about the use, acceptability, and feasibility of
implementing the RMT in the primary care setting. Because the in-
cluded studies used qualitative approaches with heterogeneous study
designs, we were unable to apply systematic methods for rating study
quality for risk of bias.

Although the objective of this review was to examine the per-
spectives of primary clinicians separately from the perspectives of
staff and administrators, several studies gathered perspectives from
multiple informants, including primary care clinicians or staff, non-
primary care health professionals, and patients. We could not tease
out the views of only primary care participants, so we report on these
general perspectives as findings are related to RMT use in primary
care.

Results
STUDY CHARACTERISTICS

Of 939 abstracts and titles of potentially relevant studies, 15
studies reported in 16 publications met our inclusion criteria
(Fig. 1).""*7%" Six studies provided perspectives from primary care
clinicians.'®'*"** Four studies published in five reports provided
perspectives from clinical specialties including but not limited to
primary care.'"'”*>727 Seven studies reported perspectives from
primary care staff, administrators, or unspecified healthcare profes-
Sionals.13—15,18,20,23,24

Table 1 summarizes key details of the included studies, describing
the target patients, RMT used, mode of data transfer and processing,
informant characteristics, and methods used to gather perspectives.
Table 2 highlights the themes, identified across the studies, associated
with the acceptability and feasibility of using RMT in primary care.
Abstracted data on study characteristics are detailed in Supplemen-
tary Table S1. Supplementary Table S2 summarizes the views ex-
pressed by primary care clinicians, staff, and administrators
regarding the barriers and facilitators of incorporating RMT in rou-
tine adult patient care by individual study.

KEY QUESTION 1. VIEWS OF PRIMARY CARE CLINICIANS
ON INCORPORATING RMT

Eleven publications provided data about clinicians’ perspec-
tives (Table 1).'1:16:17:19723:25227 Three studies were conducted in the
United States,'""'®!° one in Canada,?' one in Denmark,?° two in
Germany,*** 25 and two studies in the United
Kingdom were published in three reports.'”-*®%’ Clinicians in several
studies conveyed positive views about RMT, and some reported RMT
resulted in a decrease in workload due to delegation of activities to
ancillary staff. Emerging themes included concerns about the po-
tential for lower quality of care due to fewer face-to-face patient
visits, increased provider burden and insufficient staffing for moni-

and one in Korea,

toring and responding to data, inconvenience resulting from poor
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939 Citations identified from electronic database searches
384 from MEDLINE”
262 from Compendex
293 from IEEE Xplore

—>| 108 Duplicate citations excluded

functions. These clinicians indicated that
RMT implementation was limited because
patients did not use the system, rather than
being due to clinician-related factors.°
Two related studies in rural Germany
reported that clinicians had positive views
about the RMT.”>* In these studies, pa-
tients with heart failure, diabetes, or risk

r

831 Citations resulting from
electronic database searches

lists of pertinent studies

91 Citations identified from manual
searches and review of reference

of developing glaucoma were equipped
with and trained to use electrocardiogram
meters, scales, sphygmomanometer, tele-

l

922 Titles and abstracts screened for potential relevance

tonometer, and blood glucose monitors.
Patients transferred physiologic data via the
public telephone network to the data service
center, which then transmitted data by se-
cure Internet connection directly into a dig-

837 titles and abstracts excluded for lack of
relevance, or full-text was not accessible

ital patient file at the primary care clinic.
Data were transferred daily, weekly, or when

y

85 Full-text articles retrieved for further review

patients had symptoms, depending on clini-
cian guidance and the type of data collected.
The data service center alerted clinicians by
fax when monitoring values exceeded preset

69 Excluded articles:

Y

1 Non-English language
16 Did not contain original data
16 Did not involve remote
monitoring technology
9 Did not report perspectives on
utility, acceptability, or feasibility
4 Did not include primary care
clinicians or staff/ administrators
23 Used for contextual purposes only

thresholds. During the study clinicians del-
egated an increasing number of monitoring
and intervention tasks to qualified RNs,
which reduced clinician workload and saved
time from traveling.”*??

Four studies in five publications reported
multiple perspectives that included, but were
not limited to, representatives from primary

v

15 studies in 16 publications reported perspectives of
clinicians, staff, or administrators on the use of RMT

care. Participants included individuals from
a range of healthcare services (e.g., nursing,
medicine, mental health), academic (e.g.,
medicine, informatics) and nonacademic

Fig. 1. Literature search and selection. RMT, remote monitoring technology.

integration between RMT and the clinic’s electronic health record
(EHR), and uncertain medicolegal liability (see Table 2).

