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Abstract

Cardiovascular disease is a major cause of deatiNéw Zealand. Telehealth, which relies on
information and communication technology to providealth services, can support cardiac

monitoring in people’'s homes. This has the poténtiaovercome the barriers of distance and

time. However, successful cardiac monitoring depesn the use of technology being acceptable
to the consumer. This qualitative study with seyamticipants aimed to understand the

consumer’s perspectives of using wireless cardianitaring by looking at the human factors

involved. New Zealand consumers were both simitad different from other consumers. Key

issues identified were feeling safe while beingitooed and being both pleased and concerned
about seeing their cardiac rhythm. Specific findinglated to wireless monitoring included skin

care to attach the sensor, that monitoring equipimEndiscrete and not restrict the consumer’s
life. Training to use the equipment and to underdtdhe data from the cardiac monitor was

highlighted as necessary to gain the maximum bieofethis example of telehealth.

1. Introduction

Cardiovascular disease (CVD) is the number oneecafisnorbidity and mortality globally, accountingrf31.5% of

female deaths, and 26.8% of male deaths [1]. Alrwatthirds of CVD related deaths occur outsidettbspital, with

most victims not surviving long enough to receivedisal help [2, 3]. Telehealth, which is definedtlas delivery of

health services through telecommunication equippigrionsidered a way of providing health servioes manner that
overcomes barriers to care such as time, costdestahce [4]. The World Health Organisation (WH@3alution on e-
health describes telehealth as “the cost effedive secure use of information and communicatioosn@ogies in

support of health” [5]. As healthcare costs corgimo increase, resources within the health sectobeaing redirected
from hospital based care to provide increased pyiraad home based care, in which telehealth playmereasingly
prominent role [6]. More importantly, telehealthsHzeen shown to reduce cardiac disease hospitatisates through
early recognition and intervention for adverse @rdvents, as well as helping to manage and tteatic cardiac
conditions [3, 7]. Beck, Daughtridge and Sloaned@psider that when consumers have full accessféonnation and
are able to be involved in decisions related tartbare, they will be more compliant with prescdbeare and more
willing to undertake health changing behaviour. ytean do this from within their community environmbeas

professionals will be able to assess the efficddyeatment without having to treat them in an atipnt setting [9]. In
addition, people who have better understandindheir theath or illness have been found to have betteeomes than
those who are passive consumers of healthcare [10].

2. Benefits of Telehealth

There is evidence that telehealth can provide Sagmt benefits to consumers. Artinian [4] suggestst telehealth
allows health care to be provided in an alternatieses threatening environment than that of a climi hospital, which
can lead to improvements in care outcomes and tyuafi life as a result of receiving care in one'wrohome

environment. Telephone consultations to supportéhoare were found to result in less travel time imednvenience
to consumers [11]. In addition, telehealth canease access to healthcare by allowing for morébiléy in arranging

health consultations between consumers and climsdid]. However, the mode of telehealth can maé#farence as de
Lusignan [12] found when video consultations weegcpived to have no benefit over the use of telephowith

participants becoming less willing to engage ireaatonsultations, preferring the telephone consaoitts instead.



Successful wireless monitoring is dependent upenathility to transmit clear, high quality real tindata from the
consumer, wherever they may be, to the healthmanader, without the information being corruptediast. This has
the potential to increase access to health carenamabve the quality of care provided to certaimpplations, reducing
inequalities present between rich and poor, anal amd urban populations, within and amongst cees{3]. Miller
[10] states that healthcare professionals and agdhaquipment for diagnosis and treatment are cftecentrated into
urban areas, so telehealth has the potential t@ s@te of these resources more accessible tocamahunities. There
is also potential to reduce cost in an industryeurelrer increasing fiscal pressures [14]. Howeaead perhaps more
importantly are the benefits perceived by the usétbe technology, which can be measured in coeswsatisfaction
[13, 14].

In a systematic review of consumer satisfactiorhwilehealth it was discovered that people werenoéinthusiastic
about improvements in care, such as increased ateespecialists, reduced waiting times and redueee! times,
though some reported concerns regarding the dglieércare through telehealth, in particular the rda in

communication [13]. This is a significant findirgd suggests that it is important to understanetfeets of telehealth
consultations on consumers’ health and perceptibtiwir care, as well as their expectations adriattions with health
professionals.

