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Background Out-of-office blood pressure (BP) measurements contribute valuable
information for guiding clinical management of hypertension. Measurements from
home devices can be directly transmitted to patients’ electronic health record for use in
remote monitoring programs.

Objective This study aimed to compare in primary care practice care coordinator-
assisted implementation of remote patient monitoring (RPM) for hypertension to RPM
implementation alone and to usual care.

Methods This was a pragmatic observational cohort study. Patients aged 65 to
85 years with Medicare insurance from two populations were included: those with
uncontrolled hypertension and a general hypertension group seeing primary care
physicians (PCPs) within one health system. Exposures were cliniclevel availability of
RPM plus care coordination, RPM alone, or usual care. At two clinics (13 PCPs), nurse
care coordinators with PCP approval offered RPM to patients with uncontrolled office
BP and assisted with initiation. At two clinics (39 PCPs), RPM was at PCPs’ discretion.
Twenty clinics continued usual care. Main measures were controlling high BP
(<140/90 mm Hg), last office systolic blood pressure (SBP), and proportion with
antihypertensive medication intensification.

Results Among the Medicare cohorts with uncontrolled hypertension, 16.7% (39/234) of
patients from the care coordination clinics were prescribed RPM versus <1% (4/600) at
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noncare coordination sites. RPM-enrolled care coordination group patients had higher
baseline SBP than the noncare coordination group (148.8 vs. 140.0mm Hg).
After 6 months, in the uncontrolled hypertension cohorts the prevalences of controlling
high BP were 32.5% (RPM with care coordination), 30.7 % (RPM alone), and 27.1% (usual
care); multivariable adjusted odds ratios (95% confidence interval) were 1.63 (1.12-2.39;
p=0.011) and 1.29 (0.98-1.69; p = 0.068) compared with usual care, respectively.

Conclusion Care coordination facilitated RPM enrollment among poorly controlled
hypertension patients and may improve hypertension control in primary care among

Medicare patients.

Background and Significance

Only 44% of U.S. adults with hypertension are controlled, and
the level of control has declined in recent years.! Meta-
analyses have shown that self-measurement of out-of-office
blood pressure (BP) combined with telemonitoring inter-
ventions improve BP control.>™ Out-of-office measurement
has been widely endorsed as a means to improve diagnosis
management of hypertension.””’

In 2019 the U.S. Medicare began coverage for remote
physiological monitoring or remote patient monitoring
(RPM) services that can be used to support the remote
management of BP.2 RPM has been applied in a variety of
contexts.>~"! However, the optimal strategy for implement-
ing RPM for hypertension into routine practice is not fully
understood. Specifically, we hypothesized that including
additional clinical team members beyond patients’ regular
primary care clinicians to support and coordinate RPM
uptake and proactively attempt to enroll uncontrolled hy-
pertension patients would facilitate meaningful differences
in the adoption of RPM for hypertension at the clinic level
and in hypertension control.

Objectives

We conducted a three-arm pragmatic pilot cohort study in
hypertensive Medicare patients at primary care practices,
making available an RPM system for BP with and without the
support of nurse care coordination. We compared short-term
hypertension control, systolic blood pressure (SBP) achieved,
and antihypertensive medication intensification at two clin-
ics with RPM available to primary care clinicians with care
coordination support, two clinics with RPM without care
coordination, and 20 clinics receiving usual care. We also
compared the degree of RPM uptake, usage, and persistence
as well as possible implementation burdens in the two
intervention groups.

Methods

We compared hypertension outcomes separately in poorly
controlled and general hypertension cohorts between pilot
practices and nonparticipating primary care practices in the
same medical group within Northwestern Medicine, a large

health system in the Chicago Illinois region. Four practices
(two in Chicago and two in its northern suburbs) were
approached based on convenience; one from each region
was included in each of the two intervention groups. Patients
were followed from February 15, 2021 through August 14,
2021. The system uses the Epic (Epic Systems Corp., Verona,
Wisconsin, United States) electronic health record (EHR),
from which all study data, including data used for identifying
the comparison cohorts and outcome data, were abstracted.
To improve comparability between patients at intervention
clinics and control clinics, we only used BP data collected at
primary care locations.

