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Objective We deployed a Remote Patient Monitoring (RPM) program to monitor
patients with coronavirus disease 2019 (COVID-19) upon hospital discharge. We
describe the patient characteristics, program characteristics, and clinical outcomes
of patients in our RPM program.

Methods We enrolled COVID-19 patients being discharged home from the hospital.
Enrolled patients had an app, and were provided with a pulse oximeter and thermome-
ter. Patients self-reported symptoms, O, saturation, and temperature daily. Abnormal
symptoms or vital signs were flagged and assessed by a pool of nurses. Descriptive
statistics were used to describe patient and program characteristics. A mixed-effects
logistic regression model was used to determine the odds of a combined endpoint of
emergency department (ED) or hospital readmission.

Results Atotal of 295 patients were referred for RPM from five participating hospitals,
and 225 patients were enrolled. A majority of enrolled patients (66%) completed the
monitoring period without triggering an abnormal alert. Enrollment was associated
with a decreased odds of ED or hospital readmission (adjusted odds ratio: 0.54; 95%
confidence interval: 0.3-0.97; p = 0.039). Referral without enrollment was not associ-
ated with a reduced odds of ED or hospital readmission.

Conclusion RPM for COVID-19 provides a mechanism to monitor patients in their
home environment and reduce hospital utilization. Our work suggests that RPM
reduces readmissions for patients with COVID-19 and provides scalable remote
monitoring capabilities upon hospital discharge. RPM for postdischarge patients
with COVID-19 was associated with a decreased risk of readmission to the ED or
hospital, and provided a scalable mechanism to monitor patients in their home
environment.
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Background and Significance

The novel coronavirus “severe acute respiratory syndrome
coronavirus 2”"—which first emerged in Wuhan, China in late
2019 and caused the respiratory illness coronavirus disease
2019 (COVID-19)—has infected millions worldwide, caused
unprecedented morbidity and mortality, and overwhelmed
many healthcare delivery systems.1‘4 Hospitals have been
forced to fundamentally shift clinical operations, with can-
celed procedures, repurposed intensive care units (ICUs), and
even staff reductions.”~® Meanwhile, the COVID-19 pandem-
ic has forced an expansion in the use of virtual care, radically
accelerating a shift in care delivery that had already begun,
now enabled by U.S. regulatory changes and improved path-
ways to reimbursement.'?-14

Remote patient monitoring (RPM) is a mechanism for
assessing patients outside a typical clinical encounter, for
example, in their homes or communities. RPM programs use
various telecommunication channels to collect health data—
such as a symptom surveys, vital signs, or data from wearable
sensors—and transmit these data to a healthcare provider in
a different location.’'® RPM is an attractive care delivery
strategy with promise for lower costs, improved conve-
nience, closer monitoring capabilities, and potentially better
outcomes. However, data supporting the use of RPM have so
far been mixed, with variable results depending on condition
and implementation.'%-20-26

As COVID-19 cases began to emerge in our region, we
identified a need for managing an increasing number of
patients admitted to the hospital with COVID-19 in the
setting of unparalleled resource constraints. We therefore
rapidly designed and deployed an RPM program so that we
could monitor and manage patients after discharge in their
home environment using pulse oximeters, thermometers,
and an app-based symptom assessment tool, monitored by a
team of nurses.

We identified several potential benefits from such an RPM
program for patients with COVID-19. First, most patients
with COVID-19 ultimately recover, even among hospitalized
populations, and there is a great need for continuity of care
posthospitalization.?”-?® Second, because of the infectious
nature of the disease, allowing people to remain in their
home could decrease the chance of spread to other patients
or staff within the hospital setting. Third, COVID-19 takes a
variable clinical course?® and identifying patients who may
clinically worsen after a hospitalization could have impor-
tant patient safety benefits. Fourth, an RPM program might
allow a discharging clinician to feel more comfortable with
an earlier discharge, knowing that the patient would be
closely monitored after leaving the hospital, thus freeing
up additional inpatient capacity. Finally, as COVID-19 rapidly
spread in our geographic region, there was significant pro-
vider and patient anxiety around its clinical course, epide-
miologic characteristics, and outcomes. By providing a
visible layer of perceived security, an RPM program could
potentially assuage these concerns.

