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The COVID-19 pandemic has created a huge burden on the healthcare industry
worldwide. Pressures to increase the isolation healthcare facility to cope with the
growing number of patients led to an exploration of the use of wearables for vital signs
monitoring among stable COVID-19 patients. Vital signs wearables were chosen for
use in our facility with the purpose of reducing patient contact and preserving personal
protective equipment. The process of deciding on the wearable solution as well as the
implementation of the solution brought much insight to the team. This paper presents
an overview of factors to consider in implementing a vital signs wearable solution.
This includes considerations before deciding on whether or not to use a wearable
device, followed by key criteria of the solution to assess. With the use of wearables
rising in popularity, this serves as a guide for others who may want to implement it in
their institutions.

Keywords: COVID-19, vital signs wearables, vital signs monitoring, digital health, digital solution

INTRODUCTION

A pneumonia of unknown cause was detected in Wuhan, and was first reported to World Health
Organization (WHO) on 31st December (1). The disease spread quickly and was soon characterized
by WHO as a pandemic on 11th March 2020 (2). The first case of COVID-19 infection in Singapore
was detected on 23 January 2020. By 18 November, the number of cases has risen to 58,135, with
28 fatalities (3). Consequently, the healthcare industry met with various challenges. The need for
healthcare facilities and healthcare workers (HCWs) rose rapidly (4). Demand for equipment,
personal protective equipment (PPE), medications, and consumables rose so quickly that supply
chains struggled to meet them.

With rising cases of COVID-19, facilities were converted/created to care for them
(4). There was a need to monitor more patients with less HCWs while preserving
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PPE. It was also necessary to ensure that healthcare remains
cost effective. Additionally, easing the strain on HCWs to avoid
burnout was a major consideration given the extended duration
of this pandemic. Exploration of the use of vital signs wearables,
which begun a few years ago, was accelerated during this period
in attempt to meet these needs.

This paper presents an overview of factors to consider in
implementing a vital signs wearable solution during an infectious
disease outbreak. In the age where the use of wearables is
expected to rise, these learnings may prove useful for those
implementing them in the future.

PURPOSE AND SUITABILITY OF
WEARABLES

Vital signs wearables are devices worn for continuous and non-
invasive monitoring of vital signs (5). Once attached to the
patient, remote and tetherless monitoring occurs (5), reducing
the contact of nurses with infectious cases and reducing the
workload of performing vital signs measurements manually.

Before deciding which wearable device to use, the purpose
and suitability of wearables in the specific clinical environment
should be considered. This depends on the severity and
contagiousness of disease, as well as availability of manpower.
Contagiousness of disease refers to how easily it spreads. It
is influenced by multiple factors including but not limited to
the infectious period, mode of transmission, and ability of the
pathogen to survive outside of a host. Refer to Figure1 for a
decision guide on the suitability of wearables.

Patients with higher severity of illness are unlikely to be
highly mobile. Hence traditional bedside monitors rather than
wearables may be more suited. Traditional bedside monitors are
not affected by poor WIFI/Bluetooth signal strength [a common
limitation for wearables (6)], this is a more reliable form of
monitoring for patients requiring close monitoring.

For patients with mild illness, wearables may be considered
as they are mobile (6). In a situation with high manpower and
no contagious disease, spot monitors may suffice. If manpower is
low with no contagious disease, wearables could be used for mass
and remote monitoring, relieving nurses of the task of manually
taking parameters.

If the disease is highly contagious, wearables could be
deployed regardless of manpower availability to minimize
patient-nurse contact, reducing the exposure of the nurse to the
contagion while preserving PPE.

In our case, the use of wearables was in an isolation setting
with low severity of illness. Patients were confirmed or suspected
COVID-19 cases with low risk for complications. They presented
with mild symptoms, had no other medical conditions and could
independently perform activities of daily living (ADLs). Due to
the increased need for nurses as well as the expected mild illness,
the nurse: patient ratio in our setting was lower than that of
a general ward. Additionally, COVID-19 is highly contagious.
Hence, the decision was made to use wearables with the purpose
of patient monitoring while minimizing nurse-patient contact
and to preserve PPE, not for early detection of deterioration.

CRITERIA TO DETERMINE SUITABILITY
OF THE WEARABLE VITAL SIGNS
MONITORING SOLUTION

Once decided that a wearable solution is suitable, a myriad
of factors influence the selection of the specific solution. Key
criteria to consider are: device functions, fidelity of the product,
operational requirements, cyber security, cost effectiveness
and sustainability. Refer to Figure2 for an overview of the
criteria involved.