This study was approved by the Northwestern University
Institutional Review Board. All data used were obtained in
the course of routine medical care with a waiver of informed
consent. Reporting follows the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) State-
ment recommendations (

, available in the online version.'?

Interventions|Exposures

Remote Patient Monitoring Implementation in Practices
without Care Coordination: Remote Patient Monitoring
Only

We had previously integrated Omron VitalSight RPM into the
EHR to automatically transmit BP and pulse data to patients’
records.'? Primary care physicians (PCPs) at the two RPM-
only clinics received communication by email and at practice
meetings explaining RPM procedures, ordering, use, and
financial implications. We used passive decision support
(an Epic “Best Practice Advisory”) at the point of care to
notify physicians when patients met study criteria for RPM. It
remained at the discretion of the clinician whether to offer
RPM. Omron Healthcare was notified of orders electronically
and sent patients a Bluetooth-enabled automated BP moni-
tor, cuff, cellular data transmitter, and optional scale if
selected by the ordering clinician.

Remote Patient Monitoring Implementation in Practices
with Care Coordination

Clinicians in the two care coordination group clinics received
the same supports provided to the RPM-only group. In
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addition, they received care coordination support, which is
more described in the

; available in the online
version). In short, we sent PCPs messages with lists of
patients whose last two office BPs were > 140/90 mm Hg
and asked who should be offered RPM. Nurse care coordinators
(T.C. and J.C.) communicated with patients via phone and
patient portal and used an EHR registry and care management
tools for identification, tracking, automatic monitoring of
clinical status, and charting for RPM patients. Activities in-
cluded providing education about how and when to perform
home BP monitoring, contacting patients without at least 12
readings (from at least three different days), reviewing charts
when mean BP was >130/80 mm Hg, and, when appropriate,
reviewing medication adherence, measurement technique,
and messaging the patients’ PCP.

Participants

Patients Prescribed Remote Patient Monitoring

We collected EHR data for all patients from the four pilot
clinics who were prescribed RPM for BP during the study
period.

Hypertension Cohorts

At study baseline, we identified cohorts of patients from 2
clinics where RPM was offered with care coordination, 2
clinics with RPM only, and 20 clinics not offered RPM. All
physicians and their eligible patients from the pilot sites
were enrolled in the cohorts. Two cohorts of “usual care”
control patients were selected from the remaining 20 North-
western Medical Group primary care sites. These patients

24 Primary care clinics

Persell et al.

contributed EHR data but had no new procedures imple-
mented. Once identified, these patient cohorts were pro-
spectively followed for 6 months (February 15, 2021-
August 14, 2021).

Two patient populations were of interest: patients with
uncontrolled hypertension and the broader hypertensive
population. Uncontrolled hypertension cohorts included
patients whose two most recent BPs from primary care
(within the preceding 2 years) were elevated (either
>140 mm Hg systolic or >90 mm Hg diastolic), and hyper-
tension was diagnosed in the year preceding the study. The
general hypertension population included patients with
diagnosed hypertension plus those without diagnosed hy-
pertension with BP > 140/90 mm Hg at their most recent
office visit in the prior 2 years.

The cohorts were held fixed for the study duration. At the
start date, all patients were required to be aged 65-85 years,
have Medicare or Medicare Advantage insurance, and have
had at least one office or telehealth visit at an eligible
primary care site in the preceding year. Exclusion criteria
were persistent or permanent atrial fibrillation, stage 4 or
more severe chronic kidney disease, or dementia. Overall
participant selection and assignment are shown in

Study Measurements

We abstracted demographic characteristics, diagnoses, and
vital signs from the EHR. We measured the total number of
patients prescribed RPM, and among them, we measured
whether they used the device, time to uptake (days between
prescription and first reading), intensity of use (mean read-
ings per 30 d), and duration of use (time from first reading to
a reading with no subsequent reading for 30 d). To examine

63,965 total Medicare patients seen in study period or 2 years prior

RPM with Care Coordination|
2 clinics
6,080 total Medicare
patients (97 RPM)

25,341 total Medicare

RPM Only
2 clinics

Usual Care
20 clinics
46,918 total Medicare

patients (52 RPM) patients (4 RPM)

2,401 : No HTN or elevated BP
(13 RPM)

657 : HTN or elevated BP but no|
visit in pre-study year (0 RPM)
1,511 : HTN/elevated BP but

have other exclusion criteria
(17 RPM)