Numerous institutions have implemented RPM programs
in response to COVID-19, and initial work has described

COVID-19 related RPM programs with a focus on implemen-
tation, population characteristics, postdischarge, and cohort
isolation settings.'”3%36 We describe here the character-
istics of our patients and the efficacy of this program in the
remote management of patients recently admitted with
COVID-19.

Methods

Setting

MassGeneral Brigham (formerly Partners HealthCare) is a
large not-for-profit healthcare system based in Boston, Mas-
sachusetts founded by Massachusetts General Hospital and
Brigham and Women’s Hospital. As of this writing, Massa-
chusetts has had over 125,000 cases of COVID-19 and over
9,000 deaths,” making Massachusetts one of the hardest-hit
states. Our program was launched at our two largest hospi-
tals (Massachusetts General Hospital and Brigham and
Women'’s Hospital) during a pilot period, followed by three
additional hospitals several weeks later (Newton-Wellesley
Hospital, Brigham and Women’s Faulkner Hospital, and
North Shore Medical Center).

Tool

We deployed MyChart Care Companion, a module embedded
in our patient portal software (Epic Systems Inc., Verona,
Wisconsin, United States). Care Companion has both mobile
and desktop version, and was available in English and
Spanish. The mobile version reminds a patient each morning
to complete a survey, at which point the patient is able to
self-enter their device data (oxygen saturation and temper-
ature), and answer five symptom questions related to short-
ness of breath, cough, appetite, weakness, and vomiting. The
content was developed by Cleveland Clinic and Epic Systems,
Inc.3? There were no major technical issues with care com-
panion during the study period.

Study Population and Program Eligibility
Patients were eligible for the program if they had a diagnosis
of COVID-19 (or presumed COVID-19 if nasopharyngeal
polymerase chain reaction (PCR) was negative, but clinical
suspicion was high, for example, with characteristic symp-
toms and computed tomography findings), were able to
activate a patient portal account, were being discharged
home (with or without nursing services), and were able to
fill out the survey in English or Spanish (either alone or with
the help of a proxy). Exclusion criteria included age <18,
comorbid highly symptomatic non-COVID-19 conditions
outside the scope of RPM triage providers (e.g., advanced
heart failure with dyspnea), cognitive or behavioral health
barriers to participation that could not be overcome with
caregiver support, conditions limiting the ability to work
with the devices, lack of a working phone, or discharge to a
facility (e.g., skilled nursing facility, short-term rehabilita-
tion, or field hospital).

Eligible patients were referred to the program at the time of
discharge through an order in our electronic health record
(EHR) and provided with a pulse oximeter (Masimo MightSat
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or the Sensogram Sensoscan), a thermometer (Care Line Inc.,
oral), an instructional packet on the program, and a self-
addressed stamped envelope for eventual return of the pulse
oximeter. These devices were chosen based on extant knowl-
edge about the clinical course of COVID-19 at the time, as well
as the availability of devices within our supply chains. Eligible
patients who were not already users of our patient portal were
guided through the portal enrollment process. All materials
were provided free of charge to the patient.

On the day after discharge, all referred patients were
contacted by a nurse from our central call center. Patients
who were reachable and were able to confirm that they had
the app installed (or could access their desktop computer)
were considered enrolled. The contacting nurse would also
provide assistance for patients or proxies who were having
difficulty with the app as needed. Enrolled patients were
subsequently prompted through an automated alert or email
to complete the questionnaire on the app every morning. If
the patient had no concerning symptoms and their objective
data were within defined parameters (O, saturation greater
than or equal to 92%, temperature less than 100.4F), then no
further steps were taken. A message would be sent to a
pooled EHR inbox under three conditions: first, if the patient
reported worsening symptoms in the questionnaire; second,
if their self-entered O, saturation was less than 92% or their
temperature was greater than 100.3F; and third, if an
assigned monitoring task had not been completed in
24 hours. The pooled EHR inbox was staffed by a team of
triage nurses 8 A.M. to 8 PM. in a centralized call-center
established specifically for calls related to COVID-19. The
nurses would then contact the patient, perform a clinical
assessment, and then determine an appropriate plan, for
example, refer to the ED, contact the primary care physician,
offer empiric treatment, or simply continue monitoring.
Given the potential severity of COVID-19 and that our
program was started during the early stages of the pandemic,
we did not opt for automatic monitoring.

