2P BASIC COURSE ON ECONOMIC BASIS OF
HEALTH CARE INTERVENTIONS.

19™ TO 215T AUGUST 1999.

COURSE CO-ORDINATOR: DR. K.R. JOHN, MD

VENUE: CHTC



Overall objective of the course

1) Define health economics and state its uses

2) a) state type of costs direct and indirect costs , fixed and variable
costs, marginal and average costs b) Enumerate steps in costing

3) Distinguish cost minimisation - cost effectiveness, cost benefit and
cost utility studies

4) How to critically review an article and derive conclusions

5) How to ask research questions relating to economic evaluation
start collecting informations.



2P BASIC COURSE ON ECONOMIC BASIS OF HEALTH CARE
INTERVENTIONS ( 19" to 21% of September)

Day 1
19.8.99
8.00 a.m.

8.45
9.00 a.m.

10.00 a.m.
10.30 a.m.

1.00 p.m.
2.00 p.m.
3.00 p.m.
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Day 2

20.8.99
8.00 a.m.
10.00 a.m.
10.30 a.m.
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2.00 p.m.

4.00 - 5.00 p.m.

Day 3
21.8.99
8.00 a.m.

10.00 a.m

11. 00 a.m.

12.00
Follow up

Programme

Introduction / pre evaluation

Expectations

Definition, scope, uses

Types of studies in published literature

Inauguration

Principles of costing, Types of costs,

depreciation, annualization

Coffee break

Exercise on costing GroupI - OP visit
Group I - IP bed
Group III - Dressing
Group IV - Haemoglobin test

Developing the spread sheet

Lunch

Components of economic analysis / types of studies

How to review articles relating to economic evaluation one
worked out example of each type

Assignments (take home) for journal review

Review of articles - Group I, II, IIL, [V
Coffee break
Group Costing exercises CAT Scan
- OP department
- Pharmacy department
Lab costing
- IP department
TB program
Lunch
Developing spread sheet and entering in the computer
using excel and Epi info
How to conduct studies relating to economic evaluation
Review of articles take home

Presentation of review of articles/

How to develop a proposal group work
Study proposals presentations

Post evaluation

Concluding session

Submission of assignments

1. Critical review of one article

2 Pronnsal writino



CLINICAL ECONOMICS

MODULE 1

AN INTRODUCTION TO CLINICAL ECONOMICS

At the completion of this module you should understand:
a. the foundations on which economics is based;
b. why economics is relevant to health;

c. the role of elinical economics.
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INTRODUCTION TO CLINICAL ECONOMICS

In the 1970s, health expenditure as a proportion of Gross

Domestic Product (an indicator of the total expenditure on goods

and services in a country) rose rapidly 1in most developed

countries (Table 1). This raised interesting questions about
TABLE 1

HEALTH EXPENDITURE AS A PERCENTAGE OF GDP
(current prices)

YEAR
COUNTRY 1970 1975 1980 1983
New Zealand 4.5 5.2 5.7 5.7
United Kingdom 4.5 5.5 5.8 6.2
Australia 5.7 7.6 7.4 7.5
Sweden 7.2 8.0 9.5 9.6
USA 7.6 8.6 9.5 10.8
OECD average 5.6 6.7 T+2 7.6
Source: Harvey, R. "Trends in Health Service Provision and
Expenditure in Australia, and their relevance to public

hospitals", unpublished, Australian Institute of Health, 1987.

the appropriate level of health expenditure - for example, does
New Zealand allocate too few and the US too many resources to
health? In trying to answer this, related questions about value
for money in the health sector were raised. Does increased

expenditure lead to better levels of health, are the right
choices made between expenditure on preventive vs curative

services, between care for the aged vs care for infants, and
between high technology vs low technology interventions, for
example? These concerns are increasingly being expressed in the
medical 1literature, and are probably even more pertinent to
developing countries where the shortage of resources available
to the health sector is more apparent than in developed
countries.

It is not surprising that economists have played a role in this
debate. The discipline of economics is based on two--
observations about the world, firstly that society (consisting
of individuals and institutions) has virtually unlimited_ demands

for goods and services, and secondly that the resources
available to produce the goods and services society values are
scarce. They are not scarce in the sense of non-renewable
resources, but scarce because there will never be enough to

produce everything that people would like. Choices between
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competing uses of these scarce resources are, therefore,
inevitable. Accordingly, the choice to wuse resources in a
particular fashion always involves a cost in that the resources
cannot be used in other ways which would have produced
benefits. The value of the greatest possible benefit which

could have been obtained by using the resources elsewhere is the
cost of foregoing the opportunity to use them elsewhere and is

ZLHML‘Z known as the gpportunity cgst.
Sm—— — = -
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Given these observations, economics can be defined as the
"social science concerned with the problem of using or
administering scarce resources ... so as to attain the greatest
or maximum fulfilment of society’s unlimited wants" (Jackson &
McConnell 1987, pl9). This general problem is usually
subdivided into a number of more tractable questions, including
what goods and services to produce, in what quantities and at

what time, what resources will be used in their production, and
how to distribute the goods and services that are produced. The
guiding principle 1is the search for efficiency. Productive

efficiency involves producing the greatest possible output from
a given quantity of resources, or stated another way, producing
a~ given output at the lowest possible cost. However, there is
no point being efficient 1in this sense if goods which society
does not value very highly are being produced. Allocative
efficiency, which involves producing the goods and services
which society values most highly, is important as well.:—This
concern with efficiency highlights the fact that economics is
not simply an exercise in reducing costs. Economics is as much
about increasing outputs, the goods and services society values,
as about reducing inputs or costs. .

The observations about resource scarcity which form the basis of
economics apply to the health sector as well. Peoples’ desires
for goods and services, including health, are virtually
unlimited and individuals and governments must decide how many
of their scarce resources should be allocated to health care or
to other ways of gaining benefits. Health economics is simply
the "discipline of economics applied to the topic of health"
(Mooney 1986, p4). It is a very broad topic, encompassing all
the general economic questions raised above, and efficiency is
an important concern. Clinical economics examines a narrower
set of questions relating to the efficiency of clinical
interventions. This course 1is concerned mainly with clinical
economics, although one of the wider concerns of health
economics is introduced in. Module 10.

A few general points should be made in conclusion. ‘FirstI&, two

types of economic analyses exist. Positive economics is
concerned with describing what happens objectively.
Alternatively, normative economics involves subjective value
judgements of the outcomes which are considered to be
desirable. It is sometimes argued that clinical economics is an

example of normative economics because the choice of what
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constitutes a benefit of a medical intervention is necessarily
subjective (Drummond et al 1987).

Secondly, economics is not about money. The problems of
resource allocation under scarcity conftfront all societies, even
those which have been based on barter rather than monetary

exchange. Moriey 1is simply a useful tool for valuing goods and
services.

Thirdly, efficient solutions can sometimes be inequitable.
Economics has little to contribute to the debate about whether

attempts should be made to reduce such inequities, but it does
show that reductions in inequality can at times be achieved only

at the expense of efficiency.

Finally, decisions about the appropriate form of treatment are
not made on the grounds of efficiency consideration alone, and
no economist would suggest that they should be. However,
efficiency should not be ignored. Governments may legitimately
decide to follow a less efficient policy for the sake of equity
or social justice, but it is important that they be aware of the

economic costs of doing this. Similarly, physicians cannot
pretend that economics is irrelevant to their clinical decision
making. Every one of their decisions to use resources involves

an opportunity cost in that it prevents the resources being used
somewhere else which would have produced benefits.
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DISCUSSION QUESTIONS

1. Read the article by Drummond et al and discuss the following
proposition. It is ethical for a national Cancer Council to
consider costs and benefits when discussing the appropriate
national policy for screening for cancer of the cervix, but it
is not ethical for a doctor to consider costs when treating an

individual patient.

2. Discuss: opportunity costs are not involved when patients
are fully covered by health insurance as they do not pay for the
services they receive. -

3. To what extent are economic issues relevant to clinical
practice?
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Health Economics: An Introduction for Clinicians

MICHAEL DRUMMOND, Ph.D.; GREG STODDART, Ph.D.; ROBERTA LABELLE, M.A.. and ROBERT
CUSHMAN, M.D.; Birmingham, United Kingdom; Hamilton and Ottawa, Ontario, Canada

Economic issues have had a growing importance in the
health care field as the sector’s share of the gross
national product has risen. Clinicians are under increasing
pressure to adopt more cost-effective treatment practices
as a result of initiatives being taken by the major third-
party payers, government, and business. However, recent
publications suggest that there are some misconceptions
about economics in health care and the extent to which it
is in conflict with good clinical practice. To provide a
foundation for the understanding of this field by clinicians,
we have outlined several basic notions of heaith

economics. _. ...

! MeSH tering cost benefit analysis; cost control; decision
making; délivery of health care; diagnostic-related groups;
economics, hospital; economics, medical; health
maintenance organizations; heaith planning; heaith policy;
health resources; health services needs and demand;
insurance, heaith reimbursement; preferred provider

' organizations; prospective payment system]

Ecor«omc ISSUES have had a growing importance in the

health care field as the sector’s share of the gross national
product has risen. In the United States, in common with
most developed countries, there has been concern about
health care cost containment and the promotion, by the
major third-party payers, of specific measures to bring
about a more efficient use of resources. For example, in
the hospital sector there has been a movement toward
prospective _payment systems, the best known being
Medicare’sapproach. based on_diagnosis-related_groups
(DRGS). Such schemes give hospitals an added incen-
tive to control costs, and the extension of prospective
payment to physicians is now being considered (1).

In the primary caresetting the largest change has been the
growth of health maintenance organizations (HMOs) and
preferred provider organizations (PPOs). To a great ex-
tent _this change is being supported by private company
executives who view it as a way of cutting the costs of
health care for their workers. These company officials
have also considered other measures, such as self-insur-
ance and contracting out of specific services (2, 3). It is
in clinicians’ best interests to be aware of these changes
and the economic forces behind them, as they-are likely
to have a profound impact on the market for medical
services in the future (4).

The other major)reason for clinicians to understand
more about economics stems from their key role as gate-
keepers to the use of health care resources. It has been

» From the Health Services Management Centre, University of Birmingham, Bir-
mingham, United Kingdom; and the Departments of Clinical Epidemiology and
Bi istics, and Ecc ics, McM; University; the Ottawa Carleton Region-
al Health Department; and the Department of Community Medicine and Epide-
miology, University of Ottawa, Ottawa, Canada.

88 Annals of Internal Medicine. 1987;107:88-92.

pointed out that physicians represent less than one half of
1% of the population yet determine, through the deci-
sions they make about the care of their patients, how
nearly 10% of the nation’s gross national product will be
spent (5). In discharging their responsibilities, clinicians
perform a difficult dual role, of securing good care for
their patients yet having a broader social responsibility
for the careful use of health care resources (6). This
broader role is likely to be reinforced by the changes in
organization and payment and by other initiatives to in-
fluence practice behaviour such as education, feedback on
resource use, peer review schemes, and direct financial
incentives (6-9).

Given this pressing need for clinicians to have a good
grasp of economic issues, it is disturbing to find evidence
that all is not well. Although clinicians are likely to be
more_often_exposed to economic issues and arguments
through the increasg,in the publication of economic pa-

pers in medical journals (10), a recent article (11) point-
ed to_the frequent misuse of the term cost-effective in
—medicine. The commonest errors are a confusion between
cost containment and economic efficiency, and the sug-
gestion that economic analysis is restricted to considera-
tion of cost savings and production gains, and not con-
cerned with general improvements in the quality of life.
Over the past few years we have been communicating
economics._concepts _and ideas to practising clinicians
within a teaching hospital setting. This paper, based on
our experience, sets out ten basic notions of health eco-
nomics for those clinicians wishing to have a good grasp
of this field (Table 1).

Ten Basic Notions of Health Economics

HUMAN WANTS ARE UNLIMITED BUT RESOURCES ARE

FINITE

The original intention of some socialisec health care
systems, such as the British National Heaith Scivice, was
that more investment in health care treatments and pro-
grams would remove existing ‘“health needs.” We now
know that health needs will never be eliminated, as these
are continually redefined. That is, there are always more
legitimate” ways of using resources (manpower, equip-
ment, supplies) than there are resources available. Even
if, by some miracle, a stage was reached where the com-
munity did not want more investment in health services,
there would be plenty of other suggestions for using re-
sources outside the health care system in other public or
private sector investments.

Therefore, most resources used in the health care sys-
tem have alternative beneficial uses inside and outside the

©1987 American College of Physicians



health care sector, although in the short run some re-
sources may be difficult to redeploy. In general, though,
the restrictions on the resources for health care are more
a reflection of the human condition than they are the
creation of governments. The implication for those work-
ing within the health care system is that choices, in allo-
cation of scarce resources to competing activities, are in-
escapable.

ECONOMICS IS AS MUCH ABOUT BENEFITS AS IT IS

ABOUT COSTS

Given the limitations on resources, choices need to be
made between competing beneficial activities at the plan-
ning and clinical levels. [The real _costiof engaging in a.
particular activity/isthe benefit lost by not using the same
resources in their best (that is, most highly valued) alter.-
native use. Thus, although one may tend to think of econ-
omists as being interested in health care expenditures, it
would actually:be truer to think of them as being interest-
gd_in benefits;] that is, in maximising the total benefits
from the use of the community’s scarce resources. This is
what economists mean by efficiency. Therefore, when an
economist poses the question, “What is the cost of X7
he or she is talking about the sacrifice made, or benefits
foregone, by engaging in X. This is the distinction be-
tween the economist’s notion of opportunity cost and the
commoner notion of money expenditures. )

Often_(but not always) money prices may be consid-
ered to reflect true opportunity costs. This situation de-
pends on the extent to which gne believes that markets—
the main mechanism through which resources, goods,
and services are traded—are functioning perfectly. That
is, a perfect market would be one where there are many
buyers and sellers, where no barrier to entry to the mar-
ket exists, and where consumers have perfect informa-
tion.

Of course, any one decision maker cannot conceive of
all possible states of the world and identify the best alter-
native use for a given resource. However, on a pragmatic
level it is possible to use the notion of opportunity cost if
one is a decision maker with a fixed budget, such as
someone running an HMO. For example, the opportuni-
ty_cost of more high-technology medicine may be that
prevention progrzmm&, are not given funds to expand.
(In individual clinical decisions, the opportunity cost of
the use of resources may not be so apparent, as discussed
later.)

THE COSTS OF HEALTH CARE PROGRAMMES AND
TREATMENTS ARE NOT RESTRICTED TO THE
HOSPITAL, OR EVEN TO THE HEALTH SECTOR ¥ _
Because secondary and tertiary care account for a high
proportion of health care expenditures, much of the effort
to increase efficiency has concentrated on these sectors.
There have thus been many attempts to shorten hospital
inpatient stays and reduce the use of laboratory services.
Although such moves may be beneficial, reductions in
hospital stay may mean that extra resources are required
in the community care sector to aid in the rehabilitation
of patients. Similarly, in the long-term care sector the

Table 1. Ten Basic Notions of Health Economics

Human wants are unlimited but resources are finite.

Economics is as much about benefits as it is about costs.

The costs of health care programmes and treatments are not
restricted to the hospital, or even to the health sector.

Choices in health care (that is, in health planning, or in treat-
ment mode) inescapably involve value Judgments.

Many of the simple rules of market operation do not apply in
the case of health care.

Consideration of costs is not necessarily unethical.

Most choices in heaith care relate to changes in the level or
extent of a given activity; the relevant evaluation concerns
these marginal changes, not the total activity.

The provision of health care is but one way of improving the
health of the population.

As a community we prefer to postpone costs and to bring for-
ward benefits.

Equity in health care may be desirable, but reducing inequali-
ties usually comes at a price.

deinstitutionalization of patients should not be advocated
on cost savings alone; the development of adequate com-
Mmunity care programmes for the elderly or mentally ill is
not without cost. Moreover, community care may or may
not be more beneficial than its institutional counterpart
for various categories of patient.

It should also be remembered that the health care sec-
tor is not the only resource for health care. Other public
and private agencies are involved, and patients (and their
families) incur costs. Family costs include the time and
expense in traveling to, or waiting at, health care" facili-
ties, the provision of informal “home nursing” for sick
relatives and any extra medications, equipment, or facili-
ties required for treatment but not funded by the health
service or insurance scheme. Furthermore, if patient or
family time taken up in treatment is lost worktime, there
is a general cost to society in that productive outpuTmay
be lost.

~Many clinicians are aware of these nonmonetary costs
falling on patients and their families, and may moderate
therapies accordingly. However, more attention could be

—paid _to them in scheduling clinic attendances and in de-

-¥eloping admission and discharge policies. Such costs
must also be taken into account in the economic evalua-
tion (from society’s point of view) of health care pro-
grammes.

CHOICES IN HEALTH CARE (IN HEALTH PLANNING OR
IN A TREATMENT MODE) INESCAPABLY INVOLVE
VALUE JUDGMENTS

So far we have glibly talked about benefits from the use
of resources in health care. But who decides what is a
benefit and what is not? Obviously, the assessment of
benefits (and, through the logic explained previously,
costs) can only be based on subjective valuation. There-
fore, choices in health care, which all require assessment
of costs and benefits of alternative programmes or thera-
pies, involve value Jjudgments.

In discussing health care issues, it is important first to
recognize this fact and also to make values explicit when
possible. For example, in prescribing therapy, the clini-
cian may be (unknowingly) making value judgments on

Drummond et al. ® Heaith Economics 89
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Y still acting in the wider social interest? We would not
necessarily expect clinicians to take on the broader role in
their day-to-day clinical work, but the answer lies in
making a distinction between medical decisions made on
behalf of the one patient and those made on behalf of a
group of patients (such as requests for expansion of serv-
ices). In our view it would be enti i

clinician to give each patient as much care as his or her
condition requires, yet also to participate in a_decision-

making process that, in evaluating competing claims for

tE_de_ve!_o_gm:m_QstU_igcs, considers the wider social
rspective.

The ideal form of such a decision-making process
would be one that enabled clinicians to retain an advoca-
cy role for their own patients, yet brought various checks
and balances into play. In some health care systems this
policy is attempted by encouraging clinicians to take re-

\

quality-adjusted life-year gained) of this procedure for
severe angina with left main disease. Levine and i-
ates (16) calculated that a policy of comprehensive diag-
nosis for cancer of un i ‘origin (searching
all possible sites) would cost $7 million more per year in
Ontario than a limited diagnostic strategy (examining
only sites for which effective systematic therapy were
available). Stason and Weinstein (17) have shown how
the cost effectiveness of strategies for the prevention, di-
agnosis, and treatment of hypertension depends on dia-
stolic blood pressure before treatment.

THE PROVISION OF HEALTH CARE IS BUT ONE WAY OF
IMPROVING THE HEALTH OF THE POPULATION

Many clinicians are familiar with the arguments of epi-
demiologists who have pointed out that recent technolog-
ic advances in l}_wglth care have had little impact on life

sponsibility for a defified budget within the hospital (12).

In Other systems it is considered more appropriate to en-
courage the adoption of guidelines for clinical practice
that take into account cost-effectiveness considerations
(6, 13). In the United States, the spread of HMOs and
prospective payment systems for hospitals is likely to
have a similar effect,

7 MOST CHOICES IN HEALTH CARE RELATE TO CHANGES
IN THE LEVEL OR EXTENT OF A GIVEN ACTIVITY; THE
RELEVANT EVALUATION CONCERNS THESE .
MARGINAL CHANGES, NOT THE TOTAL ACTlVlW:

In the health care field there is often a mistaken ten-
dency to present choices on an all-or-nothing basis. For
example, the question is not usually whether we do X
(such as develop community programmes for the mental-
ly handicapped), but rather how much of X do we do
(that is, for which type of patient should such pro-
grammes be developed). Therefore, the relevant data for
making such decisions are the marginal costs and bene-
fits, not those of the whole activity. The marginal costs
and benefits strictly relate to one more (or one less) unit

of production, but are often used to refer to the incremen-

tal costs and benefits of the change in_the scale of the
activity. -

The notion of *“the margin” is very important in health
care decision making and there are numerous examples
reported where the marginal costs and benefits of expand-
ing an activityifier greatly from the average costdand
benefits of the activity as it stands. One study showed
that the average cost (per case detected) of repeatedly
screening the same patient population for cancer of the
colon, up to a maximum of six times, was around $2500 “
(14). Yet the marginal cost of detecting a further case by
doing a sixth_test, having already done five, was over.
$47 000 000,

Although the sixth stool test for cancer of the colon is
the most well-known example of the importance of con-
sidering marginal cost, there are many other ‘“how
much” decisions in diagnosis, treatment, and follow-up.
For example, Williams (15) has calculated that perform-
ing coronary artefy bypass grafting for mild angina with
two-vessel diseases is more than ten times the cost (per

expectancy, compared with improvements in nutrition,
sanitation, and general economic wealth. Economists
have done similar analyses, which attempt to estimate the
relative contributions of health care and other important
inputs, such as education, to the production of health.
More recently, there have been studies of the relationship
between health status and general economic variables,
such as the level of unemployment.

Consideration of this notion does not lead to any obvi-
ous suggestions for the modification of clinical practice;
rather, it places all our efforts within the health care sys-
tem into perspective. Also, from the government’s point
of view it suggests that if improvements in health status
are desired, we should look not only to changes in health
policy but also industrial and educational policy. There
are often conflicts here; many countries have agricultural

f palicies_that are not conducive to good health (such as

“subsidies to farmers producing foods with high fat con-
tent). Perhaps we have to accept that health is traded, by
persons_and gove 3 i
why do people drive fast cars, climb mountains, or
smoke?

AS A COMMUNITY WE PREFER TO POSTPONE COSTS
AND TO BRING FORWARD BENEFITS

Different investments in health care have different time
profiles of costs and benefits. A large health education
campaign aimed at reducing coronary risk factors may
require a sizeable resource outlay now, in return for bene-
fits in the future. Other investments, including most ther-
apeutic programmes, involve a steady stream of costs,
with a quick return in terms of improved health status for
the patients treated. It is usually argued that, as individu-
als and as a community, we are not indifferent to the
timing of costs and benefits. In fact we prefer to postpone
costs and to have benefits sooner rather_ than later. Of
course, one cannot have one’s bread buttered on both
sides and, as individuals, if we want to consume more
now we usually have to borrow money at a positive rate
of interest. The rate reflects not only inflation but the
compensation we have to pay to others for postponing
their consumption.

The main implication of this notion, the existence of a

91
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behalf of the patient. However, it may be possible to set
out for the patient the technical features of the alternative
regimens and to let Eﬁéaﬁﬁi?n}_make the choice. This is
partly what informed consent is about. T

~“The question of whose values should be used in making
choices in health care is complex. Economists tend to
believe (as a canon of faith, as a political tenet, or as an
act of expediency) that each person knows his or her own
interest best, although there is no such “rule” in econom-
ic theory. Obviously, in some branches of health care,
such as mental illness, the proposition that the patient
(consumer) knows his or her own interest best may be
hard to defend. But what about health care more general-
ly? Certainly it is possible to find examples in the litera-
ture where health care providers’ values have been as-
sessed and they differ from the values of the patients.
With respect to larger planning choices, consideration of
costs (as reflected by markets) incorporates an element
of consumer judgment, because market prices reflect an
amalgam of the valuations many consumers place on

shou!&va.lucthe“beﬂ‘eﬁtfﬁé’rﬂ’imlth _services and
fanning priorities? Presumably one might want to give
the community a say in this, perhaps th;ough)_ghe_i_:; elect-
ed representatives. However, at the moment much priori-
ty setting is done primaril (perhaps unknowingly) by
clinicians, through their advocacy for the development of

particular services or througg_ghg _pressures _their_actions
place on existing r&éifcqs, such as hospital laboratories.
Much of this may, in turn, be a reflection of patients’

demands, however.

goods and services and their altemativq_gsqs_._@?g/

MANY OF THE SIMPLE RULES OF MARKET OPERATION

DO NOT APPLY IN THE CASE OF HEALTH CARE 6‘

We have already mentioned that, if markets are work-
ing well, the prices of resources (and commodities) re-
flect their sQcial opportunity costs. A perfectly function-
ing system of markets would have additional attributes
too; for any given distribution of income and wealth, it
would guarantee that goods and services would be pro-
duced in the most efficient way, because in the face of

competition ineffici s would go out of busi-
ness @Eﬁ%d that scarce resources
would be allocated so as to satisfy the most highly valued
wants (Allocative efficiency is view of the world has
led many to advocate a much’wider role for the market in
health care delivery, with less government intervention
(or interference).

There are doubts whether any markets function in the
perfect way described above, owing to the existence qf
monopoly producers or sellers who are relatively immune
to competition. However, in the case of health care there
are a number of additional reasons that, taken together,
suggest that the market (if left to its own devices) would
not lead to an efficient use of health care resources.|Fi @

<o t have the knowledge to make sensibl
choicesi Ehich means that the providers (especially clini-

cians) become key players in determining the demand for
care, on behalf of patients.|Economists call this the agen-)

relationship. @
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%cco@ even if consumers knew what they wanted, the
health care market is different in that, because of insur-
ance coverage or free provision of socialized health care,
consumers do not pay a price that reflects the. social op-
portunity cost of the resources used. Therefore there may
be a tendency for persons to consume more care than
they otherwise might. Economists would say that con-
sumers experience [‘moral hazard” a phenomenon com-
mon to all insurance markets.
@ hird, the benefit from a person receiving care may not
e confined to that person. The most obvious example is
in the field of communicable diseases, whereby the_more
people that become immunized the _more_protection is
given-to-ethers. Because of such externality relationships,
the valuation of theé consumer alone may understate the
total value of care. Some economists extend such argu-
ments to other forms of care, suggesting that there are
P‘hTFa?rrmroplc (or caring) externalities) that is, we care
about other peoples > and hence the care they re-
ceive, in a way that we do not care about whetheg they
have recently been able to replace their automobile. The
main evidence in support-of.-this argument is the tenden-
Cy, in most countries, to socialize health care to some
degree ' '
Fin there is a stronger version of the externality
argument; namely that people ought to be encouraged to.

consume more care th i is is v

known as the Emd is

most commonly applied to the consumption of education.
Most of these arguments can be applied, to some de-

gree, to other commodities. However, the unique coinci-
dence of them in the case of the commodity known as

health care leads most economists to the conclusion that ;

ill’—that is, not aut
n of resources. Fur-

E__ma—rk?f'&'( ; s
matically lead to an efficient allocatio
hermore, in most health .
1 to consume r e
efficiency needs to be encouraged, it cannot be assumed.

CONSIDERATION OF.COSTS IS NOT NECESSARILY

UNETHICAL

It is normally argued that the clinician’s responsibility
is to provide the best possible care for his patients. Does
this mean that considering costs in clinical decision mak-
ing is unethical? If thggggigni_vgggg_gcaljy_bqingu&ated in
isolation, it would be wrong to withhold care because of
resource_considerations. However, a problem arises be-
cause (according to the arguments set out) once resourc-
es enter into the picture, then by definition the patient is
not being treated in isolation. According to the opportu-

nity_cost_principlefnore resources given to one patient

means that someone else will lose out. This haps
gue, pgﬁé%jd

be a patient of a clinical colleague, or a
potentially benefit from care but is not yet known to the -
health care system. A JRird possibility is that increased
ources used in the health care séctor may mean that
@icty goes without other things, such as education,,
which themselves may promote health.
Herein lies a dilemma: How does the clinician adhere
to generally accepted medical and ethical principles while




positive rate of ti

health care need to be cqmpared on a common basis if
their time profiles of costs and benefits differ. This is ac-
complished by a procedure known as discounting to pres-
ent values, which is essentially a compound interest cal-
culation done in reverse. Discounting has the biggest
impact when one is comparing a preventive programme
with a curative one.

EQUITY IN HEALTH CARE MAY BE DESIRABLE, BUT

REDUCING INEQUALITIES USUALLY COMES AT A

PRICE

As noted, there are externality relationships
health—that is, many of us care about the health of oth-
ers. Therefore, in many countries there is concern about
the equity of health care provision, by exposure to risk,
income class, social class, geographical location, need,
and so on. Few people would openly argue against equity,
but it is worth pointing out that reduction of inequalities
may come at a price, in terms of other benefits foregone.
One common saying in economics is that “there is no
such thing as a free lunch.” In this case it is perhaps
easiest to see the validity of the argument in the context
of locating tertiary care facilities. Everyone would like a
specialist unit on their doorstep, but such a proliferation
may mean that units are underutilised or, more probably,
full with “inappropriate” cases—that is, patients who
could be treated perfectly well elsewhere at lower cost.

in

Discussion

This paper has contained a discussion of ten basic no-
tions of health economics. These ten notions hardly rep-
resent the economist’s “ten commandments,” but we do
believe they provide a useful foundation for clinicians
wishing to understand this increasingly important field.
For those clinicians wishing to take matters further a
number of textbooks exist (18-22), although in the main
these are not ideal because they demand a higher level of
economics expertise than clinicians are likely to possess,
or because they are structured around economics con-
cepts (supply and demand) rather than around notions
with which clinicians are more familiar.

There is no space here to discuss teaching methods in
detail, but we have found that the most promising ap-
proach is to develop problem-based materials dealing
with practical issues that clinicians feel érq relevant.»
These materials could concern the economic issues raised
by the treatment of individual patients, the ways in which
health policy (such as the encouragement of prepaid
group practice) affects clinical practice, or the need to be
able to appraise economic evidence critically in order to
assess claims for the development of services (23). We
hope that this article stimulates clinicians to learn more
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about health economics and that teachers respond by de-
vising more and better learning materials.
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How to read clinical journals: |

VII. To understand an economi

DEPARTMENT OF CLINICAL EPIDEMI-
OLOGY AND BIOSTATISTICS,
McMasTER UniversiTY HEALTH
ScieNCES CENTRE

Those who plan, provide, receive or
pay for health services face an inces-
sant barrage of questions such as the
following: Should clinicians check
the blood pressure of each adult who
walks into their office? Should pian-
ners launch a scoliosis screening
.program in secondary schools?
Should' patients be encouraged to
request annual check-ups? Should
local health departments free the
limited numbers of nursing person-
nel from well-baby clinics so that
_they- can make home visits to pa-
tients with hypertension who have
- forgotten to present for their check-
ups? Should hospital administrators
purchase each and every picce of
new diagnostic equipment? In other
words, who should do what to
whom, with what health resources
and with  what relation to other
healthrservices? —-— :
The dnswers to these questions
are most strongly influenced by our
estimates of the relative merit or
value of the alternative courses of
action. This pair of clinical epidemi-
olcgy rounds is concerned with the
strategies and tactics whereby these
estimates of relative value can be
. ascertained and interpreted; that is,
with the evaluation of heaith ser-

*Parts [ through V of this series were pub-
lished in consecutive issues of the Journal,
starting: with the Jan. 1. 1981 issue, and part
V1 was published in the Feb. 15, 1984 issue.

Reprint requests to: Professor G.L. Stoddart

or Professor M.F: Drummond. McMaster.

: !z:’gi'en';iy---ﬂ ciences Centre, Rm.
3. 1200 Main St. W, Hamiit n
gtk miiton, Ont.

vices. More specifically, the guides
we present here focus on one type of
evaluation, sometimes referred to as
economic evaluation or_ efficiency
evaluation. In this type of zvaluation
we are asking Is this hezith proce-
dure, service or program worth
doing compared with other things
we could do with the same re-
sources? Are we satisfied that the
health care resources (required to
make the procedure, service or pro-
gram available to those who could
benefit from it) should be spent in
this rather than some other way?
It is imperative to note that al-
though an economic evaluation pro-
vides important information to deci-
sion-makers, it addresses only one
dimension of decision-making about.
health programs. An economic eval-
uation is most useful, and appropri-
ate, when it is preceded by three

other types of evaluation, each. of”
which addresses a different question,

as follows: i
® Can it work? Does the health

procedure, service or progfam do

* more good than harm to people who

fully comply with' the associated
recommendations: or treatments?
This type of evaluation is concerned
with efficacy. . - weoo®

® Does it work? Does the proce-

dure, service or program do more .

good than harm to people to whom
it is offered? This form of heaith.
care evaluation; which considers
both the efficacy of a service and its
acceptance by those to whom it is
offered,. is the evaluation of effec-
tiveness or usefulness.

e [s it reaching those who need
it? Is the procedure, service or pro-

gram accessible to all people who
“couid benefit from it? Evaluation Of.

this type is concerned with availabil-
ity.
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¢ evaluation (part A)*

_is meant to help the careful reader.”’

~for and clearly define the nature of 3¢

. prassure; but you aiso know =0

~ Methodologic criteria for assess- < ¢
ing efficacy, effectiveness and avail- ...
ability evaluations have been des-7 ::
cribed in an arrcle by Sackett,
from which the above questions have : . *

been drawn. These questions were = -
also addressed in part V of this & -
series,? so they will not be reviewed " ;
here. g

P

Hitat o3

9

_This pair of rounds is intended for :*: &
those who use, rather than those :

RS

_who generate, evaluation data. Con-—g

sequently, it stresses data interpreta-~_
tion rather than data acquisition. It <3

acquire healithy scepticism regarding '8
claims about the efficiency of heaith
procedures; services and programs. °
In this part we describe the rationale

economic evaluation. We then iden-7=%
tify the basic types of economic -
evaluation; distinguishing the pur-j:
pose and characteristics of each. In.:
part- B we will help you become &=
more critical assessor of evidence by 3% -
identifying the elements of a sound-i¥ -

economic evaluation, illustrated:% _

through case. presentations and the.z¥
current literature. We will also dis-% -
cuss the limitations. of eeonomﬂ-'#

_evaluation techniques. N gpf :

Why do an economic evaliation? ff )
e ; : . L .i.',‘;':i- »
Case presentazions B 1

"
¥

AP 18 Y

_A. You are a staff surgeon at &
busy community hospital. As the
population served by your |!°§P,‘,‘.".
grows, so does the meed for surgt™="
beds. The scheduling: of electi"®
minor- surgery has become chaot’® -3
but there is little prospect for 307 .
increase in the number of beds: YU
are <use- that a “day sutgel’f'
s o s £ the; .
gram woula ihe=3

Al

&2

i
relieve inuch O 3

-
PP )
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wspital board will not approve the -

stablishment of the program until
wou give them some “hard data” on
“hether it really will be less expen-
Jve and, if so, by how much.

B. As a member of your hospi-
4l's medical advisory committee
.ou are asked to approve the launch-
ing of a renal transplant program.
your colleagues claim that trans-
cantation is “highly cost-effective”
ind in support of their claim have
jizached aa article’ to their request.
vy re=lize that you must wade
—crgs the article in order to make
- izzellig=nt decision.

C. As cze of the few physicians
on your local health council you are
1sk>d to comment on whether your
0+ worid be better served by a
cemereke=asive blood pressure
wreaning program (that claims to

~=veat vatimely death) or by an
«_.iuenza immunization program

{that claims to prevent days of dis-
_ ability). Because these programs

seem so dissimilar you feel that.you
" must come up with an organized
! 3y of comparing their costs and

| enafits.

i Cocmment
!

In each of these increasingly fre-
quent situations you are being asked
for an economic evaluation of alter-
native services. Why is economic

~ evaluation so important? To put it
simply, resources — people, time,

© . facilities, equipment and knowledge

. — are scarce. Choices must and will
be made concerning their deploy-
ment, and methods such as “what
we did last time”, “gut feelings” and
>chn ‘“educated guesses” are not
dlways better than an organized
consideration of the factors involved
in a decision to commit resources to
- one use instead of another. This is

true for at least three reasons:
® Without systematic analysis it

"due to chronic lung disease, then

»

prevention programs (e.g., related to
cigarette smoking) may represent a
more efficient avenue and should be
added to the programs
the evaluation. 2 .

® The viewpoint assumed in an
analysis is important. A program
that looks unattractive from one
viewpoint may look: significantly
better when other viewpoints are
considered. Analytic viewpoints may
include any or ail of the following:
the individual patient, a specific in-
stitution, a target group for specific
services, the ministry of heaith’s
budget, the government’s overall
budget, and a focus on the com-
munity or society.

® Without some attempt at mea-
surement, the uncertainty surround-
ing orders of magnitude can be
critical. For example, when the
American Cancer Society endorsed
a protocol of six sequential stool

“tests for detecting cancer of the

large bowel, most -analysts would
have predicted that the cost ‘per
detected case would increase
markedly with each test. But would
they have guessed that it would
reach $47 million for the sixth test?*
While this is, admittedly, an ex-
treme example, it illustrates that
without measurement and compari-

son of outputs with inputs we have

little upon which to base any judge-
ment about value for money. In fact,
the real cost of any program is not
the number of dollars appearing in
the program budget but, rather, the

" health outcomes achievable with

is difficult to clearly identify the .

relevant alternatives. For example,
In deciding to introduce a new pro-
gram (e.g., rehabilitation in a spe-
cial centre for patients with chronic
lung disease) too often little or no
¢ffort is made to describe the exist-
Ing activities (e.g., episodic care by
family physicians in their offices)
With which the new proposal must
be compared. Furthermore, if the
object is indeed to reduce morbidity

some other program that were for-
gone when the resources were com-
mitted to the first program. It is this
“opportunity cost” that an economic
evaluation secks to estimate and to
compare with program benefits.
What does economic evaluation
mean? ‘

Two features characterize an eco-
nomic analysis, regardless of the
activities (including health services)
to which it is applied. First, it deals
with both the inputs and outputs,
sometimes called the costs and con-
sequences, of activities. Few of us
would be prepared to pay a specific
price for a package whose contents
were unknown until we could see
what we were getting for our money.

CAN MED ASSOC J. VOL. 130, JUNE L, 1984.
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Conversely, few of us would accept

a package, even if its contents were

known and desired, until we knew. its
price. In both cases, it is the linkage
of costs and consequences that'al-

lows.us to reach our decision.

Second, economic analysis con-
cerns itself with choices. The scarci-
ty of resources, and our consequent
inability to produce:ail the desired
outputs (even efficacious therapies),
means that choices must, and will,

be made in all areas of human

activity. These choices are made on
the basis of many criteria, some-
times explicit but often implicit.
Economic analysis'seeks to identify
and make explicit one set of criteria
that may be useful in deciding
among different uses for limited
resources. B

These two characteristics lead us
to define economic evaluation as the
comparative analysis: of alternative

" courses of action in terms of both -

their costs and their consequences.
Therefore, the basic tasks of any
economic evaluation- will be to iden-

“tify, measure, value-and compare °

the costs and consequences of the

alternatives being considered. These ~
tasks characterize:all economic eval- .

uations, including those concerned
with heaith services. “#4¢7=i37 . 2

‘These two characteristics of eco-
nomic analysis may be used to dis-

tinguish and label several evaluation™

situations commonly encountered in

_the literature: on heaith care. In-
Table I the answers to two questions -

— Is there a comparison of two or
more . alternatives? and . Are both
costs (inputs) and’- consequences
(outputs) of the alternatives exam-
ined? — define a six-cell matrix for
evaluation situations: I cells 1A, 1B
and 2. there.is. no. comparison of
alternatives — that is; a.single ser-

vice or programr i being “evaluat-
ed”. To put it more:accurately, the -

service or program- is- being “de-
scribed”, 41nce evaluatiom requires
comparison. Im ceil IA, -only the
consequences of the- service or pro-
gram are examined; thus, the evalu—

ation is called am outcome descrip-
tion. In cell 1B, since-only costs are- -

examined,. the evaluation is called a

cost description: In:cell Z, both the"

outcomes and the- costs: of a single

service or program- are. described;.

thus, the evaluatiom is.called a: cost—

i
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fits.* For example, in their cost—
benefit analysis of screening for
spina bifida cystica, Hagard and

coworkers'? assumed that therapy -

would be given to children with
spina bifida with the “nooscrccmng
alternative.

Weisbrod and collaborators” did
_attempt to quantify and value a
"wide range of costs and benefits in
their study- of conventional hospital-
oriented versus community-based
programs for patients with mental
illness. They found that although
the  community-based program was
more expensive the costs were more
than offset. by the program’s value
in terms of the number of patients
who could become.’ or stay, em-
ployed. (These investigators used
earnings as a dollar measure of the
benefits.) .

A second measure of value, which
is more difficuit to obtain but pre-
ferred by many analysts, is “utility”.
Utility refers to the value of a
specific level of, or improvement in,
health status and can be measured
by the preferences of individuals or
society for a particular set of heaith
outcomes. The notion that the utility
of an outcome, effect or level of
*Notice the different treatment of the “do-
nothing™ alternative. Cost-effectiveness anai-
yses often implicitly assume at the outset that
*a tenable “do-nothing™ alternative does not
exist and that one of the program alternatives
will therefore be undertaken regardless of its
net benefit. While this may be quite a
realistic position for heaith care decision-
makers to adopt, cost-effectiveness analysis
may lead to a decision to undertake a pro-

health status is different from the
outcome, effect or level of health
status itself can be illustrated by the
following example: Suppose that
twins, identical in all respects except
occupation, one being a sign painter
and the other a translator, both
broke their right arm. While they
would be equally disabled (or, con-
versely, equaily heaithy), if we
asked them to.rank their “having a
broken arm” on a scale of 0 (dead)
to 10 (perfect health) their rankings
might differ consldcrably because of
the significance. in this case based
on occupation, that each twin at-
tached to arm movement. We would
also expect that their assessment of
the utility of treatment — that is,

the degree to which treatment of the

fracture improved the quality of
their life — would also differ.
Although a utility analysxs is a
relatively new techmquc in heaith
care evaluation, it is considered ex-
tremely promising because it allows
“quality-of-lifc” adjustments to a
given set of treatment outcomes

while providing a common denomi- “a

nator for a2 comparison of costs and
outcomes of different programs. The-
common denominator is usuaily ex-_
pressed as “healthy days or “qual-7]
ity-adjusted life-yedrs”, arrived at

ltn‘n‘un,—v mh‘:‘—*ﬁ’—w‘é” .-_.‘

An ana!ysus that uses utilities z¢ ;’E
measure of the value of the effects
of a program is termed T cosr %
utility analysis. The results of 5 t?‘ ~
gost—utility ana!ysns are exprmed
‘terms of the cost: ‘per whealthy d;y
‘or per quahty-adjusted hfe-\m
gained by using one progran instead 5
of ‘another. Examples of cost-utility §
analyses include the’s stud! by Sum
and Wemstem" o stratches for the °
managemcnt. “of. csentxal‘ e ¥ -
sion and’ that ﬁy Boyle and associ<- 4 -
ates”’on- neonatar mtcnsxve-care for "’i
Amfams of very Tow: birthi we:gbr_ %

.,.J

‘9\3%

uation e
'effecnvenss_ cost=benefit and mﬁ
utility —a':c*"siihiinanzafm Table 7 &
IL. Two further points: warrant e K
 phesis. First. "the: maii purposs of ', #
classxfwngthe-typa "of fall econom-" B 3
ic "e'raluauon."'_i's""tﬁ“‘ illustrate the (&
dlffcrent.anilj'u“%g&hmcteﬁsﬁ&d' 8
eomplct&l‘smdxs, Nt to. prescribe 3 -k -
parucnlarstudx,Oﬁe_r;Ef the bgm—’ ,
mng:_of‘an:won Beimfnagglr the: 28"
j‘wh’acﬁ;«"ﬁr’“ﬁa; final analysis. "Em?;m:'
 takes 2 this ' may. depend. on” th
~ results'o S associated. clinical evak- 1.

VR A

= ClImca

own.; ady ance:: th

by adjusting the length of time af- eia
fected through the health outcome. .ta” hay

according;'to the utility value (on a -

scale of 0'to 1) of the resulting level - t

of health status. Many annlysd
this method of valuing the. conse

ﬁnd ;

gram that does not “pay for itseif”; that is,
one that entails a net resource cost instead of  preferable to valuing them 1m do!~ Bbyfe' and': aksomtm
a benefit. - lars. i .!-
: ' . §,|
Table [I—Measurement of costs and consequences in economic evaluations’ "f:
Measurement/ 5{ l
. valuatiom of A
Type of economic costs in both 13
evaluation alternatives ' .. Consequences , %::
Cost-minimization Dollars Identical in ail relevant respects f + i1 None=
Cost-effectiveness Dollars Single effect of interest, common to the hvor *- Nnml:unﬂs;( ﬂﬁ:‘!. [
' ;Itermtivu but achieved to differfnt ;;g Mhpof dlsabmi!_sanil-& 3
Cost-benefit Doilars Single or muitiple effects, not nec&snrili 2
common to the two aiternatives; common
effects may be achieved to different
degrees
Cost-utility Dollars Single or muitiple effects, not nec&mly

|
|
|

common to the two alternatives; tommonz <,

effects may be achieved to different
degrees
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short-stay alternative was compared
with the traditional inpatient. treat-
ment. An examplé of a cost-minimi-
ation study of a different health
care issue is that by Fenton and
collaborators* on home versus hos-

ital treatment for patients with
psychiatric problems.

Our case B focused on the prolon-
gation of life after renal failure and
compared the costs and conse-
quences of inpatient dialysis with
those of kidney transplantation, The
outcome of interest, years of life
gained, is common to the two pro-
grams; however, the programs may
have different degrees of success, as
well as different costs, in achieving
this outcome. Consequently, we
would not automaticaily lean toward
the least expensive program, unless,

of course, it also resulted in greater _

prolongation of life. In’ comparing
these alternatives we would usually
calculate the number of years of life
saved and compare the cost per unit
of effect (i.e., cost per year of- life

& ' gained). Such an analysis, in which

costs are related to a single common
effect that may differ in magnitude
berween the alternative programs, is
usually referred to as a cost-effec-
tiveness analysis. The results of
such a comparison may be stated
either in' terms of cost per unit of
effect or in terms of effect per unit
of cost (years of life gained per
dollar spent). The latter is particu-
~larly useful when one is working
within a given budget, provided the
aiternatives are not of a radically
different scale. )
Furthermore, although- the alter-
natives in this example are similar,
in that both could be considered
variants of a renal program, a cost-
effectiveness analysis can be per-
. formed on any. alternatives that have
a2 common effect. Thus, kidney
transplanitation could be compared
with heart surgery (or even manda-
lory seatbelt legislation) if the com-
mon effect of interest was years of
life saved. Similarly, an influenza
immunization program could be
compared with a home care pro-
gram (or even a community safety
education program) if a common
effect of interest, perhaps days of
disability avoided, could be identi-
fied.
There are many examples of cost-
¢ffectiveness analyses in the litera-

ture. Ludbrook’ provided a more
recent estimate of the cost-effective-
ness of treatment options for pa-
tients with chronic renal failure. In
addition, a number of studies have
compared the cost-effectiveness of
actions that do not produce heaith
effects directly but that achieve
other clinical objectives that can be
clearly linked to improvements in
patient outcome.” For example, Hull
and associates’ compared diagnostic
strategies for deep-vein thrombosis
in terms of the cost per case detect-
ed. Similarly, Logan and col-
leagues," in a study of patients with
hypertension, compared care at the
worksite with care at a physician’s
office in terms of the cost per 1-mm
Hg drop in the diastolic blood pres-
sure. " s

Our case C reminds us that we
cannot be assured, or assume, that
the consequences of alternative pro-
grams are identical. In addition. it is
frequently not possible to consider
the outcomes of interest as a single
effect common to the two alterna-
tives. We may be interested in ef-
fects that, although common to the
two alternatives, are multiple, or we
may identify single or multiple ef-
fects that are not common to the
alternatives. The first case is easy to
understand if we make {wo exten-
sions to our case B: include  home

dialysis in addition to hospital dialy- -

sis and kidney transplantation, and
include quality of life (perhaps mea-
sured by the occurrence of marital

disruption) and the frequency of

medical complications as conse-
quences of interest in addition to
years of life gained. To pursue a

cost-effectiveness analysis we now-

have to compute cost-effectiveness
ratios for three effects. In the event
that one alternative was not clearly

'superior on all three counts, we

would have to either designate (im-
plicitly or explicitly) a primary ef-
fect on which to base the compari-
son or find a method whereby the
multiple common effects could be
combined into one common denomi-
nator. '

The need. for a common-denomi-
nator to measure the consequences
of alternatives is even more apparent
in case C, where we attempt to
compare the effect of a hypertension
screening program (the prevention
of premature death) with that of an
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- gram costs and consequences, quali-

ysis in their evaluation of neonatal
intensive care. since each explores a
different dimension of value.

‘Conclusions

From the user’s point of view, the
most  important consideration is
whether the complexity of the analy-
sis matches the breadth of the ques-
tion posed. Cost-benefit and cost—
utility analyses, since they address
outcome valuation, shed more light
on whether the treatment concerned
is “worth while” compared with
other tre=tments. Cost-minimization

and cost-effectiveness analyses tacit- 3 L

ly assume that the treatment is
worth whaile. To assess whether 2
particular evaluation is appropriate
to the question posed, the user necds
to be aware of the differences in the
analyses. : X o

The power of these analytic te:ch.-‘

niques should not be overstated.
None of the approaches is intended
to be a magic formula for removing
judgement, responsibility or risk
from decision-making activities.
though each is capable of improving
the quality and consistency of deci-

_sion-making. They are, at root..
methods of critical thinking, of ap-
proaching choices and often of plac- -

ing difficult choices out in the open’
for discussion. While quantitatively
they generate statements about. pro--

tatively they are simply frameworks
for comprehensive enumeration and
display of economic factors involved
i~ decision-making. Whether; the

factors covered by the economic
_analyses are, in fact, the dominant
concerns in a specific decision and
whether the limitations of am:eco- _

nomic evaluation (which we will
discuss in part B) significantly re-
strict its usefulness in a specific

-situation are-judgements that, quite

properly, remain the responsibility

of the final decision-maker. Ia this, .

sense _a-, cost-minimization, {cost-

“effectiveness, cost-benefit or cost— -
utility analysis may represent only a

partial analysis of any specific"
choice. ;

Of course, identifying an econom-

ic evaluation is one thing; deciding
whether it has been soundly execut-
ed, and then whether it is potentiaily

useful for a particular decision, is: =
quite another. Therefore, in part B

) CAN MED ASSOC J, VOL. 130. JUNE 1, 1984

we will describe 2 set Of reader.
guides that will help you \;ade,,;& s
- articles that present economic evay, -
ations. - L2 3
p i.:‘"ﬁ.,m
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CLINICAL EPIDEMIOLOGY 'ROUNDS

How to read clinical journals:
VIL. To understand an economic

evaluation (part B)*

DEPARTMENT OF CLINICAL EPIDEMI-
OLOGY AND BIOSTATISTICS, McC-
MasTER  UNIVERSITY HEALTH
Sciexces CENTRE

The readers of clinical journals in-
creasingly encounter articles on the
economic evaluation of one or more
clinical maneuvers or programs and
are often faced with the task of
assessing their results. As shown in
the case presentations in part A, the
question that readers of such articles
are most likely to ask themselves is

_ Are these results useful to me in my

setting? “The answer is determined
by the answers to the following
specific questions:

e Are the methods employed in
the studv appropriate, and are the
results valid? '

o [f the results are valid, would
they apply to my setting? )
“This second in the pair of articles
on understanding economic evalua-
tion relates mainly to the former
question. It is designed to assist
users of economic evaluations in
assessing the validity of the results
they encounter. .

When assessing the validity of
evidence, whether in terms of effica-
cy, effectiveness, availability or effi-
ciency, we usually proceed by close-

*Parts 1 through V of this series were pub-
lished in consccutive issues of the Journal
starting with the Jan. 1, 1981 issue, and part
V1 was puplished in the Feb. 15, 1984 issue.
Part VII(A) appeared in the June 1, 1984
issue. ‘

Reprint requests to: Professor G.L. Stoddart
or Prefessor M.F. Drummond, McMaster
Universivy: Health  Sciences  Centre,  Rin.
2Ci3. 1200 Main St W, Hamilton, Ont.
L8N 3Z5
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ly examining the methods used to
produce the evidence. Often it is
helpful to separate the various ele-
ments of a method so that each can
be scrutinized, a strategy we repeat-
edly applied in the previous clinical
epidemiology rounds. Accordingly,
we shall identify the key elements of
an economic evaluation and,
through the use of a set of readers’
guides (Table I), discuss the meth-

¥ odologic standards that readers can

expect to find in a well executed
economic analysis. Of course, it is
unrealistic to expect every study to
satisfy all of the guides: however,
the systematic application of the
guides will allow readers to identify
and assess the strengths and weak-
nesses of individual clinical studies.

Elements of a sound economic
evaluation

1. Was a well defined question
posed in answerable form?

Such a question will clearly iden-
tify the alternatives being compared
and the viewpoint(s) from which the
comparison is to be made. Questions
such as Is a chronic home care
program worth it? and Will a com-
munity hypertension screening pro-
oram do any good? beg the further
questions To whom? and Compared
with what? Similarly, questions such
as How much does it cost to run our
intensive care unit? and What are
the costs and outcomes of adolescent
counselling by social workers? are
not efficiency questions because
they fail to specify the alternatives
for comparison. (See part-A for a
review on the nature of cconomic
evaluation.) This is not to say that

J, VOL. i30. JUNE 15. 1984

the answers to such questions will
not provide important information
on accounting or management. They
may, but alone they do not quaiify
as efficiency statements.

A well specified question might be
the following: From the viewpoint of
(2) the budgets of both the Ministry
of Health and the Ministry of Com-
munity and Social Services and (b)
patients incurring out-of-pocket
costs, is a chronic home care pro-
gram preferable to the existing pro-
gram of institutionalized extended
care in designated wards of general
hospitals? Note that the viewpoint
for an analysis may be that of a
specific provider or providing insti-
tution, a patient or groups of pa-
tients, a third-party (public or pri-
vate) payer, or society.(i.e., all costs
and consequences to whomsoever
they accrue). It may be that a
program is preferable from the view-
point of society but not from that of
the’ providing institution. In such a
case the Ministry of Hcalth may
wish to consider giving an incentive
to the providing institution to ensure
that the socially preferred program
goes ahead. The existence of differ-
ent viewpoints was highlighted by
Weisbrod and colleagues' in their
study of community-oriented and
hospital-based treatments for pa-
tients with mental illness.

2. Was a comprehensive descriptiogl
of the competing alternatives given

?

A clear and specific statement of

the primary objective of each alter-

native program, treatment of service
is critical in sclecting the typ® o

evaluation — cost-effecti

et

venesss
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Table I—Detailed readers’ guides for efficiency studies

cost—benefit or cost-utlity ‘— tg pe
undertaken. A Zull description of the

1. Was a well defined question posed in answerable form?
(a) Did the study examine both costs and effects of the service(s) or
program(s)?
(b) Did the study involve a comparison of alternatives?
(c) Was a viewpoint for the analysis stated or was the study placed in a
particular decision-making context?

2. Was a comgprehensive description of the competihg alternatives given (i.e., can
you tell who did what to whom where and how often)?
(a) Were any important alternatives omitted? ;
(b) Was (should) a “do-nothing” alternative (have been) considered?

