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Remote Patient Monitoring of Blood Pressure Is Feasible
Poststroke and Can Facilitate Triage of Care
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Abstract
Background and Purpose: Strict blood pressure (BP) control is a universally accepted therapeutic intervention
in the prevention of secondary stroke, yet this remains difficult when patients return home postinjury. This study
aimed to investigate the application of the remote patient monitoring (RPM) of BP in patients after stroke, or who
were at immediate risk of stroke, and the subsequent outcomes relating to triage and escalation of care.
Methods: This was a single-center proof-of-concept study. Participants were patients aged 18 years and older
with a diagnosis of stroke or who were at immediate risk of stroke. Patients were enrolled into the precision re-
covery program (PRP) and asked to assess their BP and heart rate daily and enter values into a MyCap application
for the RPM program. These data were reviewed daily by an assigned PRP clinician, and weekly Zoom meetings
were held with the patient. Care was triaged and escalated to a physician as indicated.
Results: Twelve patients (5 [42%] female, aged mean [range] 63 [43–84] years) met the inclusion criteria and
continued in the program for median (range) 136 (8–227) days. The median (range) number of excursions of
BP above limits per participant was 19 (0–79) for systolic and 36 (0–104) for diastolic. A total of 16 triage events
(median [range] 1 [0–3]) were initiated for escalation of care.
Conclusions: This study demonstrated that RPM is feasible in patients poststroke or at immediate risk of stroke,
and facilitates the triage of care when BP is elevated above recommended limits.
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Introduction
Stroke is the third leading cause of long-term disability
and the second leading cause of mortality worldwide.1

In the United States, a stroke occurs every 40 sec,
resulting in *795,000 instances of stroke each year.2

Of these, almost one quarter are considered recurrent

strokes.2 After discharge from the health system after
acute stroke care, there is limited structured monitor-
ing of vital signs and symptom evolution, creating a
disconnect between patient and health system that
may pose safety risks. Strict blood pressure (BP) con-
trol is a universally accepted therapeutic intervention
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in the prevention of secondary stroke, yet this remains
difficult when patients return to the home setting.3–7

Traditional models of stroke care lack an integration
of remote patient monitoring (RPM) to assist with the
management of BP in the home setting, including as-
sessment of patient compliance with postdischarge rec-
ommendations. Although in-person follow-up visits
are generally scheduled on a tri-annual basis, these en-
counters fail to capture day-to-day BP variability. More
regular measures are crucial to the success of BP man-
agement strategies in individuals after stroke.8–10

A lack of structured monitoring of physiological data
(i.e., BP, heart rate [HR]) or symptom evolution (i.e.,
motor control, speech and language, functional status,
cognitive status) makes it difficult to identify precipitat-
ing factors of clinical deterioration at an earlier stage.
This lack of early detection may potentially result in de-
velopment of more severe sequelae including worsen-
ing neurological presentation.11–13

RPM is the regular transmission of health data from
the patient’s location to a health care provider (usually
at a hospital or clinic).14 Telehealth, in the form of
RPM, presents a potential solution for improved mon-
itoring of BP poststroke. Although the use of RPM has
been used more widely in older adults with cardiac, re-
spiratory, and metabolic conditions, the use of this
technology remains limited in poststroke cohorts.15–18

Previous study investigated the use of digital BP
measurement and role of behavioral intensification
strategies for improving management of BP in the
home.19,20 These studies primarily focused on the fea-
sibility of behavioral intensification to promote adher-
ence to remote BP monitoring without investigating
clinical outcomes. Therefore, this study aimed to inves-
tigate the application of the RPM of BP in patients after
stroke, or those with elevated risk of stroke, and the
subsequent outcomes relating to triage and escalation
of care.

Materials and Methods
Study design
This was a single-center proof-of-concept study con-
ducted between January 2020 and August 2020. Appro-
val was obtained by the institutional review board
(IRB no. 20-01653) for retrospective review of all clin-
ical data for the precision recovery RPM program.
Informed consent was waived by the institutional re-
view board as precision recovery program (PRP) was
a part of clinical care.

