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ABSTRACT
Life-saving medical technologies result in additional demand for health care due to increased life expectancy. However,
most economic evaluations do not include all medical costs that may result from this additional demand in health care
and include only future costs of related illnesses. Although there has been much debate regarding the question to which
extent future costs should be included from a societal perspective, the appropriate role of future medical costs in the widely
adopted but more narrow healthcare perspective has been neglected. Using a theoretical model, we demonstrate that optimal
decision rules for cost-effectiveness analyses assuming ﬁxed healthcare budgets dictate that future costs of both related and
unrelated medical care should be included. Practical relevance of including the costs of future unrelated medical care is
illustrated using the example of transcatheter aortic valve implantation. Our ﬁndings suggest that guidelines should
prescribe inclusion of these costs. Copyright © 2014 John Wiley & Sons, Ltd.
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1. INTRODUCTION
Medical interventions that increase life expectancy of patients may result in additional consumption of medical
goods and services in so-called added life years. Added years are those years that would not have been lived
without the intervention. Whereas part of this medical consumption in added years is directly related to the intervention, other costs in added years are not. The latter costs are normally labeled as costs of ‘unrelated medical care’.1 An example of such costs would be those of treating dementia in added years due to successful
cancer treatment. Although there is broad agreement that future related medical costs should be included in economic evaluations of healthcare interventions, there has been some debate in the theoretical literature regarding
the inclusion of future unrelated medical costs in economic evaluations (Rappange et al., 2008). Most of this
discussion used a standard economic framework to answer the question to what extent future costs need
to be included in evaluations in order to ensure social welfare maximization (Garber and Phelps, 1997;
Meltzer, 1997; Feenstra et al., 2008; Lee, 2008; Meltzer, 2008). Using representative consumer models,
it has been shown that including all future costs (both related and unrelated medical costs as well as
future non-medical costs) is required in order to maximize lifetime expected utility (Meltzer, 1997). Only
under strong assumptions can a case be made to exclude future unrelated medical costs (Garber and
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Note that in the literature, these costs are also called indirect medical costs. Here, we will use the terms future unrelated medical costs/unrelated medical costs/indirect medical costs interchangeably.
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Phelps, 1997; Meltzer, 1997; Feenstra et al., 2008; Lee, 2008; Meltzer, 2008). However, to date, no
attempts have been made to rigorously analyze the role of future medical costs speciﬁcally within a
healthcare perspective in which healthcare budgets are exogenously set on a periodic basis. This is rather
surprising given that in many jurisdictions, economic evaluations are carried out from a healthcare
perspective, most prominently in England and Wales (Tarn and Smith, 2004). Hence, this paper aims
to provide such an analysis.
It is important to note that although there has been much discussion from a theoretical perspective on the role
of future medical costs, economic evaluations in practice often model the lifetime healthcare costs of related
diseases but exclude the costs of unrelated diseases. In the most recent quantitative review (Meltzer, 2006),
only about 50 cost-effectiveness studies had included future costs out of perhaps 1000 cost-effectiveness articles published in the prior decade. In some cases, this practice is the result of ofﬁcial guidelines for costeffectiveness analysis. In several jurisdictions, it is explicitly advised to exclude the costs of unrelated medical
care (Tarn and Smith, 2004). This is for instance the case in England and Wales, where the National Institute
for Health and Care Excellence (NICE, 2013) guidelines apply. Although NICE guideline 5.5.1 suggests that
all relevant costs (whether it be related or unrelated) for the National Health Service (NHS) should be included,
‘For the reference case, costs should relate to resources that are under the control of the National Health Service
(NHS) and Personal and Social Services (PSS)’, there is a special clause dealing with costs in added years in
guideline 5.5.7: ‘Costs related to the condition of interest and incurred in additional years of life gained as a
result of treatment should be included in the reference-case analysis. Costs that are considered to be unrelated
to the condition or technology of interest should be excluded.’ Justiﬁcation for having guidelines
recommending the exclusion of future unrelated medical costs, even those falling on future NHS budgets, is
lacking. Therefore, we can only speculate that these guidelines are based on more informal arguments to exclude future unrelated medical costs such as mentioned in health economics textbooks (Drummond et al.,
2005; Morris et al., 2007). For instance Morris et al. (2007) note that ‘a cogent argument against the inclusion
of future costs is that these relate to speciﬁc programmes or treatments which in themselves ought properly to
be the subject of economic evaluation’. Other arguments mentioned in these textbooks are that it is difﬁcult to
estimate these costs and that their size is negligible. It is clear that such arguments deserve theoretical and empirical scrutiny.
Although there have been many debates about the appropriateness of different perspectives in the context of
evaluating health programs, this is not the focus of this paper. The aims of this paper are more modest, and the
question we hope to answer is whether methodological guidance with respect to the inclusion of future unrelated medical costs is appropriate within a healthcare perspective. The structure of this paper is as follows. First,
we show the role of future unrelated medical costs in a theoretical model describing the healthcare perspective.
Then, we will illustrate the practical relevance of future unrelated medical costs using a recently published economic evaluation on transcatheter aortic valve implantation (TAVI) that has been produced using NICE methodological guidance (Watt et al., 2012). In our discussion section, we return to the issue of methodological
guidance.