(6 RPM)

(1 RPM)

(17 RPM)

9,362 : No HTN or elevated BP

3,032 : HTN or elevated BP but
no visit in pre-study year

9,140 : HTN/elevated BP but
have other exclusion criteria

19,048 : No HTN or elevated
BP (0 RPM)

4,508 : HTN or elevated BP but|
no visit in pre-study year

(0 RPM)

11,390 : HTN/elevated BP but
have other exclusion criteria
(0 RPM)

1,511 Predefined general
HTN cohort (67 RPM)
234 Predefined uncontrolled
HTN cohort (39 RPM)

3,807 Predefined general
HTN cohort (28 RPM)
600 Predefined uncontrolled
HTN cohort (4 RPM)

11,972 Predefined general
HTN cohort (4 RPM)
1,617 Predefined uncontrolled
HTN cohort (1 RPM)

Participant flow of Medicare patients in the 2 primary care practices with RPM and care coordination, 2 practices with RPM only, and
20 usual care practices. Hypertension cohorts were defined a priori. Primary care clinicians could prescribe RPM to any Medicare patient
including those not included in the predefined cohorts and could prescribe it for diagnoses other than hypertension (e.g., heart failure). Four
patients from usual care clinics were prescribed RPM from an endocrinology practice that was not part of this study. BP, blood pressure; HTN,

hypertension; RPM, remote patient monitoring.
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health care utilization, we measured office visits, patient
portal messages, and telephone encounters at primary care
clinics. In the care coordination group, we measured the
number of patient portal messages and telephone calls sent
by the care coordinators to patients prescribed RPM. We
examined the frequency of Current Procedural Terminology
codes associated with remote monitoring to quantify the
extent to which RPM services were billed.

The primary effectiveness outcome, measured at 3 and
6 months after baseline, was the controlling high BP perfor-
mance measure as defined by the 2020 National Quality Forum
Measure 0018 (NQF0018): the lowest BP reading on the most
recent day BP was obtained was <140/90 mm Hg and was
within the prior 12 months.'*1° Patients could fail NQF0018 if
either criteria were not met. Patients without a corresponding
BP measurement were considered to not meet the measure. Of
note, this measure, which is used in public reporting quality
programs, uses the lowest systolic and diastolic BPs obtained
on the day with the most recent BP measurement and includes
office BPs and BPs obtained via RPM.

Secondary outcomes included most recent primary care
in-office SBP and antihypertensive medication intensifica-
tion. If an individual had multiple in-office measurements
from the most recent BP measurement day, we used their
average. Patients with no BP measured in the prior year at 3
and 6 months were excluded from SBP analysis due to
missingness. Antihypertensive medication intensification
was determined from the EHR medication list and was a
binary outcome that was considered present if the number of
antihypertensive drug classes added or increased minus the
number of antihypertensive medication classes discontinued
or decreased was greater than zero. To evaluate the influence
that the presence of remote readings had on controlling high
BP, we compared a version of this metric that used office BPs
exclusively ( and S2, available in
the online version). For the two intervention groups, we also
compared BPs obtained exclusively by home readings
( , available in the online version).

We solicited feedback from pilot-practice physicians after
the study using an emailed survey. Survey methods, results,
and qualitative feedback about the care coordination process
from the care coordinators (J.C. and T.C.) are provided
( and

, available in the online version).

Statistical Analysis
We used means and proportions to describe demographic
characteristics, health care usage, and clinical presentation
of patients enrolled in RPM at pilot practices. In a subgroup of
RPM users who had submitted at least 12 remote readings,
we visualized patient-specific trajectories of SBP from re-
mote readings. We used linear regression to overlay an
average of the patient-specific trajectories separately in
the care coordination group and the RPM-only group.

At the end of the 6-month follow-up, we calculated aver-
ages and proportions as appropriate for continuous and binary
outcomes for the RPM-eligible and usual care cohorts for the

Remote Monitoring and Care Coordination Persell et al.

outcomes at 3 and 6 months. Generalized linear models were
used to estimate differences in means of continuous variables
(identity link) and differences in log-odds for categorical
variables (logit link); a type-I error rate of 5% was prespecified.
All models were adjusted for age, gender, ethnicity/race,
number of office visits in prior year, and SBP at baseline.