Clinicians expressed unfavorable views of RMT use in two stud-
ies.'®?° Goodrich et al.'® studied an intervention in which sedentary
adult patients wore a pedometer for 6 weeks and uploaded data to a
Web-based system accessible by patients and clinicians. Although
clinicians noted that the graphical display of patients’ walking
progress was informative, they found it inconvenient that data were
not integrated into their EHR.'® The extra time required to locate the
Web site, remember passwords, and log-in as well as lack of time for
physical activity discussions during patient visits presented barriers
to using the interface. Langstrup”® had patients with asthma record
daily peak flow readings in an online diary that could be accessed by
healthcare personnel. Clinicians expressed low interest in examining
patients’ peak flow data, questioned their role in encouraging pa-
tients to use the online system, or disagreed with the decision support
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settings (e.g., policy-making, medical tech-
nology development).'""'”*>~*” These infor-
mants conveyed concerns about collecting
excessive data without clinical relevance and that monitoring for
ongoing care (e.g., an alert to caregivers or family members for a one-
time missed dose of medication) should be differentiated from moni-
toring for clinical practice (e.g., an alert for a pattern of multiple missed
doses of medications).'"'”*” Some informants expressed concern that
RMTs could lead to fewer patients visit and reduce quality of care®® or
worsen the isolation, loneliness, and morale of elderly patients.”
Uncertainty regarding liability for maintaining the accuracy of the
system and making the correct clinical response(s) was also identi-
fied.'”?>?” Informants suggested protocols with response hierarchies
related to RMT alert severity should be developed.'”?” In one study,
however, the interpretation of a threshold trigger varied with the
context of the individual patient, and clinicians raised concerns about
the risks of overtreatment and adverse effects from increased pre-
scribing.® Challenges associated with implementing RMTs that are not
integrated with EHR systems, as well as insufficient resources for
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clinicians or staff to monitor data, also emerged.”® Kim et al.>® pro-
posed several essential elements for the successful expansion of RMT,
including cooperation among interested groups, active participation of
medical staff who will be using equipment in the design, and a business
model that addresses customers’ needs.

KEY QUESTION 2. VIEWS OF PRIMARY CARE
ADMINISTRATOR AND STAFF ON INCORPORATING RMT

Seven publications reported on perspectives of clinic staff or ad-
ministrators (Table 1). Two studies were conducted in the United
States,'*'® one in Canada,?* one in the United Kingdom,'* one in
Germany,”® and one in Denmark.?° One publication reported findings
from two studies conducted in Canada and France.'” In general, staff
held positive views about using RMT but expressed concerns about
workload and staffing.'>'>?* In some studies, nurses reported greater
professional autonomy with RMT use.'>?*?*** The need for better
integration between RMT data and the patients’ EHRs was also noted.'®

In a study of a multisite RMT program in Canada, interviews were
conducted with 82 informants, including managers, patients, and
healthcare professionals (training unspecified).”* The program
equipped chronically ill patients with devices, as indicated for disease
status, which transmitted data on weight, temperature, and other
factors to the regional primary care organization where a nurse re-
sponded to alerts by phone or with home visits. Healthcare providers
indicated that the RMT resulted in higher quality of services, helped
avoid potential visits to the emergency room through more rapid
treatment adjustment, and enabled identification of new clinical
problems. Introduction of the RMT program stimulated more efficient
communication networks among patients, nurses, and doctors in the
hospital and homecare setting. However, several factors were chal-
lenging for managers and providers, including responding ad hoc to
patients’ alerts, developing clinical competencies for expanded ser-
vices, and scheduling and training demands.**

Nursing staff played critical roles managing and responding to
RMT data. Greater autonomy among nurses, from the delegation of
medical decision making and other tasks usually restricted to clini-
cians, was noted in several studies.'>?®**** One study reported
“groundbreaking” shifts in responsibilities from clinician to nursing
staff as study nurses trained the patients, installed the devices, and
controlled data.”® In another study of online asthma monitoring,
RMT data helped establish connections between the nurse and the
patient and allowed the nurse to override inaccurate system alerts.*°

Two studies highlight the need for additional staff time to review
and respond to RMT data. One study estimated the time required for a
lead nurse care coordinator to enroll patients, review daily RMT data,
and complete all additional medical and administrative requirements
was 62.88 h/week if the program’s maximum nurse/patient ratio of
1:125 was reached; thus study staffing was inadequate.'® In another
study, in which one nurse centrally monitored 26 patients with
chronic obstructive pulmonary disease and cardiac insufficiency
while a second nurse responded to alerts and conducted home visits,
project managers often underestimated the time required to imple-
ment the program.'®> Additionally, RMT activities were often con-
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ducted in isolation, raising the need for better integration with
regular homecare nursing services and other healthcare personnel.'®

Discussion

There is a paucity of published research exploring primary care
clinician, administrator, and staff perspectives on the acceptability
and feasibility of incorporating RMT in routine patient care. Only 15
studies met our inclusion criteria for this review. These studies are
heterogeneous by country, type of RMT used, patient and provider
characteristics, and method of implementation and evaluation—all of
which preclude definitive conclusions about the perceived benefits
and feasibility of implementing RMTs in routine primary care.