3. Was there evidence that the programs’ effectiveness had been established?

strong was the evidence of effectiveness?

4. Were all important and relevant costs and consequences for each alternative
identified?

(a) Was the range wide enough for the research question at hand?

(b) Did it cover ail relevant viewpoints (e.g., those of the community or
society, patients and third-party payers)? :

(¢)  Were capital costs as well as operating costs included?

5. Were costs and consequences measured accurately in appropriate physical
units (e.g., hours of nursing time, number of physician visits, days lost from
work or years of life gained) prior to valuation?

(a) Were any identified items omitted from measurement? If so, does this
mean that they carried no weight in the subsequent analysis?

(b) Were there any special circumstances (e.g., joint use of resources) that
made measurement difficult? Were these circumstances handled appro-
priately? ’

6. Were costs and consequences valued credibly?

(a)  Were the sources of all values (e.g., market values, patient or client
preferences and views, policymakers’ views and health care professionals’
judgements) clearly identified?

(b)  Were market values used for changes involving resources gained or used?

(¢) When market values were absent (e.g., when volunteers were used) or did
not reflect actual values (e.g., clinic space was donated at a reduced rate)
were adjustments made to approximate market values?

(d) Was the valuation of consequences appropriate for the question posed
(i.e., was the appropriate type, or types, of analysis — cost-effectiveness,
cost—benefit or cost—utility — selected)?

Were costs and consequences adjusted for differential timing?

(@) Were costs and consequences that occurred in the future “discounted" to
their present values? ]

(b)  Was any justification given for the discount rate used?

Was an incremental analysis of costs and consequences of alternatives

performed?

Were the additional (incremental) costs generated by the use of one

alternative over another compared with the additional effects. benefits or

utilities generated?

{
!
’ Was this done through a randomized, controlled clinical trial? If not, how

~1

o

9. Wasa sensitivity analysis performed?
(@) Was justification provided for the ranges of values (for Key parameters)
used in the sensitivity analysis?
(b) Were the study results sensitive to changes in the values (within the
assumed range)?
10. Did the presentation and discussion of the resuits of the study include al

issues of concern to users?

(2)  Were the conclusions of the analysis based on some overall index or ratio
of costs to consequences (e.g., cost-effectiveness ratio)? If S0, was the
index interpreted intelligently or in a meckanistic fashion?

(b) Were the results compared with those of ‘other studies that had
investigated the same questions?

(¢) Did the study discuss the generalizability of the results to other settings
and patient /client groups?

(d) . Did the study allude to, or take account of. other important- factors in
the choice or decision under consideration (e.g.. distribution of costs and
consequences or relevant ethical issues)?

(e} Did the study discuss issues of implementation, such as the feasibility of
adopting the “‘preferred” program. given existing financial or other
constraints, and whether any freed resources couid Se used for other
worthwhile programs? ‘
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alternatives is essential flor three
other reasons: (a) readers must be
able to judge tke applicability of the
programs to their own settings, (b)
readers should be akle fip assess
whether any cests or consequences
may have been omitted in the analy-
sis, and (c) feaders may wish to
replicate the program procedures
being described. Theresore., -Teaders’
should be proviced with infarmation
that allows identificatior of both the
costs (Who doss wha: -te whom
where and how often?) and the
consequences (With whz: results?).

- 3. Was there eviZence ttat the »
.| programs’ effectiveness rad been”
established? . : e

We are not inzzrested in the effi-
cient provision of ineffecive sérvices
i (i.e, those that *ave bem shown to
! do no more go:d thar hzrm by’
| themselves or compare: with no
" treatment). In fact. we ar= nax inter-

ested in the provision of such ser-
| vices under any conditiors, efTicient
. or otherwise. If sometiing is not...
| worth doing it's not warth  doing
i well. Therefore, if the ecamomic
evaluation assurzes. elZectiweness,
; some indication siould e given of
; the prior validatica of efZactiweness,
- It is also possible :hat the effnciency
+ evaluation may have been zoncucted
© simultaneously wizh the 2valation

of efficacy or effetiveness. This is
the case in many -andomr:zeg trials
of therapies that 20 incluza 1 com-
parison of the ccsis of i:a &xperi-
mental program and'®z. comtrol.
which may be a -iacebo ar & cur-
rently existing program. Note. how-
ever, that efficieacy evzluztions
alone cannot estabiish effactiveness.
There are, after ali. efficient meth-
.0ds of worsening tte qualiy of lifee
as well as improving it. (If you want
to know more abou: the metheds of
determining whether a thezapy does
more good than harm voz should
read part V of this saries.”)

4. Were all imporiz=t and reievant
costs and consequerzes for sceh . .
alternative identific2?

Even though it m:y not =e Twssi-
i ble or necessary o measi-e 2nd
- value all of the costs ars comse-
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quences of the alternatives being

compared, the important and rele-
vant ones should be identificd. The
information in the viewpoint state-
ment and program description
should allow you to judge what
specific costs and consequences or
outcomes it is appropriate to include
in the analyzis.

An overview of the types of costs
and consequences that may be rele-
vant to economic evaluation of
health services and programs is pro-
vided in Fig. 1. Three categories of
costs are shown. Since the costs of a
health care service or program are
best thought of in terms of the
resources used, category I contains
the costs of organizing and operat-
ing the program. The identification
of these costs often amounts to list-
ing the “ingredients™ of the program
— both variable costs (such as those
of health care professionals’ time or
supplies) and fixed or overhead costs
(such as capital costs, rent and the
costs of light and heat). These costs
are often referred to by economists
as ‘‘direct costs”.*

Category II contains costs that
are borne by patients and their fam-

*Health care administrators sometimes re-
serve the term direct costs for variable costs
only and may refer to overhead costs as
indirect costs. In cconomic cvaluations, how-
cever, cconomists use the term indirect costs to
denote a separate and distinct type of cost. as
we will explain later. Users of cvaluations
should be aware of this potential source of
confusion.

ilies. These include any out-of-pock-
et expenses as well as the value of
any resources they contribute to the
treatment process. Patients and their
families sometimes lose time from
work while seeking treatment or
participating in a health program.
Such “production losses™ are also a
cost of the health care service or
program and are often referred to
by economists as “indirect costs”.
However; care must be taken when
including this cost in an analysis,
since its inclusion implies that the
cost was incurred as a result of
participation in treatment and there-
fore that the individual’s condition
alone would not have prevented pro-
ductive activity.t Finally, the anxi-
ety, and perhaps pain, associated

with treatment constitutes a psychic

cost frequently encountered ‘by pa-
tients and their families.

While these two categories cover
most of the costs relevant to. eco-
nomic evaluations of health care
services, a third category also war-
rants mention. It may be that the
operation of a health care service or
program changes the use of re-
sources in the broader economy out-
side the health sector. For example,
an occupational health or safety pro-

3

+The complexity of the relation between lost
work time and the valuc of forgone output
places it beyond the scope and purpose of this
article. However. for a discussion of its impli-
cations for categories 11 and I1I you can read
Stoddart’s articie.”

gram may result in more costly
production processes, thereby rais-
ing the price of, say, cars. In pringi-
ple such instances should be identi-
fied, though in practice they may
rarely be significant. (Few economic
analyses of alternative health pro-
grams take them into account.)

~ Fig. 1 also shows three categories .

of consequences of health care ser-
vices and programs. Category I con-

tains therapeutic outcomes or effects -

of the alternatives. These effects will
usually -include changes in the physi-
cal, social or emotional functioning
of individuals. In principle such
changes can be measured objectively
and refer only to an individual’s
ability to function and not to the
significance, preference or value at-
tached to this ability by the individ-
ual or by others.

The therapeutic effects of a ser-
vice or program give rise to two
other important categories of conse-
quences. First, the effects may result
in changes in the use of resources in
the future (category II). Within the
health care sector, less use of re-
sources may be required for treat-
ment of the condition and its seque-
lae than would otherwise have been
the case. For example, an effective
hypertension screening program
averts the future cost of caring for
stroke victims. The saving in the usc
of health care resources attributable
to the screening program is usually
referred to by economists as thc

Costs Consequences
I. Organizing and operating costs within the I. Changes in physical, social or emotional
health care sector (e.g., health care functioning (effects)
professionals’ time, supplies, equipment,
power and capital costs) Direct II. Changes in resource use Il Changés in the
i . R .
- (benefits) quality of life
II. Costs borne by patients and their families & For organizing and oper- of patients and
Out-of-pocket expenses ating services within their families
Patient and family inputs into the healith care sector (utility)
treatment For the original
Time lost from } : condition
Indirect costs pd i fits
work For unrelated Direct bene
Psychic costs conditions
Relating to activities
IIl. Costs borne externally to the heaith care of patients and their
sector, patients and their families families
Savings in expenditure . .
g .p Direct benefits
or leisure time
Savings in lost work . .
: 9 Indirect benefits
time ]
_/
Fiz. 1—Types of costs and consequences rejevant to cconomie evaluation of health care services and programs (adapted, Wi

permission, from reference 3

T g

BT S PRy

Ny

PR

:v.‘i«t’,x .

e et

.

Kt

L o e



direct benefit of the screening pro-
gram. Notice, however, that if we
adopt the viewpoint of a health care
system the direct benefits are some-
times negative owing to the in-
creased use of services for the treat-
ment of conditions (e.g., arthritis)
that may develop in patients during
their newly prolonged lives. The
therapeutic effects of a health care
service or program may also affect
the use of resources by patients and
their families. Of particular interest
is the possibility that patients and
their families may gain working
time as a result of their participation
in treatment. These production gains
are usually referred to by econo-
mists as “indirect benefits”.

3 The inclusion of indirect benefits
in economic evaluations is a source

3
E .
K
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It is sometimes argued (rather nar-
¢ rowly it seems) that health care
evaluation should confine itself to
changes in the use of resources in
the health care sector only, rather
than in the entire economy. More
serious is the assertion that changes
in the output of individuals or
groups are simply not the grounds
upon which we usually make deci-
sions about allocation of health care
resources that will affect those indi-
viduals or groups. Therefore, it is
‘misleading to enter the value of such
changes into a cost-benefit calcula-
tion. A third criticism is that the
valuation of indirect benefits (usual-
Iy through increased earnings of
individuals) makes a series of value
judgements and assumptions that
may oniy be appropriate in a limited
number of cases. While it is not
possible to discuss and evaluate
these claims here, vou should be
aware that the inclusion of indirect
. benefits in a cost-benefit analysis
. may not be straightforward.**
? The therapeutic effects of health
: care services and programs also give
rise to another extremely important
category of consequences; namely,
changes in the quality of life of
patients and their families (category

B LT IR WU A W S P Y Sy S S EOP oL oy
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3 of some controversy among analysts.

HI). The change in quality of life
produced by the therapeutic effects
is - distinguished from the effects
themselves by the significance or
value that patients and their families
attach to the effects. It is, of course,
possible — and, in fact, likely —
that different individuals place a
different importance on the same
level of physical, social or emotional
functioning. (This was demonstrated
by the example of the impact of a
broken arm on the sign painter and
the translator in part A.)

With respect to both the costs and
the consequences we have described
it may be unrealistic to expect all
relevant items to be measured and
valued in an economic analysis
owing to the small impact of some
relative to the effort required to
measure or value them accurately;
however, it is helpful to users to
have as many of them as possible
identified. It is particularly impor-
tant that the outcomes of interest be
identified clearly enough for you to
Judge the appropriateness of the
type(s) of economic evaluation cho-
sen. That is, it should be apparent
(a) whether a single outcome is of
primary interest as opposed to a set
of outcomes that are each of some,
if not equal. interest, (b) whether
the outcomes are common to the two
alternatives being compared, and (c)
to what degree each program is
successful in achieving each out-
come of interest. Similarly, it is
important to know whether the con-
sequence of primary interest is the
therapeutic effect (which implies
that a cost-effectiveness analysis
snould be done if possible), the net
change in the use of resources (cost—

“benefit analysis) or the quality of

lifc of the patients and their families
(cost—utility analysis).

3. Were costs and consequences
measured accurately in appropriate
physical units?

While identification, measure-
ment and valuation often occur si-

*Those who criticize the inclusion of indirect
benefits, saying You can value a livelihood
but you can never value a life! appear to be
coniusing incirect benefits with another Lype
of ! - This is the intangible value we, as
ndividuals and as a society, place on lite

1self (remarcless of earning potential) and on
We avotdanee of pain and suifering. Althouzh
Mianerdle benetits and costs of health care

services undoubtedly exist, by their very na-
ture they are difficult to include in a cost—
benetit analysis, which expresses costs and
consequences in collars. They presumably are
taacn into account. however, in cost—utility
alyses. wherein program effects are trans-

ad o0 measure of vaive based on
coaterences rather than dollars. as discussed

D oLnestan
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multaneously in economic analyses,,
you should view each as a separate
phase of the analysis. Once the
important and Trelevant costs and
consequences have been identified,
they must be measured in appropri-
ate physical or natural units. For
example, measurement of the oper-
ating costs of a particular screening
program may yield a partial list of
“ingredients” as follows: 500 physi-
cal examinations performed by phy-
sicians, 10 weeks of salaried nursing
time, 10 weeks’ use of a
100-m?* clinic, 20 hours of medical
librarian research time from an ad-
joining hospital and so forth. Simi-
larly, costs borne by patients may be
measured by the amount of medica-
tion purchased, by the number of
times travel was required for treat-
.ment or by the time lost from work
while the patient was being treat-
ed. »
- Situations in which resources are
used jointly by one or more pro-
grams present a particular challenge
to accurate measurement. How
much use of a resource should be
allocated to each program and on
what basis? A common example is
found in every hospital, where nu-
merous clinical services and pro-
.grams share overhead services (e.g.,
power, cleaning and administration)
that are provided centrally. In gen-
eral, there is no nonarbitrary solu-
tion to the measurement problem.
You should. however. satisfy vour-
selves that ‘“‘reasonzble™ criteria
(e.g., number of square metres,
number of emplovees or number of
cases) have been used in the distri-
bution of the common costs. You
should definitely ascer:ain that such
shared costs have. in fact. been
allocated to participating services or
programs, as this is a common omis-
sion in evaluations. Clinical service
directors often argue that small
changes in the size of txeir programs
(up or down) do not affect the use of
central services. Sometimes it is
even argued that overhead costs are
‘unaffected by the service itself.
However, though this zrgument may
be appealing from the viewpoint of a
particular program or service direc-
tor, the extension of 1xis method to
each scrvice in the hospital would
imply that all the services couid be
operated without iight. heat. power
and secretaries!
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With respect to the measurement
of consequences, if the outcomes of
interest have been clearly identified,
then the selection of appropriate
units of measurement for program
effects should be relatively straight-
forward. Effects might relate to
mortality and be measured in years
of life gained or deaths averted, or
they mizht relate to morbidity and
be measured in reductions in the

. number of days of disability or im-
provements in health status accord-
ing to some index of physical, social
or emotional function. They may be
even more specific, depending on the
alternatives under consideration.
Thus, ‘‘percentage "increase in
weight-bearing ability” may be an
appropriate - natural measurement
unit for an evaluation of a physio-
therapy program, and “‘the number
of correctly diagnosed cases™ may
be appropriate for a comparison of
venography with leg scanning in the
diagnosis of deep-vein thrombosis.

Changes in the use of resources

-resulting from the effects will be
measured in physical units simiiar to
those used for costs. Thus. the
changes in use resulting from any
particular program will likely be
recorded in numbers of procedures
or in amounis of time, space or
equipment. Changes in the use of
resources by patients will continue
to be measured, for example. in
amounts of medication purchased or
number of trips taken for treatment.

While the nature of changes in
the quaiity of life may be d¥scribed
in an economic evaluation, measure-
ment in objective. physical or natu-
ral units is difficelt. although the
consequence of some surgica! inter-
ventions may be quantified in “aum-

~ber of complications™. However. the
adjustment of effects for quality of
life is usually a matter of valuation.

6. Were costs and consequences
valued credibly?

The sources and methods of valu-
ation of costs, benefits and utilities
should be clearly stated in an eco-
nomic evaluation. Costs are usually
valued in units of iocal currency on
the basis of prevailing “prices™ of
personnel. commodities. services and
sa forth and can often be wken
dircetly from program budeazs, All
and future graT CCss

slirrent
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are usually valued in constant dol-
lars of a base year (usually the

present) to remove the effects of -

inflation from the analysis.

It should be remembered that the
object in valuing costs is to obtain
an estimate of the worth of the
resources used by the program. This

. may necessitate adjustments to some

apparent program costs, as in the
case of volunteer labour or subsi-
dized services received by one pro-
gram instead of another. In addition,
valuation of the cost of a day of
institutional care for a specific con-
dition is particularly troublesome, in
that the use of an average cost per
day (the widely quoted “per diem™),
calculated on the basis of the insti-
tution’s annual caseload, almost cer-
tainly overestimates or underesti-
mates (sometimes by a large
amount) the actual cost for any
specific condition. You should thus
approach per-diem values with ex-
treme caution.*

Valuation of direct benefits pro-
ceeds in the same fashion as that of
costs and is subject to the same
caveats since the benefits are usually
the expected future costs that are
saved. Valuation of production gains
or indirect benefits (i.e., changes in
the value of output of individuals or
groups who receive the hezaith care
program or service) usually employs
the wage rates for individuals or
groups to value the increased work-
ing time available. [t is here that
critics of cost-benefit analyses point
out the inequity associated with

*1n principle. and with great effort in prac-
tice. it is possible to identify, measurc 2nd
value each resource (e.g.. drugs, nursing tir
licht or food) uszd in treating & spec
patiznt or group of patients. While this vicics
a relatively accurate cost estimate. the de-
tailed monitoring and data colizction are
asually prohibitively expensive. The other
bread costing strategy is to start with the
institution’s total costs for a particular pericd
and improve upon the method of simply
dividing by the total number of patient days
to produce an average cost per cav. Quite
saphisticated methods of cost aliocation to
individual hospital departments or- wards
have been developed.” An intermeciate meth-
od involves acceptance of the components of
the 2eneral per diem relating to “hetel™ costs
(since these are relatively invarizat for 2il
paiients) combired with more precise caleula-
tion of the cosis of medical treatment of iz
idual paticnts. Of course. the efiort
S
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linking estimates of the value of
health care programs to the vagaries
of -the market. They argue that
acceptance of existing wage rates
coupled with the inclusion of indi-
rect benefits biases cost—berefit
studies against programs aimed at
minority groups, housewives, the el-
derly, children and the unemployed.
Although it may be possible to ad-
just some of the estimates to ac-
knowledge this - problem (e.g., by
imputing a value to housewives’ ser-
vices based on wages for similar
work) the indirect benefit issue re-
mains controversial.

In valuation of preferences or util-
ities we are basically attempting to’
ascertain how much better, ail
things considered, the quality of life
is in one health situation or state
(e.g., when dialysis is performed at
home with help from a spouse or 2
friend) compared with ancther (e.g.,
when dialysis is performed in hospi-
tal). Severa! techniques are avail-
able for making the comparison:
each will produce a utility value
(mentioned in part A) with® which
one can increase or decrease the
value of time spent in health situa-
tions resulting from the alternative
in question relativz to a baseline.
Usually the resuits of utility analy-
ses will be expressed in ‘“‘healthy
days” or ‘‘quaiity-adjusted life-
years™ resulting from the programs
being evaluated.

Two broad approaches to utility
analysis can be found in the litera-
ture. The first approach, outlined by
Torrance.! emphasizes the develop:
ment of measturement methods and
empirical testing in different popula-
tions. The other aporoach. outlines
by Weinstein,” emphasizes the esti-
mation of utility vaiues by a quick
(and inexpensive) consensus-fornt-
ing exercise and then the perfor-
mance of an extensive sensitivit:
analysis on the chossn values to s€<
whether the results change if thv
utility esumsctes are varied. We Se-
a role for both apprcaches. The
latter is useful in persuading deci-
sion-makers to think about problz:n_lS
in allocating resources and is, 17
fact. relatively quick and inexpen”
sive. The measureinent approach 1
usefui in highiighting the fact that

differcat individeals {doctors. ,DU'
. . . L eeriCTd
icymakers, patiznts and ihe 5e0¢Ts

. dil-

pubiic =5 taxpaversi may nave
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ferent vaiues, anc it is clearly cru-
cial ir situations := which the result
is ser=1tive to the utility values as-
signec. (An exam: 2 of such a situa-
tion arose in the study by Stason
and Wzinstein' oz the economics of
hypertzrsion therzzy. The result of
their study was se-sitive to whether
it was 2ssumed thz: the side effects
of antihvpertensive drugs constitut-
ed a 1% or a 2% r=Zuction in health
status.)

Sincs the measurzment of prefer-
ences 1n health is relatively new,
there arz naturally ;any unresolved
issues tn cost-utilizx analyses. You
will prebably wan: 0 know, at the

least, wrose preiz-ences — pa-
tients’, croviders’, i:xpavers’ or bu-
reaucras™? — wer: used to con-

struct itz utility values. If pa-
tients’ preierences w272 not used vou
may wacz: further as:urance that the
persons “arose prefeszaces were used
clearly urdarstood =2 characterist-
ics of ine healtz state, either
through personal =xperience or

through =z descripticz of the state
presentec to them.

1. Were cos:s and cc=sequences
adjusted ;or differer::z! riming?

Since = compariscz of programs
or servicas must bz made at one
point in uim2 (usual: the present),
the timirg of prog=m costs and
consequencss that dc not occur en-
tirely in the present =ust be taken
into account. Differant programs
may have ciiferent t:=e profiles of
costs or consequences. For example.
the prima=y tenefits <7 an influenza
immunizaziox progra= are immedi-
ate. whereas tiose of = hypertension
screening sregram wil occur in the
luture. Th= :ime profiz of costs and
consequences may als: differ within
a single prozram; the costs of the
hypertensio=z screenizg program
would be incurred ir the present.
Future dolizr costs an? benefits are
therefore reduced or “Ciscounted” to
reflect the fzz: that dcZars Spent or
saved in the future shozid not weigh
as heavily in program Zzcisions as
dollars spert or saved-i:day. This is
primarily due to the =xistence of
“time prefersnce” — 1=zt is, we, as
individuals 2n¢ as a scaizty, prefer
to have dolizrs or resoi-ces now as
Opposed to [2:2r becaus: we can use
them in th= interim. Tais is evi-

denced by the existence of interest

rates (as well as by the popular
wisdom about *a bird in the hand™).
Moreover, since time preference is
not exclusively a financial concept,
outcomes should also be discounted
in cost-effectiveness and cost—utility
studies.'""

8. Was an incremental analysis of
costs and consequences of
alternatives performed?

For a meaningful comparison it is
necessary to examine the additional
costs imposed by the use of one
service or program over another,
compared with the additional ef-
fects, benefits or utilities it delivers.
This “incremental™ approach to the
analysis of costs and consequences
can be illustrated by one of the
examples cited in part A of this
article; namely, the strategies for
diagnosing deep-vein thrombosis.’
Table I1 shows the costs and out-
comes (in terms of correct diagno-
ses*) generated by two alternative
strategies: impedance plethysmogra-
phy alone and impedance plethys-
mography plus outpatient venogra-
phy if the former gives negative
results.” Impedance plethysmogra-
phy is a noninvasive strategy, where-
as venography, the diagnostic “gold
standard” for deep-vein thrombosis,
can cause pain and other side ef-
fects. Although one could compare
the simple ratios of costs to out-

*The study by Hull and associates’ is an
example of a cost-effectiveness analysis in
which the outcomes are not therapeutic ef-
fects but. rather, intermediate diagnostic out-
comes with direct implications for therapeutic
effects in that the faiiure to diagnoss deep-
vein thrombosis leads directly to increased
morbidity and mortality.

comes for the two alternatives on
should compare the incrementa
costs with the incremental outcomes,
since this will tell us how much wr
are paying for each extra correc
diagnosis in adding the extra diag-
nostic test. In this case the relevant
figure is $4781 per correct diagno-
sis, not the average figure for the
second program, which is $3003 per
correct diagnosis. It may be decided
that $4781 is still a price worth
paying; however, it is important to
be clear on the principle since, as we
pointed out in part A, in screening
for cancer of the colon there was a
big difference between the average
cost per case detected of a protocol
of six sequential tests and the incre-
mental cost of performing a sixth
test, having already done five."
Obviously similar analyses could
be performed if the consequences
were effects in natural units (e.g.,
years of life) or in utilities (e.g.,
quality-adjusted life-years).

9. Was a sensitivity analysis
performed?

Every evaluation will contain
some degree of uncertainty, impreci-
sion or methodologic controversy.
What if the compliance ‘rate for
influenza vaccination was 10% high-
er than that considered for the anal-
ysis? What if the hospital per diem
still understated the true resource
cost of a treatment program by
$100? What if a discount rate of 6%
instead of 2% had been used? What
if indirect costs and benefits had
been excluded from the analysis?
You will often ask these and similar
questions; therefore, careful analysts
will identify critical methodologic

' Table .II—Economic evaluation of alternative diagnostic straiegies for 516

i patients with clinically suspected deep-vein thrombosis’

| Outcome Ratio of cost to '
’ (no. of outcome 0
Cost correct (cost [SUS] per

i Program* (SUS) diagnoses)  correct diagnosis) |
| i
[ IPG alone 321 488 142 2264 |
{ IPG and outpatient !
‘ venography if !
results of IPG 3 :

are negative 603 552 201 3003 X
! Increment of second program A :
| over first program 282 064 59 4781

' XIPG = impedance plethysmography.
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assumptions or areas of uncertainty.
Furthermore,  they will often . at-
tempt to rework the analysis (quali-
tatively at least, if not quantitative-
ly) with different assumptions or
estimates to test the sensitivity of
the results and the conclusions to
such changes. If large variations in
the assumptiions or estimates under-
lying an analysis do not produce
significant alterations in the results,
then one would tend to have more
confidence in the original results. If
the converse occurs, then more ef-
fort is required to reduce the uncer-
tainty or improve the accuracy of
the critical variables: In either case
a sensitivity analysis is an important
element of a sound economic evalua-
tion.

10. Did the presentation and
discussion of the results of the
study include all issues of concern
to users?

It will be clear from the preceding
discussion that economic analysts
have to make many methodologic

.judgements when undertaking a
study. Faced with users who may be

mainly interested in the *bottom

line” (e.g., should they buy a com-
puterized tomography scanner?)
how should they present their re-
sults?

Decision indices, such as cost-
effectiveness and cost—benefit ratios,
are useful in summarizing the re-
sults of a study. However. they
should be used with care, for the
reader. when interpreting them. may
not be completely clear on what has
gone into their construction. Some
analysts give a range of resulis. For
example. in an economic evajuation
of neonatal intensive care for very-
low-birth-weight infants Boyle and
coworkers® compared the results for
infants weighing less than 1000 g
and from 1000 to 1500 g in terms of
costs up to the time of hospital
discharge. costs and consequences to
age 13 years and costs and conse-
quences for a lifetime (Table III).
They left it to the reader to decide
which index (or indices) to use in
judginz neonatal intensive carc,
since the different measures incor-
porate different value judgements
and amounts of precision. (For ex-
ampiz. the index of net eccromic

s
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losses, and the index of cost per
quality-adjusted life-year incorpor-
ates the preferences for health states
of a sample of the local population.)

This leads to another general
point; namely, it is important for
analysts to be as explicit as possible
about the various judgements they
have made in carrying out the study.
A good study should leave you more
(rather than less) aware of the vari-
ous technical and value judgements
necessary to arrive at decisions on
the allocation of resources in health
care.

Finally, a good study should begin
to help you interpret the results in
the context of your own situation.
This can be done if the analysts are
explicit about the viewpoint for the
analysis and indicate how particular
costs and benefits might vary by
location. For example, the costs of

 instituting day-care ' surgery may

vary depending on whether a pur-
pose-built day-care unit already ex-
ists or whether wards have to be
converted. Similarly, the benefits of
day-care surgery may vary depend-
ing on whether there is a shortage of
beds and on whether the beds will be
left empty.'® Obviously it is impossi-
ble for the analysts to anticipate
every possibility in every location,
but one limitation of economic eval-
uation techniques is that they as-
sume that freed resources will be put
to other beneficial uses. Evans and
Robinson'’ argue that in the case of

day-ca're surgery the full econom:
payoff may not have been obtaine
in at least one Canadian hospital.

Limitations of economic evaluation
techniques

The main purpose of this pair ¢
articles is to make you more awar
of the methodologic judgements ir
volved in an economic evaluation i
the health care field. In Table I w
have consolidated the points made i:
the text into a checklist of question
you should ask when critically as
sessing the results of an economic
evaluation. Some of the questions

“signal limitations of economic evalu-

ation techniques. For example, eco-
nomic evaluation techniques assume.
rather than establish, program effec
tiveness. There are severai other
limitations of which you should be
aware. ‘

Of primary concern from a policy
viewpoint is that economic evalua-
tions do not usually incorporate intc
the analysis the importance of the
distribution of costs and conse-

querfces. Yet in some cases the iden-

tity of the recipient group (e.g.. the
poor, the elderly or working moth-
ers) may be an important factor in
assessing the social desirability of a
service or program. Indeed, it may
be the motivation for the program.
Although it is sometimes suggested
that differential weights be attached
to the value of outcomes to special

to birth-weight class (5% discount rate)*

o
Table [II—Measures of economic evaluation of neonatal intensive care, according |

|

Birth-weight class: cost (S)T

Period 1000-1499 ¢ 500-9%9 g

i To hospital discharge: i
i Cost/additional survivor at hospital i
g discharge 59 500 102500
{ To age 15 years (projected) !
i Cost/life-vear gained s 6 100 12200
i Cost/QALYS gained 7700 40 100 |
{ To death (projected) !
; Cost/life-year gained ~ 2900 9300 |
| Cost/QALY gained 3200 22 400 |
i Net economic benefit (loss)/live birth (2 600) (16 100) g
| Net economic cost/life-year gained 900 7300 |
! Net economic cost/QALY gained 1000 17500 |

|

LS dollars.
* Al costs and effects occurred in vear L
SOALY = quality-ndjusted life-year.

* Adapted. with permission, from reference 6. . 1978
| +Ian 1978 Canadian doilars: muitiply by 0.877 to calculate equivalent cost in 1975
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recipient groups, this is not usually
done in an economic evaluation.
Rather, an “equitable” distribution
of costs and consequences across
socioeconomic or other defined
groups is viewed as a competing
dimension, in addition to efficient
deployment of resources, upon
which decisions are made.

As we have already pointed out,
economic evaluation techniques as-
sume that resources that are freed
up or saved by preferred programs
will not, in fact, be wasted but will
be used in alternative worthwhile
programs. This assumption warrants
careful scrutiny, for if the freed
resources are consumed by ineffec-
tive or unevaluated programs, then
not only is there no saving, but the
overall costs of the health care sys-
tem will actually increase without
any assurance of additional im-
provements in the health status of
the population.

Finally, an evaluation of any sort
is costly. If we bear in mind that
even a cost—benefit analysis should
be subject to a cost—benefit analysis,
it seems reasonable to suggest that
economic evaluation techniques will
prove most useful when program
objectives require clarification, when
the competing alternatives are sig-
nificantly different in nature and
when large resource commitments
are being considered.

Conclusion

In this pair of articles we have

tried to help potential users of eco-

nomic evaluations to understand
such studies and assess their validity
and usefulness. Our intent has not
been to create hypercritical. users
who will be satisfied only by super-
lative studies. As we have empha-
sized, it is unlikely that every study
will satisfy all the methodologic crit-
eria we have discussed. However,
the readers’ guides should help you
to quickly identify the strengths and
weaknesses of any study.

We thank our colleagues and students
for their suggestions and criticisms of
earlier versions of this paper.
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CLINICAL ECONOMICS

MODULE 2

THE COST OF TLLNESS

/

After completing this module you should understand:
a. the concept of the cost of illness,

b. how the cost of a particular disease or condition can be
calculated,

c. how the approach can be used for policy purposes.

-



1
THE COST OF 1LINESS

Introduction
B You will be familiar with the concept of the burden of
illness from the epidemiology modules. It wuses indicators of

prevalence, incidence, mortality losses and morbidity losses to
calculate the burden imposed on society by particular diseases.
The reference by the Ghana Health Assessment Project Team will

refresh your memory . Clinical economics builds on these
foundations to provide an extra dimension to the burden of illness,
known as the cost of illness. Two approaches can be used, one

based on prevalence estimates, the other on estimates of incidence.

Prevalence Based Estimates of the Cost of Illness.
Prevalence is defined as the number of cases of a

particular disease or condition which exist in a given time

interval, usually a year. The |economic cost of these)cases is:
(Othe value to soclety of all resources. consumed during

the period as a result of diagnosis, treatment and repercussions of
the disease or condition;

: PLUS the value of lost production as a result of morbidity
during the period; h
- PLUS 3) the value of lost production as a result of premature
mortality which occurs during the period.
Hence, the prevalence approach to the cost of illness is concerned
with costs accruing in the specified period and with costs
attributable to premature mortality in that period. Tt includes
the costs, incurred by both preexisting cases andﬂmneW~,qases
identified “during the period. The reference by Cooper. & Rice uses

this method.

Incidence Based Estimates.
Incidence is defined as the number of new cases of a

disease or condition that have their onset during a specified
period. In the incidence based approach to the cost of illness,
only the costs incurred by new cases identified during the period
are considered. As in the prevalence approach, direct health care
costs and the value of lost production must be calculated.
However, in this instance the expected future costs associated with
the new cases detected in the specified periocd must be added to the

costs incurred during the period. The reference by Hartunian et al
useg this approach. s o o e s sy G -
Direct Costs Remwi: wface ed, o0

Most cost of illness studies divide costs into direct,
indipect and intangible costs. Direct costs are the ‘costs that the~
health sector and the patient (or family) must bear because of the/ - ,
illness. Costs to the health sector include. the cost of diagnosis, .,/
treatment, rehabilitation and prevention of the disease and its
side effects. ~However, other costs incurred by the patient, such

as travel, special food, and home nursing, should also be included,
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though they are often omitted due to problems with quantification.

Other problems exist as well. For example, both the
incidence and prevalence approaches require an estimate of the
health care costs‘that will be incurred by new cases of the disease
in the current time period. Often the only available information
is the current cost of treating an average patient, which is not
necessarily equal to the cost of treating a new patient.

Take the costs of hospitalization as an example. The
most readily available information is derived by dividing the
hospital’s total costs in the most recent financial year by the
-number of bed days occupied in that year. This produces an

estimate of the average cost per bed day in the recent past. Using
this figure to estimate the cost of hospitalizing an additional

patient poses at least two problems.

Firstly, the cost of additional patients in the future
will be lower than the average cost of hospitalizing existing
patients if the new patients take up beds that have been
underutilized 1in the past. This 1is because new buildings and
equipment are not required to cater for the new patients. On the
other hand, the cost of hospitalizing new patients is likely to be
higher than the average cost of hospitalizing patients in the past
if new buildings and equipment are necessary.

Secondly the cost of a day in hospital for all
diseases.. is mnot— the same. Using an average cost for all diseases
will result in underestimating the cost of some diseases and
overestimating the cost of others.

Another practical problem is that some patients may
suffer from a number of illnesses a®t the same time. It is then
difficult to allocate costs to each disease.

Indirect Costs
Indirect costs are the losses in economic output due to

death, morbidity, and disability. For example, a 20 year old
person in Ghana (see reading 1) could be expected to live for a
further 42.5 years. If, however, the person dies of malaria at 20,
society has lost 42.5 years of life, and 42.5 years of work
(assuming retirement at 65). The number of lost years of work
multiplied by the yearly wage rate is usually taken to be the value
of the output lost as a result of the person’s death.

Three complications arise. Firstly, some of the people
who died may have been unemployed had they lived. They would not
have produced while unemployed. If the unemployment rate is 10%,
it is generally assumed that only 90% of the total number of years
lost through premature mortality are productive years. It is this

total that is multiplied by _the wage rate to obtain the cost of
premature mortality. ~ =
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Secondly, some of the people aftfected by a disecase may
not be paid money wages - housewives and unpaid family-farm workers
for é\ample.' To use a zero wage rate for these people implies that
their loss imposes no economic burden on society, and many studies
therefore impute a value for this labour.

Thirdly, the extent to which morbidity and mortality
. result in a loss of production can be questioned when there is a

:"latéewﬂpoolmnof unemployed or underemployed labour. People leaving
‘the =~ workforce can be replaced with relatively little dislocation to
production. For this reason, indirect costs are often interpreted

as losses of productive potential rather than losses in actual
production.

The indirect costs of morbidity and disability can be
estimated in a similar manner to the costs of premature mortality.
Data generally are available from life tables and labour force
statistics. Question 3 illustrates the procedure.

Intangible Costs

In general, the costs of pain, suffering and grief
associated with a disease are regarded as intangible (immeasurable)
costs in the cost of illness literature. This may not be important

if the aim is to compare the cost of different diseases and it can
be assumed that intangible costs are either proportional to the sum
of direct and indirect costs, or constant across diseases. Some
attempts have been made to put a money value on the costs of pain
and 'suffering, but they are not widely used yet.

Time

Both the incidence and prevalence approaches involve
costs which affect society in different time periods. For example,
the costs of premature mortality must be estimated in both
approaches. Assume that the average healthy bricklayer produces

output valued at $20,000 a year, and would retire from work at the
age of 60. One bricklayer, however, dies this year at 40. Through
this death, society loses 20 years of production. The cost of this
lost production is $20,000 this year, and $20,000 for each of the
following 19 years. Premature mortality, therefore, has resulted
in a stream of costs over a number of years. Economists argue that
it 1is not possible to simply add up costs which accrue in different

time periods. A technique known as discounting must be used for

such comparlsonQ.v This is the topic of Module 3.

Conclusions

In this module, two approaches to measuring the cost of
illness have been identified. You will not be able to calculate
the full cost of illness until you have mastered Module 3, but at
this stage you should understand the concept, be able to think
about which approach is preferable and the policy implications of
each. These issues provide the focus of questicns 1 and 2.
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UESTIONS

1. The following table is taken from Cooper & Rice. The
calculations are based on the prevalence approach.

Total economic costs of disease in the United States in 1972

Total ‘Direct Indirect Percentage
cost costs costs  distribution
(millions  (millions  (millions of total
Disease type of dollars) of dollars) of dollars) costs
Infective and parasitic .
diseases $ 3,234 § 1412 $ 1,822 1.8
Neoplasms 15,641 3,872 11,769 8.9
Endocrine, nutritional and
metabolic diseases 5,717 3,436 2,281 33
Diseases of the blood and
blood-forming organs 875 491 384 0.5
Mental disorders’ 13,782 6,985 6,797. 7.9
Diseases of the nervous )
. system and sense organs 10,703 5,947 4,756 6.1
¢,Diseases of the circulatory :
4 'system : 37,430 10,919 26,511 21.4
Diseases of the respiratory .
system 15,764 5,931 9,833 9.0
Diseases of the digestive
system 16,931 11,100 5,831 9.7
Diseases of the genito-
urinary system 6,344 4,471 1,873 3.6
Diseases of pregnancy,
childbirth, and the
puerperium 2,914 2,607 307 1.7
Diseases of the skin and ]
subcutaneous tissue 2,040 1,525 515 1.2
Diseases of the musculo-
skeletal system and
connective tissue 8,913 3,636 5,277 5.1
Congenital anomalies 1,375 381 994 0.8
- ‘Accidents, poisonings, N
e " and violence 21,649 5,121 16,528 12.4
g Other 11,625 7,398 4,227 6.6
Total §174,934  $75,231 $99,703 100.0

Data source: Cooper, B. S., and Rice, D. P. 1976. The economic cost of illness revisited.
Social Security Bulletin, Table 7.
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1 (a) Why 1is the cost of diseases of the circulatory system so
high? (b) Why is the direct cost of neoplasms relatively low
while . the indirect cost 1is relatively high? (c) What value is
this table to policy makers? Explain your answer.

2. (a) Is Table 2 in the reference by the Ghana Health Assessment
Team based on the incidence or prevalence approach? (b) If you
calculated a cost of illness based on Table 2, how would you expect

" the rankings of diseases to change? (c) What value is Table 2 to

policy makers? (d) What are the strengths and weaknesses of
burden of illness and cost of illness estimates?

3. You have Dbeen asked to consider the comparative burden of 4
diseases in your community based on the incidence approach.
Disease A has an incidence of 7/1000 per annum and a case fatality
rate of 25%. All deaths occur in the year of onset. Disease B has
an incidence of 14/1000 p.a. and a case fatality rate of 5%. The
incidence of Disease C is 15/1000 p.a. with a 17% case fatality
rate, and Disease D’'s incidence is 10/1000 p.a. with 22% case

fatality.

Cases of A are hospitalised in regional hospitals for an average of
6 weeks (averages are determined from the days spent in hospital by

all patients including those who die). Patients who recover are
then free from disability. Disease B requires an average of 3
weeks treatment at a community hospital, but VY40% of survivors

develop complications-—-5--years after the onset of the disease.
These complications require 6 weeks of treatment in a regional

hospital.

Disease C requires an average of 12 weecks treatment at a community
hospital,” with no further complications. Cases of disease D are

treated in regional hospitals for an average of 5 weeks.
Complications occur 10 years after onset in _25% of survivors,
requiring 6 weeks treatment in a community hospital. Costs are $20

per day at the:.regional hospital and $10 per day at the community
hospital.

a. The country has a population of 100,000. How many days of
hospital treatment are required for each disease in the year of

onset?

b. What is the total cost of hospital treatment for each disease
in the year of onset?

c. How many cases will survive the first year of each disease?

d. What are the future costs of treating each disease (after the
year of onset) and in what years do they occur?

The average age of onset of Disease A is 1 vear, for Disease B is
25 years, Disease C is 30 years, and Disease D, 5 years.
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e. Using the life expectancy table (Table A) in the reading by the
Ghana Health Assessment Project, calculate the total number of
years of life lost from the mortality caused by each disease.

f. What are the costs of premature mcrtality of each disease in
terms of 1lost earnings, assuming that the working life span is 15
to 65 years, average yearly earnings are $600, and the unemployment
rate is 12%7

The average numbers of "disability weeks" for each disease are as
follows, (including time spent obtaining hospital treatment):

Disease Average no. of disability In subsequent years
weeks in year of onset per person with
complications
(year 1). yr. 6 yr.11
A 12 — 0 0
B 6 26"~ 0
C 24 0 0
D 10 0 52
g. What total number of years of dicsability are caused by each
disease? (1 year = 365 days)
h. Calculate the cost of any producticn losses due to disability
and specify the years in which they occur wusing the same

assumptions as part f.



B = £ S Rrurs S AT ¥ SO - O S e

TR S P PR (S Sor gy o

Vol. 10, No, 1
Printed in Great Britain

tsiernational Journal of Epidemiology
. Oxford University Press 1881

A Quantitative iflethod of Assessing the
Health Impact of Different Diseases in
Less Developed Countries

GHANA HEALTH ASSESSMENT PROJECT TEAM*

"

Ghana Health Assessment Project Team. A quantitative method of assessing the health impact of different diseases e
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A method is described for assessing quantitatively the relative importance of different disease problems on the

health of a population. The impact of a disease on a community is measured by the number of healthy days of life

which are lost through illness. disability and death as a consequence of the disease. The measure is derived by com-

bining information on the incidence rate, the case fatality rate and the extent and duration of disability produced

by the disease. In Ghana, it is estimated that malaria, measles, childhood pneumonia, sickle cell disease and severe

malnutrition are the 5 most important causes of loss of healthy life and between them they account for 34% of

healthy life lost due to all diseases.

The methadology may be used to help determine the priorities for the allocation of resources to alternative health

improvement procedures by estimating the number of healthy days of life which are likely to be saved by different

procedures-and by relating these savings to the costs of the procedures. "

Ghana, like many léss developed countries (LDCs),
has put a high priority on health. In the 20 years
since independence, there has been a threcfold
increase in the number of doctors, hospital beds,
and real per capita expenditure on health, (to more
than 5 cedis (about $5) per person in 1975). In
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spite of this, vital statistics have changed little:
the infant mortality rate continues to average
about 130 per 1000 live births; the expectation of
life at birth is less than 50 years; in rural areas the
maternal mortality rate is about 14 per 1000 births;
and the birth rate remains at nearly 50 per 1000
population per year.

In order to analyse why there has been so little
apparent change in the health status of the population
of Ghana, we have developed a method whereby
the health impact of different disease problems
may be estimated quantitatively., The effects of
various intervention programmes can be examined
for the magnitude of the change which they might
be expected to produce in health status. The method
may be used as a tool to aid in the planning of a
health care system.

Ideally, priorities should be determined such
that the maximum benefit is obtained from a
given expenditure. In the health sector, however,
this approach has had little application anywhere,
primarily because of problems related to determining
health benefits. The difficulties of measuring the
monetary benefits of improved health in technically
advanced countries have been well reviewed in
Bunker et al.' Additional difficulties arise in LDCs
becausc of theoretical problems associated with
assessing and valuing rural productivity. For these
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reasons we have developed a non-monetary measure
of benefit.

The 3 most.important effects that a disease may
have in a community are as causes of illness, dis-
ability and death. -With some exceptions, other
social and economic effects of a disease are directly
related to its severity as measured by these 3 factors.
We have quantified_ecach of these factors in terms
‘of_the number_of days of healthy life-which are
lost due to_a_disease, and we use the total days
Tost in the community as a measure of the health
impact of the disease.

The benefits from various health improvement
procedures (HIPs) can be measured by the number
of healthy days of life that can be saved by application
of the procedures. By calculating the cost of each
set of HIPs that may go into a particular health
programme, the priority of that health programme
relative to other possible programmescan beevaluated
in terms of the benefit (healthy life saved) per unit
cost. _
" In this paper we describe the method we have
used to determine the relative impact of different
disease problcmséﬂhfﬁa“’this*is the first_step_in~
developing priorities for health care programmcs.- :

Bl .3_ Hlv. A&
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Measuring Disease Impact WV _— [~ _
We have considered all the diseases which are major
causes of illness or death in Ghana (using a modified
version of the International Classification of Diseases
B list which categorises all disease problems into
about 50 groups’). By revicwing census data,
including derived estimates of age-specific death
rates and life tables,:l cause of death as recorded
on death certificates, inpatient and outpatient
statistics, and data from special surveys and studies,
we have estimated for each disease: the incidence,

e gase fatality rate, the average ages at onsct and
death from the disease and the expectations of life
at these ages, and the extent and duration of dis-
ability and illness among those attacked by the
disease. The 'information has been used to obrain
estimates of the days of healthy life which each
disease costs the community. The.data for-our
estimates were of variable rcliability and, where
possible, we derived estimates from 2 or more
different sources:

Gastroenteritis may be used to illustrate the
mecthods employed. In 1975, 2% of all certified
deaths in children aged _0—4 years were atwibuted
to gastroenteritis. (Death certificates, which include
the cause of dcath, are issued for about 12% of all
deaths in Ghana most arc for dcaths which
occur in hospitals and they are, therefore, a biased

e t—maym e v e e s

N —————

INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

NI P e
s;;plc of all deaths: in some instances we have
attempted to correct for this bias, but quantification
of the bias is difficult). The annual mortality rate
from all causes of death averages about 45 per.1000
per year among children aged 0—4 years (based on
dcrnographlc alysis from the national census®)
“and ‘about_20% ‘of the population is in this age

group. Thus-the crude annual mortality rate from

gastroenteritis may be estimated as.0.09 x 45 x0.2-

= 0.81/1000 population. We have assumed that
there is negligible mortality from this cause over the
age of 4 years, that there is no significant residual
disability among those who recover and that each
episode of severe diarrhoea (requiring rehydration
therapy) completely disables a child for 2 weeks
(14 days). The incidence of such severe diarrhoea in
West Africa varies with the nutritional status of the
population. Morley”® reports that in the 0—4 year
age range.22% of normal children experienced an
episode of di: erhoga"t:aCh"year\as compared to 62%

of those with fxrs‘hdegrec -malnutrition. Survcys in
Ghana indicate that about 30% of Ghanaian
children have first degree malnutrition. Thus we

estimate- that -34% (:22-x-70% + 62 x 30%) of ,

A ~children have -an” episode of severe diarrhoca each

year and thus the crude annual incidence is 68_per

1000 total population (0.34 x .2 (20% of population

in age group 0—4 years) x 1000). The case farality

ratc_is_estimated to_be 0.81/68_(mortality rate/
incidence rate) 1.2%. The case fatality rate,
mdcpcndentl\ dctcrmmcd from hospxtal inpatient
and outpatient records, was 1.1%, in quite close
agreement with our estimate above. In the calculation
of the days of life lost through the disease we have
taken the case fatality rate to be 1.0% and the
" incidence rate to be 70 per 1000 per year,
~"We have turther assumed that among children
affected thh severe gastroenteritis the average age
of onset is 2 years and that the expectation of
life at this age is 52.8 years. ? The days of healthy
life lost per 1000 population per year due to death
is .01_(1% cise fatality rate) x 70 (incidence per
1000) x 52.8 (expectation of life in years at age 2)
X 365.25 (average days in a year) = 13 500 days; the
days lost due to sickness per 1000 population per

J

J

year is 70 (incidence per 1000) x .99 (the proportion

survmng) x 14 days (average duration of illness)

= 970 days. "Thus a total of 14470 healthv days of
lifc per 1000 population is lost each vear duc to
gastroenteritis.

In the Appendix we give the algebraic derails
of the metho.l used to estimate the days of healthy
life lost due 1o each discase problem. Table 1 show:
all of the disease problems considered togetio:

x
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TABLLE 1 Discase prodlems of Gl mreasured 1n tevins of the davs of Deattloy Bl sob soir eacly coses the casioinaiy
Disease Ave. CEFR O Ave. U Dis- S8 Pern, 0 Dis- Days nci Davs  tadue to
ageat G age at able- Disab.,  able of dence of premature
onscet death ment to nmert temp. life death
death Disaly, loet
(‘\n)f (€) (Ag) (Do) (QQ) () (1) (n
1. Cholera 15 7.6 15 - 0 14 0.05 65 9.0
2. Typhoid 20 7.3 20 - Q0 - 060 -+.0 4755 95.3
3. Gastroenteritis ___ 2 1.0 2 = 0 - 14 70.0 14470 93.3
4. Tuberculosis 20 35.0 25 25 0 - 200 2.0 . 11005  94.6
5. Diphtheria 3 7.0 3 0 - 30 0.01 14 98.0
6. Pertussis 1 1.0 1 - 0 — 30 21.0 4643 86.6
7. Mcningitis 10 20.0 10 - Q0 - 30 1.25 4650 99.3
8. Polio 3 5.0 3 — 95 25 - 0.22 1227 17.4
9. Mcasles 2 3.0 2 — 0 - 21 39.0 23358 96.6
10. Malaria 1 2.3 1 - 977 2 - 40.0 32567 54.1
11. Venereal disease 20 0.01 30 1.25 0 35 1.7 80 253
12. Leprosy 20 25.00 30 50 -5 25 - 0.5 3167 468
13. Chicken pox 4 0.02 4 - 0 - 14 220 394 218
14. Schistosomiasis 5 4.0 30 4 96 1 - 7.0 4368 67.4
15. Common Cold 15 0.0 - - 0 - 0.6 1000.0 600 0.0
16. Guinea Worm 7 00 - - 0 - 45 2.4 108 0.0
17. Yaws 4 0.0 - - 1 30 90 6.0 886 0.0
18. Onchocerciasis 5 0.0 — — 5 70 - 2.8 1926 0.0
19. Trachoma 3 00 - - 5 86 45 1.6 1403 0.0
20. Hepatitis 20 3.0 20 - 0 - 60 8.87 4647 88.9
21. Trypanosomiasis 15 19.0 17 50 13.5 30 90 0.05 195 79:1
22.Tetanus (a) neonatal 0 800 O - 0 - 0 0.5 6852 100.0
(b) other 15 35,0 15 - 0 — 30 75 4473 99.7
23. Malignant neoplasms
(a) child 6 75.0 7 75 0 - 180 0.03 436 98.3
(b) adult 50 80.0 52 75 0 - 180 0.65 3765 91.8
24. Diabetes 40 50.0 55 30 50 25 - 0.05 217 52.2
25. Malnutrition (severe) 2 60.0 2 - 0 - 180 1.5 17465 99.4
26. Sickle Cell Disease 0 80.0 5 50 20 30 — 1.25 17502 87.4
27. Hookworm Anaemia 4 0.1 5 50 5 6 - 19.0 1482 246
28. Rhecumatic Heart Disease 25 75.0 32 50 25 30 — 0.3 3211 81.1
i 29. Hypertension 40 75.0 50 50 25 25 - 0.75 5071  70.5
30. Other Heart Disease 35 75.0 45 50 25 30 - 0.37 2961 72.2
31. Congenital Heart Discase 0 80.0 10 50 20 30 - 0.07 929 81.2
32. Cerebrovascular Disease 50 35.0 50 - 35 75 120 2.3 10477  56.7
33. Influenza 20 0.1 20 - 0 - 21 50.0 1825 42.5
34. Pneumonia (a) child 2 400 2 - 0 - 30 2.4 18557 99.8
(b) adult 30 10,0 30 - 0 - 30 7.0 9112 97.9
35. Peptic ulcer 25 20 35 20 98 5 - 3.88 3558 229
36. Other GI Disorders 25 100 25 - 0 - 60 2.8 4109 96.3
37. Intestinal Obstruction 30 10.0 40 20 20 10 - 4.0 4950 735
38. Cirrhosis 30 80.0 35 50 20 25 - 0.65 6568 86.5
39. Chronic renal discase 30 - 85.0 35 75 15 25 0.31 3387 85.0
40. Complications of Pregnancy 20 6.5 20 - 5 25 21 4.8 5864 82.6
41. Birth Diseases
(a) Prematurity 0 102 O - 0 - 0 9.6 16774 100.0
(b) Pneumonia 0 500 O - 0 — 0 46 3940 100.0
(c) Birth injury (inc. asphyxia) 0 500 O — 50 20 - 1.6 16445 83.3
(d) Congenital malformations 0 150 ©0 - 85 25 - 0.96 5961 41.4
(e) Others (inc. Umbilical 0 500 O - 0 - 0 0.54 4625 100.0
sepsis & Haemolytic
disease)
42. Skin Infections 4 0.0 - - 0 - 6 470.0 2820 0.0
43. Psychiatric Disorders 15 5.0 35 50 95 30 - 0.66 3635 8.8
44. Other Eye Diseases 60 0.0 - - 100 50 - 0.05 123 0.0
‘45, Dental Disease 10 00 - - 10 15 30 2.8 852 0.0
46. Gynaecological Disorders 25 1.0 40 10 20 25 20 1.0 815 10.6
47. ENT Diseases 12 0.3 25 20 + 25 30 0.56 140 15.8
48. Accidents 15 10.0 15 - 5 25 30 7 #7 14909 87.7

For some disease problems for which therc arc a small proportion of deaths occurring after the year of onset, average age
at death is given as that at onsct and the effects of deaths at later ages are subsumed in the days of life lost under permanent

disability, e.g. congenital malformations.