The program was staffed with 24/7 physician backup, and
patients were instructed how to reach the on-call physician
in the evening hours of 8 P.M. to 8 A.M. when there was no
nursing coverage available. After 2 weeks, patients were
given the option to complete monitoring or to continue for
a third week at patient discretion ( for detailed
enrollment and monitoring workflow).

Statistical Analysis

Our overall study population included all patients with
COVID-19 (or presumed COVID-19) discharged home from
one of the five participating hospitals. We split this popula-
tion into three groups: (1) patients who were not referred to
the program, (2) patients who were referred, but not suc-
cessfully enrolled on post-discharge day 1, and (3) patients
ordered for the program and successfully enrolled on post-
discharge day 1. Group 1 served as our control group. We
performed descriptive statistics for each of these groups. We
assessed program engagement by analyzing survey
responses, length of time in the program, and symptom
patterns across the submitted questionnaires. We examined
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the frequency of questionnaire responses per patient, seg-
mented by whether the questionnaire triggered an alert to
the central nursing pool.

A mixed-effects multivariable logistic regression model
was used to compute odds ratios (ORs) with 95% confidence
intervals (Cls) for the odds that a patient with COVID-19 who
was discharged home from one of our participating hospitals
would be readmitted to the emergency department (ED) or
the hospital within 30 days of the initial discharge. Covariates
included age, ethnicity, language, race (for all groups with at
least five readmission events), length of stay of index admis-
sion, whether the patient was in an ICU at any point during
their admission, income quartile (estimated by zip code), and
whether the patient was ordered for the remote monitoring
program but not ultimately enrolled, or ordered for the
program and enrolled on discharge day 1 (i.e., Group 2 or
Group 3 above). Our model included a random-effect term to
account for the discharging hospital. COVID-19 status was
determined by having an ICD-10 billing code matching
COVID.

Data analysis was conducted using R statistical software
version 3.5.1 (R Project for Statistical Computing, Vienna,
Austria). As a retrospective study on a quality improvement
project, the MassGeneral Brigham institutional review board
exempted this study from review.

Results

Atotal of 1,356 patients with COVID-19 were discharged from
one of the five hospitals participating in the RPM program
during the study period (April 8, 2020 to June 10, 2020 when
the program ended due to declining COVID-19 admissions),
295 were referred for RPM by a discharging provider, and 225
patients were enrolled on post-hospital day 1. Our two largest
hospitals launched first; the remaining three hospitals
launched a few weeks later, and 181 patients completed either
14 or 21 days, while 44 were enrolled, but did not end up
completing 14 or 21 days of monitoring ( ).

shows the baseline characteristics of COVID-19 patients not
referred to the program, referred but not ultimately enrolled,
or referred and successfully enrolled in the program.

During the study period, 210 patients completed at least
one questionnaire, with a total of 2,291 patient days in the
program and 2,161 total questionnaires completed. Among
patients who completed at least one questionnaire, engage-
ment was high, with a median program duration of 12 days
(interquartile range [IQR]: 10-13 days) and a median of 11
(IQR: 8-13) questionnaires completed per patient. The most
common symptom that triggered an alert was temperature
greater than 100.3, present in 11% (239/2161) of all question-
naires, and 76% (239/315) of those leading to an alert
( )-

A majority of patients were monitored without interven-
tion for their entire postdischarge monitoring period. Of the
210 who completed at least one questionnaire, only 72/210
(34%) triggered a symptom alert to the central nursing pool
during their monitoring enrollment period, and only 15%
(315/2161) of questionnaires across all patients triggered an
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Inpatient meets criteria;

clinical team wishes to
enroll

A

Patient screened for
program, patient portal
access confirmed or
activated.

A 4

Patient discharged home,
given pulse oximeter,
thermometer, and info

packet.

A

Program nurse calls patient
on day after discharge to
orient patient and confirm

enrollment

A

Patient prompted daily by
MyChart (app or desktop) to
complete symptom
questionnaire, and optional
temperature and SPO2.

Ineligible patients
discharged with usual
care

Patients unenrolled if
not interested or unable
to participate

Worsening symptoms,
abnormal vital signs, or
no response triggers an

A

Patient contacted on day 14
to complete program, or
extend to 21 days.

EHR message to
nursing team who call
patient.

Call escalated to physician
on-call if nurse requires
support to determine if the
patient can continue to
isolate at home or should
be seen in the Emergency
Department.

atients re-admitted to the
hospital are unenrolled
from the program.

Patient completes the
program.