Results

Remote Patient Monitoring Uptake and Blood
Pressure Outcomes among Patients Prescribed
Remote Patient Monitoring

Twenty-six clinicians from the four intervention practices
ordered an RPM device for 149 patients during the study
period. Characteristics were similar by age and gender and
differed somewhat by race and ethnicity ( ). RPM-
prescribed patients in the care coordination group had less
heart failure (3.1 vs.19.2%) at baseline. Baseline SBP was
higher among RPM-prescribed patients in the care coordi-
nation group than the RPM-only group (mean [standard
deviation] 148.8 [15.5] vs. 140.0 [20.1] mm Hg), and the
rate of controlling high BP at baseline was lower (18.6 vs.
44.2%). Patients prescribed RPM in the care coordination
group were more likely than those in the RPM-only group to
initiate RPM (83.5 vs. 67.3%, p=0.02) and more likely to
transmit at least 12 BP readings (79.4 vs. 63.5%, p=0.04). A
higher proportion of PCPs in the care coordination group
than the RPM-only group prescribed RPM at least once (84.6
vs. 38.5%, p=0.009) and the median number of patients with
RPM ordered differed (median [interquartile range]: 5[4, 11]
vs. 0 [0, 2], p<0.001).

At 6 months, among RPM-prescribed patients, 72.2% of
the care coordination group and 69.2% of the RPM-only
group met the controlling high BP measure (p=0.71).
Changes in antihypertensive medication intensification
were common and did not differ by group ( )-

The average remotely measured SBP trajectories among
RPM users with at least 12 readings trended downward over
time in both groups ( , available in
the online version). Usage among patients who initiated RPM
were similar in the two groups ( ).

Hypertensive Cohorts

The uncontrolled hypertension cohorts consisted of 234
patients in the care coordination group, 600 in the RPM-
only group, and 1,617 in the usual care group ( ).
Mean office BPs over the 2 years preceding the study were
similar, 154.3/79.1,153.0/80.4, and 152.1/79.8 mm Hg, respec-
tively. RPM ordering and initiation were greater in the care
coordination group than in the RPM-only group at 3 and 6
months ( ).By 6 months, 16.2% (n = 38/234) of the care
coordination cohort and 0.5% (n=3/600) of the RPM-only
cohorts had initiated RPM (p < 0.0001).

Blood Pressure Outcomes: Uncontrolled Hypertensive
Cohorts

includes primary and secondary outcome compar-
isons at 3 and 6 months in the uncontrolled hypertensive

Applied Clinical Informatics  Vol. 14 No. 3/2023 © 2023. The Author(s).
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Characteristics of patients prescribed remote patient monitoring at pilot practices and blood pressure outcomes:
February 15, 2021 to August 14, 2021

RPM clinics with RPM clinics without | p-Value
care coordination care coordination

Patients, No. 97 52
Clinics, No. 2 2
Primary care physicians, No. 13 39
RPM-prescribed patients per physician, median (IQR) 5(4,11) 0 (0, 2) 0.0002
Physicians with any RPM-prescribed patients, % 84.6 38.5 0.009
Characteristics of patients
Age, mean, y (SD) 74.0 (6.3) 72.2 (9.8) 0.34
Female, No. (%) 67 (69.1) 33 (63.5) 0.49
Site, No. (%)
Site A N/A 35 (67.3)
Site B N/A 17 (32.7
Site C 80 (82.5) N/A
Site D 17 (17.5) N/A
Ethnic/race, No. (%) 0.019
Hispanic 1(1.0) 7 (13.5)
Non-Hispanic Black 31 (32.0) 14 (26.9)
Non-Hispanic White 57 (58.8) 28 (53.9)
Other/unknown 8 (8.3) 3(5.8)
Primary language: English, No. (%) 95 (97.9) 49 (94.2) 0.34

Baseline clinical characteristics

Chronic conditions, No. (%)

Atrial fibrillation 5(5.2) 6(11.5) 0.19
Chronic kidney disease 9 (9.3) (13 5) 0.43
Coronary heart disease 11 (11.3) 1(21.2) 0.11
Diabetes mellitus 24 (24.7) 6 (30.8) 0.43
Heart failure 3(3.1) (19 2) 0.002
Hypertension 94 (96.9) 7 (90.4) 0.13