3. Human Factors and Telehealth

Human factors assist in exploring the consumertsgective associated with telehealth initiativesntdn factors in
relation to telehealth are described as “the stofdthe user experience ... and the effort to maxintiee positive
elements of telehealth system design, implemematiad operation” [6, p. 446]. To gain insight inke consumer’s
experience, developers of telehealth may utilisargety of methods to gain feedback including fogusups where
consumers report their thoughts and feelings abquibduct; field trials; simulations, where usem@ynse or directly
interact with a product to assess its validitydoeryday use; and questionnaires.

Brennan[15] insists that any telehealth servicetnbesdesigned and implemented with the end uséheadocus of

development, for whether a telehealth service mayunctional and useable will depend upon the agkure and

competency of those users [16]. Human factorsahatdefine competence include “literacy, dextesitgion, hearing,

learning ability, memory, training, experience, dadguage barriers” [16, p. 23]. Users can incladesumers, health
professionals, administrators, and technical stsdf,there will be a wide range of users with diffgrlevels of

competency. A review of the current literature iifead a gap in understanding the use of wirelemsliac telehealth
monitoring from the New Zealand consumer’s perspect

4. Wireless Cardiac Monitoring

Well known heart monitoring devices (i.e. Holtenk by the consumer having usually three smalllpegor stickers
called electrodes attached to the skin, which aredainto an electronic box that records the etexrdiograph (ECG).
The cardiac monitoring can be continuous, inteenitiat set times, or user activated, usually ipagase to symptoms,
such as feeling dizzy or experiencing palpitatidnswireless ECG monitoring, either continuous mermittent data
recorded from the consumer is remotely sent thrdagh professional at some other location, analyaad a response
may be sent through some information and commupitdechnology medium to inform the consumer ofaacthat
needs to be taken. The service that is provided n@ychange, but the pathways that monitoring aack ¢s
communicated does. Types of information and compaititin technology used may include telephone, neterand
advanced high speed data networks to transmitskditdata [17].

A clinical trial evaluating the benefits of wireee€CG monitors for consumers reported that the afseireless
technology increased and improved communicationiat@iaction between consumer and health providesddition
to decreasing waiting time for treatment [2]. THality to be intermittently or continuously monitxdt can support
interaction between consumer and health profesksamthe consumer may be being able to transmitandss data at
any time from any location, which enables themdbas “responsible consumers of their own healjaining control
of when they record and send data, and understamdsignificance of doing so [2, p. 101]. The usecafdiac
monitoring telehealth can allow for earlier recdgm of a problem by the consumer and health psidesl and
therefore earlier intervention for cardiac abnoitiesd [18].

Wireless ECG monitoring has the potential to be Iegasive and easier to use than existing methods as the Holter
monitor. In 2010 Fensli et al.[19] evaluated conetshperceptions of wireless ECG monitoring on bygi, ease of
use during physical activity and skin reactionsn§loners reported that a wireless monitor reducedtigmatisation
they felt compared to that experienced when weaaigrnative models that were not wireless. Somigiaants

remarked that they felt like a medical instrumehew using a wired model, and felt less able to tialle activities of
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daily living due to the restrictive nature of thesign and the wires. This is important as the pessability to continue
on with everyday activities of daily life with mmium inconvenience has been found to influence tieieptance of
technology [18].

5. Methods

The aim of this small telehealth project was totdretinderstand the New Zealand consumer’s perspeofi using
wireless ECG monitoring. An invitation for partieipts was made through a database of consumersandHis seven
participants with a diagnosed heart condition wereuited. Participants volunteered to attend forta two hours.
During this time they were asked to wear a wiretgsliac monitor for an hour, perform a number aifvities aimed
at replicating everyday functional tasks and padte in a focus group where they were asked atheirt perceptions
and experience. The tasks participants were askedbtincluded walking up and down stairs, sittingwd, and
movements used at home such as writing, readilegsiirg, shaving/appling makeup or combing hair.