Detailed enrollment workflow for patients with COVID-19 being discharged from one of the five participating hospitals with the Remote

Patient Monitoring program.

alert to the central nursing pool ( ). shows
the number of questionnaires completed by program day,
split by whether the questionnaire resulted in an alert or
escalation to the nursing pool. There was a steady decline in
the number of questionnaires per program day over time.

In a multivariable model, we found that being successfully
enrolled in the RPM program on postdischarge day 1 was
associated with a decreased odds of the combined endpoint
of presentation to the ED or readmission (adjusted odds ratio
[OR]: 0.54; 95%CI: 0.3-0.97; p = 0.039), but being ordered for
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1356 COVID-19 patients discharged
home during study period
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1061 patients not referred

A

295 patients referred to RPM program

A

70 patients not enrolled:
- 32 declined enroliment
- 17 not on patient portal
- 21 other not enrolled

225 patients enrolled in RPM program

A

44 enrolled but did not complete RPM program:
- 30 lost to follow up
- 5 opted out before completion
- 9 other/not captured

181 patients completed the RPM program

Remote Patient Monitoring enrollment funnel.

the RPM program without a successful enrollment was not
associated with a decreased odds of the combined endpoint
(adjusted OR: 1.11;95% CI: 0.51-2.41; p = 0.793). There were
no important readmission associations for other demo-
graphic variables such as age, sex, race, ethnicity, or lan-
guage. Full results are listed in

Discussion

We describe the implementation and impact of a postho-
spitalization portal-based RPM program for patients with
COVID-19. We found that the RPM program was associated
with a significantly decreased risk of our combined end-
point of ED or hospital readmission for patients who were
referred to the program and enrolled on postdischarge day
1. Furthermore, among patients who completed at least one
questionnaire while enrolled in the program (210 patients
out of 225 enrolled), 66% did not product a symptom alert
that needed manual follow-up, suggesting that RPM for
discharged patients with COVID-19 can provide broad
monitoring without the need to directly contact patients
after hospital discharge beyond the initial enrollment call.
This is an important finding because it demonstrates a
scalable mechanism for monitoring patients with high
risk for clinical worsening without requiring one-to-one
engagement.

COVID-19 has forced healthcare systems around the
world to innovate and adapt to unprecedented operational
and clinical strain. In many ways, the particular challenges
presented by the COVID-19 pandemic create a variety of
needs for which RPM is uniquely well suited. First, RPM offers
the potential to partially ameliorate capacity constraints. By
reducing the risk of undetected decompensation after dis-
charge, RPM has the potential to reduce length of stay for
medically stable patients who might otherwise get another
day of observation. With many hospitals operating well
above capacity, the value of even a small reduction in
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occupancy would be meaningful. Second, RPM may allow
health systems to make better use of human resources. Many
health systems have redeployed providers to assist with
COVID-19 follow-up calls to ensure adequate surveillance
for decompensations. In our experience, these calls are often
done by prescriber-level providers, and typically take be-
tween 8 and 15 minutes. By automating a significant share of
time-intensive phone calls, RPM may decrease the cost of
COVID-19 follow-up and increase the capacity of providers to
provide other higher-value forms of care.

Third, by offering an extra layer of monitoring, relative to
usual care, RPM may increase safety and enhance the patient
experience. The significant heterogeneity observed in
COVID-19 patient trajectories represents a focus of clinical
risk and significant worry for patients, their families, and
their medical providers. The variable and frequently pro-
longed clinical course of COVID-19 in particular make RPM
appealing, as median symptom duration is heterogeneous
and many patients take weeks to recover.?®-*® Fortunately,
most patients have mild disease and do not require hospi-
talization or escalated care. However, some patients develop
moderate or severe disease, and RPM enables a healthcare
system to monitor a large set of patients to ensure that the
patients that do require escalated care are rapidly identified.
Fourth, by reducing direct patient contact, RPM may help
reduce the spread of a highly contagious illness, keeping
infectious patients in their homes instead of clinical settings
(although this could also cause spread to family members).
Fifth, as we demonstrate, RPM may have the potential to
reduce readmissions to the hospital or ED. We hypothesize
that this may be due to the patients having a reliable point of
contact, as well as vital sign monitoring for reassurance.
Because of significant anxiety around COVID-19, particularly
early in the pandemic, in our experience patients had a low
threshold for presenting to the ED or hospital, and it is
possible that our program led to fewer unnecessary presen-
tations. Finally, by embedding real-time knowledge
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Demographics of discharged patients with COVID-19 not ordered for Remote Patient Monitoring, ordered for Remote
Patient Monitoring (but not successfully enrolled), and patients ordered as well as successfully enrolled

