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Abstract
In the evaluation of many technology-based interventions in the health sector there is a lack of
information about the costs and benefits of the application. This is markedly so in the case of
telemonitoring of home care patients with chronic diseases such as Chronic Obstructive
Pulmonary Disease (COPD) and Congestive Heart Failure (CHF). This paper provides a brief
overview of the effectiveness of such systems as reported in the literature, and identifies a lack
of rigorous cost benefit analysis in such reports. The paper investigates some issues related to
cost benefit analysis where there are multiple levels of care providers involved in the delivery
of care, and suggests that these issues need to be resolved in order to gain a better
understanding of the true costs and benefits of telemonitoring chronic care support systems.
This would assist the government, as the social planner, to identify the most cost effective
solution, as well as the optimal clinical solution, for all stakeholders involved in telemonitoring
programmes. It would also help identify the contribution of new telecommunications channels
in optimising the returns on telehealth initiatives.

1. Introduction
Healthcare deliverers around the world are making substantial investments in Health IT applications that depend on
reliable transmission of data. At the same time, the telecommunications industry is looking for applications to
support their bid for government investment in ultrafast broadband and fibre optic technologies. The business case
for such investment often includes statements about the potential health benefits obtainable from network-based
health care delivery, and these claims are quickly endorsed by government 1 . Predicted returns on this kind of
investment are frequently used to justify the massive expenditure involved in developing national fast fibre networks
[1-3]. But the question must be asked, how well have these claims been tested? Where do the true costs and benefits
lie?
This paper looks at some of the issues that need to be addressed when assessing the costs and benefits associated
with specific broadband-enabled health technologies or using the results of studies to support the investment case for
new and more capable networks. The issues are discussed in the context of the example of assessing the economic
impact of telemonitoring systems for domiciliary support of patients with chronic diseases such as congestive heart
failure and chronic obstructive pulmonary disease. Given the high cost to both patients and healthcare providers of
these diseases, telemonitoring technology would appear to offer a very promising alternative for domiciliary care of
such patients, well warranting significant investment in both systems and infrastructure. However, where the true
costs and benefits lie, and which of the many stakeholders receives the actual return on investment is not always
clear. Whilst the benefits are often easy to identify, the costs incurred are often spread across a wide array of
stakeholders, and may not be transparent in analyses conducted from a narrow perspective. A role exists for
government, as social planner, to ensure that the assessments used to inform the development of both broadband and
health purchasing policy take account of all of the relevant perspectives. This may mean that government has to take
an active role in commissioning appropriate research.

1

See for example, statements on the web site of CrownFibre (http://www.crownfibre.govt.nz/) established to manage the
Government's $1.5 billion investment in Ultra-Fast Broadband infrastructure. The Government's objective is to accelerate the
roll-out of Ultra-Fast Broadband to 75 percent of New Zealanders over ten years, concentrating in the first six years on priority
broadband users such as businesses, schools and health services
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2. The impact of chronic diseases: COPD and congestive heart failure
Chronic diseases place a heavy burden not only on patients and their families but also on society, through the
excessive demand they place on healthcare resources. As the population ages, the prevalence and incidence of
chronic conditions such as cardiovascular disease and COPD is increasing, as is the demand for services [4]. It has
been reported that the prevalence of chronic diseases is one reason why, in many healthcare systems, expenditure is
highly skewed with 5 % of patients responsible for an estimated 55% of costs [5]. In addition, the global prevalence
of COPD is increasing; it affects an estimated 210 million people worldwide, and according to the World Health
Organisation’s latest estimates (2008), it will become the third leading cause of death worldwide by 2030 [6]. In
New Zealand, the estimated prevalence of COPD in adults aged 40 years or over is 14% [7] increasing to 32% of
those aged over 70 years. COPD patients suffer breathlessness, shortness of breath, and chronic cough. During an
acute episode, a hospital admission is commonly required. It has been reported that, on average, patients with COPD
have between one and four exacerbations per year [8], leading to a significant demand for inpatient beds and
services. Associated costs are substantial.
Congestive heart failure (CHF) is also a highly debilitating condition which is becoming increasingly common. It is
one of the leading causes of mortality, morbidity and hospitalisation for people 65 years of age or over, and
subsequent hospital readmission rates within six months have been reported to range from 25% to 50% [9]. Overall,
the general population prevalence of CHF is 1-3%, and approximately 10% of the very elderly [4]. The lifetime risk
of developing congestive heart failure is roughly one in five for a person aged 40 years [10]. The condition is
associated with high levels of mortality: approximately 60% of patients diagnosed with CHF will die within five
years, a death rate that is higher than that for many types of cancer [11].
If it can be shown that the impact of these conditions can be significantly reduced in terms of hospital admissions
and mortality, and quality of life for patients improved by the use of an intervention such as a remote monitoring
system, then these benefits should also be able to be measured in terms of a reduction in the cost of health care
delivery, and the economic impact of reduced morbidity.