2. THEORETICAL MODEL
Recently, optimal decision rules within a healthcare perspective in which healthcare budgets are exogenously
set periodically have been put clearly forward (Claxton et al., 2010, 2011). Table I (adapted from Claxton et al.,
2011) displays the incremental costs and health gains of intervention i in two periods expressed in current
health. For simplicity, it is assumed that discount rates are equal for costs and quality-adjusted life years
(QALYs) throughout this paper (relaxing this assumption does not alter the conclusions in any way).
If the healthcare budget is ﬁxed, all opportunity costs fall within the healthcare sector. In this case, the
threshold represents the incremental cost-effectiveness ratio (ICER) of the displaced healthcare programs in
that period (i.e., the least cost-effective program that was still funded). As the budget is set periodically, the
Copyright © 2014 John Wiley & Sons, Ltd.
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Table I. Incremental costs and health gains in two periods for intervention i expressed in current health
Period
1

2

Δh1
Δc1/k1

Present value of health gained
Present value of health forgone

Δh1/(1 + r)
Δc2/(k2(1 + r))

Δh1 and Δh2 denote incremental quality-adjusted life years in periods 1 and 2; Δc1 and Δc2 denote incremental healthcare expenditures in
periods 1 and 2; k1 and k2 denote the cost-effectiveness threshold in periods 1 and 2; and r denotes the discount rate.

threshold may change over time. According to the decision rules within a healthcare perspective, an intervention should be adopted if the present value of health gained owing to implementing intervention i outweighs the
present value of health foregone (the health beneﬁts of the displaced activities):
Δh1 þ

Δh2
Δc1
Δc2
>
þ
ð1 þ r Þ
k1
k 2 ð1 þ r Þ

(1)

Equation (1) can be rearranged to obtain the decision rule that costs per QALY need to be lower than the
current threshold in order to be adopted:
Δc1 þ kk12
Δh1 þ

Δc2
ð1þrÞ
Δh2
ð1þr Þ

< k1

(2)

In case the threshold is equal over time or when the changing value of the threshold is accounted for by differential discounting of costs and effects, the term k1/k2 can be dropped from Equation (2). For notational simplicity and without any loss of generality, we will assume in what follows that the threshold is constant over
time.
To illustrate the role of future related and unrelated costs within this framework, let us suppose there are two
interventions (the already-mentioned intervention i and intervention j). We want to assess the optimal mix of
these interventions over 2 years. Intervention i is targeted at disease x, and intervention j is targeted at disease
y. One can think of intervention i as for instance an intervention targeted at cardiovascular disease and intervention j as a treatment for low-back pain. From the perspective of intervention i, all spending on intervention j can
be seen as unrelated and vice versa. Interventions i and j both increase quality of life and costs in each period
conditional on being alive (denoted Q and C). Next to quality of life and costs, intervention i also increases
length of life by inﬂuencing the survival probability to year 2 denoted by S:
h1 ¼ Q1 ði; jÞ; h2 ¼ SðiÞQ2 ði; jÞ; c1 ¼ C 1 ði; jÞ; c2 ¼ SðiÞC 2 ði; jÞ

(3)

h1 and h2 denote total QALYs in years 1 and 2; c1 and c2 denote total healthcare expenditures in years 1 and 2.
In accordance with previous literature (Garber and Phelps, 1997), we will assume that the cross partial derivatives of the cost functions are zero (∂2C1/∂i∂j = 0; ∂2C2/∂i∂j = 0) so that, conditional on survival, costs of intervention i are not inﬂuenced by intervention j and vice versa. We will deﬁne a Lagrangian function L with B1
and B2 denoting the total healthcare budget for the two periods to investigate conditions for optimal decision
making in this framework (β acts as the time preference discount factor (1 + r)1):
Max L ¼ Q1 ði; jÞ þ βSðiÞQ2 ði; jÞ þ λ1 ½B1  C 1 ði; jÞ þ λ2 β½B2  SðiÞC 2 ði; jÞ