* Per 1000 persons per year.

t Sce Appendix for abbreviation.
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with the estimates of case fatality rates, incidence
rates and other relevant estimates necessary for the
derivation of the number of days of life lost due to
each disease (this numberis shownalso in the Table),
. For some diseases it was useful for our purposes to
* consider that a disease with recurrent episodes was
“a single life-time process. Thus, malaria was taken
to be a single life-time disease with high mortality
in late infancy and early childhood followed by a
marked reduction in mortality by age 5 due to the
development of immunity. Thereafter, everyone was
assumed to have recurring disability from clinical
attacks of malaria avéraging 7 days of illness per
gets ‘malaria_first at_age 1 year and therefore, the
incidence is equal to the number of 1 year olds,
that is 40/1000 total population/year (4% of the
population are aged 1 year). The days of life lost
due to the disease are all those that will be lost
during the life of the individual, but these days
are attributed to the year of first onset of the
disease. A document detailing the basis on which
the estimates in Table 1 were made is available
on_request from_the authors. Table 2, which is
derived from Table 1, lists the 25 most important

disease problems in Ghana ranked in order of
importance as measured by the days of healthy
life that cach costs the community each year.

Priorities among Health Improvement Procedures
Ranking discase problems as described above is
insufficient to determine priorities for health
services. Priorities should be determined on the
basis of which procedures most reduce the burden
of illness, disability and death for a given unit
cost. For example, cerebrovascular accidents and
cancer are important causes of disability and death,
but, with present knowledge and resources, little
can be done to prevent or cure them and their
priority for resource allocation in LDCs should
be low.

The major effects of health improvement pro-
grammes will be to reduce the incidence rate, the
case fatality rate, and/or the extent of disability
.and sickness. A particular programme may have
an cffect on more than one disease (e.g., improved
nutrition will not only reduce the incidence of
kwashiorkor but will also reduce the measles case
fatality ratc), and a particular disease may be
affected by more than one procedure (e.g. the

TABLE 2 Discase problems of Ghana — ranked in order of bealthy days of life lost
Rank Disease No. in Days of Healthy Percent
order Table 1 life lost® of Total
1 Malaria 10 32 600 10.2
2 Mcasles 9 23 400 7.3
3 Pncumonia (child) 34 (a) 18 600 5.8
4 Sickle Cell Disease 26 17 500 5.5
5 Malnutrition (scvere) 25 17 500 5.5
6 Prematurity 41 (a) 16 800 52 _
7 Birth Injury 41 (¢) 16 400 5.2
8 Accidents 48 14 900 4.7
9 Gastrocenteritis 3 14 500 4.5
10 Tuberculosis 4 11 000 3.5
11 Cerebrovascular Discase 32 10 400 3.3
12 Pneumonia (adult) 34 (b) 9 100 2.9
13 Tetanus (nconatal) 22 (a) 6 900 2.2
14 Cirrhosis 38 6 600 2.1
15 ' Congenital Malformations 41 (d) 6 000 1.9
16 Complications of Pregnancy 40 5 900 1.8
17 Hypertension 29 5100 1.6
18 Intestinal Obstruction 37 4 900 1.6
19 Typhoid 2 4 800 1.5
20 Meningitis 7 4+ 600 1.5
21 Hepatitis 20 4 600 1.5
22 - Pertussis 6 4 600 1.5
23 Other Birth Discascs 41 (e) 4 600 1.5
24 Tetanus (adult) 22 (h) 4 500 1.4
25 Schistosomiasis 14 4 400 1.4
|
270 200 84.9

Total of first 25 diseases

*Per 1000 persons per year
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incidence  of nconatal  tetanus can be reduced
¢ither by maternal immunisation or by well managed
dcliveries).

To illustrate 2 different procedures which may
be dirccted against a particular discase, the cffect
of an immunisation programme against measles may
be compared with the effect of outpatient care.
Measles vaccine is 95% effective in the non-immune,
immunocompetent child, 5 and under conditions in
Ghana a well-managed immunisation programme
may reach 70% of susceptible children.®” Thus
administration of the vaccine would be cxpcctcd to
reduce the incidence of measles in the country by
0.95 x 70% = 66.5%, but would make no change in
the case-fatality rate or in the duration of illness
for those who develop measles. In the absence of
any medical services we have estimated that measles
would ‘cost’ the community 27600 days of healthy
life per 1000 population each year and the number
of days of life which would be saved by an immuni-
sation programme is 27600 x .665_=.18 354. If the
cost of the measles vaccine and its delivery are 0.5
cedis for each child immunised, the cost per thousand
population per year would be 40 (the number of
1 year olds in a population of 1000) x 0.5 =
cedis. Thus the benefit would be about 918 hcalthy

days™ of IT‘per cedis In fact, the cost of such
‘immunisation is highly dependent upon the in-
frastructure which exists for the administration of
the vaccine, and itis likely that measles immunisation
would be done in conjunction with other immuni-
sation procedures. In gencral, the immunisation
programme should be considered as a package and

the combined benefits and costs measured.
Outpatient therapy for measles is estimated to

reduce casc-fatality rates by 50% (chiefly in those
with bacterial pneumonia and/or gasiventeritis).
About 30% of families in Ghana are abi. .o take
children with measles for outpatient care; thu. he
days of healthy life saved by outpaticnt care woutd
be 26800 (the days lost attributable to mortality,
the 800 days lost due to morbidity is assumed
unaffected by treatment) x .30 (the proportion
of population utilising the health services) x .50
(the reduction in CFR) equals 4020 healthy days of
life per thousand population per year. The cost of
an outpatient visit, including drugs, is about 2 cedis.'®

If each child with measles makes an average of 3
visits the cost would be 6 cedis per case. The cost
for outpatient care for measles would be 40 (the
incidence rate/1000) x .30 (the coverage) x 6 cedis,
that is 72 cedis per thousand population per year.
Under these assumptions~outpatient care’ would
save 56 days of healthy life per cedi expended.:
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Thus compared 1o ourpatient care an immunisation
programme against measles could save 16 times as
many days ofhealthy lite per cedi.

DISCUSSION
The concept of healthy days of life lost is anextension
of similar mcasures that have been based on mortality
data alone. The development of these latter measures
and their potential use for health planning has
been _reviewed by Romeder and_.McWhinnie'!
but, to our knowledge, they have not been used
directly in the allocation of health resources.
Sullivan'*" has proposed a similar index for measur-
ing the cffects of morbidity and mortality in techni-
cally advanced countries, but he did not relate
this measure to specific diseases and thus, as presently
formulated, the measure is not likely to be of
direct value in determining the allocation of health
resources. The concept of ‘days of life lost’ has
been discussed. for specific diseases, but a qualitative
method was used to determine resource allocation. '
Recently Shepard and Thompson™” have proposed a
measure of benefit in terms of additional quality-
adjusted life-years which is conceptually similar
to healthy days of life lost. They discuss four
possible types of health effects resulting from
health programmes — additional years of healthy
survival, additional years of disease, improved
health without additional survival, and additional
years but with restrictions — and address both the
value and the practical difficulties of adding these
effects together using a common unit of measure.
Other, more narrowly-defined approaches to assess
benefits such as estimating-the ate_output
increascs of labour as a result of control of tropical
diseases have been reviewed by Prescott. '®
The method we have proposed has a number of
advantages over qualitative approaches to health
planning and resource allocation:
(1)  Quantitative assessment is made of the benefits
and costs of alternative health programmes.
To be able to state that for a fixed expendi-
ture an immunisation programme against
measles may save 16 times more healthy
life than would outpatient care is a more
persuasive argument for allocating resources
to the former than the mere assertion that
prevention is better than cure. Such calcu-
lations may be extended for all the procedures
which might be included in a primary health
care programme, and it would be possible to
compare the amount of life which is likely to
be saved by such a programme with that
saved by equal expenditure on other resources,
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such as an expansion of hospital facilitics.

(2) With the exception of the extent of disability,
each of the variables required to estimate the
days of healthy life lost due to a disease
may be measured objectively.

(3) Attention is focused on the key information
.which should be collected by health statis-

. ticians. A distressing feature of much statistical
data collected routinely in LDCs is its irrele-
vance to health planning or care. To obtain
some of the required information special
studies may be needed, but it is clear what
data is required to be able to apply our
methodology.

(4) A framework is set up for the evaluation of
the planned programme after it has been
implemented since specific targets are provided
in terms of the changes in incidence, case
fatality rates, and disability which were
predicted.

(5) The assumptions that are used for setting
health priorities are made explicitly: if the
conclusions are challenged, the individual
steps for estimating the costs and benefits
in the computations can be examined for
their reasonableness and alternative assump-
tions can be readily considered.

(6) The health planner is forced to consider
the effects of each HIP on a disease by disease
and community by community basis to
estimate the expected amount of healthy
life that will be saved and the costs that will
be incurred. Examination of the amount of
disability and death due to each diseasc may
highlight those against which efforts may
most usefully be directed. Similarly, analysis
of the cost of programmes may indicate
those for which efforts towards cost reductions
should be focused.

It is important to consider the limitations and
approximations in the proposed approach. Many
of the data that are required to estimate the days
of healthy life lost due to a particular discase (e.g.
incidence rates, case fatality rates) are not available
from routine sources. In deriving cstimates of
these rates for Ghana a variety of sources have
been used; in some instances the rates used have
been based upon little more than a consensus.
More work is required to assess the sensitivity
of the conclusions to changes in these estimates and
such studies will enable us to identify which esti-
mates are in nced of further refinement. For some
diseases it scems likely that our estimates are
reasonable, but for others we have made, at best,

a rough approximation. 1= general, estimates of
death and disability rates zr= more reliable than are
estimates of the extent cI Zisability. It is apparent
from Table 1 that the mcs: important determinant
of loss of days of health: life is premature death;
disability and illness play a relatively minor role
for most diseases. These lz=zer 2 factors are difficult
to quantify objectively. W= have equated disability
with death in the sense tzat a day of ‘total’ dis-
ability is equivalent to t=z loss of a day due to
death. For example, we hzve assumed that patients
with leprosy have an averzge disablement of 25%
from onset of the diseas= for the rest of their
lives. Such an assessmemt s subjective, but for all
discases combined only 30% of all healthy life
lost is attributed to diszdility and illness. Thus
changes in estimates of disability are likely to
have a relatively small efiect. However, for some
specific diseases this is not the case. For example,
if we assume that_malaria_completely disables an
adult for 2 weeks a year (4%) rather than for one
week (2% — as in Table 1) the estimated annual
number of days of life lost is 47 500 days per 1000
population rather than 32 600 days per 1000
population. Which of these 2 estimates of dis-
ability rate is most reasonable might be determined
through suitably designed special studies.

Our calculations use the average age at onset and
death as more detailed information on age specific
rates is not available in Ghana. It is unlikely, however,
that the use of age and sex specific disease rates
would make any substantial difference to the
conclusions as the onset of most of the important
discases occurs over a small age range.

Often it is difficult to attribute sickness or
death to a single disease. Malnutrition, malaria,
diarrhoea and measles in childhood are very common,
but frequently it is the combination of these diseases
which is fatal rather than any of them individually.
We were careful to avoid double counting of deaths
when estimating death rates by cause, but the
attribution of days of healthy life lost between
causes is subject to some uncertainty. For many
purposes it is useful to consider a number of diseases
together — particularly when estimating the effects
of different  health  improvement programmes.
FFor example, a nutritional programme should
prevent deaths attributable to both malnutrition
and measles.

‘Days of healthy lif¢’ as a measure of bencfit
may be uscful for determining allocation of resources
within the health sector, but it cannot be used to
determine the -appropriate allocation of resources
between the healtn and other scctors (such as
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education and agriculture). Without putting a
specific monctary value on life, this is an unavoid-
able limitation. However, the method is a con-
-siderable, advance for purposes of allocation within
the. health: sector and can be used also to quantify
the effects on health of programmes in other
sectors.

The method we have proposed for measuring
the importance of different diseases values individuals
in direct proportion to their expectation of life
at their current age. Thus the death of a child is
regarded as costing the community more than
the death of an adult. This is appropriate if the
objective is to maximise the total amount of healthy
life of the community over time and if one ignores
any effect that the death or disablement of an
adult has on their dependents (e.g. the death of a
mother greatly increases the death rate among her
dependent children — the life lost by the children
should thus be attributed to the cause of the maternal
death). But not all would agreethatthisisappropriate.
We have discussed this issue at length with colleagues
in Ghana, where children are valued highly (as in
most societies) and have found substantial support
for our 'assumptions. We have tried a number of
alternative methods by giving different weights
to years of life at different ages and of discounting
future years of life. In most cases these alternatives
do not produce any very marked alteration in the
ranking of the relative importance of different
diseases. Of course, extreme assumptions (such as
totally disregarding deaths below the age of 15
years) do produce different rankings. It would be
straightforward to adopt different systems of
‘weightings if these were considered more appropriate
in particular settings..~

It should be noted that reduction of thc '~ath
rate from any disease increases the expectation of
life and consequently would increase the potential
benefits of any other health improvement procedure
aimed at other diseases. We have taken no account
of this effect, but this, and other refinements,
might be applied if the quality of data available
were better.

ACKNOWLEDGEMENTS
We thank SRA Dodu, EA Badoe, S Ofosu-Amaah,
AK Foli, KK Korsah, JOM Pobee, GA Ashitey, AG
Boohene, M Adibo, Paul Zukin and EG Beausoleil
for helpful advice and encouragement.

This work was supported in part by USAID
Project No. 641—0078 awarded to Kaiser
Foundation International, Oakland, California,

USA.

B LT

14

A R S e e e T S S A e

79

REFERENCES
Barnes BA, Mosteller F. (Eds). Costs, Risks
New York: Oxford Univer-

l Bunker JI°,
and Benefts of Surgery.
sity Press, 1977,

World Health Organization, Eighth Revision of the
International Statistical Classification of Discases,
Injuries and Causes of Death. Geneva, 1967.

Y Gaisic SK. Estimating Ghanaian  Fertility, Mortality
and Age Structure. Population Dynamics Programme,
4 University of Ghana, Legon, Accra, 1976.

Morley D. Pacdiatric Priorities in the Developing World,
180—-182. London: Butterworths, 1973.

“ World Health Organization. Expanded Programme for
Immunisation Manual, Geneva, 1977.

% Danfa Comprchensive Rural Health and Family Planning
Project. Ghana, University of Ghana Medical School
and UCLA School of Public Health (unpublished
data).

Ghana Ministry of Health. Expanded Programme for
Immunisation. Division of Epidemiology, Accra.
(unpublished data).

Hecalth Needs and Health Services in Rural Ghana,
Volume 1, A Report to the Government of Ghana,
Institute of Development Studies, University of
Sussex; Institute for Statistical, Social and Economic
Rescarch, University of Ghana, Legon; National
Health Planning Unit, Ministry of Health, Ghana;
and Department of Community Health, University
of Ghana Medical School, Korle Bu. 88—89, 1978.

? Korle Bu Outpatient Statistics. Centre for Health
Statistics, Ministry of Health, Ghana, 1975.

0 Brooks RG. Cost Analysis of Selected Medical Care
Institutions in the Eastern Region of Ghana, 1975.
Unpublished Report available from Department

- of Economics, University of Legon, Ghana.

Romeder JM and McWhmmc JR. Int ] Epidemiol 1977;
6: 143—151.

A2\ Mlivan DF. Conceptual problems in developing an
index of health. US Public Health Service Publication
Series No. 1000. Vital and Health Statistics Serics
2, No. 17. National Centre for Health Statistics,

13 1966.
<~ Sullivan DF. Health Services and Mental Health Admini-

stration Health Reports 1971; 86: 347—354.
Pan American Health Organization. Scientific Publication

Is No. 111, 1965.

Rep 1979;94: 535—-543.

Prescott NM. On the benefits of tropical discase control.
Hecalth Policies in Developing Countries. Royal
Society of Medicine International Congress and
Symposium Series No. 24. London: Academic Press,
1980.

16

APPENDIX

Estimation of the days of life lost due to a disease
Consider a particular disease problem.
Let Ao = average age at onset
Ad = average age at death of those who die
of the disease

" Shepard DS and Thompson MS. First principles of *-
cost-effectiveness analysis in health. Public Health
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80.
E(Ap) = expectation of life (in years) atage Ay
(The values used for Ghana are given
in Table A)
C = case fatality rate (expressed as a per-
; cent)

Dod = percent disablement in the period
TABLE A Abridged Life Table for Ghana, 1968 (Gaisie,
1976)

Age Expected years of life
Years remaining®

0 46.9

52.4

5 53.8
10 50.6
15 46.5
20 42.5
25 38.7
30 349
35 31.1
40 27.4
45 23.8
50 20.2
55 16.7
60 135
65 10.5
70 8.0
75 5.9
80 4.2

*Weighted average of males and females based upon sex
distribution in 1970 census population

from onset until death among those
who dic of the discase (i.e. Dog =
0 = no disablement, Dod = 100 =
disablement equivalent to death)

Q = percent of those affected by the
discase, who do not die of the
disease but who are permanently
disabled

D = percent disablement of those per-

manently disabled

average period of temporary disable-
ment (days) among those who are
affected but neither die nor are
permanently disabled, multiplied by
the proportion disablement of those
temporarily disabled

The average number of days of healthy life lost
to' the community by each patient with the disease
is given by: —
Days lost due to:
L = (C/100). [E(Ap)—(Ad—A,)].365.25
:premature deaths
+(C/100).{Ad—A4).(Dpd/100).365.25
:disability before death
+(Q/100).E(Ap).(D/100).365.25
:chronic disability
+ [(100-C-Q)/100] .t
:acute illness
Let L= annual incidence of the disease (new cases/
1000 population/year)
Then the number of days lost by the community
which are attributable to the disease is:
R = LI/1000 population
This is the method which was used to derive the
results in the last two columns of Table 1.

(Revised version received 13 October 1980)




4. Cost analysis

4.1. SOME BASICS

The analysis of the comparative costs of alternalive treatments or health
care programmes is common to all forms of economic evaluation and
thergfore most of the methodological issues discussed in this chapter are
likely to be of relevance to all analyses. Two particularly thorny issues, the
treatment of overhead costs (techniques for allocating shared overhead
costs to individual projects) and allowance for differential timing of costs
(the techniques of discounting and annuitization of capital expenditure),
will be discussed in some detail. However, the chapter begins by covering
some of the basic questions that an evaluator might have when embarking
on a costing study in the health field.

4.1.1. Which costs should be considered?

The main categories of costs df health care programmes or treatments
were identified in Fig. 3.1 of Chapter 3; these are the organizing and
operating costs within the health sector, costs borne by patients and their
familics, and costs borne externally to the health sector, patients, and
their families. The particular range of costs included in a given study is
likely to be decided upon as a result of considering the following four
points.

1. What is the viewpoint for the analysis?

It is essential to specify the viewpoint since an item may be a cost from one
point of view, but not a cost from another. (For example, patients’ travel
costs are a cost from the patients’ point of view and from the point of view
of society, but not a cost from the Ministry of Health’s point of view.
Workmen's compensation payments are a cost to the paying government,
a gain to the patient (recipient), and neither a cost nor a gain to society.
(These money transfers, which do not reflect resource consumption, are
called transfer payments by economists. Costs are involved in their
administration, but these are not measured by the amounts themselves.)
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Possible points of view include: society, Ministry of Health, other
provincial ministries, total provincial government, patient; employer,
federal government, the agency providing the programme, etc. If the
evaluation is being commissioned by ut given body, this may give a clue to
the relevant point(s) of view. However, when in doubt always adopt the
societal point of view, which is the broadest one and is always relevant.

2. Is the comparison restricted to the two or more programmes
immediately under study?

If the comparison is restricted to the programmes or treatments
immediately under study, costs comnion to both need not be considered
us they will not affect the choice between tli¢ given progrannnes.
(Elimination of such costs can save the evaluator a considerable amount
of work.) However, if it is thought that at some later stage a broader
comparison may be contemplated, including other alternatives not yet
specificd, it might be prudent to consider all the costs of the programmces.

3. Aresome costs merely likely to confirm a result that would be obtained
by consideration of a narrower range of costs?

Sometimes the consideration of patients’ costs merely confirms a result
that might be obtained from, say, consideration of only operating costs
within the health sector. Therefore, if consideration of patients’ costs
requires extra effort and the choice of programme would not be changed,
it may not be worthwhile to complicate the analysis unnecessarily.

However, some justification for such an exclusion of a cost category
should be given.

4. What is the relative order of magnitude of costs?

It is not worth investing a great deal of time and effort considering costs
that, beenuse they are small, are unlikely to nmke any difference to the
study result. However, some justification should be given for the elimina-
tion of such costs, perhaps based on previous empirical work. It is still
worthwhile identifying such cost categorics in any event, although the
estimation of them might not be pursued in any great detail.

Above all, the main point to remember when embarking on a costing
study is_that, to an economist, cost refers to the sacrifice (of benelits)
made when a given resource is consumed in a programme or treatment.
‘Therefore, it is important not to confine one’s attention to expenditures,
but to consider also other resources, the consumption of which is not
adequately reflected in market prices, e.g., volunteer time, patients’
leisure time, donnted clinie space, cle.
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4.1.2. 1low should costs be estimated?

Qnce the relevant range of cosls has been identified the individual items
must be measured and valued. In general, the programme ingredients
approach suggested in Chapter 3 should suffice and market prices will be
readily available for many of the cost items. Although the theoretical
proper price for a resource is ils opportunily cost (i.e., the value of the

forgone benefils because the resource is not available for its best alterna- .. -
tive use), the pragmatic approach to costing is to take existing market

prices unless there is some particular reason to do otherwise (e.g., the

price of some resources may be subsidized by a third party such as’'a

charitable institution). :

Although the costing of mosl resource items is relatively unambiguous, -

the following five issues commonly arise in costing studies.

1. How are values imputed for nonmarket items?

The major nonmarkel resource inputs to health care programmes are
volunteer time and paticnt/family leisure time. One approach (o the
valuation of these would be to use market wage rates (e.g., for volunteer
time one might use unskilled wage rates). The markel value of leisure time
is harder to assess. One can argue for a value of lost leisure time of
anything from zero, through average earnings, lo average overlime
earnings (lime and a half or double time). The argument for the overtime
rale js that this is the price that an employer must pay, at the margin, to
buy some of the worker’s leisure time. The most common praclice is to
value lost leisure time at zero in the base case analysis, and to investigale
the impact of the other assumptions through sensitivity analysis.

A slightly different approach is to identify and measure units of, say,
volunteer input and to document these alongside the other costs when
reporting results. This would enable the decision-maker to note those
programmes relying heavily on volunteers. It would then be up to the
programme director lo demonstrate that such an input could be obtained
without an opportunity cosl to other programmes arising from the
diversion of volunteers to tlie new programme.

The valuation of nonmarket items is discussed further in Chapter 7 on
cosl-benefit analysis.

2. How should capital outlays (on equipment, buildings and land) be
handled?

Capital costs are the costs to purchase the major capilal assets required
by the programme: generally equipment, buildings and land. Capital costs
differ from operaling costs in a number of ways. First, they represent
investments at o single point in time, often at the beginning of the
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programme, rather than annual sums like operating costs. Frequently, the
capital costs are not listed in the accounts or budgels of the organization
because they have been funded in advance, perhaps by a one-time grant,
while the budgets and accounts represent operaling expenses only.
Sometimes, the annual budgets and accounts contain an item called
depreciation which relates to capital costs, as explained below.

Capilal costs represent an investment in an asset which is used over
time. Most assets, such as equipment and buildings, wear out, or
depreciate, with time. On the other hand, land is a non-depreciable asset
because it maintains its value. There are two components of capital cost.
One is the opportunity cost of the funds tied up in the capital asset. This is
clearly seen in the case of land. Although an investment ‘in non-
depreciable land will return the original capital sum when sold, there is
still a ‘cost’. This cost is the lost opportunity to invest the sum in some
other venture yielding positive benefits. This is called the opportunity
cost and is valued by applying an interest rate (equal to the discount rate
used in the study) to the amount of capital invested.

The second component of a capital cost represents the depreciation’
over time of the asset itself. Various accounting procedures (straight line,
declining balance, double declining balance, etc.) are available for use in
the accounts of the organization. Often, accounting practices relate more
to the company tax laws governing the depreciation of assets than to the
real change in the value of the asset.

There are several methods of measuring and valuing capital costs in an
economic evaluation. The best method is to annuitize the initial capital
outlay over the useful life of the asset; that is, to calculate the ‘equivalent
annual cost”. This method and its advantages are discussed in more detail
by Richardson and Galni (1983). The method automatically incorpo-
rates both the depreciation aspect and the opportunity cost aspect of the
capital cost. It is our preferred approach and is described in Section 4.2
below. An alternative but less exact method is to determine the deprecia-
tion cost cach year using an accounting method and to determine the
opportunity cost on the undepreciated balarice for each year (See Levin
1975, Boyle, Torrance, Horwood, and Sinclair 1982). Where market
rates exist for the rental of buildings or lease of equipment, these may be
used to estimalte capital costs. This method also incorporates both the
depreciation and the opportunity components of the cost. (A series of
exercises illustrating the different methods of measuring and valuing
capital costs is given in Annex 4.1.)

If capital outlays relate to resources that are used by more than one
programme they may require allocation in a similar fashion to ‘overhead’
costs. See the discussion of this point below.
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+ 3. What is the significance of the average cost/marginal cost distinction?

Economists tend to emphasize this point, and the example of the sixth
stool guaiac in Chapter 2 illustrated the pitfalls in making decisions bascd
- on average cost. In fact, marginal cost and average cost are but two con-

cepts relating costs to quantity (Horngren 1982). A longer list would
comprise: .

" Total cost (TC) = cost of producing a particular quantity of
output.

Fixed cost(FC). = costs which do not vary with the quantity of
output in the short run (about one year), eg.
rent, equipment lease payments, some wages
and salaries. That is, costs which vary with time,
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power, etc. If individual programmes are io be cosled, these shared cosis
may need to be attributed to programmes. '

The main point to note at the outset is that thete is no unambiguously
right way to apportion such costs. The approach that is favoured by
economists is to employ marginal analysis. That s, to see which (if any) of
such costs would change if a given programme were added to, or
subtracted from, the overall activity. Whilst this is fine up to a point, the
most conmion situation is that the tholee Is 1ot such an addition or
subtraction, but one between two programmes, each of which would
consume the given central services (perhaps because they are competi-
tors for the same space in the hospital). For example, suppose the ques-
tion concerned spuce in the hospital that could be used cither for
anticoagulant tlierapy for pulmonary embolism, ot for renal dialysls. If

) " rather than quantity. . \ ol : 4 the economic evaluation concerned # choice b.etween these two
Variable cost (VC) = costs which vary with the level of output, e.g. 7 \\*‘ o ) ¢  programmes, then there would be no methodological problem, the costs
supplies, food, fee for service. ::\\‘?4 « ' 4 i associated with use of the space would be common to both and could be

Cost function (TC) = f((Q), total cost as a function of quantity. ' N ‘PO;‘ £ excluded from the analysis. However, typically the comparison might be -

Average cost (AC) = TC/(Q, the average cost per unit of output.

Marginal cost (MC)= (TC of x + 1 units) — (TC of x units).
= d(TC)/dQ evaluated at x

= the extra cost of producing one extra unit of
output,

The major significance of the averge-cost/marginal-cost distinction to
the evaluator is as follows. First, when making a comparison of two or
more programines, it is worth asking independently of each, ‘What would
be the costs (and consequences) of having a little more or a little less?'
|e.g., suppose Ncuhauser and Lewicki (1975) had been comparing the
six-stool protocol for detecting colonic cancer with another diagnostic
test. Perhaps the question of six- versus five-tests may ncver have been
asked!| Second, when examining the effects (on cost) of small changes in
output, it is likely that these will differ from average costs. For example,
the extra cost of keeping a patient in hospital for another day at the end of
his treatment might be less than the average daily cost for his whole stay.
(In fact, this issue usually arises in the opposite sense—the savings froma
reduction of one day’s stay are usunlly lower than the average daily cost.)

4. How should shared (or overhead) costs be handled?

The term overhead costs is an accounting term for those resources that
serve many different departments and programmes, e.g. general hospital
administration, central laundry, medical records, cleaning, porters,
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between the anticoagulant therapy and another programme in the same
field. This could be a programme of more definitive diagnosis of
pulmonary embolism, which would avert some hospitalization. In such an
instance it would be relevant to obtain an estimate of the value of the freed
resources (e.g. hospital floor space) that could be diverted to other uses.

Essentially, the issue at stake here is that of accurately estimating all the
costs attributable to a given programme or treatment when. this is
delivered alongside other programmes, as in the acute hospital. In
Chapter 3 the reader was warned against the unthinking use of hospital
(or other institutional) per diems or average costs. Before the methods
available for apportioning institutional costs are described in more detail,
the dangers of using per diems require more elucidation.

Many institutions calculate a per diem or average cost of their
operations. This is essentially their total operating costs for the year
divided by their total patient utilization for the year. A common example
is n hospital's avernge cost per patient-day. It is tempting simply to
multiply this figure by the number of patients and thelr average length of
stay to determine the hospital cost of a programme. What is wrong with
this procedure? First, it is only valid for truly ‘average’ patients—that is,
patients who use an average amount of radiological services, laboratory
services, opérations, nursing attention, drugs, and so on. If patients in the
programme being costed are not average, the result will be in error.

Second, many per diem calculations include arbitrary adjustments. For
example, certain types of patients (outpatients, day patients, newborn
paticnts, etc.) may be excluded from the denominator of the enlculation in
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récognilion that they are not typical. Then an estimate of the costs of these
patients (often a very crude estimale) is subtracted from the numerator
before calculating the per diem. The result is that the per diem itself is
imprecise, even for the truly average patient. ]

Finally, typical per diem cost figures are incomplete, as they totally
ignore capital costs. In summary, per diem cosls are only applicable to
average patients and even then are imprecise and incomplete.

A number of methods can beused (o determine a moreaccurale cost of
a programme in a hospital or other sctting where shared (or overhead)
costs are involved. The methods are illustrated below in terms of a
hospital setting. The basic idea is to determine the quantities of service
consumed by the paticat (days of stay in ward A, B, or C, number of
laboratory tests of each type, number of radiological procedures, number
of operaltions, eic.), 1o determine a full cost (including the proper share of
overhead, capilal, etc.) for a unit of each type of service, and to multiply
these together and sum up the results. The allocation methods described
below are different ways (o determine (he cost per unit for each type of
service. In these methods the overhead costs (e-g., housekeeping) are
allocated to other departments (e-g., radiology) on the basis of some
measure, called an allocation basis, judged 1o be related 1o usage of the
overhead item (e.g., square feet of floor space in the radiology depart-
ment might be used to allocate housckeeping costs 1o radiology).

In deciding which of the following approaches 1o use, the comments
made in Section 4.1.1 above, should be borne in mind. That is, the more
important the cost item is for the analysis, the greater the effort that
should be made (o estimate it accuralely. There may conceivably be
evaluations for which simple per diem costs will suffice, since the resull is
unlikely to change irrespective of the figure assumed for the cost of
hospital care. However, we suspect that such siluations are in the
minority, given (he relative order of magnitude of hospital costs
compared o othar elements of health care expendilures.

Alternatively, the intermediate approach suggested by Hull, Hirsh,
Sackett, and Stoddari (1982) may sulfice. Here the per diem cost is
purged of any ilems relating (o medical care costs, leaving just the *hotel’
componeni of hospital expenditure. It is then assumed that all patients are
‘average’ in respect of their hotel costs and that this expenditure can
therefore be apportioned on the basis of patient days. Thus, the hotel cost
can be calculated for the patients in the programme of interest and
combined with the medical care costs attributable to those patients to give
the total costs of the programme. (The medical care costs would be

estimated separately, using data specifically relating to the patients in the
programae.) '
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If a more detailed consideration of costs is required, various methods
for allocating shared (or overhead) costs are available, numcly:

(a) Direct allocation (ignores interaction of overhead departm.cnts)..
Each overhead cost (e.g., central administration, housekeeping) is
allocated dircctly to final cost centres (e.g., programmes like day
surgery; departments like wards or radiology). Programme X's
allocated share of central administration is equal to central
administration cost times Programme X's proportion of the
allocation basis (say, paid hours). Note, Programme X’s propor-
tion is Programme X's paid hours divided by total paid hours of all
final cost centres, not total paid hours for the whole organization.
The latter method would underestimate the costs in all final cost 4
centres. i ) N

(b) Step down allocation (partial adjustments for interaction of over-
head departments). The overhead departments are allocated in a
stepwise fashion to all of the remaining overhead departments and
to the final cost centres. ) .

(c) Step down with iterations (full adjustment for interaction of
overhead departments). The overhead departments are allocated
in a stepwise fashion to all of the other overhead departments and
to the final cost centres. The procedure is repeated a number of
times (about three) to eliminate residual unallocated amounts.

(d) Simultaneous allocation (full adjustment for interaction of over-
head departments). This method uses the same data as (b) or (c)
but it solves a set of simultaneous linear equations to give the
allocations. It gives the same answer as method (c) but involves less
work. (The method is shown diagrammatically in Fig. 4.1.)

An example showing the different approaches to the allocaflion ?f
overhead costs is presented in Section 4.3. Further details are available in
Horngren (1982), Clements (1974), Kaplan (1973), and Boyle, et al

1982). , .
. The) 'cffort that one would put into overhead cost allocation would
depend on the likely importance of overhead costs (in quan(i!a.live terms)
for the whole analysis. A much simpler, but cruder, approach is to

(a) identify those hospital costs unambiguously attributable to the
treatment or programme in question (e.g., physicians’ fees, labora-
tory tests, drugs). (These are known as the directly allocatable
costs.) Allocate these directly and immediately to the programme,
then;

" (b) deduct, from total hospital operating expenses, the cost of depart-

.
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centres. (5) Costs assigned to each patient based on services used.

Fig. 4.1. Schematic illustration of cost allocations (from Boyle et al.
1982) . o

ments already allocated above and departments know'm not to
service the programme being costed, then;
(c) allocate the remainder of hospital operating expenses on the basis
of number of patient days, e.g.:
‘ : Nel hos.pitﬂl Hospital
Hospital cost  Directly expenditure patient-days
of the = allocatable + X attributabl
Total number e
rogr.
programme  costs of hospital to the

patient-days  Programme
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(d) finally, undertake a sensitivity analysis.

Whilst there is nothing to suppose that this method is anything but
crude, if the choice between programmes is fairly insensitive to the value
derived it may suffice.

5. How should indirect costs be estimated ?

As was mentioned in Chapter 3, this is a particularly contentious issue.
The discussiont of this point will be postponed until Chaptet 5 since
changes it productive outptit more oftert enter into the economic evalua-
tion as a consequence of health cdte programnies; that is, tlie therapy
often averls future production losses i thit It einbles the sick person to
return to work of work until lnter I life. Production losses occur less

often on the cost side of the equation shice the patient Is already off work

because of his or her condition. Exceptions here would include popula-
tion screening or other preventive programmes and anyone considering
an evaluation of these should consult the relevant section in Chapter §.

42. ALLOWANCE FOR DIFFERENTIAL TIMING
OF COSTS (DISCOUNTING AND I
ANNUITIZATION OF CAPITAL EXPENDITURES)

As was mentioned in Chapter 3, some allowance needs to be made for the
differential timing of costs and consequences. That is, even in a world
with zero inflation and no bank interest, it would be an advantage to
receive a benelfit earlier or to incur a cost later—it gives you more options,
Economists call this the notion of time preference.

Typically, economic evaluation texts discuss the situation where the
costs of the alternative programmes A and B can be identified by the year
in which they occur: :

Year Cost of Programme A Cost of Programme B
(5000s) (S000s)
1 5 15
2 10 10
3 15 4

In this example, B might be a preventive prégramme which requires more
outlay in Year 1 with the promise of lower cost in Year 3. The crude
addition of the two cost streams shows B 1o be of lower cost, but the
outlays under A occur more in the later years.

A comparison of A and B (adjusted for the differential timing of
resource outlays) would be made by discounting future costs to present
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values. The calculation is performed as follows. If P = present value;
F, = future cost at year n; and r = annual interest (discount) rate (e.g.,
0.05 or 5 per cent), then

P= i E(+r)"
n=|
(1+7r)

R
(I+r)1

F
+r)

+

+ T
In our cxumblc this gives:
Present value of cost of A = 26.79

Present value of cost of B = 26.81

This assumes that the costs all occur at the end of each year. An
alternative assumption which is commonly used is to assume that the
costs all occur at the beginning of each year. Then, Year 1 costs need
not be discounted, Year 2 costs should be discounted by one year, elc.
Calculuted in this way, the previous example is:

2
P= Y E(+r)"

: F, A
r°+(l+r)+(l+r)1

Present value of A = 28.13
Present value of Bi= 28.15

The factor (1 + r)™ is known as the discount factor and can be
obtained for a given n and r from Table 1 in Annex 4.2. For example, the
discount factor for three periods (years) at a discount rate of 5 per cent is
0.8638.

While this approach is the most convenient for a number of pro-
gramme comparisons, a more common situation is that where most of the
costs are easily expressed on an annual recurring basis and it is only
capital costs which differ from year to year (typically these will be at the
beginning of the programme, or Year 0).

Llere it might be more convenient to express all the cosis on an annual
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basis, obtaining an equivalent annual cost (E) for the capital outlay by an
amortization or annuitization procedure. ‘This works as follows: '

If the capital outlay is K, we need to find the annual sum E which overa

period of n years (the life of the facility), at an interest rate of r, will be
equivalent to K. '

This is expressed by the following formula:

E E E

S T S Te R T

1- (1+7)™"
or

K=E

K = E|Annuity factor, n periods, interest r|

As before, the annuity factor is easily obtainable from Table 2 in -
Annex 4.2. Fpr example, in the cost analysis of providing long term
oxygen therapy Lowson, Drummond, and Bishop (198 1) found the total
capital (set up) costs (K) to be £2153.

Therefore, applying the formula given above:

E E E E E
e T R TR R T R i Al g

2153 = E |Annuity factor, 5 years, interest rate 7 per cent|
2153 = E[4.1002)(from Table 2 in Annex 4.2)

E = £525 (as shown in Table 11l of Lowson et al., (1981).
Note that Lowson ef al (1981) assumed that the annuity was in arrears,
that is, due at the end of the year. It might be argued that a more realistic

assumption would be that it were payable in advance. This is equivalent to
the formula:

E
E E + E

2153'(1+r)+(1+r)’+(1+r? (1+r)

The value for E can still be obtained from Table 2 by taking one less
period and adding 1.000. This gives a lower value for E = £491, This is

" logical since the repayments are being made earlier (at the beginning of

each year) rather than in arrears.
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This approach can be generalized t¢
cquipment or bulldings have s resale value n .

S - the resale value;
n= . the useful life of the equipment;
re= discount (interest rate);

A(n, r) = the annuity factor (n years at interest rate ) .
K = . purchase price/initial outlay;

E=.  equivalent annual cost;
then
S
) .
- (1)
A(n,r)
The method described abov.

: e is unambiguous for i
old equipment, there are two choices: . oriew equipment. For

Choice 1 — Use the replacement cost of the equipment (of the origipal

C

.

Choice 1 is usually better as the results are more generalizable—less

situational. Note that using the unde
; preciated balance from th
of the organization is never a method of choice. cRecounts

t It can be seen that the equivalent annual cost of buildings or equipment
0 a given programme depends on the values of n, r,and S, all of which

must be assumed at the time of il i
. 1e evaluation. Practical poj
evaluators might care to note are: e

1. Useful life and resale value (nand S)

It is.important to make a distinction between the physical life of a piece of
cqutpmen.t and its useful clinical life. The latter is highly dependent on
te<.:lmol‘og|cal change. Obviously one can undertake a sensitivity analysis
using different values for n, but in general it is best to be conlscrvnliv; an
assume short lives (say, around five years) for clinical equip‘ment.

2. Choice of the discount rate (r)

}here are (wo competing theories regarding the proper measure for the
iscount rate for public projects (the social discount rate):

(@) r = thereal rate of return (to saciety) forgone in the private sector.
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’i‘hls can be estimated empirically, although not without
controversy. !
(b) r = the social rate of time preference.

The social rate of time preference is a measure of society’s willingness,
collectively, to forgo consumption (gratification) today in order to have
greater consumption (gratification) tomorrow. Frequently it is assumed
that the Interest rate on a risk free investment (e.g., long-terin government
bonds) represents the individual investor’s willingness to forgo the
present for the future, and that this rate is the individual’s rate of time
preference. Then if society’s collective rate of time preference is simply
the aggregate of the Individual fates (a controversial assumption), the .
required rate is simply given by the real (adjusted for inflation) rate of
return on long-term government bonds. _

However, in practice it is usually admissible to select a central ‘best
estimate’ of r, and then vary this systematically in a sensitivity analysis to
determine the impact on the study conclusions. The criteria to use in
selecting a central r and a range for sensitivity analysis are that these
should:

(n) be consistent with economic theory (2 per cent to 10 per cent);

(b) include (bracket) any government recommended rates (5 per cent,
7 per cent, 10 per cent);

(¢) include (bracket) rates that have been used in other published
studies to which you might wish to compare results (3 per cent to
10 per cent);

(d) be consistent with ‘current practice’ (for example, S per cent has
been used recently in papers published in the New England
Journal of Medicine).

3. How to handle inflation
Ifitis assumed that all the items of cost in the programme will inflate at the
same rate and that this will be the same rate as inflation in general, there
are two equivalent choices:
(a) Infate all future costs by this predictedinflation ratc and then use a
larger discount rate that allows for the effect of general inflation
(the inflation adjusted discount rate*), or

* Calculation of inflation adjusted discount rate: if the real discount rate is 5 per cent
and genceral inflation is 8 per cent, then the inflation adjusted r = (1.05)(1.08) = 1.134
or 13.4 percent.
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(b) Do not inflate any future costs (i.e., use constant dollars) and usc a
smaller discount rate that docs not allow for inflation (the real
discount rate). .

Method (b) is the simpler and preferred-approach.

Ifitis assumed that different items of cost in the programme will inflate
at different ratcs, there are also two equivalent choices:

(a) InNate all future costs by their particular predicted inflation rates
and then use a larger discount rate that allows for the effect of
general inflation (the inflation adjusted discount rate*), or

(b) Do notinflate any future costs (i.e., use constant dollars) and use a
smaller discount rate that does not allow for inflation (the real
discount rate), but adjust the discount rate for each item to account
for the dilferential inflation rate between this item and the ‘general’
rate ol inflation, e.g., if general inflation is 8 per cent, this item is
expected to inflate 10 per cent, and the real r is equal to 4 percent,
then r adjusted for this item is

.0
r=1.04x ‘:ilg = 1.021,i.c. 2.1 per cent.

Method (b) is again the preferred approach. In general, however, most
studies perform the whole analysis in constant price terms and use a
single discount rate.

43. ALLOCATION OF OVERHEAD COSTS:
EXAMPLE

The following example demonstrates the various methods of handling
overhead costs discussed in Section 4.1.2 (4), p. 43. Suppose we wish (o
determine the cost pf neonatal intensive care (NIC) for a specific group of
patients. For each patient we have data on the length of stay in the
neonalal inlensive care unit (NICU) and data on the number and type of
laboratory lests performed. For simplicity, let us assume that these were
the only services received by the patients—that is, the patients had no
operalions, po radiological or nuclear medicine investigations, no social
work, etc. Furthermore, let us assume that there arc only three overhead
departments that serve the laboratory and the NICU: administration,
housekeeping and laundry. (In principle it would be possible to consider
other overhead departments, like plant operations and maintenance,
bioengineering, and materials management.)

* Scefoomnte on p. 52,
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Thefirst task is to determine a unit of output for those departments that
directly serve patients. We will be determining a cost per unit of output,
and multiplying this cost by the usage of each patient to determine the
cost per patient. Thus, the unit of output must be as homogeneous as
possible with respect to cost, and yet be available in the data for each
patient. We have selected a patient-day as the unit of output of the NICU,
and a DBS unit for the laboratory. A DBS (Dominion Bureau of
Statistics) unit is a standard laboratory work unit used in Canada; each
lab test is assigned a predetermined numbér of DBS units according to
the amount of work needed to perform the test.

An allocation basis must be determined for each overhead department.
For example, square feet of floor space has been selected for house-
keeping. This means that housekegeping costs will be allocated to depart-
ments receiving housekeeping services in proportion to the square
footage of floor space in the department. Similarly, paid hours has been
selected as the allocation basis for administration costs, and pounds of
laundry for the laundry costs. '

The data for this simplified example are given in Table 4.1. The
calculations, as performed by the different methods, are given in
Tables 4.2 to 4.7. '
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Table 4.1. Cost allocation data

Annual .

pd-hrs

Annual

Ibs laundry

Ft?

Allocation

Direct cost

Annual Annual units

" basi

direct cost® -

per unit

of outpur®

S

S

0
80000
0

120 000

8000
1000000 200000 ~ 200000

30000
4000

200 000
300 000
300000 158000

200 000

pd-hrs
ft?
Ibs

2000 000

1500 000

1300 000
10 200 000
15 000 000

Housekeepin_g

Administration
Laundry
Other

Overhead deparuments

Subrotal
Final departments

(Pt. service)

25000
75000

30000

250 000

50 000
1700000 562000 1200000

0.50/DBS unit

4000000 8000000

Laboratory

8 000

100/pt.-day

5000

500 000
30 500 000

35000000

- 50000 000

NICU

Other

2000000 600000 1300000

3000000 800000 1500000

Subroral
Hospital total

.« Direct cost consists of salaries plus supplies. > Lab output is in DBS units and NICU output is in patient-days.
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Table 4.2. Merthod 1—ignore overhead

Lab cost/DBS unit = $4 000 000/8 000 000 = $0.50/DBS unit
NICU cost/pt-day = $500 000/5000 = $100/pt-day

Table 4.3. Method 2—direct allocation of overhead
(Note: Allocation denominator = sum of ‘final’ department.)

Lab cost = direct cost + lab’s share of admin + lab’s share of
housekeeping + lab’s share of laundry

250 000 30 000
=40 0+— 000 000)+ ———— 00 ( +
00 00 2 000 000(2 00 000) 500 000(] 500 000)

25 000
1 300 000

= 4000 000 + 250 000 + 75 000 + 25 000 = 4 350 000

(1 300 000)

Lab cost/DBS unit = 4 350 000/8 000 000 = $0.54/DBS unit

NICU cost = direct cost + share of admin + share of housekeeping +
share of laundry

50 000 8 000
=500000 + ————(2 000 000) + 1 500 000) +
2000 000( 000 000) 600 000( 5. )
75 000
1300 000 000“ 300 000)

= 500 000 + 50 000 + 20 000 + 75 000 + $645 000

NICU cost/pt-day = 645 000/5000 = $129/pt-day
1
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le 4. Method 3—Siep down allocation of overhead
te: Allocation denominaror = sum of remaining deparuments in the step down sequence.)

Admin HK Laundry Other Lab NICU Other J
“tcost 2000 000 1 500 000 1 300 000 10 200 000 4000 000 500 000 30500000 50m
: 2 25 0.5 17
ate admin 2000000~ = = 213286 = = |4 e 6 = = 7 == 3574 — -
2 2857 78 - 214286 178 571 = 3 25 ~l214286
8 158 30 8 562
ae ¢ 1714286 = — = — - — - S— = 17904 = . 7
8 = 17 904 766 - 3959 o= 67139 = 1 Ze ~ 1257740
: 5 75 1200
ate  undry 4 - ._12_0 - Z_ - —_— —_— - 4
1460 761 Taz0 — 12345 = 25718 = 77153 Ta20 — 1234446
"ost 10 891 330 4271428 630771 34206472 S0m
+ 8000 000 + 5000
it $0.53/DBS unit $126.15/pt-day
= %5 Method 4—Siep down with iterations
St \llocation denominator = sum of all departments except the one being allocated.)
Admin HK Laundry Other Lab NICU Other J
k(] .
tcost 2,000 000 1 500 000 1 300 000 10 200 000 4000 000 500 000 30500000 SO0m
3 2 -3 25 05 17
i - e - —_— - — - —_— - 71 —_—- — -
al  dmin 2000000~ = = 214286 35 - 142857 = - 214286 = 178§ = 35714 25 ~ 1214286
30 - 8 _ 3B ooz 30 L e B 9 352 21033
ate HK 06 = 64609 - 1714286~ - 17229 == = 340273 — 64 e 17229 == _
0 . .._120 - 1 7 i = 24335 A - 12_00 =1 168 06
Stals 64 609 77871 0 10871 366 4267515 625947 34092693 SOm
” 3 2 3 25 0.5 17
. - L - ‘= a == 57 — - — = 39227
te ~dmin 64609~ = 6922 = 4615 ° = 6922 2: ¥ 5 1154 szg
. 30 : 158 _ 30 . — o 382 - =y
e s 3196 - 84793~ — - 352 = 16831  — 3196 oo 852 == 59 866
__0 _80 - - 120 - 7 i - 91. A - 273 12—00 - 4374
Sy TS0 " 1500 =~ 22 3467 = 1500 7 1500 1500 1500




34196160 &

4276 571

10 895 556

292

3196

New totais

628 226

3196~

"cate Admin

'
~o| 5
]
o !
o|8
~
1
T o
”m —
L -]
1
! o
olo
©0 |y
2]
< o
o~
1 1
o |2
=]
ool
""|I~°|n
x4

cate HK

" Ailocate Laundry

| 628301

10 896 043

5¢

34198735

4276884

12 0

24

l New totals

2 (-3
] ]
=IRg|g
- (-]
1
[} 1
3R |8
(4] o
1 1
Jlag|a
~™ ”
&
1 1
~IRg|8
-~
!
o
]
-
a
g8
5§
<
g

5

34198 762

10 896 049 4276 887 628 302
+ 8000000

0

Final totals

5000

$125.66/pt-dav

Units

$0.53/DBS unit

‘Costunit

Table 4.6. Method 5=simultaneous allocation (reciprocal method)
(Note: Allocation denominator = sum of all departiments).

30 .
Admin  C,; =2 000 000 -l--—C, +—C,
30 800
4 80
HK -1500000+-—C.+—-C1+———CJ
_ 800 1500
2
Laundry C,= 1300000+ —C, + — (.,,
30 800
25 30 25
Lab = 40000004+ —C, + —C, +- G,
30 800 1500
0.5 75
NICU C;=- 500000+——C,+-—— C,+——¢C,
30 800 1500
28 30
—C,——(C, =2 000 000
30 800 ‘ _
3 796 80
- —= Oy =——=Cy =1 500 000
30 800 1500
2 8
-—C,-—C, +C, = 1 300 000
30 800
25 30 25
-22C, - —C,———C,+C, =4000000
30 800 1500
0.5 8 75
-—C, ——C,- Cy+Cs = 500000
30 800 1500

The solution of this set of equations is:

C,=2215531
C,— 1808772
C,= 1465790
C,= 4276 886
Cs= 628303

Therefore, the Cost/unit of output is:
Lab: $4 276 BRG6/8 000 000 = $0.53/DBS unit
NICU: S 628 303/5 000

= $125.66/pt-day




Cost analysis
Table 4.7. Method 6—patient-day allocation of overhead

This is the simple method described in the footnote of page 270f
Chapter 3 and on page 46 of Chapter 4. It may be useful in some cases.

Laboralory costs would be charged without overhead: $0.50/DBS unit.

NICU costs would be the direct costs of $500 000 plus a share of all
relevant other departments (2.0m + 1.5m + 1.3m = 4.8m) in
proportion to patient-days (5 000/500 000 where the denominator is
lotal annual hospital patient-days). Thus,

NICU cost = $500 000 + $4 800 000 (5 000/500 000) = S548 000).
NICU cost/pt-day = $548 000/5 000 = $110/pt-day.
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ANNEX4.1. METHODS OF MEASURING AND
VALUING CAPITAL COSTS

We are indebted to Morris Barer of the University of British Columbia
for producing these examples, which should clarify the treatment of
capital costs.

As a first note, we need to distinguish two classes of ‘capital'—land and
equipment. This is an important consideration, beeause in costing
excrcises we assume land does not depreciate, while of course capital
equipment does. You can think of there being a continuum along which
materials and supplies ‘depreciate’ or are used up instantaneously and so
are costed fully in the year of use; capital equipment depreciates more
slowly, and may be handled ina variely of ways; land does not depreciate
atall.

As a second note, recall that ‘capifal equipment costs have three
components—depreciation, opportunity cost, and actual operating costs.
We will ignore the last of these here.

