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ABSTRACT

Health care technology has contributed to risinyisal rates, yet health care spending relativ&@P has also
grown more rapidly than in all developed countridile a particular new technology may either i or decrease
health care spending, researchers generally algagetdken together, advances in medical techndbagg contributed to
rising health care expenditure. The results ofaliew of economic health suggest that medicalrteldyy does have a
significant role in health care expenditures. Thtlis article reviews thkterature relatingmedicaltechnology to

health care expenditure.
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INTRODUCTION

Economists and other observers often point to telolgy growth as the source of both trends. Newhd@862)
considered a wide variety of factors that couldsoeably have caused the rapid growth in health egpenditures, such
as an aging population or the expansion of healtbrance, and concluded that only technology grawtiid explain the
vast majority of expenditure growth. Similarly, @ut(2004) has argued that technological advanegs enerated both
the far-reaching advances in longevity and thedragriowth in costs. Unfortunately, simply attachitige label of
“technological growth” as the major cause of inee=ain health care expenditures doesn't get us nelater to
understanding either the pathology of the disea$é is a disease — or a meaningful way to adsltee problem — if it is a
problem. Thus the principal focus of the papebpibétter understand technological growth in headtte and its impact on

cost-growth and productivity improvements.

As a first step, we develop a demand-side modéleatfth care, and like Hall and Jones (2007), shaw rising
income levels can optimally generate rapid growthealth care costs in a model with well functignprivate insurance
markets. But we also show that a rising role ofegament financing in health care can attenuatem@dtgrowth as

marginal tax rates rise.

A second broad category of medical technologiedudtes treatments and procedures whose benefits are
substantial for at least some patients, but whieeesecond derivative of the survival function isainin magnitude,
meaning there is a large population of potentidiepés for whom health benefits converge towardeo z&s costs
accumulate. Angioplasties with stents are a goaingke. In this procedure, a catheter is used t® Ileckages in the
heart, and the stent, a wire mesh, is insertedaimtain blood flow. But there are many more patiemhere the value of

angioplasty is less clear, for example among thate stable angina, or among those with little eéafstlr the inherent risk
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of surgery. Because there are more people in ther laategory than in the former and the U.S. healire system
compensates generously for all procedures, theinarigealth benefits of this innovation are driterzero and average
productivity is diminished substantially. The thingatment category of technological innovationscenpasses those
treatments for which benefits are small or theréitile scientific evidence of their value. Thisde category includes
treatments for which randomized trials indicate menefit (vertebroplasty, in which cement is injectm stabilize
vertebrae), as well as procedures whose effectssehas not been evaluated (intensity-modulatedtiadi therapy for

prostate cancer). There are also many decisiotissitategory that are made for the managemertirohé iliness.

We examine the parallel trends in technology groauidl cost growth in health care. A theoretical nhaxfe
growth and productivity leads to a typology of nwditechnology: highly effective and inexpensivenamations
(antibiotics, or aspirin and beta blockers for tarccare), more expensive yet effective treatmtortappropriate patients
(hip and knee replacements, surgical interventfonsheart attack patients), and “gray area” treatimievith uncertain

clinical value (ICU days among chronically ill pexts).

A common principle of all highly developed socistie the provision of at least basic health careises to each
member of society by the public sector free of gharAs a result, in most industrialised countrisgd notably in all
Member States of the European Union, health canstitotes a significant share of public expendituke the present
time, total expenditure on health care in the Eldoaats for between 4 and 11% of GDP, out of whiehween 3 and
9% of GDP is financed from public sources. Moregwas it accounts for between 10 and 18 % of totaleghment

spending, health care is therefore among the nmsfisant items of social public expenditure.
FACTORS OF HEALTH CARE EXPENDITURE GROWTH

Public expenditure on health care has been gromireg most of the second half of the™2@ntury, not only in
absolute terms, but also in relation to the natiomeome. This practically constant increase wasult of profound
economic, institutional, social and technologicahrges which occurred all over the industrialisextidv Such changes
led to an increase in public awareness, expecttamd demand for health care on the one handtoaingpbrovements in
capacity of both the medical industry and providaitswing them to offer better, faster and moreatde, albeit often

more expensive, health care on the other hand.