Most recent in-office SBP? in year prior to study start, 148.8 (15.5) 140.0 (20.1) 0.005

mean (SD), mm Hg

Most recent in-office DBP? in year prior to study start, mean 76.4 (8.1) 77.2 (10.8) 0.80

(SD), mm Hg

Controlling high blood pressure: most recent BP® <140/90 mm 18 (18.6) 23 (44.2) 0.0008

Hg in year prior to study start, No. (%)

Clinical outcomes after 6 months

Controlling high blood pressure: most recent BP® <140/90 mm 70 (72.2) 36 (69.2) 0.71
Hg (office or RPM), No. (%)

Controlling high blood pressure: most recent BP® <140/90 mm 51 (52.6) 31 (59.6) 0.41
Hg (office only), No. (%)

Patients with BP measured (office only), No. 94 49

Most recent SBP® (office only), mean (SD), mm Hg 140.9 (17.1) 140.6 (20.9) 0.53
Most recent DBP (office only), mean (SD), mm Hg 74.2 (9.0) 76.9 (11.6) 0.38
Patients with BP measured (office or RPM), No. 97 51

Most recent SBPC (office or RPM), mean (SD), mm Hg 132.5 (19.5) 134.5 (23.1) 0.93

Applied Clinical Informatics  Vol. 14 No. 3/2023 © 2023. The Author(s).
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(Continued)
RPM clinics with RPM clinics without | p-Value
care coordination | care coordination
Most recent DBP€ (office or RPM), mean (SD), mm Hg 75.9 (12.1) 78.3 (10.9) 0.10
Antihypertensive medication intensification change, No. (%) 0.94
No change 52 (53.6) 27 (51.9)
Any decrease 14 (14.4) 7 (13.5)
Any increase 31 (32.0) 18 (34.6)
Antihypertensive medication intensification increased, No. (%) 31 (32.0) 18 (34.6) 0.74
RPM usage
Patients with any remote BP transmitted, No. (%) 81 (83.5) 35 (67.3) 0.02
Patients with at least 12 remote BP transmitted, No. (%) 77 (79.4) 33 (63.5) 0.04
Time to initial use (d), median (IQR) 8 (5, 14.5) 6(4,11) 0.27
Number of remote BP transmitted per month (intensity), 46.9 (30.0, 60.9) 43.3 (23.1, 58.7) 0.44
median (IQR)
Time to discontinuation (d), median (IQR) 106 (65, 128) 91 (45, 132) 0.65

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; IQR, interquartile range; N/A, not available; RPM, remote pulse monitoring; SBP,

systolic blood pressure; SD, standard deviation.

*When multiple blood pressure measurements were available in a time window, their average was used.

®When multiple blood pressure measurements were available on the same day, the lowest SBP and lowest DBP were used according to the measure
specifications. “Most recent” was defined as the most recent within 1 year of the measurement date.

“‘When multiple blood pressure measurements were available on the same day, their average was used.

cohorts. The proportion with controlled high BP was greater
in the care coordination group compared with usual care at
3 months, adjusted odds ratio (aOR): 1.64 (95% confidence
interval [CI]: 1.11-2.42, p=0.01) and at 6 months, aOR: 1.63
(CI: 1.12-2.39, p=0.01) but not for the RPM-only cohort
compared with usual care, aOR: 1.18 (0.88-1.56, p=0.27)
and aOR: 1.29 (0.98-1.69, p = 0.068), respectively. There was
a small difference in most recent office SBP at 6 months
between the RPM-only group and the usual care group,
adjusted mean (95% ClI): 144.9 (143.3-146.5) versus 146.6
(145.4-147.8) mm Hg (p=0.048); office SBP in the care
coordination cohort did not significantly differ from usual
care. Few patients had antihypertensive medication intensi-
fication in the first 3 months (N=272/2,451; 11%). By
6 months, 21.4% of the care coordination cohort, 15.8% of
the RPM-only cohort, and 16.9% of the usual care cohort had
antihypertensive medication increased (adjusted p-values
0.04 and 0.03 care coordination with RPM vs. usual care and
vs. RPM only, respectively).
Results for the general hypertensive cohorts are in
and (available in the online
version).