(4)

Equation (4) illustrates that if survival increases because of intervention i, less can be spent per person in the
second period as the budget in period 2 is set exogenously and thus is not inﬂuenced by survival.2 Fixity of the

2

This differs from previous analyses. For instance, Garber and Phelps (1997) implicitly assumed a per-patient period-speciﬁc budget
constraint.
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healthcare budget is a crucial assumption underlying this operationalization of the healthcare perspective. It implies that the total healthcare budget cannot be inﬂuenced by the decision-making body (so that all included
interventions must have opportunity costs in terms of displaced activities) nor by medical interventions through
their impact on population size. The budget is taken as a given. First-order conditions with respect to interventions i and j are


∂L
∂Q1 ∂Q2
∂S
∂C 1
∂C 2
∂S
þ
βSðiÞ þ βQ2 ði; jÞ ¼ λ1
þ λ2 β
SðiÞ þ C 2 ði; jÞ
¼0→
(5)
∂i
∂i
∂i
∂i
∂i
∂i
∂i
∂L
∂Q1 ∂Q2
∂C 1
∂C 2
þ
βSðiÞ ¼ λ1
þ λ2 β
SðiÞ
¼0→
∂j
∂j
∂j
∂j
∂j

(6)

The ﬁrst-order conditions (5) and (6) clearly illustrate the difference between life-prolonging interventions
(intervention i) and interventions that only increase the quality of life (intervention j). Both costs and beneﬁts
of unrelated medical care appear in the ﬁrst-order condition of intervention i, and the weight they have is
determined by the incremental effect of intervention i on survival. However, costs of unrelated medical care
do not appear in the ﬁrst-order condition of intervention j. First-order conditions (5) and (6) can be rearranged
to obtain ICERs for interventions i and j if we make use of the fact that λ1 and λ2 can be interpreted as the
number of QALYs that can be obtained by increasing the budget in year 1 or 2.3 These shadow prices equal
the inverse of the ICER of the displaced activities within the healthcare budget in the two periods (k1 = 1/λ1
and k2 = 1/λ2). Assuming that the threshold is equal in two periods (k = 1/λ1 = 1/λ2), we can reformulate the
ﬁrst-order conditions for optimality as
∂C 1
∂i
∂Q1
∂i

∂S
2
þ ∂C
∂i βSðiÞ þ ∂i βC 2 ði; jÞ

∂S
2
þ ∂Q
∂i βSðiÞ þ ∂i βQ2 ði; jÞ

∂C 1
∂j
∂Q1
∂j

2
þ ∂C
∂j βSðiÞ

2
þ ∂Q
∂j βSðiÞ

¼k

¼k

(7)

(8)

Equations (7) and (8) state that interventions i and j should be expanded up until the point their marginal
cost-effectiveness equals the threshold. Equation (8) demonstrates that costs and beneﬁts of unrelated medical
care do not inﬂuence the ICER of interventions that do not extend life (note that total health gains and budget impact are inﬂuenced by intervention j). Equation (7) demonstrates that both costs and beneﬁts of unrelated medical care (costs and beneﬁts of intervention j in this example) need to be taken into account
when calculating the ICER of life-prolonging interventions.
Inspection of Equation (7) reveals some interesting observations. First of all, the ratio of the third terms in
both the numerator and denominator ((∂S/∂iC2(i, j))/(∂S/∂iQ2(i, j))) can be interpreted as the average costeffectiveness of all medical care in that period. Furthermore, Equation (7) illustrates that an exogenous decrease in the costs of intervention j in period 2 implies an increase of both interventions i and j. Finally,
it is worth noting that period-speciﬁc budget constraints do not imply that costs of unrelated medical care
can be safely ignored, which has been claimed previously (Lee, 2008). Crucial is the fact that, although survival probabilities may alter medical spending, they do not inﬂuence the healthcare budget. The fact that
costs for a speciﬁc program conditional on survival are independent of other programs (∂2C2/∂i∂j = 0) is
3

