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Abstract. To better communicate and improve post-visit outcomes, a remote patient
monitoring (RPM) program was implemented for patients discharged from
emergency departments (ED) across 10 hospitals. The solution was offered to
patients at the time of ED discharge and staffed by a group of care coordinators to
respond to questions/urgent needs. Of 107,477 consecutive patients offered RPM,
28,425 patients (26.4%) engaged with the program. Activated patients with RPM
were less likely to return to the ED within 90 days of their index visit [19.8%
compared to 23.6%, p<.001]. While activation rates were modest, we observed
fewer return visits to the ED in patients using RPM, with a 16.2% lower hazard of
returning in the next year. Future research is needed to understand methods to
improve RPM activation, any causal effects of RPM activation on return ED visits,
and external validation of these findings.
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1. Introduction

Return visits to the emergency department (ED) are a well-described, persistent
challenge with significant financial and care implications for patients, health systems,
and payers [1,2]. Approximately 20% of patients return to the ED within 30 days, of
which a number of these visits are preventable [3,4]. Major drivers for patients returning
to the ED include fear and anxiety about their health condition, along with perceived
convenience and expedited evaluation with EDs [5]. Results investigating the correlation
of return ED visits to quality of ED (or hospital) care are mixed; however, ED return
visit rate has been proposed as a quality of metric by payers [6]. As such, some health
systems have implemented screening tools and predictive models, nurse or paramedic
delivered care transition programs, telephone-based compliance programs, and patient
education interventions aimed to reduce return ED visits [7-9].
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Remote patient monitoring (RPM) has traditionally been used for chronic disease
management in patient populations or for post-surgical care. Our health system
previously reported our initial experience deploying a customizable RPM technology to
manage patients with COVID-19 symptoms during the initial outbreak in Minnesota
[10]. Globally, other health systems reported similar findings, in terms of patient
experience and engagement, with implementation of RPM programs during the COVID-
19 pandemic [11,12]. As our health system gained experience with use of RPM and is
experiencing high rates of ED use, the RPM program and technology was customized
and deployed to ED patients discharged to home system-wide. This manuscript provides
an analysis of this RPM implementation, patients’ subsequent use of healthcare and
associated RPM program patient engagement.

2. Methods

This study took place at M Health Fairview (MHF) is an academic integrated health
system with 10 hospitals having adult emergency departments based in greater
Minnesota and western Wisconsin, United States. The ED discharge RPM technology
solution (GetWell Loop; GetWellNetwork, Bethesda, MD, USA) was offered to patients
as part of their discharge process with information included in the after-visit summary
for enrollment. Patients needed either a mobile phone number or email listed in the
electronic health record to receive the initial RPM registration message. Patients were
excluded if they were already enrolled in a specialty RPM program (e.g., COVID-19
discharge from ED) or if they were enrolled in another transition program (e.g., nursing
delivered telephone follow-up care for patients with Medicaid or behavioral health
initiatives). During this study, the RPM program was only available in English, so
patients who required an interpreter were also excluded. Healthcare utilization was
measured as the counts of all office and telephone encounters for 90 days after the index
ED visit extracted from the electronic health record (EHR).

Patients received an email or text message with instructions on how to activate the
RPM program and asked to verify date of birth, create a log-in, and set user preference
(mobile phone or email) for receiving messages for five days. The RPM messages (Table
1) contained three types of content: 1) check-in messages (either confirmations or
surveys), 2) reminders, and 3) a checklist to confirm that any medications were picked
up.

Table 1. Remote Patient Monitoring Program Components.

Component Schedule Message Examples

Type Start Interval Duration

Check-In

Confirmation Day 1 Daily 5 days “Have you scheduled your follow-up visit(s) yet?

Surveys Day 5 Daily Once

Reminders Day 1 Daily Once “Do you need to speak to us over the phone? Send us a
message through GetWell Loop, and we'll get back to you.”

Checklist Day 1 Daily Twice “If we prescribed any medicines, be sure to fill the

prescriptions. Check this off once you've picked up your
medicines, or if you have no medicines to pick up.”

Five of the check-in messages had responses that could contribute to an alert that
would prompt a phone call from a registered nurse within six hours. Patients were asked
to share details about any worsening problem as a free text comment response, which
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helped prepare the nurse when interacting via phone or documenting in the EHR when
calling the patient, thus saving valuable time.

All analyses were performed in IBM SPSS Statistics Version 27. Chi-square test and
a Mann-Whitney U test were used for group comparisons. A Kaplan-Meier curve was
plotted for mean days from index ED visit to next ED visit with a standard error (SE)
with Mantel-Cox test for group comparisons. A Cox proportional hazard model, with
stratification by hospital site, was fit for days to return to ED on RPM activation.

