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Remote Monitoring Compared With
In-Office Surveillance of Blood Pressure in

Patients With

Pregnancy-Related Hypertension
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OBJECTIVE: To compare the rate of blood pressure
ascertainment within 10 days of postpartum discharge
among individuals with hypertensive disorders of preg-
nancy randomized either to in-office blood pressure
assessment or at-home monitoring.

METHODS: This was a multisite randomized controlled
trial of postpartum patients diagnosed with a hyperten-
sive disorder of pregnancy before discharge between
April 2021 and September 2021 and was performed at
two academic training institutions. Patients were ran-
domized to either an in-office blood pressure check or

remote monitoring through a web-enabled smartphone
platform. The primary outcome was the rate of any
blood pressure ascertainment within 10 days of dis-
charge. Secondary outcomes include rates of initiation
of antihypertensive medication, readmission, and addi-
tional office or triage visits for hypertension. Assuming a
10-day postdischarge blood pressure ascertainment
rate of 50% in the in-office arm, we estimated that
186 participants would provide 80% power to detect a
20% difference in the primary outcome between
groups.
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RESULTS: One hundred ninety-seven patients were
randomized (96 remote, 101 in-office). Patients with
remote monitoring had higher rates of postpartum
blood pressure ascertainment compared with in-office
surveillance (91.7% [n=88] vs 58.4% [n=59]; P<<001).
There were 11 (11.5%) patients in the intervention arm
whose only qualifying blood pressure was a postdi-
scharge in-person ascertainment, yielding a true
remote monitoring uptake rate of 80.2%. In those with
remote blood pressure uptake (n=77), the median
number of blood pressure checks was 15 (interquartile
range 6-26) and the median duration of remote mon-
itoring use was 14 days (interquartile range 9-16).
There were no differences in rates of readmission for
hypertension (5.0% [n=5] vs 4.2% [n=4], P=.792) or
initiation of antihypertensive medications after dis-
charge (9.4% [n=9] vs 6.9% [n=7], P=530). Rates of
unscheduled visits were increased in the remote mon-
itoring arm, but this did not reach statistical signifi-
cance (5.0% [n=5] vs 12.5% [n=12], P=.059). When
stratifying the primary outcome by race and random-
ization group, Black patients had lower rates of blood
pressure ascertainment than White patients when as-
signed to in-office surveillance (41.2% [n=14] vs 69.5%
[n=41], P=.007), but there was no difference in the
remote management group (92.9% [n=26] vs 92.9%
[n=52], P>.99).

CONCLUSION: Remote monitoring can increase post-
partum blood pressure ascertainment within 10 days of
discharge for women with hypertensive disorders of
pregnancy and has the potential to promote health
equity.
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he prevalence of hypertensive disorders of preg-

nancy is increasing, and they complicate up to 8%
of pregnancies.! These disorders are associated with
long-term cardiovascular disease and are the leading
cause of postpartum readmission.!»? Hypertensive dis-
orders of pregnancy contribute to 7.1% of all maternal
deaths in the United States.® Postpartum stroke is the
leading cause of mortality related to hypertensive dis-
orders of pregnancy and is at its maximum risk within
10 days of discharge after delivery.* The American
College of Obstetricians and Gynecologists (ACOG),
therefore, recommends that patients with hyperten-
sive disorders of pregnancy present for a blood pres-
sure check within 7-10 days postpartum, which is
traditionally performed in-person at the office where
patients received obstetric care.” Despite this recom-
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mendation, it has been estimated that up to 70% of
patients do not present for follow-up.®

Telehealth is a promising intervention that has
been shown to improve patient satisfaction without
compromising the patient-physician relationship.”
Evidence suggests remote blood pressure monitoring
may be a feasible, cost-effective strategy for managing
postpartum hypertension.®? We tested the hypothesis
that remote blood pressure monitoring would increase
the rates at which postpartum patients would record
their blood pressure shortly after hospital discharge.

METHODS

This multisite randomized controlled trial was
approved by the Prisma Health IRB with IRB reliance
for the other site and was conducted between April
2021 and September 2021 at two academic training
institutions. Patients were eligible for inclusion if they
were postpartum and were diagnosed with gestational
hypertension, preeclampsia, or chronic hypertension
with superimposed preeclampsia in the antenatal or
immediate postpartum period of the delivery admis-
sion. Diagnoses were made using ACOG criteria.!
Patients were excluded from participation if they were
younger than age 18 years, did not speak English, had
body mass indexes (BMIs, calculated as weight in
kilograms divided by height in meters squared) of
50 or higher, or did not have a phone with unlimited
texting capability or the ability to receive calls.
Patients with BMIs of 50 or higher were excluded to
ensure accuracy of patient-acquired blood pressure
measurements.