This is a well-known result for optimization problems solved using Lagrange multipliers (e.g., Chiang, 1984). In these optimization problems, the value of the Lagrange multiplier at the solution of the problem equals the rate of change in the maximal value of the objective
function as the constraint is relaxed. As the objective is to maximize QALYs, in our model, λ1 and λ2 can be interpreted as the amount of
QALYs that can be obtained if the budget constraints are relaxed.
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irrelevant in this context as total spending on programs is inﬂuenced by other programs through its inﬂuence
on survival (∂2c2/∂i∂j = (∂C2/∂j)(∂S/∂i)). Note that Equations (7) and (8) can also be derived if the threshold
varies over time or if one also allows for differential discounting of costs and effects (Claxton et al., 2011).
Now, let us return to the decision rule as proposed in Equation (1). Equation (1) is similar to the ﬁrst-order
condition (5) as Δh1 ≈ ∂Q1/∂i; Δh2 ≈ (∂Q2/∂i)S(i) + (∂S/∂i)Q2(i, j) and Δc1/k1 ≈ λ1(∂C1/∂i); Δc2/k2 ≈ λ2[(∂C2/∂i)
S(i) + (∂S/∂i)C2(i, j)].
By making a distinction between disease x and disease y, we can decompose total spending ct ¼ cxt þ cyt.
As intervention i is targeted at disease x, spending in period 1 on disease y is unaffected by intervention i, so
Δc1 ¼ Δcx1. However, because survival is affected by intervention i, there will also be costs for disease y in
added life years: Δc2 ¼ Δcx2 þ Δcy2. Δcy2 are the so-called future unrelated medical costs as they are purely the
result of living longer. By making a distinction between diseases x and y, Equations (1) and (2) can be
rewritten as
Δh1 þ

Δh2
Δc1
Δcx2
Δcy2
>
þ
þ
ð1 þ r Þ
k
k ð1 þ r Þ k ð1 þ r Þ

Δc1 þ Δcx2 ð1 þ rÞ1 þ Δcy2 ð1 þ r Þ1
Δh1 þ Δh2 ð1 þ r Þ1

<k

(9)

(10)

From Equations (9) and (10), we can see that only if costs of unrelated medical care are included applying
the decision rules leads to an optimal use of the healthcare budget. From Equation (9), we can see that
when costs of unrelated medical care are excluded in an economic evaluation of a life-prolonging intervention, this leads to an underestimation of incremental medical expenditures and consequently to an underestimation of the present value of health foregone of Δcy2 =ðkð1 þ r ÞÞ. The higher the Δcy2 or the lower the k,
the bigger the underestimation of the health that would be displaced if the technology is adopted. From Equation
(10), we can see that the ICER is underestimated by a factor Δcy2 ð1 þ rÞ1 =ðΔh1 þ Δh2 ð1 þ rÞ1 Þ if costs of unrelated medical care are excluded. As only evaluations of interventions that increase length of life are directly affected by this underestimation, this practice results in implicitly favoring life-prolonging
treatments over those that improve quality of life. Note also that including the costs of unrelated medical
care will have a different effect on the ICER, not just for every therapeutic area but for every pattern of survival payoffs. It is worth noting that these results for medical costs are similar to those found by Meltzer
(1997) when analyzing a societal perspective, with the major difference being that future consumption and
non-medical expenditures are omitted in a healthcare perspective.

2.1. Should unrelated medical care be evaluated by itself?
One of the informal arguments used to exclude future unrelated medical costs is that the costs of unrelated
medical care could be excluded as the costs thereof refer to speciﬁc interventions that need to be evaluated
themselves (Morris et al., 2007). Here, we will explore this argument and investigate whether this line of
reasoning leads to optimal decisions. Following this argument, the beneﬁts of future unrelated medical care
obviously should also be excluded. Thus, the health gains of a life-prolonging intervention should be
corrected for the effects of unrelated medical care. For the sake of argument, let us assume in our model
as described earlier that the health gains in period 2 can be written as the sum of the effects of related
and unrelated care, Δh2 ¼ Δhx2 þ Δhy2 , and that Δh1 ¼ Δhx1 .4 A way to think about this is that spending on

4

This assumption will often be violated in practice as there are interactions between treatments in terms of both medical expenditures and
health gains.
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disease y in period 2 increases quality of life with some amount independent of the spending on disease x
(∂2Q2/∂i∂j = 0). Equation (9) then becomes
Δh1 þ

Δhx2
Δhy2
Δc1
Δcx2
Δcy2
þ
>
þ
þ
ð 1 þ r Þ ð1 þ r Þ
k
k ð1 þ r Þ k ð1 þ r Þ

(11)