There are a large number of factors which affeetithecare expenditure but the complexity of thateraction
makes it difficult to draw precise lines which wdubtentify their individual impact on health camngpenditure growth.
However, a number of econometric tools exist tlaat lse used to make an approximate estimation akthgve impact of
the respective variables on health care produei@hspending. This can be done on the basis ofopastvations but the
main interest for policymakers, industry and theegel public lies in the explanatory power of sachexercise and its
usefulness in predicting future developments in hiealth care sector. Such is the purpose of thet jBuropean
Commission-Economic Policy Committee (EC-EPC) loeign projections of age-related items of social eexiiture,

which has been the inspiration and methodologiaalsbfor the analysis presented in this publication

Taking as a basis the fundamental methodology tseuoject public health care expenditure, inclgdmainly
demand-side factors, such as demographic strudweme and health status of the population, theep@roposes to
expand the model into the supply side by addingigplementary module assessing the future impateafnological

progress on public health care spending. Follovantporough analysis of the literature it conclutiest there are no
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scientifically reliable forecasts of the future dipments in the medical technology. Consequetityonly feasible way
to project future evolution of spending driven kghnological factors seems to be an extrapolatidheopast trends, with
all the caution required, while interpreting anihgsthe results in the future policy debate. Thpgraconcentrates mainly
on the impact of non-demographic factors, in patéic on the impact of technology development onltheaare

expenditure.
Demographic Structure

An ageing population is the most obvious factorih@hincreasing health care expenditure over thermrec
decades. Constantly growing life expectancy togethieh permanently low fertility rates have resditan the gradual
evolution of the demographic structure of populagithat began with the last baby-boom period inl®&0's and 1960's
and is not expect to shift sharply over the nextades. The effect of those changes has been aajjiadiease in the share
of older people in the population and — more rdgentelative shrinkage of the young cohorts. Ténslution has had an
obvious impact on the demand for health care. Altfiiothe use of health care depends ultimately erh#alth status and
not the age of a person itself, elderly peoplehesdth care more often and more intensively thamgacohorts. Thus, the
relative increase in the proportion of the eldgrbpulation contributes to the increase in demamdafm expenditure on

health care. Whilst this intuitive relationshipsispported by most researchers, its strength is@amtsial.

Most econometric studies analysing the common imnpéca series of factors attribute more importamce
income, technology and institutional factors, agrgehat demographic change has a positive, thaefgtively minor
impact on health care spending. Contributing te #tieam, Oliveira Martins and de la Maisonneu@6) analysed the
dynamics of health care expenditure by distinguighietween demographic and non-demographic facksrghe authors
claim, the impact of demographic factors seemduketguite weak while the impact of non-demographatdrs prevailed
over the last decades. The group of non-demografalciors is usually represented by income growghative-price
movements in the supply of health services andyadly most significant but at the same time leasteustood, medical

technology.
Income

Most studies agree that the link between healtle expenditure and the demographic structure is rbiegp
weaker over time, as, despite generally improvimglih status, the consumption of health care keep®asing.
This phenomenon is due to the growing share oftinezdre expenditure both in household budgets antheé public
government spending which, in turn, is driven b timcreasing awareness of the health status, ggowinblic
expectations on the level of health care provigioaranteed by the state and growing availabilithedv technologies
allowing to tackle new, previously untreatable,edises. While it is generally agreed that the grawthational income
brings about the increase in health care spendimgstrength of this relationship, or the valueirmfome elasticity of
demand, remains uncertain. As mentioned in theipue\section, a different perspective must be takdeen analysing the
issue at individual and aggregate level. At thaviddal level, the existence of health insurancekesathe demand for
health care, to a large extent, independent ofnalividual's income, which means that demand is lhighelastic.
At the aggregate level, the situation is differdmealth care spending depends mainly on the levelc@mposition of
government expenditure, which evolves in line whb wealth of society. Nonetheless, here agairstiagi studies have

not managed to provide a clear estimate of thenmacelasticity coefficient.
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On one hand, cross-country comparisons may inahtiguggest that health care is a luxury good, @afbg in
the countries where health care is not yet a usalr available public good (for example, the ghownh health
expenditure in the south- European countries in18680s and 1970s exceeded the rate of growth ire radvanced
economies of the EU, but also their own GDP groxatie). On the other hand, more recent time sems suggest the
opposite, especially as universal provision of theehre is a fact in most industrialised countt@ay (GDP growth can
hardly be solely responsible for faster increasénéalth care expenditure). Econometric studies alopnovide clear

evidence for one or the other hypothesis, findilagtecity coefficients either greater or smallearitone.