However, several findings may inform future development and
implementation of RMT in primary care. First, aligning the method
for data transmission with clinic workflow appears critical. Chal-
lenges to adoption emerged when technologies had to be accessed
through a separate Web interface.'®?° Technologies that directly
transferred to a clinic’s EHR or that generated alerts when values
exceed a preset threshold were more positively received.”*** Second,
concerns emerged regarding the burden clinicians and staff experi-
enced in reviewing additional data from RMTs.'"'”*> Although the
few studies using ancillary staff to help review the data tended to
have positive assessments, authors frequently noted that actual time
required to review and respond to the data exceeded allocated staff
resources.'>'® Supporting appropriate infrastructure for data man-
agement as well as developing protocols that reduce the legal liability
implications'"'7?®> will be critical.

These studies also highlight how perceived clinical relevance,
technology functionality, and context influence adoption. Gathering
data that had clinical relevance was critical; some RMTs may be
better suited more for use by patients or caregivers rather than by
primary care professionals.'"?>?® Additionally, automatic alerts or
clinical decision support tools in the RMTs that do not account for
variations in a patient’s health status (e.g., temporary colds and flu)
may undermine system trust.’® As new RMTs are introduced, re-
sponsibilities may shift between clinicians and nursing staff. There-
fore training, and attention to local contexts, will be important to
consider during implementation.?””2* Finally, these studies span
various countries and healthcare systems, and the pressures for RMT
adoption may vary considerably based on existing payment struc-
tures and models of care provision. Based on the number of citations
meeting our inclusion criteria, European interest in RMT in health-
care appears to be greater than that in the United States.

Some limitations in this review must be acknowledged. Although
we comprehensively searched academic journals, as well as two
engineering databases (IEEE Xplore and Compendex), using standard
systematic review protocols, only a few articles met our inclusion
criteria. Qur review may not have captured relevant studies that were
not indexed in the databases we searched. Additionally, many studies
had small sample sizes, ranging from 1%* to 57,'* with a median of 10
informants. Articles that focused on the effectiveness of interventions
often did not report on perceived acceptability and feasibility in a
systematic way, failing to clearly document method of participant
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Table 2. Thematic Factors Associated with Acceptability and Feasibility of Incorporating Remote Monitoring Technology

into Routine Primary Care for Adult Patients

Supports early intervention
and follow-up (facilitated
by alert system)

DESCRIPTION

Implementation of RMT perceived as useful for eligible patients by improving monitoring,
follow-up, and diagnosis. RMT can help identify emerging health issues, aid in detection
of other health issues, and prompt clinical interventions. However, a few expressed
concerns regarding overtreatment from increased recognition of exacerbations.

Alerts (via e-mail, fax, EHR notifications) help clinicians/staff assess when outreach is
needed. RMT use may be facilitated if (a) alerts are tailored to specific users (e.g., family
versus clinicians) or (b) electronic alerting systems are developed (most alerts triggered
following nurse inspection).

REFERENCE (YEAR)

Fursse et al."* (2008)

Gagnon et al."® (2006)
Goodrich et al."® (2011)
Hardisty et al."” (2011); Peirce et al.?’ (2011)
Kim et al.?® (2011)

Kobb et al."® (2003)

Lamothe et al.2* (2006)

Liddy et al.2" (2008)

Thompson and Thielke'" (2009)
Ure et al.?® (2012)

Van den Berg et al.** (2009)

Uncertain medicolegal
liability

Informants expressed concern regarding the medicolegal liability associated with receiving
RMT data. In particular, there was uncertainty regarding who was supposed to respond to
critical values and how quickly.

Gagnon et al."® (2006)

Hardisty et al."” (2011); Peirce et al.?’ (2011)
Kim et al.2® (2011)

Liddy et al.*' (2008)

Van den Berg et al.?* (2009)

Fosters direct patient
education

RMT served as a direct patient education tool (even without involvement of medical clinicians
and staff). Providing RMT data directly to the patient can lead to improvements in
healthcare.