From this equation, we can see that ignoring the costs and beneﬁts of unrelated medical care only results in
the same decisions if Δhy2 ¼ Δcy2 =k. This would imply that only if the cost-effectiveness of unrelated medical

care equals the threshold Δcy2 =Δhy2 ¼ k can the costs and beneﬁts of unrelated medical care be safely ignored.
However, a priori, there is no reason to assume that the cost-effectiveness of unrelated medical care in general
equals the threshold. In case they are unequal, both costs and beneﬁts of unrelated medical care should be included in the analyses in order to reach identical decisions as prescribed by Equation (1). A necessary requirement for these decisions to be optimal is that unrelated medical care is itself cost-effective: Δcy2 =Δhy2 ≤k .
Theoretically, this should be the case as, in the optimum, there should be no care that is cost-ineffective. If
we look at Equation (7), including the costs and beneﬁts of unrelated medical care implies including a term that
is a sort of average cost-effectiveness of total medical expenditures, which should be by deﬁnition below the
threshold, suggesting that including costs and beneﬁts of unrelated medical care lowers the ICER in general.
If Δcy2 =Δhy2 < k, excluding the costs and beneﬁts of unrelated medical care can lead to an inappropriate rejection
of an otherwise cost-effective technology as including the costs and beneﬁts of unrelated medical care can
never push an intervention above the threshold but may cause an intervention’s ICER to decrease below the
threshold.

2.2. Broadening the decision context
Normally, when carrying out economic evaluations, the decision context is limited to decisions in one disease area. In our model, this means that when we are deciding whether to implement intervention i, we
are not deciding whether to implement intervention j. However, in case Δcy2 =Δhy2 > k, this implies we are
not at the optimum and that unrelated medical care is not cost-effective. This implies that including the costs
and beneﬁts of unrelated medical care may cause an ICER to increase above the threshold. It is then critical
to think about the commitments we are making when we are evaluating intervention i targeted at disease x
for a certain group. If we are also committing to spending on disease y for that group (even if that is costineffective), both costs and beneﬁts of unrelated medical care need to be included as they represent relevant
opportunity costs. If spending on disease y is not a necessary consequence of implementing intervention i,
the decision context can be broadened. Consequently, one might explore the cost-effectiveness of unrelated
medical care by explicitly modeling the provision of unrelated medical care by breaking down the analyses
into two different interventions that we are evaluating simultaneously. One intervention relates to the costs
and beneﬁts of both related and unrelated care (intervention i), and one relates to the costs and beneﬁts of
related care only (let us call this intervention i′). Performing such an analysis would require constructing
a counterfactual without the provision of unrelated medical care. If this counterfactual can be constructed,
we can apply the basic decision rules of cost-effectiveness analyses to decide whether intervention j (unrelated medical care) should be implemented for this patient group. If ICER(i′) > ICER(i), the option without
unrelated medical care is ruled out by extended dominance as including the costs and beneﬁts of unrelated
medical care decreases the ICER. If ICER(i′) < ICER(i compared with i′) < k, including unrelated medical
care increases the ICER, but in total, the program is still cost-effective. In this case, costs of unrelated medical care need to be included as they represent opportunity costs that will not be taken into account in any
other economic evaluation because without the intervention, the relevant persons would not survive to the
future periods. Only if intervention i as compared incrementally with i′ shows that unrelated medical care
for this particular patient group is cost-ineffective (ICER(i compared with i′) > k) is it optimal not to commit
Copyright © 2014 John Wiley & Sons, Ltd.
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to spending on unrelated medical care for that particular patient group. This then implies that the lifeprolonging intervention could be provided to patients, but they would need to be excluded from unrelated
future spending. It seems difﬁcult to envisage how this could be acceptably introduced in practice.