Characteristic RPM not ordered, RPM ordered RPM ordered p-Value®
n=1,061% (not enrolled), n=70* | ( enrolled), n=225%

Gender (%) 0.7

Female 536 (51) 32 (46) 114 (51)

Male 525 (49) 38 (54) 111 (49)

Age 55 (41-66) 56 (41-69) 54 (41-65) 0.6

Language (%) 0.028

English 567 (53) 41 (59) 142 (63)

Spanish 386 (36) 24 (34) 65 (29)

Not available/other 108 (10) 5(7.1) 18 (8.0)

Race (%) 0.14

Black or African 179 (17) 12 (17) 50 (22)

American

White 396 (37) 26 (37) 85 (38)

Not available/other 486 (46) 32 (46) 90 (40)

Ethnicity (%) 0.4

Hispanic or Latino 426 (40) 31 (44) 81 (36)

Not Hispanic or Latino | 544 (51) 35 (50) 126 (56)

Other/not available 91 (8.6) 4 (5.7) 18 (8.0)

Length of stay 5.0 (3.0-8.0) 5.0 (2.0-10.0) 5.0 (3.0-8.0) 0.4

Required ICU (%) 255 (24) 23 (33) 67 (30) 0.068

Readmission status 0.15

(%)

Not readmitted 954 (90) 62 (89) 211 (94)

Readmitted to ED 46 (4.3) 7 (10) 11 (4.9)

Readmitted to 61 (5.7) 1(1.4) 3(1.3)

hospital

Median income by zip 0.066

code (%)

4,836-41,406.5 515 (49) 30 (43) 88 (39)

41,406.5-51,897 272 (26) 20 (29) 72 (32)

51,897-65,903.5 169 (16) 12 (17) 37 (16)

65,903.5-244,671 99 (9.3) 8 (11) 27 (12)

Non-U.S., invalid, or 6 (0.6) 0 (0) 1(0.4)

missing

Abbreviations: ED, emergency department; ICU, intensive care unit; IQR, interquartile range; RPM, Remote Patient Monitoring; US, United States.

Statistics presented: n (%); median (IQR).
bStatistical tests performed: Kruskal-Wallis test.

generation processes into routine care, RPM facilitates the
functions of a so-called “learning health system.” The real-
time adaptation that typifies learning health systems is
invaluable when dealing with a previously unknown illness,
such as COVID-19.

Using technology to remotely monitor patients in their
home environment has been of interest for decades across
many different diseases, but unfortunately has mixed results
from hundreds of randomized trials.>® Remote monitoring for
congestive heart failure, for example, a common condition

leading to hospitalization (and subsequent re-admissions)—
has had variable results?’*4°42_as have numerous other
conditions.'®*>%* There is significant heterogeneity in this
space; clinical condition, usage of devices, or wearables and
program implementation are just some of the variables that
might impact program success. Early evidence, as well as
numerous press releases, have indicated a significant interest
in using RPM for COVID-19. Our work suggests that RPM can be
an effective method of monitoring patients with COVID-19
being discharged from the hospital, that it may lead to a

Applied Clinical Informatics  Vol. 11 No. 5/2020

797

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Table 2 Remote patient monitoring program patient engagement
characteristics

Characteristics Value
Number of patient days in program 2,291
Number of questionnaires submitted 2,161
Program duration, per patient (day, 12 (10-13)
median [IQR])

Number of questionnaire responses, 11 (8-13)
per patient (median [IQR])

Patients that completed at least one 210

survey

Patients that triggered a
symptom/vital sign alert

72/210 (34%)

Number of questionnaires triggering
alerts

315/2,161 (15%)

Number of phone calls to patients 868

Escalated questionnaires that reported:

O, saturation < 92% 11/315 (3%)
239/315 (76%)
16/315 (5%)
17/315 (5%)
28/315 (9%)
27/315 (9%)
31/315 (10%)

Temperature > 100.3

Vomiting

Worse appetite

Worse cough

Worse shortness of breath

Worse weakness

Abbreviation: IQR, interquartile range.

