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Use of ultra-low cost fitness trackers
as clinical monitors in low resource
emergency departments
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In low resource hospitals, strained staffing ratios and lack of telemetry can put patients at risk
for clinical deterioration and unexpected cardiac arrest. While traditional telemetry systems can
provide real-time continuous vital signs, they are too expensive for widespread use in these set-
tings. At the same time, developed countries such as the United States have been increasingly
utilizing remote monitoring systems to shift patient care from hospital to home. While the con-
text is dramatically different, the challenge of monitoring patients in otherwise unmonitored
settings is the same. At-home monitoring solutions range from highly comprehensive and ex-
pensive systems to inexpensive fitness trackers. In the field of global health, the adoption of this
technology has been somewhat limited. We believe that low cost fitness trackers present an op-
portunity to address the challenge of vital sign monitoring in resource-poor settings at a fraction
of the cost of existing technical solutions.
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What is already known

Low-cost trackers, devices, and wearables are increasingly inexpensive and
readily available. They may be excellent substitutes for high-cost telemetry
monitoring in resource-poor settings.

Capsule
Summary

What is new in the current study
The explosive growth in wearable health monitors presents exciting opportuni-
ties to improve care in low resource emergency department.
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INTRODUCTION

One of the many challenges facing healthcare providers in low
resource settings is that of vital sign monitoring. Due in large part
to overburdened hospital staff with exceptionally high nursing
ratios, vital sign monitoring in developing countries often fails to
occur in a reliable fashion." This results in many unmonitored pa-
tients at risk for clinical deterioration and adverse outcomes. In
the developed world, the technology has been rapidly expanding
in the area of at home and ambulatory monitoring.? These moni-
toring technologies often pair with smartphones and tablets and
require less infrastructure and cost than traditional hospital te-
lemetry. With the increased ubiquity of smart devices in low- and
middle-income countries, these advances have the potential to
allow low resource hospitals to “leapfrog” over more traditional
monitoring tools. Increasingly sophisticated monitoring solutions
have been tested in these settings, but the widespread use is lim-
ited by cost and complexity.** Simpler and less expensive ambu-
latory fitness trackers have been studied for their use in the health-
care setting,>® but at 150 to 250 US dollars (USD) are still too ex-
pensive for widespread use. Recently, the commercial availability
of ultra-low-cost fitness trackers at prices of 20 to 40 USD pres-
ents a unique opportunity for health applications in low-resource
settings. We propose an open source system utilizing commercially
available ultra-low-cost heart rate monitors for clinical monitor-
ing and outline ongoing work to test its feasibility.

BACKGROUND

Patient care in low resource clinical settings is faced with a mul-
titude of challenges. Globally, clinical medicine is limited second-
ary to sparsity of medical supplies, medications, infrastructure, fi-
nancial supports, and health care providers.” These limitations in
infrastructure and personnel make monitoring sick patients diffi-
cult. Demands faced by nursing staff in emergency department
and hospital settings in low- and middle-income countries often
far exceed what would be considered safe and appropriate in de-
veloped countries.®® The average nurse to patient ratio in the
United States and Canada is 1:4.4 on general medicine wards,
and there are several states with legislation in place mandating
nursing ratios of 1:1 or 1:2 for critically ill patients.® On the other
hand, studies in sub-Saharan Africa routinely demonstrate nurs-
ing ratios between 1:10 and 1:41. A study of 13 Kenyan hospitals
demonstrated a mean nursing ratio of 1:31.2 With such limita-
tions of workforce, it is often difficult to safely care for patients.
In these settings, tasks as routine and fundamental as vital sign
monitoring can become unattainable.
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According to the Guideline for the Management of llinesses
with Limited Resources released by the World Health Organiza-
tion, critically ill patients should have vital signs monitoring every
30 minutes for the first 6 hours, and once every hour after that.™
This has been found to be very difficult to accomplish in practice.
In a cohort of patients with severe sepsis in Uganda, the mean
number of heart rate measurements documented in 24 hours was
only 1.0 (interquartile range, 0.8-1.3)." Similarly, in a quality im-
provement study in two Sierra Leonean hospitals, daily vital signs
were documented in only 26.6% of patients,’ and in a larger study
of 13 Kenyan county hospitals more than a third (37.1%) of pedi-
atric admissions had no documented heart rate.® While the mag-
nitude of its contribution to patient outcomes is difficult to study
directly, the lack of frequent vital sign monitoring certainly results
in a decreased identification of clinical deterioration and disease
progression. The growing science of automated and remote mon-
itoring may offer the potential to help lift this burden from over-
worked nursing and hospital staff.

TRADITIONAL PRACTICES IN REMOTE CARE
MONITORING

Remote care monitoring is a large segment of the United States
telehealth system that aims to continuously track and record clini-
cally significant markers of disease outside of the hospital set-
ting.> While the context of monitoring patients remotely in the
United States is dramatically different from that of low-resource
settings in developing countries, they both seek to gain limited
but useful information on patients who would otherwise be un-
monitored.