3. Results

Between October 19, 2020 to April 20, 2022, 107,477 consecutive ED patients (mean
[range] age 50.48 [18-105] years, 62050 [57.7%] women) were offered the RPM
program as part of their discharge process (Table 2). Overall, 28,425 patients (26.1%)
activated the technology, with the mean count of RPM interactions was 1.43 (SD 0.856).
Patients who activated the RPM were slightly older, 51.3 years (SD 19.6), compared to
those who did not, 50.2 years (SD 20.9); t(107,475) = 7.314, p<.001. RPM activation for
the ten hospitals with adult emergency departments ranged from 21.9% to 29.4% [X? (9,
N=107,477) = 301.811, p<.001]. When comparing RPM activation (yes/no) on patients
who returned to the ED within 90 days of the previous index visit, ED return was 19.8%
in patients who activated compared to 23.6% in those who did not, X2 (1, N=107,477) =
174.178, p<.001. In the 90 days after their index ED visit, patients who activated the
RPM had a higher mean count (standard deviation (SD); 25th & 75th percentiles) of 1.46
(2.14; 0.00 & 2.00) office encounters compared to 1.19 (2.05; 0.00 & 2.00) office
encounters for those who did not activate; Mann-Whitney U test, z=26.676, p<.001.
Patients who activated also had a higher mean count of 1.92 (3.84, 0.00 & 2.00)
telephone encounters compared to 1.83 (3.97; 0.00 & 2.00) telephone encounters; Mann-
Whitney U test, z=12.335, p<.001.

Table 2. Sociodemographic, RPM and Clinical Characteristics of Patient Sample.

Variable Patient Distribution

Age (years) Mean (range) [Standard deviation] 50.5 (18-105) [20.6]

Sex (Women, Men, Unknown) n (%) 62,050 (57.7%), 45,392 (42.2%), 35 (0.0%)
Activated RPM (Yes, No) n (%) 28,425 (26.4%), 79,052 (73.6%)

RPM interactions Mean (range) [ Standard deviation] 1.43 (1-12) [0.856]

Urgent Acuity (Yes, No) n (%) 62,050 (58.2%), 44,977 (41.8%)

A Kaplan Meier curve (Figure 1) was plotted for the number of days to the next
emergency department visit after the index visit when the RPM application was offered.
Patients who activated the RPM had a longer mean, 270.5 days (SE = 0.82) compared to
253.5 days (SE = 0.51), survival return time than patients who did not activate; Mantel-
Cox X?(1,N=107,477) = 324.614, p<.001. We also fit a Cox proportional hazard model,
with stratification by hospital (due to differences in activation rates). The event was a
return ED visit (43,555 patients; 40.5%); patients without an event at the end of the
observation window were right censored (63,922 patients; 59.5%). We observed that
patients who activated the RPM had a 16.2% lower hazard of returning to the ED (hazard
ratio = .838, 95% confidence interval = 0.820 - 0.857, p<.001) in the 12 months after
their index visit.
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Figure 1. Kaplan Meier Curve.

4. Discussion

We evaluated a customized RPM program aimed to decrease return ED visits with a
focus on patient activation. Preventing return ED visits can lower health care costs and
reduce ED crowding [13]. Automated RPM programs, like those described here with
technology solutions and virtual clinical support, offer a digital health alternative for
reducing ED costs and potentially improving ED care delivery. We observed that patients
who activated the RPM program were less likely to return to the ED within 90 days of
their index visit. On multivariate modeling, there was a 16% lower hazard of returning
to the ED in the 12 months after the index ED visit.

Our study had several limitations, which restrict our ability to generalize our
findings or to better understand the potential causal relationship between RPM programs
and return ED visits. These include the following:

e Despite customized RPM content and ED discharge processes integration,
activation was relatively low at 26.4% (21.9% to 29.4% across hospitals)

e Our analysis lacks data from other health systems around patient utilization

e Lack of ED-specific clinical data (e.g., primary and secondary complaint)

e Medicaid (low income) patients were in a separate program and thus excluded

We expect future research directions to provide additional generalizability, insights
on patient engagement, and understanding of patient factors. This research will help
inform if RPM activation reduces ED utilization or, for example, is RPM activation is a
marker of a patient’s ability to navigate a health system. Improved study designs (e.g.,
step wedge implementation-effectiveness trial) would help to better understand causal
relationships [14]. Strategies to increase and understand RPM activation, such as
training/support for front-line healthcare teams, as well as integration of digital health
literacy screening tools and patient feedback on the specific RPM program could be
considered [15]. Finally, studies to better understand the cost effectiveness of RPM
solutions in the ED setting would be particularly valuable.

5. Conclusions

Our evaluation of a customized RPM program for reducing return visits to the ED across



E.W. Maurer et al. / Post-Implementation Outcomes of a Remote Patient Monitoring Program 513

an integrated healthcare system provides proof-of-concept evidence for the role of
similar technology in the ED setting. While demonstrating low rates of engagement,
engaged patients had lower ED utilization.
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