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ABSTRACT

This paper describes a personalised rehabilitatipplication
using a smart phone (PDA) and wireless (bio) sendbimstructs
and motivates patients to follow their exercisegoaonme and
keeps track of their progress. It also monitors teéevant
biosignals and provides immediate feedback to #iept.

Sensors transmit data to the mobile phone whei® analysed
locally and the data can also be instantaneouahsinitted to a
healthcare centre for remote monitoring by a healtiiessional.

The rehabilitation application is personalised &ach cardiac
patient and provides tailored advice (e.g. exercigge, slow
down). A trial with a rehabilitation centre is imggress in which
we investigate whether the personalised rehaliditaépplication
improves the success of the rehabilitation progranmterms of
patient compliance with recommended life style gen(such as
increase physical activity or lose weight) and wkeetuse of the
system brings peace of mind to cardiac patients.
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1. INTRODUCTION

Cardiac rehabilitation programmes aim at maximizptgsical,
psychological and social functioning of a patientldwing a
myocardial infarction or coronary bypass surgeiy [1

Typically, a cardiac rehabilitation programme ird#s
counselling to help the patient achieve lifestyharmges (give up
smoking, lose weight, change diet, learn to redstcess, cope
with depression, anger and stress during recovehy)provides
support and training to help the patient to retirmormal work
and activities and it teaches patients how to maniagir personal
heart condition. It also includes supervised andiitooed gym
sessions to improve the patient’s cardiovascularedis. The
exercises are tailored to the patient based onaakdialuation
and, for the longer term, a personalised home &seprogramme
is given to the patient. Heart rate and blood pressieed to be
monitored and traditional rehabilitation programmtake a
baseline measurement of health at the start ofptogramme,
with follow-up measurements at regular intervals [2

The benefits of rehabilitation have been demoredrdiy several
research groups [3, 4, 5]. It can reduce mortaliyyer blood
pressure, improve lipids and stress levels [6]. E\ev, despite
strong evidence that cardiac rehabilitation redudisability and
prolongs life, fewer than one in five people in tH8A receive
rehabilitation services after a heart attack oronary bypass
surgery [7]. This is sometimes due to access isgyesgraphy,
lack of resources or ill-health) but often duedok of motivation
since it is hard to make lifestyle changes withany external
help. Another issue is that many patients do nohgete the
rehabilitation programme and pull out before thsimde health
style changes have been achieved.

For people having access issues,
rehabilitation has been widely noted as a viabteraative to
rehabilitation programmes conducted at a hospfal4 study [3]
in Canada and Australia found that remote monigpdauld help
patients that do not benefit from in-house rehtdtibn services.
It also showed that the use of remote monitoringtofsiological
data helps reduce heart failure admissions to tedspnd lowers
the mortality rate by nearly twenty per cent foratic heart
failure patients. Their study highlighted that reenanonitoring

home based -cardiac



has the potential to significantly improve clinicautcomes
(mortality, morbidity and quality indicators).

To improve long term clinical outcomes, patientedchéo make
lifestyle changes and this is not something thatlmaachieved in
a few weeks. The patients need to integrate exexamstheir daily
life; they need to understand the cause and effeatedication
and activities on their health. It is important fine patients to
keep track of their health and be reminded and vated to
exercise.

Several commercial products enable patients to keef of their
physical activities using a watch, mobile phonei®od. For
example, the iPod/Nike pedometer [9] tracks ther using an
accelerometer sensor on a shoe with a wirelessection to an
iPod. The information collected can be transfetedhe user’s
PC. Mobile phones such as NTT DoCoMo Fujitsu Pedeme
Phone [10] or the Nokia 5500 Sports [11] integrB®&rsonal
Trainer type of applications in the mobile phonedrcts such as
Polar Heart Rate Monitors [12] and GARMIN Forerun&e [13]
are used by joggers to keep track of the heart aatk provide
basic feedback to the user (e.g., heart rate, ifialasutput
distance, speed). While such products can proviseesuseful
functions such as monitoring the cardiac patieattvity, they
are aimed at the sports market and as such ar¢éaihmted for
cardiac patients specifically; hence it is not sisipg that they do
not provide the full range of functionality needéat remote
cardiac monitoring by a health professional.