In addition, participants were asked to completpialitative open ended survey via email three moafter the focus
group. The survey started by asking participantetiect back on their experience at the time andesand consider if
there was anything they wanted to add. Questionkided: In what ways was the ECG monitoring equipime
convenient or not to wear/use? What are the adgasfdisadvantages of being able to see the ECGngead the
screen? What concerns about privacy and/or secwstg there? And Do you think wireless ECG monitgrivould
impact on your relationship with your health praasig, and in what way? Participants were also idvite add any
further comments. The survey provided individuapenses and gave participants the opportunityftectaupon their
experience before responding.

The wireless cardiac monitor in this project waisadiie for short or long term use, and either imi¢ient or continuous
use. Use would be likely to depend on the patiediignosis and setting, such as rurality and digtdrom health care.
The monitor utilised one sensor, about twice tlze sif one of the usual electrodes. This was atththehe anterior
aspect of the chest, where once activated it tratesfhrthe heart's electrical activity to a receikard-linked to a mobile
telephone. The mobile telephone had unique softimstalled which allowed the heart rhythm to bengd by the user
and transmitted via either 3G or wireless netwdeoka server which can be viewed in real time ca kter time point
by a health professional, such as a General Rometit(GP). However, the focus of this project waghe consumer’s
perception of the wireless monitor and not on ahhical aspects, such as transmission of data.

The findings were analysed using a similar metlwo@laser’s grounded theory analysis [20]. Informativas coded to
conceptualise the data into patterns, open codiag then used allowing identification of the coraegaries of
behaviour that were relevant, problematic, or Hottthe study participants. This involved readihg tvords spoken by
the participants in describing their experiencegydnerate core categories for analysis, and ttm®secategories were
analysed.

6. Findings

The participants comprised two women and five mgadafrom 42 to 82, all with a known history of dal
conditions. Figure 1 shows a breakdown of theitt pasdiac history, with several participants havaggmorbidities
which are why the percentages add up to more tB@n Core categories were identified from the datd these are
described next using illustrative quotes from ggrtints.

6.1. Benefits of Being Monitored

Participants considered that they would feel sh&ng monitored. Some comments focused on the iemdfbeing

continuously monitored. One participant remarkedt ththe advantages are you are monitored 24/7 hy yaP”.

Another commented on the advantage should anythéngrong with their heart, of knowing “your ECG dé#y goes
direct to the GP if unusual circumstances occudttiBipants were also positive about the poteniimé savings they
could make from being wirelessly monitored with ¢coents including “it saves a lot of trouble”, anévVes going in to
see the doctor. One suggested that this savingtimawving to go to an appointment would “ease tidedy around
going to the doctors”. Participants felt that thse wf teleheath would not change their relationsliip their healthcare
provider, other than to become more connectedemthvhich they discussed as a positive thing.
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Figurel - Past cardiac history of participants

6.2. Visibility of Cardiac Rhythm

Having the cardiac rhythm visible was seen bothitpety and negatively. It was considered positias, long as
sufficient training was provided to users: “If mad it would be great to use”. Participants alsd #aat given the
correct training so they interpret the ECG, beiblpdo see the recording would have enabled thebetless anxious
about their health and may support them to get itim Nfe as they could determine what was occurnvith their heart

throughout the day by looking at the screen. Howes@me participants felt that being able to se# ttardiac rhythm
on the screen could increase their anxiety anddsaffnosis, saying: “Wonder if | would become negigrabout my

own heart rhythms as | can see the screen” andhizitthey would have been more comfortable to hbheedata sent
directly to their health professional so they dad have to view it, saying: “Why do we need to geescreen at all?”

6.3. Skin Care

Skin care, specifically for those with a hairy dheas an issue. A participant reported that thes@ewould not stick to
his hairy chest. He felt that he would have to n@&ina shaved patch of skin on his chest. No ppsits reported
experiencing any skin irritation or discomfort fromearing the sensor during the project.