The reasons for such variability in results coutddue either to the different data sources, or éthodological
problems. The outcomes of the empirical researatlies were deeply influenced by advances in modeomometric
techniques, e.g. time series and panel data teoksidn other words, the use of new methods anthigges often
changed the view on existing theories and its engivalidation. Early analyses of the health caxpenditure focused

mainly on the relationship between this variabld aational income, e.g. Culyer (1990) and Hitinsl &@osnett (1992).

Although additional variables were proposed by tiiethe empirical work did not verify their usefelss in
predicting health care expenditure in general. Tthes existence of a positive correlation betweealth care expenditure
and aggregate income was the main and only rolmmtiesion at that time. As rather simple estimat@chniques were
applied in the above mentioned studies, the estilhparameters have been found to be potentialgetialn particular,
the income elasticity was very often found to bghbkr than one, indicating that health care may leatures of a luxury
good (e.g. Newhouse, 1977).

Medical Technology

Medical technology is arguably the most importampdy factor affecting the entire process of depaient,
production, delivery and financing of health cavéhile precise estimates of its contribution to fhgrovement in
longevity and health status are still lacking, recgudies tend to attach to it an ever more ctuola in the explanation of
health expenditure. Technology, defined as ‘thegdr(pharmaceuticals and vaccines), medical equipnhelth-care
procedures, supportive systems, and the adminigraystems that can tie all these disparate elemimgether’ are
considered as the main driver of health care dodteday's developed societies. The first attermmjuantify the impact of
technology is attributed to Newhouse (1992), whaonfb that the bulk of health care expenditure growththe
industrialised countries can be attributed to te@tgical growth. A great deal of further studies lsaipported Newhouse

inference, see for example Okunade and Murthy (R002

Recently, Oliveira Martins and de la Maisonneuv@0&) pointed out that since, over the last decduksth care
spending has grown faster than the aggregate incttraeeffects of technology and relative pricesnsée significantly
affect health care expenditure development. Gihenldck of empirical data and a uniform methodoltmyjuantify the
impact of medical technology on health care cdbtge general approaches have been used in praxzistimate the size
of its effect.

» The residual approadh based on the assumption that technology is resiple for all changes not accounted for
by the other quantifiable factors. In practice, #ffect of demographic changes, changes in hetdthss prices
and income is subtracted from total increase ineadjiure and the remaining part (residual) is lafted to

changes in technology. Such a method avoids tHeutfy of specifying the direct measure of techogital
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progress and covers all types of technology usethénprocess of health care provision. On the oltzad,
however, it provides only a rough, indirect andienf overestimated measure of the effect of tecyicdl
progress as the residual includes, apart from tdolw itself, a series of other not quantified €ast such as
institutional setting, behaviour, environment, eatian, etc. The examples of the studies using vesidpproach
include: Newhouse (1992), Peden and Freeland (193B)eira Martins and de la Maisonneuve (2005) #rel

present study.

e The proxy approach uses an alternative measureoky phe total impact of technology. An existinglicator is
then introduced into the equation explaining thalthecare spending, assuming its changes followetrmution

of technology.

e Case studieanalyses the effect of a specific technology ondbst of treating a particular medical condition.
They can play an important role in the processenfetbping new drugs or technological applicatidng, their
contribution to the analysis of overall health caosts is very limited. In this context, the moseful studies are
those focusing on the most significant conditiossldcted according to prevalence rate, contributioaverall
mortality or disability, etc.), which can be exteddo the wider spectrum of medical conditions. €amples of
such studies include i.a. Cutler and McClellan @0@Where the costs and benefits of introducing & ne
technology were compared for five selected conditjoor Baker et al. (2003), where supply of terected

technologies was compared to health care utilisatitd spending.

Although empirical evidence clearly points to thesteincreasing effect of new technologies, whethearticular
technology increases or decreases costs depertisimpact on unit cost and the level of use omdrether the treatment
complements or replaces the existing methods. Bycamkaking, if the expected outcome is to treat lvetter, faster and
more efficient way diseases and medical condittbas have already been treatable before, the nelmtdogy is likely to
reduce the use of other (less efficient/more cpstrvices and overall unit cost without changihg scope of treated
population and therefore reduce total cost peepatif the new method supplements the existingrunsentation and its
purpose is to expand the treatment into the canditithat have not been treatable previously duescientific
(the methods of treatment are simply unknown) @memic (the methods of treatment are known, butranas costs
make it unfeasible on a larger scale) reasonsillitpnobably have a cost-increasing effect. Obvigushis picture is a
highly schematic one and a number of other econamitbehavioural mechanisms can influence and thiéebudgetary
effect of the new technologies, contingent on #gal and institutional setting currently in plaBer example, in case of
fixed budgets payment mechanisms, more cost-eaffitechnologies can hardly reduce overall expengisimply because

the providers will carry out proportionately moreatments at a lower unit cost to fulfil the bud@ebound effect).