Participants
Participants were patients enrolled in the PRP at
Mount Sinai Health System during the 7-month study
period. Referrals to the PRP were received from the
health system’s inpatient and outpatient neurosurgical
and neurology departments.

Requirements for participation in the program were
being aged >18 years with diagnoses of stroke or imme-
diate risk of stroke, and having access to a smart device
or dial up telephone. Patients who met inclusion crite-
ria were referred to the program by message to the
PRP clinicians through the health system’s electronic
medical record (EPIC), or through e-mail referral
from the referring physician. Patients were contacted
by the PRP team, and scheduled for an onboarding ses-
sion through Zoom (Zoom Video Communications,
Inc., San Jose, CA).

Precision recovery onboarding
During onboarding, a PRP clinician (physical thera-
pist, nurses, physician assistants) collected baseline in-
formation including patient history including date of
stroke, recommended BP parameters as indicated by
the referring physician, and medications prescribed,
and guided the patient through downloading the
MyCap smartphone application. After this, the patient
was asked to take his or her BP using an Omron digital
BP cuff provided to the patient (Omron Healthcare
Inc., Lake Forest, IL).

Devices were mailed to the patient before the initial
onboarding session or provided to the patient at time of
discharge if being referred to the program from the
in-patient setting. During this session, a PRP clinician
supervised the patient entering BP and HR data into
the daily symptom log within the MyCap application.
Those without access to a smart device were advised
that they would be contacted daily by a team member
of the PRP to verbally obtain the requested data.

Precision recovery MyCap application
Members of the PRP developed a data collection
tool using Research Electronic Data Capture (REDCap)
electronic data capture tools hosted at Mount Sinai
Health System.21,22 REDCap is a secure web-based
software platform designed to support data capture
for research studies. MyCap is an external module of
REDCap that facilitates the deployment of REDCap
data collection using a smart device, through a propri-
etary application programming interface.21,22
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Home monitoring and triage
Patients were asked to assess their BP and HR daily
and enter values into the MyCap application. These
data were reviewed daily by an assigned PRP clinician.
Patients were encouraged to enter BP at an established
time daily for consistency. A weekly meeting through
Zoom was also scheduled at a time convenient to the
patient. During this meeting, the BP data were dis-
cussed with the patient including interpretation of BP
trends and review of BP-relevant medications. The
weekly Zoom meetings were *20 min in length. Rele-
vant outcome measures and a neurological screen were
also assessed during this time.

Parameters for acceptable systolic and diastolic BP
were set by the referring neurosurgeon or the patient’s
primary care physician. This was predominantly set at
measures of no greater than 130 mmHg systolic and
80 mmHg diastolic, with occasional exceptions were
allowed according to acceptable clinical management.
A triage episode was initiated if (1) BP exceeded the
defined limits and the PRP clinician determined this
was outside of observed clinical trends and/or (2) a
new onset neurological sign was observed by the clini-
cian during the weekly meeting. Triage consisted of the
PRP clinician contacting the patient and arranging an
immediate review through Zoom.

If requested by the PRP clinician, a PRP physician
(neurologist or neurosurgeon) joined the clinician to
complete a medical assessment. After the triage epi-
sode, the physician made recommendations regarding
whether to continue daily RPM or to escalate care.
Escalation of care included referral to the emergency
room, or referral back to the patient’s referring physi-
cian. Throughout the PRP, it was reiterated to patients
that RPM was not an acute care service, that is, pa-
tients were advised to present to the nearest emergency
department or contact 911 in the event of a medical
emergency.

Clinical data collected
Demographics and neurological event
history. Measurements were collected at enrollment
and included broad medical and surgical history, and
details of the neurological event leading to referral to
the PRP. Retrospective chart review was completed to
obtain data including age, date of acute injury, social
history, patient gender, race, stroke type (ischemic or
hemorrhagic), and the intervention required at time
of acute injury.