First consider equipment, and Jet us use an example of a machine
costing $200 000 that, at the end of 5 years, has re-sale value of $20 000.
Assume straight-line depreciation and a discount rate of 4 percent. There
are, then, four approaches to cosling:

(i) one canassume all costs accrue at time 0. This amounts to treating
the equipment as one would less durable materials and supplies:
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Time 0 I 2 3 4 5
Depreciation 200000 0 o '

0
Undepreciated balance at : 2 e :
beginning of period - 0 0 0o 0o o
Qpporttgnily cost = 0 0 o0 0 0
Dep'n. + opp cost 200000 0 o

0 o0 20 000
Present value (PV) 200000 0 0 0 o §16 439;

Net present value (NPV) of equipment cost = $183 561

Alternatively, but equivalently, one can treat the machine as-

) instantancously depreciating, except for the $20 000 resale value
which then is iaintained through the 5 years: ‘

'

Time 0 1 2 3 4 5
Depreciation 180 000 — - - -
Uu;deprecialed balance - -
at beginning of period 20000 20 000 20 00

A ) 20000 2000
Opportunity cost 800 800 800 800 803
Dep'n. +
Pvp opp cost 180 000 800 800 800 800 800

180 000 769 740 711 684 658
NPV of equipment cost = $183 562

(ii) pne can compute depreciation and opportunily costs separately.
They are related in that the opportunity cost of equipment refers
to the use of the 1sources embadied in the equipment, in their next
best use—this is ‘approximated’ by calculating the return on the
fm!ds.implicil in the undepreciated value of the equipment at each
pointin time. Hence, the higher the rate of depreciation, the lower
the opportunity cost, all else equal. Again, one has the choice of

building the $20 000 resale in at the end, or just depreciating less
- of the machine. It works out the same:

68
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Time - | 2 3 4 5

Depreciation
Undepreciated balance ‘ g
at beginning of period 200 000 164 000 128 V00 92 000 56 000

36000 36000 36000 36 VDO 36 VOV

Opportunity cost 8000 6560 '5120. 3680 2240
Dep'n. + opp cost 44000 42560 41120 39680 38240
PV 42308 39349 36556 33919 31430

NPV of equipment cost = $183 562

Time 1 2 3 4 5

Depreciation 40 000 40000 40000 40 000 20 000
Undepreciated balance

at beginning of period 200 000 160 000 120 000 80 000 40 000
Opportunity cosl 8000 6400 4800 3200 1600

48 000 46400 44800 43200 21600
46 154 42899 39827 36928 17754

NPV of equipment cost = $183 562

Dep'n. + opp cost
PV

(iii) One can compute an equivalent annual cost. This may be useful in
a situation where other operating costs are the same each year,
making necessary the comparison of only a single year of cost data
for each alternative in the economic evaluation:

NPV  =E-: Al ‘(Where AF; . is the annuity factor
' for 5 yearsataninterest rateof 4 per

cent. See Table 2 in Annex 4.2)
183562 =1:-44518 - E=S41 233

In other words, an equal stream of costs amounting to $41 233 in
each of the five years of the program has a present value
equivalent to any of the unequal cost streams in (i) or (ii) above.
Note, therefore, that the equivalent annual cost embodies both
depreciation and opportunity cost.
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Annex 4.2. Discount Table 1
Present value of S1 .
N 1% 2% 3% 4% 5% 6% % 8%
1 0.9901 09804 09709 09615 0.9524 09434 09346 0.9259
2 09803 09612 09426 09246 0.9070 08900 0.8734 08573
3 0.9706 0.9423 09151 08890 0.8638 08396 08163 0.7938
4 09610 09238 0.8885 08548 0.8227 0.7921 0.7629 0.7350
S 09515 09057 08626 0.8219 0.7835 0.7473 0.7130 0.6806
6 09420 08880 0.8375 0.7903 0.7462 0.7050 0.6663 06302
7 09327 08706 08131 07599 0.7107 06651 06227 05835
8 09235 08535 0.7894 0.7307 0.6768 0.6274 0.5820 0.5403
9 09143 0.83'68 07664 0.7026 0.6446 05919 05439 0.5002
10 09053 08203 0.7441 0.6756 0.6139 05584 05083 04632
11 0.8963 08043 0.722¢ 0.6496 0.5847 05268 0.4751 04289
12 0.8874 0.7885 0.7014 0.6246 0.5568 0.4970 04440 03971
13 08787 0.7730 0.6810 0.6006 0.5303 04688 04150 03677
14 08700 0.7579 0.6611 0.5775 0.5051 04423 03878 03405
15 08613 0.7430 0.6419 0.5553 04810 04173 03624 03152
16 0.8528 0.7284 06232 05339 0458t 03936 03387 02919
17 0.8444 0.7142 06050 05134 04363 03714 03166 02703
18 0.8360 0.7002 0.5874 04936 04155 03503 02959 0.2502
19 08277 0.6864 0.5703 04746 0.3957 03305 .2765 02317
20 0.8195 0.6730 0.5537 04564 03769 03118 02584 02145
21 08114 0.6598 0.5375 04388 0.3589 0.2942 2415  0.1987
22 0.8034 0.6468 05219 04220 0.3418 0.2775 0.2257 0.1839
23 0.7954 0.6342 0.5067 0.4057 0.3256 02618 02109 0.1703
24 07876 0.6217 04919 03901 03101 0.2470 01971 0.1577
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Annualization Factors

S

él

136

. EXPECTED USEFUL LIFE iN YEARS
~

%'6% 7% 8% 8% :10%11% 12% 3%

*+. .DISCOUNT -RATE :

e L%
14% $15% 16% “17% '18% *19%20%

1970|1942 1913|1836 |1859]1833

1.808 ( 1.783

1.759

1.736

1.113

1.690

1.6261.605

1.585

1.566 [ 1.547 | 1.528

2941 (2884 |2823|2775 (2723|2673

2.624 [ 2577

2531

2487

2444

2402

2.361]2.322

2.283|2.246

2210

2.174 (2140 2.106

3902|3808 [3.717 | 3.630 | 3.546| 3 465

3.38713.312

3.240

3.170

3.102

3.037

297412914

2.85512.798

274

2690|2639 | 2.589

4580 | 4.452|4.329|4 212

4100|3993

3.890

3791

3.696

3.605

3517 (3433

3.352(3.274

3.199

3.127(3.058 | 2.991

541752425076

4917

4.767 | 4.623

4486

4355

423

4111

3998 | 3.889

3.784|3.685

3589

3.49813.410|3.226

6.230

6.002 |5.786

5582,

5.389 | 5.206

5033

4.868

412

4.564

4423 )4.288

4.160)4.039

3922

J.812|3.706 | 3.605

7.020

6733|6463

6210

59715747

55835

5335

5.146

4.968

4.799 | 4.639

4.487)4.344

4207

4.078)3.954 13837

7876

7435(7.108

6802

6515|6247

5995

5759

5537

5328

5132 | 4946

4.77214.607

4451

'4.303/4.163 | 4.031

1 | 8583 | 8530

81117722

7360

7024|6710

6418

6145

5889

5650

5426 | 5216

5.019/4.833

4659

4494142194192

9787|9253

8760 |8 306

7887

7499 |7.139

6805

6495

6207

5938

5687|5453

5.234|5.029

4836

4.656 | 4.486 | 4.327

10575] 9 954

9385 (8863

8284

7943|7536

7.161

6814

6492

6154

5918 | 5660

5421)5.197

4988

4793146114439

11.348]10635

9.986 19394

8853

8.358 | 7.904

7487
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6.750

6424
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4910147154533
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S.29
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12849(11933

11.118[10 38%¢

9.712

9.108 | 8.559

8061

7.606

7.191

6811

6462 [ 6.142

5.847(5.575

$.324

5092|4876 |4.675

13578(12.561

11.652/10 838

10.106

9.447 | 8.851

8313

7.824

1379

6.974

6604 | 6.265
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5405

5.162(4.93814.730

14292113.166

12.166(11.274

10477

9.763 | 9.122

8.544

8.022

7.549

7.120

6.729 [ 6.373

6.047]5.749

5475
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12.659/11.69(
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8.756
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7.702
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5.534
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1567814.324
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7.839
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11470
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5.353[5.101 4.870
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152471137
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8.348
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7.283(6.835
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12783
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8422
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7.330(6.873
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5.766

5.467)5.195 | 4.948
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1598314375

13003

11.826/10.810

9.929

9.161

8.488

7.896
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16.330|14 643
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8.548

7.942

7.40916.935
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5.798

5.492(5.215/4.964

21.281)18.764

16 663|14 898

13406

12.137/11.051
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COSTING NEW SERVICES: LONG-TERM
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Summary An economic appraisal of different methods

of long-term treatment with oxygen in the

home has shown that the oxygen concentrator is the cheapest

and most convenient one. The only method at present

generally available in the National Health Service, the use of

small oxygen cylinders, is the most expensive and least

. convenient of those studied. There is need for a more flexible

administrative system which will allow patients and the

Health Service to benefit from the economies which are
offered by technical advances.

INTRODUCTION

RESEARCH over the. past 15 years'® has indicated that
oxygen given for 12-24 h a day to patients with chronic
*  bronchitis and chronic hypoxaemia reduces pulmonary
arterial pressure and red cell mass. More recently, clinical
trials in the U.S.A.” and a Medical Research Council
(M.R.C.) multicentre controlled triai® have confirmed that
long-term domiciliary oxygen therapy reduces mortality and
improves general quality of life. The M.R.C. trial employed
three methods of delivery: cylinder oxygen, liquid oxygen,
and oxygen from concentrators, and all seemed to be'equally
effective. .

Although medical research inevitably leads to demands for
new services, the resource consequences of new treatments
are typically underexplored. In the case of oxygen therapy the
resource consequences take on extra significance, since the
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three treatment methods have similar medical attributes, yet
vary considerably in cost. Furthermore, detailed examination
of the relative costs of the treatments reveals firstly that one of
the methods (oxygen concentrators) is more capital intensive,
and is therefore sensitive, in terms of cost per patient, to the
size of the patient population; and secondly that only one of
the treatment methods examined in the trial is currently
funded on a regular basis within the National Health Service
(N.H.S.).

This paper describes the use of economic appraisal’ in

examining the resource consequences of providing long-term .

oxygen therapy. The costing exercise also attempts to
illustrate some of the problems facing those researchers and
clinicians who wish to examine the resource consequences of
introducing new services.

METHODS OF OXYGEN ADMINISTRATION

Cylinder oxygen comes in large (120 cu ft, 3400 litres) or
smail (48 cu ft, 1360 litres) containers. If large cylinders are
used for 15 h per day, the patient consumes %—1 cylinder of
oxygen daily, necessitating approximately one delivery of 6
cylinders a week. Small cylinders are supplied and delivered
by the local pharmacist; 15 cylinders are used per week,
necessitating approximately 2 deliveries per week. The
cylinders have to be stored, for example, in a cupboard or the
hall, and the oxygen is piped through tubing to, say, the
lounge and bedroom.

Liquid oxygen provides a large volume of gaseous oxygen
from a small storage space. Each patient has a reservoir
weighing 32 kg when full which contains the equivalent of
13 800 litres of gaseous oxygen. This reservoir, which is
refilled twice weekly from a delivery service of liquid oxygen,
stands in a corner of the bedroom or living room; oxygen
evaporates through coils in the top of the reservoir and is then
fed via the flow meter and plastic tubing to the patient’s nasal
prongs. Most patients also receive a patient-carried liquid
oxygen reservoir (Union Carbide ‘Walker’ System) weighing
4-5 kg when full of oxygen (1026 equivalent litres of gaseous
oxygen). The portable container can be refilled with liquid
oxygen-from the larger reservoir by the parient.

The oxygen concentraror'? is an electrically driven machine
which separates oxygen from the other gases in the air. The
concentrator output is 95% oxygen and the machine
incorporates a small storage cylinder. Concentrators, once
installed into, for example, a corner of a bedroom or an
out'house from which the oxygen is piped as before, are easy
for the patient to use, compact, quiet, easy to maintain, and
reliable.

COSTING METHODOLOGY

'I_'hc costs considered here are those falling on the N.H.S. and
patients as a result of the incremental resource use in providing long-
term oxygen therapy. Other costs incurred in treating patients with
chronic bronchitis regardless of the method of oxygen provision,
such as the cost of drugs and visits by the general practitioner, are
not considered since there is no evidence that they differ greatly
among the three treatment methods. Furthermore, the question
being posed here is “what is the most efficient way to administer
lqng-term oxygen therapy?”, not “is treatment worthwhile per se?”
given the other priorities facing the N.H.S. This latter question
would also require estimates of the benefits to patients and to the
N.H.S. of improvements in morbidity and mortality resulting from
treatment.

Points to note in the cost calculations include, firstly, the
distinction between costs which are relatively fixed regardless of the
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number of patients served (such as the provision of a workshop to -
maintain concentrators) and those which vary with the patient
population (such as the' electricity required to run the
concentrators). This distinction becomes important in this study
because concentrators have a higher element of fixed costs than the
other two treatment methods.

Secondly, assumptions have to be made about the length of life of
the capital cost items, such as buildings, workshop facilities, and
equipment. The assumptions made here of 30 years, 10 years, and 5
years, respectively, are conservative but the assumption of longer
lives does not change the results very much.

Thirdly, it is necessary to allow for the fact that the alternatives
with a larger capital component require a larger proportion of the
resource outlays earlier in the life of the project. In industry the
interest a company would have to pay on the capital would be
reflected in investment appraisals. Although the N.H.S. does not
pay for its capital in the same way, one could still argue that as a
community we are not indifferent to the timing of resource
commitments; that is, we prefer to incur costs later rather than
sooner. The most widely accepted way of incorporating this notion
into public sector appraisals is to apply a public sector discount rate
to costs and benefits occuring in future years.® Since most of the
costs of oxygen therapy can be expressed on an annual basis, the
discount rate is used to convert the capital outlays to an annual
charge which reflects not only the actual sums involved but also the
fact that they occur sooner rather than later.

Several models of oxygen concentrator are commercially
available, so costs may vary. Firstly, the type of concentrator
determines not only its purchase price, but also the running costs,
because the more recent models are smaller and require less power.
Secondly, the maintenance costs vary according to whether this
service is provided by technicians operating from purpose-built
workshops, or technicians attached to an existing unit.

Thus, two methods of providing oxygen by concentrators have
been costed, the purchase of a new machine being assumed in both
cases:

Alternative A.—To maintain the concentrators effectively
hospitals or health authorities with very few or no specialised
workshop facilities have to be provided with a workshop. This must
be equipped with furniture and tools and a vehicle in which to make
home visits, and it has to be staffed by two technicians to allow for
illness and holidays. If more than 60 concentrators are serviced,
three technicians and an extra vehicle may bé required.

Alternative B.—Where hospital workshops are currently
operating below full capacity the additional cost of providing basic
servicing facilities for the concentrators through existing
workshops would not be very large. It would consist of the costs of
providing extra equipment, tools, furniture, and a vehicle; and only
one technician need be employed for servicing 30 concentrators
since cover could be provided by the existing staff. For up to 60
concentrators, two technicians are assumed to be employed, and
three, plus an extra vehicle for more than 60. Finally, only a
proportion of the running costs of the whole workshop need be
apportioned to the concentrator servicing.

Since the number of patients served is a key factor in determining
the relative costs of the treatment alternatives, the figures for total
cost and cost per patient are given below for varying population
sizes. Some of the assumptions made in deriving the costs are given
in the accompanying discussion. A background paper giving fuller
details of the cost calculations can be obtained from the authors.

RESULTS

The set-up costs and running costs (tables I-1V) are based on
15 h of oxygen use per day at 1980 prices. Some of the set-up
costs are common to all methods, for example, the cost of the
piping; whilst others differ between methods, such as the cost
of the base for the liquid oxygen reservoir, the stands for the
cylinders, and the electricity sockets for. the concentrators.
The running costs differ between methpds, for example, for
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TABLE [-COST PER ANNUM PER PATIENT FOR SMALL CYLINDERS

Item Amount (£)

Running costs

780 cylinders at £3-78* 2948

104 deliveries at £6-001 624

Rental for sets and stands at £3-60 per month 43

Total running cost, including value added tax 3615
Set up costs

Per annum installation cost discounted at 7% 24
Total cost 3640

*Rental cost of cylinders includes cost of oxygen and the maintenance charge,
although there can be a separate cost for out-of-hours calls.

+Charge fixed per delivery regardless of number of cylinders per delivery, but
may vary according to geographical location of patient.

TABLE 1I-COST PER PATIENT PER ANNUM FOR LARGE CYLINDERS

Item Amount (0F

Running costs

365 cylinders at £3-78° 1380

60 deliveries at £9-501 570

2 call-out charges at £8-32 16

Total running cost, including value added tax 2261
Set up costs . '

Per annum installation cost discounted at 7% 24
Total cost 2286

*Rental cost of cylinders includes cost of oxygen and the maintanance charge.
+As for table 1.

4 There is no general N.H.S. tariff for large cylinders, and costs are calculated
from typical costs incurred by hospitals.

TABLE I1I—-COST PER ANNUM PER PATIENT FOR LIQUID OXYGEN
Amount (£)

Item

Running costs .
48 refills at £13-80* 662
Set-up costs

Costs of main and portable reservoir 2000
Costs of installation, flow meters and fire extinguisher 153
Total sct up costs 2153
Discounted per annum set-up cost 525
Total cost 14861

*Includes delivery charge and cost of routine maintenance.
+Individual cost items at 1978 price levels; total cost adjusted to 1980 price
level.

costs for delivery of the oxygen, or for electricity for the
concentrators. Costs per patient and costs in relation to
number of patients are shown in figs. | and 2, respectively.

DISCUSSION

The figures indicate a cost advantage for concentrators for
all but small numbers of patients. However, all cost figures
are to some extent the product of the assumptions made in
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Fig. 1—Cost per patient for all methods of providing oxygen.

Cost in £.

Discount rate of 7% assumed.

Kinks in graphs for concentrators are due to sharp increases in workshop
costs (see text) after 60 patients for alternative A, and after 30 and 60 patients
for alternative B.

their calculation. Also they must be interpreted in the light of
local circumstances: what is cost effective in one location may
not necessarily be cost effective in another. We discuss here
how the consideration of some economic issues may aid

decision making. o )
The choice of discount rate is often a contentious issue in

economic appraisals, but although concentrators and liquid
oxygen need larger resource outlays in the form of
equipment, the choice of discount rate has little effect on the
results. In practice the capital outlays on equipment are much
more likely to present financial problems.

The results show that size of patient population is one of the
key influences on the relative cost (per patient) of the various
treatment modes, largely because of the high set-up costs of
concentrators. Maintenance facilities and technicians must
be provided to service the concentrators irrespective of the
number of patients, and the level of such provision only
increases slightly with larger numbers. The least expensive
treatment modes are large cylinders for less than 8 patients,
concentrators (serviced by alternative B) for 8—13 patients,
concentrators (and irrespective of the method for servicing)
for any number above 13. As numbers of patients increase the
analysis of costs with increasing numbers of patients becomes
more complex—e.g. larger patient numbers may mean that-

TABLE IV—COST PER ANNUM AND COST PER PATIENT FOR OXYGEN CONCENTRATOR (ALTERNATIVES A AND B)

Capital cost
Workshop running (concentrators, Running costs
. Workshop set up cost* cost installation)* per concentratort Toral cost Cost per patient
No. of patients A B A B A B A - B A B A B
1 3062 1557 12593 7102 287 287 127 . 127 16069 9072 - 16069 9072
5 3062 1557 12593 7102 1433 1433 635 635 17723 10726 3545 2145
10 3062 1557 12593 7102 2865 2865 1270 1270 19822 12794 . 1982 1279
20 3062 1557 12593 7102 5731 5731 2540 2540 23927 16930 1196 846
50 3062 1667 12593 | 12042 14328 14328 6350 6350 43600 34386 727 688
100 4428 2996 17583 17032 28657 28657 12700 12700 63368 61384 634 614

*Discounted at 7%.
tIncludes electricity and maintenance.
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Fig. 2—Total costs of providing oxygen for all methods.

Cost in £x 1000.
Discount rate of 7% assumed.

technicians could be given geographical zones, thereby
reducing the amount of travelling between patients.

The most cost-effective method for a given health authority
may depend upon the facilities already available. Whereas the
costs of both cylinder and liquid oxygen include the costs of
maintenance and repair by the supplier, concentrators would
probably be maintained by health authority employees and
therefore the costs of this must also be included in the cost of
providing concentrators. In addition to the two methods of
maintenance which have been costed, rental schemes (see
below) or servicing by the concentrator manufacturer or the
provision of a basic service by the use of existing facilities and
staff should be considered. These may be most appropriate
for servicing small numbers of concentrators but one must be
sure that methods which appear “cheap” do not result in an
opportunity cost to the authority, in that staff and facilities
are diverted from other important activities. Even in such
circumstances a charge should be imputed to the use of
facilities even if they have “already been paid for” by the
authority.

All of the methods of treatment require very little
instruction to patients. We have no reason to believe that
training costs- differ greatly between treatment methods or
that they are large for any method. If the oxygen systems are
regularly checked or maintained by hospital technicians who
are also in contact with the hospital doctors, patients gain
confidence in their oxygen system, and know that they havea
point of contact in case of difficulty.

Some companies are now offering rental or leasing
schemes. The costs, including maintenance and running
costs, vary somewhat, but are similar to those determined for
machines purchased and maintained. Although these
schemes are fairly new and untried, they seem to be worthy of
consideration when small numbers of patients are to be
treated, and when capital to purchase machines is not
available. They also provide some assurance that up-to-date
equipment will be available for use—an important
consideration given the current rapidity of technological
change in this field.

Economic appraisals attempt to assess the opportunity
costs, in terms of changes in resource use, brought about by
treatment  alternatives. However, given the present

.
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budgetary restrictions, one also needs to look at the purely
financial aspects—that is, does the authority have the cash
available and from which budgets would it come?

The financial aspects of the treatment choices examined
here are of particular interest for two reasons. Firstly, the
concentrator method, although less costly overall, requires a
larger capital outlay on buildings and equipment.
Paradoxically, there may not be money in the capital building
or equipment budgets to enable the authority to launch sucha
service. Therefore, this study illustrates again the need for
increased flexibility (or virement) between budgets, a point
made recently by researchers appointed by the Royal
Commission on the N.H.S.!!

Secondly, the only existing funded service is the provision
of small ‘F’ sized cylinders. Under the present arrangement
the Family Practitioner Committee (F.P.C.) will pay forthese
if they are prescribed by a general practitioner and delivered
by the pharmacist. Our study shows this to be the most
expensive and least convenient method of providing oxygen.
Although the F.P.C. budget is not cash-limited, the budget
from which concentrators would be provided should an
authority launch such a service, is almost certainly cash-
limited.

In order that patients and the N.H.S., should benefit from
the use of the most effective, convenient, and economical
method, administrative change is necessary. It seems
reasonable that once the need for long-term domiciliary
treatment has been established for a patient by appropriate
investigation in hospital, the cost of the continuing treatment
should be met from the F.P.C. budget, in the same way as that
for long term drug treatment for a chronic disorder. This
paper is not the place for discussing the ways in which the cost
of treatment could be funded from the F.P.C. budget, but
none of them would be necessary in a health service which
was unified so that all care, primary and secondary, were
provided by one authority. Meanwhile the question remains,
is it sensible for the N.H.S. to finance only the most expensive
and inconvenient treatment method? There is little point in
encouraging clinicians and managers to become more cost
effective in their actions, if some of the budgetary incentives
operate in the opposite direction.

We thank our many technical colleagues for their help. The study began
when K. V. L. was a member of the M.Sc course in Health Economics at the
University of York. Thanks are due to Mr A. K. Maynard the course Director,
and Mr Ken Wright for helpful comments during the course of study.

Requests for reprints should be addressed to J. M. B., Department of
Medicine, Queen Elizabeth Hospital, Edgbaston, Birmingham B15 2TH.
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Cost of Long-Term Complications
of Deep Venous Thrombosis of the
Lower Extremities: An Analysis of
a Defined Patient Population in
Sweden

David Berggvist, PhD, MD; Stefan Jendteg, BSc;
Lars JohaQ§en, MD; UIf Persson, PhL, MPolSci;
and Knut Odegaard, PhD

Background: Little information is available on the epide-
miology and economic effect of long-term complications
developing after deep venous thrombosis. .

Objective: To determine the extent of, timing of, and
treatment costs associated with long-term complications
developing after deep venous thrombosis of the lower
extremities.

Design: 15-year retrospective cohort study.
Setting: County hospital in Sweden.

Patients: 257 patients with deep venous thrombosis and
241 age- and sex-matched controls without deep venous
thrombosis.

Measurements: Data on use of health care resources and
costs of inpatient and outpatient care, pharmaceutical
agents, and treatment of complications.

Results: After 15 years of follow-up, 35% of the patients
with thrombosis and 57% of the controls were alive. Two
hundred forty-two complications were reported among
the patients with thrombosis, and 25 similar events were
reported among the controls. The average expected
present value of the health care cost of treating complica-
tions of thrombosis was estimated to be about $4659 in
the patients with thrombosis and $375 in the controls. In
controls, primary deep venous thrombosis cost about
$6000; thus, the additional long-term health care cost of
post-thrombotic complications is about 75% of the cost of
primary deep venous thrombosis.

Conclusions: The economic effect of post-thrombotic
complications is considerable. The use of measures to pre-
vent thromboembolism and its long-term complications
are justified on both clinical and economic grounds.

Ann Intern Med. 1997;126:454-457.

From University Hospital, Uppsala, Sweden: Institute of Health Econom-
ics, Lund, Sweden: and Skovde Hospital, Skovde, Sweden. For current
author addresses, sce end of text.

Ithough information on prevention of, risk fac-

tors for, and treatment of complications of ve-
nous thromboembolism has increased substantially,
epidemiologic data and data on characteristics of
patients with previously verified thrombosis are
largely lacking. Despite treatment, long-term com-
plications of thrombosis are a major problem. In
older patients, leg ulcers are prevalent and place
great demands on the health care system (1). How-
ever, no information is available on the use of
health care resources by affected patients and the
costs of treating complications of thrombosis.

We therefore used an incidence approach (2) to
retrospectively collect patient data. Our objectives
were to document the extent and timing of long-
term complications and recurrent thromboembolism
and to estimate the health care costs of treating
these conditions. Eight types of complications were
defined (for controls, these complications are called
events): superficial venous thrombosis, deep venous
thrombosis, cellulitis, venous ulcer, varicose veins,
stasis dermatitis, deep venous insufficiency, and pul-
monary embolism.

Methods

The medical records of 257 patients with a his-
tory of deep venous- thrombosis of a lower limb
(verified by phlebography) and 241 controls without
a history of thromboembolic disease were reviewed
for clinical outcomes and use of health care re-
sources. By using hospital diagnosis registries, we
identified consecutive patients with deep venous
thrombosis whose condition was diagnosed between
1970 and 1985 at Skdvde County Hospital, Sweden,
or 1 of its 18 associated outpatient settings. Patients
who were registered in error, had thrombosis in a
part of the body other than lower limb, or had
thrombosis that had not been verified by phlebog-
raphy were excluded. The 257 study patients were
selected for thrombosis only. Controls were selected
from among all persons living in Skévde, Sweden,
on 31 December 1979; this date was chosen to allow
a duration of follow-up similar to that for the pa-
tients with thrombosis. Controls were matched to
the patients by age (the closest date of birth) and
sex.

All patients who survived the follow-up period
had been followed for at least 10 but no more than
15 years. Patients who died were followed until the
year of death. Controls were followed for 15 years
or until the year of death. At study entry, mean
ages were 64 years in the thrombosis group (60%
men) and 66 years in the control group (59% men).

The following complications or events were re-
corded: superficial venous thrombosis (verified by

454 15 March 1997 - Annals of Internal Medicine + Volume 126 « Number 6
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phlebography or clinical diagnosis); deep venous
thrombosis (verified by phlebography); cellulitis, ve-
nous ulcer that was not caused by arterial insuffi-
ciency or diabetes, varicose veins, and stasis derma-
titis (each verified by clinical diagnosis); deep venous
insufficiency (verified by Doppler ultrasonography);
and pulmonary embolism (verified by scintigraphy
or autopsy). Total use of medical care for each re-
corded complication or event was ascertained from
records of primary care and hospital care from six
hospital departments. About 3000 medical records
were surveyed to determine total number of outpa-
tient visits, days in the hospital, diagnostic measures,
surgical procedures, and pharmaceutical agents.

Costs of the health care resources were based on
reported unit prices of inpatient and outpatient care
and pharmaceutical agents. In Sweden, health care
purchasers use pricing data to reimburse providers
for cross-boundary health services. Thus, such bill-
ing data are available from local, regional, and na-
tional health services. From an economic point of
view, pricing data cannot generally be considered a
true measure of actual costs. However, true cost
measures that reflect full-opportunity costs are not
regularly produced in the health care system. In our
study, we assumed that reported unit prices are
reasonable approximations of costs. All estimated
costs were calculated in Swedish kronors (SEK) in
fixed 1990-1991 prices and then converted to U.S.
dollars (in 1991, 1 US. dollar = SEK 5.5). A 5%
discount rate was used to adjust for the different
timings of complications or events.

To estimate the average present value of expect-
ed lifetime costs of treating post-thrombotic compli-
cations per patient of cohort i, discounted to the
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time of the primary thrombosis, we atdded all pr
ent and expected future costs according to the f
lowing formula: '

15

{Zt = oTCu/ (1 + r)’J/N,-

where TC is the total treatment cost for cohort i
year ¢ after primary thrombosis, r is the discou..,
rate, N is the sample population of cohort i, and | is
1 for patients with thrombosis and 2 for controls,
None of the funding parties had any role in tt
collection, analysis, or interpretation of study data.

Results

The results of our analysis are presented in T:
bles 1 and 2. Table 1 shows the differences in the
frequency of complications or events and the sur-
vival pattern for the two groups. At the end of th
follow-up period, 242 post-thrombotic complication.
were recorded among the patients with thrombosis
and 25 events were recorded among the controls (*
of these events were cases of primary deep venou:
thrombosis). In the patients with thrombosis, ap-
proximately two thirds of the complications oc-
curred within 5 years after primary deep venous
thrombosis had developed. The survival pattern also
differed substantially between groups: Thirty-five
percent of patients with thrombosis and 57% of
controls were alive at the end of the period.

Because of differences in the frequency of com-
plications or events and survival, the differences in
the frequency of complications or events per patient

Table 1. Annual Number of Complications or Events, Probability of Survival, Number of Complications or Events per
Exposed Patient, and Total Costs of Treatment during 15 Years of Follow-up*

Year of Follow-up Thrombosis Group

Control Group

Complications Probability Complications per Total Cost Events Probability Events per Total Cost
of Survival Exposed Patient ’ of Survival Exposed Patient
n n SEK n n SEK
0 1 0.0000 1 0.0000

1 89 0.8872 0.3903 3050 422 5 0.9627 0.0216 220 264
2 26 0.8171 0.5141 922 780 2 0.9295 0.0305 14 300
3 22 0.7665 0.6258 334777 0 0.8963 0.0305 0
4 14 0.7121 0.7023 334 028 6 0.8548 0.0596 154 226
5 18 0.6848 0.8046 1189 057 1 0.8299 0.0646 8872
6 10 0.6342 0.8660 354 273 2 0.7884 0.0751 78 602
7 10 06186 0.9289 263 806 3 0.7801 0.0911 38 386
8 14 0.5754 1.0235 572 053 1 0.722 0.0968 8189
9 16 0.5556 1.1356 515598 0 0.6971 0.0968 0
10 5 0.5355 11719 86 114 0 0.6846 0.0968 0
11 4 0.4861 1.2039 43 053 2 0.6473 0.1097 75706
12 5 0.4388 1.2483 78 433 0 0.6349 0.1097 0
13 4 E 0.3921 1.2880 57015 0 0.5975 0.1097 0
14 5 0.3671 13410 49 287 2 0.5892 0.1237 1200
15 0 0.3516 1.3410 0 1 0.5726 0.1310 7359
Total 242 7 850 696 25 607 104

* SEK = Swedish kronors.
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Table 2. Average Costs per Complication or Event in Fixed 1990-1991 Prices by Post-Thrombotic Complications or Events*

Complication or Event Thrombosis Group Control Group
Average Cost per Complications Average Cost Events
Complication per Event
SEK n SEK n

Superficial venous thrombosis 15 638 58 600 2
Recurrent deep venous thrombosis 36 877 74
Primary deep venous thrombosis 33455 7
Cellulitis 14 907 22 . 28017 3
Venous ulcer 43 630 19 38433 5
Varicose veins 11420 1" 6105 4
Stasis dermatitis 7300 3
Deep venous insufficiency 6413 3 )
Pulmonary embolism 33932 32 177N 4
Combinations of several conditions 90 262 20

Overall average 32 441 242 24 284 » 25
* SEK = Swedish kronors.
exposed to risk were even larger. At the end of the Discussion

follow-up period, a surviving patient in the throm-
bosis group had had, on average, 10 times more
complications than a surviving control. The total
costs of treating complications or events were SEK
7850 696 ($1 427 399) for patients with thrombosis
and SEK 607 104 ($110 383) for controls.

For the entire follow-up period, the average costs
per complication or event were SEK 32 441 ($5898)
for patients with thrombosis and SEK 24 284 (34415)
for controls. Venous ulcer was the most expensive
type of complication, followed by deep venous throm-
bosis and pulmonary embolism (Table 2). For both
groups, however, the treatment cost per complica-
tion or event varied greatly, indicating similar vari-
ation in the severity of the complications or events.

Among the patients with thrombosis, more than
one third of the treatment cost was attributable to
recurrent deep venous thrombosis. Among the con-
trols, primary deep venous thrombosis accounted
for 38.6% of the total treatment cost. The estimated
average cost of primary deep venous thrombosis was
SEK 33455 ($6083) (Table 2).

At the end of the follow-up period, the dis-
counted average present values of treatment cost
were SEK 25 625 ($4659) for patients with throm-
bosis and SEK 2060 ($375) for controls. The differ-
ence in the discounted present values of treatment
cost between the thrombosis and control groups
(that is, SEK 25625 — SEK 2060 = SEK 23 565
[$4285]) can be interpreted as the expected cost of
treating post-thrombotic complications. Thus, an es-
timate of the present and expected cost of treating
both primary deep venous thrombosis and related
post-thrombotic complications is SEK 57 020 ($10 368)
(that is, SEK 33 455 + SEK 23 565). According to this
estimate, approximately 60% of the cost is attribut-
able to primary deep venous thrombosis and 40% is
attributable to post-thrombotic complications.

456

In our study of long-term complications of deep
venous thrombosis of the lower extremity, we com-
pared patients who had phlebography-verified throm-
bosis with age- and sex-matched controls who served
as a baseline benchmark. We considered the inclu-
sion of controls to be important because the prev-
alence of nonthrombotic deep venous insufficiency
increases with age (3). One limitation of our study
could be that we matched the groups for age and
sex only; we were unable to match them for health
conditions or factors that predispose patients to
deep venous thrombosis or venous insufficiency. .
Nonetheless, even controls matched only for age
and sex provide the incidence of deep venous insuf-
ficiency in an unselected population.

In our study, the post-thrombotic complications
that occurred over 10 to 15 years of follow-up could
be corrected for similar events among controls: In
patients with thrombosis, the risk for a thrombotic
complication was 10 times greater and the cost of such
a complication was 12 times greater compared with
controls. To our knowledge, ours is the first study to
compare clinical and economic post-thrombotic com-
plications with what could be considered the natural
occurrence in an age- and sex-matched population.

In the control group, all patients were followed
for 15 years or until death. In the thrombosis group,
however, 30 patients (12%) were censored because
they were followed for 10 to 14 years. These pa-
tients represent a loss of 3.7% of all years of follow-
up. The number of complications per exposed pa-
tient decreased with time (Table 1). Through the 10
to 15 years of follow-up, the annual risk for a com-
plication is about one third of the risk during the
first 10 years. Thus, the number of complications in
the thrombosis group is underestimated by about
1.2% (3.7% X one third) as a result of the censored
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years of follow-up. Because of the discounting prin-
ciple, however, costs that are incurred after 10 years
and are discounted by 5% will result in a present
value of only about 50% of the original. Because of
censored patients, therefore, we may have underes-
timated the present value of post-thrombotic com-
plications by less than 1%. We did not adjust for
these censored patients; thus, our estimate of the costs
of post-thrombotic complications is conservative.

We obtained data on complications from patient
records. This suggests that the frequency of compli-
cations was lower than that seen in Lindhagen and
colleagues’ study (3), in which each patient was
investigated at follow-up. However, because our
goal was to assess clinically important long-term
consequences, our approach seems reasonable.

We estimated that the average cost per complica-
tion or event was approximately SEK 33 000 ($6000)
for primary deep venous thrombosis and SEK
34000 ($6182) for pulmonary embolism. In an ear-
lier study of patients from Malmo General Hospital
in southern Sweden (4), these estimates (converted
to 1991 prices) were approximately SEK 20000
($3600) for deep venous thrombosis and SEK 24 000

- ($4400) for pulmonary embolism. Because use of
 hospital resources and costs are local, our cost es-
timates (obtained from one hospital) may not be
generalizable to other settings. One of our more
general results is the ratio between the expected
costs of long-term treatment of post-thrombotic
complications and primary deep venous thrombosis.
This ratio was approximately 0.75 (that is, the ex-
pected long-term costs of treating post-thrombotic
complications are about 75% of the costs of treating
primary deep venous thrombosis).

In the classic study by Bauer (5), the incidence of
complications increased during the first several
years of follow-up and decreased after about 5
years. However, decrease in incidence may start ear-
lier when venous function is measured objectively
(6). During the first 5 years of our study period,
complications developed in about two thirds of the
patients with thrombosis and in 56% of the controls.
Pulmonary embolism and recurrent thrombosis, how-
ever, usually occurred within the first year.

A high mortality rate in patients with thrombosis
could be partially explained by concomitant cancer
or cardiovascular disease (7, 8). In our study, the
mortality rate after 15 years was 65% in the throm-
bosis group and 43% in the control group.

Medical records contained little data on use of
oral anticoagulation therapy, ulcer dressings, and
supportive stockings. Thus, the costs of these mea-
sures are not included. Indirect costs resulting from
loss of productivity were not estimated because no
appropriate data were available. However, because
two thirds of the patients were younger than 70

years of age at the time of thrombosis and ,most of
them could be considered to be employed, the in-
clusion of indirect costs would further increasé the
long-term cost. This suggests that the estimated cost
difference between the groups is minimal.

The estimated incidence of deep venous throm-
bosis in Nordic countries is 1.5 to 2 cases per 1000
persons per year; surgery without prophylaxis is an
important risk factor (9, 10). Untreated venous
thromboembolism is associated with considerable
risk for death and chronic venous insufficiency. More-
over, our findings show that long-term complications
have a notable economic effect. Economic evaluations
(4, 11, 12) have shown that prophylactic measures are
cost-effective compared with no prophylaxis or surveil-
lance and selective treatment of venous thromboem-
bolism. We conclude that the use of measures to
prevent thromboembolism and its long-term complica-
tions is justified on both clinical and economic
grounds.
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Morbidity pattern, health care utilization and per capita health
expenditure in a rural population of Tamil Nadu

J. RAJARATNAM, R. ABEL, S. DURAISAMY, K. R.JOHN

ABSTRACT

Background. Information on the existing morbidity pattemn,
pattem of heaith care utilization and the per capita heaith
<~ ~enditure is essential to provide need-based health care
uoavery to a rural population. To obtain this information we
performed a study in the K.V. Kuppam Block, North Arcot
Ambedkar District, Tamil Nadu.

Methods. We did a cross-sectional study, interviewing
respondents from 300 households, from 3 panchayats usinga
multistage sampling technique. Information relating to 1440
persons was collected. The morbidity data was obtained
initially for the week prior to the day of interview, followed by
one week to one month and then for two months to one year.

Results. During 1990-91, 825 of the 1440 persons (57.3%)
did not have any iliness. Sex had no bearing on the number of
illnesses. Of the 60 children less than 2 years of age, 42 (70%)
had one or two ilinesses. The period prevalence of infective
and parasitic diseases was found to be 21.9% with an average
of 3 episodes. Services rendered by private practitioners
(registered, non-registered and indigenous) were utilized by
59% of the households and 79% of the households had used
allopathic treatment at some time. The average per capita per
annum health expenditure was Rs 89.9 (Rs 449 per house-

d). This increased significantly with increase in the house-
nold size (p<0.001) and per capita income (p<0.01).

Conclusion. The health-seeking behaviour of this popula-
tion can be changed if efficient services are rendered through
govemment primary health centres and subcentres. This

~ would allow the existing voluntary agency to withdraw without

much change in the per capita health expenditure.
Nati Med J India 1996;9:259-62

INTRODUCTION

Health surveys are auseful tool forassessing a population’s health
care needs reliably. Morbidity and health care utilization surveys
ideally go together. It is useful to know the pattern of heaith
problems suffered by a population, what was done about them as
well as the expenditure incurred on treatment.

An important factor in providing primary health care is the
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J.RAJARATNAM, R. ABEL, S. DURAISAMY RUHSA Department
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cost. Cost studies provide valuable information on heaith
expenses, help develop cost-consciousness and are a means of
budgetary control. Such information includes treatment costs,
patterns of health expenditure in specific settings and the preva-

- lence of diseases in the area.’

This study was carried out in a rural area of south India to study
the morbidity pattern, the pattern of utilization of heaith services
and the mean expenditure on heaith perhousehold and per person.

SUBJECTS AND METHODS

A cross-sectional study was carried outin July 1991 in3 panchayats
of K.V. Kuppam Block, North Arcot Ambedkar District, Tamil
Nadu. The subjects were chosen using a muitistage sampling
technique. A stratified random sampling method was adopted at
the first stage to select 3 of the 39 rural panchayats based on their
distance from the main road with <3.3 km, 3.3-6.6 km and >6.6
km as cut-offs. The selected panchayats represented three major
population groups with different socio-economic characteristics.
A systematic sampling method was used at the second stage to
choose 23% of the households (atotal of 331) from each panchayat.
Of these, 31 (2%) could not be studied, since the houses were
found locked or were vacant during the survey period.- Thus,
respondents from 300 (21%) households of the 3 panchayats were
interviewed. There was no instance of non-cooperation.

A pre-tested interview schedule was used by trained interview-
ers to collect the data. Information relating to a total of 1440
persons was obtained from these 300 households. The morbidity
pattern was obtained by asking the respondent first about the one
week period prior to the day of interview, followed by the one
week to one month period and then the 2-12 months period. This
was done to minimize the relapse bias. Subsequently, the place of
treatment for each episode of each illness was obtained and the
type of treatment given recorded. Health expenditure was defined

* as the expenditure incurred for preventive and curative health

care; but money spent on home treatment (use of balm and buying
medicines from shops) was excluded. The health expenditure
incurred included treatment cost, travel, food and wages lost
during illness; other expenses were obtairied corresponding to
each episode of each illness.

The other variables recorded were the age, sex, caste, income,
education, illness and number of episodes. The income through
differént sources and through wages of different persons were
carefully obtained. The respondent was the head of the household
or any responsible person within that household. The morbidity
was classified according to ICD codes.?

The terms ‘person’, ‘illness’ and ‘episodes’ were defined as
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recommended by the Expert Committee on Health Statistics of the
World Health Organization (WHO).? If a person within a given
period of observation (e.g. a year) suffered from illness A twice
and from illness B three times and if the episodes of illness A and
B occurred at different times, this person contributed one unit to
statistics of persons for each illness, two units to statistics of
illness, and 5 units to episodes (2 ‘episodes’ toillness A and 3 to
B). Period prevalence (persons) was defined as the number of ill
persons during a defined period (a year divided by the average
number of persons). Period prevalence (episodes) was the number
of episodes of illness which were current at some time during a
defined period divided by the average number of persons exposed
to risk during the period.

Means, percentages, period prevalence (persons), period preva-
lence (episodes), Chi-square test, correlation in univariate analy-
sis and step-wise regression in multivariate analysis were the
statistical measures used.

"~ "SULTS

Of the 300 households studied, 48 belonged to forward commu-
nities, 144 to backward communities and 108 to scheduled castes.
Half the households had a thatched roof, 29% atiled roof and 21%
aterraced roof. No morbidity was reported in 7.7% (23) of house-
holds. Ofthe 1440 persons from 300 households, 615 (42.7%) had
one or more illness during the year. The sex of the person had no
bearing on the number of illnesses (Table I).

Among children below 2 years of age, 70% had one or two
illnesses. This group also had the highest proportion of two
illnesses (21.7%) and 63% of the under-fives had been ill once or
twice. As a group, school-going and adolescent children (6-19
years) had the least (31.7%) instances of illness while 45% of the
2044 years group had had an illness. Three illnesses were
reported only in the age group 245 years (Table II).

Sixty per cent of the sampled households had infective and
parasitic diseases, 34% had diseases related to the nervous system
and sense organs, 15.3% had diseases of the digestive system,
10% had injuries and poisoning, 10% disease of the skin and 10%
~=eded preventive care.

Table III details the morbidity pattcm Period prevalence

THE NATIONAL MEDICAL JOURNAL OF INDIA

TasLE . Sex distribution of the population related to the number
of illnesses

VOL. 9, NO. 6, 1996

Number Male Female Total
(n=731) (n=709) (n=1440)
One 261 (35.7) 272 (384) 533 (37.0)
Two 33 4.5) 4 (6.2) 77 (5.3)
Three 1 (0.1) 4 (0.6) 5 (03)
Total 295 (40.4) 320 (45.1) 615 (42.7)
Figures in parentheses are percentages

TasLE II. .Age distribution of the populanon related to the number
of illnesses

Age n Number of illnesses Sick persons
One Two Three
0-2 60 29 (483) 13 21.7) - - 42 (70.0)
3-5 67 36 (53.7) 2 (3.0 - - 38 (56.7)
6-19 372 139 (292) 12 27) - - 151 (31.7)
20-44 533 210 (394) 30 (5.6) - - 240 (45.0)
245 308 119 (38.7) 20 (6.5) 5 (1L.7) 139 (45.2)
Total 1440 533 (37.0) 77 (5.3) 5 (0.3) 615 (42.7)
Figures in parentheses are percentages

(persons) of infective and parasitic diseases (including fever,
cold, cough and headache) was found to be 21.9% and that for
diarrhoea and dysentery was 2.8%; the period prevalence (epi-
sodes) were 74.7% and 8.3%, respectively. Illnesses related to
the nervous system and sense organs accounted for a period
prevalence of 8.6% (persons) and 75.5% (episodes) followed by
diseases of the digestive system.

Less than 1% of the population had chronic diseases such as
asthma (0.7%), ulcer (0.6%), tuberculosis (0.3%), diabetes (0.3%),
leprosy (0.2%), mental disorders (0.1%), cancer (0.06%) and
acute diseases such as typhoid (0.2%), measles (0.2%) and jaun-
dice (0.1%).

Of the total population less than 1% had problems related to
pregnancy, childbirth and puerperium. However, the period preva=
lence among women only for menstrual problems was 1.4%, for

TasLe I1I. Period prevalence of illness (persons and episodes) during 1990-91

ICD codes  Type of illness No. of persons  Period prevalence (persons)  No. of episodes Period prevalence (episodes)
- per 100 (n=1440) per 100 (n=1440)
| Infective and parasitic diseases 351 (179) 219 1076 74.7
I Neoplasm-cancer*® 1 0.06 = =
m Diabetes mellitus* 5 4 0.3 ' - -
v Anacmia 2 0.1 25 1.7
\4 Mental disorders* 2 0.1 = -
Vi Nervous system and sense organs 124 (103) 8.6 1087 75.5
il Circulatory system 5 (5) 03 13 0.9
vl Asthma 10 (8) 0.7 110 7.6
X Digestive system 67 (46) 4.7 229 15.9
X Genito-urinary system* 6 0.4 - -
X1 Complications of pregnancy, 42 (32) 29 202 14
childbirth and puerperium
X1 Skin and subcutaneous tissues 46 (30) 3.2 343 23.8
X1 Musculoskeletal system and connective 15 (13) 1.0 136 9.4
tissue
XVviI Injuries and poisonings 43 (32) 3.0 142 9.9
Dosham/Sevappu/Medical checkup 5 0.3 9 0.7
Figures in parentheses are number of households  *Episodes not applicable ~ Dosham local term used to describe children suffering from fever, diarthoea and dysentry

Sevappu local term used to describe a child who turns blue and dies

o
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antenatal checkup 1.8% and for child immunization 1.6%.

More than half the households (59%) preferred to go to private
practitioners (registered, non-registered or indigenous) and only
28% used the services provided by a voluntary agency serving the
block (Table IV). Only 2% had adopted home treatment and 3%
had gone to a medical shop. This was either for pain-relieving
medicines or just for simple cold, cough or fever. While 79% of
the households had used allopathic treatment at some time, 33%
had used homoeopathic medicines (Table IV).

The annual health expenditure was Rs 89.9 per person and
7.7% of households had not incurred any expenditure. Consider-
ing an average household size of 4.8 persons, the annual heaith
expenditure worked out to Rs 469 per household. As the percapita
income (PCI) increased, the per capita health expenditure (PCHE)
also increased significantly (p<0.001; Table V). Similarly, as the
family size increased the PCHE also increased. However, caste
had no association with PCHE.

In the correlation analysis the PCHE correlated positively with
PCI (p<0.01) and household size (p<0.001). However, the PCHE

was not related to the social status of the family (p>0.01).

In the step-wise regression analysis the estimated coefficient
indicated that when the PCI increased by Rs 1.00, the average
increase in PCHE was Rs 0.03. When the household size in-
creased by one unit, the PCHE increased by Rs 8.58 and when the
PCI was Rs 1200 step-wise regression showed that on an average
every individual spent Rs 36 per annum. The R? value of PCHE
with household size (0.11) was higher than the R? value of PCHE
with PCI (0.06), thereby implying that the regression fit of the
PCHE and household size was comparatively better than that of
PCHE and PCIL.

DISCUSSION

Considering the methodological issues in a morbidity survey, the
use of tracer conditions has been found to significantly increase
completeness of reporting. This consists of the use of a checklist
of specific symptoms associated with a given health problem in
the questionnaire and asking the respondent whether she/he had

TasLE IV. Place and type of treatment (n=277)

Place/Type of treatment n (%)
Place

Voluntary organization (Primary and secondary care) 85 (28)
Christian Medical College Hospital (Voluntary tertiary care) 12 (4)
Govemment (Primary, secondary and tertiary) 75 (25)
Private practitioners (Registered, non-registered, indigenous) 177 (59)
Type

Allopathy 238 (79)
Homoeopathy 98 (33)
Medical shop 10 (3)
Native doctor 7 Q)
Petty shop 4 (1)
Home treatment 6 (2)

TasLe V. Per capita income v. per capita health expenditure
Households Mean (SD) health expenditure

Per capita income (Rs) ~

<600 109 40.0 (94.1)
601-1200 96 68.0 (140.5)
1201-2400 59 140.1 (408)

>2400 36 216.9 (407.6)

Total 300 89.9 (254.4)

HEALTH CARE UTILIZATION AND EXPENDITURE
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any of these during the period in question. The WHO has pro-
duced a select list of symptoms associated with various heaith
problems that may be used by a lay interviewer in a health survey .*
Tekle-Haimanot Makonnen picked up all morbidity by using
tracer conditions in a rural health survey in Ethiopia.* We did not
use any systematic list of tracer conditions, but spent time by
probing into various morbid conditions to increase completeness
of reporting.

The duration of the recall period also influences the complete-
ness and reliability of reporting. The longer the recall period, the
less likely a person will remember an illness. The health survey
conducted in 1954-55 in California, USA® established this fact. A
morbidity survey in Japan confirmed that recall lapse affects the
not-so-serious health conditions much more. We asked the
respondents for information withregard to the incidence of illness
for each of the four calendar weeks preceding the interview. The
total samples were then randomized over a period of 52 weeks so
as to accurately reflect the prevalence. We adopted a systematic
recall of one week prior to the interview, two weeks to one month
and then one month to 1 year which, to some extent, assures the
completeness and reliability of reporting. This method also
allows the seasonal variations in morbidity to be included and
estimation of the PCHE per year.

Rao et al.” have stated that a longitudinal study overcomes the
problem of arecall bias. However, longitudinal studies are expen-
sive and hence can cover only a short duration. A combination of
retrospective and longitudinal studies are considered ideal.

Another methodological issue relates to not including over-
the-counter purchases and self-care. The proportion reporting
self-care was low and these tended to be symptomatic treatment
of one or two doses which would not contribute substantially to
the total cost. With the information available from this study and
with our own experience of this area -we do not anticipate any
major bias in the total costs incurred by the households.

The findings of a previous study have shown that for one visit
to the RUHS A Health Centre each person on an average paid only
Rs 8.80.% This fact, as also the information available from this
study, suggest that it is unlikely that any slgmﬁcant bias in the
total costs incurred has been introduced.

In Mumbai,’ 75% of urban poor households suffered from
infective diseases while we found that 60% of rural households
had the same diseases. In rural Nigeria'®in 1991 the prevalence of
fever, gastroenteritis and chest infection was estimated at 50%,
37% and 10%, respectively. We found that 60% of the households
studied had had infective and parasitic illnesses. A longitudinal
study carried out in the same population between 1990-92 had
indicated that the incidence (number of episodes/child-year) of
diarrhoea and respiratory diseases among children less than 3
years of age was 1.77 and 2.56 respectively.'' The low incidence
may be related to the existence of a rural health project providing
primary and secondary heaith care in this area for fifteen years.'?
For the same reason, 30% of the less than 2-year-olds in this study
had no disease compared to only 16.3% in another study from the
same state." ’

The positive relationship betweeri PCI and PCHE is highly
significant*with the chi-square test and correlation analysis.
However, in the muitivariate analysis the relationship between
PCI and PCHE is not as strong.

In 1971-72 the annual health expenditure in the same district®
was estimated at Rs. 13.09 per person and Rs 75 per family. In

1983-84 Scheer et al." reported an average health expenditure of
Rs 250-300 per year per family in the same area. The present
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study showed the annual health expenditure to be Rs 89.9 per
person and Rs 449 per household. The increase in the health
expenditure over this period is possibly due to inflation. In 1975
Srniwvasn et al." estimated the annual PCHE in a rural area of
Tamil Nadu to be Rs 24 whereas a study from Mumbai® among the
urban poor, found the annual per household heaith expenditure to
be Rs 300 or more.

The morbidity pattern of this rural community, the health care
utilization pattern and the PCHE indicate that strengthening of the
govermnment primary health tentres and subcentres in this area and
changing the health-seeking behaviour of the population may
allow the voluntary agency to withdraw. Also the PCHE can be
kept at an affordable level if sufficient and efficient health care
services are provided.
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Growth hormone-producing pituitary tumours:
Clinical profile and results of surgery
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ABSTRACT

Background. Growth hormone-producing pituitary tumours
present with a wide variety of manifestations. The optimum
diagnostic work up, management and follow up of such

patients is complex and involves a multidisciplinary approach.
There is paucity of data from India with regard to the clinical

presentation and results of surgery for growth hormone-

producing tumours.
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Methods. We studied the first 50 patients presenting during
1989-94 with growth hormone-producing pituitary tumours to
our centre. The work up included detailed endocrine and radio-
logical assessment. The surgical outcome was analysed for 35
patients who were operated (trans-sphenoidal 29, transcranial
6) at our centre. .

Resuits. All the patients had macroadenomas [mean (SD)
diameter 3.12 (0.87) cm). Seventy-five per cent of the patients
had supra- and/or parasellar extension and 57% had visual
field defects. Tumour size correlated with the preoperative
basal (r=0.57) and glucose-suppressed (r=0.54) growth hor-
mone levels. Thirty-three of the 35 patients operated at our
centre (trans-sphenoidal 28, transcranial 5) were available for
follow up (median duration 34 months). After trans-sphenoidal
surgery alone, 12 of the 28 (43%) patients had normalization
of growth hormone levels (post-glucose growth hormone
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COSTS AND CHARGES ASSOCIATED WITH THREE ALTERNATIVE TECHNIQUES
OF HYSTERECTOMY

JAMEs H. Dorsey, M.D., PaTRice M. HoL1z, R.N., M.S., ROBERT I. GRIFFITHS, Sc.D., MARGARET M. McGRATH, M.S.,
AND EARL P. STEINBERG, M.D.

ABSTRACT

Background Many hysterectomies are now per-
formed by a laparoscopically assisted vaginal tech-
nique. This procedure is controversial, partly be-
cause of concern about cost. We studied hospital
charges and costs for the procedure as compared
with those for total abdominal hysterectomy and to-
tal vaginal hysterectomy in clinically similar groups
of patients.

Methods From hospital-discharge data and pa-
tients’ charts, we identified hysterectomies per-
formed in 1993 and 1994 by 96 surgeons at a com-
munity teaching hospital to treat benign conditions.
The patients were grouped according to the surgical

"procedures performed in conjunction with the hys-

terectomy. Data on hospital charges and cost-to-
charge ratios for 64 hospital cost centers were used
to assess charges and costs for specific resources, as
well as for the hospitalization overall.