Members of the research team approached eligi-
ble patients on the postpartum floor. For patients who
agreed to participate, the team obtained written
informed consent and block randomization was per-
formed using REDCap. Patients were randomized to
an in-person outpatient blood pressure check within
10 days of discharge or remote blood pressure
monitoring using a home blood pressure cuff and
smartphone application (app). Patients in the clinic-
based follow-up group were given the date and time of
their appointment at time of discharge; patients
assigned to remote monitoring were provided with
an appropriately sized home blood pressure cuff and
instructed on proper use for accurate measurements.
Patients downloaded and installed the smartphone
app on their personal cell phone. They were in-
structed to take their blood pressure daily and
educated on how to manually input their blood
pressure within the app. All blood pressures docu-
mented within the app were automatically uploaded
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to a secure web-based platform for remote review by
designated physicians at each site.

The study team designed a blood pressure triage
protocol after input from health care professionals
caring for postpartum patients and nursing leadership
at each clinical site (Appendix 1, available online at
http://links.Ilww.com/AOG/D317). If patients docu-
mented an elevated blood pressure (140 or higher/90
or higher), they received a text-based survey to assess
for symptoms of visual changes, right upper quadrant
pain, or headache. A 24/7 on-call operator employed
by the remote blood pressure monitoring service con-
tacted patients if they did not respond to the survey,
reported clinical symptoms that could be consistent
with preeclampsia with severe features, or reported a
second blood pressure measurement 160 or higher/100
or higher. Although 160 or higher/110 or higher is the
accepted range for a severe blood pressure, a diastolic
blood pressure of 100 or higher was chosen after dis-
cussion with nonresearch clinical staff and concern for
patient safety with use of a higher threshold with
remote monitoring. If patients reported clinical symp-
toms or blood pressure 160 or higher/100 or higher,
they were instructed to present to the labor and deliv-
ery obstetric triage unit at each site for further evalua-
tion. The on-call operator was not responsible for
further assessment or provision of medical advice. Oth-
erwise, their blood pressures were reviewed daily by
the assigned physicians on the secure web-based plat-
form. If patients had persistent blood pressures of 150
or higher/100 or higher, they were individually con-
tacted by a physician and either initiated or up-titrated
on antihypertensive medication as outlined in the
blood pressure triage protocol. Remote monitoring of
patient blood pressures continued for 16 days postdi-
scharge, after which patients could no longer enter
measurements into the app. All patients received a sur-
vey by email 16 days after discharge to assess their
attitude toward and comfort with remote blood pres-
sure monitoring. Patients enrolled in remote monitor-
ing had additional survey questions related to their use
of the blood pressure cuff and smartphone software. If
patients did not respond, they received a single
reminder email after 7 days.

The primary outcome of this study was the
ascertainment of any blood pressure within 10 days
postpartum. Patients assigned to remote monitoring
were considered to have satisfied the primary out-
come even if their qualifying blood pressure was
attained in-person, but after discharge. Secondary
outcomes included rates of initiation or up titration
of antihypertensive medications, unscheduled outpa-
tient or obstetric triage visits for hypertension, read-
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mission for hypertension, and attending standard
postpartum follow-up 6-8 weeks after delivery. A uni-
variate subanalysis was performed comparing the dif-
ference in the primary outcome among different races
and ethnicities.

We calculated a sample size using previously
published data from a study by Hirshberg et al'® that
used text-based remote blood pressure monitoring. In
their cohort, a blood pressure was obtained within 10
days of discharge in 43.7% of patients who were
undergoing usual care and in 92.2% of patients who
were using text-based monitoring. Using an estimate
of a 50% rate of blood pressure ascertainment with
usual care and a more conservative estimate of 70%
with remote monitoring, as well as a two-sided alpha
of 5% and 80% power to detect a 20% difference in the
primary outcome between groups, we calculated a
total sample size of 186, with 93 patients per arm.