BP, HR, and triage. Daily BP data were obtained
through the MyCap application. Trends and excursions
above defined BP limits were monitored and collated at
the end of the program. The number of triage events
and triage outcomes was collated at the end of the pro-
gram. Adherence to the daily reporting of data were
calculated at the end of the program.

Neurological screen. A neurological screening assess-
ment was completed at onboarding and at subsequent
weekly meetings with the PRP clinician. The physi-
cal and cognitive assessment included evaluation of
gross motor control (by way of bilateral shoulder flex-
ion, bilateral hip flexion), coordination and dysmetria
through finger to nose assessment, facial symmetry as-
sessment through assessment of smile, and cognition
by assessment of three orientation questions: (1) what
is your name, (2) how old are you, and (3) who is in
the room with you? This assessment was recorded
through video for retrospective kinematic analysis.
The feasibility of regularly completing the neurological
screen through telehealth was assessed by calculating
the completion rate at the end of the program.

Analyses
Statistical analyses were undertaken with Stata (Stata-
Corp, Stata Statistical Software Release: V.14). Data
were retrieved from the REDCap database before ana-
lyses being conducted. Data were analyzed using de-
scriptive statistics.

Results
Twelve patients (5 [42%] female, aged mean [range] 63
[43–84] years) who met the inclusion criteria were re-
ferred to the PRP (Table 1) and continued in the pro-
gram for median (range) 136 (8–227) days. Reasons for
discontinuing the PRP early were a requirement for
surgery (n = 1, ceased PRP after 8 days) and for mov-
ing outside of the United States (n = 1, ceased PRP
after 47 days). Adherence to the daily reporting of mea-
surements was mean (range) 70 (41–100)%. The com-
mon reasons for failing to report measurements on any
day included patient forgetting to take BP and pa-
tient forgetting to enter data. No reports of difficulties
using the mobile application were noted.

BP, HR, and triage
The majority of patients (n = 9, 75%) had BP safety
limits set at 130/80 mmHg. The other three patients’
BP limits were set at 140/80, 130/90, and 160/100 mmHg.
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Participant BP data are shown in Figure 1. The median
(range) number of excursions above BP limits per par-
ticipant was 19 (0–79) for systolic and 36 (0–104) for di-
astolic (Fig. 2). The mean (range) HR was 70 (59–82).
A total of 16 triage events (median [range] 1 [0–3])
were initiated for escalation of care. Of these, 11 were
triaged to the referring physician, 2 were triaged to ur-
gent care/emergency department, and 1 was triaged to
the patient’s primary care physician.

Neurological screen
The neurological screen was successfully completed
during all 208 (100%) of the weekly Zoom meetings.
During one assessment, a deterioration in neurological
signs (facial symmetry) was detected and resulted in an
urgent triage of care to the neurologist and subsequent
repeat of neuroimaging. No other episodes of deterio-
ration were observed during these screens.

Discussion
In this proof-of-concept study, RPM was feasible and
implemented in a small cohort of patients to assist in
the observation of BP. All but one of the patients
were poststroke, with one undergoing monitoring for

unstable essential hypertension. There was, on average,
good adherence to the daily reporting of BP, and in cer-
tain cases this led to the triage of care to the referring
physician or the emergency department. There were,
however, only two presentations to the emergency de-
partment, and, therefore, RPM may have assisted in de-
creasing the burden on acute care services through the
increased contact with the PRP team. The PRP clini-
cians were also able to successfully conduct neurologi-
cal screens remotely, which resulted in the evolution of
neurological symptoms being detected in one patient.

There were several limitations noted within this
study. As BP was not continuously monitored, fluctua-
tion in BP over the course of a 24-h period was possi-
ble. To preserve reporting adherence, daily symptom
reporting was deemed sufficient without overburden-
ing the patients. The adherence to daily reporting
(70%) was considered good, however, this was variable
and reduced in some of the patients enrolled in the pro-
gram over a longer timeframe. Despite this, sufficient
measures were collected to allow adequate BP monitor-
ing over time (i.e., at least every other day), reinforced
with the relatively small number of triage required.