6.4. Wireless Monitoring

All participants found the wireless cardiac moriitgrdid not restrict their movement or them comiplgthe assigned
activities. In addition, because there were no syiparticipants reported that the sensor was nblgmoto wear at all
and they felt that it was easily concealable unelatim their clothing. The sensor transmits a sigmahe receiver on a
mobile telephone. The placement of the mobile entibdy was discussed by participants as the pheeéed to be in
close proximity to the sensor to receive the sigBaime participants held the phone in their hardchvwas noted as
not being practical in everyday living situatioBsther a breast pocket or an inconspicuous holurdould be placed
comfortably on the body were solutions suggestexdtiddpants thought the amount of training requiteduse the
equipment confidently would be significant. The ipaoent included the sensor being attached to tlestcand the
mobile readied. For example, participants said 6luld need considerable training around using thepesent” and

concern was expressed about “knowing how and whshould be used”.

7. Discussion

This project found New Zealand consumers similastteer consumers regarding the issues they idedtifi the use of
telehealth. The participants were overall positine satisfied [13, 14]; they recognised similardiiés of telehealth, of
it potentially saving time in visits to see healthofessionals [4, 9, 11], waiting time [2] and sapmg early
intervention if something untoward was noted [l1l8pwever, concern about changing their relationskigh their



health providers was not raised, which is a poirdiffierence from the findings of Mair and Whitt§h3]. This may be
because this project only involved the short-tersa of wireless cardiac monitoring rather than longem use of
telehealth, where communication and the ongoingemer-health professional relationship may be &dtec

The length of the present project may have alstuénted issues around skin care and the impactiess
monitoring on activities of daily living, such aydiene. However, the study by Fensli et al, [19]ichhtrailed
monitoring for three days did not expose skin iss@nd a longer study is required to identify ifnskare with the
sensors or electrodes may cause skin irritation avenger period of time.

While the literature raises consumer’s concernsiradostigmatisation [19] the present project pagptois did not
indicate this as an issue. This may be becauskeoless intrusive nature of wireless monitoring rgheo wires are
required that meant that the equipment fitted utigieir clothes quite easily.

The participants in this study were mixed in ttagpreciation of being able to view their cardiagthim. While Beck,

Daughtridge and Sloane [8] consider full accedaftrmation about health information would help samers be more
autonomous and work in partnership with their healte, the participants in this study expressecams about
understanding what they were viewing. A lack of emsthinding would also be a barrier to consumensgbactively

involved in their health care which would mitigdtee advantages suggested by Miller [10] and Rubel.42], where

active involvement improves health outcomes. Thiéitwlof consumers to play an active part in theare would

therefore depend upon the ability of the healtifgesionals to provide the necessary training toewstdnd what the
signals on the screen mean, and upon the competétioe consumer in learning this skill [16].

Despite this project being about the consumer'sgmion of wireless cardiac monitoring, the techgl was still
highlighted in the focus group, mostly in relatimnthe convenient placement of the mobile telephame it allowing
potential users the ability to function in theireeyday life. As everyone is different, consumerninis critical for this,
and further study, of a longer duration and withaeger group is recommended to fully explore theawnt on
consumers.

In this study all equipment was supplied and anstx@overed. Patients having to buy or being cliafge use of
equipment could be a possible barrier. In additiorNlew Zealand mobile phone charges could be amakgterrent to
usage and acceptability of telehealth, especiatigmtinuous monitoring was required.

This project was limited by its sample size of seself-selecting participants. A larger study igaed, with a wider
range of participants that includes the competediactors of literacy, dexterity, vision, hearingataing ability,
memory, training, experience, and language bartimtsKaufman-Rivi, Collins-Mitchell and Jetley [Hi@entify.

8. Conclusion

The project was small with a sample size of onlyese participants, but still provides a useful begig to

understanding the New Zealand consumer’s persgeofiwireless cardiac monitoring. Telehealth, sashhe use of
wireless cardiac monitoring has potential bendéitsconsumers, from saving time and travel costégit an in-patient
setting, to providing continuous monitoring ands®aaance. A wireless format was also found to alieedom to
perform activities of daily life without the hindree of wires. A broad human factor approach mayigeothe tools to
understand the experience of consumers of teléheaitd by focusing on the consumer during eveny sfelanning

and development of telehealth services, outcom#éanaiximise their acceptance and use of teleheatth quality of
life.
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