Device Functions

Device functions refers to the specifications of the device in terms
of its physiological measures [e.g., heart rate (HR)], as well as
its form factor. Required functions largely depend on the nature
of disease.

Measurements

There are solutions for capturing full sets of vital signs: HR,
respiration rate (RR), oxygen saturation (SpO;), temperature,
and blood pressure (BP). An example would be the ViSi mobile
by Sotera. However, it requires the patient to be strapped onto
multiple devices which is not ideal (discussed further in the next
section). Therefore, prioritization of vital signs is paramount.

In our case, as COVID-19 is a respiratory disease, monitoring
of RR (7), and SpO, is important for quick recognition of
deterioration (8). HR is also essential as changes in HR occurs
as a compensatory mechanism in the early stage of clinical
deterioration (9). Therefore, HR, RR, and SpO, were prioritized
to require close monitoring and the solution we selected
measured those parameters.

BP and temperature were measured for our patients at regular
intervals (e.g., 4 hourly/6 hourly), rather than continuously. This
is because BP is usually not the first vital sign to respond during
a deterioration (9), and frequent temperature monitoring for
adults with normal thermoregulation is usually not mandated
(10). These measurements were timed to be performed when
the nurse entered the room for other purposes. This could be
done without compromising on patient safety as our patient
population was at low risk for complications.

Form Factor
Wearable devices come in many forms including smart watches,
chest patches, and pulse oximeters (11). An ideal wearable should
have maximum functionality with minimum burden (12). In our
population where patients were ADL independent, devices that
do not restrict movement were preferred. Comfort of the device
ensures compliance on the patients’ part. An uncomfortable
device may lead to frequent removal, adding burden on nurses
to repeatedly troubleshoot the lack of vital signs readings.
Considering the prioritized measurements and form factor,
the Masimo SafetyNet™ solution was used in our setting (refer
to Figure 3). The Radius PPG™ senses the patient’s vital signs.
The readings are then reflected on the Masimo SafetyNet™
application as well as on a clinician portal at the nurses’ counter.
The Radius PPG™ is designed to provide accurate pulse
oximetry in the presence of motion and low perfusion (13). It
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FIGURE 1 | Decision on whether a vital signs wearable is suitable.

also provides a RR derived from phlethysmography (13). An
automated measurement of RR is beneficial as RR changes are
seen early in deterioration, yet it is often deemed least important
by nurses and it is tedious to manually count it (9). The Radius
PPG™ is light weight. In a survey of 37 patients, 83.8% agreed or
strongly agreed that it was comfortable to wear, and 89.2% agreed
or strongly agreed that it did not restrict their movement.

One limitation of the Radius PPG™ was that it had
to be removed before a shower. However, it was easy for
patients to replace it afterwards following the instructions on a
poster provided.

Fidelity of the Product

Wearables available in the market range from commercial
grade to medical grade to research grade (11). A device is
considered medical grade if it fulfills the regulatory requirements
of the region where it is used. For instance, Food and Drug
Administration (FDA) in the United States which evaluates
effectiveness of the device and its risk for harm (14), European
CE mark that affirms the device meets high safety, health and
environmental protection requirements (14) and Health Sciences
Authority in Singapore.

Duration to Implementation

For use in a healthcare setting, a medical grade device is required.
As time is required for validation of new devices as well as for
obtaining regulatory requirements, quick deployment during a
pandemic demands for wearables that are medical grade. As a
note of caution, devices marketed to be medical grade may only
have some (not all) of their parameters clinically validated. For
instance, Everion by Biofourmis is marketed to be medical grade
(15). However, only HR and SpO, are clinically validated vital
signs while heart rate variability and RR are not (15). Care should
be taken to ensure all vital signs prioritized by the medical team
have been clinically validated.