Results Of 1049 patients studied, 26 percent un-
derwent laparoscopically assisted vaginal hysterec-
tomy, 54 percent underwent abdominal hysterecto-
my, and 20 percent underwent vaginal hysterectomy.
The average hospital stays were 2.6, 3.9, and 2.9
days, respectively, and the mean total charges (facil-
ity charges plus professional fees) for the hospital-
izations were $6,116, $5,084, and $4,221 (P<0.001
for the comparison of the laparoscopic technique
with both other techniques). The mean facility costs
were $4,914, $3,954, and $3,116, respectively

findings in all subgroups. The higher charges and
costs for laparoscopically assisted vaginal hysterec-
tomy were due to higher supply costs, particularly
when disposable supplies were used, and to longer
operating-room time.

Conclusions Despite shorter hospital stays,
in-hospital charges and costs for laparoscopically
assisted vaginal hysterectomy are higher than for
either alternative procedure, because of the dis-
posable supplies that are typically used and the
longer operating-room time. (N Engl J Med 1996;
335:476-82.)

©1996, Massachusetts Medical Society. Y
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APAROSCOPICALLY assisted vaginal hys-

tgrectomy has come into widespread use,

primarily because morbidity is presumed

to be less when the large abdominal inci-
sion and invasive intraabdominal manipulations as-
sociated with total abdominal hysterectomy are elim-
inated.* The laparoscopically assisted procedure has
been controversial, however, largely because of con-
cern that it is sometimes used instead of total vaginal
hysterectomy, generally considered the simplest and
least morbid method of removing the uterus, and
because the costs of the laparoscopic procedure may
be substantially higher than those of either alterna-
tive procedure.#8 - -

According to several studies,*!! the average hos-
pital stay of patients undergoing laparoscopically as-
sisted vaginal hysterectomy is shorter than that of
patients undergoing the other procedures. However,
these findings have often been confounded by dif-
ferences in the surgical procedures performed in
conjunction with hysterectomy, such as salpingo-
oophorectomy, adhesiolysis, and repair of pelvic-
support defects. Previous assessments of variation in
operating-room time for hysterectomy, as well as in
the costs of different procedures, have also not
determined whether the variation was due to dif-
ferences inherent in the three techniques or to dif-

——ferences in the types of patients undergoing each

procedure.

To assess costs, hospital charges, and use of re-
sources associated with alternative techniques of
hysterectomy, we grouped hospitalizations for hys-
terectomy on the basis of the surgical procedures
performed in addition to the removal of the uterus.
We then compared overall and specific costs and
charges associated with the various techniques.

From the Department of Gynecology, Greater Baltimore Medical Cen-
wr. Baltimore (J.H.D., PALH.); and Coming HTA. Washington, D.C.
(R.LG., MMM, E.PS.). Address reprint requests to Dr. Dorsey at
the Department of Gynecology, Greater Baltimore Medical Center. 6369
N. Charles St., Suite 307, Baltimore, MD 21204,




METHODS

Study Site

The Greater Baltimore Medical Center, a 372-bed community
teaching hospital, has the largest gynecologic-surgery service in
Marvland. Laparoscopically assisted vaginal hysterectomy has been
performed since February 1, 1990. In 1993 and 1994, the period
of this study, 21,610 gynecologic-surgery procedures were per-
tormed at the center.

Sources of Data

Three sources of data were used in the study: a computerized
file containing hospital-discharge abstracts, with diagnoses, pro-
cedures, and charges for all hospitalizations in Marvland, as re-
ported to the state Health Services Cost Review Commission; a
computerized dara base maintained by the medical center, con-
tining information on diagnoses and procedures, use of resourc-
¢s. and charges submitted for cach service provided by the hos-
pital: and particnes’ hospital records, which we reviewed in a
structured fashion.

Selection of Patients

Paticnts who underwent hysterectomy in 1993 and 1994 were
identified in the data bases of the Health Services Cost Review
Commission and the medical center when one of the tollowing
procedure codes established in the Inzcrnarional Classification
of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) was
assigned: 68.4 for abdominal hystcrecromy, 68.5 for vaginal
hysterectomy, or 68.5 plus 54.21 tindicaring laparoscopy) for
laparoscopically assisted vaginal hysterectomy. We reviewed all
secondary procedures listed in the dara base of the medical center
for the 1420 patients identified, and we excluded 182 patients
who had undergone one or more major sccondary procedures
unrclated to hysterectomy (such as partial colectomy or appen-
dectomy). We also excluded 45 patients who had undergone ci-
ther radical or subtoral hysterectomy ( ICD-9-CM codes 68.6 and
68.3), since our tocus was on hysterectomy performed to treat
benign conditions. OF the rétmaining 1193 patients, hospital rec-
ords were not available for 39 (3 percent). Atter a detailed review
of the charts, we excluded an additional 1035 patients because
their hysterectomies had been pertormed to treat cancer. Thus,
1049 patients (74 percent of those who undenvent hysterectomy
at the center in 1993 and 1994) were included in the analysis.
The 1049 procedures were performed by a total ot 96 surgeons.

Demographic and Clinical Data

the surgeon to “tree up™ or gain access to a pelvic structure. From
the records of anesthesia and the nursing records, dara were col-
lected on the time spent in the operating room, under anesthesia,
and in the recovery room.

Economic Data

Charges made by the facility for all resources used during a
hospitalization, such s operating-room time and supplies, and
for the hospiralization as a whole, were obtained from the medi-
cal-center dara base. Fadility charges for anesthesia were based on
the time under anesthesia and on per-minute charges as provided
by the finance deparmment of the medical center. "

To estimate the professional fees for each hospitalization, we
assigned relative-value units based on Medicare's resource-based
relative-value scale o all ICD-9-CM procedure codes that had a
professional component, as well as to surgical-pathology services
with professional-service components but no ICD-9-CM proce-
dure code. The estimated professional fees for anesthesia were
based on the time under anesthesia. The anesthesia tme, ex-
pressed in minutes, was divided by 15 and rounded to the nearest
whole number to obrain relative-value units for anesthesia time
for each patient. A base number of relative-value units for cach
procedure (8 tor abdominal hysterectomy and 6 for vaginal hys-
terectomy and laparoscopically assisted vaginal hysterectomy’) was
added to the refative-valuc units for time to obrain the towl num-
ber of relative-value units for anesthesia. The relative-value units
were converted to charges with Medicare’s 1993 and 1994 con-
version factors for Balimore. The estimated professional fees for
each hospitalization were then roraled. :

The medical center’s costs, as opposed to its charges, were also
estimated for each hospitalization. We compured the proportion
of the total hospital charges that was attributable to-each of 64
cost centers (such as the operating room, medical and surgical
supplics, the pharmacy, and the pathology department). We then
selecred the cost centers that accounted for the 10 largest shares
of the toral charges (for example, the operating room accounted
for 30 percent of charges). For each of these 10 cost centers, we
evaluated all resources that were used in the care of the patients in
our sample and ranked the resources in terms of the proportion of
the cost center’s toral charges that was arwributable to each re-
source (for example, within medical and surgical supplics, sutures
accounted for 14 percent of charges, endoscopic staaplers for 12
percent, and so on). We then identified the 10 resources with the
highest total charges in cach cost center or, if 90 percent of the
charges in a cost center were artribuzble to fewer than 10 resourc-
es, the resources that accounted for 90 percent of the charges.

We estimated the direct and indirect costs of these resources

Data were abstracted from the hospital charts by one of five
registered nurses. The information collected included each pa-
tient’s age, height, weight, medical history, indications for surgery,
operative procedures (including intormation on whether a vaginal
hysterectomy had been converted to an abdominal procedure),
intraoperative findings and complications, postoperative compli-
cations, and results of pathological studies, including the uterine
weight. Each indication for hysterectomy was classified in one of
tour categories: (1) uterine abnormalities, defined as any clinically
diagnosed abnormalities that involved the uterus (such as myo-
mas) or resulted in uterine dysfunction (such as a bleeding disor-
der); (2) adnexal abnormalities, defined as any clinically diag-
nosed abnormalities involving an ovary, a fallopian tube, or both
(such as an ovarian cyst or a tubo-ovarian mass); (3) abdominal
or pelvic abnormalities, defined as any other abnormalities of the
abdominal or pelvic region, such as endometriosis, pain, pelvic in-
flammatory disease, or a mass that was not described as adnexal
or a uterine tibroid; and (4) abnormalities of pelvic relaxarion, de-
fined as any abnormalities resulting trom a support detect of the
pelvic fascia. Thus, a patient could have had more than one indi-
cation for surgery. An intraoperative tinding of extensive adhe-
sions was recorded if the operative note described adhesions as
numerous, massive, thick, or requiring extensive adhesiolysis for

with dara trom the finance department. For example, we calculat-
ed the direcr cost for the operating rooms by dividing the totab
operating-room expenses by the total number of minutes paticntse

spent in the operating room. The costs of supplies and pharmacy .

services were estimated by reducing the average charges for cach
supplied item and pharmaceutical by the amount of the hospirtal’s
markup. Costs for the use of the blood bank and histologic tests

were derived from the cost-accounting system of the hospiral lab-+-

oratory.

For cach of the top 10 cost centers, we computed a rato of
costs to charges by dividing the toral costs of the top 10 resources
in that cost center by the total charges for the same resources.
The cost-to-charge ratio for each cost center was applied to all
resources in that cost center. We then calculated a weighted aver-

* age cost-to-charge ratio for the_top 10 cost cenrers by taking the

total costs for cach center and dividing them by the sum of

charges ftor alf_l(::‘i_os;c_cmgs. Finally, we applied this weighted
average cost-to-charge ratio to cach of the 54 cost centers that
were not included among the top 10 cost centers. The cost-cen-
ter—specific estimates of cost were summed to obtain an estimate
of the toral facility costs for each hospitalization. We did not as-

sign costs (as opposed to charges) to the professional-service
components of the procedures.
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-Statistical Analysis

To account for difterences in operative complexity and the
postoperative care of parients who underwent different surgical
procedures, cach parient was assigned to one of the following sev-
¢n mutually exclusive subgroups on the basis of the surgical pro-
cedures performed in conjunction with the hysterectomy: (1) no
related secondary procedure; (2) repair of vaginal prolapse, surgi-
cal treatment for urinary incontinence, or both, but no other pro-
cedure (“surgical repair™); (3) adhesiolysis, but no other proce-
dure; (4) salpingectomy, oophorectomy, or both, but no other
procedure; (5) surgical repair and salpingectomy, oophorectomy,
or both; (6) salpingectomy, oophorectomy, or both, and adhesi-
olysis; and (7) other procedures.

The characteristics and outcomes of the patients treated by
cach technique of hysterectomy were assessed separately for each
of the first six categories, and for all the patients in the study, on
an intention-to-treat basis. For example, a_patient whose proce-
dure began as laparoscopically assisted vaginal hysterectomy but
was_converted to abdominal hysterectomv because_of technical

difficulty or a complication was considered to have undergone
laparoscopically assisted vaginal hysterectomy. Pairwise compari-
sons were performed by Student’s t-test (for continuous variables)
or the chi-square test (for categorical variables).!? Separate multi-

Misiag

variate linear regression analyses were performed for three catego-
ries — all patients, those with no related secondany procedures,
and those who underwent salpingectomy, oophorecromy, or both
— in which there were enough patients for the independent as-
sociation berween the technique of hysterectomy and various
economic outcomes (such as operating-room time and faciliry
charges) to be assessed, with control for the papent’s age, the
number of coexisting medical conditions, and uterine weight.!3
Finally, to assess the association benween the use of disposable
instruments and the cost of laparoscopically assisted vaginal hys-
terectomy, the patients who undenwent that procedure were di-
vided into three murually exclusive subcategories on the basis of
the type of supplies used in the operation. Disposable instru-
ments can be used in cach step of Ia aroscopically assisted vaginal
hysterectomy. If such instruments {that is, an endoscopic stapling
device, an endoscopic hemoclip, staple-reloading artridges, dis-
posable hand instruments, and disposable trocars) were used dur-
ing cvery step of the procedure, we categorized the surgery as
performed with disposable instruments. If the surgeon used sev-
cral types of these disposable instruments, bur nox all (for ex-
ample, if he or she used disposable trocars but relied on electro-
cautery or sutures for hemostasis), the procedure was classified as
one that used a combination of disposable and nondisposable in-
struments. The third category was one in which no disposable

TABLE 1. CHARACTERISTICS OF THE PATIENTS ACCORDING TO
TECHNIQUE OF HYSTERECTOMY.*

LaparoscOPICALLY ©

AssISTED VAGINAL . TOTAL VAGINAL ToTAL ABDOMINAL
HysTerectoMy ¢ HysTERECTOMY HysTerecTomy
CHARACTERISTIC (N=273) (N=210) (N=566)
Age (yr) 44%8¢1 50=13 4529t 3
Body-mass indext 26.0x5.4§ i 26.2=5.0 284*69t ~ -
Coexisting conditions £ A
No. per patient 0.4x0.8Y = 0.6=0.9 0.4=0.7¢
Percent of patients 461| 58 57
Preoperative indications (% of paticnts)
Uterine abnormalicy 781" 56 84t
Adnexal abnormality 7t 11 0.48 15t
Abdominal or peivic abnormality 52 17 3 45t
Pelvic relaxation 101** 60 61
Secondary procedures (% of paricnts)
None 321t 41 21
Surgical repair 1 38 0.4
Adhesiolysis 6 0 5
Salpingectomy, oophorectomy,
or both
As only secondany procedure 43 8 45
With repair of vaginal prolapse 3 11 3
With adhesiolysis 0.73 0.48
Intravperative findings (% of paticnts)
Extensive adhesions 21t 2 27t i
Endomctriosis 261t 1 15
Cterine weighe (g) . 171.1=159.23¢ 113.3=84.1 335.5%343.9

*Plus—minus values are means *=SD.

1P<0.001 for the comparison with total vaginal hysterectomy.

$Bady-mass index was calculated by dividing the weigh in kilograms by the square of the heighe

in merers.

§P<0.001 for the comparison with abdominal hysterecromy.,
1P=0.01 for the comparison with total vaginal hysterectomy.
[IP=0.002 for the comparison with abdominal hysterecromy.
“*P=0.05 for the comparison with abdominal hysterectomy.
11P=0.007 for the comprison with abdominal hysterectomy.

$1P<0.001 for cach pai’ visc comparison.

I
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COSTS AND CHARGES ASSOCIATED WITH THREE ALTERNATIVE TECHNIQUES OF HYSTERECTOMY

laparoscopic instruments were used. Costs of medical and surgical
supplics, operating-room time, and tortal charges for these subcat-
cgories were compared by Student’s t-test. All statistical analyses
were performed with SAS version 6.10.

RESULTS
Characteristics of the Patients

Of the 1049 patients, 273 (26 percent) underwent
laparoscopically assisted vaginal hysterectomy, 566
(54 percent) underwent abdominal hysterectomy,
and 210 (20 percent) underwent vaginal hysterecto-
my (Table 1). The group undergoing vaginal hyster-
ectomy was slightly older, on average, than the other
two groups, which were similar in age. The patients
who underwent abdominal hysterectomy tended to

- — -have higher body-mass indexes and heavier ureri than

the patients in either of the other groups. In 89 per-
cent of patients with a uterine weight of at least
400 g, abdominal hysterectomy was performed.
Secondary procedures related to hysterectomy were
performed in 79 percent of the patients undergoing

abdominal hysterectomy, 68 percent of the patients -

undergoing laparoscopically assisted vaginal hyster-
ectomy, and 59 percent of the patients undergoing
vaginal hysterectomy (Table 1). The most common
secondary procedure performed in conjunction with
laparoscopically assisted vaginal hysterectomy and
abdominal hysterectomy was salpingectomy, oopho-
rectomy, or both, with or without adhesiolysis. The
most common secondary procedure performed in
conjunction with vaginal hysterectomy was repair of
vaginal prolapse or surgical treatment for inconti-
nence.

Surgical Outcomes

Intraoperative complications occurred in 6 per-
cent of the patients undergoing laparoscopically as-
sisted vaginal hysterectomy, 2 percent of those un-

dergoing vaginal hysterectomy, and 4 percent of
those undergoing abdominal hysterectomy (P=0.02
for the comparison of the first and second groups,
and P=0.10 for the comparison of the first and
third groups). Twelve percent of laparoscopically as-
sisted vaginal hysterectomies were converted to open
laparotomy, as compared with 2 percent of total vag-
inal hysterectomies (P<0.001).

Use of Resources and Costs of Care

The mean hospital stay of the patients who under-
went laparoscopically assisted vaginal hysterectomy
(2.6 days) was significantly shorter than that of those
who underwent vaginal hysterectomy (2.9 davs) or
abdominal hysterecromy (3.9 days) (P<0.02 for all
comparisons). The mean stay for patients undergo-
ing laparoscopically assisted vaginal hysterectomy
was more than one day shorter than that for padents
undergoing abdominal hysterectomy both when no
secondary procedure was performed and when sal-
pingectomy, oophorectomy, or both were performed,
regardless of whether adhesiolysis was performed.
For the patients undergoing laparoscopically assisted
vaginal hysterectomy and those undergoing vaginal
hysterectomy, the mean stav was similar when no
secondary procedure was performed. Salpingectomy,
oophorectomy, and the two together did not influ-
ence the mean stay, but adhesiolysis and repair of
prolapse both increased it.

Despite the shorter mean stay with laparoscopical-
ly assisted vaginal hysterectomy, the mean total charg-
es (including both facility. charges and professional
fees) were highest for the patients undergoing that
procedure (Table 2). The average total charges for
laparoscopically assisted vaginal hysterectomy were
higher than those for abdominal hysterectomy by
$1,032 (P<0.001) and higher than those for vaginal
hysterectomy by §1,895 (P<0.001). The total charg-

Ifm

TaBLE 2. TOTAL CHARGES FOR VARIOUS SUBGROUPS OF PATIENTS, ACCORDING TO TECHNIQUE OF HYSTERECTOMY.*

TortaL No. LAPAROSCOPICALLY ASSISTED ToraL VaGINAL TOTAL ABDOMINAL
SusGRrouP StuoiEp VaginaL HysTERECTOMY HysTerecTOMY HysTERECTOMY
NO.  TOTAL CHARGES (S)  NO.  TOTAL CHARGES (S) NO. TOTAL CHARGES (S)
1
All subgroups 1049 273 6116=1816t 210 4221*1174 © 566 5084=1768
No secondary procedure 293 87 5804=1581%1 87 3522737 - 119 4548+763
Surgical repair only 85 4 7856=3642¢ 79 4673+920 2 5808+1939
Adhcsiolysis only \ 43 17 6674=2389§ 0 = 26 5078=1429
Salpingecromy, oophorectomy, or both
As only secondary procedure 389 117 6030=1681 17 3976+702 255 4890+125291
With repair of vaginal prolapse 49 7 7694>=1486|| 23 5077+1344 19 6004=1210""
With adhesiolysis 181 37 62362044 1 6448 143 5689+2724

*Plus-minus values are means =SD.

$P<0.001 for the comparison with total vaginal hysterectomy.
1P =0.003 for the comparison with total vaginal hystcrectomy.
**P=0.03 tor the comparison with toral vaginal hysterectomy,

tP<0.001 for cach pairwisc compan'sonl
§P=0.009 tor the comparison with abdominal hystcrccrom_\‘.
[IP=0.007 for the comparison with abdominal hystcrectomy:.

/ '
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. es for laparoscopically assisted vaginal hysterectomy
were $1,140 higher than those for abdominal hyster-
ectomy when oophorectomy, salpingectomy, or both
were performed and $1,256 higher when no related
secondary procedure was performed.

The differences in facility costs associated with
hospitalizations for the three types of hysterectomy
paralleled the differences in charges (Table 3). The
mean overall facility costs for laparoscopically assist-
ed vaginal hysterectomy were $1.167 higher than
those for abdominal hysterectomy when no related
procedure was performed and $1,060 higher when
salpingectomy, oophorectomy, or both were per-
tformed.

In part, the higher costs and charges for laparo-
scopically assisted vaginal hysterectomy were due to
longer operating-room times. When there was no re-
lated procedure, laparoscopically assisted vaginal hys-
terectomy required 35 minutes more operating-room
time than abdomifial hysterectomv (158 vs. 123 min-
utes) and 70 minutes more than vaginal hvsterecro-
my (158 vs. 88 minutes) (P<0.001 for both compar-

_sons). When salpingectomy, oophorectomy, or both
were performed, but not adhesiolysis, the mean op-
erating-room time needed for laparoscopically assist:
ed vaginal hvsterectomy was 46 minutes more than
for abdominal hysterectomy and 72 minutes more
than for vaginal hvsterectomy. A similar amount of
recovery-room time was needed for all three tech-
niques both when there was no secondary procedure
and when salpingectomy, oophorectomy, or both
were performed. N

The average charge for medical and surgical sup-
plies was $1,190 higher for laparoscopically assisted
vaginal hysterectomy (S1,485) than for abdominal
hysterectomy ($295), and $1,251 higher than for
vaginal hysterectomy ($234) (P<0.001 for both

comparisons). These differences were similar regard-
less of which secondary procedures were performed,
or whether any were performed.

We compared the total charges, facility charges,
and costs for medical and surgical supplies that were
associated with laparoscopically assisted vaginal hys-
terectomy according to whether the procedure was
performed with disposable supplies, nondisposable
supplies, or a combination of the two (Table 4). Mean
costs for supplies were higher by $1.496 when pro-.
cedures were performed with disposable supplies
than when they were performed with nondisposable
supplies. Despite the potential savings of time asso-
ciated with the use of an endoscopic stapler, the av-
erage operating-room time with disposable supplies
was greater, not less, than for operations performed
with nondisposable supplies. Among the patients
who underwent laparoscopically assisted vaginal hys-
terectomy with no related secondary procedure, the
mean operating-room time was 165 minutes when
disposable supplies were used (67 patients), 143
minutes when nondisposable supplies were used
(7 patients), and 122 minutes when a combination
of the two was used (13 patients). Thus, overall fa-
cility charges and total charges (with professional fees
added) were substantially higher for laparoscopically
assisted vaginal hysterectomy only when disposable
supplies were used.

Multivariate regression analyses were performed to
compare the three techniques of hysterectomy with
respect to costs and the use of resources, with adjust-
ment for age, the number of coexisting medical con-
ditions, uterine weight, and the secondary proce-
dures performed. These adjustments had little cffect
on the results. Regression analvses also demonstrat-
ed that patients at least 60 vears old had mean total
charges that were $938 higher than those of patients

TaBLE 3. FACILITY COSTS FOR VARIOUS SUBGROUPS OF PATIENTS, ACCORDING TO TECHNIQUE OF HYSTERECTOMY.*

ToraL No.
SusGrouP STuDIED
NO.
All subgroups 1049 273
No secondary procedure 293 87
Surgical repair only 85 4
Adhesiolysis only 43 17
Salpingecromy, oophorectomy, or both — ~
As only secondary procedure 389 117
With repair of vaginal prolapse 49 7
With adhesiolysis 181 37

LAPAROSCOPICALLY ASSISTED
VaginaL HysTerRecTomy

FACILITY COSTS (S)

ToTAL ABDOMINAL
HysTeEReCTOMY

FACILITY COSTS (S)

ToTAL VAGINAL
HYSTERECTOMY

NO.  FACILITY COSTS (S) NO.

39541601

49141710t 210 3116=969 566 .

464214961 87 2626=659 119 3475=676
6397=3515¢% 79 3400=771 2 4110=1485
544922207§ 0 - 26 3960=1312
4851=16221¢ 17 2978=621 255 3791=1128|
6177=15763"* 23 3747=1242 19 4601=1082tt
5010=1890 1 5224 143 4510=2499

* Plus=minus values are means =SD.
$1’<0.001 for the comparison with total vaginal hysterectomy.
IP<0.001 tor the comparison with abdominal hysterectomy.

**P'=0.005 for the comparison with abdominal hysterectomy.
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1P<0.001 tor cach pairwise comparison.

§P=0.008 for the comparison with abgdominal hysterecromy.
[I?=0.004 for the comparison with ol vaginal hystercctomy,

- 11'=0.024 tor the comparison with m7ul vaginal hysterectomy.
[
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COSTS AND

CHARGES ASSOCIATED WITH THREE ALTERNATIVE TECHNIQUES OF HYSTERECTOMY

|

X

g
TABLE 4. CHARGES AND COSTS FOR LAPAROSCOPICALLY ASSISTED VAGINAL :;f
HYSTERECTOMY ACCORDING TO WHETHER THE SUPPLIES USED WERE DISPOSABLE.* 2
- CosT oF MeicaL ;
No. of AND SURGICAL
TvyPE OF SuPPUES ProceDuRES  TOTAL CHARGES (S)  FACIUTY CHARGES (S)  Suppuies (S)
Disposable 210 6+19=1818t 5514=1770t 17821089t
Nondisposable 10 45637089t 36++x6115§ 286=515§
Both combined 53 5208=1401 42951328 S81+3HY
*Plus-minus values are means =SD.
1P<0.001 for the comparison with procedures using disposable and nondisposable supplics in
combination.
$P<0.002 for the comparison with procedures using disposable supplies.
§P<0.001 for the comparison with procedures using disposable supplies.
1P=0.01 for the comparson with procedures using nondisposable supplics.
under the age of 40, and facility charges that were | It is not surprising that the costs associated with '
S$817 higher, after adjustment for the number of co- | laparoscopically assisted vaginal hysterectomy were .
existing conditions and for uterine weight. After we ' higher than those of the two alternarive procedures.
controlled for uterine weight and the number of co- | Because laparoscopically assisted vaginal hysterecto-
existing conditions, an increase of 10 years in age | my combines both abdominal and vaginal approach-
(for example, when a patient 65 vears old was com- | es, two sets of instruments and drapes and two differ-
pared with a patient 35 years old) was associated | ent Operating conRgURILONS are required, increasing
with an increase of $246 in facility costs (P<0.001). | both time and labor. Moreover, when uterine weight
In addition, patients with a uterine weight of at least s 400 g or more, the vaginal portion ot the opera-
400 g had mecan total charges and mean facility = tion often becomes more ditficult, increasing the
charges that were $280 higher than those of patients | operating-room time. y o
with a uterine weight below 400 g, after we con- Few disposable instruments are routinely used in
trolled for age and the number of coexisting condi- ; either abdominal hysterectomy or vaginal hysterec-
tions. Finally, atter we Controlled for age and uterine | tomy. With laparoscopically assisted vaginal hyster-
weight, patients with one or more coexisting condi- | cctomy, however, disposable instruments are avail-
tions had mean facility costs $239 higher than those | able for every step of the laparoscopic portion of the
of patients with no coexisting conditions (P=0.01). | procedure. The most expensive of these instruments
are the endoscopic stapling devices. Some surgeons
DISCUSSION believe that stapling instruments substantially reduce
Despite the reduced invasiveness and shorter hos-- | the operating time required for this portion of the
pital stay associated with laparoscopically-assisted-vag-—|—hysterectomy. iti i e_instruments

inal hysterectomy, we found that the operating-room
time, anesthesia time, cost of supplies, facility costs
and charges, and total charges (facility charges plus
professional fees) for that procedure were substantial-
ly higher than those for either vaginal hysterectomy
or abdominal hysterectomy. The cost of a hospitaliza-
tion for laparoscopically assisted vaginal hysterectomy
was higher regardless of which related surgical proce-
dures were also performed, or whether any such pro-
cedures were performed. In addition, the procedure
was substantially more expensive when disposable, as
compared with nondisposable, supplies were used in
every step of the laparoscopic portion of the pro-
cedure. When laparoscopically assisted vaginal hys-
terectomy was performed with either nondisposable
supplies or a combination of disposable and nondis-
posable supplics, the facility charges were not sub-
stantially higher than for abdominal hysterectomy.

are always clean and sharp and are designed to facil-
itate specific steps in the operation. Nonetheless,
there was no overall reduction in operating time
when disposable instruments were used for all steps
in the laparoscopic portion of the procedure.

We compared costs and use of resources in the
care of patients defined as clinically similar on the
basis of the secondary procedures (if any) performed
in conjunction with hysterectomy. We adjusted the
analysis for age, the number of coexisting condi-
tions, and uterine weight. As a result, we believe the
differences’ in cost were attributable to differences
berween the techniques of hysterectomy used, rather
than differences in the type of patients treated. To
make our comparisons accurate and exclude patients
who underwent more substantial surgery for cancer,
we reviewed more than 1000 patjents’ hospital charts
in derail, instead of relying sol¢ly on compurerized

i/
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administrative data. These reviews enabled us to ob-
tain data on age, weight, and indications for surgery
for cach patient and to identify procedures that be-
gan as laparoscopically assisted vaginal hysterectomy
but were converted to abdominal hysterectomy and
thus were coded and billed as the latter on the dis-
charge abstracts.

We estimated facility costs, as well as facility charg-
es, using cost-to-charge ratios specific to each cost
center. We could thus draw conclusions about the
costs associated with each technique from the per-
spective of the hospital as well as the insurer.

The most noteworthy limitation of our analysis is
that we studied only a single institution. The costs
and charges for the three techniques of hysterectomy
~may differ at other institutions, but it is likely that our
major conclusions are generalizable. We examined the
experience of nearly 100 surgeons but did not control
for differences among them in technical expertise.

Judgments about the preferred approach for hys-
terectomy should be based on several factors, includ-
ing the indications for the procedure, the clinical
characteristics of the patient (such as estimated uter-
ine size and weight), and the morbidity and cost as-
sociated with the technique. When vaginal hysterec-
tomy can be performed, our analysis confirms that it
is the least costly approach and that intraoperative
complications are less frequent with it than with lap-
aroscopically assisted vaginal hysterectomy. Laparo-
scopically assisted vaginal hysterectomy may offer
paticnts scveral advantages over abdominal hysterec-
tomy, such as reduced postoperative discomfort, a
shorter period of recuperation after discharge, and
the chance to avoid a major abdominal incision, but
our analysis suggests that when disposable instru-
ments are used for all steps in the laparoscopic por-
tion of the procedure, the in-hospital costs to both
the hospital and the insurer are substantially higher

Supported by Greater Baltimore HealthCare, Baltimore.
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for the laparoscopic procedure.

It is not likely that using disposable instruments
throughour laparoscopically assisted vaginal hysterec-
tomy confers enough advantages over abdominal
hysterectomy to justify the added cost. Whether the
bencfits to the patient of the laparoscopically assisted
technique without the use of disposable instruments
are worth the extra cost is a question requiring a val-
ue judgment. A prospective study now under way
will evaluate patients’ quality of life, abiliry to rerurn
tQ work, and producrivity after hysterectomy, to clar-
it the relative benefits and cost effectiveness of the
two procedures.
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RECOMMENDATIONS FOR FUTURE STUDIES
"The case for low-protein diets in CRF is not established in man.
For further study we make the following recommendations. (1).
Patients should be proven to have progressive renal failure with no
obvious reversible factor before administration of 2 low-protein
diet. (2). The rate of decline of renal function should be assessed
over several months. This will allow for the placebo effect and
ensure treatment of conditions such as hypertension. (3). Renal
function should be monitored by isotopic clearances. (4).
Assessment of nutrition -shouid include anthropometric and
biochemical measurements. (5). Patient compliance should be
assessed by an experienced dietitianand also by the measurement of
urea nitrogen appearance. (6). If 2 randomised trial is undertaken,
_ groups of patients should be matched for age, sex, diagnosis, rate of
progression, degree of renal failure; hypertension, and proteinuria.
Control and experimental diet groups should be treated and
followed up in the same way, and should be kept apart at clinics to
prevent inadvertent “‘crossover” of diets. (7). In furure trials we
would favour the less restricted diets (standard 0-6 g/kg protein
-intake) since they are 2 more realistic option for large-scaie use. (8).
Follow-up should be for at least two years.
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COST OF NEONATAL INTENSIVE :
FOR VERY-LOW-BIRTHWHIGHT INF
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Summary A derailed costing of the Mersey regiq
neonaral intensive care unit was mg
1983 (at 1984 prices) for three levels of care; cos
inpatient day were £297, £138, and £71 forintcnsive,
and nursery care, respectively. Regression of ung
patient-specific costs against birthweight showed
explanatory power of birthweight to be: negligible
average cost per very-low-birthweight (<1500 g) in

study elsewhere showed an almost six-fold difference i
between survivors and non-survivors. It is postulateg
medical management policy largely detemnnes
difference and is crucial to.any mvutiganon

efficiency.
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£ ~ INTRODUCTION
f THE reduction in mortality associated with improvements
i, peonatal care is well known,' but costs may still outweigh
8 pomic benefits for infants weighing less than 1500 g at
“-p . Compared with larger infants, the costs for very-low-
ﬁ“hwcight (VLBW) infants are likely to be high and benefits
‘,duccd by greater mortality and morbidity in the postnaral
iod. North American evidence supports this view. Walker
:: colleagues demonstrated the low viability and high cost
Jintensive care for infants of birthweight below 900 g,* and
goyle et al reported that neonatal intensive care had more
evourable effects among infants weighing 1000—1499 g than
wong thost weighing 500-999 g.! When expected.future
tarnings and costs were taken into account, the smailer
sfants showed a net economic loss for any positive discount
Fore. [t does not follow that it is not worth treating the smailest

ey might be berter concentrated on.infants in the higher
irthweight ranges.

laation berween birthweight and the cost of care.
METHODS

@y and prices. Most costs were incurred at the NICU bur services
were provided by other centres including Liverpool Maternity
Hospital, other hospitals, and specialised units. Costings were as
pecific as possible to neonatal care and to each cost centre. In

hree care ievels defined as:

¢ Intensive care—infants . given respiratory support by either
mechanical ventilation or constant positive airway pressure.
Special. care—infants given both electronic monitoring and
travenous infusions for any reason; respiratory support not

fequired.
pNursery care—infants given special observation or care but fed
wlly; respiratory support or intravenous infusions not needed.

The srudy included all infants treated, some of whom received
weither intensive nor special care.

The NICU provided 7193 days of inpatient care. These were
tllocated to care levels from case notes. The cost of care for each
kvel was divided by inpatient days to give an average day cost.
Multiplying the day costs by the number of days each of 182 VLBW
ifants spent at each care level gave a patient-specific cost estimate
for each infant.

Costing Methods

Medical and nursing staff.—Medical staif could be readily
tocated to care ievels. Nurses had principal responsibilities in
*pecific rooms corresponding to the three care levels, but they
Doved between rooms as required. To rtake account of this
Bovement, the working of the unit was observed and several case
Xudies were made to estimate the nursing time spent at each level.

. Equipment.—The estimate of the cost of capital equipment
Beluded items donated by charities and took account of capital
ption and maintenance. Estimates were available of the
lacement cost in 1983 of the 227 items of equipment identified in

is estimate was converted into an annual charge for capital
Sosumption by straight-line depreciation on the assumption that
average lifetime was 10 years for mechanical and 7 years for

{ onic equipment. These were towards the upper end of the
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range of plausible assumptions; another calculation was done for
lifetimes of 5 and 3 vears.

Consumables.—Annual consumption was estimated from

quantities of 55 items used in one week in mid-1984. It was priced
from delivery notes, invoices, and information provided by
manufacrurers. On the advice of the nursing officer, it was allocated
in the proportions 2/1/1 berween intensive, special, and nursery
care. .
Drugs and pharmaceuticals.—The estimate of annual consumption
was based on a 6-week sampie period in mid-1984. 92 items were
costed and allocated to miscellaneous (allocated equally berween the
three levels), parenterai nutrition, and antibiotics (both allocated
equaily between intensive and speciai care).

Diagnostic tests.—Costing tests was more difficuit than any other
item. Case notes recorded the number of test requests for each infant
but a request usually required more than one test. Numbers of tests
were estimated by muitiplying requests by an average weighting for
each type. Tests were carried out in departments serving other
hospitals as well as the NICU. An existing study of the costs of
radiology to the NICU was updared. The average cost of an X-ray
(£18.04) included taxi fares and other extra costs-for out-of-hours
tests. The cytogenerics department estimated the cost of a test at £40
in 1983. The average costs of haematology and biochemistry (£1.16)
and bacteriology (£1.37) tests were caiculated from an estimate of
the NICU’s share of each department’s workload. Milk tests were
not recorded in case notes and were priced separately. Tests were
allocated berween intensive, special, and nursery care in the
proportions 6/4/1. This assumption, based on medical advice and
observation, was not used in the analysis of costs for VLBW infants
because patient-specific estimates were used. *

Overheads.—Most overhead expenditure and a small amount of
income was shared berween the NICU and Liverpool Maternity
Hospital. Seven items (administration, records, training and
education, laundry, transport, criache, and income) were allocated
by inpatient days. Only staff cateriug costs (43% of the total) were
apportioned to the NICU, since food for newborn infants was
prepared in the unit. Four items (cleaning, engineering
maintenance, building mainrenance, and estate management) were
allocated according to the: cubic capacity of the NICU as a
proportion of the Liverpool Maternity Hospiral. Specific estimates
were made for porrering, heat-steam, warer, electricity, and oxygen.
No allowance was made for the depreciation of buildings.
Overheads were allocated berween care leveis by inpatient days.

RESTULTS

VLBW infants accounted for 34% of admissions but 65%
of inpatient days. Of the 182 VLBW infants, 131 (72%) were
born at the Liverpool Maternity Hospital. The mothers of 35

~of these had hooked ar the hospiral, .96 .transfecred . there
during pregnancy, and 51 were postnatal transfers.

VLBW infant mortality was 25%. It ranged from 100% for
birthweight <700 g to 10% in the 1400-1499 g range. The
mortality rate was 22% for inborn infants and 33% for
outborn. Of the 182 VLBW infants; disabilities were
identified in 16 (8+8%).

Table 1 shows the cost of the whole unit for 1983 in terms of
1984 pay and prices by principal cost categories. The most
expensive items were nursing staff, tests, and overheads. If
average lifetimes of equipment had been taken as 5 and 3
years for mechanical and electronic items (instead of 10 and 7
years) equipment costs would have been £91 069, total costs
£1 057 903, and the proportion of equipment costs in the
total 8+ 6%.

Table I also shows total costs allocared to the. three care
leveis and divided by inpatient days to give average day costs.
Day costs are sensitive to the capacity level achieved in the
unit. In some months during 1983 the NICU treated more

than twice its notional capacirty. If it had cared for fewer
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“TABLE I-TOTAL COST * OF CARE FOR 542 INFANTSALLOCATED
BETWEEN CARE LEVELS
- Intensive | Special | Nursery
s Toza!l care care care
- & %o @ . (03} (£)
Medical staff 87691 | 8:6 41060 41060 ° 5571
Nursing staff’ 361129 | 35-6 201239 82616 | 77 274
Equipment 47873 | 4°7 . 24482 13375 ; 10016
Consumables 97958 | 97 48 980 24489 | 24489
Drugs 84689 | 83 . 33797 33797 | 17095
Tests 173179 | 17-2 73 446 74 447 26 286
Overheads 161188 | 159 34398 53 625 73165
Total 101+ 707 .. 457 402 323 409 233 896
Inpatient days 7193 6l 1541 2343 3309
Cost per day £141.07 £296.82 £138.03 £70.68

*In terms of 1984 pay azd prices.

infants, day costs would have been higher, since fixed costs
would have been spread over fewer days.
Intensity of effort by staff was an important missing

variable. Its infimence mrigitrbe found in staff turnover and”

quit rates and in other less readily quantifiable forms. A true
cost would include an adjustment for achieved capacity
levels. i s

The mean (+SD) cost of care for all surviving VLBW

infants was £3615+3014 and that for non-survivors was.

£3446+6143. Outborn infants (survivors £4664+3685, non-
survivors £4656:+7667) were more expensive than inborn
(survivors £3265:2685, non-survivors £2736+5064). These
data had very high variance,. especially in the lowest
birthweight ranges. Some of the smallest infants survived for
only a short time and were among the cheapest to treat.
Others survived for long periods in intensive care and were
the most expensive. o

Table 11 shows the cost of producing a survivor in 100 g
birthweight ranges. If the objective of neonatal care is to save
lives, without reference to their expected length or quality,
this figure is a rough measure of the cost-effectiveness of
intensive care for different birthweight ranges.

The best statistical relation berween birthweight and cost
for VLBW infants was obtained from ordinary least squares
regression of birthweight grouped in 100 g class intervals
against the cost of producing a survivor (R*=0+6) but it was
shown to depend onthe selection of class intervals, which was
entirely arbitrary. This variation in the explanatory power of
birthweight was due partly to the tendency to round weights
to the nearest 10 g.

When ungrouped, patient-specific cost estimates for all
VLBW infants were used, the relation between birthweight
and cost disappeared (R?=0-04). Improvements in the
statistical explanation' of cost were sought by including
dumxny variables for survivors, inborn infants, and in-utero

TABLE lI-TOTAL COST pr,-rx_zom:c‘:m'éA SURVIVOR'

Cost of care No of Costof a

Birthweight (g) n £ survivors survivor® (£)
500-599 4 27 906 0

600—-699 5 22878 0 -
700-799 11 67 066 5 13413
800-899 20 69 561 11 6324
900-999 18 65 847 13 5065
1000-1099 21 107 226 16 6702
1100-1199 26 95 836 22 4356
1200-1299 28 62 831 25 2513
1300-1399 28 70 646 25 2826
1400-1499 ;2 60 336 19 3176

*Torai cost of care divided by number of survivors.
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transfers, the number of weeks of gestation, and the square o
birthweight (a test for non-linearity). Over many equarj
most of the signs of the independent variabies were Fa
predicted and their coefficients were usually significay,
(p<0-05) but their explanatory power was negligihje
(R?*<0-1). No improvement was obtained by restricting the
sample to infants who had at least 1 day in intensive care nor
was there evidence of a structural break in the dara at eithey |
900 g or 1000 g. :

DISCUSSION

Clinicians and economists concerned with nzonatal care
have analysed outcomes in birthweight ranges. Boyie et a)*
implied that birthweight ranges might guide the pianning of
medical resource allocation. When full data are available, thiy
procedure can be shown to be statistically inefficient and
possibly misieading. The division of the VLBW range 3
1000 g suggests that an infant weighing 999 g is different
from one weighing 1000 g. Of course, this would not be true
everrif birthweighit were measured as accurately as this. The.
selection of birthweight ranges is arbitrary, and grouping
involves the use of averages taken from cost data which haves
high variance and are bimodal for the smallest infants.

Our data, grouped in 100 g ranges, showed a correlation
coefficient of 0+ 6 berween birthweight and cost, which leaves .
40% of the variance unexplained. Whether this correlation
would be an adequare guide to resource allocation in marters :
of life and death is doubtful. However, the result was shown }
to depend on the choice of birthweight ranges and was X
confirmed by the ungrouped data. The severity -of infants’ '
symptoms was probably the principal determinant of cost but -
it was not caprured by restricting the sample to those who §
received mechanical ventilation. il

These findings fall short of a full evaluation to be compared.
with that of Boyle et al' In particular, the costs Were;
restricted to those incurred in the NICU. No artempt watz
made to quantify either the benefits ortheﬁmew!lg
artributable to intensive care, though work is proceeding 382§
this direction. It may be that as furure costs become knowZs- 1
the cost-benefit calcularion will swing against the sma“ﬂfg
infants, but this is by no means certain. For all but the most -
severely incapacitated, neonaral costs are likely to be the mo%-
expensive episode in the medical history, and these costs Q,‘
not seem to be related systematicaily to birthweight. ‘e

The problem of selection bias in a regional referral upt®™
well known. It has been claimed that regional units atmS
from district hospitals the infants with the best prognoses 9+
that improvement in outcomes in referral units may be ot}
by deterioration elsewhere.’ It is equally likely that o
intensive-care techniques become more widely disseminsicth »
local hospirals will retain infants with good prognoses 94
refer the difficuit cases. Referral rates from district

" differ widely in-Mersey Region: They are not explained 7

distances from the NICU and seem to be related %~
unexplained variations in medical practice. In this studfi-
outborn cases were more expensive than inborn and ¥
mortality rates were higher. The selection bias scemed ”m-
work against the NICU. e
The only similar UK study was of infants treated 10 d‘f
regional NICU of Birmingham Maternity H“P“’l&
1980-81.> Comparisons must be very tentative, o b
studies are separated by time and regionai ci M
differ somewhar in their methods and costing P ,f_-
The day costs for care levels (defined similarly b Oo-
identically) in 1984 pay and prices are given in table /- j

i
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CLINICAL ECONOMICS

MODULE 3

ECONOMIC COSTS AND DISCOUNTING
v

completion of this module you should:

understand the distinction between economic and
financial costs;

understand the reasons for discounting costs which are
expected to accrue in the future;

be able to calculate the present value cost of an
illness for a given discount rate.




ECONOMIC COSTS AND DISCOUNTING

Introduction

In Module 2 it was shown that the concept of discounting was
central to estimates of the cost of an illness. Discounting is
the focus of this module, but first the meaning of the term

"economic cost" must be clarified.

The cost to an individual, a hospital, or a government is
the money used to pay for something - for example, the fee an
individual pays to visit a doctor, or the money the government
pays to subsidise health care for the poor. These costs are
called financial costs. They measure actual money transactions.

:Agﬁ_ééahomic cost is the cost to society as a whole rather
than the cost to one section of society.~ This corresponds to
the concept of opportunity cost that was described in Module 1.

To refresh your memory, suppose & decision is made to build
a hospital. The resources consumed (building materials, labour,
linen etc.) cannot be wused to build rural health clinics or
sports centres, for example. The opportunity cost is the value
society places on the best alternative use for resources that
must be foregone. The decision to build the hospital is
efficient if the value society places on the services produced
by the hospital exceeds the opportunity cost.

Transfer Payments

Economic costs often differ from financial costs. Consider
an X-ray machine purchased by a local doctor at a cost of
$4950. Assume that this price included a government tax of $450

on the wholesale pr..e of $4500. The privaté financial cost of
the machine to the doctor was $4950, ‘but this was not the cost

to society. The tax payment did not use up any resources which
then could not be used elsewhere - it involved no opportunity
cost to society. Tt simply transferred the command over
resources from one person in society, the doctor, to the
government which represents society as a whole. Accordingly,
taxes are examples of transfer payments which are financial but
not economic costs. The true cost of the machine is the value
of the resources used in its construction which cannot be used
elsewhere. Social security payments are also transfer
payments. In this case they transfer the command over resources

from society as a whole (the government) to the recipient.
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Economic Costs and Cost of Illness Studies

Cost of 1illness studies seek to measure the costs which a
disease or condition impose on society—rather than-—on -an

individual. As such, economic costs should be estimateqwid
preference to financial costs. /Consider a direct cost such as
the cost of hospitalisation. The resources used to provide

hospital services cannot be used elsewhere, so it is the value
of the foregone opportunity which should be included in a
costing study. The charge to a patient for hospitalisation will
rarely be a good indicator of the economic cost, especially
where governments subsidise hospital care.

The indirect costs of an illness are similar in that they
represent the value of potential production lost because people
cannot work, or cannot work efficiently. They are opportunities
lost because of the illness.

Tt is sometimes difficult to estimate economic costs
accurately. This 1issue 1is considered again in a later module,
but at this stage it is important for you to recognize that
economic costs are not necessarily the same as financial costs.

DISCOUNTING

Reasons for Discounting

Most people would prefer to receive $1000 today than $1000
in a year's time. This is largely because the person loses the
opportunity to earn income from the money, for example by
earning interest, if payment is delayed for a year. Likewise,
people prefer to pay a bill of $1000 in a year’s time rather
than today. Again, the reason 1is that the person loses the
opportunity to earn income from the $1000 over the forthcoming

year by paying the bill today.

In both cases, th: implication is that people value $1000

today more highly than 31000 a year later. The general
principle is that money now is valued more highly than an equal
sum that will be paid or received in the —future. This

preference for money now over money in the future is called the

, rate of time prceference.

Assume that the best interest rate you can obtain is 10% per

vear. If 1 offered you the choice between $1050 payable in a
vyear and $1000 now, you probably would take the money now. If
you 1invested the money now it would be worth $1100 in a year.
However, if I offered you the choice between $1200 payable in a
yvyear and $1000 now, most of you would choose to wait for the
year as long as you were reasonably confident of my honesty.
Therefore, there must be a sum of money payable in a year,
somewhere between $1050 and $1200, which you consider to be of
equal value to having $1000 today. (For some of you it may be

greater than $1200.)
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For me it 1is $1150 ($100 to compensate for the lost
interest, and $50 to compensate for the uncertainty). I am
indifferent between a payment of $1150 in a year and $1000
payable today as long as the interest rate is 10%. In_other
words, $1150 1in a year is worth $1000 today. I have discounted
the future—sum of money to find its value to me today, which is
called its present value. I discounted $1150 by 15% to obtain
the present value of $1000, so 15% is called the discount rate.

As long as the discount rate is known, it is possible to
find the present value of any sum of money that is expected to
be paid or received at any time in the future. If you think
through the logic of the earlier examples, you will discover
that the further into the future a sum of money is expected, the
lower will be 1its present value. Similarly, the higher is the
discount rate, the lower will be the present value.

Discounting and the Cost of Tllness

You will remember from Module 2 that in calculating the
cost of an illness it is necessary to estimate the cost it will
impose on society in the future. Consider a disease which is
estimated to cost $1 million a yvear for 5 years, Viewed from
today's perspective, the total cost of the disease to society is
not $5 million because $1m this year is worth more than $1m next

year, which in turn is worth more than $1lm in 2 years time etc.
It 1is necessary to convert each year’s cost to its present
value. The stream of present values can then be summed to
obtain the present value cost of the illness. The following

table shows that the present value cost of our example is $3.79m
using a 10% discount rate.

YEAR  COST ($) PRESENT VALUE ($) R
. Pt -«-«"\, !/ (T—\:“) I ~

1 1m j L 909,000 e L3 e O

2 1m © 1Y 826,000 - -fdpte T

3 1 00 751,000 V73, 50 et ss
4 Im 3005 683,000 G73im s T e

5 1m 121,000 62999, 3n  LKrovsrde

TOTAL Sm 21 TTT3,790,000 T e, O L

: Vs

The mechanics of this process are described in Evans et al
(1984) and Drummond (1980), so will not be repeated here. It

will be necessary to read one of these references in order to =+

complete question 2.

The Discount Rate

Cost of 1illness estimates are calculated as present values.
Present value costs are sensitive to the choice of discount
rate, and the appropriate rate depends on a number of factors.
There 1is disagreement in the literature about the correct rate,

and appendix 4 in Drummond (1980) discusses some of the



4

problems. The arguments cannot be summarised easily, and they
are not particularly important to your understanding of why
:discounting 1is necessary. At this point you should be able to
calculate the present value cost of an illness if you are given
the appropriate rate. Question 2 asks you to consider some of
the factors influencing the choice of the rate.
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QUESTIONS

1. Read the article by Barnum. Are you convinced that it is
necessary to adjust healthy days of life gained by an intervention
for time preference and for productivity? Discuss.

2. THIS QUESTION TS BASED ON QUESTION 3, MODULE 2.

a. In Q3, parts b and d you calculated the present and future
costs of treating the four diseases. Now calculate the present
value cost of +treating each disease using a 5% discount rate.
(Define the year of onset as year 1).

b. Repeat part a wusing a 10% discount rate. Explain any
differences you observe. (e 1 wpostavcc CbchHMu s«av duﬁ< R Y P AR ALY 174
C. In Q3, part f, you calculated lost earnings due to premature
mortality. Explain how you would calculate the present value of
these lost earnings. (Do not do the calculations unless you have a
lot of spare time.)

d. Using your results in Q3, part h, calculate the present value

of losses from disability days for each disease, using a 5%
discount rate. :
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Had you completed the calculations for part c above, you would

e.
have found that the present values of lost production due to
premature mortality, with a 5% discount rate, vere A = $789,928; B
= 627,285; € = 2,202,307; and D = 1,265,912.<'Calculaté the total

present value cost of each disease at a 5% discount rate. 7

3. A company borrows money to build a private nursing home. It
has to repay the loan and interest over 10 years. Is the repayment
of a. the loan; - TP - Adinis

b. the interest,~
an economic cost? - '

4, Everyone has the same rate of time preference, so it is easy to
determine society’s rate. Discuss.
S a. What factors would influence the choice of discount rate in
a cost of illness study?

b. A high discount rate discriminates against preventive

medicine in favour of curative medicine. Discuss.
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David Evans et al (1984)

Time Value of Money

Most people if offered the choice between a certain amount of
money today and the same amount in several years' time would choose
to have the money today. This preference for money now as distinct
from money later has several explanations, but most of these are
connected with a loss of opportunity, commonly called opportunity cost.
In other words money obtained now can be put to a productive purpose
which will generate income. If the receipt of money is delayed then
* so ‘is the opportunity to generate income. Similarly, money obtained
now may also be used for 'non-productive' (in terms of income)
activities such as leisure pursuits and current consumption. Although
these may also be enjoyed in the future, the uncertainty of the future
may mean that people prefer to enjoy them now rather than at a more

uncertain later date.

Because money received in the future as distinct from the
present represents a loss of opportunity, anyone lending money, and
thereby foregoing opportunities, will need to be compensated when
the money is repaid in the future. Thus, if a farmer lends money to
his neighbour he is foregoing the opportunity to use that money to
generate income by increasing, say, his fertilizer applications. On
the other hand, his neighbour is gaining the use of that money to
put to a productive purpose, say to irrigate his land. Obviously the
lender would expect to be compensated for the income he is foregoing.
This compensation generally takes the form of interest where the
borrower is in fact paying the lender for the use of his money. The
interest rate reflects peoples' preference for money now as distinct
from money in the future; that is, it is the 'time rate of preference’.
The higher the farmer values the opportunity of income foregone the
higher the rate of interest that he will charge the borrower.

Compounding ' =

If an amount A.is loaned to a person at an interest rate of
r per annum, then after 1 year the amount to be repaid is:

= +
Al + Alr Al (1 + r)



In this as well as in the remainder of the chapter, r is
expressed in decimal form, e.g. for an interest rate of 10%, r = 0.10.
After two years, the amount to be repaid would be:

- Al (l+r)+Al (1+r)r=Al (1 +xr) (1L + 1)

A, (1L +1)?

1

Therefore, if the loan is for n years, the amount to be repaid
in year n is Al (1 + r)n

The amount (1 + r)® is the factor by which a sum of money will
increase in value when earning compound interest at a rate of r%
per annum for n years; this is referred to as the compounding factor.
For example, an amount of $100 invested for 3 years at 10% per annum
will be worth after 3 years:

Pe

Value

Al (L # r)n
= 100 (1 + 0.10)°

= 100 (1.1)(1.1)(1.1)

= 110 (1.1)(1.1)

= 2% (X.1})

= 133.10
Through the process of compounding, the $100 grows to $110 at the
end of year 1, $121 at the end of year 2, and to $133.10 at the end
of year 3.