220
210
200
190
180
170
160
150
140
130
120
110
100
90
80
70
60
50
40
30
20
10

Number of Questionnaires

1 2 3 4 5 6 7 8 9 10
Post-Hospital Discharge Day
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decreased likelihood of presenting to the ED or hospital, and
that most patients were monitored without active interven-
tion by our monitoring nurses.

Unfortunately, COVID-19 has disproportionately impacted
racial and ethnic minorities, especially African American,
Native American, Latinx, and other underserved groups.*®=48
This was true in our population as well; more than 30% of our
total population with COVID-19 spoke Spanish, for example,
which is substantially higher than baseline (in Boston, ~14% of
residents speak Spanish at home).° Our program implemen-
tation team worked diligently to ensure access to the RPM
program to all patients, and our results demonstrated reason-
ably equitable enrollment, with no statistically significant
difference in enrollment between racial or ethnic groups,
though there were statistically fewer patients who spoke
Spanish that ended up fully enrolled. More broadly, it is
important to recognize that requiring a smart phone or desktop
computer, having only English and Spanish translations, and
relying on provider discretion for referral created the potential
for systemic structural inequities in access to the RPM program.
We attempted to mitigate these systemic exclusions by en-
abling proxy access for data entry and 24-hour phone-inter-
preter support, by using inpatient staff to help with portal
access and by explicitly acknowledging concerns around dis-
parities with our team members, but we recognize this may
have not been sufficient. Future work should build on this
program with an increased focus on health equity concerns.

Our study has several limitations. First, as a five-hospital
study, it may not generalize to other hospitals or geographies
and we only had access to readmission within our healthcare

. Not Escalated

E Escalated

11 12 13 14 15 16 17 18 19 20 21

Fig. 2 Frequency of completed questionnaires by post-hospital discharge day. Shown are the frequency of surveys triggering escalation based
on post-hospital discharge day for the entire population of enrolled patients.

Applied Clinical Informatics  Vol. 11 No. 5/2020

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Postdischarge COVID-19 Remote Patient Monitoring Gordon et al.

Mixed-effects adjusted logistic regression model for odds that a patient with COVID-19, initially discharged home, would

be readmitted to the hospital or emergency department

Characteristic Unadjusted by readmission status Readmission to ED/hospital
Not readmitted, Readmitted, OR 95% Cl p-Value
n=1,227° n=129°
Gender (%)
Female 616 (50) 66 (51)
Male 611 (50) 63 (49) 1.04 0.72-1.51 0.84
Age 54 (17) 55 (17) 0.99 0.98-1.01 0.29
Language (%)
English 663 (54) 87 (67)
Spanish 443 (36) 32 (25) 0.83 0.42-1.66 0.60
Not available/other (%) 121 (9.9) 10 (7.8) 0.89 0.43-1.84 0.76
Race (%)
Black or African American 215 (18) 26 (20)
White 441 (36) 66 (51) 1.17 0.71-1.95 0.54
Not available [other 571 (47) 37 (29) 0.65 0.35-1.18 0.16
Ethnicity (%)
Hispanic or Latino 499 (41) 39 (30)
Not Hispanic or Latino 619 (50) 86 (67) 1.12 0.57-2.23 0.74
Other/not available 109 (8.9) 4(3.1) 0.34 0.11-1.10 0.073
Length of stay 5.0 (3.0-8.0) 4.0 (2.0-8.0) 1.02 0.99-1.04 0.16
Required ICU 311 (25) 34 (26) 0.92 0.58-1.47 0.73
Median income by zip code
4,836-41,406.5 589 (48) 44 (34)
41,406.5-51,897 325 (26) 39 (30) 1.45 0.90-2.31 0.13
51,897-65,903.5 191 (16) 27 (21) 1.60 0.93-2.74 0.089
65,903.5-244,671 116 (9.5) 18 (14) 1.65 0.87-3.13 0.12
Non-U.S., invalid, or missing 6 (0.5) 1(0.8) 2.05 0.23-18.2 0.52
Program status
RPM not ordered 954 (78) 107 (83)
RPM ordered not enrolled 62 (5.1) 8 (6.2) 1.11 0.51-2.41 0.79
RPM ordered enrolled 211 (17) 14 (11) 0.54 0.30-0.97 0.039