Statistical analysis was performed using STATA
16. Continuous variables were assessed for normality
using the Shapiro-Wilk test. All continuous variables
demonstrated a nonparametric distribution, and the
Wilcoxon rank sum test was, thus, used for compari-
son. Categorical variables were compared using the x?
test or Fisher exact test, as appropriate. Demographic
data were patient-reported as documented in the med-
ical record. Race was purposefully included because
Black patients experience higher morbidity and mor-
tality related to hypertensive disorders of pregnancy,
and our hope was that remote monitoring could
improve outcomes for this group of pregnant people.

RESULTS

Of the 273 postpartum patients approached for
enrollment in the study, 71 declined to participate,
four withdrew consent after randomization, and one

Patients with hypertensive
disorder of pregnancy
(n=273)
N Declined
¢ (n=71)
v
Randomized
(n=202)
Excluded (n=5)
P Withdrew: 4
Ineligible: 1
N y

Office-based blood
pressure check
(n=101)

Remote monitoring
(n=96)

Fig. 1. Participant flowchart.
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was deemed ineligible after study completion due to
being misclassified as having a diagnosis of a hyper-
tensive disorder of pregnancy. The final study pop-
ulation included 197 patients, with 101 in the office-
based monitoring group and 96 in the remote
monitoring group (Fig. 1). The study arms were bal-
anced, with no differences in baseline (Table 1) or
prehospital discharge obstetric outcomes (Table 2),
including receipt of magnesium for seizure prophy-
laxis, administration of intravenous antihypertensive
medications while inpatient, and rates of requiring
oral antihypertensive medications at discharge.

Patients randomized to the remote monitoring
arm had significantly higher rates of blood pressure
ascertainment within 10 days of discharge (91.7% vs
58.4%, P<.001) (Table 3). There were 11 (11.5%)
patients in the intervention arm whose only qualifying
blood pressure was a postdischarge in-person ascer-
tainment, yielding a true remote monitoring uptake
rate of 80.2%. In those who had at least one remote
blood pressure measure (n=77), the median number
of blood pressure checks was 15 (6-26) and the
median duration of remote monitoring use was 14
days (9-16). There were no significant differences in
rates of antihypertensive initiation or up-titration post-
discharge (9.4% vs 6.9%, P=.530), readmission for
hypertension (5.0% vs 4.2%, P=.792), or unscheduled
visits for hypertension (5.0% vs 12.5%, P=.059) com-
pared with office-based monitoring. Overall, atten-
dance at postpartum visits was high regardless of
treatment arm (78.1% vs 70.3%, P=.210).

When the primary outcome was stratified by race
and randomization group, a smaller percentage of
Black patients assigned to in-office surveillance had
their blood pressures checked, compared with White
patients (41.2% vs 69.5%, P=.007), but there was no
difference for patients assigned to remote manage-
ment (92.9% vs 92.9%, P>.99 [Fig. 2]). There were
not enough patients in the other racial or ethnic cate-
gories for further analysis. Primary and secondary
outcomes stratified by race and randomization group
are depicted in Table 4.

Only 47 (23.9%) patients completed the poststudy
survey: 19 (40.4%) were assigned to in-office surveil-
lance and 28 (60.6%) to remote monitoring. Of the
respondents, 91.4% either somewhat or strongly
agreed that blood pressure follow-up is important
for long-term health. Of those randomized to office-
based monitoring, 52.6% reported that they would
have preferred to monitor their blood pressure at
home rather than present to an in-person visit. Of
those enrolled in remote monitoring, 96.4% were
either comfortable or very comfortable with home
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Table 1. Demographics

Blood Pressure Monitoring

In-Office
(n=101)

Remote

Characteristic (n=96)