Discounting and Present Value

The time rate of preference can be considered from the opposite
point of view. Rather than ask how much a particular amount of money
would be worth at sometime in the future, the present value of an
amount of money expected in the future can be calculated. A 'penalty’
must be imposed on this money to compensate for the fact that it is
to be received in the future rather than now.

The process of finding the present value of a future amount is
called discounting and the discount rate at this stage will be assumed
to be the interest rate since they are both concerned with the same
time rate of preference, but applied from different ends of the time
scale. This assumption is discussed further in Chapter 5. The
interest rate involves looking from the present to the future, while
the discount rate looks backward from the future to the present.

It has been shown that for an interest rate of r&%:

A

A = A, (1 + r)?; therefore A, = n
n 1 ) 1
(1% gi®
1
and ——— is the factor by which a sum to be received n years in

(1 + r)™  the future must be discounted to determine its present
value; it is referred to as the discount factor. Thus, if a person
is promised $133.10 in 3 years' time, and the rate of interest is 10%,
the present value of this amount is:




Al

Al =} An

(L + )t

= 133.10

3 = $100.
(1L + 0.1)

As expected, this is consistent with the earlier compounding example.
The concept of discounting may be applied to each year of a

cash flow stream just as well as to an amount applying for only one

year, and the present value of a future income stream can be determined.

The World Bank has produced a set of Compounding and Discounting

Tables for project evaluation which gives the different discount

factors for different combinations of n and r, and these or similar

tables can be used for the various calculations associated with

project appraisal. Volume II (Part III) contains tables giving

compound, discount and annuity factors for selected combinations of

n and r.

For example, for a discount rate of 15% per annum, the tables
give the following discount factors for a five-year period:

Discount Factor Year 1 Year 2 Year 3 Year 4 Year 5

.870 .756 .658 .572 .497

Note that these discount factors can be calculated using the formula
outlined earlier. Note also that costs and returns can accrue at any
time during a given year which implies that a different discount rate
could apply for each day of a project's life. This obviously is
impractical and for convenience it generally is assumed that all
transactions are made on 31 December of each year. This is the
reason that the costs and benefits of the first year of the project

are also discounted.

The following shows how to calculate the present value of a
five-year income stream discounted at 15%.

Income to be Discount Present
received factor value
(1) (2) (3) = (1) x (2)

Year 1 $400 .870 $348
Year 2 500 .756 378
Year 3 400 .658 - 363
Year 4 600 .572 343
Year 5 500 .497 249
Total $2,400 $1,581
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0.026 0.018 0.013 0.009 0.007 0.006 0.004 0.003 0.001 0.001 0.000 0.000
0.022 0.015 0.010 0.007 0.006 0.005 0.003 0.002 0.001 0.000 0.000 0.000
0.019 0.013 0.008 0.006 0.005 0.004 0.003 0.002 0.00) 0.000 0.000 0.000
0.016 0.010 0.007 0.005 0.004 0.003 0.002 0.001 0.001 0.000 0.000 0.000
0.014 0.009 0.006 0.004 0.003 0.002 0.002 0.001 0.000 0.000 0.000 0.000
0.011 0.007 0.005 0.003 0.002 0.002 0.001 0.001 0.000 0.000 0.000 0.000
0.010 0.006 0.004 0.002 0.002 0.002 0.001 0.001 0.000 0.000 0.000 0.000
0.008 0.005 0.003 0.002 0.002 0.001 0.001 0.000 0.000 0.000 0.000 0.000
0.007 0.004 0.003 0.002 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000
0.003 0.002 0.001 0.001 6.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.001] 0.001 0.000 0.000 90.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 .000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0000 0.000 0.000 0000 0.000 0.000 .00
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CLINICAL ECONOMICS

MODULE 4

COST-MINIMIZATION ANALYSIS

Atter completing this module and the recommended - readings, vou
should understand:

&. the approach used in a cost-minimirzation analveis;

b. the strengths and limitations of the approach.
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COST-MINIMIZATION ANALYSIS

NOTE: In modules 1-3 it was necessary to introduce some
baszic economic concepts in addition to Cost of Illness
and Cost Analvsis. MNow that vou understand some of the
principles underpinning Climical Economics, the
remaining modules will be zubstantially shorter. You
should devote more attention to the recommended reEadings
and the associated guesticns.

INTRODUCTION

Clinical economics is concerned with the econaomic eftficiency
of health interventions, where efficiency depends on both the
inputs and outcomes of & programmne. The relationship between
inputs and outcomes is represented in the following diagram:

RESOURCES

CONSUMED HcE;Q:EH HEALTH IMPROVEMENT

PROGRAMME

v

C2=Indirect costs
{Production losses)
C3=Intangible costs

{adapted from Drummond et aly p. 2

From previous modules, vyou should be aware how the cost of a
programme can be estimated. The benefits are more difficult to

measure. Cost-analysis, the technigue introduced in Module I,
ie used where the benefits generated by alternative programmes
can be assumed to be identical. It does not require the
outcomes to be measured. The technigques which will be

introduced in this and subsequent modules do reguire outcomes to
be measuwred.

COST-MINIMIZATION ANALYSIS

Cost-minimization analysis 1s used to compare alternative
interventions for the same disease or condition where it can be
proved that the alternatives have identical outcomes. The
technigque requires a test of equivalence of outcomes rather than
the assumption that ocutcomes are eguivalent which iz central to
cost analysis.




To test for sauivalencs

i define an outcame
ataor. It i= not possii

a general ocutcome
AliEe ol come artzEn depends on the fype  of

irdi
imdi

ator Do

intervention and medical condition. Accordingly, a large number
of indicators a2 found in the litsrature.

eddel]l tested whether surgery
sclarotherapy (nethod 23
Tor  varicose veins. Thay
Twe technd gues and followed

were eaual Ly
randomly al (
sub jects for three yvears.

Their outcome indicator was the proportion of patients who
required no  further
itents weEre regarded  as

nt i the I vears. Thesa
ng  been  trested successdully
LMTSUCCEsE Il would have reguired some form of
(] up  action. treated with method 1, 2&%
Lired no further actic comzarad te 7BYEY of those treated with

W

=

Howewver, a larger L e : failed to attend f
S (@Y Lhmﬁ far sclerotheraoy. Thie authors argued tha
pmtlcntz who avoided treatment shcoculd be added to the group tha
waerz treated unsuccessfully. With this adjustment, 75% and 73
ot patients allocated initially to methods 1 and 2 recpectlvel,
did not reguire further treatment. This difference was not
statistically significant.

ar

fii
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Once the outcomes of alternatives ares shown to be identical ,
cost-minimization employs the same technique as cost analysis.
It chocsee the cheapest alternative. Remember that this mav
depend on whose viswpoint is i=idered. Fiachaud and Weddell
showed that sclerctherapy was :neaner thamn swgery from the
viewpoint of the patient, the Mealth Service and the communlty.

Drummond  M.F., G.L. Stoddart and 5.W.Torrance, Methods for the
gronomic  evaluwation of | Tare programmes, OQUF, Oxford,
1237, chapter 4.

1

valns', International Jdouwrnal  of  Epidemicology., 1972 1 {30

£ g L.
B s S N ¥ vt I
287294,

Fiachaud Do & J.0#. Weddell, "The =zconomics of treating varicose
}

"
a

Finsault K. et al, "Randomized clinical trial of one dav
swrgery", Madical Carms, 1985, 27:171-182. (attached)
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QUESTIONS

QUESTION 1 WILL RBE ASSESSED AND MUST RE SUBMITTED
La Read the article by Fineault =t al.

= What outcome indicator is used?

. Do you think the authorsz have proved that the outcomes
af the 2 alternatives ares identical? I+ not, wihy not?

Ciw Describe how vour response to this paper might vary
depending on wihether vou took bthe viewpoint of (i) the
patilent., {(ii} the surgecn, {(iii13) the hospital,

(i) the community of patients requiring surgery.

£y a. Do vou agrze with Pliachaud % Weddell that the outcomes
af suwrgery and injection—-compression sclerotherapy ars
identical? IFf not, why not?

b, Define a single outcome indicator which could have bsen
wsed in both studies — Fineault et al and Fiachaud and
Weddell.

Z. What are some of the strengthe and limitations of cost-

mirnimization analvsis?

-y
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Randomized Clinical Trial of One-day Surgery

Patient Satisfaction, Clinical Outcomes, and Costs

RAYNALD PINEAULT, MD, PHD* ANDRE-PIERRE CONTANDRIOPOULOS, PHD#+

MARIE VALOIS, MSC} MARIE-LYNN BASTIAN, BA{
AND JEAN-MARIE LANCE, MSc§

One hundred and eighty-two patients undergoing tubal ligation, hemia re-
pair, or meniscectomy were randomly assigned to either one-day or inpatient
surgery. The study’s objective is to compare these two modes of care with
regard to patient satisfaction, clinical outcomes, and costs of the episode of care.
/A significantly higher proportion of one-day patients than their hospitalized
counterparts found their stay to be too short and would prefer hospitalization as
* an alternative. Clinical outcomes were comparable in both groups. One-day
tubal ligation and hernia repair were found to be cost-efficient and averaged
hospital savings of $86.00 and $115.00 more than inpatient care. Meniscectomy
deviated from this trend in that treatment costs were significantly higher for
one-day surgery patients. Analysis of personal and physician costs did not show
any significant difference between the two modes of care. Key words: satisfac-
tion with surgery; outcome of surgery; costs of surgery. (Med Care 1985, 23:

171-182)

One-day surgery has been advocated as
an efficient means for increasing hospital
productivity in the context of cost con-
tainment."? During the last decade, the
development of 1-day surgery has been
well documented.?~* In response to vari-
ous measures that impose severe limita-

*From the Département de médecine sociale et
préventive, Groupe de recherche interdisciplinaire
en santé, Université de Montréal.

t From the Département d’Administration de la
santé, Chairman, Groupe de recherche interdiscip-
linaire en santé, Université de Montréal.

{ From the Groupe de recherche interdiscip-
linaire en santé, Université de Montréal.

§ From the Commission de la Sante et Sécuriteé du
Travail.
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Affaires sociales du Québec. Editorial assistance was
provided by Louise Valois.

Address correspondence to: Raynald Pineault,
MD, Groupe de recherche interdisciplinaire en
santé, Université de Montréal, 2375 Chemin Cote-
Ste-Catherine, Montréal, Québec, H3T 1A8.

tions on the supply of hospital beds, there
has been a tendency to admit increasingly
complex cases to 1-day surgery units.?

Much of the literature concermned with
1-day surgery has dealt solely with the or-
ganization and the functioning of these
units as well as with utilization variables
such as number and type of surgical proce-
dures performed, differential length of
stay, and use of resources’™™® Among
research-oriented studies, few have in-
cluded comparison groups in their re-
search protocol.!*=!3 Special attention has
been given to hernia repair.'*~'¢ With few
exceptions, most studies have limited their
investigation to one or two of the three
aspects that our research embraces, i.e., pa-
tient satisfaction, clinical outcomes, and
costs. 16-18

The development of this new surgical
mode raises an important question:(How
efficacious and efficient is 1-day surgery
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compared with traditional inpatient care?
This question constitutes the central con-
cern of this article. More specifically, the
objective is to compare 1-day and inpatient
surgery in terms of patient satisfaction,
clinical outcomes, and the cost of the
episode of care for three selected surgical
procedures: tubal ligation, hemia repair,
and meniscectomy.

Methods
Study Setting

The study was carried out in a Montreal
acute-care hospital with an inpatient
capacity of 350 beds and a 20-bed 1-day
surgery unit. This unit uses all hospital
facilities including operating and recovery

" rooms. Nine surgeons participated in the

study: two gynecologists, three or- -

thopedists, and four general surgeons. For
each operation, the different surgeons
agreed to use the same techniques and
protocol.

Fora better understanding of this article,
it is necessary to outline some of the main
characteristics of the Quebec medical care
system. Physician and hospital services are
totally covered under a national health in-
surance program providing free access to
these services. Hospitals are financed
through a global operating budget estab-
lished on an annual basis by the Depart-
ment of Social Affairs, whereas physicians
are directly paid on a fee-for-service basis
by the Quebec Health Insurance Board.
The fee schedule for surgical procedures is
established through an agreement be-
tween physicians’ professional associa-
tions and the government. Overbilling is
prohibited.

Selected Procedures and Surgical Modes

The criteria for selecting tubal ligation,
hemia repair, and meniscectomy were

1. The procedures had to be frequently
performed in the last current year before
the study began;
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2. They had to be relatively complex in
order to include “border line” cases as well
as more simple procedures generally per-
formed on an ambulatory basis;

3. General anesthesia had to be used in
all cases;

4. The surgical procedures had to repre-
sent different major surgical specialties;

5. The performance of these procedures
in an ambulatory setting had to conform to
ethical requirements.

Two surgical modes were studied:
“One-day surgery” refers to the process by
which the patient is admitted the morning
of the operation and discharged the same
afternoon. “Inpatient surgery” refers to the
more traditional process, whereby the pa-
tent is admitted for a hospital stay of at
least one night. In both surgical modes, the
operation was performed under general
anesthesia.

The decision as to whether a patient was
eligible for inpatient or 1-day surgery was
made by the surgeons, on the basis of
explicit criteria e.g., the severity of the
condition, the existence of previous or
chronic health problems, and the patient’s
age. Our research protocol also specified
that no other surgical procedure be per-
formed concurrently to avoid:the com-
bined effects of multiple procedures on
outcome measures. Furthermore, all sub-
jects had to be 18 years old or older to
circumvent the requirement of obtaining
parental consent.

Once the patients were found to be eli-
gible for 1-day surgery, the surgeon in-
formed them that the procedure could be
carried out in either setting. If' a patient
expressed a preference for one mode of
care, he was then booked according to his
personal preference, but not included in
the study. Those stating no preference
were invited to participate in the experi-
ment. They were told that the treatment
choice would be left to chance. Those who
accepted were asked to sign an informed
consent. In all cases, the operaton was
performed by their own physician.
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Patient Satisfaction

Since consumer acceptability can be a
contributing factor in the developmentand
widespread use of a new program such as
1-day surgery, patient satisfaction becomes
an important element in this study. Patient
satisfaction has generally been measured

»ieither directly or indirectly. Direct meas-

&

@

res of satisfaction are obtained by asking
the patient to what extent he (she) is satis-
fied with various elements of the medical
care process. There is a great deal of litera-
ture on this subject.!®?® The problem with
direct measures of satisfaction is that they
are not specific enough and thus fail to
discriminate between different modes of
care. '

For these reasons, our study retained in-
direct measures of satisfaction with regard
to patients’ perception and their assess-
ment of the process of care. Specifically,
the following indicators were selected:

1. accessibility, as measured by percep-
tion of distance between home and hospi-
tal, controlling for real distance;

2. physician availability, as measured by
at least one postoperative visit (excluding
follow-up visits);

3. patients’ opinion concerning the ap-
propriateness of the length of stay, and
overall preference for the alternative mode
of care.

Clinical Outcomes

The clinical outcomes evaluated in this
study come from two sources: the patient
and the medical chart. The patient’s view
was obtained on the following variables:
the seriousness of discomfort felt in the
first 24 postoperative hours and the self-
reporting of postsurgical problems. The
medical chart provided objective data re-
garding complications, general health
status, symptoms, and complaints.

Costs of the Episode of Care

The episode of care is defined in this
study as the period of time from the sur-

ONE-DAY SURCERY

geon’s request for the patient’s admission
up to the 3rd postoperative month. Total
costs for an episode of care have three
components, each of them financed by a
different party (Table 1).

Hospital Costs. Previous attempts to es-
tablish the potential savings associated
with 1-day surgery were made by referring
either to average daily costs or direct pa-
tient charges. Both costing methods are
considered inaccurate since they do not
take into account all the types of services
received by the patient.?! A more appropri-
ate technique consists in identifying and
costing all services received during an
episode of care. The financial comparison
between a 1-day and an inpatient episode
can then be performed more accurately.

For this purpose, assessment of hospital
costs per episode of care was carried out in
two steps: 1) determination of all services
used by the patient during the episode of
care. The utilization data obtained from
medical records included items such as
number of inpatient days, numberand type
of diagnostic tests (laboratory, radiology,
electrocardiogram), number and type of
medication, number of units of physi-
otherapy, operating room and recov-
ery room time, ward nursing care tifne, and
home nursing care visits; 2) calculation of a
unit cost for each service. Since the l-day
surgery program was an established unit,
already in operation within the hospital
confines, no capital expenditures are con-
sidered in the cost accounting process.

TABLE 1. Financing the Costs of the
Episode of Care
Components Financed by

Department of Social Affairs
through the hospital’s
operating budget

Quebec Health [nsurance
Board on a fee-for-service
basis

Patient

Hospital costs

Physician costs

Personal costs
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TABLE 2. Patient Distribution by

Surgical Procedure and Mode
of Care (n = 182)

Mode of Care
Surgical
Procedure One-day Inpatient Total
Tubal ligation 31 30 61
Hernia repair 32 31 63
Meniscectomy 30 28 58
Total 93 89 182

Rather, it is based on the hospital’s 1979—
1980 annual operating expenses. Because
it is a global budget that does not provide
actual costs for individual surgical proce-
dures or episodes, a step-down costing
techmique was applied.?? This is done by
allocating support costs (e.g., plant over-

" head, housekeeping, laundry and linen,

dietary, central supplies, medical records,
and admission costs) to patient treatment
costs, which finally produces a unit cost for
each service. After these two steps had
been taken, a disease costing analysis was
performed in order to compute total costs
for each episode of care.?-2

Physician Costs. Since under the
Quebec National Health Insurance
scheme, uniform fees are paid to physi-
cians and overbilling is prohibited, it is
possible to determine the cost of physician
services throughout the episode of care by
multiplying the tariff contained in the fee
schedules by the number of services
rendered. .

Personal Costs. There are few personal
expenses in the national health insurance
system. But the ﬁna%gi_a’l,bu:den imposed
on the patient and his/her family during
the episode of care may be different for the
two modes of care. Information pertaining
to this type of cost was gathered through
the questionnaires, in order to substantiate
this presumption. Included are transporta-

' See reference 24; this report can be provided by
authors on request.
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tion, domestic help, baby sitting, medica.h-
tion, supplies, special equipment, room
charges, # and private physiotherapy costs.
Cost estimations for unpaid help and salary
loss were also calculated. The main pur-
pose here was to determine if personal
costs increase when surgery is performed.
in the 1-day mode, since the hospital does*
provide medication, support, and hostelry
services during immediate postoperative’
recovery for inpatients. :

A%

Data Sources

P SRR RS e

Financial data were obtained from the’
Finance Department’s record files. The
other data source is three _questionnaires. ;
The first was a home interview conducted,,
on the 7th postoperative day. Subsequent !
telephone interviews were done 1 and 3
months after the operation for follow-up *
purposes. The first questionnaire gathered |
information on patient satisfaction, im-j
mediate clinical outcomes, and costs of the !
episode of care. The second and third were }
aimed at collecting further information on’

these parameters. In addition, the medical ‘

o Y

record of each patient was reviewed to

identify the use of specific services and
evaluate clinical outcomes. :

2,

Study Population

During the study period from October
1979 to March 1981, a total of 672 patients
were operated for the three selected pro-
cedures: 249 for tubal ligation, 296 for her-
nia repair, and 127 for meniscectomy. of
this total, 295 patients’ (44%) were effec-
tively considered eligible for 1-day surgery .
by their surgeons. Of this number, 182
(62%) were randomly assigned to either,
mode of care. Of the remaining subjects, 54
(18%) chose their mode of care, 13 (4%) .
served as pretests, three subjects refused to;

‘i

# Hospital can charge for a semiprivate or private

room requested by the patient without medical

i e
prescription.

5
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participate (1%), and 43 (15%) were lost to
the study because of communication prob-
lems with the surgeons. The overall par-
Hcipation rate can thus be established at
84%. This article, however, is concemned
only with the 182 patients that have been
randomly allocated to the two alternative
forms of surgical care. Distribution of the
study population by mode of care and for
selected procedures is shown in Table 2.

Since the sample size is small, the
groups were compared for several factors,
e.g., age, income, education, and previous
hospitalizations. No significant difference
was found between the two groups.

Results

Accessibility. This variable was
expressed by the patient’s perception of
the distance between his home and the
hospital. As shown in Table 3, the total
study population of the l-day surgery
group found the distance between the hos-
pital and their home significantly longer
than their hospitalized counterparts, al-
though an objective measure of actual dis-

TABLE 3. Patient Perception of the
Distance from Home to Hospital by
Surgical Procedure and Mode of Care

(n = 182)
Mode of Care

Surgical One-day Inpatient
Procedure (%) (%) x?
Total for all
procedures 100.0 100.0

Too far 15.0 6.0 4.33°

Not too far 85.0 94.0
Tubal ligation 100.0 100.0

Too far 19.4 6.7 2.15

Not too far '80.6 93.3
Hemia repair 100.0 100.0

Too far 6.3 3.2 0.32

Not too far 93.7 96.8
Meniscectomy 100.0 -100.0

Too far 20.0 7.1 2.01

Not too far 80.0 92.9

%P < 0.05.

ONE-DAY SURCERY

TABLE 4. Patient Postoperative Contacts
with Surgeon by Surgical Procedure
and Mode of Care (n = 182)

Mode of Care
Surgical One-day Inpatient
Procedure (%) (%) x*
Total for all
procedures 100.0 100.0
At least one
visit 33.3 79.8 39.89
None 66.7 20.2
Tubal ligation 100.0 100.0
At least one
visit 19.4 60.0 10.5¢
None 80.6 40.0
Hermia repair 100.0 100.0
At least one
visit 50.0 80.6 6.5
None 50.0 19.4
Meniscectomy 100.0 100.0
At least one
visit 30.0 100.0 30.7"
None 70.0 —
*P < 0.01.

-

tance between the hospital and their home
failed to show any significant difference
between the two groups.

Physician Availability. This variable re-
fers to the situation.where at least one visit
has been made by the surgeon before the
patient leaves the hospital. As shown in
Table 4, only 33.3% of the 1-day surgery
patients had a visit from their surgeon
compared with 79.8% of inpatients. This
significant difference, seen for all three
surgical procedures, could be anticipated
since the reduced length of stay associated
with l-day surgery makes it increasingly
difficult for surgeons to visit their patients.

Appropriateness of Length of Stay. The
patient was asked whether he/she found
the length of stay too short or appropriate.
Asrevealed by the data in Table 5, 53.9% of
the 1-day surgery group think their hospital
stay was too short as opposed to 21.3% for
the inpatient group. Again, this significant
difference holds for all three surgical
procedures.
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TABLE 5. Patient Perception of the
Appropriateness of Length of Stay by
Surgical Procedure and Mode of Care

(n = 182)
Mode of Care
Surgical One-day Inpatient
Procedure (%) (%) x?
Total for all
procedures 100.0 100.0
Too short 55.9 21.3 29.8°
Appropriate 44.1 78.7
Tubal ligation 100.0 100.0
Too short 51.6 20.0 6.6°
Appropriate 48.4 80.0
Hernia repair 100.0 100.0
Too short 59.4 25.8 7.3°
Appropriate 40.6 74.2
Meniscectamy 100.0 100.0
Too short 56.7 17.9 9.3
Appropriate 43.3 82.1
¢P < 0.01.

Preference for Alternative Mode of
Care. Patients were asked if, given their
actual experience, they would choose the
same setting again or the alternative mode
of care. The data in Table 6 are unequivo-
cal. For all three categories, a significantly
greater proportion of 1-day surgery pa-
tients expressed their preference for hos-
pitalization than did inpatients for l-day
surgery.

(_ In summary, hospitalized patients seem
to express a greater degree of satisfaction
than short-stay patients. Differences be-
tween the two groups are both important
and statistically significant. Furthermore,
dissatisfaction with 1-day surgery is much
greater among meniscectomy patients.
This seems to indicate that, for meniscec-
tomy, l-day surgery is a less acceptable
form of treatment than for the two other
conditions. )

Clinical Outcomes

The study found that clinical outcomes
as a whole, differed very little between
1-day surgery and inpatient care.
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Postoperative Complication Rate. Post.".:.-

D%

operative complications, i.e., complica %
tons occurring before the patient’s dis-*
charge from either surgical facility, were %
established at 5.3% for 1-day surgery and %
7.8% for inpatients. These differences are %,
not statistically significant. The s]ighﬂyﬁ-}?
higher rate for inpatients could wel] be ex-':g"
plained by the longer observation period ,’f
that averages 2.7 days for inpatients com—#ﬁ
pared with 8.7 hours for 1-day surgery pa- %
tients. The nature of the reported compli- %

(L

threatening situation. '%‘

Severity of Postoperative Discomfort. &
Patients’ assessments of the severity of ¥
postoperative discomfort were obtained ¥
during the home interview on the 7th post—,«%
operative day. Data show no significant dif- 24
ference between groups, and this for all;
surgical procedures (Table 7). Approxi-‘;”-j
mately 88% of 1-day patients and 91% of T.

e

TABLE 6. Patient Preference for Altemaﬁvqﬁ}gg
Mode of Care by Surgical Procedure :;ﬁg
and Mode of Care R

(n = 182)

. o

Mode of Cari:"

Gk

Surgical One-day Inpatient
Procedure (%) (%) x: W
.ﬁ.
Total for all -fj‘
procedures 100.0 100.0 4
Same mode 50.5 86.5 26.3° %2
Altermative mode 48.4 13.5 oy
Undecided® L1 — %%?
Tubal ligation 100.0 100.0 g
Same mode 56.7 93.8 10.8{%”,‘
Altermnative mode 46.3 6.7 _}
Undecided® 1.0 — Re
Hemia repair 100.0 100.0
Same mode 53.1 77.5
Altemative mode 46.9 2925
Meniscectomy 100.0 100.0
Same mode 43.3 89.3
Altemative mode 56.7 10.7

®Not included in analysis.
*P < 0.05.
‘P < 0.01.
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inpatients rated their discomfort in the first
24 hours following surgery as being either
“not very serious” or causing “no discom-
fort.”

Postoperative Symptoms Rate. Patients’
assessment regarding the absence or pres-
ence of symptoms during the 3 months fol-
lowing their initial surgery is shown in
Table 8. Data analysis reveals that there is
no significant difference in the postopera-
tive symptoms rate between 1-day surgery
and inpatients. It should also be noted that
meniscectomy patients show a much
higher rate than hernia repair or tubal liga-
ton, since 53.3% of 1-day and 60.8% of
inpatient.meniscectomies still indicate the
presence of symptoms at the 3rd postopera-
tve month. Patients were also asked the

TABLE 7. Patient Perception of the
Seriousness of Postoperative Discomfort
by Surgical Procedure and Mode of Care

(n = 182)

Mode of Care

Surgical One-day Inpatient
Procedure (%) (%) x:
Total for all
procedures 100.0 100.0
Very serious or
serious 11.9 8.9
Not very serious or
not serious 82.8 86.5 0.5
No discomfort 5.4 4.5
Tubal ligation 100.0 100.0
Very serious or
serious 9.7 33 1.0
Not very serious or
not serious 90.3 96.6
No discomfort
Hermia repair 100.0 100.0
Very serious or
serious 9.4 9.7
Not very serious or
not serious 87.6 83.9 0.4
No discomfort 3.1 6.5
Meniscectomy 100.0 100.0
Very serious or
serious 16.7 14.3
Not very serious or
not serious 70.0 78.6 0.7
No discomfort 13.3 7.1

ONE-DAY SURCERY

TABLE 8. Patient Reporting of the Presence
of Symptoms Three Months after
Surgery by Procedure aund Mode of Care
(n = 180)

Mode of Care

Surgical One-day Inpatient
Procedure (%) (So) x*
Total for all
procedures 100.0 100.0
No symptoms 72.0 72.0 0.07
Symptoms 26.0 28.0
Missing data® 2.0

Tubal ligation 100.0 100.0
No symptoms 90.3 90.0 0.00
Symptoms 9.7 10.0

Hemia repair 100.0 100.0
No symptoms 78.1 87.1 0.00
Symptoms 15.7 12.9
Missing data® 6.2

Meniscectomy 100.0 100.0
No symptoms 46.7 39.2 0.32
Symptoms 53.3 60.8

?Not included in analysis.

general question, “How do you feel,” 1
month and 3 months after their operation.
Here again, the data (Tables 9, 10) indicate
that the recovery period is much longer for
meniscectomy, but no difference cpuld be
found between hospitalized and short-stay
patients.

In sum, the different parameters used to
evaluate clinical outcomes reveal a great
similarity between the two surgical groups.
In this regard, 1-day surgery can be con-
sidered as efficacious as inpatient care.
The case of meniscectomy, however, de-
serves special attention. It is clear that the
recovery period is much longer for menis-
cectomy than for other surgical procedures.
Since our observation period covered the
first 3 postoperative months, this study
cannot assess long-term recovery for these
patients.

Costs

Hospital Costs. Average hospital costs
for each surgical procedure are presented

177
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TABLE 9. Self Rating of Health Status by
Patient One Month After Operation
by Surgical Procedure and Mode of Care

(n = 180)
Mode of Care
Surgical One-day Inpatient

Procedure (%) (%) x?
Total for all
procedures 100.0 100.0

Good 74.0 76.0 1.3

Fair 16.0 14.0

Bad 9.0 10.0

Missing 1.0 0.0
Tubal ligation 100.0 100.0

Good 81.0 86.0

Fair ; 6.0 7.0 1.2

Bad . 10.0 7.0

Missing : 3.0 0.0
Hemnta repair 100.0 100.0

Good 81.0 84.0

Fair- 19.0 13.0 1.4

Bad 0.0 3.0
Meniscectomy 100.0 100.0

Good 60.0 58.0

Fair 23.0 21.0

Bad 17.0 21.0

in Table 11. One-day surgery costs range
from alow of $278.62 for tubal ligation to a
high of $816.66 for meniscectomy. Hernia
repair occupies a middle ground at
$367.58.1 Inpatient procedures follow the
same progressive increase in costs, reflect-
ing the relative importance of resources
used in the treatment of each condition.
Analysis shows thatinpatient hospital costs
are significantly higher for tubal ligation
and hemia repair and are mainly imputa-
ble to nursing care costs. The itemized cost
breakdown also indicates that 1-day tubal
ligation incurs significantly higher outpa-
Hent visits costs. Because a high proportion
of 1-day surgery patients do not see the
physician before their discharge, it is pos-
sible that they prefer consulting the sur-
geon rather than their family physicians for
subsequent follow-up visits. The higher
cost of diagnostic services is related to an

¥ All money figures presented are in Canadian dol-
lars.
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increased use of test procedures for tubal
ligation inpatients. '
Meniscectomy presents a totally differ-
ent pattern, since average hospital costs are
significantly higher in the 1-day mode. Al-
though 1-day meniscectomy continues to
show lower overall nursing care costs, al-
beit the added expenses of home nursing
care, a condition set by the surgeons in this
study, any potential saving is offset by the
substantial increased use of physiotherapy
services. This rise in costs for treatment
services would tend to support the clinical
evidence that has found more severe post-
operative symptoms associated with this
mode of care. :
Physician Costs. In a national fee-for-
service system in which overbilling is pro-
hibited, the costs of medical services
should not vary considerably. As expected,
no significant difference was found in total
medical costs between 1-day and inpatient
surgery (Table 12). i

TABLE 10. Self Rating of Health Status by |
Patient Three Months After Operation by *
Surgical Procedure and Mode of Care £

(n = 182) i

Mode gf Care

Surgical One-day lnp,atient
Procedure (%) (%) x?
Total for all
procedures 100.0 100.0

Good 72.0 72.0
Fair 24.0 21.0 4.2
Bad 2.0 7.0
Missing 2.0 0.0
Tubal ligation 10.0 100.0
Good 90.0 90.0 :
Fair 10.0 7.0 1.2
Bad 0.0 3.0 ¢
Hemia repair 100.0 100.0 :
Good 78.0 84.0
Fair 16.0 16.0 2.0
Bad 0.0 0.0 :
Missing 6.0 0.0
Meniscectomy 100.0 100.0
Good 47.0 39.0
Fair 47.0 43.0 i
Bad 6.0 18.0 1.7
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TABLE 11. Average Hospital Costs by Surgical Procedure and Mode of Care

Mode of Care

One-day [npatient Value
Surgical Procedure ($) ($) (1)
Tubal Ligation
Outpatient visits 48.35 38.46 2.44%
Diagnostic services 46.43 54.74 - 3.65¢
Operating room 113.05 116.25 - 0.66
Nursing care® 62.75 147.58 -12.59¢
Medication 8.04 7.84 0.27
Total 278.62 364.87 - 8.55¢
Hemnia Repair
Outpatient visits 47.54 41.47 1.14
Diagnostic services 33.83 34.27 - 0.14
Operating room 215.79 212.12 0.28
Nursing care® 62.07 185.97 -13.70¢
Medication 8.34 8.85 - 1.24
Total 367.58 482.68 - 5.65¢
Meniscectomy
Outpatient visits 85.00 87.71 - 0.40
Diagnostic services 70.18 74.96 - 1.52
Operating room 200.35 210.68 1.02
Nursing care® 64.20 200.10 -13.48¢
Home nursing care 94.38 — -
Physiotherapy 274.33 41.49 3.94¢
Medication 8.22 9.18 - 142
Total 816.66 644.12 2.76
“Nursing care costs include hostelry costs.
*P < 0.05.
°P < 0.01.

TABLE 12. Average Physician Costs by Surgical Procedure and Mode of Care

~
v

Mode of Care

One-day Inpatient Value
Surgical Procedure ($) (%) ()
Tubal Ligation
Visits 23.84 20.28 0.90
Surgery 164.42 163.78 174
Diagnostic services 35.60 37.79 -1.93
Total 223.86 221.85 0.47
Hernia Repair
Visits 24 .42 20.78 0.60
Surgery 204.31 199.45 1.19
Diagnostic services 15.46 17.98 -1.46
Total ' 244.19 238.21 0.75
Meniscectomy
Visits 48.93 50.41 -0.19
Surgery 191.48 191.38 0.10
Diagnostic services - 49.46 49.87 -0.29
Physiotherapy — 27.36 —-1.41
Total 289.87 319.02 1.32
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TABLE 13. Average Personal Costs by Surgical Procedure and Mode of Care e
N
Mode of Care
One-day Inpatient Value -
Surgical Procedure ($) (S) (1 =
Tubal Ligation ‘
Transportation and domestic help 18.11 19.40 -0.26 .~
Medication 349 1.87 1.93
Room - 19.27
Total out-of-pocket 21.60 40.54 -3.10°*
Unpaid help 75.35 113.76 -1.28
Salary loss 63.73 73.10 -0.15 -
Total 160.68 227.40 -1.08 ,
Hemia Repair
Transportation and domestic help 17.09 31.79 —L11
Medication 5.65 3:15 1.85 -
Room and other 0.75 32.06
Total out-of-pocket 23.50 67.00 -2.92¢
Unpaid help 45.51 41.09 .24 -
Salary loss 210.33 368.53 -130
Total 279.33 476.62 -1.60° R
Meniscectomy :
Transportation and domestic help 121.18 74.22 1.59 °
Medication 22.28 21.38 0.18 }
Room and other 7.30 4945 A
Total out-of-pocket 150.76 145.05 0.18 :
Unpaid help 69.23 48.49 1.13
Salary loss 146,95 266.54 -1.02 *
Total 366.94 460.08 -0.68 :
°P < 0.01. :

Personal Costs. Data presented in Table
13 show that there is no statistically signifi-
cant difference for total personal costs be-
tween the two surgical modes. However,
out-of-pocket expenses, i.e., actual dollars
paid by the patients, were significantly
higher in the case of inpatient tubal liga-
tion and hemia repair. This is mainly due
to supplementary semiprivate and private
room charges. Although inpatient menis-
cectomy also registers room supplement
charges, its significance is offset by higher
transportation costs for 1-day surgery pa-
tients who required an ambulance for their
home return. The high variability of esti-
mated personal costs for unpaid help and
salary loss accounts for.the statistically
nonsignificant results found in total per-
sonal costs.

180

Discussion and Conclusion

In putting together the ﬁndai'ngs on pa-,
Hent satisfaction, clinical outcomes, and,
costs, the following pattern emerges. Tubal
ligation and hemnia repair seem to be surgi-;
cal procedures for which 1-day surgery is.
an appropriate form of care. More than 00%,
of 1-day surgery patients would accept to
repeat their experience of 1-day surgery ing
both conditions. In addition, this form o
care is cost efficient, since it represents an%
average saving of $86.00 and $115.00 per-‘
patient for tubal ligation and hernia repair,}
respectively. Meniscectomy, on the other;
hand, represents the extreme case in which;
1-day surgery is associated with a lower;
patient acceptance rate of 43% and is actu-;
ally cost inefficient, since it increases total.
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hospital costs by an average of $173.00, in
comparison with hospitalization. Clinical
outcomes are similar in both modes of care.
* The findings tend to support the general
consensus that 1-day surgery can be an ac-
ceptable, efficacious, and cost-efficient or-
janizational arrangement for performing
certain types of surgery.* They also reveal
the limits of this form of care, which must
be implemented with concern for the po-
tential disadvantages associated with dif-
ferent types of surgical procedures that
may be performed on a short-stay basis. 2

At another level, one must ask the dif-
ficult “cui boni” question, who benefits
from 1-day surgery, the patient, the doctor,
the hospital, or society? This study clearly
indicates that, for the patient, there is a
limit beyond which 1-day surgery becomes
a less acceptable form of treatment. As far
as cost is concerned, although one-day
surgery can reduce out-of-pocket expenses
by avoiding supplementary room charges,
it may also increase personal costs by im-
posing ambulance expenses, as seen with
meniscectomy patients.

In a fee-for-service mode of remunera-
tion for doctors, it is evident that shorten-
ing the length of stay of surgical patients
may increase the volume of surgical proce-
dures over a period of time, thus yielding
financial benefits to doctors, in a context
where the supply of acute care beds is
limited.**

The hospital may take advantage of
l-day surgery to maximize the use of
operating room facilities when occupancy
rates are high. After reaching this point, the
relative advantages depend on the prevail-
ing financing mechanism. A shorter
length of stay means increased average
daily costs. For example, in the Canadian
system, there is no real incentive for hospi-
tals to increase this type of productivity by

** In Quebec, the number of acute care beds per
1000 dropped from 5.32 in 1974 to 4.30 in 1978.

ONE-DAY SURCERY

shortening length of stay, since they are
financed through a global operating
budget established annually by the
government.

At the societal level, the question of the
utility of these measures must also be
raised. A program that has been proven to
be cost efficient at the organizational level
can be cost inefficient at the societal level:
For example, in a situation where rates for
surgical operations have been reported as
unusually high, possibly reflecting un-
necessary surgery, one can question the
rationale for extending eligibility of 1-day
surgery to cases normally requiring inpa-
tent care.? Thus for society, 1-day surgery
must be assessed in the light of the alterna-
tive use of the beds that are freed by 1-day
surgery as well as in terms of the quality of
care as reflected by the appropriateness of
these procedures.?
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CLINICAL ECONOMICS
MODULE 5

COST-EFFECTIVENESS ANALYSIS

After completing this module you should understand:

a. how a cost-effectiveness analysis is undertaken;
b. the strengths and weaknesses of the approach;
c. what is meant by incremental cost-effectiveness

analysis.
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COST-EFFECTIVENESS ANALYSIS

INTRODUCTION.

Cost and cost-minimisation analysis are used to choose
between alternative ways of using resources when the
alternatives have identical benefits. The techniques give
preference to the lowest cost alternative. In many cases,
however, both the benefits and costs of alternatives differ. It
is then not rational either to choose the least cost alternative
without regard to benefits, or the most effective alternative
without regard to costs. Costs must be compared to benefits in

some way.

COST EFFECTIVENESS (CE) ANALYSIS.

CE analysis measures the benefits of a health intervention
in terms of physical units. This can be in terms of either the
intermediate or the final health output.

For example, Altman et al compared three anti-smoking
interventions and used an intermediate outcome indicator, the
number of smokers who quit, to measure the success or
effectiveness of the programmes. In contrast, Cummings et al
measured the success of their anti-smoking intervention in terms
of a final outcome indicator, the number of years of life saved.

o haeid SO A pm»w ®

Intermediate output ““indicators f effectiveness must be
chosen carefully to be relevant to the particular programme.
Accordingly, a wide variety of 1indicators are found in the

literature including the number of correct diagnoses, the number
of successful immunisations, and the number of new acceptors in
a family planning programme. However, only two final output
indicators are used frequently:-

(i) the number ¢ lives, and

(ii) the number of vears of life (often called

"life-years")

saved by an intervention.

Clearly, economists must rely on the epidemiological data
for information about effectiveness. In fact, Drummond et al
argue that CE studies are more commonly criticised for the
quality of the medical evidence on which effectiveness
indicators are based than on the subsequent economics. You
should be aware of* the techniques and problems of estimating
effectiveness from the epidemiology modules. In any case, some
of the references 1in this module illustrate the difficulties
involved.
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THE GOST-EFFECTIVENESS RATIO.

The CE ratio is obtained by dividing the total cost of a

_programme by the indicator of effectiveness. It represents the
cost per unit of effectiveness - for example, cost per life

saved, cost per life-year gained, or cost per success for
intermediate outcome _indicators.— In general, the lower this

rq&;oﬂIhgumorqmgffiqjentwiswthe~pr0gvamme.

CE analysis can be used to compare alternative designs of

the same project, such as different methods of treating
dehydration in children  caused by diarrhoea. It can also be
used to compare unrelated programmes if they have the same
objective. Projects aimed at saving lives can be compared, but
it does not make sense, for example, to compare the cost per
life saved of a medical programme with the cost per birth c
prevented, the latter being the CE index commonly used in family S

planning projects.

Note that CE analysis 1is used as a means of choosing
between competing programmes. It is meaningless to compute a
CE index for a single project in isolation.

NET COSTS.s avt 9 2 tewenk o _.-:’—awn[;s %MWJ L fervent-an, 2—,.1.3(5/"';!}]}2,1‘,,3)'
M"h:_c/udq/"

The numerator in a CE ratio is usually the net_di t
of the intervention. For example, a hypertension treatment
programme incurs direct costs (doctor visits, drugs,
investigations etc), yet also saves direct costs by preventing
future strokes. The net cost is the direct cost of the

LA intervention minus the saving in direct costs resulting from
*éiﬁ// fewer strokes (with appropriate discounting). There_ is dispute .

14 in the literature, , however, about whether _thenwggonomgg
S consequences of extending 1life should be included in the

Lotk ? calculation of net co:-ts. For example,-the hypertensiaon control 53
s programme may allow sore people to work longer (an indirect
,&yré) Jbenefit), but on the other hand some of the people whose lives

~Mare extended may develop cancer and - incur additional direct
[;wwc'ﬁd%osts. A fairly persuasive reason £ef/;gnoring these effects is

ﬁwr that they are already---implieitly —incorporated into the
= numerator, the indicator of benefit, assuming that society
values extensions of life regardless of the net productivity of

Iyl <
74 aﬂ{the life that is extended. v
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INCREMENTAL ANALYSIS.

Hull et al compared three ways of diagnosing symptomatic

deep vein thrombosis (DVT) and measured effectiveness in terms
of the number of sufferers correctly diagnosed by a technique.
For a given group of sufferers, they found that imggdance

plethysmography (IPG) cost a total of $395,359 (Canadian) and
correctly identified 142 cases of DVT. The CE ratio was $2784
per correct diagnosis.  TPG with Fibrinogen leg scanning cost

i i




) | Ay g . -~ ” ; s
) A Ud/é{«\—‘m #1 s d” A’:‘) v%‘af\«'.\"(w\ Mg‘q’,{ (9, Clipy !

N < . E
"Chrsmey | ! .-_-\‘ andi A Hezom oot Arevo -k.c cors deBlech '
SL A ! .
: .LM“’“‘(‘ b ~sduf KL J - R 1 T
: Y ey s Ui . o Ol g 17 OaTetew
! neeel .t Aol s Fraat ob ﬁ( . .
b zgrasrclerctien K Wecan olo & ooit [;(‘u(«é‘
R @wd%fw
$550,046 and correctly identified 184 cases zk DVT. The CE
indicator in this case was $2989. ;%QZJLV5$V QﬁnWWCUv-? @

These results imply that the costs of maklng dnéof?ecft”%”&
diagnosis are lower for IPG than for IPG with leg scanning.
They do not necessarily imply that the first method is
preferable. The second method costs more but it identifies more
cases, so it is necessary to decide if it is worth spending the
extra money to identify the extra cases.

/ - \

IPG with leg ,?scanning cost an extra $154,687 but
identified an extra 42 cases. The cost per extra correct
diagnosis was $3683. This is called an incremental
cost-effectiveness ratio. The decision maker must decide if the
extra cases could be identified in a more efficient manner using
a different technique. However, if there is no alternative the
question is more difficult because it is necessary to decide
whether the extra $154,687 spent to identify an extra 42 cases
of DVT could have been spent more effectively in an alternative
programme - for example, in a measles immunisation campaign. It
would be impossible to make _this type of decision using the
intermediate indicator of effectiveness used 1in the article
because other programmes llke measles control strategies do not
identify cases of DVT.  Final output indicators allow such
comparisons, but at the cost of increasing complexity.

,,,,, _Drummond et al make a distinction between incremental and waee!
marg]nal cost-effectiveness analysis. Incremental analysis 1[7’-

ers to the additional costs and benefits one programme!,“,k!
imposes over another while marginal analysis describes the;/
impact of an expansion or contraction in a given programme.”

DISCOUNTING REVISITED u}

Lerc L yflgﬁfh Module 3 +«!= concept of discounting was explained in
'erelatlon to costs. The Ffuture benefits of an intervention which
ca be measured in money terms should also be discounted on the

,\Ll érounds that society prefers income sooner rather than later.
D ,wHowever, there 1is controversy about whether future benefits

hJ‘ expressed in physical units, such as life-years gained, should
5 be discounted.

. LAt -
Loy T

The consensus at present is that they uld~be. The
major reason is tecdhnical. Discounting costs but not effects
can lead to logical inconsistencies in reasoning. The issues
are discussed more fully in Drummond et al. CE
Ciat fly foty)
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UESTIONS
ANSWERS TO ALL QUESTIONS SHOULD BE PREPARED BEFORE THE CLASS

1. Read the article by Creese.
Are final or intermediate outcome indicators used? What
are the advantages and disadvantages of each type (in
general)? Aot

b. How do you think the results would have differed if

effectiveness had ween measured in terms of the number of Qi
years of life rather *han the number of  lives saved?”

c. Discuss whether it is preferable to use years of life saved
or the number of lives saved as an 1ndlcator of S -
effectiveness?

d. Discuss the way that costs were measured, including whose
viewpoint was taken, whether any important costs were
omitted, and whether marginal or average costs were used?

e. What policy conclusions can be drawn from this article?

2. What are the advantages of CE analysis over cost and cost-
minimization analysis? What are some of the weaknesses of CE
a (ysis?

3. Would you expect the net costs of any programmes to be

negative? If so, what type of programmes?

g [ GO S 4 )
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d. What difference does it make to your CE ratios if you find
' that only 100 patients comply with 120 drug courses?
e. You can now compare the CE ratio of the scheme with the

education to the CE ratio
agsumptions about compliance.
education is the higher,
programme is worth undertaking?

without

education under the two
[t the CE ratio with

does_this imply that the education

If not, how should the cost

effectiveness of the education programme be assessed?
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4.a. Calculate the CE ratio for the following programmes. Rank
them in order of cost effectiveness.
(Taken from Shepard & Cash, Manual for assessing the

cost-effectiveness of oral rehydration therapy in the treatment
of diarrhoeal disease, 1983) - q

Programme Annuafxgggz/per Annual deaths

100,000 pop. averted/100000.
pilot projects in ] $400,000 303 ;f;\ i /e
primary health caré\&,k;/% s
oral rehydration '€?i;i/$]8,000 75 A~ Ay
immunization $5,000 35 6&“5‘-
measles vaccination $30,000 63 §§;‘$i
DDT spraying for malaria $200,000 800 450
home distributed oral $7,000 69 /9/-/’-

rehydration

b. Do these data imply that pilot projects in primary health
care should not be undertaken?

4. You are responsible for a dispensary which provides drugs
worth $400 per month. You are worried that many of the patients
who receive these drugs do not maintain the prescribed regimen
of drug taking. (You accept ihat correctly taking the drugs in
the doses prescribed is good for your patients.) You feel that
much of your drug budget is wasted by patients who are not
compliant.

In the last mc..th, the dispensary %erved.ﬁgg-patlents and -

dispensed 250 differen! drug courses. You have followed up -
these patients and found that 80 were compliant, and that 88
regimens ‘were followed correctly. You wish to provide an_.--
education programme that will enhance patient compliance and you _
wish to discover if the additional cost of education is
worthwhile. You expect that the cost of the_education programme

will be $100 _per _month and that it would serve all of the
patients attending the dispenqary

a. What is the cost of drugéfper patient under_the existing Ao
drug dlspenSJng schgmq (no education)? What is the cost per K

drug course?(1§ 4*’ < Qﬁ”'”“ 4e2
b. What is the coqt per patlent undér ‘the scheme wlth‘;po =
education? nph»

c. With education, you expect that 120 patients will comply. .
with 144 drug courses. Calculate a CE ratio’ for, the\scheme <

- g
without education, and for the scheme wajljggggatlon o 4////

Az
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Cost-Effectiveness of a Worksite Hyperzzasion
Treatment Program

ALEXANDER G. Lcgan, M.D., F.R.C.P.(C), Bar3ara J. Mitxe. B.Sc.N,, Cazisminz Acuaea, R.N.,
P

Wenpy P. Canpsert, M.A., aND R. Baian Hayxnzs, M.D., Pu.D.,

{C) v

SUMDMARY  The cost=Tectiveness of treating hypertension at the patient’s place =7 were =as comzared in

1 randomized conrrolled trial with care delivered jn the community.

The average tz2af 2222 ser patient for

worksite care ia tiis 12-month study was not significantly differsnt from that for reguiar core S242.88 = 6.94
vs 521134 = 18.£5. mean =szM). The worksite hesith system cost was sigaificantly mors 21z2asive (Si5736
= 3.99 rs S125.33 = 1334, p < 0.001) but the patient cost was sigaificantly less (S43.29 = 223 vs $32.00 =

620, p < 0.01). The meaa reduction in diastolic blood pressure (BP) at the year—ad z--
=0.6v365 = 0.5 mm Hg, » < 0.001.. T3
effectiveness ratio of $5.63 per mm Hg for worksite care was less than the base castme Tus
Hz for reguiar care, indicating that the worksize program was suis:
effective. Our fndings support health policies that {aror allocating resources to work-Sasez =

nificantly greater in the worksite group (1.1

S3221 per mr

zsment was sig- 3
sZremental cost-
reness ratio of
:zily more cost-
Ttension {reat-

meat programs for the target group identified in this study. tHyperrension 3: 211-218. (538

-

KeY WoRDS + cost-beneiit analysis + “allied health personnei -
hypertension -
patient acceptance of health czre

industrial medicine + delivery of health care -

—occupational health services

T the preseat tme
practice ars largely responsible for the de-
livery of hezlth cars in North America.
Most surveys ia the past have shown that these practi-
tioners have Sesn suczassiul in 3=tting no more than
30% of the total hyperieasive ropulation undsr good
biood pressurs (BP) contrcl.*® The main reasons doc-
umeated fcr this poor of success are low detez-
tioa rates, hizh treziment dropout. and low compli-
ance with medication.* An additional probiem found
in the stucies is the lack of therapeutic vigor in the
acplication of amiihyperizasive therapy by many
physicians.!

—-
Tals
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ical czrs approaches 1z
een ceveloped.™'? Ajthzu
approachs 1222C 1 e efiective, sale, and
acceptasle, detaiied sconomiz zzalyses of these pro-
8rams have not beea pudi The importaacs of

“
0

s, 2iternative med-
i casion have

such anaiyses is paramcunt zzw that the beneft ol _
treating mild hyperizas: : 2 coavincingly
demonsics ; 10 trect evan
larzer aumi veiisdle heulth
resqurcss. Tne trial reporizd -
hers wos undertaken to 2ssezs == cost-etectiveness of

a work-dased
for hypertensi

easicn £T=IT=m in which all cara
n was provicas

aken
hypert
o

Methocs
Particigants in the trizl wers s2iecied from 21.905
voluntesrs. aged 18 tc 65 wezr=. in 41 Susiness locz-

l
Uons in Metropoiitan Teroniz <30 wers screened for
hyperteasion in 1§78=77. Thzors with an average Aft

&
)
phase diastolic BP grezier 1z- 32 mm =z on the sez-

=F
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ond and tiird readings were scheduled for.a second
scrzen | wesk later. At thzt tims a nurse administers
2 beiel c‘:g':mty cz.-sna:;::a: rs and took thres more
3P readi :'gs (Eligitility criteria_wers as follows: 1)
meza diasolic BP at or 25ove §5 mm hg, or a mean

diastolic 22 betwesn $1-54 mm Hg and mean systolic
BP zreatzr than 140 mm ..z, 2) intzntion to remain in
mployment for the yezr following eatry into the
stucy; 3) nct on any treatmant for hyperteasion for at
least 3 months befors screzain ng: 4) not on other daily
meZicaticns, oral coatracaptives, or estrogen replacs-
meaz therzsy; 3) net prezoant nor planning to become
so curing 3¢ year of the study; and 6) no objections
from the family physician. Those n.
to garticizats wers scheduled for a third Screen and.
recsived two attitudinal quastionnaires to be answered
1nd returned at the third session. At Session 3, ad-

ditia nal B? readings wers taken as well as baseline
latcratory tests (hemoglodin, white blood cell count,
ur:nalysxs serum elecirolytss, serum creatinine, serum
chcissterel, serum uric z2id, blood glucose, and an

c’.::::oc”"xugrﬂm) [ndividuals who werz still eligiole
by 32 critzria and who hzd no evidzncs of remediable
secondary forms of hyperteasion wers given an ex-
planation cf the study 2nd invited to sign a consent
form. incicating their willingness to participate.
Particizants were stratifisd for sex, median age, and
r".,._" n ciastolic BP, azd thea{mpdomly_a alloca-?:?n’\
.m strz1a to treatment at the worksiteA " worksite
. WS) or in the community from physicians in
mivate practics (“r:gui" care”, RC). All WS pa-
ients wers evaluated at satry by a physician to ex-
clucs comgplicating or concurrent problems, to estab-
lisn a gcal BP, and to initiatz antihypertensive
therapy. Long-term follow-up was provided at the
werksile on company tims by two nurses who were
tauzht to manage 'nypc.'::::sion according to a stan-
ard protecol” and who rzperted to physicians of the
Hyzertension Servics of the Mount Sinai Hospital in
Torznto. An appointment with their own doctor was
made for 2il individuals in RC groups. All scre=ning
da:z inclucing the resuliss of the baseline laboratory
tesis were zaclosed in the referral letter to the family
docior. At 6 and 12 menths after eatry, all par-
ticizants wers assessed at work by a specially trained
B2 technician who was unaware of group allocation.
A questionnaire was aZministersd to  detzrmine
me<dication statis, and thrzz BP rzadings were taken.

cars™”

Mecical Care Costs .