Availability of Supply

Surges in demand for medical devices coupled with supply chain
disruptions caused some medical grade devices to be unavailable.
For example, Canada faced a supply mismatch in pulse oximeters
during this pandemic (16). In some cases, a commercial grade
device may be deployed due to the lack of a better option. In such
cases, a safety net should be in place. The institution should make
available some medical grade devices (not necessarily wearables)
for rechecking purposes if the patient’s vital signs were recorded
to be out of range on the commercial grade device, or if the
patient reports to be unwell.
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FIGURE 2 | Overview of criteria to determine suitability of a wearable vital signs monitoring solution.

o Which vitals to consider?

e Number of devices to be worn?
e Comfort

e Urgent mass deployment
needs may only be met with
use of commercial grade
devices.

o Consider safeguards if a non-
medical grade device has to be
used.

e All components including the
wearable device, the mobile
device and the monitoring
platform should be considered.

e Who to call when IT support is
needed?

e |s support available within the
country?

e Material able to withstand
cleaning agents used by the
institution?

o Disposable vs reusable

o Battery life

e Grooves/wires/Velcro?

o Alarm thresholds

o Notifications of abnormal
readings

e Continuous vs regular
monitoring

e Institution’s secured network vs
the internet
o Interfaces with electronic health

e Locking unnecessary functions

e Consider, quantity, patient
acuity, duration of monitoring
and aims of monitoring

® Research?
e Deployment to other
departments of the institution?
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FIGURE 3 | Masimo SafetyNetTM (1) (Reproduced with permission from Masimo).

Operational Requirements
Ease of Use
To facilitate training and prevent errors, the solution should be
simple. It should enhance the workflow instead of creating an
additional burden.

Some practical questions for considerations are as follows:

e Is the wearable device easy to apply?

Can the patient easily reapply it if it has to be removed for
a shower?

Is the monitoring dashboard clear? Can it be customized?
How are notifications of abnormal vital signs displayed?

Is there a sound to alert nurses of an abnormal vital sign?

Is the monitoring dashboard viewed from an existing intranet
environment or will it require separate devices connected to
the internet for viewing? (Each of these decisions will require
its own cybersecurity assessment).

IT Support

A support structure should be emplaced. Nurses should
have ready access to help when technical difficulties
are faced. The IT support should consist of staff within the
hospital (who can respond quickly), as well as personnel
from the company (who will be able to troubleshoot more
technical issues). Use of products with a local support office
is preferred.

It is also advisable to involve the IT and informatics team from
the start of the project.

In our implementation, a common reason for troubleshooting
was that the vital signs were not reflected on the clinician
portal. Initially, the most common reason was that the battery
of the Radius PPG™ ran out. Subsequently, we learnt that if
the mobile device was not in use for a prolonged duration,
the Bluetooth of the mobile device goes to sleep cutting off

the connection between the sensor and the mobile device. This
was the main limitation experienced during this implementation
as the nurse would need to enter the room to turn on the
application in order to continue monitoring the patient. Our
team was informed that all current mobile devices turns off
Bluetooth after prolonged inactivity. Hence, this is a limiting
factor to consider for the use of any wearables relying on
Bluetooth connection to a mobile device till future developments
resolves this.

Disinfection

The device has to withstand disinfection procedures as per
institution’s guidelines. In our institution, disinfection with
Ultraviolet (UV) treatment or Hydrogen Peroxide Vaporization
(HPV) is required for areas or items used by patients who are
COVID-19 positive to prevent cross contamination.

Wearables may be disposable or reusable (with rechargeable
batteries/disposable batteries). Reusable wearables need to be
removed from the room for charging at regular intervals.
However, if the patient is not discharged by then, the device
which have not undergone UV or HPV treatment cannot
be removed from the room for charging. Hence, disposable
wearables are preferred. Disposable wearables vary in their
battery life. A longer battery life reduces frequency at which they
need to be replaced. However, the battery life should not be much
longer than the expected length of stay to minimize waste.

If reusable devices are used, disposable batteries would
be preferred over rechargeable batteries for the same reason
mentioned above. Ease of cleaning should also be considered.
Wireless devices without grooves and without materials difficult
to disinfect (e.g., Velcro) would be preferred.

For the Masimo SafetyNet™ solution, the Radius PPG™
is disposable with a reusable chip. In our setting, the
reusable chip was wiped with 70% isopropyl alcohol (as per
manufacturer’s instructions) and undergone UV treatment as per
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our institution’s requirements. It was a small chip without many
grooves and it was easy to clean.

Alerts and Alarms

A platform displaying each patients vital signs at a remote
location (e.g., the nurses’ station) will be beneficial. The platform
should alert nurses to any abnormalities.

Safeguards must be in place to ensure that no deteriorating
patient is undetected. Customisable alarm thresholds are
necessary to prevent unacceptably high number of alarms (17),
preventing alarm fatigue. Customisable dashboards to support
operational processes will also be beneficial.