Age (y) 28.9 (23.7-32.2) 29.9 (23.3-33.6)
Race
Asian 0 (0.0) 3 (3.0
Black 28 (29.2) 34 (33.7)
Hispanic 11 (11.5) 4 (4.0)
White 56 (58.3) 59 (58.4)
None of the above 1(1.0) 1(1.0)
Insurance
Private 36 (37.5) 39 (38.6)
Medicaid 59 (61.5) 58 (57.4)
None 1(1.0) 4 (4.0)
BMI at Tst visit (kg/m?) 32.9 (26.2-39.6) 34.1 (26.7-39.4)
Tobacco use
None 68 (70.8) 59 (59.0)
Former 16 (16.7) 28 (28.0)
Current 12 (12.5) 13 (13.0)
Chronic HTN 17 (17.7) 26 (26.0)
Diabetes
Gestational 20 (20.8) 10 (9.9)
Type 2 5(5.2) 2 (2.0)
Type 1 1(1.0) 2 (2.0)
Renal disease* 11 (11.6) 11 (10.9)
Timing of diagnosis
Antepartum 57 (59.4) 70 (69.3)
Intrapartum 29 (30.2) 25 (24.8)
Postpartum 10 (10.4) 6 (5.9)
Gestational age at 37.5 (34.5-39.1) 37.3 (34.1-38.7)
delivery (wk)
Disease severity
Gestational HTN 42 (43.8) 37 (36.6)
Preeclampsia without 7 (7.3) 15 (14.9
severe features
Preeclampsia with 43 (44.8) 48 (47.5)
severe features
HELLP syndrome 2(2.1) 0 (0.0)
Eclampsia 2 (2.1) 1(1.0)

BMI, body mass index; HTN, hypertension; HELLP, hemolysis,
elevated liver enzymes, and low platelet count.

Data are median (range) or n (%) unless otherwise specified.

* Chronic or acute renal insufficiency antepartum, intrapartum, or
postpartum before discharge.

blood pressure monitoring; one respondent remained
neutral.

DISCUSSION

In this randomized controlled trial evaluating post-
partum blood pressure monitoring, we found that
remote monitoring increased the rate of blood pres-
sure ascertainment within 10 days of hospital discharge
after delivery and erased the disparity in ACOG
guideline—concordant care between Black and White
patients in the remote arm. These findings are
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Table 2. Obstetric Outcomes

Blood Pressure Monitoring

Remote In-Office
Outcome (n=96) (n=101)
Induction 67 (69.8) 62 (61.4)
Mode of delivery
Spontaneous vaginal 50 (52.1) 59 (58.4)
Operative vaginal 4 (4.2) 1(1.0)
Unscheduled cesarean 38 (39.6) 37 (36.6)
Scheduled cesarean 4 (4.2) 4 (4.0)
IV antihypertensive 56 (58.3) 68 (67.3)
Magnesium 51 (53.1) 58 (57.4)
Discharge on oral 39 (40.6) 47 (46.5)

antihypertensive

1V, intravenous.
Data are n (%).

consistent with evidence from other trials that found
increased blood pressure ascertainment in patients
participating in remote monitoring.%!° Moreover, the
total number of blood pressures recorded and duration
of monitoring among remote monitoring participants
was greater than the data obtained through the current
standard of care. Therefore, remote monitoring pre-
sents an opportunity to improve follow-up for patients
with hypertensive disorders in the postpartum period.

Neither the number of unscheduled visits for
hypertension nor the number of antihypertensive
medications initiated after discharge differed signif-
icantly between groups, which is consistent with
prior studies.® Though not statistically significant,
the remote monitoring group had an increased num-
ber of unscheduled ambulatory visits, primarily in
the hospital obstetric triage. This increase likely
reflects that the protocol for the remote monitoring
group worked as intended as it identified patients at
risk of complications and in need of further evalua-
tion. However, it is unclear whether this increased
use of resources decreased the rate of hypertension-
related complications. Notably, the improved rate of
follow-up did not translate into fewer readmissions,
which contrasts with previous studies.%” Due to the
low postpartum readmission rate, it is possible we
were underpowered to assess this important clinical
outcome. To reduce the number of higher-cost emer-
gent visits, it would be prudent to establish safe pro-
tocols for further evaluation of patients in the
outpatient, rather than inpatient, setting. However,
it is important to note that this study was not pow-
ered for these secondary outcomes when taking these
results into consideration for future studies and
protocols.
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Fig. 2. Blood pressure ascertainment in each arm, stratified
by race.
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In our study, remote monitoring eliminated the
disparity in postpartum blood pressure ascertain-
ment between Black and White patients. Inequities in
social determinants of health, and root causes includ-
ing racism and discrimination, contribute to
increased barriers to care for people with historically
marginalized identities, including lower attendance
at postpartum visits by Black individuals.!!~1> Black
patients are disproportionately affected by pre-
eclampsia and more likely to experience maternal
and fetal complications related to hypertensive dis-
orders of pregnancy in the postpartum period.!6-19
As hypertensive disorders of pregnancy are among
the most preventable causes of maternal mortality, it
is imperative to seek improvement in this domain.
Our study adds to the evidence that remote access
strategies reduce racial disparities in utilization of
postpartum care, including hypertension-related fol-
low-up.2%2! However, remote monitoring in isola-
tion will not solve the systematic issues that
contribute to poorer outcomes for Black patients.
Moreover, future studies will need to examine
whether the observed reduction in racial disparities
in postpartum blood pressure ascertainment trans-
lates to better clinical outcomes, thus promoting
health equity.