3. The clinical effectiveness of chronic care systems using telemonitoring
There are a number of systematic reviews of telemonitoring initiatives for patients with chronic diseases. One such
review of studies reporting home monitoring of a group of related chronic diseases; pulmonary disease, diabetes,
hypertension and cardiovascular disease found that while the impact of telemonitoring on patients’ conditions across
all four diseases was inconclusive, the impact on specific outcomes, related to hospital services (hospital visits,
admission and length of stay) were consistently observed in the studies related to cardiac and pulmonary disease
[12]. This review, which covered 65 studies, on the use of automated transfer of patient data, by the patient or a care
giver, showed a positive impact on both compliance (85% of the studies), and the patient’s clinical condition (78%
of studies). A good level of accuracy and reliability in transmitted data was reported where this was included in the
metrics used, and the authors conclude that “data transferred by telemonitoring become as reliable as those collected
through face-to-face patient examination” [12]. However, the authors note, only a relatively small number of the
studies presented include cost related data or perform some form of cost analysis. An updated study focused more in
depth on the clinical effects of home telemonitoring programmes for patients with diabetes, congestive heart failure,
asthma and hypertension [13]. Findings were consistent with the earlier review, with positive effects reported for
diabetes, asthma and hypertension attributed by the authors mainly to the fact that telemonitoring allows more
frequent follow-up of patients and provides earlier detection of warning signs of deterioration in the patient’s
condition. However, the authors note that “many studies of heart failure have failed to show a reduction in either
mortality or hospitalization rates”. Significantly, the authors note “certain issues appear to be associated with the
tension that is created when the telehomecare is added to home care services” [13], implying that the clinical
resources required for monitoring data and deciding on action needed, may potentially change workflow, and
possibly workload.
A systematic review by Clarke et al [14] investigating telemonitoring, and structured telephone support programmes
for patients with congestive heart failure analysed 14 studies. The meta-analysis of data showed that remote
monitoring of programmes reduced the rates of admission to hospital for congestive heart failure by 21% and
mortality from all causes by 20%. All cause mortality was impacted more by the use of telemonitoring systems than
by telephone support alone. In other systematic reviews [15, 16] home telemonitoring was shown to reduce rates of
emergency department visits and hospitalisations, with reduced mortality in groups using telemonitoring systems
compared with telephone motoring. Finally, a 2010 Cochrane review similarly showed that telemonitoring could
reduced all-cause mortality by up to 34%, and CHF-related hospitalisations by about 20%, noting that in several
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studies reviewed, improved quality of life and reduced costs were demonstrable outcomes [17]. This widely
promoted review, which took place in a climate of increasing healthcare costs, and constraints on access to routine
care for patients with chronic disease, attracted more attention than earlier reviews, and some negative feedback,
some from within the Cochrane Collaboration itself [18]. In particular, its findings were challenged by Dr Garcia
Lizana of the ICT for Health Unit Directorate of the European Commission [19], who argued that the degree of
variability amongst the interventions included in the meta analysis undermined its findings, and any conclusions that
could demonstrate cost savings. This was due largely to the lack of clarity over the degree of clinical input into
monitoring and contact with patients, which prevented any adequate economic analysis.
In summary, these systematic reviews show evidence that telemonitoring may well provide an effective way to
implement intensive routine monitoring of the medical status of patients with CHF, COPD and other cardiovascular
diseases, allowing for timely clinical intervention where this is indicated. And they provide some (albeit imperfect)
evidence of a reduction in the rate of hospital admissions, although the extent of such reductions vary. However, it is
clear that the literature to date includes a limited number of randomised studies with validated assessment
instruments. Furthermore, very few of the studies included in these systematic reviews provide a sound analysis of
costs, and therefore are limited in their ability to address the issue of costs and benefits. No trials appear to have
been conducted to date by agencies, such as the EU’s Health Unit Directorate, or the UK’s National Institute for
Health and Clinical Excellence (NICE) which have the capacity to produce data which would enable a clearer cost
benefit analysis.