On the other hand, extra savings may be expectadidcrease in the relative price of a given typeatment
(due to e.g. the introduction of a new technologgguces the use of the other, more expensive,itubstypes of care
(substitution effect). Another classification (posed by Thomas, 1975) of the new technologies Iirtoiagmarket follows
their expected medical effect and allows to distisl two general types. On the one hand, so-cdibdtivay technologies'
do not prevent or cure disease, but they simplgtttee symptoms or, in extreme cases, aim at sdifiagvhile not
improving health status. The use of such technekfgads to the extension of lifespan, but aldoriger and more costly

treatment. Thus in spite of obvious social and humains, their financial impact is clearly negati@n the other hand,
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'high technologies' offer prevention or completeecwhich typically decreases or eliminate the bardf disease and
brings cost-efficient outcomes12. According to Videisl (1991), most technologies brought to markehasecond half
of the twentieth century (with the exception of siaes) represented 'halfway technologies'. Howefast,development of
biomedicine over the last decade may give way ¢oTthomas specifies also the third group, 'non teldyies' which are

the procedures undertaken in case of diseases atedhtractable or poorly understood.

Identification of the main factors behind the prexg of medical technologies helps in understanitéigudgetary
effects. Creation and development of new technebgire driven by both demand and supply side fo@asthe one
hand, they are 'pulled’ by consumer demand driyedigposable income and increasing expectatiokedirio the growing
living standards. Demand for health care technolggyws, as much as demand for health care in geresathe
population becomes wealthier and more aware ohtadth care needs and new opportunities createédhnological
innovations. On the other hand, development of tesfanologies is 'pushed’ on the supply side bynseieresearchers,

medical industry and providers.

Practically all participants of the market for mealigoods and services have stake in the develapamehfast
diffusion of new, often high cost technologies18 tmain users of technology, and thus customermfamvators, are not
the patients themselves, but the hospitals andighgs; clinicians are often actively involved hetprocess of developing
and assessing the medical technologies; hospitabgeas often find rapid adoption of new technolsgiewarding in a

competitive environment; public is strongly infleem by the news on the benefits of new technologies

The supply of new technologies depends also otytieof health insurance contracts and the rulgglaging the
relationships between insurers and providers. Wdratie system is supportive for investments innetdgical progress
depends mainly on the definition of health caredsoand services covered by insurance. If (i) trstesy is retrospective
and cost-based (the amount of reimbursement isspetified ex-ante by a contract between insurer f@atient or
provider) thus allowing payments for all incurredsts and (ii) benefits covered by the insurance rexe precisely
specified as a list of existing procedures and glrtige R&D sector has incentives to develop newrelogies, as it has
the guarantee that its investment will pay back.oH the contrary, the system is prospective arfithee ex-ante the
budgets for health providers and the list of basefi be reimbursed, industry does not invest enribw technologies,
knowing that they cannot be practically adoptedobeefan often lengthy and costly process of redigiethem as the

reimbursed benefits is finished.

A strong factor affecting development of medicalhteology is also the level of competition betweeovjzers
and insurers regulated by the law. On the one hthednore freedom the patients have when choobmgiovider and the
type of treatment, the more incentives the prowdeave to differentiate their offer and supply thest effective and
efficient treatments. On the other hand, in a higdthndardised market for health insurance, anytiaddl treatment or
drug covered by an insurance contract may be aigediactor encouraging patients to the sign ihwiite insurer offering
the widest or most differentiated coverage. Praghesnedical science and the development of netni@ogies strongly
affect public expenditure on health care in modustrialised countries of the world. Although itfeaind to account for
the highest share of spending growth, it is alse mhost difficult factor to quantify. Incomplete kmedge of the
interactions between technology and other factdfsciing health care expenditure constrains théabdity of past

analysis.
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Uncertainty surrounding future developments lintite predictive ability of the extrapolation of tpast trends
into the future. However, bearing in mind the cased such an exercise, the analysis of the pastldements can teach
us a lot about the interactions between technotogy other factors. Moreover, an attempt to prdjeetr joint impact on
the overall and public health care expendituresme as a good approximation of future needshahfiial resources and

expected pressure on public finances coming frasndbnstantly developing and growing sector of\éiyti

