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Abstract
Telehealth is an emerging area of medical rese#isctranslation from conception, to

research, and into practice requires tailored rebeand economic evaluation methods.
Due to their nature telehealth interventions ext@mumber of extra-clinical benefits
that are relevant when valuing their costs andaugs. By incorporating methods to
measure societal values such as patient prefeesmtwillingness-to-pay, a more
holistic value can be placed on the extra-clinmaicomes associated with telehealth
and evaluations can represent new interventiong mefbectively. Cost-benefit analysis
is a method by which relevant costs and outcomésléhealth can be succinctly valued
and compared. When health economic methods araictatusing holistic approaches
such as cost-benefit analysis they can facilitagettanslation of telehealth research into

policy and practice.

Introduction

Economic evaluations inform decisions regardingntioelels for health care provision,
including the design and delivery of new serviagshsas telehealth interventions.
Tailoring analysis methods appropriately to thelwention and context being studied is
vital in order to produce findings that have getsadility outside of the research
environment. Economic analysis requires the assessment of aostbenefits
associated with different services, enabling exgstervices to be compared with new

interventions not just in terms of clinical effigag@as in clinical research) but in terms of
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costs and therefore value for money. Understanaimapplying economic methods in
health research is vital to promote the efficieany sustainability of healthcare — one

of the core goals that telehealth aims to achieve

The expected growth of telehealth solution adopisdmgher than the observed growth.
REF Consequently, the question of the efficiencietdhealth as a solution for the
delivery of healthcare is contentious. The lack afear answer on the efficiency of
telehealth services may be due to a number offsatecluding a lack of economic
evaluations undertaken for telehealth interventitims quality of existing studies, and
the difficulty in measuring and valuing meaningbuitcomes from telehealth
interventions.REF This latter issue can be adddelsgecareful consideration of the
outcomes of importance and the design of the ecanewaluation, as we will discuss

shortly.

When undertaking an economic analysis of a neviageligh intervention an
understanding of the relevant service outcomesntiigitit change as a consequence of
the intervention and be meaningful from the perspeof the relevant payer and
beneficiary is necessary to appropriately assessdlue. However, the many possible
societal benefits of telehealth extend beyond tadth benefits that are captured in

conventional approaches to economic evaluationrdmnch have generally been
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measured and valued in healthcare studies to Bateexample, improved equity of
access for isolated populations, access to sp&toigdinion, and reduced travel
requirements all feature as benefits in teleheaithmay not be captured by

conventional approachés

In this paper, we discuss the potential limitatiohssing conventional measures of
health outcome in the economic evaluation of tedéhanterventions. We highlight the
potential for willingness to pay to overcome sorhéhese limitations within a cost-
benefit evaluative framework, as well as some efrttethods and challenges for
achieving this. Finally, we outline some of theatetl key challenges still posed for the
economic evaluation of telehealth. We aim to pra@tebate amongst telehealth
researchers and practitioners around the most ppate and holistic frameworks for
evaluating their services, in order to extend theybof evidence that exists to support

decision-making in this area.

The most common form of economic evaluation publisim telehealth is cost-
minimisation analysis (CMA) 2 CMA only compares costs; however, to perform a
robust CMA it is expected that the outcomes oftihe interventions have been proven
equivalent (or at a minimum, non-inferior). If taeonomic analysis does not address

the potential difference in outcomes between theparators, then it is a simple cost-
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analysis (CA). Other analyses include cost-effertess analysis (CEA), cost-utility
analysis (CUA), and cost-benefit analysis (CBA)odlwhich compare both the
intervention’s health benefits (measured by unitsliaical effectiveness, utility or
monetary value) and costs with the health benafitscosts of a comparator. Another
arguably underutilised method of analysis is a cossequence analysis (CCA), which
presents costs and outcome measures for intervardide by side in a disaggregated
format. CCA is proposed to provide decision makedth all available information in a
non-preferential format to enable them to formtlo&n judgement regarding the

relative importance of the costs and outcomes ptede

Outcomesin telehealth

The “gold standard” method in the economic evatatf health care is generally
considered to be CUA CUA usually employs the quality-adjusted life y¢QALY) as
the utility outcome metric. This captures the vabfigains in health-related quality of
life. However, telehealth interventions frequerdign to provide greater efficiency,
convenience and access for patients. It may ofteumipealistic to anticipate a
measurable improvement lnealth-related quality of life. It may however be reasonable
to anticipate that the gains in convenience andsxlead to gains in global quality of
life and overall utility. From a welfarist point efew, the theoretical underpinnings of