The number of total patients was small, yet it is an-
ticipated that the use of RPM in this population will
continue to grow beyond this study given the initial
success of the program.

As a pilot program of the initial version of the preci-
sion recovery application, there are items that can be
improved upon. In the updated version of the applica-
tion, visualized elements will be made available to both
clinicians and patients to better view and understand
trends in BP. Furthermore, integration into the health
system’s electronic medical record will allow for opti-
mized continuity of care.

The remote monitoring of BP allowed PRP clinicians
to review the number and size of excursions above the
recommended limits set by the referring physicians.
Excursion data were variable between patients, though
values were predominantly <15 mmHg on average.
One participant, who had an ischemic stroke on a
background of essential hypertension, reported systolic
and diastolic BP measurements above the recommen-
ded limits the majority of the time despite these
being set at 160 and 100, respectively. Despite this,
care of this participant only required triage to the refer-
ring physician on one occasion.

The number of triage events among all patients was
low in comparison with the number of total excursions
of BP above recommended limits. This highlights the

Table 1. Participant baseline demographic data (n = 12)

Demographic data

Female 5 (42)
Age, years, mean (range) 63 (43–84)
Stroke typea

Ischemic 4 (33)
Hemorrhagic 7 (58)

Acute management
Medical management only 6 (50)
SCUBA 2 (17)
Otherb 4 (33)

Comorbidities
Hypertension 10 (83)
Cardiac disease 5 (42)
Hypercholesterolemia 4 (33)
Type 2 diabetes mellitus 2 (17)

Smoking history 5 (42)
Race

LatinX 4 (33)
White 4 (33)
Black or African American 3 (25)
Asian 1 (8)

English as primary language 12 (100)

Data are presented as n (%) unless otherwise stated.
aOne participant was being monitored due to essential hypertension

and risk of stroke.
bOther management includes antithrombotic/antihypertensive ther-

apy, coil embolization, stenting.
SCUBA, stereotactic intracerebral hemorrhage underwater blood aspi-

ration.
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FIG. 1. Participants’ mean systolic and diastolic BP data (n = 12). BP, blood pressure.

FIG. 2. Participants’ systolic and diastolic BP excursion data (n = 12).
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important role of the PRP clinicians in synthesizing
the reported data and using this to assist clinical decision
making. The role of telehealth in BP management is sup-
ported by the American College of Cardiology and Amer-
ican Heart Association, with RPM and input from health
care providers demonstrated to be more effective at treat-
ment modification than patient self-monitoring alone.11

Similarly, recent work investigating the feasibility of
RPM of BP in patients after ischemic stroke further em-
phasized the need for human supervision of the captured
data to improve the continuity of care.5

The use of a neurological screen is considered an im-
portant component of poststroke assessment. It is used
to identify changes in clinical status and evolution of
neurological symptoms. In this RPM program, neuro-
logical screening was successfully completed in Zoom
meetings with the PRP clinician. Remote neurological
assessment of physical function and cognition has pre-
viously been demonstrated to be feasible and effica-
cious.16 The use of a neurological screen in this study
was justified with the identification of worsening facial
droop in one patient, with care being escalated urgently
for further assessment.

The level of adherence observed in this study was
comparable with past work investigating RPM inter-
ventions that involved daily reporting.11 In general, lev-
els of adherence reduced in the patients who were
required to measure their BP for several months, indi-
cating a level of reporting fatigue. Given the likelihood
for this to continue to occur, consideration should be
given for a reduction in the frequency of reporting (i.e.,
three times per week) in patients who remain in the
PRP for extended periods of time, and are no longer con-
sidered to be in the acute phase of their poststroke care.