Internet based applications such as Microsoft H¥atlt [14] or
Google Health [15] allow individuals to enter thdifo data
manually and keep track of their activity and pesg. This could
be used by health professionals to assess thegssograde by a
patient but it involves a lot of discipline and &ncommitment
from patients to enter their data manually aftecheaxercise or
measurement.

Substantial research has been done on mobile mimgjteystems,

which typically incorporate wearable or implanteshsors and run
software on a mobile device to perform a set otfioms around

one clinical application. CardioMobile [16] definassystem for

real-time remote monitoring of ECG, heart rate,atan and

speed. The CSIRO e-Health project [8] focuses erasessment
of cardiac rehabilitation patients in a communigyecmodel. The
main differences between our mobile rehabilitatepplication

and existing ones are the following: our applicaticombines

activity and biosignal monitoring (e.g. exerciseC& weight,

blood pressure, glucose). It provides immediatallé®edback to
the patient without the intervention of a healtbfpssional. It can
also be used for real-time remote monitoring oatgmt using 3G

technology. Health professionals can use a stanslabdbrowser

to access their patients’ data and carry out remmaeitoring and

reporting. Our rehabilitation application is intaggd into a

platform that offers useful functionalities such ashythmia

detection and emergency facilities such as autentiergency
calls in case of detection of a fall or of a life¢atening

arrhythmia.

This paper presents our mobile rehabilitation aapion for
remote monitoring of cardiac patients after a hedtack or a
coronary bypass surgery. It is organised as follo8ection 2
describes the Personal Health Monitor applicatiod highlights
the characteristics that make it suitable for @rdehabilitation,

Section 3 details the rehabilitation applicatiord asresents the
user interface. Section 4 concludes this paper.

2. The Personal Health Monitor

The Personal Health Monitor (PHM) provides persiseal,
intelligent, non-intrusive, real time health momity using
wireless sensors and a mobile phone (see FigureThg
application and its algorithms have been develdpedur team at
the University of Technology, Sydney [17,18,19].
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Figure 1. Personal Health Monitor System

To date, over 70 low to medium risk cardiac pateaged 22 to
90 years old, have used the Personal Health Moimitartrial with

the Sydney Royal North Shore Hospital (CardiologgpBrtment)
for Cardiac Rhythm Monitoring. In this trial, pati,s are given a
heart monitor and mobile phone to monitor and réctireir

cardiac rhythms for several weeks in their normali®mnment

(see Figure 2).

The PHM offers the following functionalities whicimakes it
attractive for remote cardiac rehabilitation:

Ambulatory monitoring: Using small sensors and a phone it
allows convenient, non intrusive monitoring for a@olpnged
period of time, while users carry on with their mai daily
routines. The trial showed that most patients hawdlifficulty
using a mobile phone and ECG sensor and they fahed
application straightforward to use. Those patieleading an
active life appreciated the fact that no one caeéée they were
being monitored and wearing sensors. Ambulatoryitadng is
useful for patients who are not close to a rehtaibiin centre and
would otherwise miss out in joining a rehabilitatigroup.
Additionally, rehabilitation programmes typicallyurr for six
weeks and it is important to keep up the exerciisr the
rehabilitation programme finishes.

Multiple sensors: Many different sensors are supported. The
wireless sensors can be either attached to thésusedy (e.g.
ECG and Accelerometer) or can be external deviegs B8lood



Pressure Monitor or Weight Scale), that are usedmnwiequired.
Users can use all, or a selected group, dependinipeir health
condition and personal preferences. The followiegssers are
available: ECG, Fall detector, Pulse Oximeter, Blderessure,
Weight and Blood Glucose. The PHM uses off-thefsbehsors.
They are available on the market and their techgyols mature.
The user needs a Microsoft Windows mobile phond,raay buy
or rent the sensors. The user can download theva@ftonto the
mobile phone and use it just like any other windawsbile

application. Another advantage of off-the-shelf s@s is that
health professionals trust these devices since dneyDA, TGA

and/or CE, approved. The patient can claim theserental or
purchase from Medicare or private health insuraircesome
countries (e.g. in Australia, the cost of a blowdsgure monitor
and blood glucose monitor can be claimed on héadtlrance).

Figure 2. Patient with PHM phone and ECG sensor

Personalisation: Each user has different needs and preferences

and the PHM application can be configured to thiéepts’ and
health professionals’ needs and requirements.