economics, these gains contribute to overall ytiitd should therefore be valued.
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The non-health or process-related outcomes asedaidth telehealth would be more
readily captured and valued within a cost-benefd@ation framework, which places a
monetary value on the outcomes of healthcare dsaweln the costs. However, cost-
benefit analysis (CBA) has been seldom applieceadth more widely or in telehealth
specifically, due to its increased complexity aeaquirement for extra data such as
willingness-to-pay (WTP) values, which are not moely collected in randomised
controlled trials. In fact it has only been durthg last decade that economic analysis
has been routinely performed for telehealth intetioms®. Nevertheless, telehealth
above many other health service foci would beriedin a more holistic cost-benefit
evaluative approach, and this is becoming feasitle rapid methodological

developments in the estimation of societal williags to pay, which we discuss below.

As well as CBA, cost-consequence analysis (CCA) pisvides a framework by which
holistic results on costs and benefits can be pteddan a cumulative format for
decision-makers to consider. Whilst CCA may be caratively easy for decision-
makers to understand, the main disadvantage of S@#at the disaggregated format
of the costs and outcomes rely entirely on decisiaker judgement as to what
constitutes value for money in each situation.RIEs Tompares to the more

aggregated format of CBA where a systematic detisiderion of acceptable cost-
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effectiveness if the net monetary benefit (thancsemental benefits of an intervention,

less its incremental costs, expressed as a da@llaeyexceeds zero can be adopted.

In telehealth research, just as in any other aféaalth, it is important that the most
appropriate outcome is selected to best repreleritdalth benefits associated with the
intervention being tested. In general outcome nreasare selected due to a
combination of their ability to represent healtméfits, ease of measurement and
convenience. Telehealth economic analysis shouclatjporate best practice guidelines,
comparative gold-standard therapy and validateddraorks where possible. CBA
provides a framework for ths®. It combines the relevant clinical outcomes and
telehealth specific outcomes (such as patientaxtipioner travel or satisfaction, cost
changes for all stakeholders, and willingness-tg}p#o one succinct economic
analysis> > % This approach values not only the health outeofas in CEA or CUA
when using QALYSs), but also the preferences ofpidgent to use the intervention
being proposed ’. It also provides a framework by which holistisuéts can be
presented in a cumulative format compared to thagijregated format of CCA that
relies more strongly on judgement. CBA is a metfuwgstreamlining health outcome,
cost information, and societal values in ordentréase the ease with which

interventions can be compared.
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In considering outcomes, careful selection of tt@nemic analysis perspective impacts
the outcomes that are relevant, especially in &gih. If an economic analysis is
conducted from the perspective of the governmeant #xtra-clinical costs such as
patient-funded travel or loss of productivity a taken into consideration, while
reimbursed time for a consultant or technology ueses may bé. A broader societal
perspective would allow these wider costs to beuged in the evaluation. This is

particularly pertinent in the case of telehealth.

Methods must be carefully selected and economitysisavell designed with outcomes
considered to ensure that all of the relevant fachoe captured by the analysis where
possible. For example, Bini and Manahajan usediphellevidence-based tools in their
method they minimised bias, increased the trangpgref their study and increased the
comparability of their outcomés Their study compared two physical rehabilitation
interventions using reporting guidelines (SQUIRE)jdated questionnaire tools (VAS
and KOOS), and standard institution care procediresHowever, applying standard
validated clinical questionnaire tools may not captall relevant information. It is
therefore appropriate to use informal methods ssciee-form questions to capture
specific additional data relevant to a more halistraluation in telehealth. Bini and
Manahajan asked their participants further questioriree-form style, and collected

information about time and travel investméhti doing this they provided a well-
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designed example for future telehealth research.