Summary
This proof-of-concept study demonstrated that RPM is
feasible poststroke, or in those at immediate risk of
stroke, and facilitates the triage of care when BP is ele-
vated above recommended limits. The regular review
of BP data, and patients, by PRP clinicians, provided
an additional layer of clinical interpretation that was
integral in ensuring triage was utilized appropriately.
This potentially reduced the burden on acute care ser-
vices by preventing unnecessary emergency department
visits that may have occurred if patients were self-
monitoring. RPM of BP in conjunction with regular
clinical telehealth reviews should be considered by neu-
rological teams to assist in the effective triage of care.

Authorship Contribution Statement
D.P., C.P.K., and J.M.T.M. conceptualized the study; D.P.
and C.P.K. conceptualized the precision recovery pro-
gram (PRP); J.M.T.M. carried out clinical procedures
and operations and wrote the first article draft; J.W. per-
formed data analysis, wrote, and edited the first article
draft; L.T. and N.S.D. assisted with data analysis, wrote,
and edited the first article draft; N.M., L.N., and E.B. sup-
ported the clinical procedures and data collection; all au-
thors read and approved the final version of the article.

Acknowledgments
We thank the frontline health care workers and our de-
partment chairs, Dr. Joseph Herrera and Dr. Joshua
Bederson, for their continued support.

Author Disclosure Statement
Dr. Kellner has received research grant support from
Cerebrotech, Siemens, Penumbra, Medtronic, Minnetro-
nix, Viz. AI, Integra, Longeviti, Irras, ICE Neurosystems,
and StemPharm; and has ownership interest in Precision
Recovery Inc, Borealis and Metis Innovative. Metis Inno-
vative is an investment group that has coordinated
investments in Synchron, Proprio, Fluid Biotech, and
Precision Recovery Inc. Dr. David Putrino has ownership
interest in Precision Recovery Inc. Dr. Jenna Tosto-Man-
cuso has ownership interest in Precision Recovery Inc.

Funding Information
No funding was received for this article.

References
1. GBD 2016 Stroke Collaborators. Global, regional, and national burden of

stroke, 1990–2016: a systematic analysis for the Global Burden of Disease
Study 2016. Lancet Neurol 2019. DOI: 10.1016/S1474-4422(19)30034-1.

2. Virani SS, Alonso A, Benjamin EJ, et al. Heart disease and stroke
statistics—2020 update: a report from the American Heart Association.
Circulation 2020. DOI: 10.1161/CIR.0000000000000757.

3. de Havenon A, Fino NF, Johnson B, et al. Blood pressure variability and
cardiovascular outcomes in patients with prior stroke: a secondary anal-
ysis of PRoFESS. Stroke 2019. DOI: 10.1161/STROKEAHA.119.026293.

4. Katsanos AH, Filippatou A, Manios E, et al. Blood pressure reduction and
secondary stroke prevention: a systematic review and metaregression
analysis of randomized clinical trials. Hypertension 2017. DOI:
10.1161/HYPERTENSIONAHA.116.08485.

5. Xie X, Atkins E, Lv J, et al. Effects of intensive blood pressure lowering on
cardiovascular and renal outcomes: updated systematic review and
meta-analysis. Lancet 2016. DOI: 10.1016/S0140-6736(15)00805-3.

6. Boan AD, Lackland DT, Ovbiagele B. Lowering of blood pressure for
recurrent stroke prevention. Stroke 2014. DOI: 10.1161/STROKEAHA
.114.003666.

7. Prevention of stroke by antihypertensive drug treatment in older persons
with isolated systolic hypertension: final results of the systolic hyperten-
sion in the elderly program (SHEP). JAMA 1991;265:3255–3264.

8. Salehi S, Olyaeemanesh A, Mobinizadeh M, et al. Assessment of remote
patient monitoring (RPM) systems for patients with type 2 diabetes: a
systematic review and meta-analysis. J Diabetes Metab Disord 2020;19:
115–127.