4. Cost benefit analyses of telemonitoring interventions
Most studies on the impact of telecare and telemonitoring focus on direct health benefits, with considerably less
2
research attention having been given to economic evaluation of these interventions . As noted by Seto, however,
“both the costs and benefits of a telemedicine intervention should be weighed before decisions on implementation
are made” [20]. In Seto’s meta-analysis of the limited available literature recording economic costs and benefits of
telemedicine in the management of congestive heart failure, ten studies were found which identified savings of
between 1.6% and 68.3% comparing telemonitoring with usual care. Each of these studies used a different set of
criteria to assess savings.
Whilst most studies identified direct cost savings to the healthcare system (principally savings from hospitalization
avoided and fewer outpatient visits to or by healthcare providers), only one assessed direct costs to the patient
(transport costs avoided). The author notes “very few attempts have been made to estimate the indirect costs
associated with HF” [20]. Generally the extent of savings decreased the more factors that were considered in the
analysis. The biggest savings were recorded in studies where only hospitalization and physician/nurse visits were
included in the analysis [21, 22] and in these studies, savings over 40% were recorded. Savings decreased as other
services were included, for example nurse and technician travel time [23]. patient travel costs [24] and nurse
administration costs [25]. Of the intervention technologies employed in the studies considered in the review, all used
existing telecommunications infrastructure and thus none included the costs, or potential benefits, associated with
ultra-fast broadband or communications infrastructure more generally. Thus, the ability of ultra-fast broadband to
significantly improve on current telemonitoring practices remains, as yet, undocumented.
The study exhibiting the least savings (Johnston: 1.6%) [26] included an analysis of the most comprehensive set of
costs, including home health, laboratory and pharmaceutical costs. The Johnston study, however, may well be
capturing additional laboratory testing and pharmaceutical costs arising from the increased availability of
information in telemonitoring, with flow-on effects, such as additional demands on other testing facilities to
adequately assess the origins of variations in readings taken. This finding is not surprising given that other
information-generating interventions, such as community screening programmes, have been shown to lead to either
increased demand for resources to treat otherwise-unidentified conditions, or bringing forward the time at which
resources will be required to treat an identified condition.
The literature thus draws into relief the range of factors that must be considered when assessing the economic
impact of an intervention. It also identifies the need to be clear about the timeframes over which the relative costs
and benefits of both the telemedicine and usual care interventions are expended and accrued
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For a recent example, see the review of the ASSET trial presented at the Health Informatics New Zealand
Symposium Telehealth – a Call to Arms, Auckland, New Zealand 22 February 2012
http://www.slideshare.net/HINZ/the-asset-trial?from=share_email
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5. Designing an objective function and decision metrics for a more reliable
economic analysis of telemonitoring
The focus on direct costs to the healthcare system in Seto’s analysis can in part be explained by two factors: the
availability of data collected by health care providers, and the interests of funding stakeholders (insurance
companies, government agencies) in reducing their own direct costs of discharging duties of care to patients. This
leads to a question about how the appropriate objective function, that is, the core function that needs to be optimized
in an optimization problem, should be defined in such studies. That is, a project undertaken from the perspective of
optimizing returns for a funder of services will require analysis only of those factors which fall within that funder’s
budget area. Hence, costs and benefits accruing to the patient (e.g. travel costs) are ignored. Likewise, care
deliverers will optimize only on those factors affecting their own operations, thereby overlooking factors for which
they do not hold budgetary responsibility (e.g. pharmaceuticals, laboratory tests). On the other hand, from a social
planning perspective, that is from the viewpoint of a decision-maker who attempts to achieve the best result for all
parties involved, the objective function should assess the total costs and benefits accruing, regardless of where they
fall. In a state-run health and welfare system, the social planner is usually the government. However, in a healthcare
system where services are partly delivered by either commercial enterprises subcontracted to government
organisations, (e.g. private companies delivering domiciliary services under contract to a DHB) the social planner is
not always in a position to optimize the return on investment.
Thus, in the New Zealand context, where state funding is distributed to a variety of health-care providers, it is not
clear which stake-holding group best internalizes the social planner’s objective function. The Ministry of Health has
a statutory obligation to take this view, but is also the ultimate budget-holder for the government’s share of sector
funding. In this respect, in discharging its fiscal duties to the Crown in respect of optimizing the return for its share
of sector funding, it is not necessarily obligated to take into account additional resources expended by other parties
(e.g. patients, or voluntary sector contributions to charity-governed providers) in the delivery of services it funds.
Despite this, the Ministry’s objective function will most closely resemble the social planner’s perspective as it
crosses multiple boundaries (care delivery, pharmaceuticals, etc.). It also has stronger incentives to optimise across
longer time periods.
By contrast, other stake-holding groups are likely to have objective functions that will specifically exclude elements
that should be considered in a comprehensive analysis. Whilst District Health Boards (DHBs), funded on a
population-based model, internalize most of the costs indicated in Johnston [26] (for example, they hold
pharmaceutical and laboratory budgets, in addition to home support assessment and care costs and administrative
(co-ordination) responsibility), in practice their annual funding budgets leave them less well-placed to address the
issue of timing of cost and benefit accrual. Cost savings in the short term will be given greater weighting than costs
deferred to another time period. Moreover, as Primary Health Organisations (PHOs) are funded predominantly on a
capitation model, even though DHBs nominally pay PHOs out of their budgets, they face no additional financial
penalty from shifting medical care costs that they might otherwise have incurred. For example, the use of
domiciliary telemonitoring of patients, which reduces hospital stays shifts the costs of treatment from a hospital
physician onto a GP and nurses (either employed by PHOs or contracted by them), who must increase their
workload (additional consultations), with negligible additional compensation. The small co-payment made by the
patient is all the PHO receives for any additional workload incurred. Thus, seeing a GP as a consequence of a
telemedicine intervention averts a hospital visit (cost saving) but incurs costs (to patient and the GP) that would not
have been incurred had hospitalization occurred.
It is noted that under current funding arrangements, PHOs in most cases do not hold budgets for funding the types of
interventions that are part of any telemedicine trial, including those currently underway in New Zealand. Whilst
PHO activities may include dealing with trial participants (e.g. in domiciliary telemedicine trials), this is ancillary to
their ongoing management of patients with CHF, which in New Zealand is routinely undertaken by home support
and domiciliary nursing service providers contracted in the first instance to the DHB. Home care firms’ objective
functions will be determined by the ways in which they are funded. If funded by capitation (i.e. a fixed fee for a
patient) they can internalize any savings made by the telemedicine project in respect of reduced domiciliary visits or
altered case mix (e.g. using nurse time more efficiently), but are not required to take account of other costs and
benefits imposed on or accrued to other entities. For example, additional information from the system may generate
additional GP consultations at a net cost to the patient and GP (as patient co-payment is less than cost to the GP in
time etc) and possibly to pharmaceutical and laboratory budgets, but avoiding hospitalization costs (DHB),
meanwhile leaving the care agency in a neutral fiscal position. By contrast, if the home care firm is paid per visit (or
faces differential payments depending upon the skill mix of the individual undertaking the visit), the benefit of
telemonitoring is reduced.
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An additional consideration in the New Zealand system is that low-income patients may prefer more costly
‘hospitalisation’ (i.e. an emergency department visit, even though it does not result in an admission) than a less
costly GP visit simply because they must pay an out-of-pocket co-payment at the GP clinic, but no out-of-pocket
payment is expected at the DHB.