Societal values: Willingness-to-pay

Inadequacy arising from including only conventioefiectiveness outcomes in
telehealth evaluation raises questions about hoxaltge interventions using a more
holistic set of outcomes. One way of doing thibysncorporating Willingness to pay
(WTP) into evaluations. WTP estimates the contihgaiue of a service by eliciting
population preferences regarding a service, andrigaa monetary value on the benefit
associated with a service, from a societal perspedVTP can place a value on both
the non-health as well as the health-related outsoimom a service. Thus, WTP
information is integral to estimating changes inistal welfare using CBA, and it is
used to advise policy makers about a populatiorégepence to pay from personal
funds in order to receive a specific service. Tateomes not only provide relevant
monetary estimates but can also be used as amiiiof the intensity of the sample
population’s interest in receiving the service, #kely service demand. Using
appropriate methods to collect and apply WTP witklehealth research moves one
step closer to holistic outcome measurement aldeghie systematic and reproducible

application of decision criteria.

There are several approaches to measuring WTPalthbare, the most relevant for

10
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telehealth research are direct contingent valuatiahdiscrete choice experiment

(DCE) surveys?®. Several studies have demonstrated that theatiaritmethod used for
WTP may affect the responses and therefore thesassigned 16 With this in mind,

it is important that telehealth researchers useagp@te methods to accurately measure
WTP and apply the results. This is especially ingargiven the innovative and
dynamic nature of telehealth interventions, becaespondents may find WTP
enquiries in telehealth more challenging to resporttian in alternate medical research

with more familiar concepts.

Patient contingent valuation surveys can be usademsure WTP. Contingent valuation
methods can use multi-choice or open-ended questarralternative “ping-pong” or
referendum format® 1 However, their structure needs to be specifiorder to elicit

a consumer response that reflects the intervebiamg costed. WTP can be ascertained
by asking the participant to select a range froexgtated options, or by providing a
free-form question enabling them to provide an e answet®, When using this
approach to identify WTP it is important to provig@rticipants with specific

information about what the service (and associagetkfit) is that they are valuing, and
to provide information about the aspects that atancluded in the service. Participants
must be well informed about the potential changesot only present healthcare costs

(the intervention), but future health care costs potential impact on future gains and

11
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productivity. For telehealth interventions immedigtroductivity gains are often a factor
due to reduced requirements for travel and exteirdecruption to work?!’ Stahl et al.
conducted a randomised-cross design trial and gsikeitipants to respond to a
contingent valuation survey that used a 5-pointtiilscale to express satisfaction,
perception of quality, and WTH, As with the DCE, it is important when ascertagnin
WTP via contingent valuation that participants ustend the full impact of the
telehealth intervention; both clinical and non-idal outcomeg: 8 This is important
because the value of telehealth is often in itsegalcgain for participants in terms of

time, access and clinical non-inferiority.

Alternatively, the Discrete Choice Experiment (D@Gpproach can be used to
determine WTP. Grounded in random utility theorZ; B> involve asking participants a
series of trade-off questions that require themméadxe discrete choicé$ ' 20 The
trade-off design of this method allows for variatizetween the options to be captured
and described concisely to the respond®rt This method allows researchers to
determine the relative importance that respondaatse on specific aspects of the
treatment or service, as well as their overall WaiRthe servicé® 22 This makes DCE
a very attractive method within telehealth reseaitobnables researchers to elicit
consumer preference around potential variationscinald be made to the intervention

itself, the delivery method, the proposed costingcsure, or other relevant factors.

12
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A well-designed DCE uses best practice guideliokesyr objectives and comparators,
and knowledge of current literature. Although theEmethod is becoming popular in
health care, few examples of the DCE method bgipdjed in telehealth have been
published. One relevant, though small study, Spetksd. (2015) used a DCE to
determine consumer WTP for teledermoscopy screéniag Australian populatioft.
The authors followed the International SocietyPtsarmacoeconomics and Outcomes
Research (ISPOR) guidelines and developed a rigatesign'’- 22 The comparators
and their varied characteristics were devised mfpam previously published surveys
in the target populatioff. In order to use the DCE to accurately estimatePVsiid
uptake for telehealth initiatives, the trade-offiatites must include all of the relevant
characteristics for telehealth (such as patieng tichnology options, wait time for
results, clinical reviewer). Spinks et al., incaigted these aspects into their DCE while
the DCE section of the survey remained conciselyeweade-offsY?. Another recently
example of DCE being applied in telehealth is tloekhby Kaambwa et al. (2016)
which surveyed a larger population (n=330) to detee consumer preference for
specific telehealth characteristics and WTP foAastralian population of consumers
over 65 years of agé. The resultant WTP values provided an estimat@rfoposed
policy changes and also indicated the consumerghiesi preferences towards some of

the variable aspects of the proposed teleheakinvientions’® 22 Both Spinks et al. and