¢ itemiz=d for zach patieat under health
patient costs. Health system costs were
LL::‘. to case-fincing vrd trea Patjeat

s nose reiated o lost time from work or
lziswes and '..'.zvc.. Caosis incurreg Sefors randomiza-
ticna (screzniag costs) wers distributed sguclly 2cross

-r - ;-'-A aﬁn-ﬂ'
snect

a8Se wer
2 Anc
-
~

foe ldold
walisinmion,

Treainisan. &3
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cligible and willing™
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Screening Costs

Costs for all who underwen: zzv zart of screzning
were included in the analysis. Thz zasts involved in
screening included personnei, eguizment and sugpplies,
travel, participants’ time, and zZmiaistrative costs.
Personns! costs for scrc-ning ccmzorised the salaries
and frings benefits of the five 2 :2==nicians and two
nurses. For the latter, time was r=zarded prospec-
uvc!y on a weskly log, includingz izvel, servics, and
or“...- time, and was converizd 2 manetary terms

sing their salaries and frings S2n23::. The cost of the

'lacora'orv evaluation, whic inzizZ=d the intsrore-

A-J‘\-

tation fes of the elsctrocardiogram v 2 cardmloglst.
was determined using the Onizsiz Medical As.wcia-
tion fes schedule and was consicer=2 z personnsi cost.
Equipment used in the study izcizczd seven sphyg-
momanometers and ste l’*cscc: 222 ane elecirocar-
diograch. Equipment costs wars czizulated us.ng an
annual dspreciation rate of 15.75% an the purchase
price (The Canadian Hospital .A.ss::anon s average
annual dspreciation rate for ¢
used, as d..sc-wc" in the Ccnrzc| :pual Account-
ing Mcruzl, 1963.) Cost of ths ;a. usizants’ time was
proratzd accorcing to hourly wazzs at the year-en

assessment, and zg'ciu:‘:cd waiting, s2rvics, and ques-
uonnairs completion tims 2t scre=zizg visits. Actual
wage values wers obtained on I33:% of the par-

S=! squipment was

-ticipants, and an average anauval izc2me was substi-

tuted for missing data (sourcs of £2:3 was Statistics
Canada). The administrative cos: was estimated as
30% of the health system cost =7 the scraening
program and included arrangizz 22 serszning opera-
tion, scheduling participan:s azd =chnicians, print-
ing, teieghone, physical faciiitizs, zzsiage, and oth

such expeases. -

Treatment Costs

Health sysiem costs of trzzim=z: included the
provision of care and latoraiz~ examinations.
hospl.a!xz"uon and drugs. Tas scurs= of paymest for
physician visits and laboratory sxz=:izations was the
Ontario Governmesat universai hz2l:X insurancs plan.
Each participant had a contract sum==r and, within a
contract, services were sortzd by ¢éz:= for all medical
services recesived during the study vear. For each
claim. the servicz file identifizd == pnysxcxan who
provided the servics, the specizity of :2= physician, the
dmgnosxs specified by the physicizz. znd/or the type
of servics provm:d and the amouz: caid. Diagrostic
and therzzeutic procedurss, dizznosiiz r"dxologv and
laboratory tests wers dssignates I¥ specific codes.
Only services properly idsntilez as related o
hyperteasion were included in cst sziculations. The
cast of thz nurses’ servics was s2izt.zizd from weskly
logs by converting the total times sze=r in patient cars
acuvitizs (di irzct care, tr:xvc 3:'.::' oz i

10 Saliant cor=)
. (S22 R R ROy Gt

W
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by aurses’ ssovics
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a dollar value using the averags nstincome and aanual
worm..g hours of ghysicians i in O1Lar: (sourc- of data
was the Ontario Medical Asscciation).” The total

numb:r of days of hospitalization per participant was’
‘obtained from the service file, and only those days

used for diagnosiic evaluation and management of
hypertension, as dstermined by direzt questioning at
the vear-end assessment, wers included in the cost
calculation. The average per ciem ccst of hospitaliza-
tion in Ontario in 1977 was used to detsrmine hospital
cost rather than more elaborzte methods because of
the small numbers involved. Drug costs were deter-
mined from many of the insurancs companies who
sponsor-d drug insurancs programs in industries in-
volved in the study. Complet= drug cost data wers
available for 36.6% of those in the WS group arnd
44.1% in the RC group on medication. Missing data
were due to varvmg insurancs company accounting

Tpraczic:.s at the different worksites rather than lack of
For those with no druz daia-

patisat cooperatioa.
(15.1% of those on me 'icaticn), the average cost for
those with complete data in cach group was used. ror
the remainder with incomglete data, an mdmcual
average monthly drug cost was computed from
available data, and this value was used for missing
nowthly data to calculate the total cost.

* Patiznt cost for physician and laboratory servicss
was calculated in the following fashion. Log forms,
recording the distance travelled, and time speat in
travel, waiting, and service for a single visit to the dec-
tor's offics or laboratory, were obtained from 95 RC
and 82 WS patieats. Time was converted into dollar
value using_the midpoint of the wage ¢ czl.gory- Ho]
whica the mdxvmual _belongzed, and travel costs wer
calculated by converting “distance into dollars at the

.rate of 17 cents per mile. The total pauml cost for

single visits to tH- laboratory or doctar's offics was
then multiplied by the number of visits for these ser-
vicss by the individual dunng the study year, as deter
mined from the health insurancs plan contract ﬁlc
For individuals who did nct complete single visit
logs. patient cost was calculated as the product of their
actual wage and visit (requencies times the average
value for travel and time {rom the logs. In the WS
group, the waiting and servics time for cach paruc'

- pant to visit the nurse was obtzined from encounts

forms completed at each visit. The patieat cost of
hospitalization was taken as the monetary valuc of
time lost from waork.

Oniy complets data were used o compare results {or
individual cost items betwess groups. [n the calcula-
tion of health system, pauc..l.ar.d total costs, averagzd
values for individual cost items wers substituted Tor
missing results. [n addition, a seasitivity analysis was
performed using cxtreme rather than average values,
as dzscribed below.

Effect of Program

hs effect of each treatment program  was
calculated as Lr.~ average reduction in diastolic BP.

atry BP was calculated by averaging all diastolic 8P.°

C/E ratio was outzm

measuraments at the Arst and sezcnd BP scre=ns and
the encgeint BP by averaging zll diastolic BP
measurzments at the year-end assessment.

" Cost-Efectireness Analysis

The cost-efiectiveness (C/E) of each program was
the ratio of the averaze cost per patient to average
reduction in diastolic 3? over | vear. The incremeatal
by dividing the net increase in,
medical cars cost of the WS prog: rzm by the net in-
crease in effecti
and efecis was cmpioycd beczuse of the short dura-
non _of the stud/. ¢

Sensitivity Analysis - s

Assessment_of the_effecis_of variation in _Key
estimated paramc::.—_s_was carrie< out by substituting
for mi issing data the maximum ccst in the WS group
and misimum cost in the RC group. In the WS group.
the highsst individual drug cost frem the group with
com,,l-:: data were used in all patieats on medications
for whom'no data werz avaiiable. To calculate the total
cost for iadividuals with incomplezz drug cost data,
the hizhest monthly cost was substituted for missing
monthly data. In the RC group. the least drug cost
was suostituted for missing data in an analogous
manner. Thc maximun galic'u cosg_to_‘f_isil_'Lh:

tiveness. No cxsccunmg of. f'uturc "osts

catc cry thn no wage cat-ggrv was d=51gnalcd The
minimum value for-each was used in the RC group
whenzver data were missing. For patient cost of aurs-
ing visits, the highest parucxpam's salary was used
whernever salary “data were missing. Patients com-
pletziy lost to follow-up werz not included in the sea-
sitivity analysis because thzy wers small in number
and evenly distributed betwesn two groups (8% in each
group). i

Statistics ' . s

Means are presented with a standard error of the
mezn as the index of dispersion. Statistical analysis
was carried out using the unzuired two-tail Student’s ¢
test, with p value < 0.05 indic:::ing a statistically
signifczat differzncs. The chi-square siatistic was
used t0 assess differencss in progertions.

Results

The voluntesrs who wers scrzzned for hyperteasion
represented approxnmalclv 50% ol the emplovess
olTer=d this service. As shown in figure 1. 437
emplovess, or 2.1% of the initial pooulauon screzned..
wers ciigible and wiiling to particigate in the study.
Selezizd characieristics of the twa study groups arc
outlined in table 1, aad no significant differencss wer
noted. Data on cost and effzct wers obtained on 2l4

2.2‘.’.) employess in the WS zroup and 207 (92.0%)
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Y

PARTICIPANTS (21°%)

Nan- participants
45.3%

* D8P 2 95 mm Hg or 91.94 -mm Hg plus systolic 37 > “0.&'71-;‘-}:9

Ficre |. Flow diagrem showing results of two-siage
" blood pressure screening in industry and government, 1977.
The percentages in brackets represent the percent of initial
population screened.

in the RC group. The other 36 patients had either no
cost or effect data and were excluded from further
analysis. '

Screening Costs

The cost of individual scresaing items is outlined in
tadle 2. The total screzning cost was S102,009; the cost
per study participant. S223; and the cost per employes
with elevated BP after two BP screenings, S$120. Per-
sonne!l and participants’ costs were the two largest ex-
peases, accounting for 86.1% of the total expense.

HYPERTENSION

. D8P > $0 mm Hg (10.4%)

N=85l——-

TanLe 1. Comparability of Worasite Care (WS) and Reg-
uler Care (RC) Participants at Entry by Selected
Characteristics La® )
Patient data WS RC
No. 232 225
Age (mean yr) s 46.3 46.3
Systolic BP (mean mm Hg) 1529 153.9
Diastolic BP (rﬁean mm Hg) 100.3 100.4
Male (%) T L 80.6 76.9
White (%) 88.0 88.0
Known hypertension (%) 37.9 38.7
BP measured in past year (%) 325 54.2

BP indicates biood pressure.
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- Treatment Casts
Health System Cost

Table 3 summarizas the health system cost of carz
of the two programs. As expected, the mean govern-
ment insurance expease was higher in the RC group,
being $76.03 = 3.19 comparad to $53.17 = 2.92 in ths
WS group (p < 0.001). The WS exzeaseincluded both
the cost of laboratory tasts ordersd by the WS cars
team as well as the cost of any cars for hypertensica
reczived from community physicians during the stucy
period.” Although 37.5% of WS patieats including
study dropouts made physician visits, the frequency of
their visits was substantially lower (2.9 per annum
compared to 5.7 in the RC grouz: p- < 0.001). The
mean cost of the nursing servics zionz was $67.38 =
1.25. The [frequency of visits to the nurse was §.6 per
annum, being significantly higher 1322 the number of
physician visits in the RC group (» < 0.001).

There wers four admissions to hospital for
hypertensive evaluation and manzzzment in the RC
group, and the mean health system ccst was $1,080.71

N=4s7 23 ) <7 280.62. No WS patizats wers 2¢mitted to hospital
N 3 .

for diagnostic assessment and treciment. :

Significantly more WS than RC garticipants wers
on drug therapy at some goint during the study (205 vs
145, p < 0.C01). Morzover, 55.8% cf those on drugs iz
the WS group, compared with 14.9% in the RC groug.
were on more than one type of antihypertensive
medication (p < 0.C01). Of those with complets datz,
the mean drug cost in the WS group was significantly
higher (587.34 % 7.16 comparsd 0 S51.01 = 5.24 in
the RC group, p < 0.C01), reflecting the more [frz-
quent initiation of eficacious therapy and the more
vigorous application of this treatment.

The total health sysiem cost of hypertensive cars
provided by the WS cars team was S197.36 = 4.5¢
compared to $129.33 = 13.34 by ccmmunity physi-
cians, a differencs that was significant (p < 0.001).

Patient Cost

As shown in table 3, the averzzg= patieat cost for
physician visits in the RC group was S65.57 = 4.84.
which was significzatly higher thea the comparasis
cost of S38.71 = 10.54 in the WS zroup (p < 0.03).
The difference was dus to more {reguent physiciza
visits by RC particigants. The averzz= putient cost to
visit the laboratory was not significzntly different ia
the two groups. with the WS grouo cost being $37.<3

. %= 18.24, and the RC gzroup, S25.67 = 4.88. The
monetary value of the loss of tims from work to visit
the nurse was $24.09 = 0.92 per empioyes und. for the
four RC participants to be evaiuated in hospitzl.
§$372.25 = 91.65 per patieat. The totul patieat cest
was §45.50 = 3.23 in the WS group 2nd $32.00 = 6.20

- in the RC group (p < 0.01). - :

Tota! Cost

Using treatment costs oniy, we found that ths
average total cost of the WS program was S242.86 =
6.94 per participant_ which was nct significzatly
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TasLt 22 Cost of the Screening Program

" Item variable Cost ($)
Personnel - 41,139
. Equipment/supplies 898
Travel 490
Participants' dme 46,724
Administration 12,758
Total screening cest 102,009

different from ths cost of S211.24 = 18.66 for RC.
When scresning costs were addsd to the treatment
costs, the differzacs in cost of medical care betwezn
the groups was stll not significant.

** Effect . -

The mean reduction in diastolic BP, the measure of
effectiveness, was 12.1 = 0.6 mm Hg in the WS group
and 6.5 = 0.6 mm Hg in the RC group (p < 0.001).

" Cost-Effectiveness Analysis

The C/E ratios of the WS and RC programs using
treatment costs only were $20.07 and S32.51 per mm

Hg respectively (table 4 and fig. 2). Whea ssr=2ning
costs were also included, the C/E ratios wers higher
(WS, S38.50 per mm Hg; RC, S€5.82 per m= Hg).
The WS program, although more cestly by S31.52 per
patient per year, was abie to achieve an 2ZZitional
mean reduction in diastolic 8P of 5.6 mm Hz. Thus.
the incremental cost of lowerinz BP _in = WS
program, that is, i€ Cost over'and above RC. was a
$5.63 per mm Hg reduction. Beczause this is sz3stan-
tially less than the cost of lowering BP in t== RC

- group (at S32.51 per mm Hg reduction), tt2 WS

program was highly cost-eTzctive by compzsizon. [f
. . >

conventional trzatment of hyperteasion (RC, = con-

sidered worthwhile, it is ciearly mere cost-eTa=ive to

replacs RC with WS treatment for the tarz=: zroup

ideatified in this study.

Assessment of [acomplete Data
Data for the travel and time part of visizs 0 the

physician's office were compiete for significz=:iz more
patieats in the RC group than in the WS greez30.3%

vs 33.3% respectively, p < 0.02%). No sig::iﬂcant_

differences in comgpieteness existed for drug czsz or the
patient cost to visit the latoratory. All other czz= were
available for more than 85% of patieats iz both
groups.

TaBLe 3. Cost of Medicc! Care Per Patient for WS and RC, Totc! and Patients With Complete Data

Cost variable (S) Worksite Regularcare | SigniZcance (p)
Total patients: ’w[ 9 ! 6‘5 - é—'é "
- Health system cost — il 2

7197.36 = 4.99 129.33 =13.34 | 0.001
(214; 100%)° (207; 100%)°_~

Total

Patien: cost e —

Total ' 45.50 £ 3.23 82.00 = 5.20 0.01
(214: 100%)° (‘aom; xoo'm'> ' .
Patients with complete data I"".' L .‘3"6"‘"’ FARE ;__g_j: =

Health system cost: e 147 Z

Government insurance ‘ 58.17 2292 76.03 = 3.19 . 0.001
St (214; 1007)° (207; 1C0%)* ~“
Dr:gs . 87.34 £ 7.16 51.01 =5.24 ) 0.c01
(75; 3T®)" (64; 44%)°
Nurse 67.38 = 1.29 ;
(211; 99%)°
Hespital ’ 1030.71 = 250.52
& (4: 1COTn*
Patien: cost: ‘
Visiting doctar - 38.71 £ 10.54 63.37 = 4.34 0.03
(26; 33™)" (95: S0'R)°
Visitiny luboratory J7.40 = 18.24 26.67 = 4.48 0.53
(22 25'R)° (29; 22%)° -
Visiting nurse 24.09 = 0.92
: (184; 86%)°
Huspital ' 37225 = 91.65
& " (4: 1COR)*

WS incicates waork site care; and RC, regular care.

*Figures in parentheses are the numberof participants for whom daza are available u3ed in czlculatiaz
the mesn = sty and the percentage for \'vh.om the item is :wahc:_nble. For examgie. fur governmen:
insurancs. complete information was available on all 214 WS patients, whereas for druys, comgziete

informasicn on expenditures was available on 753 WS patients who rearesented 373 of those for whor

drugs wers prescribed.
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TABLE 4. Cost- Effectlveness Analysxs of Worksxte (WS) and Regular Care (RC) Programs

Cosl effctiveness

Cost ($)
Treaimer;t costs
¥ Treatment & screening costs
- Effect (mm Hg)
Reductxon in diastolic BP
Cost eﬁ'ectueness ratio (§/mm Hg)
With treatment costs only

‘With treatment & screening costs

i
i

f 5 B
.i(-‘LxJ.w“ ‘\".. T LA o'

I‘)
N
-

£

AL S

\

patients with complctc data in terms of entry BP,

year-end BP, change in BP over the study year, or

medication complxance

300

“EFFECT T“‘N;;

(reductlon in diastolic blc_:gd pressure
.in mmHg)

t FIGURE 2. Cost-effectiveness graph The points repre:enr
the treatment cost and effect of each program. If it is
-assumed that, each group’s average blood pressure (BP)

; would be unchanged in the absence of ldennﬁcduon “the
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TABLE 5. "Sensitivity Analysis of ‘Worksite (WS) and Regular Care (RC) Progrems

Cest WS RC WS-RC *
Health system cost (§) $249.44 $130.51 $118.83
Paticnt cost (S) 74.81 5322 19.59
Total cost (S) Cieszy 138.40
C/E treatment costs only ($/mm Eg) 26.80 28.53 24.71
C/E trea=ent & screening costs (S$/mm Hg) (/‘B_z?) (ﬂﬁi’:’.&} 24.71

C/E indicates cost-eZectiveness.

The major cost saving of the WS program was the
reduction In patieat cost, while the health system cost
ol this prograrm was more expensive, Up to this point
we fiave assumed that patient and health system costs
are of equal valuz. [t may bs argued, however, that the
former should be valued at some fraction of the latter.
The effect of using differeat fractions of patient cost in

] _.both groups on C/E ratios is illustrated in figure

Even if patient cost is compietely ignored (fraction of
patieat cost = 0) and as a consequencs the health
system cost becomes the totzl cost, the WS program is
still more cost-eZzctive sincs the C/E ratio for RC,
while falling to §19.90 per mm Hg, continues to be
higher than the incremental C/E ratio of S12.15 per
mm Hg. ‘

While all hypentensive care in the WS program was
given on company time, in the RC group visits to the

- doctor may have been made cither on company or

leisure time. Beczuse time away from work is not

. closely monitored in the white collar companies that

participated in this study, it was not possible to quan-
titate this cost. In our cost calculations, equal value
was assigned to the time lost from work in the WS
group and [rom work or leisure in the RC group.
Since loss of leisure time may not represeat a cost to
society (no cffect on worker productivity), it may be
argued that patizzt cost in the RC group should be
valued at some fraction of the patient cost in the WS
group. Using difiereat fractions of patient cost for the
RC program only, we found that the incremental C/E
ratio for the WS program was less than the C/E ratio
for RC until the {raction of patient cost was 0.01. We
know, however, from the year-end questionnaire that
51.7% of RC patieats (roughly equivalent to a frac-
tion of patient cost = 0.52) stated that thev took time
off work to visit their physician. Moreover, since this
time often appearsd to be in excess of the actual time
required to obtaia medical care, the assignmeat of

b 41"
™
‘\\\x \“ \\ W \:

- :
g"”' TABLE 6. Cost-efectiveness Analysis vf Warksite (WS

and Regular Care {RC) Programs Assuming 5 mm Hg
Reduction in Diastolic Blood Pressure with no Treatment

Costcifectiveness WS RC WS-RC
Tr:alment‘cost () 242.86 . 211.34 31.52
Efect (mm Ha)" ° 7.1 1.5 56 ==,
Cost-effeciivencss (S/mm Hg) ' 34.21  140.22 5.63

*Subtractivn of 3 mm Hg from the observed change in
diastolic hlood pressure in the WS and RC programs.

. —~—

egual value to patient ccst in both groups is zgz an un-

reasonable assumption.
Use of the work settirg to manage hyperi=asion has
many advantages. First it facilitates access ta czre for

a population for whom usual care in the tammunity -
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1.0 0.75 0.50
FRACTION CF PATIENT CCST

Fictre 3. Use of fraction of patient cost 1 FPC} im com-
puting cost-ejectiveness (C/E) ratios. The effect on in-
cremental C/E ratio for the worksite care ( WS) Fragrant is
shown under diffcring assumptions of FPC. Wkile health
system and patient costs mey be of equal value (FPC = ||,
patient cost may also be volued at some Jraction of the
health system cost. For all FPC values. the incremenczi C /E

ratia (closed circlesi is less than. the C/E . ratio flar RC ..
- program (closed squares). While equal value wes axzigned

Jor patient cost in the two zroups (FPC = 1L bamed on

different assumptions the paient cost in the RC groug@ may--

be sonte fraction of that in the WS group. The ircremental
C/E& ratio for the WS progrem (open circles) is lezs tiben the
C/E ratio for RC (closed Squares) unul the FPC iz ©.01.
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218 ‘ HYPERTENSION
may be inconvenient. Over a thirc of the zarticipants 2,
. atentry were previously aware of having Zypertension,
and almost one-half had not had 2 BP measurement 3.
. for more than [ year. Second, the Fopulation reached
at the worksite is primarily middle-z2ged men in whom 4

the risk’ of adverse consequences of hyperteasion is
large and the benefit of therapy is mors likely to be
high.** Third, as we have ‘shown hers, it is a cost-
effective alternative to primary-cars practice for the
treatment of hypertension. Finally, health care facili-
ties are already available in most piacss of work with
200 or more employess (in Ontario this is mandatory),
which eliminates the nesd for high capitz] expense to
develop worksite hypertension cars progrzms.

The economic impact of czrdiovascular and
cerebrovascular disease is enormcus, ranking fourth
as a cause of sick leave absentzsism z2mong male
employees in a heavy industry plzat in Oatario.’ In
the same study, the mean work dzys zbseat per sick
leave episode was much higher for this disease group
han for all other diagnostic catezoriss, and vascular
deaths accounted for almost half of the tcizl mortality
among male employess during the assessmeat period.
Sincs hypertension is a major indzgendext risk factor
for cardiovascular and cerebrovascular disease in the
adult'™* and antihypertensive drug treatment will
reduce morbidity and mortality from hyperten-
sion,'*+ 1. 3113 effective industrial hypertezsion control
programs have great poteatial for improving produc-
tivity and/or reducing costs associated with
absentezism or premature death for those employees
with asymptomatic, uncontroiled hyperizasion.

From a policy perspective, decision makers may
take into account any or all of the fcilowing objec-
tives: 1) to spend the limited rescurces available for
hypertension scresaing and trzatment iz a way that
*4ill maximize the average BP reduction: 2) to identify
and reduce the BP of hypertensive paiieats by a
specified amount as economically as possizie; and 3)
to maximize the BP reduction per patiest. In each in-
stance, the warksite program is mors acvantageous.
Thus.-for the target group idextified in this study our
findings support healith policies that faver allocating
resources to work-based . hyperiension
programs.
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Randomised Controlled Study of Chloramphenicol vs Oﬂoxacin
in the Treatment of Enteric Fever : |
A Pharmacoeconomic Analysis

D Mathai*, Abi Abraham M*, KR John**, Mary V Jesudason***, MK Lalitha***,
Molly Thomas****, OC Abraham*, TJ John*

INTRODUCTION

Globally, each year, 13.5 million persons are af-
fected by typhoid fever. It remains a serious health
issue in the developing world and is a major reason for
hospitalisation. The traditional treatment with
chloramphenicol is long, usually given for 2-3 weeks,
is associated with relapses and exposes the patient to
needless toxicity. Besides these. the causative organ-
isms, Salmoneila typhi and Salmonella paratyphi,
exhibit varying degrees of resistance 20%-74% in dif-
ferent areas.!™

Therefore, an effective alternative choice would be
beneficial. Ciprofloxacin, a fluoroquinolone. is given
orally, 500 mg twice daily for 14 days* or 750 mg
twice daily for 7 days.5 It is a safe. bactericidal drug
and has an efficacy of 90% to 100% in the treatment
of typhoid fever.* In an open non-randomised trial we
have shown that pefloxacin is safe. curing effectively
25 of 25 culture positive cases of S. fphi at doses of
400 mg administered twice daily for periods of 5-7
days.6 Ofloxacin, another quinolone could be an ideal
choice for the treatment of typhoid fever as it concen-
trates well in tissues, especially in the biliary tree, and
also within macrophages and needs to be given orally
only once a day as it has excellent bioavailability.7’8

Moreover, the need to deliver health care efficiently
in the developing world has made economic evalu-
ation of care a major consideration. The costs of
health care are largely supported by the national health
plan and/or by the individual payer. Thus, cost-con-
tainment and effective’ therapy with newer but more
expensive drugs need to be addressed. We therefore
conducted a prospective, randomised, controlled trial
to study the safety and efficacy of ofloxacin in com-
parison with chloramphenicol, in the treatment of
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Medicai College and Hospital, Vellore, India.
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acute uncomplicated typhoid fever occurring among
adults and hospitalised at a large, referral, teaching
centre. A pharmacoeconomic analysis, from the pur-
chaser’s perspective, of the choice of the higher priced
drug ofloxacin, against the less expensive drug
chloramphenicol was done, and we developed a clini-
cal decision analysis model for physicians to
determine the choice of initial therapy using either
drug. :

MATERIAL AND METHODS

Study patients
Adults patients (> 16 years) with fever of over 5 days. clini-

cally resembling enteric fever. (seen between March 1991 and

December 1992) were enroiled in the study after obtaining in-
formed consent: They were admitted in the hospital and
randomised to receive either chloramphenicol (CHLORO) 500 mg
six hourly for 10 days (Group-I), or oxfloxacin (OFX) 400 mg
once daily for 10 days (Group-II). Blood culture. blood smear ex-
amination for malarial parasites and microfilaria, and urinalysis for
pus cells were done on all patients. Only those with S. typhi or S.
paratyphi A isolated in blood culture were continued in the study.
Pregnant or lactating women, those known to have allergy to
nalidixic acid. subjects with serum bilirubin > 3 mg%, SGOT or
SGPT > 120 U/L, creatinine > 2mg%, concomitant infection re-
quiring other antibiotics. gastrointestinal bleeding, intestinal
perforation or encephalopathy and those requiring parenteral ther-
apy were excluded from the study. The study protocol was
approved by the research review board of the institution.

The sample size was caiculated based on bacterial clearance
rates after 48 hours. In the first assumption, clearance with oflox-
acin was 80% and chloramphenicol 60%; and in the second
assumption, clearance with ofloxacin was 95% and with chloram-
phenicol remaining at 60%. Therefore, it was ‘estimated that for
fulfilling the first assumption, 91 cases in each arm was needed
and for the second assumption, 27 in each arm, would be required
to prove a significant difference with a type 1 error (alpha) of 5%
and the power of the test being 80%.

The randomization was donc by computer generated random
number. The blinding was not done as the outcome chosen was
clearance of organism noted by microbiologist at the end of 48
hours. The time of deferevescence was noted by the nursing staff
not involved in the study. =

Microbiological techniques
Five ml of blood was inoculated into each of biphasic infusion
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medium, MacConkey biphasic medium and brain-heart infusion
broth, which were incubatcd at 35°C. Any organism grown was
subcultured on MacConkey and blood agar plates and identified
using standard techniques. Antibiotic susceptibility was tested by
the disc diffusion method of Kirby and Bauer using the newer in-
terpretation chart. The minimum inhibitory concentration (MIC)
was determined by agar dilution ‘method using Mueller-Ilinton
agar with 18-24 hours incubation in air and with an inoculum of
10° organisms/ml. Serum levels of ofloxacin were determined by a
bioassay using Pseudomonas aeruginosa ATCC 27853 as the test
organism.

The stool sample was directly inoculated onto plates of xylose-
lysinc-desoxycholate  agar, desoxycholate-citrate  agar and
MacConkey agar. In addition, about 1-2 ml of liquid fecal suspen-
sion or about 1 gm of solid fccal matter was inoculated into a tube
containing selenite F enrichment broth. The latter was subcuitured
on MacConkey agar and Salmonella-Shigella agar.

Patient Monitoring and Follow-up

Ofloxacin, (Tarivid 200 mg : Hoechst) (OFX) 400 mg, was
given oraily once a day or chloramphenicol (Chloromycetin :
Parke Davis cach cap. 500 mg every 6 hours) for 10 days. Oral
temperature was measured cvery 6 hours. Dcfervescence of fever
was defined as achieving tempcrature not > 99.5° over a 24 hours
period. The hematocrit. leucocyte count, platelet count and meas-
urement of serum creatinine, bilirubin, SGOT, SGPT, albumin,
globulin and alkaline phosphatase were done on admission and
prior to discharge. Blood cuitures were drawn on day 1,2 and 3.
Stool culture was done on day 7, and at least once during the fol-
low up period. The patients were followed up through hospital
visits, letters and house visits. Where stool samples were collected
from paticnts in their homes, phosphate buffercd glycerol saline
was used to preserve viability of salmonellae.

After giving at Icast four doses of ofloxacin or chlorampheni-
col. scrum levels of the drugs were determined. Blood for drug
assay was drawn 30 minutes aller an oral dose (for pcak level) and
30 minutcs before the next oral dosc (for through level).

Statistical Analysis
Qualitative parameters were tested by Fisher’s exact test and

quantitative parameters by Mann-Whitncy test.

Economic :1na|ysis:9'I2

The following direct medical costs were considered.

Drug cost rcferred to approximate retail costs of chlorampheni-
col, (Chloromycetin: Parke Davis) Rs. 2.50 per 500 mgm capsule.
Ofloxacin (Tarivid : Hoechst) Rs. 46 per 400 mg tablet.

Cost of antipyretics : Paracetamol Rs. 2 per day.

Standard hospital bed charge at Rs. 50 per day.

Cost of blood culture and sensitivity testing Rs. 200/-

Perspective of analysis was that of the individual being the
payer. The indircct cost of morbidity and mortality was not as-
sessed. :

Sensitivity analysis. both onc way and two way of the assump-
tions to varying susceptibility of the organism to the drug and cost
of hospital stay was donc.

RESULTS

Sixty-four patients were randomised; 32 received chloram-
phenicol (Chloro) (Group-l) and 32 received ofloxacin (OFX)
(Group-11) Table 1 shows the basclinc characteristics of the pa-
ticnts at randomization.
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Table 1 : Bascline characteristics of the paticnts at randomisaﬁc':'; ¢

OFX Group CHLORO Group
n=32 =32

Duration of illness prior to 1227 (£ 8.1) 12.00 (£ 8.1)

hospitalisation (Mean + SD)

Malc 22 (68.83%) 20(62.5%) -

Age (Mean £ SD) 3191 (x22) 2747 (£ 113)

Body mass index (Mean + SD) 18.81 (£3.3) 1891 (x22)

Weight, kg (Mean + SD) 51.03 (£9.8) 48.53 (£ 8.4)

Height, cm (Mean + SD) 164.17 (£ 8.1) 159.73 (£ 8.2)

Fifly-five were culture positive; Salmonella typhi in 47, and
Salmonella paratypji A, in 8. There were 28 patients in- Group-I
and 27 in group-IL. In Group-I, 18 patients had in vitro resistance

to chloramphenicol detected after randomisation, and as blood cul-

ture remained positive, 16 were switched to receive ofloxacin, 1
continued to receive chloramphenicol and 1 dropped out. Four (2
in each group) did not complete the period of observation in hospi-

Neand % i

tal and were excluded from the analysis, which had 10 patieats in

Group-I and 41 in Group-II (Table 2). :

‘I'able 2 : Summary of patients enrolled, culture-positive and
culturc-negative cascs, changes to alternative study medication and

dropouts/withdrawals i
Chloramphenicol Ofloxacin Total €
(CHLORO) (OFX) L
Group-| Groupll T &
Patients cnroiled at 32 32 64
randomisation '
Culturc-negative cases 5 4 9
(withdrawn) y
Total culture-positive cases 27 28 5s
In-vitro resistance to study 8 0 (1 patient
drugs clinically im-
proved and was
thus continued
in the same
group despite
in vitro
resistance)
Switched from CHLORO 0 16
group to reccive study drug
*Subtotal 1 44
Withdrawals: i
- discharged against medical 1 2 e A
advice _ L
- non-study antibiotic therapy 0 [ S
during trial TR &
* *Total 10 41 51

Despite 1:1 randomisation, the imbalance in the patient numbers was due
1o in vitro resistance seen in 18 of 27 patients assigned to CHLORO, 16 of
whom were switched to OFX. For costing purposes the 27 and 28 patients
originally allocated to the CHLORO and OFX study anms, respectively,
were considered. s :

Lleven patients had reccived ampicillin, chloramphenicol o

co-trimoxazole prior to hospitalisation but they were included ir.

the study, as organism could still be isolated from blood.

The time required for defervescence of fever, was shorte
among patients who received ofloxacin (81.95  36.39 hrs) com

JAPI 1998, VOL. 46, NO. 1
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pared to those who received chforamphenicol (125.33 £ 56.00 hrs)
p = 0.05. Thirty onc paticnts (76.61%) who received ofloxacin had

- defervescence of ever by day 3. as compared to 2 (20%) paticnts
who received chloramphenicol, (p < 0.05) (Table 3).

Table 3 : Response to therapy

Clinical parameter CHLORO OFX P valuc
n=10 n=41
Dcfervescence by day 5, n (%) 2(20%) 31(75.6%) p= 0.001
Mean time to defervescence. = SD 12533 81.95 p=0.005
in hours (£ 36) (£ 36.69)
Mean no. of signs and symp. 1.80 0.59 p=0.02
by day 4 (1D (£1.3) :

Micro-organisms

All 55 isolates (100%) were susceptible to ofloxacin whereas
17 (31%) were susceptible to chloramphenicol. 21 (38%) to cotri-
moxazole and 25 (45%) to ampiciilin (Table 4). In the Chloro arm
of study 18/27 (66%) was resistant t0 chloramphenicol. In the
ofloxacin arm there was no resistance. The dilference was signifi-
cant p =< 0.0002). ‘

Table 4 : Microbiology-antibiozram of blood isolates
Number susceptible (at bascline)

Study Organism  Ofloxacin Chloramp- Cotrimoxa Ampicillin
group isolatcd -henicol -zole
OFX S. ryphi 24 4 7 8
(n=28) 24

S. pararyphi 4 4 4 4

(4)
CHILORO  S. nphi 23 5 6 9
(n=27) (23)

S. pararyphi 4 4 4 4

(4)

Total 55 55(100%) 17(31%) 21(38%) 25 (45%)

Minimum inhibitory concentration (MIC) of ofloxacin and
chloramphenicol were estimated for 36 strains of S. typhi and 6
strains of S. paratyphi (Table 3). Peak and trough serum levels
were estimated for both drugs (Table 6).

Table 5 : MIC of ofloxacin and chloramphenicol

OFX pgm/mi CHLORO pgnvmi
S. hphi (Range) 0.015-0.62 1.87-240
(Mean) 0.016 =0.01 157.7+£97.7
S. paratyphi (Range) 0.07-0.62 1.87-240
(Mcan) 0.24+0.18 429+96.9
Table 6 : Serum drug levels
Drug levei pgm/ml
Peak Trough
Ofloxacin Range 0.124-31.74 0.124-1.98
Mean 5.05£7.37 0.99 £ 0.62
Chloramphenicoi Range 15-240 0.248-15
Mean® 64 £52.6 5669
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Side cffects

Two paticnts who reccived ofloxacin complained of nausea
and vomiting. There were no untoward effects reportcd in the
Chloro group. In the OFX group one patient developed perforation
of the bowel for which she was operated. -

Follow-up

All 64 patients were followed up for safcty parameters. Forty
four of the evaluable patients were followed up for 14-32 weeks
(mean 14 + 12.6) after discharge from the hospital. and stool sam-.
ples collected after cessation of therapy were negative for enteric
pathogens.

Economic analysis

The details of the costing based on typical case treated by each
arm of the study is given in Table 7. The average cost per case
cured in the chloramphenicol arm is Rs. 1163/- while the average
cost in ofloxacin arm is Rs. 964/-. The incremental cost for treat-
ing one case by chloramphenicol and subsequently switching over
to ofloxacin is Rs. 199/- per casc curcd with the assumption of bed
cost being Rs. 50/- and 67% showing resistance to chlorampheni-
col with the extra hospitalization of 15 days each.

The robustness of these assumptions were further tested using
one-way sensitivity analysis by changing drug resistance to
chloramphenicol (Ref. Fig. 1). At 40% drug resistance the cost ex-
ceeds Rs. 964/- which is the mean cost fixed for treatment with
ofloxacin. Thus if there is more than 40% resistance to chloram-
phenicol, use of ofloxacin is justified. In Fig. 2 a two way
sensitivity analysis is done by changing the drug cost and degree
of resistance to chloramphenicol. If the bed cost is Rs. 200/- even
a resistance level of 20% to chloramphenicol will justify the
choice of ofloxacin.

The only untoward effect observed with ofloxacin was nausea

" which occurred in 2 patients. Perforation of bowel was more likely

to be a complication of the disease as it occurred on day 1 and
with discontinuation of the drug ofloxacin. It needed to be in-
cluded for documentation of untoward effect and as this was not
attributable directly to a side effect of the drug. it was not costed in
the ofloxacin arm.

DISCUSSION ' _

Ofloxacin given for 10 days in doses of 400 mg
once daily was successful in treating all the 41 patients
with typhoid and paratyphoid fever. Ofloxacin also
produced more rapid defervescence of fever compared
to chloramphenicol. There were no relapses and none
became chronic carriers during the follow-up period.
Ofloxacin also cured the acute infection in the 8 pa-
tients with paratyphoid fever.

The MIC 90 of the isolates S. fyphi and S. paratyphi
obtained ranged from 0.016 £ 0.01 mcg/ml (range
0.015 - 0.62 mcg/mi). The mean serum levels of
ofloxacin, 5.05 + 7.37 mcg/mli (peak) and 0.99 + 0.62
mcg/ml (trough), seen among patients were several
folds greater than the MIC of S. typhi or S. paratyphi
A (Table 6).

Serum levels of the drug achieved in our patients,
even at the trough levels, were at least 15 times more
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Tabie = : Costing of the clinical trial tin Indian rupees) 5

CHLORO (n=27)

OFX (n=28) 5

Days Rs.

Total

Rs.

Total
Rs.

Days No. Rs.

Number sensitive
" Cost of antibiotic:
Duration treated
Cost for one day
Total cost
Number resistant
Extra cost of CHLORO
Extra cost of OFX o treat
resistant cascs
Cost of antipyrctics:
Duration in days
Cost per day
Total cost
Cost for culturc and
sensitivity tests for
resistant cases:
Cost per cuiture and
scnsitivity
Cost per 18 cultures
Cost of hospitalization:
Hospital charge per day
Hospital charge for drug-
sensitive cases
Hospital charge for
CHLORO rcsistant cascs
Total (A+B+C+D+E+F+G)
Cost per case curcd
Extra cost per casc on
CHLORO

9x
18
18 x
18 x

(A) 10 x

2x
10 x

(B)
©

(D) 27x

(E) 18 x

(F) 10 x

G) 15x

10
10=

10=
46=

LS I 8]

200

200=

50

[

[
(=]

28

900 10 x 46= - 12,880

8,280

(AR . ST S

270 2x 28x 112

3,600

50

4,500 10x 50=

13,500
31,410

1,163
199

(A+D+F) =

than the MIC of the organism.

We have also confirmed that there is resistance to
ampicillin, chloramphenicol and co-trimoxazole with
various rates, but all isolates were susceptible to fluro-
quinolones.f”6

Ofloxacin allows once daily dosing unlike twice
‘" daily with ciprofloxacin and its oral dose of 200 mg
was equivalent to the oral dose of 500 mg.

All patients needed hospitalisation for 10 days as
the study was primarily designed to evaluate efficacy
and safety. All of the three quinolones we have stud-

ied ciproﬂoxacin,5 peﬂoxacin,6 and ofloxacin in this

study cleared organism from the blood within 24
hours. It is likely that the duration of hospitalisation
could be less in the OFX arm as defervescence was
achieved sooner. A five day short course of ofloxacin
was cffcctive for treatment of multidrug resistant ty-
phoid with such high serum levels of drug being
obtained. 318

“Indirect costsswhich include cost of travel, food and
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accommodation cxpenses of attendants when. a family -
member (patient) is hospitalised would account for *
more than 50% of total expenses but is also excludec
as they were common to both. It is also assumed that
morbidity and mortality due to multi-drug resistant or '
drug susceptible strain would be the same, if left un-
treated. Since typhoid is a self-limiting fever, those
likely to respond to chloramphenicol therapy despite
demonstrating in vitro resistance needs further s ~'y.
Costs of inefficacy due to non-compliance ir~ ‘King
chloramphenicol, which needs a dosing frequey, of
four times daily vs ofloxacin once daily, and the long

"term costs of changes upon the intestinal microflora

and the ecological problem related to the inappropriatc
usc of the drug ofloxacin where chloramphenico
would have sufficed was not addressed. "
Typhoid fever occurs in populations subject to higk
uncmployment and the effect on productivity of thic
intervention cannot be calculated as it is assumed that
an individual who is absent from work can easily be
replaced. Changes in man-days gained or lost due &

JAPI 1998, VOL. 46, NO. 1.
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chloramphenicol and at a hospital bed cost of Rs. 50 per day.

early or late return to work of patients in either group
‘need to be considered. We could equate the average
daily wage of a labourer in India at Rs. 30/- a day.

Our conclusions in the pharmacoeconomic analysis
relating to such broad variable factors as the, suscepti-
bility of the organism and drug costs related to
treatment. '

This study indicates that initial drug costs alone
should not be the basis of choice of drugs. The cost ef-
fectiveness assessed with this reduction of 43.34 hr
(i.e. 2 days) in defervescence time among those
treated with OFX, translated into lower overall costs
despite the drug ofloxacin, being 4.5 times more
priced than chloramphenicol (Table 3).

In view of the recently emerging multi-drug resis-
tant strains of S. fyphi in India.!-3 1t is important to
make every attempt to establish the diagnosis by blood
culture and determine the antibiotic susceptibility pat-
tern of all isolates. The choice of the drug to be used,

JAPI 1998, VOL. 46, NO. 12

Shows the varying cost for different levels of resistance to chloramphenicol

~ costs of ofloxacin and chloramphenicol at different levels of bacterial resistance to

should be guided by these results or based upon
epidemiological studies of drug resistance. This cost
would need to be added to the chloramphenicol group
as susceptibility studies need not be done among those
receiving ofloxacin as quinolone resistant strains have
not been reported from India. An extra total cost of
Rs. 199/- for the Chloro group with the prevailing re-
sistance of 69% to chloramphenicol ~makes
justification for replacing chloramphenicol with oflox-
acin at a hospital bed cost of Rs. 50/- a day. At any
hospital cost less than Rs. 20/- a day, at 50% prevail-
ing drug resistance to chloramphenicol (point E Fig.
2), the use of ofloxacin becomes as cost effective as
chloramphenicol. The only untoward effect observed
with ofloxacin was nausea which occurred in 2 pa-
tients. Perforation of bowel was more likely to be 2
complication of the disease as it occurred on day 1 and
with discontinuation of the drug ofloxacin. It needed
to be included for documentation of untoward effect
and as this was not attributable directly to a side effect
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of the drug, it was not costed in the ofloxacin arm. If
the costs of toxicity of chloramphenicol. fatal pancy-
topenia (1 in 50,000), poor compliance, potential for
relapse (4%), carrier state following treatment (3%)
and complications are calculated, there would be fur-
ther savings using ofloxacin, as a quinolone is the
drug of choice for all of these clinical situations. From
the view point of both society and the patient as payer,
. if the other direct and indirect costs are also to be
added. it would make chloramphenicol a less attrac-
tive option than this newer quinolone ofloxacin to the
practising physician in developing countries. Where
multi-drug resistance similar to ours may be a prob-
lem, we would recommend quinolones as the drug of
first choice. Ofloxacin given once a day would ensure
better compliance and would ensure total eradication
of the organism and particularly the multi-drug resis-
tant strains.
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Summary A randomized, controlled trial of commercially available canvas
shoes was carried out in a rural area of Ethiopia. Subjects with deformed and
anaesthetic feet, most with ulceration, were given either canvas shoes or

plastazote/moulded shoes and followed up for one year. Seventy-five percent
of subjects with ulcers who used canvas shoes had no ulcer at the end of the
study, while no significant change was noted in the plastazote group. The
durability and acceptability of the shoes were also examined. Clients in remote
areas who have no access to an orthopaedic workshop, but who have anaesthetic
feet, with or without deformity, should have access to canvas shoes with an MCR

insole. Two pairs are needed per year at a cost of US$6-7 per pair.

Introduction

Plantar ulceration is a major complication of leprosy, which can lead to chronic
infection, bone destruction, deformity and eventually amputation, often with prolonged
periods of hospitalization.'

The cause is repeated trauma to a foot rendered anaesthetic by leprosy neuritis,>
while deformity may exacerbate the problem by causing an abnormal distribution of

pressure during normal activities.’

It is well known that immobilization alone, which breaks the cycle of repeated
trauma, leads to healing of most simple ulcers;** this process may be augmented by
simple wound care.! Many programmes, however, find that it is difficult in the long-term
to assist people affected by leprosy in keeping themselves ulcer-free.® This may be due to
lack of knowledge in the care of feet, but is more likely to be due to their socioeconomic
status which precludes rest for prolonged or even short periods. ,

The provision of special footwear can help to overcome this problem by spreading
the pressure more evenly over a wider area of the foot, reducing the trauma to specific
pressure points. The person can then effect a compromise between normal activity and
complete rest, by reduced activity, the use of protective footwear and wound care.’
While the provision of footwear should be an integral part of any leprosy control
programme,® it may be very difficult for financial and logistic reasons to make this

; X ) : " . 9.10
service available in practice, on a continuing basis.
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Many leprosy control programimes have developed, or have access to, orthopaedic
workshops which produce a range of special shoes, including plastazote shoes and boots,
open MCR sandals and more sophisticated custom-made boots. However, there are

major problems with special footwear, including:6'9

Cosmetic: clients are easily identified as leprosy patients; this means that many do not

wear the special shoes much, if at all.
Custom: e.g. shoes may never be worn inside the house (mentioned from Asia).

Occupation: e.g. working in paddy fields (also mentioned from Asia).

Maintenance and repair: most shoes only last 6 months if worn regularly and repairs are
difficult to organize efficiently.

Provision in adequate numbers: this is impossible for most programmes, and often only
hospitalized patients are served. In other words, the shoes are not used as a preventive

measure, until severe damage has already occurred.

Recent studies in China'''? using canvas shoes with an MCR insole showed an
impressive record of ulcer healing and ulcer prevention. At ALERT, we have used the
Chinese canvas shoes but found them to be of very poor durability.

More recently, the Ethiopian Canvas Shoe Factory has been able to produce a shoe
deep enough to take an additional MCR insole (shore 15°, thickness 8 mm) and we have
started to provide these in our control programme. The major advantages are the high
acceptability to clients and the possibility of providing adequate numbers of shoes at
short notice.

This study addresses certain important questions regarding the provision of footwear
on a routine basis to people affected by leprosy:

1 Given the difficulty in supplying moulded sandals in the required numbers, would the
provision of canvas shoes to people with deformed feet give acceptable results?

2 Can the provision of canvas shoes lead to the healing of existing ulceration, and the
prevention of further ulceration, in people with anaesthetic feet (and even deformed
feet)?

3 How acceptable and durable are the canvas shoes under field conditions?

4 How cost-effective are canvas shoes as compared to other methods of managing

plantar ulceration in the long-term?

Methods

STUDY DESIGN

A prospective, randomized controlled trial was carried out near Sheshemane, Ethiopia
from November 1994 to November 1995.

SUBJECTS

Seventy people affected by leprosy with deformed and anaesthetic feet, who were
regularly attending a foot-care clinic, were randomly allocated to receive either canvas
shoes or plastazote/moulded sandals; all had been using moulded sandals in the recent
past and most had ulcers; verbal consent to take part in the study was obtained.
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Randomization was by day of attendance at the clinic. Subjects were examined at the
start and subsequently at 2, 4, 6 and 12 months by one of us (GS), together with one of
two local supervisors. The majority were farmers living in and around the village of
Kuyera.

Health education had been given in the past to these people, but no additional
educational measures were taken during this study.

There were two exclusions from the plastazote group (one was admitted to hospital
and the other refused to attend for follow-up). Results are reported for 68 subjects.

OUTCOME MEASURES

Ulcer size was measured at each visit and the area of ulceration was calculated according
to the following formula: 0-785 x length X width.!>!* At all follow-up visits, the shoes
were examined for wear and tear and the subjects were asked a series of questions
concerning the acceptability of the footwear and how helpful they found the shoes in

assisting with their foot care.

COSTS

The cost of providing both types of footwear was also examined in order to provide a
cost-effectiveness analysis (CEA). The canvas shoes were sold at the wholesale price to
us, namely US$6-7 per pair. The true cost of manufacturing the moulded sandals could
not be ascertained, but is likely to be more than US$20 per pair, the materials alone
costing US$12-7 per pair. Distribution costs were not examined.

Results
SAMPLE CHARACTERISTICS ON ENTRY

Table 1 shoes the sample characteristics at the start of the study.

AREA OF ULCERATION

Figures 1 and 2 show the area of ulceration found at the start and at subsequent follow-
up visits, for the plastazote sandal and canvas shoe groups, respectively.

Three of 28 subjects in the plastazote group never had an ulcer during the period of
study, so 25 are included in Figure 2. Five subjects who were initially ulcer free,
developed ulcers, at least one because the new plastazote shoes did not fit well. Twelve
of 40 subjects in the canvas shoe group never had an ulcer during the period of study, so 28
are included in Figure 1. None who were initially ulcer free developed ulcers.

The geometric mean size of ulcers over time for the two groups is shown in Figure 3,
with confidence intervals for each value. There is a highly significant difference between
the two groups at the end of the study. All ulcers in the canvas shoe group decreased in
size (the majority. of them healing completely), except in two instances. In one case, the
only one in which a large ulcer showed no improvement over the year, a biopsy showed
epidermal hyperplasia (requiring surgical excision); in the other case, a new ulcer
appeared at the one-year follow-up, said to be due to inexpert trimming of dead skin
by the person himself.
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Table 1. The characteristics of the two groups at the start ot: the study. .Invcrsion
was said to be present when part of the medial aspect of the sole was notin contact
with the ground on standing or walking.

Control group Experimental‘gréup

plastazote shoes canvas shoes
Total analysed 28 40 5
Age <45 16 21
>45 14 19
M:F 8:20 20:20
Foot pathology: ‘ :
Complete loss of protective sensation 28 40
Adsorbed toes (1 or more) 28 40
Ulceration 20 28
superficial ulcers (<5mm deep) 7 14
deep ulcers (range: 5-15mm deep) 13 14
Inversion of both feet 4 2
Inversion of one foot 8 9
Footdrop without inversion 5 6
Adsorbed forefoot: bilateral 10 4
~ unilateral 7 7

Deformed feet also did better with canvas shoes. Of the 11 subjects with inverted feet
in this group, 9 had ulcers at the start (5 deep, 4 superficial) but only 4 had ulcers at one
year. Of the 12 subjects with inverted feet in the plastazote group, 9 had ulcers at the start
(6 deep, 3 superficial), but 11 had ulcers at the end of the study. -

| i 5oL A Vht

DURABILITY

In general, both types of shoes have useful life of not more than 6 months if used on a
daily basis. The plastazote insoles wore out in the majority of cases by 6 months while
the soles and leather uppers remained in good condition. The canvas uppers were usually
badly torn by 6 months, but the soles and MCR insoles of the canvas shoes remained in
good condition. ‘ -

We have attempted, in conjunction with the Canvas Shoe Factory, to strengthen the
canvas uppers and the initial results are encouraging.

ACCEPTABILITY

Clients were asked how they themselves, their families and their neighbours liked the
shoes and also how suitable the shoes were for their work. These questions were asked at
each follow-up visit. ;

All the clients using canvas shoes found them excellent and more than 80% reported
an excellent acceptance by family and neighbours, as well as suitability for work. One
client, with a severly inverted foot in which the ulcer improved but did not heal,
requested a pair of plastazote sandals for use at home and a pair of canvas shoes for

work and activity away from home.
Approximately 60% of clients using plastazote sandals found them excellent, but full
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Figure 1. Ulcer size over time for the plastazote sandal group. The patients are placed in order of ulcer size at
the start of the study and numbered 1-25. The area of ulceration for each patient at the start, is shown at the
back of the diagram; moving towards the front, the area of ulceration at 2, 4, 6 and 12 months is seen for the

same patients.

acceptance by family and neighbours was reported by no more than 20% at any time.
Suitability for work was between 30% and 60%.

COST-EFFECTIVENESS ANALYSIS

Canvas shoes

We have shown that 21 (75%) of 28 subjects with deformed feet and chronic ulceration
showed healing of the ulcers during a one-year period of regular use of canvas shoes.
The cost of these shoes is approximately US$ 67 per pair and two pairs
are required per person per year. For comparison MDT for MB patients costs about
USS$ 15 per year. - : '
Cost per ulcer healed: 16 ulcers were healed in the first 6 months and 6 more in the second
6 months. The first 16 ulcers were healed at an average cost of 28 x 67/16 = 11-TUSS. The
subsequent 6 were healed at a cost of 12 x 13-4/6 = 26-8 USS. The average cost per ulcer

healed was 28 x 13-4/22 = 17-1USS, over a one-year period.
Cost of ulcer prevention: 12 clients without ulcers but with anaesthetic and deformed

feet, did not develop ulcers during the year; and 15 out of 16 clients with healed ulcers at
6 months remained ulcer-free for the second six months.