The remote care monitoring market has grown significantly in
the United States. In conjunction with common phone applica-
tions for i0S (iPhone operating system) and Android, the industry
is continuously developing bluetooth-enabled, wireless devices
that allow for real-time measurement of health markers, most
notably vital signs. With seamless interface with physician and
hospital online medical records, these measurements can be stored
to augment ongoing medical care.

Current practices in remote care monitoring aim to improve
population health by identifying early markers of disease. Invasive
and non-invasive home monitoring have been widely studied. These
efforts include blood pressure and weights in patient with con-
gestive heart failure,’®' heart rate monitoring in patients with
atrial fibrillation," and glucose readings for patients with diabe-
tes." Such recordings provide meaningful informations for physi-
cians and nurses caring for patients with ongoing medical condi-
tions.
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With the growth of remote care monitoring in the developed
world, there has been increased opportunities for its implementa-
tion in low-resource settings.

USE OF MONITORING SYSTEMS IN LOW
RESOURCE SETTINGS

The increasing ubiquity of digital health monitoring in the devel-
oped world has presented an opportunity for improvement and
automation in the monitoring of patients in resource poor set-
tings. There have been several large public calls to action aimed
at translating the growing capabilities of state-of-the-art health
monitoring to the challenges faced in low resource settings.

In 2014, United States President Obama announced “Fighting
Ebola: a grand challenge for development,” launched by the US
Agency for International Development in partnership with the
White House Office of Science and Technology, the Centers for
Disease Control and Prevention, and the Department of Defense.'®
This broad initiative was aimed at addressing challenges in the
diagnosis and treatment of the Ebola epidemic. One of the out-
comes of this challenge was the development and implementa-
tion of a comprehensive wireless monitoring system to facilitate
the care of patients in an Ebola treatment center in Makeni, Sier-
ra Leone.? This study was unique in its utilization of a "band-aid"
patch sensor, called the MultiSense patch, developed by Rhythm
Diagnostics Systems (http://www.rhythmdiagnosticsystems.com).
This patch, when applied to the chest of patients, allows for the
continuous monitoring of heart rate, heart rate variability, pulse
oximetry, activity, respiratory rate, pulse transit time, uncalibrated
skin temperature, and posture.® This data was then wirelessly re-
ported to healthcare providers, both in a raw form, and as an al-
gorithm-generated Multivariate Change Index. This index, devel-
oped by physlQ (http://physig.com) uses data driven machine learn-
ing methods to predict deviations from a patient's baseline physi-
ology as a means of early detection of physiologic improvement
or decompensation. Over a 3-week study period in the summer of
2015, this system was able to collect 1,838 hours of continuous
multiparametric waveform data.® This study represents one of the
most promising uses of a sophisticated multiparametric data col-
lection system in a low resource setting. Unfortunately, the cur-
rent system cost of 15,000 USD may limit its widespread use.

Shortly thereafter, in 2017, another highly publicized challenge,
the Qualcom Tricorder XPRIZE competition was completed. This
challenge was announced in 2012 and offered up to 10 million
USD in prize money to develop a Star Trek style “tricorder” capa-
ble of capturing not only vital signs, but also diagnosing a subset
of 12 diseases without physician input.* The winning submission
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DxtER, by Final Frontier Medical Devices (http://basilleaftech.com)
successfully monitored all five vital signs as well as developed
novel methods for noninvasively monitoring continuous body che-
mistry, and an artificial intelligence engine for diagnostics. While
the award's aims were not specific to the global health context,
it's potential for implementation in low resource settings is evi-
dent. Unfortunately, it has yet to be studied in such setting, and
approximate costs of such a system are not publicly known.

While these cutting-edge projects are immensely promising,
they remain impractical and expensive for most resource-poor
settings. This is in part due to the ambitious nature of their moni-
toring goals. Attempting to attain comprehensive wireless moni-
toring as well as sophisticated diagnostics necessitates additional
cost and complexity. Given the immediate needs of overworked
hospital staff in low resource environments, there is perhaps a
role for less sophisticated tools aimed at providing more basic
functionality at a much lower cost. The rise of the inexpensive
consumer fitness tracker may serve to fill this role.

FITNESS TRACKERS AS VITAL SIGN
MONITORS

Wearable wrist monitors (such as Fitbit Charge, Apple Watch, Sam-
sung Gear, and Mio Alpha) account for 87% of sold wearable de-
vices in the United States."” It is estimated that over 250 million
smartwatches are in current use'® from over 45 manufacturers.®
These devices are non-invasive and are popularly used as fitness
trackers. They utilize an inexpensive optical technique known as
photoplethysmography to measure intravascular blood volume
differences, and thus estimate heart rate.' Their accuracy, cost,
and utility have been heavily studied in the literature.