Alarm management is challenging when continuously
monitoring patients who are ADLs independent. Traditional
vital signs thresholds were set for vital signs taken at rest.
However, patients who are ADLs independent may be moving
or talking causing artifacts which are one of the biggest problems
in data evaluation (5). Although some studies suggest that
continuous monitoring with automated alerts improves patient
outcomes (6), alarm fatigue could be counter-productive. To
prevent alarm fatigue, patients who are relatively well with
low risk for complications should have regular rather than
continuous monitoring.

Even though most wearable solutions offer continuous
monitoring, the purpose for wearables in our situation was
not meant for that purpose. As mentioned, our aim was to
minimize contact between nurses and patients. Therefore, staff
should not be additionally burdened to continuously monitor
the patients just because the wearables are able to do so.
Rather, adjustments to work processes should be made to
maximize the benefits of technology without increasing the
burden on staff. For instance, protocol may require nurses
to check the wearables recordings at fixed intervals rather
than continuously.

Cyber Security

Cyber security is the practice of defending computers,
servers, mobile devices, electronic systems, networks, and
data from malicious attacks. As healthcare information are
highly sensitive, confidentiality is paramount. All patient
identifiers and health information should be protected (18).
Therefore, the implementation of the wearables necessitates the
following:

e Device security of any mobile devices that are used to collect,
store, or transmit information;

e Secure data transmission and storage- Data transmission and
data at rest have to follow relevant security guidelines (e.g.,
Health Security Instruction Manual). Data stored in the cloud
has to be anonymised to reduce exposure risks of 3rd party
product (18).

e Proper account provisioning and management; patient re-
identification governance process; data backup and device
fidelity are also important hygiene considerations.

Other important risks include malicious hacking to corrupt or
alter data collected, introduction of malware that impairs the

performance of the device, or the devices being used as portals or
mediums for cyber criminals to gain access to enterprise digital
assets such as the Electronic Medical Records (EMR) system.

In our institution, EMR and other enterprise IT
systems are connected to a private, secured network,
not the Internet, as governed by the public healthcare
IT policies. Ideally, the wearables solution should sit
within this secured network for enhanced cybersecurity
and work processes. If the solution was within the
secured network and integrated with the EMR, readings
from the wearables would be directly charted into the
EMR without transcription errors or additional effort
from nurses. In addition, full patient identification (e.g.,
name and registration number) may be viewed for easy
patient identification.

However, most wearable solutions are designed to store data in
a public cloud. Hence, they require internet access. Furthermore,
time is required to architect a secured solution to interface data
from the wearables solution to the EMR system. These reasons
ruled out our preference of sitting the wearable system in the
secured network.

Working with our Chief Information Security Officer
(CISO) and IT teams, we arrived at a quick implementation
of an internet enabled solution. To maintain cyber
security, the wearables solution was a stand-alone system
with no patient identifiers within it. Pseudo IDs were
used to mitigate risks associated with cybersecurity. All
functions in the mobile device except those required
for the solution to work were locked down to prevent
usage habits from sabotaging security of the device or
software system.

Another possible scenario without syncing the wearables
solution with the EMR systems would be for vital signs to
be measured and self-charted by patients onto a platform that
can be accessed by the nurses. This is not recommended as
there are some major limitations. A similar approach was
carried out in some community isolation facilities (CIFs) in
Singapore. CIFs isolated patients with very mild symptoms
not requiring hospital stay. These patients were provided
with vital signs monitoring devices (not wearables) and were
required to self-chart their vital signs. Challenges faced were
that some patients confused the PR with SpO, and entered
“PR = 99 bpm, SpO; = 60%,” instead of the other way
round. Patients may also measure their vital signs after physical
activity, leading to a high number of false alerts being sent
to clinicians.

Cost Effectiveness

It is unclear when the pandemic will end. Hence, the solution
needs to be cost effective. Severity of illness, quantity required,
aims of monitoring using the wearables should be taken into
consideration in determining its cost effectiveness.

Sustainability

To prevent wastage, potential uses of the wearables after the
pandemic should be contemplated during the selection of
the solution. Suggestions for future use of wearables would be for
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research purposes or for feasibility trials in the management of
other groups of patients (such as outpatients or patients enrolled
in a hospital at home program). If the use of that wearable
device proves successful, plans could be made to integrate the
wearables system with the EMR within the secured network, and
to implement its use across the institution.

CONCLUSION

The use of vital signs wearables can be expected to rise with
the ongoing advancement in technology. Although this list of
considerations is not exhaustive, this may be a starting point for
those looking to implement a wearables solution in their area.
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