A number of econometric tools were applied in ortlerestimate the expected impact of the technoddgic
progress on health care expenditures. Followinditbeature, a widely accepted specification ofltieaare equation was

used to estimate the annual trend growth rate o€ggita health care expenditure for individual rtoies and pooled data.
DRIVERS OF HEALTH CARE COSTS — OVERVIEW OF THE LITE RATURE

Notwithstanding the huge effort invested in the lgsia of health care expenditure development asd it
determinants, to-date neither theoretical analysissmpirical studies have provided unanimous a@ichs. Thus, despite
the significant efforts, an analysis of aggregataltiim care expenditure is an ongoing research .tégcfor all public
goods, the analysis of factors driving changeseith care expenditure differs, necessarily, betmiee micro and macro
level. The existence of a number of legal and tut$tinal restrictions regulating the provision addfth care goods and
services to the population constrains the functigrand alters the outcome of the market mechanisiwsg individual
citizens' and companies' behaviour at a micro ldwethe context of health care, the universal themlsurance coverage
present - at least for a number of basic treatmeintpractically all EU Member States, has argudbé largest impact on
the individual behaviour of agents. In particulamjversal coverage and high subsidies considerablyce the elasticity of
demand for health care with respect to both prezed income. In such a situation, while health aatitisation and
spending is generally only linked to an individsalvealth to a limited degree, the market failureemmena
(moral hazard, information asymmetry) may driveigras to demand and providers to "produce" morédtiheare than is
justified by the actual health status. Those meshasmdo not work at the aggregate national levedreincome elasticity
tends to be high, depending on the ability of thelety to afford the high quality health care pded to each individual.
On the other hand, even in the countries with tigiadst income, elasticity of overall public demaadimited by the

budgetary caps, as health care is still mainlyrfogal from public, limited sources.

In sum, the analysis of drivers behind the evolufio health care spending is far from straightfaxvand must
clearly distinguish between the macro and micrelleand take account of a complex network of intéoas between

patients, providers and payers as well as theidivisetween public and private sector.

The general approach to health care expendituresdéiack to the seminal analysis by Newhouse
(1977 and 1992). Using a decomposition of the hezdte expenditure growth, he It is difficult tsass price elasticity at

the aggregate level, except for the price of hezdtie relative to the prices in the other sectbeconomy.

Health care spending has risen at rates greater gnass domestic product in most OECD countries.
In 2009, average health spending reached 9.5%ossgtomestic product, up from 8.8% in 20081 (FigreDuring the
same time period, average per capita spendingaseteby an average of 3.8% in 2008 and 3.5% in,200B8 public
spending on health growing at an even faster r&té.8% and 4.1%, respectively. For most countrigsing health
expenditure is considered an enduring challenge cared that requires a complex balancing act betvemeh control,

affordable and equitable access to beneficialrireats, and support for innovation.
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However, analysts often point to advances in médénology and their diffusion across health eyst as the
principal driver for burgeoning expenditures. Tpéper critically examines this conjecture, basedmanalysis of a broad
range of existing evidence on the relationship ketwmedical technology diffusion and health expeneli We strive to
focus on medical devices, given the gap in theditee on their role in health expenditures, whiets predominantly
centered on pharmaceuticals, and because the seatorgrown considerably in recent years. Not oy there

substantially more medical technologies on the etatkut they have grown increasingly sophisticated.

The paper is structured as follows. We first oatlihe methods used to review the literature, fadidvioy a
summary of the available evidence.

Total expenditure on health, % of gross domestic product
United Stales

Switzerland

Spain

Portugal .

Norway » 2000
Ialy o 1980"

Germany ye—

Finland

Czech Republic

Austria

0.0 50 10.0 150 200
% GDP
Notes:*All data from 1980 except for Czech Republic (1398ungary (1991), Italy (1998), Poland (1990),
and Slovenia (1995); **all data from020 except for Portugal (2008). OECD Health Data120

Figure 1: Total Expenditure on Health as a Percentge of Gross Domestic Product (GDP) (1980-2009)

MATERIALS AND METHODS

A literature review was conducted to explore therent evidence base on the relationship betweenicaled
technology and health care expenditures. Unlikeipus studies in this area, we considered a widgeaf literature to
ensure adequate coverage of different methodologipproaches and ideological perspectives for aBsgsthis
relationship. The categories of literature includedthe search and review included general andrigise analyses,
policy analyses, literature reviews, multivariatealyses, cost-effectiveness analyses, and costcingpadies of specific
technologies. Table 1 presents and describes timugastudy types included in the review.