6. Conclusion
It is these uncertainties, as well as shortcomings in the many trials of telemonitoring systems to date that make a cost
benefit analysis of such systems so problematic. And yet, given the potential of such systems to deliver cost
effective care, and enhanced quality of life to an increasing body of patients with chronic disease in our community,
these are critically important issues, and ones that hold back a commitment to more widespread implementation of
these and similar technology based interventions. A comprehensive analysis should ideally take the view of a social
planner, optimizing the economic outcomes over a wide range of economic variables and over an extended time
period. Either economic costs, patient-benefits or a combination of both should prevail as the decision metric. A
Ministry of Health-centric or DHB-centric objective function is more likely to be a good proxy for the social planner
objective than a PHO-centric or Home care deliverer-centric objective, but the key deviations noted above must be
taken into account. A PHO-centric or Home care deliverer perspective is unlikely to provide an objective function
that takes sufficient account of the relevant costs and benefits.
In addition, if we return to the scenario highlighted in the introduction, the government, in its role as social planner
must include the costs of infrastructure, specifically in this case, ultrafast broadband, and its value across a range of
social activity when identifying an appropriate objective function. Telemonitoring home care for patients with
chronic disease may be may be one. Others may include educational and community objectives. Thus competing
objectives across agencies make it a difficult task to identify an appropriate return on investment, when healthcare
services become reliant on telecommunications infrastructure. We must continue to ask, where do the true costs and
benefits lie?