Additional Results
In both sets of cohorts, controlling high BP assessed using
office BPs alone did not differ significantly across groups at 3
or 6 months ( and 2, available in
the online version). Comparisons of health care utilization
( , 57, and $8; available in the
online version), remotely measured BPs (

, S9, , available in the online version), and the
results of the physician survey and qualitative observations

from the nurse care coordinators are provided in the
(available in the online version).

Discussion

We introduced RPM for BP for Medicare patients in two
practices with nurse care coordinator support and two
practices without care coordination. In care coordination
practices, RPM uptake was spread over a higher proportion of
PCPs than in noncare coordination practices. Patients pre-
scribed RPM in the care coordination practices had higher
average baseline SBP and were more likely to use RPM once
prescribed compared with patients prescribed RPM in non-
care coordination practices. Patients prescribed RPM from
the noncare coordination practices were more likely to have
heart failure. Compared with baseline, after 6 months among
patients prescribed RPM, 54% more patients from the care
coordination practices and 25% more patients from the RPM-
only practices met the controlling high BP measure. Changes
in the intensity of antihypertensive medication treatment
were common among RPM-prescribed patients with about a
third receiving medication intensification and 14% receiving
a reduction. In a priori-selected uncontrolled hypertension
cohorts, at 3 and 6 months, patients from RPM with care
coordination practices had an increased odds of controlled
high BP compared with usual care practices. Given the low
rates of prescribing RPM in noncare coordination practices, it
is not surprising that similar differences were not observed
for RPM only.

We suspect the reasons for the low RPM uptake we
observed particularly among the RPM practices that did
not have care coordination are multifactorial. In our survey,

Applied Clinical Informatics  Vol. 14 No. 3/2023 © 2023. The Author(s).
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Baseline characteristics for uncontrolled hypertension cohorts as of February 15, 2021

RPM clinics with RPM clinics without | Usual care
care coordination | care coordination
Patients, No. 234 600 1,617
Practices, No. 2 2 20
Age mean, y (SD) 73.1 (5.0) 74.4 (5.6) 73.8 (5.3)
Female, No. (%) 153 (65.4) 422 (70.3) 958 (59.3)
Ethnic/race, No. (%)
Hispanic 6 (2.6) 35 (5.8) 91 (5.6)
Non-Hispanic Black 44 (18.8) 217 (36.2) 232 (14.3)
Non-Hispanic White 161 (68.8) 286 (47.7) 1,116 (69.0)
Other/unknown 23 (9.8) 62 (10.3) 178 (11.0)
Site, No. (%)
Site A N/A 526 (87.7) N/A
Site B N/A 74 (12.3) N/A
Site C 118 (50.4) N/A N/A
Site D 116 (49.6) N/A N/A
Primary language, No. (%)
English 229 (97.9) 576 (96.0) 1,484 (91.8)
Spanish 4(1.7) 16 (2.7) 36 (2.2)
Other 1(0.4) 8 (1.3) 97 (6.0)
Chronic conditions, No. (%)
Atrial fibrillation (paroxysmal) 18 (7.7) 51 (8.5) 118 (7.3)
Chronic kidney disease 22 (9.4) 58 (9.7) 137 (8.5)
Coronary heart disease 26 (11.1) 95 (15.8) 268 (16.6)
Diabetes mellitus 68 (29.1) 187 (31.2) 429 (26.5)
Heart failure 7 (3.0) 34 (5.7) 70 (4.3)
Average SBP (SD) February 16, 2020 to February 15, 2021, 154.3 (12.7) 153.0 (11.2) 152.1 (11.9)
mm Hg
Average DBP (SD) February 16, 2020 to February 15, 2021, 79.1 (8.6) 80.4 (9.0) 79.8 (9.1)
mm Hg
Blood pressure measurements February 16, 2020 to February 15,
2021, No. (%)
1 118 (50.4) 253 (42.2) 685 (42.4)
2 70 (29.9) 184 (30.7) 505 (31.2)
3 or more 46 (19.7) 163 (27.2) 427 (26.4)
In-person/telehealth visits February 16, 2020 to February 15,
2021, No. (%)
1 83 (35.5) 178 (29.7) 479 (29.6)
2 67 (28.6) 148 (24.7) 469 (29.0)
3-4 66 (28.2) 176 (29.3) 470 (29.1)
5 or more 18 (7.7) 98 (16.3) 199 (12.3)