To identify relevant cost-effectiveness analysemsx all medical technologies would be a considerédsk.
Therefore, we took advantage of two previously cletegol systematic reviews of economic evaluationsedlical devices

in the cardiology and orthopedic sectors, the tvastsignificant markets for therapeutic devices.

In these reviews, we used the National Health $ericonomic Evaluation Database for the searcheghw
contains structured reviews (abstracts) of fullregunic evaluations of health care treatments andrpros. In these two
previously conducted studies, we employed the Wohg search terms “cardiology”, “cardiac rhythm rageament”,
“cardiovascular”, “coronary stents”, “cardiac rekg@nization”, “implantable cardioverter defibriltas”, “orthopaedic”,

"o LI LT LIS

“hip”, “knee”, “shoulder”, “ankle”, “elbow”, “arthoplasty”, and “joint”.

All the relevant abstracts were reviewed, from btite general literature review and the review otidval
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Health Service Economic Evaluation Database. Dafdi@and irrelevant abstracts were identified amdieated. Selected
articles were reviewed according to a data exwactorm, developed in Microsoft Excel, to standaedihe review and

facilitate subsequent analysis of the collatedrimfation.

The categories of information extraction includédsic bibliographic information; publication yediterature
type (eg, descriptive analysis); study aims; tetdgies studied; study setting; methods employet;aues across health,
costs/expenditures, and cost-effectiveness; aatbdstonclusions and implications of the study. ififfi@mation extracted
was then analyzed for key themes across the donmdarest (ie, impact of medical technology on samt spending and

factors influencing this relationship, and the neeliblogical challenges noted in measuring such ek

A total of 86 studies were included in the reviewble 1 provides a summary of general study details.
The majority (52%) of studies were more qualitatimenature (eg, descriptive and policy analysdeydiure reviews),

followed by cost-effectiveness (40%) and multiveié€24%) analyses.
RESULTS

Although technological innovation is of great sfigance in health care and has been claimed to ke ariver
of health spending, the review highlighted thateessh measuring the potential contributions of mediechnology to
rising health care costs has been relatively sp&@se possible reason for this neglect, and thdgmnénant reliance on
more descriptive or qualitative analyses amonglabi@ studies, is that technology itself and itsgble implications on
health expenditures are insufficiently understo®ther reasons center on the often limited datalaei to explore this

relationship and the complexities of measuring sagdociations, which we discuss further below.

The available evidence that does exist suggests imageneral, new medical technology is an impdrta
determinant in rising health care expendituresth@fstudies reviewed that attempted to quantify telationship, mainly
econometric studies, the overall impact (ie, prdporof the cost increase) ranges from approxirgaB8% to 75%,
averaging at about 50%7,9,10,14-19 (Table 1).

While much of the quantitative evidence indeed tamigated the cost-increasing effect of new tecbgyl
overall, the broader spectrum of evidence (eg, -effiettiveness studies, descriptive analyses) siggthat the
relationship between technological advances antttheare expenditure is not straightforward oristeRather, it should
be understood as being complex, with a wide rafig@t@ntial intervening factors that change andt $shé dynamic of the

association, depending on the particular circuntgsn

For example, this relationship often differed asrtachnologies, with some exerting more upwardsureson
health care expenditure than others. Of 16 disqasessubgroups) studied by Scitovski20 in a castysnew technology
decreased costs in eight cases, increased costsven, and in one case had neutral effects. TheolusSlew-tech”
technologies such as electrocardiography, laboraests, and x-rays stabilized or increased cadsts moderate pace,
while the use of complex or sophisticated technie®@nd procedures such as cesarean section, egwént modalities

for breast cancer, and coronary bypass surgeryaubmly increased costs.

In another case study, Bryan et al found that teldyy that introduces computer-based informatiotwoeks for

imaging archiving increased annual hospital cogts.B%.
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Table 1: Contributions of Selected Factors to Growht in Health Care

Di Matteo Jones Smith et al | Peden and Freeland| Cutler | Newhouse
Life expectancy/aging -9% * 2% 6%-7% 2% 2%
Adninistrative costs * * 3%-10% * 13% *
Changes in financing * * 10% 4%-5% 109 10%
Personal income growth 9%-209 * 11%-18% 14%-18% 50 <23%
Healmth care prices * * 11%-22% * 19% *
Technology -65% 50%-75% 38%-629 70%-75% 49% >659