Abraham and Rosenthal' (2008)
Langstrup® (2008)
Liddy et al.?' (2008)

Data actionable and of
clinical relevance

RMT data must be of clinical importance, from a trusted source, and relevant to the goals of
the medical providers. It is helpful if the data are tailored to individuals (e.g., uses their
personal baseline). RMT data should be actionable (e.g., you can make a change based on
data that have the potential to improve health).

Hardisty et al."” (2011); Peirce et al.*’ (2011)
Kim et al.?® (2011)

Langstrup®® (2008)

Liddy et al.?' (2008)

Thompson and Thielke'" (2009)

Ure et al.?® (2012)

Van den Berg et al.?* (2009)

Ease of access and func-
tional interface facilitates
use

RMT should be easy to use and convenient to access across multiple settings. Ideally, the RMT
interfaces directly with existing clinic systems (e.g., EHR) and doesn't require logging-in to a
separate system. The RMT interface should be informative. Data presented in summaries or
graphs are helpful.

Abraham and Rosenthal'® (2008)
Gagnon et al."® (2006)

Goodrich et al.’® (2011)

Hicks et al."® (2009)

Kim et al.?® (2011)

Lamothe et al.?* (2006)

Ure et al.2* (2012)

Changing clinical roles and
patterns of clinical care

Use of RMT contributed to changes in clinician and staff roles, as well as in patient
relationships. Although clinicians wanted to review RMT data during patient visits, there was
not always adequate time. Frequently, the RMT allowed clinicians to delegate tasks to
ancillary staff, contributing to increased autonomy for nursing staff. Use of RMT may reduce
the need for face-to-face visits; some expressed concern this could lead to increased social
isolation for patients and decreased quality of care. Communication between all involved
stakeholders is critical.

Gagnon et al."® (2006)
Goodrich et al."® (2011)

Hicks et al.’® (2009)

Kim et al.?® (2011)

Lamothe et al.?* (2006)

Liddy et al.?' (2008)
Terschuren et al.?? (2007)
Thompson and Thielke'" (2009)
Van den Berg et al.® (2009)

Support by and training for
ancillary staff

Ancillary staff played critical roles in processing and reviewing RMT data so as not to
overburden or overwhelm clinicians. However, the time required for staff to process RMT data
was often underestimated as staff must respond ad hoc to patient needs in addition to
delivering pre-established interventions. Additional staff training may also be needed.

Abraham and Rosenthal'® (2008)
Gagnon et al."® (2006)

Kim et al.?® (2011)

Lamothe et al.2* (2006)
Langstrup® (2008)

Van den Berg et al.?* (2009)

Engaging end-users critical
to adoption

Clinicians and staff had variable adoption of RMT. Not all clinicians used the system—and of
those who do, not all use it in the same ways. Target users need to be involved in product
development and implementation.

Goodrich et al."® (2011)
Hicks et al."® (2009)
Kim et al.?® (2011)
Langstrup® (2008)

EHR, electronic health record; RMT, remote monitoring technology.
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selection, data collection, and/or analysis. In some cases, conclusions
about perceptions may stem from the authors’ views on the study,
rather than on the experiences of frontline clinical informants. Finally,
some studies focused on perceptions from general informants, in-
cluding primary care as well as other health professionals, rather than
participants from an actual intervention.'"'”*>27

Despite these limitations, our review informs this emerging field.
Although authors emphasize the importance of engaging stake-
holders in the development and implementation of RMT, our findings
suggests that primary care clinicians, administrators, and staff may
not routinely be involved. Future research should:

a. Determine what types of RMT primary care clinicians would
be interested in using, with particular attention to how pref-
erences vary according to particular disease conditions and
their associated clinical management demands

b. Identify which types of RMT are best suited for use in primary
care settings and which may be more appropriate for other
users (e.g., patients, caregivers)

c. Explore staff requirements to adequately track and appropri-
ately respond to RMT data. This may address important legal
concerns, and findings may vary by country.

d. Improve RMT integration with EHRs and clarify processing
procedures while evaluating the impact on technology adop-
tion

e. Test models of implementation and dissemination of RMTs in
primary care using rigorous research designs with adequately
powered sample sizes

Conclusions

RMT systems are being actively developed as strategies to improve
upon usual care while reducing rising healthcare costs. The studies
included in this review highlight that for RMT to be adopted as part of
routine primary care, researchers and developers must improve data
transmission into clinic EHRs, support adequate infrastructure for
data processing, ensure clinical relevance and “fit” of technologies
within primary care workflow, maintain quality of clinical care, and
respond to changes in patient care patterns and professional roles.
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