Abbreviations: DBP, diastolic blood pressure; N/A, not available; RPM, remote pulse monitoring; SBP, systolic blood pressure; SD, standard deviation.

physicians identified uncertainties about patients’ out-of-
pocket cost and feeling that RPM was not needed for patients
who were already home monitoring as significant reasons for
not prescribing RPM. For practices without care coordina-
tion, time constraints, lack of dedicated staff, unfamiliarity

Applied Clinical Informatics  Vol. 14 No. 3/2023 © 2023. The Author(s).

with the ordering process, and concerns about the amount of
time required to manage patients doing RPM were factors
described by PCPs. We did not survey patients to identify
patient reasons for not initiating RPM or for discontinuing it.
Authors describing another hypertension remote monitoring
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vs. RPM only

0.03

vs. usual care

0.60

p-Value RPM with | p-Value, RPM only | p-Value RPM with CC

CC vs. usual care

0.04

Usual care
(n=1,617)
140 (8.7)

273 (16.9)

273 (16.9)

600)
65 (10.8)

RPM clinics without

care coordination

(n
95 (15.8)

95 (15.8)

234)

21 (9.0)

care coordination
50 (21.4)

RPM clinics with
(n

50 (21.4)

(Continued)
Any decrease
Any increase

intensification increased, No. (%)

Antihypertensive medication

Applied Clinical Informatics

Vol. 14

Abbreviations: BP, blood pressure; CC, care coordination; Cl, confidence interval; DBP, diastolic blood pressure; IQR, interquartile range; N/A, not available; Ref., reference; RPM, remote pulse monitoring; SBP,
“Predicted SBP from the model adjusted for age, gender, race, no. of office visits at baseline, and average SBP at baseline. When multiple blood pressure measurements were available on the same day, the average

systolic blood pressure; SD, standard deviation.

No. 3/2023

was used.
bWhen multiple blood pressure measurements were available on the same day, the lowest SBP and the lowest DBP were used according to the measure specifications.

© 2023. The Author(s).

program surveyed patients who dropped out before com-
pleting the program goals and found the belief that BP was
controlled, a lack of willingness to increase medication, the
desire to work directly with their physician rather than a care
team, and perceived inconvenience to be reasons for partici-
pant withdrawal.'®

The fact that we observed improvements in our measure
of controlling high BP that includes the use of remotely
obtained BP values but did not see comparable reductions
in office SBP or an alternative measure of controlling high BP
using solely office BPs speaks to the importance of using out-
of-office BPs in the management of hypertension. The down-
ward trajectories of SBP over time as measured by home BP
readings suggest that differences in the assessment of hy-
pertension control observed between measures using RPM
and office readings versus office readings alone are not
merely due to hypertensive individuals having higher read-
ings in the office than at home.

These findings, particularly those from the care coordi-
nation group are consistent with prior literature showing
overall positive effects of out-of-office BP when combined
with telemonitoring interventions.>™* It is notable that
compared with usual care cohorts, controlling high BP
was better in the care coordination group even though
the care coordination approach tested here was not a
particularly high intensity cointervention. Several other
prior successful remote BP monitoring interventions in-
volved more extensive clinical contact.'”~2° The low uptake
among the RPM-only group and the differences we ob-
served between groups highlights the major role care
coordination played in proactively engaging patients who
had uncontrolled office BP.

Strengths and Limitations

A major study strength was the use of EHR data to enable a
prospective cohort design and follow these cohorts for
6 months. The main limitation was that randomization
was not feasible. The intervention practices were selected
a priori, so patients and physicians at intervention practices
could be different from those elsewhere in the medical
group. Controlling for differences in important baseline
variables should alleviate much of this bias, but residual
unmeasured confounding is possible. Second, we observed
fairly low uptake of RPM, and only small percentages of the
intervention cohorts received RPM. Greater RPM uptake
would have allowed us to better judge the effects of RPM
in these patient populations. What this does provide, how-
ever, is a real-world evaluation of effectiveness. Third, since
patients could be prescribed RPM at any time during the
study and since the 6-month follow-up was fairly short, the
duration of use varied, and was brief in some cases. Longer
follow-up may have shown different findings. Fourth, we did
not survey patients, so cannot say what factors were barriers
or facilitators to initial RPM prescription and its use once
prescribed. Fifth, the generalizability of these findings to
other settings and in particular to populations with greater
numbers of non-English speakers is not known. Lastly, in this
study, registered nurses performed care coordination, and



the findings may have differed if coordinators with a differ-
ent level of training had been involved.