Instant feedback: The Personal Health Monitor analyses and

stores biosignals and activity data on the phong @rovides

instant personal feedback to the user. If requiteel phone can be
set, in the event of a cardiac arrest, to loudhy@ message with
pre-set CPR instructions for any bystander, sotttet know how

to assist. The trial highlighted that the type eédback not only
depends on the clinical application but also on gaient's

profile. Some patients want to be in charge ofrtheialth, they
are aware of medical terminology and wish to geinédiate

feedback. Others prefer to use the application withinimum of

interaction because they find it stressful. Durithg trial we

discovered that elderly patients living alone pnefé to have
audio reminders and warnings, whereas more sockdiyve

patients preferred the application to be as unshteuas possible
(‘silent mode’). The flexibility of the PHM user terface allows
personalisation of feedback to the user.

Software running locally on the phone:The Personal Health
Monitor software runs on the user's mobile phone analyses
the data received from the sensors in real time.tfk® younger
generation, using a mobile phone for local processif the

sensor data is a natural choice. For the eldetlycould be

expected that simpler devices would be more s@tabdbwever,

during the trial, elderly patients were able to ttse application
even if they had never used a mobile phone beRimeplicity and

motivation seem to be the key prerequisites foiepatcceptance
of the technology, not age. The patients had nbissaes with

the battery life of the mobile phone. Most peoptevadays are
used to recharging their phone regularly.

Arrhythmia detection: The PHM application can detect and
record various arrhythmias and can react to serasttsythmias
such as ventricular fibrillation/tachycardia. Theialt has
demonstrated that the detection of important cardiahythmias
is feasible using the PHM system when comparedtwentional
Holter monitors. (24h loop, no feedback). The EQghal quality

is in the majority of cases of sufficient quality fa cardiologist to
make an assessment.

|14:1El:52 |14:1El:53 |14:1U:54 |14:1El:55 |1

Figure 3. ECG trace from PHM system

Reminders and logs: The Personal Health Monitor software
allows the users to set reminders for their measentés and to
keep logs of their activities. The trial showedttpatients who
used the PHM to monitor their wellbeing found iefig to be in
charge of their health and keep track of their peeg (e.g. they
can work out what triggers changes in their bloogsgure). This
is confirmed by a study [20] which showed that deagho check
their own blood pressure tend to be more consciolushe
importance of taking their medication on a reglasis. They
tend to notice what type of food or activities eaitheir blood
pressure and they will adjust their lifestyle t@iavthem, leading
to better results.

Communication: The sensor data and analysis can be
instantaneously sent to the Health Care data seisiag 3G or
any other Internet connection available on the ghdrhe PHM
application can also be configured to automaticelg or SMS
pre-assigned numbers in emergency situations, ascivhen it
detects a life threatening arrhythmia or a fall.eTPHM
application can use either wireless or wired comoation for
synchronising data.

Remote Monitoring via Health Care data server: Specialists
can remotely monitor their patients via the Healthre data
server. Data sent from the phone with details alibatuser’s
condition can be used for diagnosis. Specialists @motely
adjust the parameters and tailor them to each miatisituation.
Health specialists and patients can use secureae@dss to access
the data.



Reliability : The trial showed that reliability and ease of ase
paramount in order for an application to be acabpg patients
and health professionals. Feedback received frartrthl so far
suggests that we achieved that goal.

3. PHM — REHABILITATION
APPLICATION

This section describes a typical scenario for asgrerhaving
experienced a heart attack and the enrolment im&habilitation
programme. It outlines how the PHM rehabilitatigopkcation
can assist in recovering from the cardiac event.

3.1 Scenario

We conduct this research in cooperation with twodica
rehabilitation centres in Sydney (Australia). Thelldwing
scenario shows how our rehabilitation applicatioould be
integrated in their current outpatient and mainteea
programmes.

Jack has recently experienced an acute cardioxaseuént and
joins a rehabilitation programme to exercise unsi@pervision
and receive information on how to make lifestyleartes. On
entering the programme he is assessed on seveti@sauch as

- Physical and psychosocial condition
- Symptom recognition
- Cardiac risk factors

Past medical history

He performs a six minute walk where his Rate ofcPieed
Exertion (RPE) is determined as well as his O2rasitn and
heart rate. The results form the basis of his ésengrogramme.
Jack is advised to be more active, to lose weigldtta monitor
his diabetes and hypertension.