Notes:*Not estimated; **included aging, but also “frorage treatments” (ie, media coverage drives demand f

expensive treatment), increased pr@xe and diagnostic activity, and consumers moangy from

less expensive managed care prodif¢iscluded government mandates (including newndated benefits)

and federal and state regulatory irequents

For an existing service; expands the number ofalda conditions, in that it allows providers tedt conditions
they previously could not treat or could not treiectively or aggressively; intensifies level afeuof the technology for
the same condition; impacts the delivery of carg {improves the capacity of the system to treatenpatients); broadens
the definition of diseases; and extends life, fdricw each patient bears (or induces) additionaksyed health care
consumption. For instance, with regards to increghe indications and applications of the innawagi the initial use of
imaging diagnostics (eg, x-rays, computed tomograpiagnetic resonance) was initially targeted teceffr organs and
functions, but their application has extended toast every part of the human body, resulting imréased spending 26.
Further, some new technologies may allow lower oodts (ie, treatment becomes cheaper) or causaliesomfort or
complications, thereby offering the potential festsavings. However, these benefits may leadaeased provision of

services to persons who, without the new technglowy not have undergone a particular treatment.
DISCUSSIONS

The results of our review suggest that medicalrietdygy does have a significant role in health eaqgenditures,
albeit a dynamic and complex one. However, theeeliaritations to the methodological approaches usdtie available
published literature, which introduce challengesmaving at a clear assessment of such dynamasekample, in terms
of quantifying this link, the residual approacan yield a reasonable indirect approximation of hoedical technology
relates to long-term growth in total health expéurai, but it can be sensitive to assumptions reggrithe effects of other
related factors (eg, personal income, health immgacoverage, technology development) and the digsabretween
thenf. This frequently leads to an overestimation of éftect of technology on spending. Another commoethad,
i.e, the proxy approaélis only as good as the proxy indicator used témkse the impact of technology on spending.
The use of time as a proxy measure for technolbgitange, for example, not only captures such obgnigut may also

encapsulate variations in policy, patient expessnpreference, and expenditdres

! Organisation for Economic Co-operation and DevelepimProjecting OECD Health and Long Term Care Bxjiares:

What are the Main Drivers? Organisation for Ecorm@b-operation and Development Economic Departridémtking

Paper, No 477; 2006. Available from: http://www.dewg/tax/public-finance/36085940.pdf. Accessed dfiak5, 2013.

? Congressional Budget Office. Technological Change Bhe Growth of Health Care Spending. CongressiBndget

Office: Washington, DC: Congressional Budget Offi2@08.

* Di Matteo L. The macro determinants of health exiiteme in the United States and Canada: assessegripact of
income, age distribution and time. Health Polid®§02;71:23—-42.

4 Okunade AA, Murthy VNR. Technology as a majowdriof health care costs: a cointegration analysthe Newhouse
conjecture. J Health Econ. 2002;21:147-159.
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Another method, ie, the case study apprdaishuseful to explain the impact of certain mebtezhnologies on
health care costs, but there are problems of sampaiid it is difficult to generalize to an aggregat national levél
Consequently, most analysts using this approacte Haeused on the most significant conditions (egvalent,
contributing to high levels of mortality or disabj), such as heart disease. These technical isalses characterize

cost-effectiveness and cost impact analyses

In addition to the limitations noted with individugpproaches, there are technical issues sharedsaitre various
methods. Firstly, the results are frequently basedggregate level data that are often subjecbtential endogeneity and
omit variable bia% Secondly, as intimated above, several of thesihads can depend on relatively simplified models
dealing with highly complicated and interrelatedgmaeters1and can only arrive at conclusions about the ctile
effect of technology on health care spending, nottlee contributions of specific technologies. Diffiet types of
technologies (eg, drugs versus medical devices)adly impact health spending differently, particlyldn terms of the
associated changes in clinical practice that foltbeir adoption. For example, a recent study4meged that medical
devices account for a relatively small share ofomal health expenditures (3%—-5%), which have rigely slightly over
the last 20 years, ie, a trend different from tbatpharmaceuticals. Thirdly, across both quantitatand qualitative
approaches, capturing the economic (and social)ptmdities surrounding the use of technology canchallenging,
because it generally necessitates a complete uaddinsg of the manner and magnitude of change @ dimical
management pathway associated with treatment dlodvifap. This process can occur over extended peraf time, and

can have varying resource costs that can be bsthazal difficult to measute

Available studies are often focused on a narrowetimindow and the specific duration of the life @/dbr a
technology. Therefore, results from studies withgler or different time periods could vary. For arste, the price of
medical technologies generally decreases over tméch would not be captured in shorter-term stsidie those that
happen to examine a given technology(s) closeit@litaunch. Similarly, technological advances wcsimultaneously
with changes in other factors that affect healtte gending, such as personal income and hea#thding systems, which
make it difficult to identify causality reliably,nd exactly how technology itself affects spendimgvgh. Finally, current
methods cannot effectively demonstrate the cosaanghat would result if availability of technologyere reduced or
eliminated. In the short-term, cost-savings maybeved, while limited access to technology mayltein higher costs
in the long term due to the presence of diseadewhsa not adequately treated owing to reliance lderp less-effective

technologies or a complete lack of viable treatnadtetrnatives.