3. PRACTICAL RELEVANCE: TRANSCATHETER AORTIC VALVE IMPLANTATION
As a proof of concept of how to estimate future unrelated medical costs and to illustrate the practical relevance of
including future unrelated medical costs within a healthcare perspective, we will use the example of TAVI.
TAVI, as compared with standard therapy, signiﬁcantly reduces the rates of death from any cause for patients
with severe aortic stenosis and coexisting conditions, who are not candidates for surgical replacement of the aortic valve (Leon et al., 2010). Recently, an economic evaluation of TAVI for the English population was produced using NICE guidance. This resulted in a base case ICER estimate of £16,100 per QALY (Watt et al.,
2012). Given that this ICER is just below the threshold commonly used by NICE, TAVI may well be adopted
in the NHS. Watt et al., in their evaluation of TAVI, used modeling techniques to extrapolate survival beyond
follow-up of the TAVI trial but only included medical costs related to the treatment of heart disease. In line with
NICE guidelines, costs of reoperation were included, but costs of other diseases in life years gained, such as dementia, were excluded. In case of TAVI, eligible patients are typically old (>75 years), face a high mortality
risk, and generally have multiple comorbidities (Leon et al., 2010). Healthcare consumption for other diseases
besides heart disease in additional life years of this group of patients can therefore be expected to be relevant
(Yang et al., 2003; de Meijer et al., 2011). Hence, a substantial impact on incremental cost-effectiveness of
TAVI is expected when the medical costs thereof are included.
To estimate the inﬂuence of unrelated medical costs on the cost-effectiveness of TAVI, we estimated future
unrelated medical costs per QALY for the TAVI intervention and added this estimate to the original ICER. The
general framework we employed to calculate future unrelated costs for the TAVI intervention in the English
context is similar as that employed in a recently developed tool that allows estimation of future unrelated medical costs in a standardized manner for the Netherlands, called PAID 1.0 (van Baal et al., 2011). This means that
lifetime healthcare expenditures for unrelated diseases can be written as the sum of per-capita disease-speciﬁc
expenditures that vary by age and proximity to death:
n

cðnÞy ¼ ∑∑cia;na

(12)

a i∉x

where c(n)y denote lifetime unrelated medical costs for somebody who dies at age n, a denotes current age
(n  a thus indicates proximity to death), and i is an index that runs over all possible diseases except for the
set of related diseases denoted x (in the TAVI example, cardiovascular disease). Equation (12) can be thought
of as lifetime health expenditures for unrelated diseases if current health expenditure pattern as observed in the
general population were to remain constant.5 Expectations over n at different ages (proportion alive at a certain
age) for the TAVI group as well as the comparator group were taken from the survival curves as used by Watt
et al. (2012) and allowed us to calculate incremental future unrelated medical costs Δcy for the TAVI intervention using Equation (12). The rationale behind Equation (12) is that rather than underlying disease status, age
and time to death act as proxies for disease status to estimate future unrelated medical costs.

To estimate future unrelated medical costs per capita stratiﬁed by age and time to death ∑i∉x cia;na , we

used several data sources and proceeded in two steps. First, we constructed estimates of total medical costs
by age and time to death. In the second step, these estimates were corrected for the costs of related diseases
5

It should be noted that Equation (12) implicitly assumes that costs of diseases, conditional on age and time to death, are independent. More
importantly, it also implies that unrelated medical costs are independent of related medical costs. This assumption, of course, may be violated in practice. In the discussion section, we elaborate on this issue.
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Figure 1. Estimates of per-capita National Health Service and Personal and Social Services costs by age and time to death (2010 price level)

that were already taken into account by Watt et al. For total hospital expenditures, we used estimates stratiﬁed by proximity to death as published by Seshamani and Gray (2004a). For other NHS expenditures, we
used non-hospital per-capita expenditures as estimated by the Ofﬁce of Health Economics (Hawe et al.,
2011). Non-hospital expenditures were not assumed to depend on proximity to death but rather on age only,
which seems a reasonable assumption considering that the average age of someone receiving the TAVI intervention is 80 years. As the costs of cardiovascular disease were already included in the study by Watt
et al., we multiplied the estimates of total medical costs by age and time to death with 0.9 as the spending
on cardiovascular disease amounts to roughly 10% of all NHS expenditures (Hawe et al., 2011). Per-capita
PSS costs related to care for the elderly were taken from a recent publication by the Nufﬁeld trust (Wittenberg et al., 2012). As the study by Watt and colleagues did not take into account any PSS costs, we did not
need to correct these costs for double counting. All costs were inﬂated to the year 2010. Figure 1 displays
the resulting estimates of unrelated medical costs for various ages at death.
From Figure 1, we can see that per-capita unrelated medical costs increase sharply when approaching death.
As non-hospital expenditures increase by age, unrelated medical costs are higher conditional on proximity to
death for somebody who dies at an older age. If we combine the estimates presented in Figure 1 with the survival curves, incremental costs of future unrelated medical care (Δcy) per person receiving the TAVI intervention amount to £11,600. With a threshold of £20,000, ignoring £11,600 per patient implies an underestimation
of the present value of health foregone of more than 0.5 QALY per patient that received the TAVI intervention.
These incremental costs of future unrelated medical care translate into an increase of the ICER of £7400 per
QALY. The ICER increases from £16,100 to £23,500 per QALY gained, thereby changing from an ICER that
is below the most recently published threshold to an ICER above this threshold (Claxton et al., 2013).