Jack is also given information about the mobileatslitation
application. Since he leads an active life andslifer from the
centre he chooses to use the mobile rehabilitatipplication
since he can then be monitored more than twice ekwkle
already owns a 3G mobile phone and the physiotigtragvices
him to rent a heart monitor, a blood pressure moné blood
glucose monitor and a weight scale.

A technician installs the remote rehabilitation teafre on his
phone and pairs the Bluetooth sensors with his phéte also
personalises Jacks application based on Jack'sileorahd
personal requirements (e.g. max heart rate foexieecises, health
condition). This can be done on the phone or usihey web
interface.

Jack attends a 20 minute tutorial together withdtreer patients
who opted for the remote monitoring service. Hesgestructed
on how to use the mobile application and sensots low to
synchronise his data with the health centre seriefour page
quick guide with screenshots is handed out thatnsanizes the
main information.

Twice a week, Jack discusses his recovery progvihsa nurse
and a physiotherapist assists him with his cardiowkar and
muscle strengthening exercises. Jack wears thé tmeaitor and
uses the mobile monitoring application during tikereises. This

allows him to become familiar with the applicatiamile he is
still being supervised. It also allows the physastipist to adjust
threshold parameters for the exercises.

After a couple of weeks, Jack has gained enougfidearte to do
the exercises at his local gym using the mobileabéhation
application. He synchronizes the data every week thie health
centre server. He still attends the informationsges about
dietetics, medication, stress management and caridia factors
at the centre.

At the end of the six weeks programme, Jack issasseon the
progress made and correct use of the mobile retsdinih
application. Jack is encouraged to make use of aamtyn
programmes and to continue exercising.

Six months later, Jack returns for a reassessriitet.centre has
access to all his data and can easily assess dgseps. If there
are concerns the GP or cardiologist are contaddeceport is
routinely prepared for Jack's GP.

3.2 User Interface

The PHM user interface consists of three diffepnts: live data,
configuration and rehabilitation. Navigation andeogtion of the
application is touch based. Figure 4 shows the dist& screen.
Here users can monitor their current heart rate deat
classification as well as other physiological sigreuch as blood
pressure, weight and blood glucose.

& | PHM 6= & W s

" i Heart Rate: 65 @

| Normal beat

ii o Fall detector

Upright position
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e 89,0 kg

125/82 mmHg

&+ 53.3-00 10:00

Figure 4. Live data screen

Sensors can be activated or deactivated based eopatient’s

condition. In day to day use of the PHM this is tmdy screen

used by patients. Other information such as remided battery
status of sensors are displayed here as well. Bee can be
warned by audio if issues arise with the sensommeasurements
are outside a predefined range.



The Administration interface enables the patient or the specialist The user selects the required exercise and tapsR¥Twhen
to personalise the application. Here sensors caobfgured and
(de)activated and user preferences can be chardged.PHM

application supports remote management of the egtfin via

the website. This enables a specialist to updatsiiold settings
remotely, therefore the patient does not need mecm with the
hardware for adjustments (see Figure 5).

A
—
Rehabilitation

Blood Glucose Oximeter

Sensor Configuration
Back

Figure 5. Configuration of PHM

The Rehabilitation section allows the activation and
configuration of the exercises. Figure 6 showseakercises that
are currently available. The selection of exercisedased on
discussions with the Royal North Shore Hospital dditation
centre. Other exercises can be easily added ifinetjult also
shows how a particular exercise can be tailorecafpatient. The
specialist can set the duration, the target hedet that should be
achieved but also the maximum heart rate which @eignal the
user to slow down or stop the exercise. Other parars such as
target speed, grade etc can be set to instrugiatient on how to
configure the exercise equipment. Reminders catohégured to
remind the user when it is expected to performettercise.

Treadmill Configuration

Activate exercise
Target HR (bpm)

120 -]

Max HR (bpm) 140 |a|w
{ i 10 |af=
Weight Training Walking Duration (min)
. |Target Speed || 11km/h
v
ST |Grade ||2 degress

|
|
Cine M Wialle
Sin Min Walk | || |
|
|

Stepper
Back Back Save Reminders Help B ~

Figure 6. Configuration of Rehabilitation Exercises

The patient can perform the exercises with or withihe heart
monitor. If the heart monitor is used, the heaté ia monitored
and the user knows when to push or slow down. Tdtemt is
also monitored for arrhythmia abnormalities ande2G will be
recorded if an abnormality is detected.

ready (see Figure 7). The application guides the tisough the
exercise. It keeps track of the thresholds settlfier particular
exercise. It motivates the patient to speed ugosv down or stay
within the recommended thresholds. It also acts stepwatch.