5 Cutler DM, McClellan M. Is technological changemedicine worth it? Health Aff (Millwood). 2001;20—29.

6 Smith SD, Heffler SK, Freeland MS. The Impacfethnological Change on Health Care Cost Incredse&valuation
of the Literature. Health Care Financing Adminisbm Working Paper; 2000. Available from:
http://www.cms.gov/Research-Statistics-Data-ande3ys/Statistics-Trends-and-
Reports/NationalHealthExpendData/downloads/tech020810.pdf.

’ Brunner-La Rocca HP, Kaiser C, Bernheim A, et alst@ffectiveness of drug-eluting stents in pasieatthigh or low
risk of major cardiac events in the Basel Stentt&woiEff Ektivitats Trial (BASKET): an 18-month analg. Lancet.
2007;370:155-159.

® Hay JW. Hospital cost drivers: an evaluation of &92001 state-level data. Am J Manag Care. 200318S5P24.

9 Jones CIl. Why have Health Expenditures as a SifaBDP Risen So Much? National Bureau of EconoRésearch
Working Paper Series, No 9325; 2002. Available frdmtp://ideas.repec.org/p/nbr/nberwo/9325.htmlcdssed March
15, 2013.

10 Luce BR, Elixhauser A. Estimating costs in tiseremic evaluation of medical technologies. Intetihol Assess.
1990;6:57-75.
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Before concluding, it is important to note a fewiliations to this study. Firstly, while we strove gelect and
review only studies focused on medical technolegyne studies, particularly certain types of econtamstudies, looked
at technology collectively. Therefore, for thoseds¢s, we were unable to distinguish the relatiwetribution of different
types of technology (eg, drugs versus devices)ht groportion of spending attributed to technolagimnovation.
Secondly, we focused our review of cost-effectiwsnstudies only on selected cardiology and orthiepddvices.

Nevertheless, these particular sectors are argimiplyrtant markets and those most likely to haeest impact.
CONCLUSIONS

Major technological advances in medical scienceehallowed health care providers to diagnose andt tre
illnesses in ways that were previously impossiltfegeneral, such developments have tended to iserbaalth care

spending, which has been seen as an importantypmditcern, especially considering ever-limited treahre budgets.

However, examining the link between medical techggland health expenditures is only one part ofpibture.
In order to understand better the dynamics betvieeovation and spending, it is important to asselssther and under
what circumstances do investments in medical tdolgyoresult in better value in health care. As €uind McClellan
25 assert, “it does not necessarily follow thathtedogy change is therefore bad ... costs of teclyyloeed to be
compared with benefits before welfare statementsbemmade”. Given the current global economic $itna it is ever

more important to ensure that we are attaining g@bde for money from the technologies developed.

To be sure, the question of whether medical teadyie$ result in added value to the health careesyss, of
course, also difficult to answer. It depends on ahifity to determine the value of output from tiealth services sector,
and placing a value on longer or better qualityifefis difficult to appraise. As a starting poimhuch more comparative
research is needed to understand better which aémiies work best and are most cost-effective, ander what
circumstances. Indeed, as previously discussede sfrthe cost-increasing effects of technologyeafiem inappropriate

use, where new treatments are offered to patientstiom there is none to little clinical benefit.

Current efforts to support comparative effectivanessearch in the US and health technology assessme
Europe and elsewhere may help to foster these &msever, it is important to note that medical teclogies introduce
unique technical challenges to health technologgssment or comparative effectiveness resear@ssassment methods
should adequately account for or be developed tmramodate such aspects.55 Moreover, in addressiagtiqns of
value, such research should strive, where possibleassess a broad range of potential benefits noeytinical or
therapeutic benefit, including value for money,t@g quality of care, improved quality of life, gtemefficiency in care
delivery (eg, reduced length of stay, shifting chmm inpatient to outpatient settings), and enleanability to work or

return to work.
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