There are several strengths to our study. This
was a well-powered multicentered randomized
controlled trial, which reduces the effect that
confounding factors may have on the results. There
was a well-established prespecified postpartum

Remote Blood Pressure Monitoring Postpartum 859



Table 3. Postdischarge Outcomes

Blood Pressure

Monitoring
Remote  In-Office
Outcome (n=96) (n=101) P
Primary outcome
Blood pressure attained 8 (91.7) 59 (58.4) <.001
within 10 d
Secondary outcomes
Antihypertensive 9 (9.4) 7 (6.9) .530
initiated after
discharge
Unscheduled visits for 12 (12.5) 5 (5.0) .059
hypertension
Readmission for 4 (4.2) 5 (5.0 792
hypertension
Attended postpartum 5(78.1) 71 (70.3) 210

visit

Data are n (%) unless otherwise specified.

hypertension triage protocol that was adhered to
throughout the study time frame. This protocol, as
well as the limited number of physicians monitor-
ing and interpreting remote blood pressures, likely
improved consistency in clinical management of
patients. Lastly, this trial purposefully included two
of the largest-volume obstetric institutions in the
state, where remote monitoring had not previously
been studied, resulting in a diverse study popula-
tion of high-risk patients affected by hypertensive
disorders of pregnancy and allowing for a high
degree of generalizability.

There are also limitations to our study. Partici-
pants in this study comprised a diverse group, but our
study excluded patients who did not speak English,
thus limiting application to non-English-speaking
patients. Although this study was powered to detect a

difference in blood pressure ascertainment rates, it
was not powered for our secondary outcomes, par-
ticularly readmission rate. Recent studies show that an
estimated 2.5-5.1% of patients with hypertensive dis-
orders of pregnancy are readmitted due to
hypertension-related issues.?>?3 Based on these data, a
larger sample size would be necessary to analyze this
important, though relatively uncommon, event.
Another crucial element for instituting remote moni-
toring is patient satisfaction. Multiple studies have
shown that patients prefer remote monitoring.%10:24
Patient satisfaction was an intended secondary out-
come for our study as well, but too few patients re-
sponded to perform a meaningful analysis. Large-
scale implementation of remote blood pressure mon-
itoring would require more staff and technology, par-
ticularly for practices caring for high numbers of
patients with hypertensive disorders of pregnancy.
We recognize that not all institutions may have staff
resources to support remote monitoring platforms,
which would limit generalizability of this approach.
It is unclear whether the reduction of in-office visits
would counter the increased resource need for remote
monitoring. Before practices and hospital systems can
adopt remote monitoring, large-scale analysis of cost
and effect on long-term hypertensive complications
will be necessary. Our study adds to the body of evi-
dence that remote monitoring for postpartum hyper-
tension is feasible and effective for a variety of patient
populations, though cost analyses and long-term out-
comes have rarely been assessed.5910-24

In conclusion, the postpartum period has been
identified as a particularly useful target for telehealth
interventions. Our findings suggest that remote blood
pressure monitoring is not only feasible, but signifi-
cantly improves blood pressure ascertainment with
the potential to promote health equity.

Table 4. Postdischarge Outcomes Stratified by Race and Randomization Group

Blood Pressure Monitoring

Remote (n=384)

In-Office (n=93)

Black (n=28) White (n=56) P Black (n=34) White (n=59) P

Primary outcome

Blood pressure attained within 10 d 26 (92.9) 52 (92.9) >99 14 (41.2) 41 (69.5) .007
Secondary outcomes

Antihypertensive initiated after discharge 5 (17.9 (5.4) 1100 2 (5.9) 3 (5. >.99

Unscheduled visits for hypertension 4 (14.3 (12.5) >99 2 (5.9 3 (5.1) >.99

Readmission for hypertension 2(7.1) (3.5) .600 (5 9) 2 (3.4) .621

Attended postpartum visit 19 (67.9) 5 (80.4) 205 8 (52.9) 48 (81.4) .004

Data are n (%) unless otherwise specified.
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