7. References
[1]

OECD. Network developments in support of innovation and user needs2009: Available from:
http://www.oecd.org/officialdocuments/displaydocumentpdf/?cote=dsti/iccp/cisp%282009%292/final&docla
nguage=en.

[2]

Kenny C, Kenny R. Superfast broadband: is it really worth a subsidy? Info. 2011;13(4):3-29.

[3]

Howell B, Grimes A. Productivity questions for public sector fast fibre network financiers. Communications
and Strategies. 2010;78(2):127-45.

[4]

McMurray JJV, Steward S. The burden of heart failure. European Heart Journal Supplements. 2002;2:D50D8.

[5]

Berk ML, Monheit AC. The concentration of health care expenditures, revisited. Health Care Trends.
2001;20:9-18.

[6]

World Health Organisation. WHO: chronic obstructive pulmonary diseases (COPD). 2008 [cited 2011 1
August]; Available from: http://www.who.int/respiratory/copd/World_Health_Statistics_2008/en/index.html

[7]

Shirtcliffe P, Weatherall M, Marsh S, Travers J, Hansell A, McNaughton A, et al. COPD prevalence in a
random population survey: a matter of definition. European Respiratory Journal. 2007;30(232-239).

[8]

Soriano JB, Maier WC, Egger P, Visick G, Thakrar B, Sykes J, et al. Recent trends in physician diagnosed
COPD in women and men in the UK. Thorax. 2000;55:789-94.