Conclusion

In an observational comparative effectiveness study, RPM for
hypertension supported by nurse care coordinators led to
enrollment of a higher proportion of eligible hypertensive
Medicare patients compared with RPM enrollment delivered
only at the discretion of patients’ PCPs and was directed at
patients with higher baseline BPs. BP control in the uncon-
trolled hypertension cohort from the care coordinator-sup-
ported practices was greater at 3 and 6 months compared
with a control cohort.

Clinical Relevance Statement

Within primary care practices, proactive outreach and care
coordination to support RPM for hypertension can be used to
substantially increase RPM enrollment directed at Medicare
patients with uncontrolled hypertension. In the example
described here, this led to measurable differences in the
rate of controlling high BP.

Multiple-Choice Questions

1. In this study comparing the introduction of RPM for BP
into primary care practice for Medicare patients with and
without nurse care coordination, which of the following
differences occurred between RPM-prescribed patients?
a. Among patients who used the BP monitor, the number

of uses per month was lower and time to stopping
monitoring was sooner in practices that did not have
care coordination support.

b. Among patients prescribed RPM, patients in the practi-
ces with care coordination were more likely to success-
fully start to self-monitor than were RPM-prescribed
patients from practices without care coordination.

c. Patients prescribed RPM from practices without care
coordination had higher baseline BPs than RPM-pre-
scribed patients from care coordination practices.

d. Among patients prescribed RPM, patients in the prac-
tices with care coordination were more likely to have
their antihypertensive medical regimens increased
than were RPM-prescribed patients from practices
without care coordination.

Correct Answer: The correct answer is option b. Among
patients prescribed RPM from clinics with care coordina-
tion, a greater proportion started transmitting remote BP
values and they were more likely to transmit 12 or more
values. Among RPM users, there were not significant
differences in the uses per month or duration of use.
RPM-prescribed patients from the care coordination prac-
tices had higher baseline SBP than the patients from the
practices without care coordination, but the proportion
with their antihypertensive medication regimen intensi-
fied did not differ.

Remote Monitoring and Care Coordination Persell et al.

2. In the cohorts followed here of Medicare patients with
uncontrolled hypertension from practices that had RPM
with care coordination introduced, RPM introduced
without care coordination, or did not have RPM intro-
duced (usual care), which of the following was true at 6
months?

a. Controlling high BP (<140/90 mm Hg) was more likely
in practices that had RPM introduced with care coordi-
nation compared with usual care, but there was no
difference in most recent office BP.

b. There were no differences in controlling high blood
pressure between any of the groups at 6 months.

c. Controlling high blood pressure (<140/90 mm Hg) was
more likely in practices that had RPM introduced with
care coordination compared with usual care and most
recent office BP was lower.

d. Controlling high blood pressure (<140/90 mm Hg) was
more likely both in practices that had RPM introduced
with care coordination and without care coordination
compared with usual care.

Correct Answer: The correct answer is option a. The
adjusted odds of meeting the performance measure con-
trolling high blood pressure was greater in the care
coordination practices. This measure uses the BP from
the most recent day on which BP was obtained both from
in the office and RPM. Few patients in the cohort from the
practices without care coordination adopted RPM and the
BP outcomes did not differ.

These findings of this stdy were presented in part and in
abstract form at the American College of Cardiology
(ACC.22) National Meeting in Washington, DC, on April 2,
2022,

This study was approved by the Northwestern University
Institutional Review Board. All data used were obtained in
the course of routine medical care with a waiver of
informed consent.

This study is registered with ClinicalTrials.gov (identifier:
NCT04764318).

The Northwestern University investigators were solely
responsible for the design and conduct of the study;
collection, management, analysis, and interpretation of
the data; preparation and approval of the manuscript;
and decision to submit the manuscript for publication.
All analyses were conducted by the Northwestern
University employees. Employees from Omron Health-
care Co. Ltd participated and provided input into
study meetings and reviewed the manuscript. The
Northwestern University investigators retained the right
to publish and what content to publish independent of
the funder.
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