4. DISCUSSION AND CONCLUSION
Current guidelines for health economic evaluations mostly prescribe that future unrelated medical costs
should be excluded from the analysis, also when taking a healthcare perspective. In our theoretical section,
Copyright © 2014 John Wiley & Sons, Ltd.
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we showed that optimal decisions within a healthcare perspective however require future unrelated medical
costs to be included. We hypothesized that current guidelines might be the result of more informal arguments mentioned in health economics textbooks (Drummond et al., 2005; Morris et al., 2007). We demonstrated these informal arguments to be invalid, potentially leading to suboptimal decisions. Using TAVI as a
case study, we illustrated the feasibility of estimating future unrelated medical costs for the English context.
The TAVI case study illustrated that the impact of including future unrelated medical costs need not be negligible and can clearly matter in practice also when taking a healthcare perspective. In our theoretical section,
we paid special attention to the informal argument used to exclude the costs of unrelated medical care, which
states that costs of unrelated medical care need not be included as unrelated medical care needs to be evaluated itself. This argument is ﬂawed for several reasons. Excluding the costs of unrelated medical care, while
implicitly including the beneﬁts thereof, does not lead to an optimal use of the healthcare budget. Consistency requires that the beneﬁts of unrelated medical care should also be excluded if costs thereof are excluded. However, we showed that theoretically both costs and beneﬁts of unrelated medical care need to
be included if unrelated medical care in itself is cost-effective. Excluding the costs and beneﬁts in these circumstances may erroneously result in labeling a cost-effective intervention as cost-ineffective. If unrelated
medical care is not considered a necessary consequence of the intervention under evaluation, unrelated medical care can be judged on its own merits by broadening the decision context. Also, in that case, one needs to
quantify the costs of unrelated medical care when evaluating related medical care.

4.1. Consequences of current guidelines
As interventions that only increase quality of life are not affected by the inclusion or exclusion of costs of unrelated medical care, ignoring future unrelated medical care favors life-prolonging interventions at the expense
of technologies that improve quality of life. More importantly, it misrepresents true opportunity costs within a
healthcare budget of decisions to start using speciﬁc technologies. Although the numerical impact may differ
per intervention, in general, one can state that the impact of unrelated medical care is larger for life-saving interventions targeted at elderly and frail people. Ignoring the costs of unrelated medical care also hampers comparisons between different interventions. Hence, given current guidelines, even economic evaluations
following the same methodological guidance may be incomparable. If the ICERs of life-prolonging technologies do not include costs of unrelated medical care, then they can only be compared with other technology
assessments that included the same set of cost categories (in case of TAVI technologies, aimed at cardiovascular disease). That in some ways resembles the methodology proposed by the Institut für Qualität,
Wirtschaﬂtichkeit, Gesundheit in Germany, which was criticized for only allowing to optimize disease-speciﬁc
budgets (Brouwer and Rutten, 2010; Sculpher and Claxton, 2010).