% | PHM

Treadmill
Speed 12

Grade 5
Calories 350

Target
00:30:00

Grade
Calories

Time
00:01:15
Heart Rate

70

Keep Going

Time
00:00:00
Heart Rate

68

Press Start
when ready

00:30:00

Target
145

Target
145

Figure 7. Performing an exercise

After completing the exercise the application wabk several
questions to assess the perceived difficulty. TloegBRating of
Perceived Exertion (RPE) scale is used which isefull adjunct
to the heart rate as an intensity guide for cardiggcise training.
RPE is a subjective rating that the user assignsdaadntensity of
his/her exercise based on their perception of hawd hthe

physical exertion was (see Figure 8).
S| start (S g T
Did you experience difficulty
breathing during exercise?

S¥ | start (=

How hard was the exercise?

Moderate

Somewhat hard

Hard (heavy)

Figure 8. Rating of Perceived Exertion

We also capture symptoms such as chest pain, nadigeaess,
confusion, shortness of breath, blurred visionesithey can be of
significance to the specialist.



3.3 Remote Monitoring

The PHM application can be used standalone on B Where
the user keeps track of their progress. If theepatparticipates in
a cardiac rehabilitation programme the data cam laésuploaded
to a web site (www.PersonalHeartMonitor.com) whéesalth
professionals can remotely monitor the patient. Tdesa is
transferred to the web site and potential new ttolels and
exercise information set by the Rehabilitation kteaentre are
transferred to the phone. Synchronisation betwéen mobile
phone and the web site is done at predefined ialeir instantly
using 3G.

Figure 9. 24/7 Remote monitoring via PHM website

Access to the web site is secure and accessiblgatignts and
authorised health professionals. Patients can ¥ieir data in

graphical form and view the comments/diagnosis magehe

health professional. Qualified staff can monitor /224the

physiological data from patients and are alerteghébisurements
are over the thresholds as set for the patieniefatneeding their
attention appear on top of the list (see Figure 9).

o S— ‘
G o , \

Weight . =1

" )

Figure 10Reports

The exercise information is also transferred tovtlebsite so that
a specialist can review progress but also to ad@arcise
parameters and add comments. Keeping track of eecise
history will show the patients’ progress over tiared hopefully
motivate a patient to continue with the exercises.

Rehabilitation staff can view and comment on thgsphogical
data of their patients and reports can be genefatedview by
other specialists (see Figure 10).

4. CONCLUSIONS

The mobile rehabilitation application describedtis paper aims
at encouraging patients to do their exercises amatave their
confidence by constant local monitoring. It can patients to
achieve the required life style changes by momitptheir process
but also to remind them to do their exercises.

We are conducting trials with the Royal North Shbiespital in

Sydney, Australia and two associated rehabilitatibnics. The

trial focuses on the usability and acceptance dfilegphones and
wearable sensors by patients. We also receive &&dbn the
usability of the website by health professionald amprovements
are made to satisfy their requirements and needs.

Future research focuses on automatic detection hyfsigal

activity levels of the patient and to make the n®bpplication as
pervasive as possible. We will also adapt the irgerface based
on the trial feedback and new functionalities wi# added to
assist patients setting and reviewing their persaegkly goals.
Future improvements include the introduction of imuas a
feedback mechanism similar to MPT train [21] anel ¢theation of
a virtual network that would allow people from theme group to
stay in touch and discuss their goals and achientsmeith their

peers.

Our application can be used by rehabilitation cbn{in-house)
but also by outpatients that have not access tabikfation
services or wish to continue after the in-housesises. It does
not replace rehabilitation clinics since human suvig®on and
personal health checks are essential to the réfagibih process.
It complements those services by recording the ep&s
biosignals and activities and provides data to b#itaion
centres to remotely evaluate the patient’'s health@ogress. We
believe that this application can help cardiacgrasi making long
term lifestyle changes.
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