13



POSTPRINT Snoswell et al., 2016

Kaambwa et al. found that given the choice manyleewould prefer to undertake a
conventional face-to-face consultation, howevesttealth becomes more appealing
when the face-to-face consultation requires hoftiteagel away from home, time off

work, and an increased wait for an appointnfetit 23

Unintended consequences and budget impact

Just like the possible societal benefits of teléhehat cannot always be captured by
standard economic analysis methods, new interventizay potentially have
unintentional consequences, which also need t@bsidered. These consequences can
arise from unexpected uptake, which substantialtygases costs (either greater or
lower uptake than predicted), unexpected workldehges, or other unforeseen
factors. Unintended consequences are describatchdecause they are generally only
discovered once an intervention is offered widelg they substantially change the

predicted costs and impact on the intervention btidg

Using CBA or budget impact analysis (BIA) in telahbk research along with
appropriately selected sensitivity analyses caistassidentifying unintended outcomes
that would not routinely appear in analyses takingarrower perspective. As an
example, Fortney et al. conducted a budget impaaliysis and found that the cost-

effectiveness of a telepsychiatry intervention wegendent on the severity of the

14
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symptoms, but concluded that the intervention ditimcrease the work load for health
professionals making it a viable service provisiption?*. This paper captured the
impact of societal factors that may not have begwred using a conventional

CEA/CUA method such as health professional titne

Sensitivity analysiswithin telehealth economic evaluation

Economic analysis in telehealth is generally prepads inform funding models,
resource allocation decisions and policy initiasivBensitivity analysis is an essential
part of the evaluation. Sensitivity analysis carubed to test potential uncertainties in
parameters and assumptions made within the analysésefore, sensitivity analysis
can assist the translation of evidence-based nmedlioto practice by providing
appropriate evidence around the uncertainty inifigsl - an aspect that is important for
decisions. Sensitivity analysis method selecticemismportant concept for rigorous
telehealth researdt 2> Guidelines for sensitivity analysis methods arailable and

should be selected based on the form of econonailysia being undertakeft 28

When applied to economic modelling for teleheadmsitivity analysis can be used to
vary the probabilities used to inform the modehldimg the probabilities that exerted
the largest effect on the cost-effectiveness ouectorbe identified. For example,

Jackson et al. used this method to examine th@mgs of their economic model, a

15
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CUA of a telehealth initiative aimed at managintin@pathy of prematurity. Although
sensitivity analysis needs to be appropriatelyiedmnd interpreted it does not need to
be complex. Smith et al. used sensitivity analigidetermine the threshold based on
workload (number of consultations) where the coételehealth were the same, less or
greater than alternative methods of service defiverUsing this method allowed the
authors to show which variables the financial Vigbof their service was most
sensitive t&’. This form of sensitivity analysis is simple toderstand and apply and
can reveal information about the economic analgsdthe intervention being

investigated, along with the robustness of anysiecibased on the findings.

Conclusion

Performing appropriate economic analysis on teléhéaimperative to enable the
translation of any proposed intervention into geact®. Given the innovative nature of
telehealth interventions and the dynamic naturectinology conducting an economic
analysis in this area should involve the incorgorabf societal values and the
preferences of users, something that is possilite @BA. In order to undertake CBA
researchers must include rigorous methods fortielic W TP (such as DCE), and ensure
that all relevant clinical and extra-clinical outces affecting costs or patient
preferences are measured and valuredssessing the effects of telehealth, CBA could

be the most appropriate and challenging approactveder, future research should

16
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seek to demonstrate that the current studies tltgatahe CBA approach are more
appropriate in showing the value of telehealthhwiispect to alternative approaches
like CEA or CUA. This could be achieved for examihieough a literature review of
existing economic studies and/or through repeatifigrent study designs on the same
evaluation problemAppropriately applied economic analysis and imptbve
understanding of the economics of telehealth caitigely influence policy decisions,

potential investment, practice changes and uptakieel health sector.
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