Several studies have been conducted aimed at comparing the
monitoring capability of consumer-sold wearable devices to gold
standard, electrocardiogram-leads, and accelerometers. While
these studies have been quite variable, two of the largest studies
have demonstrated good correlation of direct-to-consumer wear-
ables to electrocardiogram during moderate-to-vigorous activity
level (i.e., higher heart rates).” Lowest error when compared to
the gold-standard was observed for more stationary activities
such as cycling (error 1.8%, 0.9%-2.7%) rather than running.®

Wearable devices for activity/heart rate monitoring have also
been increasingly inexpensive. Direct-to-consumer products range
from 149.95 to 249.95 USD for individual sale”® and are projected
to continuously decrease as competitors enter the market. While
these exercise trackers are orders of magnitude less expensive
than traditional medical monitoring devices, they have still been
out of reach for use in very low resource areas. Recently, however,
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ultra-low-cost exercise trackers with heart rate monitoring capa-
bility have been introduced for less than 40 USD. Mi Pulse (Xiao-
mi, Beijing, China) is a product offered by China's largest smart-
phone company.?' For 19.99 USD (Amazon, 2016) Mi Band 1 and
34.99 USD (Amazon, 2018) Mi Band 2 provide an inexpensive di-
rect-to-consumer option for wearable heart rate monitoring tech-
nology. While this extremely low price point is a tantalizing pros-
pect for use in low-resource environments, the accuracy of these
ultra-low-cost devices has yet to be studied in a clinical setting.

ULTRA-LOW-COST FITNESS TRACKERS FOR
CLINICAL MONITORING IN LOW-RESOURCE
SETTINGS

To the authors' knowledge, this concept of utilizing ultra-low-cost
fitness trackers as heart rate monitors in clinical settings was first
explored in 2016 as a part of the Health-Internet of Things Hack-
athon event hosted by Taipei Medical University in conjunction
with Sana and the Massachusetts Institute of Technology. Please
see Igbal et al.? for details regarding this event, but in brief, this
event utilized the hackathon education model to bring together
clinicians and technical experts in order to address health chal-
lenges.?”** A team lead by Dr. Kuo-Hsuan Lin, an emergency medi-
cine attending at E-da Hospital in Kaohsiung, Taiwan, looked to
tackle the challenge of unexpected cardiac arrest in his hospital
system. While Taiwan is certainly not a developing country, the
hospital in which Dr. Lin works is underserved and has nursing ra-
tios reaching 1:25. In an internal unpublished quality improve-
ment study, the hospital was found to suffer 2-4 episodes of car-
diac arrest in unmonitored patients per a week. Death occurred in
59.5% of these cases. Over the course of this 2-day hackathon
the team developed a prototype monitoring system utilizing ul-
tra-low-cost Mi Pulse wrist bands. The system utilized an open
source Android application running on a bluetooth enabled tablet
in order to stream continuous heart rate data from several wrist-
bands simultaneously. The team was awarded the prize for "most
innovative" solution at the event and are currently looking into
opportunities to implement and evaluate this concept further.

PILOT STUDY

It is with the support and permission of Dr. Lin and his hackathon
team that we are currently developing a robust evaluation of the
Mi Pulse wristband as an ultra-low-cost fitness tracker for use in
clinical monitoring. We plan to utilize the Mi Pulse device on pa-
tients cared for in our emergency department. Consented patients
undergoing telemetry monitoring as part of their routine emer-
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gency care will have the wristband applied, and data will be col-
lected via Bluetooth utilizing a custom Android application. In a
retrospective fashion, the accuracy of the wristband devices will
be determined, both as an absolute error vs. gold standard telem-
etry, as well as in the identification of episodes meeting pre-
defined alert criteria. We believe this study is unique in its assess-
ment of an ultra-low-cost fitness monitor in a clinical setting. If
successful, it presents an exciting opportunity to pair commer-
cially available and inexpensive products with open source tech-
nology in order to dramatically increase the accessibility of vital
sign monitoring in resource poor areas.

DISCUSSION

The increasing availability of ultra-low-cost fitness monitors with
heart rate tracking capability presents an exciting opportunity to
improve patient care in low resource settings where routine vital
sign monitoring is not currently feasible. While there have been
promising steps forward in complex multiparameter wireless moni-
tors, these systems have higher costs and therefore more limited
potential application. While ultra-low-cost fitness monitors will
never be able to achieve the advanced comprehensive monitoring
capabilities that have been demonstrated by systems such as the
MultiSense patch® or DxtER device,* they do have the potential for
an incremental improvement at a fraction of the cost. We envision
the use of freely downloadable open source software that will al-
low providers in resource poor settings to quickly implement inex-
pensive off-the-shelf equipment at the bedside. We hypothesize
that these devices can act as a class of “good enough” sensors that
may not achieve the level of accuracy we have come to expect
from medical telemetry, but can still provide clinically important
and actionable information regarding changes in patient status.
Through development of open source software and careful study
of these devices, we hope to shed more light on these possibilities.

CONCLUSION

The explosive growth in wearable health monitors presents excit-
ing opportunities to improve care in low resource settings. While
the quest for increasing sophistication in monitoring equipment
has been promising, the applicability of these systems is limited
by cost and complexity.”® The commercial availability of ultra-low-
cost fitness trackers presents a unique opportunity for an excep-
tionally simple and inexpensive intervention with broad impact.
In a pilot project we plan to assess the accuracy and value of these
devices to determine their utility as patient monitors in low re-
source settings.
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