Tosto-Mancuso, et al.; Telemedicine Reports 2022, 3.1
http://online.liebertpub.com/doi/10.1089/tmr.2022.0004

154



9. Lau K-K, Wong Y-K, Teo K-C, et al. Long-term prognostic implications of
visit-to-visit blood pressure variability in patients with ischemic stroke.
Am J Hypertens 2014;27:1486–1494.

10. Diaz KM, Tanner RM, Falzon L, et al. Visit-to-visit variability of blood
pressure and cardiovascular disease and all-cause mortality: a systematic
review and meta-analysis. Hypertension 2014;64:965–982.

11. Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/AAPA/ABC/
ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the prevention,
detection, evaluation, and management of high blood pressure in adults:
executive summary: a report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice Guidelines.
Hypertension 2018;71:1269–1324.

12. Pringle E, Phillips C, Thijs L, et al. Systolic blood pressure variability as a
risk factor for stroke and cardiovascular mortality in the elderly hyper-
tensive population. J Hypertens 2003;21:2251–2257.

13. Hilkens NA, Klijn CJM, Richard E. Blood pressure, blood pressure vari-
ability and the risk of poststroke dementia. J Hypertens 2021. DOI:
10.1097/HJH.0000000000002841.

14. Wootton R. Twenty years of telemedicine in chronic disease
management—an evidence synthesis. J Telemed Telecare 2012. DOI:
10.1258/jtt.2012.120219.

15. Vegesna A, Tran M, Angelaccio M, et al. Remote patient monitoring via
non-invasive digital technologies: a systematic review. Telemed J E
Health 2017. DOI: 10.1089/tmj.2016.0051.

16. Farias FAC, Dagostini CM, Bicca YA, et al. Remote patient monitoring: a
systematic review. Telemed J E Health 2020. DOI: 10.1089/tmj.2019.0066.

17. Wood J, Jenkins S, Putrino D, et al. A smartphone application for reporting
symptoms in adults with cystic fibrosis improves the detection of exac-
erbations: results of a randomised controlled trial. J Cyst Fibros 2020;19:
271–276.

18. Ansary AM, Martinez JN, Scott JD. The virtual physical exam in the 21st
century. J Telemed Telecare 2019;1357633X19878330.

19. Kim BJ, Park JM, Park TH, et al. Remote blood pressure monitoring and
behavioral intensification for stroke: a randomized controlled feasibility
trial. PLoS One 2020. DOI: 10.1371/journal.pone.0229483.

20. Kim DY, Kwon H, Nam KW, et al. Remote management of poststroke
patients with a smartphone-based management system integrated in
clinical care: prospective, nonrandomized, interventional study. J Med
Internet Res 2020;22:e15377.

21. Harris PA, Taylor R, Thielke R, et al. Research electronic data capture
(REDCap)—a metadata-driven methodology and workflow process for
providing translational research informatics support. J Biomed Inform
2009;42:377–381.

22. Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: building an
international community of software platform partners. J Biomed Inform
2019;95:103208.

Cite this article as: Tosto-Mancuso JM, Putrino D, Wood J, Tabacof L,
Breyman E, Nasr L, Mohammadi N, Dangayach NS, Kellner CP (2022)
Remote patient monitoring of blood pressure is feasible poststroke
and can facilitate triage of care, Telemedicine Reports 3:1, 149–155,
DOI: 10.1089/tmr.2022.0004.

Abbreviations Used
BP ¼ blood pressure

RPM ¼ remote patient monitoring
PRP ¼ precision recovery program

HR ¼ heart rate
REDCap ¼ research electronic data capture

Publish in Telemedicine Reports

- Immediate, unrestricted online access
- Rigorous peer review
- Compliance with open access mandates
- Authors retain copyright
- Highly indexed
- Targeted email marketing

liebertpub.com/tmr

Tosto-Mancuso, et al.; Telemedicine Reports 2022, 3.1
http://online.liebertpub.com/doi/10.1089/tmr.2022.0004

155

http://liebertpub.com/tmr