4.2. Unrelated medical care and the threshold
In our theoretical model, we assumed that the value of k is set appropriately. However, deriving a value for k is
difﬁcult. Until recently, the threshold used by NICE was inﬂuenced by technology appraisals submitted to
NICE, excluding future unrelated medical costs (Devlin and Parkin, 2004; Appleby et al., 2007; McCabe
et al., 2008). If the threshold is based on an inventory of published ICERs, k is underestimated, which demonstrates another mechanism through which ignoring costs of unrelated medical care distorts making optimal decisions. More recently, there have been attempts to estimate the threshold empirically by exploiting regional
variations in NHS spending and mortality (Claxton et al., 2013). However, in these analyses, increases in
disease-speciﬁc spending instead of total spending were linked to changes in longevity, suggesting that also
in the estimates of the threshold, unrelated future medical costs were excluded and thus that the threshold
may have been underestimated.
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4.3. Is unrelated medical care cost-effective?
Given that it might be difﬁcult to tease out the beneﬁts of unrelated medical care, it is important to know
whether we can assume that unrelated medical care in general is cost-effective or not. As unrelated medical care
consists of a mix of different interventions, the cost-effectiveness of unrelated medical care in many cases will
be some sort of an average return to healthcare expenditures. Empirical research in this area indicates that, on
average, investments in health care appear to have been very cost-effective (Cutler et al., 2006; Nixon and
Ulmann, 2006; Cutler and McClellan, 2011; Heijink et al., 2012). Including both costs and beneﬁts of unrelated
medical care makes intuitive sense. For instance, the beneﬁts of cancer screening not only depend on cancer
care in a country but also on the care for cardiovascular disease. However, in some instances, unrelated medical
care itself is clearly cost-ineffective if judged against conventional thresholds. An example of the latter would
be economic evaluation of statins in patients on dialysis (Grima et al., 2012). If higher medical costs are incurred in certain patient groups, the relevant question simply is whether we are willing to sacriﬁce more resources to yield health gains in that particular group (van Baal et al., 2013). This relates to efﬁciency and
equity concerns, which need to be addressed explicitly.
4.4. Empirical challenges
In our case study, we used different sources to estimate the unrelated medical costs per capita required for our
calculations. Instruments to estimate costs of unrelated medical care in a standardized manner exist for the USA
(Meltzer et al., 2000), Canada (Manns et al., 2003), Denmark (Kruse et al., 2012), and the Netherlands (van
Baal et al., 2011), but not for England and other jurisdictions. Further improvements in this area are needed
and should be possible given the data sources available (Martin et al., 2008; Seshamani and Gray, 2004b). Note
that age-speciﬁc per-capita costs stratiﬁed by time to death as observed in the general population do not always
sufﬁce. For frail populations, with high levels of comorbidity, these cost estimates might be inappropriate as
they underestimate unrelated medical care in those populations. For the TAVI case, we think this might also
be the case. Although not much is known about the healthcare use of patients with aortic stenosis, a recent
study (Kasteridis et al., 2014) looked at healthcare expenditures for different patient groups, including patients
with heart failure.6 They found that the average annual cost of a person with heart failure is more than 30%
higher than the average person aged 80 years or above. If we would apply this percentage to our estimate of
the costs of unrelated medical care, this would mean that the ICER would increase roughly by £10,000 per
QALY rather than £7400 per QALY if future unrelated medical costs are included.
4.5. Healthcare perspective
A ﬁnal remark is in its place with respect to the healthcare perspective, as advocated by numerous decisionmaking bodies, including NICE. A critical assumption underlying the healthcare perspective is that the size
of the healthcare budget is determined independently of the allocation of the healthcare budget. This implies
that productivity gains and/or consumption costs as a result of living longer owing to new medical technology
not only cannot inﬂuence the choice between different technologies but also cannot inﬂuence the size of the
healthcare budget. This is difﬁcult to defend from a theoretical perspective. Clearly, it is insufﬁcient to simply
use the label of extra-welfarism (e.g., Brouwer et al., 2008) in defense of systematically making incompletely
informed, and thus potentially welfare-reducing, decisions. By adhering to a strict healthcare perspective, real
opportunity costs and gains outside the healthcare sector, caused by medical interventions, are systematically
ignored regardless of their size and nature. These opportunity costs may entail both private consumption and
publicly funded consumption. In case of the latter, these opportunity costs hit public budgets as does healthcare
spending. For the TAVI intervention, broadening the perspective would primarily mean including non-medical
6

Aortic valve stenosis often leads to heart failure and is a common cause of heart failure.
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survivor consumption, as the target group, owing to their age and poor health, will typically not be productive
(both inside and outside the market). Including these survivor costs may even have a stronger impact on the
cost-effectiveness than including future unrelated medical costs (Johannesson et al., 1997; Manns et al., 2003).

5. CONCLUSION
We argue that optimal decision making within a healthcare perspective requires inclusion of future unrelated
medical costs. Hence, guidelines in jurisdictions advocating a healthcare perspective should recommend inclusion of these costs, although these now often explicitly advocate exclusion. In England and Wales, this can be
achieved simply by deleting section 5.5.7 of the NICE (2013) Technology Appraisal Methods Guideline. This
leaves less room for researchers to exert discretion as to which costs to include in economic evaluations as the
deﬁnition of what constitutes ‘related’ is not clear-cut. More importantly, this leads to more transparent economic evaluations that are more informative for decision makers and to a more efﬁcient use of the healthcare
budget.
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