Abbreviations: ED, emergency department; ICU, intensive care unit; OR, odds ratio; IQR, interquartile range; RPM, Remote Patient Monitoring; SD,

standard deviation; US, United States.
Statistics presented: n (%); mean (SD); median (IQR).

system. Second, referral into the program was left up to the
discretion of the discharging physician, and there is likely
uncaptured bias related to which patients were referred to
the program; our results do not imply causality. Third, our
program required a smart phone or a desktop computer (and
internet or a data plan); we did not put other models in place
(like telephone only) for this program. Fourth, we did not
look at specific associations between responses and read-
missions risk (for example, associations between fever and
readmission). Finally, we did not look at outcomes beyond re-
admission, like overall morbidity and mortality associated
with RPM. While we would not expect RPM to worsen
morbidity and mortality, it is possible that the tendency

toward less readmission may have also delayed necessary
presentations, leading to worse outcomes.

Conclusion

We describe the implementation of a COVID-19 RPM pro-
gram and show that RPM for patients with COVID-19 dis-
charged from one of five hospitals in a single healthcare
system was associated with decreased risk of readmission to
a combined endpoint of ED or hospital. We also show that a
majority of patients enrolled could be passively monitored,
which might enable scalable delivery models for COVID-19 in
the post-acute setting. Further work is needed to understand
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the financial implications of these types of programs, as well
as impact on overall clinical outcomes.

Clinical Relevance Statement

RPM for patients with COVID-19 being discharged home
from the hospital was associated with a decreased risk of
readmission to the ED or hospital. Additionally, RPM provid-
ed a scalable mechanism to monitor patients in their home
environment, with most patients not requiring active inter-
vention from nursing staff.

Multiple Choice Questions

1. Among patients recovering from COVID-19 at home who
reported symptoms or abnormal vital signs through an
RPM platform, which abnormality was most common?
a. Temperature
b. Oxygen saturation
c. Worsening shortness of breath
d. Vomiting

Correct Answer: The correct answer is option a. According
to our data, for all abnormal surveys completed by patients
with COVID-19 discharged from the hospital, the presence
of a temperature >100.3 was the most common abnormal
vital sign or symptom reported. This is an important
finding, as it suggests that fever can remain an important
symptom of patients with COVID-19 even after they have
been hospitalized.

2. Which of the following percentages most accurately
describes the percent population of patients with
COVID-19 discharged from the hospital that can be moni-
tored passively, that is, without nursing intervention?

a. 36%
b. 46%
c. 56%
d. 66%

Correct Answer: The correct answer is option d. Enroll-
ment in a postdischarge COVID-19 RPM program resulted
in many patients completing surveys each day; however,
only 34% of those patients reported abnormal symptoms
requiring direct nursing follow-up during their enrollment
in the program. This suggests that the majority of patients
can be monitored passively, and that an RPM program is a
scalable mechanism of providing clinical monitoring for
patients with COVID-19 discharged from the hospital.

3. Enrollment in a postdischarge COVID-19 RPM program
was associated with which of the following outcomes?
a. Improved 30-day all cause-mortality
b. Decreased combined ED or inpatient readmission
c. Less utilization of primary care resources
d. Improvement in time to being COVID-19 PCR negative

Correct Answer: The correct answer is option b. Enroll-
ment in a postdischarge COVID-19 RPM program was

Applied Clinical Informatics  Vol. 11 No. 5/2020

associated with a statistically significant decreased odds
of a combined endpoint of re-admission to the hospital or
ED. We did not look at mortality of primary care resource
utilization as an outcome, and (D) is incorrect as we did
not routinely reassess test-status (e.g., PCR positivity)
once the patient was discharged from the hospital.

W.]J.G. was involved in article conception. WJ.G., A.D., ] J.,
M.Y.S., L.M., and D.S. were involved in data collection. W.].
G.,D.H., AD., D.M.L, LM,, D.S., and R.B. were involved in
data interpretation and visualization. W.J.G., D.M.L,, D.H.,
and R.B. were involved in statistical analysis. W.].G. wrote
the manuscript draft. All authors were involved in critical
revisions, editing, and manuscript approval.
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Principles for Medical Research Involving Human Sub-
jects, and as a quality improvement project, the Mass-
General Brigham IRB exempted this study from review.
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scope of this study. W.J.G. reports consulting income from
the Office of the National Coordinator, U.S. Department of
Health and Human Services, outside the scope of this
study. D.M.L. reports grants from Biofourmis, outside the
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