[9]

DeBusk RF, Miller NH, Parker KM, Bandura A, Kraemer HC, Cher DJ, et al. Care management for low-risk
patients with heart failure: a randomized, controlled trial. Annals of Internal Medicine. 2004;141(8):606-13.

[10]

McMurray JJV, Pfeffer M. Heart failure. Lancet. 2005;365:1877-89.

[11]

McMurray JJV, Steward S. Epidemiology, aetiology, and prognosis of heart failure. Heart. 2000;83:596-602.

[12]

Pare G, Jaana M, Sicotte C. Systematic review of home telemonitoring for chronic diseases: the evidence
base. Journal of American Medical Informatics Association. 2007;14:269-77.

6

[13]

Pare G, Moqadem K, Pineau G, St-Hilaire C. Clinical effects of home telemonitoring in the context of
diabetes, asthma, heart failure and hypertension: a systematic review. Journal Of Medical Internet Research.
2010;14:269-77.

[14]

Clark RA, Inglis SC, McAlister FA, Cleland JGF, Steward S. Telemonitoring or structured telephone support
programmes for patients with chronic heart failure: systematic review and meta-analysis. British Medical
Journal. 2007;334(7600):942-5.

[15]

Maric B, Kaan A, Ignaszewski A, Lear SA. A systematic review of telemontitoring technologies in heart
failure. European Journal of Heart Failure. 2009;11(5):506-17.

[16]

Polisena J, Tran K, Cimon K, Hutton B, McGill S, Palmer K, et al. Home telehealth for chronic obstructive
pulmonary disease: a systematic review and meta-analysis. Journal of Telemedicine and Telecare.
2010;16(3):120-7.

[17]

Inglis SC, Clark RA, McAlister FA, Ball J, Lewinter C, Cullington D, et al. Structured telephone support or
telemonitoring programmes for patients with chronic heart failure: Cochrane Database of Systematic
Reviews2010.

[18]

Casas JP, Kwong J, Ebrahim S. Editorial: telemonitoring for chronic heart failure: not ready for Prime Time:
Cochrane Database of Systematic Reviews2010.

[19]

Lianza F. Evidence-informed policy decisions on remote monitoring for chronic heart failure. Is it enough?
(Comment on editorial: Casas, J.P., Kwong, J. & Ebrahim, S. (2010). Telemonitoring for chronic heart
failure: not ready for Prime Time.). Cochrane Database of Sysatematic Reviews [serial on the Internet]. 2011;
8.

[20]

Seto E. Cost comparison between telemonitoring and usual care of heart failure: a systematic review.
Telemedicine Journal and E-Health. 2008;14:679-86.

[21]

Benatar D, Bondmass M, Ghitleman J, Avitall B. Outcomes of chronic heart failure. Archives of Internal
Medicine. 2003;163:347-52.

[22]

Jerant AF, Azari R, Nesbitt TS. Reducing the cost of frequent hospital admission for congestive heart failure:
a randomized trial of a home telecare intervention. Medical Care. 2001;39:1234-45.

[23]

Finkelstein SM, Speedie SM, Potthof S. Home telehealth improves clinical outcomes at lower cost for
healthcare. Telemedicine Journal and E-Health. 2006;12(2):128-36.

[24]

Noel HC, Vogel DC, Erdos JJ, Cornwall D, Levin F. Home telehealth reduces healthcare costs. Telemedicine
Journal and E-Health. 2004;10(2):170-83.

[25]

Myers S, Grant R, Lugn NE, Holbert B, Kvedar JC. Impact of home-based monitoring on the care of patients
with congestive heart failure. Home Health Care Management and Practice. 2006;18(6):444-51.

[26]

Johnston B, Wheeler L, Deuser J, Sousa KH. Outcomes of the Kaiser-Permanente tele-home health research
project. Archives of Family Medicine. 2000;9(40):40-5.

7