Ulcer prevention was therefore attempted for 40 subject/half-years at a cost of
40 x 6-7 = 268USS. Ulcers were prevented in 39 of these half-year periods. The cost per

ulcer prevented was therefore 268/39 = 6:9USS.
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Figure 2. Ulcer size over time for the canvas shoe group. The patients are placed in order of ulcer size at the
start of the study and numbered 1-28. The area of ulceration for each patient at the start, is shown at the back
of the diagram; moving towards the front, the area of ulceration at 2, 4, 6 and 12 months is seen for the same
patients. ‘

Plastazote sandals

Plastazote sandals showed no overall benefit in healing and preventing ulceration. Eight
of the group started without ulcers and 7 were ulcer-free at one year. Only 3 clients
remained ulcer-free throughout.

LABORATORY TESTING OF CANVAS SHOES

Neuropathic plantar ulceration develops over areas of high pressure associated with
deformity or joint limitation. Laboratory methods have been developed to show how
effective different shoes are in reducing peak walking pressures.'> A sample of the
Ethiopian Canvas Shoes (ECS) used in this study has been tested at the University of
Liverpool, UK, and compared with a range of products available in different leprosy
control programmes around the world. Pressure was measured at 10 points on the
plantar surface of the foot during normal walking. Forty-one different shoes, sandals
and insole materials were examined (including the ECS).

Table 2 compares the results for the ECS with the means and ranges for other
samples and the results from walking barefoot. No shoes were consistantly at the low
end of the range across all measurements, but the ECS was one of about 6 pairs to have
consistently below average pressures. §
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Figure 3. Geometric mean size of ulcers (mm?®) over time for 25 Ethiopian subjects with plastazote sandals and
28 subjects with canvas shoes.

Discussion

Previous studies have shown that it is possible to achieve high rates of ulcer-healing
thirough various techniques, such as: good wound care and immobilization in a centre of
excellence—94% healed;* podiatric orthoses—57% healed;'* and the use of canvas
shoes in China—=84% healed."! The challenge for control programmes is to achieve and
maintain ulcer-healing on a wide scale at the lowest possible cost and by a method
straightforward enough to be applied through the general health services.

This study was carried out under field conditions in a rural part of Ethiopia, 250 km
from Addis Ababa, where a large number of people affected by leprosy have settled. It

Table 2. The maximal force and peak pressures recorded at various points on the sole of a normal
foot during walking, in the Ethiopian Canvas Shoe (ECS), in 40 other shoes or sole materials
from other leprosy projects and barefoot.

Mean and range for all 41 samples

ECS mean low high  Barefoot

Maximal force (Newtons)
mean of readings for metatarsal heads 50 75 4 100 93
mean of readings for all 10 sites 76 88 68 105 103
reading for the heel 394 394 290 461 472
Peak pressure (N/cm sq)
mean of readings for metatarsal heads 16-1 164 9.2 221 25
mean of readings for all 10 sites 12-8 133 95 17-3 20-7

reading for the heel 19-:2 19-7 13 275 315
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was prompted by the awareness that:

e People affected by leprosy have been taught how to carry out self-carc, but a large
number (which can only be guessed at) are unable to prevent chronic or recurrent
ulceration of their anaesthetic feet, without appropriate protective footwear.

e The large numbers of former patients with anaesthetic feet (whether deformed or
not) cannot be supplied with special footwear made in orthopaedic workshops. It is
logistically impossible at present.

e Various commercial footwear manufacturers can make shoes which are protective
for anaesthetic feet and are socially acceptable.

The study has shown that commercially produced canvas shoes are beneficial for clients
who have deformed as well as anaesthetic feet. They are a cost-effective method of
achieving ulcer-healing and or preventing new ulcers. Probably the most important
aspect of the canvas shoes is their ready acceptance by both clients and community,
while the specially made plastazote sandals immediately stigmatize the person as a
leprosy case. It appears also that the canvas shoes are preferred for farm work and for
walking on dusty and stoney grounds.

The study was unable to investigate why subjects with plastazote shoes showed no
improvement overall. However, it is our impression that because of poor acceptability
by the families and neighbours of clients, these shoes may not be worn on many
occasions. However appropriate as a technical solution, plastazote sandals and even
open MCR sandals, appear to be socially (and often functionally) unacceptable in
Ethiopia.!® Conditions in different countries must be examined closely; for example,
canvas shoes may not overcome problems such as workmg in paddy ﬁelds and not
wearing shoes in the house, which are issues in India.b

At ALERT, we are trying to move away from the traditional monthly care clinic,
where patients come for soaking, trimming and oiling, but then may do very little else for
the rest of the month. We have recently started a pilot study of community-based self-
care, in which a group of clients living near each other meet weekly to assist each other in
self-care and to discuss problems. A supervisor and foot-care specialist have been
visiting monthly in the initial phase and early results are very promising.

We would therefore advocate a foot-care programme in which self-care is promoted
and commercially available footwear is provided twice a year. In the long-run, most clients
would only see a health worker or supervisor twice a year. People who still have an
apparently simple ulcer after 1 year of using canvas shoes would require further
investigation to discover the reason and may need referral for surgery. There may be
epidermal hyperplasia, as in one of our subjects, or even a malignancy; surgical correction
of deformities and reduction of pressure points may be indicated. This would also be the
most appropriate stage for the provision of special footwear, after discussion between
surgeon, orthotist and technician. It may be that two types of footwear, for use on
different occasions, will be the best solution for some people with deformed feet.

While the annual cost of providing footwear is noted to be very similar to the cost of
MDT for MB patients, the provision is not limited to the two years of MDT. Thus there
are many more clients requiring footwear than are registered for MDT and they will
require it for many years. It may be that some manufacturers can produce such shoes for
a lower cost, and part of the cost can be recovered from clients, but this will still be an
expensive programme, requiring further long-term commitment from donors.
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The Cost-effectiveness of Three Smoking Cessation Programs
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Abstracts This study analyzed the cost-elfectiveness and distr-
bution of costs by program stage of three ‘smoking cessation
programs: 1) a smoking cessation class; 2) an Incentive-

_ based quil
smoking contest; and 3) a sell-help quit smoking kit,

The sell-lielp
lowes( per cent quit rale, lowest
and was the most cosl-efective,
moking cessation class, reduired
ad the highest lotal cost, and was

lime requirement for pariicipants,
The most elfeclive program, the s
the most time from participants, h

the least cost-eDective, The smoking contest was in-between the
other (wo programs in total cosls, per cenl yuil rute, und cost-ef-
fectiveness; it required the same time commitment from participunts
as lhe self-help program. These findings are interpreted within the
conlext of communily-based intervention in which the wpument is
made that cost-elTecliveness is only onc of several fuctors that should

determine the selection of smoking cessution programs. (Am J Public
Health 1987; 77:162-165.)

Introduction

Cost-cliccliveness analysis (CEA) and cost-benefit anal-

ysis (CBA) ure used by some public health professionals as

one uspect of evaluation.'~? Accordingly, one of the gouls ol

the Stunford Five City Project (FCP) is to conducl cost-
noulysis of its health interventions. The FCP is a compre-
hensive, long-term, quasi-experimental community health
cducation study designed to reduce heart disease risk, mor-
bidity, and mortality in two intervention cilies (lotal popu-
lation of 117,000).* The findings reported here examine the

of three smoking cessalion programs
and are the results [rom experiences gained during the first
five years of the FCP. The study does not atlempt to quantily
the monelary costs or benefits to sociely of a person who
quits smoking. . .

Cost analysis has not been used equally lo analyze
dilferent Lypes ol health interventions. For example, lhere are
[ewer studies examining Lhe cosl-eflectiveness of prevention
programs han oI Treatmen(-orienled programs.? In particu-
lur, The cosi-ellectivehess of smoking prevenlion/cessation
programs Tas rarely been siudied. In one of the few CEA
studies of smoking tessalion prograims, a secondary analysis
ol 43 published studies, program costs were estimated on the
basis of**, , . the dollars expended on contacts with smokers,
bused on the duration and number of contacts multiplied by
the nationnl average hourly salary or fees of workers of the
kind used i the contact,'"®This melhod_of cost estimation
probably underestimales the costs of these programs because
only rough estimales of a single cost calegory (i.e., person-
nel) were made whereas the lotal costs include many other

calegories (e.p., overhead, benefils, volunleers, supplies,
travel, data analysis).

This study examines in detsil lhe cost-efiectiveness of”

three smoking cessalion programs while addressing some of
the limitations of previous cost analyses. Specifically, a
comprehensive analysis of program costs is included, the
distribution of costs in progiram slages is analyzed, and
cosl-ellecliveness is examined over the lifespan of a program
and under diferent quit rate assumptions.

From the Center for Rescorch in Disease Preventions Stanford University.
Address reprint requests to David G. Altman, PhD, Center for Research in
Disease Prevention, Heallh Research and Policy Building, Stanford Univer-
sily, Stanford, CA 94305. This paper, submilted to the Journal January 31,
1986, was revised and accepied for publication October 10, 1986.

Edltor’s Note: See also related article p 153 and related editorial p 140 this issue.’

©1987 American Journal of Public Health 0090-0036/8731.50.
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Methods

The three interventions selected for (his study were
communily-based smoking cessation programs developed for
use in the lwo educalion communities of the Stanford Five
City Project.

Smoking Cessallon Prugrams

Smoking Cessation Class—This progrum was designed
by Stanford Five Cily Project stall’ and implemented by a
county health depurtment. The classes included eight one-
hour sessions, the first live offered_in.conseculive weeks and
the las| three ollered every other week; nllendunce ranped
frcﬁﬁ:‘iijp‘quicipams.LQuillulg techniques included behav-
ioral problem solving, sell-monitoring, tapering, deep muscle
relaxation, goal setling, and group social supporl. Before
leading a class, instruclors reccived two lo three hours of v
training and allended a class led by another instructaor.

T Incentive-based Smoking Cessation Contest—This pro-
gram was a six-week community smoking cessalion contest.
Smokers enrolled in the contest provided verification uf their
smoking status and then altempled lo quil by a predeternsi-
day. Following a_six-week period, a random drawing v.is
held [or the grand prize (a trip for \wo 1o Hawaii) und 21 other
donaled prizes. All winners had lo verily their non-smoking
status by submilling lo a curbon monoxide ussessment. Que
month following the drawings, a questionnaire was seni 1o all
entrants assessing sinoking status and habits. A large major-
ity ol the participants quit on their own even though self-help
malerials and smoking classes were available lo them.* The
conlest was promoled (hrough lelevision,.rudio, newspupers,
posters, schools, and word of_mouth..Phone-surveys indi-
caled that 60 per cent of the community populationwasaware
of the contest, v :

© Self-help Quit Smoking Kit—The (hird Progriinl wus a
four-step sell-help quit kit™*® containing four **lip sheets' and
an introduclory page. Each tip sheet had two sides. one
providing general information and the other providing tips on
quitling and specific aclion sleps lo luke. Tips include usc of
substilules [or smoking, social support, public commitment,
planning, record keeping, and goal sclling. A heart-shapcd
magnel is included in the kit for use in- posting euch of the
lipsheels on a relrigeralor or other prominent place. The kit
can be distributed through a variely of channels, including.
libraries, health agencies, and physician olices.

*King AC. Flora JA, Clark M. ef al; Smokers' challenge: evalumion of a
communily smoking cessation contesl. Paper presenied at the annval meeling
of the Sociely of Behavioral Medicine, New Orleans, 198S.
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S Esthnation
The seven major cutegories of costs are: 1) stall'und stall
aelits (Stunford, community, and volunteer stall, and
nsuliunts): 2) overhend; 3) rent; 4) supplies and materials
rinting, advertlisements, telephone, postage, prizes, sup-
ies); 5) truvel; 6) data analysis (keypunching, computer
me); and 7) time_required_of smokers [or participation in
ach_program. In addition, program costs were divided into
ree project stoges: 1) development (costs for program
avelopment and planning, leader training, formative re-
carch); 2) promolion/implementation (promoltion of pro-
vam, entry form distribution and collection, program imple-
wentation including the costs for prizes, and community
rganizalion); and 3) evaluation (pre- and post-test surveys,
ala enlry and analysis, nnd [eedback to parlicipants).
evelo directiycelated-to
we smokm;, cessalion programs under study rather than to..

-hmmﬁﬁme program (e.g., costs_
'»thwﬂt'ﬁlﬁﬁigmﬁe-rv‘enlmn resenrcﬁ',_b"y_ntﬁe
wesligntors).
rofession toped by olher people
atfier(han develobihg‘thcir'own we nlso conducted analyses
inder (e~ “assuniption—that~there~were’ no developmental

‘05§, Tn these analyses, only” promouon, implementation,
nd evaluation costs were included.

Assumptions of the Cost Estimation—Each _program
vas analyzed on the basis of one-year and live-year lifespans..
ae pro_;ccuun of a [ive-year lifespan is based on experiences
rom the FCP in which the smoking class has been conducted
or five conseculive years, the smoking contest for three
cupsecutive years, and the self-help quit kit has been used for
‘ve years in_n variely of sellings. All of these programs are
still being implemented and it is conceivable that their
lifespan would be greater than five years although such
faclors as program obsolescence, program saturation due to
a finite number of interested smokers, and general degrada-
lion of inlervention quality cerlamly limit the lifespan of
communily programs such as these. Qunmm_ﬂ:m_pm,;;nl-
=t remain the same over the life of the program and it was
assumed that each program would atiract equal numbers of
people cach year ol implementation. These assumptions are
also based on experiences [rom P which indicalte that
quit rales remain the same or improve slightly each year a
program is implemented and recruitment of participants
decreases slightly until program saturation in the community
is reached, at which point recruitment drops significantly.

The classes required about nine hours of participant time
while the contest and self-help quit kit each required about 25
- minutes. The value placed on e ur.of participant time

was assumed lo be $10,

Alter the first year of each program, we assumed that the
developmental costs in each subsequent yearis 15 per cent of
first year costs. This estimated figure was based on previous
cxperiences repealing these and other community programs,
and il accounts for the minor changes that are made in the
design of a program when it is implemented in diferent
seltings, with dillerent people, and at diferent times. We
assume, however, that the basic intervention remains un-
changed throughout its lifespan. Evaluation costs in subse-
quent years are also assumed to be 15 per cent of first year

costs since the programs were evaluated extensively in the
firsl year.

The smoking class and self-help programs. were imple-
mented in 1981 while the smoking contest first occurred in

AJPH February 1887, Vol. 77, No. 2

To account for the Tact that many health
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1983. By using present yalue_anulysis_technigues.?' cust
outlays were compared in 1981 dollars. A discount rate ol 5
per cent was anpplied lo cost outlays in each year ol a program,
The sum of these disco d values les represents 1981 dullauN
;ee q plement eaclCprogram_ im_over il “expectedi five-
..._..i W

Program E[Iecls

‘The primary outcome variable was post-program smoking
status (smoker or non-smoker) defined as complelc abstinence
from smoking at the lime ol assessment. Parlicipuntsin the « cl.m
m[’rwcckofnn Ll-week cluss. Smoking
slalus was assessed on average six weeksafier the final date for

cessation. Participants in the conlest quit, at the Tatest, by
fourthweek

ofasi k contest. Smoking stulus was u“css‘.d
four to six weertcﬂhrﬁiml’dale for cessation. Participants
inThe scllhelp kit progriun quit, al the Taiest, by Whe third week
ol a flour-week program. Smoking stalus was asscssed on
average live weeks aller the final date for cuwuun Thus,
ussessmenlorsmukmg status lor all Uhree prog:

s_muuuumhuw
cessalion. In addition, it wuﬁ a“umt.d that pmuup.mls who

dropped out of a program (stopped atiending classcs, Tailed 10 §

return post-test questionnaire) belween pre- and post-lest mea-
surement were still smoking ul post-lest. Because only the
conlest used biochemical validalion ol scll-repurted smoking

, Stalus, comparisons ol the three programs are based on sell-

reporl measures. It was assumed Lhat smoking relapse rales
m between programs.

Quit Rates—The guit rate and number of participants on
which the quit rale was based [or each program is as [ollows:
self-help quilt ratle = 2| per cent); contest (N = 498,
quit rale = z,pgr_cem);weiu-ss—(N = 541, quil rale = 35 per
cent). The quit rate for the sell-help intervention is based on
a sample of 101 people who conlacled the Stanford commu-
nity office for malerials aflter they were described in a weekly
newspaper column. Approximately 46 per cent of the house-
holds in the study area subscribed to the newspaper. During
the period of program implementlation, however, the self-help
materials were actively distributed and widely used in many
other sellings. Thus, it is misleading to consider the costs [or
developing the sell-help program malerials to be limited to
the particular community program that attracted 101 partic-
ipants. Therefore, the cost-ellectiveness ratios for the sell-
help program are based on_a more realistic sample size o[ 500

matenials. It is reasonable to assume that in moderate-to-large .

sized communities, a self-help program would be ol mlcrcsl"‘/

to even grealer numbers of people.
Data Analysis

The cosl per quilter was estimated by dividing the total
cost ol each program al one year and five years by the number
of people who would be expected to quit. To examine Lhe
robustness of this CEA, a sensitivily analysis was conducled.
The quit rate was changed to account [or recidivism aller the
two-month quit date as well as [or differences in quit rales
obtained, either lower or hlgher, when the program is
implemented in different settings. Nine_qujil_rates. were
examined: 5, 10, 15, 21, 22, 25, 30, 35, and 40 per cenl.

Results

" Demograplic Data

As Table 1 indicates, participants in the self-help pro-
gram (mean age = 45) and class (mean age = 45) were older
than those in the contest (mean age=238). There was a grealer
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TABLE 1—Demographic Distribution of Partlcipants in 8moking Cessatlon Programs

>/

Mean Cigaraelles
Program Mean Age Mean Educalion % Males % Females Smoked, Prelest
Class (N = 641) 44.8 13.5 33.7 66.3 26.8
(13.4) (2.9) (12.3)
Sell-Help (N = 101) 47.0 not 32,7 67.3 27.0
(13.9) avaliable (15.2)
Conlest (N = 498) 38.2 13.6 44.8 65.4 24.9
(12.6) (2.8) (12.8)
percentage of males in the contest (45 per cent) than in either 2400 [==
the class (34 per cent) or the sell-help kit program (33 per 60
cenl), Contest participants also smoked slightly fewer ciga-

rettes per day al pre-tlest (mean=25) than did participants in
the olhe{ two programs (both means=27), In addition, data
on smoking rates in the FCP education communities indicate
that 31.6 per cent of the population aged 25-74 smoked in
1981-82 while 26.6 per cent smoked in 1983-84. Likewise, the
meun number of cigaretles smoked per day among smokers
wus 20.3 in 1981-82 and 19.1 in 1983-84.+ These dilferences
in the population and in the smoking rates at the time of the
interventions should be noted in interpreting the findings
fromn this study,
; Tolal Costs by Program Stage

The tolal first year costs for each program are: sell-help
($15,144), conlest ($25,832), and class (875,632). If develop-
mental cosls are excluded and only the costs for implement-
ing, promoling, and evalualing the programs are considered,
first year (otal costs drop as follows: sell-help ($4,698),
conlest ($17,671), and class (350,383). Development costs
made up a higher proportion of total costs in the self-help
program (69 per cent) than in either the class (33 per cent) or
the contest (31 per cent), rellecting the substantial time
needed to develop self-help malerials but the limited lime
necessary lo implement a sell-help program, the reverse of
the smoking class and contest,

Cost-cecliveness Analysis

The cost-electiveness ralios (cost per quitter) for the
three programs are presented in Table 2. The relative ranking

of cost-eflfectiveness ralios across the three programs under -

the dilferent conditions is consistent: the most cost-effective
program is the self-help program, thé Teast cost-efective
program-is-the-class. Depending-on the"assumplions_made
~~about-programlifespan and costs included the following
upper and lower range of costs per quitter by program were
found: class ($399 Lo $235), contest ($236 to $129), and
sell-help ($144 1o $22). .

Sensitivity Analysis

Sensilivily analyses were conducled to examine the
impact of dilferent quil rates on the cost-eMectiveness of each

program in year one (see Figure 1), In all programs, the cost .

per quitler decreases as the per cent quit rale increases.
Comparison of (he ralios across the (hree programs is
informaltive. The class, even at a § per cent higher quit rate
than actually found (i.e., 40 per cent), is approximately as

cosl-elleclive as the smoking contestata 7 per cent lower quit .

rale than aclually found (i.e., 15 per cent) and is less
cost-effeclive than the sell-help program at a 16 per cent
lower quit rate than actually found (i.e., 5 per cent). The point
‘al which the contest and sell-help programs become equally

*Internal report, Stanford Five City Project, 1986,
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FIGURE 1—First Year Cost per Quitter under Diferent Quit Rate Assuinptions
(excluding developmental costs) -

cost-ellective occurs when the contest achieves a 35-40 per

cent quit rate and the sell-help program drops to approxi-
malely a 10 per cent quit rate.

Discussion

The total costs as well as the cosls per quilter reported
in the current study are generally higher than those reporied
by Green_and_Johnson.S “This is due, in part, to their
incomplete estimation of program costs, which is understand-
able given that their study was an archival analysis of
published smoking cessation studies.

Our findings are apparently robust within a number of
varied assumplions. Moreover, if the number of parlicipants
recruited (o smoking cessalion programs, particularly sclf-
help programs, is greater than the numbers assumed in the

present analysis, (he cost per quitler drops.due Lo economics
ol scale,

Because it is unusual for health professionals or organi-

 zations to have resources available lo develop all.of their own

programs; ratios with and withoul developmental costs were
réporied. In many, if nol most, instances, previously devel-
oped programs or program components are adopted. Health
professionals should carefully consider this issue since de-

velopmental costs can be substantial. Possible reasons for

developing new programs include unavailability of interven-
lions for a specific population, unacceptable effeclivencss of

AJPH February 1987, Vol. 77, No. 2




COST EFFECTIVENESS OF SMOKING CESSATION PROGRAMS

TABLE 2—Cosl-ellecliveness Ratlos In Three Smoking Cessaltion Programs

%

Tolal Cosls Excluding

Total Cosls Developmenial Cosls
Smoking Cessallon Programs One Year Five Years One Year Five Years
Class
& Tolal cosl $76,632 $261,589 $50,383 $222,911
‘Number ol pariicipants 541 2,705 641 2,705
N ol quiliers (al 35% quil rate) 189 947 189 947
Cosl-ellecliveness rallo* $399 $278 - $266 $235
Conlest
Tolal cosl . $25,832 $82,925 $17,671 $70,423
Number of pariicipants 498 2,490 498 2,490
N ol quitters (al 22% qult rate) 110 548 110 548
Cosl-eflecliveness rallo® $238 $151 $161 $129
Sell-Help
Tolal cosl $16,144 $26,180 $4,698 $11,498
Number of parlicipants 500 2,500 500 2,500
N ol quitters (al 21% qull rale) 105 625 105 525
Cosl-efisclivensss Rallo* $144 $50 $45 $22

-

‘in 1981 dollars, r = 5%.

previously developed interventions, or an interest in evalu-
aling 2 new technology of intervention,

The findings from this study must be interpreted within
a broad community context.® In a given communily, there
are multiple demographic groups with different preferences
[or health services, and diverse smoking histories. Diferent
smoking cessalion programs may attract different types of
people and preferences [or cessalion programs may shift over
lime. In this study, for example, the data indicate that the
conlest allracled a slightly younger population and a higher
percentage of males than did either the sell-help program or

the class. Future Uect more extensive data
on the diwummmmmlmmor pop-
ulation subgroups. Moreover, the target population for com-
munity smoking cessation programs may vary over time due
lo changes in community social norms and health services
utilization. For these reasons, the absolute cost-elfectiveness
should not be the only evaluative criterion employed. It may
be important for a community to ofler a range of integrated
smoking cessalion programs in order to meet the needs of
diverse groups of citizens. In short, if the goal is to reduce
smoking in the community-at-large, it makes little sense to
limit the smoking programs offered to only the most effeclive
or cosl-ellective il in fact they only attract a small fraction of
the population in need. Moreover, if the cost of smoking
cessalion programs are below their value, the cost-effective-
ness of a specilic program may not be as important because
a higher cost-ellectiveness ratio implies only that the cost for
achieving a given eflect is higher in one program than in
another. Thus, a higher cost-elfectiveness ralio does not
necessarily imply that a program is undesirable.

Similarly, there may be a need at the community level for
sequencing or combining intervention strategies. Because of
the unique nalure of some cessation programs (e.g., a
smoking conlest), the community may not fully accept it until

AJPH February 1987, Vol. 77, No. 2
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. prevention programs. Soc Sci Med 1986; 22:479

>./‘ Project: design and methods.

other more visible and better understood programs (c.g., a
smoking cessation class) are oJered. Combining cessation
slrategies across programs (incorporating sell-help materials
into a smoking contest) may [urther increase the clTective-
ness. Findings [rom the current study may help prolessionals
delermine the most effective approaches to reducing cigaretle
smoking in [ree-living community populations.
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Cost-effectiveness of ambulatory surgery in Cali,

Colombia
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sDepartment of Health and Hospitals, 8oston, USA and "Unidad Regional de Salud, Cali, Colombia

T compare the cost and effectiveness of a system of simplified ambulatory surgery against wraditional in-
. .ent surgery, we studied a surgical procedure commonly performed in both settings — non-recurrent
elective inguinal herniorrhaphy. We compared the 17 operations performed in an ‘intermediate health unit’
{IHU) or outpatient hospital in Cali, against the 15 performed in a traditional secondary hospital from mid-
January through mid-April, 1983. Pre-surgical characteristics of the patients were similar. After the opera-
tion, the IHU patients had few complications, were more satisfied, and resumed their usuai activities
sooner than the hospital patients (34 versus 52 days, respectively). The average cost per pracedure was
US$39.12 in the IHU as compared to US$148.76 in the hospital - @ four-fold difference. Intermediate
health units seem to offer important advantages for uncomplicated surgery in both cost and outcome.

Introduction

Among 29 developing countries for which con-
sistant data were available, an average of 57% of
public recurrent health expenditures was spent
. on hospital care. Colombia. according to a 1984
study, used 67% of these funds on hospital care.'
All curative services typically consume 80% of
health resources in developing countries.>? Faced
wit» shrinking public sector budgets and man-
d. . to expand preventive and promotive health
services, policy makers are always searching for
ways to deliver curative services more efficiently.

To enhance efficiency, the types and sophistica-
tion of curative services have to be carefully
matched to patient need. In Cali, Colombia’s
third largest city with 1.5 million inhabitants,

previous studies of surgical services have shown -

that reorganizations offered substantial op-
portunities for greater efficiency:+¢ Cali’s
operating rooms, one of the most expensive
hospital resources, had a mean uiilization of only
42 in 1974; other expensive resources were also
used inappropriately. In the university hospital,
the tertiary hospital for the city and surrounding

region, 69% of the surgical operations were in

v A Ml B b

the two least compiex levels, whereas only 2%
were in the most complex category.® -

In response to these data, university and govern-
ment officials in Cali developed a. new type of
health facility in 1983, an intermediate health
unit (IHU) or ‘healh centre-hospital’,. and in-
stituted an innovative surgical tecnnology called
‘simplified ambulatory surge »’. which is prac-
tised primarily in [HUs.™" Primary care facilities
(health posts and centres) refer most surgical,
and obstetric and selected medical cases to IHUs,
which in turn refer cases they cannot treat 1o
secondary and tertiary hospitals.” .. - *

Simplified ambulatory surgery was designed to
diminish the costs of low to intermediate-risk
surgical procedures -without decreasing the
quality of care. This surgery provides pre-
operative patient education, early ambulation
and discharge (generally on the day of surgery),
and family home care. The operating rooms are
furnished only with equipment needed for a
carefully-defined set of uncomplicated surgical
procedures. Few medical personnel are assigned
to each operation. Furthermore, operating
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rooms are equipped with two operating tables,
which could permit two surgical procedures to be
performed simultaneously in the same operat-
ing room, under the supervision of a single
anaesthetist. A 1975 study predicted that the
system would lower costs by 75%, compared to
traditional care in the university hospital with a
3-day hospitalization. It would also be more effi-
cient than standard ambulatory surgery, in which
the surgery uses the same facilities and personnel
as traditional inpatient surgery. A leading public
health journal praised the system’s potential to
use existing resources more efficiently.'* This
study is a controlled evaluation of the costs and
effectiveness of simplified ambulatory surgery as
it is routinely practiced in Cali, a decade after its
implementation.

Methods

Study setting

When this study began in 1989, Cali’s public
health system had three secondary hospitals and
four IHUs. The study sites were Hospital San
Juan de Dios (SJD), a 127-bed secondary-level
hospital, and Centro Hospital Joaquin Paz
Borrero (JPB), an' IHU with 20 beds. Both
facilities were representative examples of their
type of institution.'s In 1988, the IHU performed
approximately 1100 operations of all types, while
the hospital performed 3500. Both facilities
covered their operating costs through a combina-
tion of patient fees and government subsidy.

Selection of procedure and patients

Inguinal herniorrhaphy was selected because of
the frequency with which it is performed at both
facilities, its moderate degree of technical com-
plexity, and the existence of standardized indices
of surgical risk at both facilities.'s-!? Eight per
cent of each facility’s operations were hernior-
rhaphies. This study included all patients aged 16
years or older with a low surgical risk,'s'” who
received an elective inguinal herniorrhaphy
(which was not for a recurrent or incarcerated
hernia) in the three months from January to mid-
April, 1989. Thirty-two patients met these
criteria: 17 at the hospital and 15 at the IHU. In
theory, all uncomplicated cases should be treated
as the IHU, and only complicated cases referred
to the secondary hospital. In practice, un-
complicated. cases were also treated at the
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hospital, due to previously established patterns
of referral or utilization. ' !

We compared the two groups of patients on
demographic and medical characteristics (sex,
age, per capita income, education, underlying
pathologies, previous hospitalization, household
size, and preoperative pain expectation). The
auxiliary nurse who admitted the patients inter-
viewed all available patients on the day of ad-

mission (the day before surgery at the hospital, .

and the day of surgery at the IHU) about these
characteristics. ... .

Measures of effectiveness

Using indicators similar to those in previous
evaluations of surgery,'®-# we compared ~ffec-
tiveness of the two settings based on com:_:ica-
tion rates, patient satisfaction, and duration of
postoperative disability. Trained Colombian
health professionals assessed complication rates

until the ‘eighth post-operative day through

systematic abstraction of patients’ medical

records. We assessed several components of

patient satisfaction through a second and third
survey. The second survey was generally con-
ducted at the facility in which the surgery had
taken place, one. week after surgery, when the
patient returned. for his surgical follow-up visit.
If the patient did not report for his follow-up
visit, however, we tried to interview the patient at
home. At this stage; we also asked patients

about their out-of-pocket costs. - - -

The third interview took place at the patient’s
home in August, 1989, four to seven months
after the surgery. The.second and third interyjews
were conducted by Colombian medical st&_/nts
who were not employed by either study facility.
We assessed the period of convalescence at the
second and third survey - the patient’s expecta-
tion at one week after surgery, and the actual ex-
perience four to seven months later.

Average cost per herniorrhaphy

To fully capture health system costs related to
the site of care,  we measured each patient’s
health care costs, from the patient’s admission to
the facility for surgery until the. eighth post-
operative day. We. excluded costs of diagnostic
tests and examinations,. which were done prior
to admission in both settings. We assessed direct
service costs in eaclr department of each facility
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that provided care and the associated overhead
costs (such as administration, cleaning, and
building maintenance). We determined direct
service costs in the operating and recovery rooms
for both facilities, and also in the surgical ward
for the hospital.

Direct service costs consisted of medical supplies
(sutures), general supplies (disinfectant, gauze),
which could not be readily assigned to an in-
dividual procedure, personnel, and the finance
for medical equipment. Costs of medical supplies
were obtained by muitiplying the utilization of
each item for the surgeries in the study (obtained
fy :abstraction forms completed by nurses and
technicians in each facility, and direct observa-
tion) multiplied by - their unit costs. Costs of
general supplies, personnel, and depreciation
were allocated to a single hernia repair, based on
the ratio of the average time for a single hernior-
rhaphy (estimated as the mean for study patients
in each facility), compared to the total time that
the operating room was in use for all procedures
during the year (derived from each facility’s
operating room log-books). Financial records of
each institution provided financial data. All
monetary amounts were valued in July 1988
prices converted to US dollars at the then ex-
change rate of 307 Columbian pesos (COP) per

dollar.

Results

ient characteristics and clinical outcomes

Although patients at the hospital tended to be
older, there were no statistically significant dif-
ferences between the means of the two groups on
any of the preoperative patient characteristics ex-
amined (that is, the chance probability was at
least 10%) (Table 1).

The study provided no evidence of inferior
quality at the IHU. The inpatient group actually
had higher rates of both surgical and anaesthetic
complications. Among the 17 hospital patients,
three had surgical complications (two wound
infections and one haematoma) and four had
anaesthesia complications (two failed anaes-
thesia, one intraoperative hypotension, one per-
foration of duramater). No complications were
reported among the fifteen IHU patients.

Donald S Shepard et al

Table 1. Characteristics of study patients by facility
Variables* Hospital IHU
N = 13)* (N = 195)
Gender
Male 69% 66%0
Female 31% 34%
Age (years) 5714%6.1 45.0 = 4.8
Years of education 44 = 0.7 4.6 = 0.7
Household size 5.1 £0.7 4.7 = 0.7

Total monthly house-
hold expenditures:
Colombian pesos
US dollars

77056 = 12634
251 41

72843 X 14785
237 £ 48

eSratistical significance of differences between the two’
groups revealed P > 0.10 for all variables shown. Means =
standard error of the mean.

+Data unavailable for four hospital patients who were not
interviewed.

Patient satisfaction

Patients treated at the IHU tended to be more
satisfied than those at the hospital at both
assessments (Table 2). At the eighth post
operative day, patients at the IHU expected to
spend less time away from work than those
treated in the hospital. The follow-up survey
confirmed that IHU patients had, indeed, re-
turned to work sooner. Because of the small
sample size, none of the differences are
statistically significant, although they con-
sistently favour the IHU. No complications re-
quiring rehospitalization were reported among
the 26 patients followed post-operatively from
both groups. Conservatively, these results in-

-dicate that the IHU outcomes were at least as

good as those in the hospital. - -

Personnel involved

While the total number of personnel present dur-
ing the hernia operations at the two types of
facilities was comparable (5.5 in hospital and 6.1
in IHU), the mix differed. The- hospital had
almost twice as many physicians including
residents for surgery and anaesthesia, as the IHU
(3.5 versus 2.0), but only half as many nurses and
technicians (2.1 versus 4.1). Thus the IHU relied
more heavily on less costly personnel. The IHU
had almost twice as many nurses and technicians

as the hospital.
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Table 2. Postoperative results d
Variable Hospital IHU . Siffer=xc= )
=17) (N = I8 Eosp—HU)
At eighth postoperatative day N

Perceived stay was too long ' 15% 0% .{'T:“
Satisfied with appearance of scar 46% 807 e s
Would have preferred alternative type of facnlny - = -
Postoperative perception of severity of pain*,** 3.1 £ 0.8 2.8 = 0.7 13 =Ll
Expected number of days from operation to e ot

resume usual activity** 2+ 14 =9  ioa =

At 4-7 months*

Days after surgery to return to regular activity**® 56 £ 7 49 =6 B —ia
Days after return until all limitations ended** 53£19 23 =12 e Bty
Total days with any limitation** 108 £ 23 n=:s L ety -
Patient satisfied with length of hospitalization*®* 64% £ 15% 77% = !Zf — 1% — 3% :k.—’

*On a scale from 1-5 of increasing severity
**Mean = Standard Error of Mean

* 5 hospital and 1 IHU study patients had moved from Cali region or wers ct...:’vtse zCt BaEiase

for interview

+ * Borderline statistical significance (P = 0.12 with Yates continuity corresmem < f

*Difference not statistically significant.

Average cost per herniorrhaphy

The average cost of an inguinal herniorrhaphy
was US$39.12 (12010 COP) at the IHU and
US$148.76 (45 668 COP) at the hospital - almost
a four-fold difference. When the cost of hospital-
ization was excluded, the cost of the procedure is
three times greater at the hospital than at the
IHU. The largest differences occur in three
categories: overhead costs, personnel costs, and
surgical ward costs (Table 3). The average length
of the operations (from incision to closure) per-
formed at the hospital was 37 minutes compared
to 26 minutes at the IHU. Because computations
of costs in' both- facilities involved "allocating
shares of total operating room and surgical ward
costs to sample patients, standard statistical tests
on cost differences would not be meaningful.

Patients’ costs

The facility’s charge to the patient for the
operation and follow-up care was US$38.96
(12000 COP) in the hospital and US$16.23 (5000
COP) in the IHU. In addition, patients had to
pay for some of the drugs and supplies, raising
their total medical charges to US$44.07 and
USS$18.77, respectively. Thus, patient charges
represented 30 and 48% of costs, respectively.
Patients’ transportation expenses were also

Table 3. Medxml care .2!{ -e: ngnm:u aeni orrhaph\ by
type of facility

L esmow . IHU

Cost category 72358 Ty LSS o
Operating and recovery rzems
Direct service costs:
Personnel 5 - TooOi931 494
General supplies .89 1.5

'
l"

Medical supplies }"‘
Equipment deprec:a:zcx o E
Overhead costs i oeEry T
Subtotal ] T ESY T

ENE s

hitd P Cal s
207 (&0.4
1293 331
33.12 100.0

Surgical ward 33' ..'_‘..- 0200 0.0

M:g’a SO

Total 32,12 100.0

greater in the hospitzl (US35..6) =an the [HU
(US$1.38), so out-of=saciss coxes were 2.5 times
higher imr the hospi:={USTAC.I'ZT than for the
IHU (US$20.15). For -=e zser=r= =atient in each
setting, these out-oicocxar s rcpresemed
21% of monthly Zcuseccic =xmeaditures for
hospital patients. kmr -mv "fq 23t ZHU patients.

T = e A
s ‘.

Ty

FEEPCO A b e

(R 4 B Sctt

AT ST

kS i

S AN

P e T



140
e

A-worker earning the minimurc wzze of USS$3
per day would have to work 16 davs to pay for
the heavily subsidized hospital ope-ation, com-
pared to only 7 days for the less su-sidized IHU
procedure.

Discussion

This study has found that an =je—ive inguinal
herniorrhaphy costs 74% less at =2 :dU thanata
secondary level hospital. The IH_ s .ower cost is
due to both its shorter time Zor the surgery
(probably due to its standardizec praiocols), and
its lower cost-per-minute. Ths a-zrage direct
service cost-per-minute oi Operziici room time
. US$1.99 (610 COP) at the IEU :ompared to
" USS3.14 (965 COP) at the hespizl. Both the
savings in operating room costs ar: the overall
proportional savings from simpi: fiez ambulatory
surgery are consistent with th: previously
mentioned predictions from 1675.F Shorter
hospitalization and devaluat.or.  have also
lowered the cost of inpatient STy compared

to 1975.

The generalizability of the clinizca. outcomes is
somewhat limited by the modes: sample size in
each facility, the absence of rar jo=ization, and
the inclusion of only one facil:zy of each type.
These design characteristics cow.d zot, however,
change the direction of our fic diczs. Although
eligibility criteria for the study orcduced gener-
ally comparable samples of pazier:s in the two
settings, hospital patients tencec to be older
(though not significantly so) anc c:ght have had
nore undocumented risk factoTs Jor complica-
tions. Even if adjustment for such zaaracteristics
could have explained ail, or mos:. of the com-

plications in the hospitalized patisnts, it would

only equalize the risk-adjust=d complication
rates between the two settings. As no complica-
tions were observed in the IHL. its estimated
complication rate would always remain the
lowest possible value, zero.

Sensitivity analyses showed thzt rzither sample
variation nor the absence oI randomization
could explain the lower cost of the IHU. To
examine the impact of sample war:ation, we ob-
tained independent estimates of ths duration of a

hernia repair from separate samp.:s of 19 con- .

secutive herniorrhaphies taker from operating
room log-books during three to-four randomly

Donald S Shepard et al

chosen weeks at each institution. The mean time
was 43 minutes for hospital surgeries versus 34
minutes taken for IHU operations. As com-
plicated hernias were not excluded from these
samples, the times were longer than those of
study patients. Recalculating costs using these
times. the hernia repair still cost 70% less in the
IHU than in the hospital. ; ;

To estimate the largest possible bias that.the
absence of randomization would have intro-
duced. we assumed that in a randomized study,
hospital patients would have spent as little time
as IHU patients in the operating room (26
minutes) and in postoperative ward care (0 days).
Even under these implausible assumptions, an
operation in the IHU would remain’ 52% less

costly than in the hospital. The IHU retains its

cost advantage largely because its cost-per-
minute for the operating room (both direct ser-
vice and overhead) is considerably lower.

Previous studies have reached conflicting conclu-
sions regarding the relative costs of” ambulatory
and traditional surgery. A.randomized clinical
trial found ambulatory - surgery (o be cost-
effective for certain’ types of surgery.* Most
studies found that when surgery is performed at
a hospital and the: patient is hospitalized, the
costs exceed similar procedures performed on an
outpatient basis, because im.the latter case, the
cost of hospitalization is saved.?-* Studies which
compare the cost of performing ambulatory
surgery at a hospital with the cost at a free-
standing clinic, however, have not always found
savings.’-¥ A Lo N AT,
With increased utilization, surgery in both an
IHU and a secondary hospital could become

“more efficient. Because: virtually all operating

and recovery room expenses except those for
supplies are fixed,.a higher volume of services
will lower the average: cost per procedure. In
1988, the occupancy rates of Cali’s surgical ser-
vices were 56% in IHUs and 60% in secondary
hospitals.’* If both occupancy rates were raised
to 90%, the average cost of am elective hernior-
rhaphy would drop to US$25.40 in: the IHU and
USS111.67 in the secondary hospital. ~ ~

While an IHU might have:béen expécted to ex-

hibit lower quality- than a: more- sophisticated
hospital, the complication rates demonstrate the

T e e 0 e = e

{

e s’
. N 'l

e |

Gy o 80U UNCROSEIMT ST BETITEATAY 4 3 !

R Y

R A PR

GRSy R L

e e T R e et



Ambulatory surgery in Colombia

opposite, probably a result of the systematic pro-
tocols for simplified ambulatory surgery. The
results from the IHU are consistent with the
complication rate in a larger series in a com-
parable IHU in Cali (the only other such data we
are aware of). Carlos Carmona [HU had a 2.3%
complication rate in 1431 consecutive ambu-
latory surgeries through 1988 (Wooley, un-
published data). Assuming this same rateé applied
to hernia repair in JPB, 0.3 complications would
have been expected among the 15 hernior-
rhaphies studied: in fact, zero were observed.
The IHU’s advantage in patient satisfaction adds
to findings in other populations showing one-day
surgery to be comparable to traditional surgery

in quality, and acceptable to consumers. "

Frcm a social viewpoint, ambulatory surgery at
the IHU entailed considerable advantages OVer
inpatient hospital surgery. An average IHU
patient saved US$3.68 in transport cOsts, gained
7 days of his time (through earlier resumption of
his usual activities), and reduced the time and ex-
penditure his family and friends spent visiting the
hospital and assisting in the patient’s care. These
are slightly offset by the one extra day a family
member was estimated (0 spend caring for an
ambulatory surgery patient at home (approxi-
mated by the length of stay of the hospitalized
patients). On balance. the patient and his family
gain at least 6 days from ambulatory surgery.
Most importantly, the easier access to. and lower
charges at 1HU’s, may encourage patients to
have hernias and other health problems diag-
nosed and treated more promptly.

Simplified ambulatory surgery and other IHU"
functions can be adapted to various organiza-
tional and physical settings. Although surgeons
in Joaquin Paz Borrero receive salaries from the
local government, in another IHU, the surgeon is
paid fee-for-service directly by patients. While
the newer IHUs were specially built, older ones

were upgraded from health centres.

Conclusion :

Reflecting its commitment (O [HUs, Cali
officials opened a fifth IHU after this study
began. and pian to opsn a sixth one this year.
Building on Cali’s experience, Mexico has started
to establish similar units. A WHO consultation
which reviewed this experience:* recommended

1

that cities carry out a situation analysis to help
establish reference health centres (its term for
IHUs) in appropriate locations. <

. >
In conclusion, uncomplicated hernia operations
in intermediate health units cost only a quarter of
what they would in a traditional hospital. Out-
comes, complication rates, patient satisfaction,
and return to work were comparable, if not
superior, in IHUs. Cali’s IHUs provide services
organized around similar principles for other
surgical services and obstetrics with, presumably

comparable results.
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CLINICAL ECONOMICS

MODULE 17

e —

COST-BENEFIT ANALYSIS

. After completing this module, you should understand:

a. the difference between cost-benefit analysis and the
techniques introduced in earlier modules;

b. what shadow prices are and why they are necessary;

c. the difference between financial, economic and social'
analyses.
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COST-BENEFIT ANALYSIS

INTRODUCTION

The analytical techniques introduced 1in Modules 4 to 6 were
designed to compare alternative ways of using resources where
the aim is to ensure that the resources produce the greatest
possible benefits., The techniques cannot be used to determine
if a single project 1is worthwhile. This is because costs and
. benefits are measured in different wunits: costs in terms of
" money, and benefits in terms of physical health outcomes,
sometimes adjusted for changes in the quality of life. This
makes it difficult to decide if the benefits of a programme

justify the costs.

In common with these techniques, cost-tenefit analysis gggél_ggg
be used to compare alternative interventions but (it also
provides a means for deciding if a single programme is
worthwhile.. It does this by requiring that benefits and costs -
both be measured in terms of money.. = R

" The relationship between CBA and the other techniques is
represented in Figure 1. Cost-minimisation, cost-
effectiveness, cost-utility and cost-benefit analyses all relate
benefits to costs, and costs are measured in the same way in all
cases. However, the techniques differ in their methods of
measuring benefits. Cost-minimisation and cost-effectiveness
analysis are based on physical effects, cost-utility analysis on
utilities, and cost-benefit analysis on economic benefits.

RESOURCES
CONSUMED HEALT:i HEALTE IMPROVEMENT

>4 CARE >

PROGRAMME
COSTS EFFECTS UTILITIES BENEFITS
Direct costs Health Health effects Economic
Indirect costs effects: in QALYs benefits:
(production losses) natural Direct,
Intangible costs units Indirect,
Intangible

(Source: Drummond et al, p2)
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MEASURING BENEFITS

The economic benefit of an intervention is the reduction in the
cost of 1illness that results from the intervention. The costs
of illness were divided into direct, indirect and intangible
costs in Module 2, so the benefits of an intervention are
tiﬁicéII?"“Eétéﬁbrised_Tn”fhé'same‘way:“”The'methddwaf”éstfmﬁffﬁg
the “indirect “costs of illness described in Module 2, and hence
the indirect benefits of an intervention, is known as the human

capital approach.

DECISION RULES

Costs and benefits expected to accrue in the future must be

discounted (see Module 3). The present value of the costs
divided by the present value of the benefits is called the
cost-benefit (CB) ratio. If it is less _than 1, the project is

pr——

gigg;g:gggﬁgz;huhiiew

An alternative indicator of viability is the net present worth
or net present value (NPV) of the intervention. The NPV is

- g Q@defined as the present value of the benefits_minus_the present

value of the costs. — The “intervention is viable if the NPV
exceeds 0, vwhich implies that discounted benefits exceed
discounted costs. 1If the NPV is positive, then necessarily the
CB ratio will™ be less than 1, so either indicator can be used
when assessing an individual intervention. However, if _you wish
to rank alternative projects using CBA there are technical
reasons why ygg_shbﬁIa use the NPV,

WHOSE VIEWPOINT?

As with the techniques discussed in earlier modules, it is
crucial to specify whose viewpoint is being considered in CBA.
The literature commoi.ly takes the viewpoint of a health care
provider, for example & hospital or a government, whose costs
are the money costs of providing the care. 1In this case there
is no need to consider either the costs borne by the patient, or
whether the prices paid reflect opportunity costs. Benefits are
simply the increase in revenue resulting from the intervention.

This approach is not appropriate if society’s viewpoint is being
considered in which case all costs and benefits affecting
society must be taken into account. Moreover, the prices used
to value costs and benefits will often differ from those used
when considering the viewpoint of the provider.

,.SHADOW PRICES

', ;”44\{-1 (v”'
v B

. You will recall from Module 3 that the cost to society of using

a resource is its opportunity cost. Economists believe that the

best indicator of benefit is socxety s w1111ngness to pay a
product or service. In many cases, market prices do not rEerct

1

v
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" either economic costs - (opportunity costs) or economic benefits
(willingness to pay) .

This is partly because market prices can be affected by taxes
and other transfer payments (EEEWESHGTE—STT”Eﬁf—fHEFé are other
reasons as well. For example, in the human capital approach the
indirect benefits of saving a life are the increases in
production which result. It is often assumed that this
increased production is equal to the wages the person would earn
over the remainder of their working life. There are many
reasons why market wages do not. reflect contributions to
production and the case of unpaid housewives 1is a good

illustration.
/

Accordingly, in order to conduct the analysis from society’s
viewpoint, economists must impute values for cost and benefits
which reflect economic rather than financial values. This
applies to all the techniques which were introduce in earlier
modules as well as to CBA. These imputed values are called

shadow prices.

Two major methodologies for calculating shadow prices have been
developed. Both are complicated to apply and require a fairly
thorough knowledge of economic theory. You should seek the help
of an economist if you wish to use shadow prices.

To date they have not been used extensively in the analysis of
health interventions. This may be because the literature has
been dominated by North American examples, and many economists
believe that the deviagignmpggyggnweconomic andﬂj}nancial prices
is not large _in the USA. ff“wﬁﬁfgmmiéﬂ€}ue,thé‘éffort of
calculating shadow prices may not be justified.

Regardless of whether it is true in North America, jt is not
true in much of the ..st of the world. In any case, the effort
of ascertaining shadow prices is not great in many countries.
They _can oftegwugg_”gbtajned from publications by international

organizations such ’Maggu-the:AWBEIa Bank, and _the Planning
Offiéé[ggpartmep}sﬂ__qﬁﬂ__mqny__‘ggyeloping countries regplgply

cal’éulate_}hg_rﬁ:fpr,_their,‘,ownv_p_unpggggJ

e
\

SOCIAL ANALYSIS

‘/

'
Project appraisal ugingw_maxkeimwpnices is called financial

analysis. When shadow prices are used, it is called economic
analysis. A third form, social analysis, has become popular
recently. : ]

Economic analysis is a form of efficiency analysis. It seeks to
maximise the gain to society from a particular investment. How

this gain is distributed within society is not relevant. jocial
o . . . . . P e e

'ngiggig is an extension of economic analysis ere-d131;;but163>

issues /are relevant and _are examined expligi&ly.

. . = o —— et et
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Intra- and 1nter -temporal distribution can be incorporated. The

former‘*élves ~a higher weight to benefits which accrue to a
. particular group of people (usually the poor) in the current
time._ _period. The latter gives higher . welghts to _benefits-which

will not be consumed 1mmed1ately, but hlll be saved. Savings
can then providé benefits in~"a subsequent time period. The
rationale 1is that society does not save enough to provide for
future generations, so preference should be given to projects

which will result in relatively high savings in relation to
consumption.

Sometimes this is extended to give preference to government
savings over pr. prlvate sav1ngs on the grounds ﬁhat*the*government
would use them to benefit Society whereas individuals may not do

so.  As “yet, social analysis has not been applied to health
projects and it is not intended that you should attempt to use
it. It was introduced so that you will be familiar with a

concept which appears in the literature.

REFERENCES
Major References:
Drummond et al (see Module 4), chapter 7.
Gill M. et al, "An economic appraisal of screening for Down's
Syndrome in pregnancy using maternal age and serum alpha
fetoprotein concentration”, Social Science and Medicine 1987,
24(9):725-731.
Other Reference:
Olsson G. et al, "Economic consequences of postinfarction
prophylaxis with f bl -~kers: cost effectiveness of metoprolol”, o

BMJ 1987, 294:339-342.

QUESTIONS

Read the article by Gill et al.
Whose viewpoint was taken in the analysis and is thelrww”wwwm; b
conclusion likely to differ if another viewpoint is taken? :
b. Comment on the way that costs were calculated, including
whether any important costs were omitted and whether

marginal or(average costs were used? Aovng trhi e Falien O 5

2. Have all the important benefits been included and measured” L“‘%

D =

o 7
Lt AZL T a0

correctly? Savet. Atz e tlar in
¥ Wﬁ‘u.l / " '
24 Mindful that economic costs are opportunity Dosts, how would

you measure the costs to society of using:
a. unskilled labour;



RITISH MEDICAL JOURNAL 27 MARCH 1970

’ e ]

7y

P —

-~

733

AMEDICAL PRACTICE

Contemporary 1hemes

Preventing the birth of infants

a cost-benefit analysis
'SPENCER HAGARD, FELICITY A CARTER
British Mcdical Journal. 1976, 1, 753-756

Summary

The costs and economic benefits of providing routine
_ prenatal diagnosis of Down’s syndrome with termination
of affected pregnancies in older pregnant women in the
" west of Scotland were examined. The potential economic
benefits would be greater than the costs for women aged
40 and over, probably about equal to costs for those aged
35a; ver, butless than costs if the service were extended
to we.aen under 33.

Introduction

Down’s syndrome accounts for between a quarter and a third of
all moderate and severe mental handicap (intelligence quotient
(IQ) <355) in children of school age.! * Its birth prevalence is
currently being slightly reduced by providing prenatal diagnosis
and selective abortion to older pregnant women on request. To
make a major impact on the problem, however, would require
mass prenatal diagnostic programmes directed, in the first
instance, towards all older pregnant women—that is, those at
higher risk. We consider here the relation between the likely costs
and economic benefits of establishing such a programme in the

west of Scotland. In evaluating the economic benefits resulting

University Departments of Community Medicine and Medical
Genetics, Glasgow G20 9NB

SPENCER HAGARD, Ms, DPH, cmployee of Greater Giasgow Health
Board on secondment to University of Glasgow

Health Services Operational Research Unit, University of Strath-
clyde, Glasgow G4 ONG

FELICITY A CARTER, msc, research fellow

with Down’s syndrome:

from terminating pregnancies affected with Down’s syndrome
we considered two situations, one in which women do not become
pregnant again after rermination (no replacement), and the other
in which termination is followed by a further pregnancy
(replacement). The outcome of replacement pregnancies is
assumed to be normal. Since a programme testing for Down’s
syndrome could also diagnose fetal myelocele, the costs and
economic benefits of this are also taken into account.

Method

For the population living in the area covered by the six west 0l
Scotland health boards and served by the Genetic Advisory Centre

. in Glasgow, we estimated for 1975-94 for Down’s syndrome: (a) the

number of births by five-year maternal age groups; (b) the survival
rates and degree of handicap of survivors; (c) the costs to society of
caring for survivors; (d) the characteristics, including number of
affected births prevented, of a prenatal diagnostic programme; and
(e) the costs of running such a programme.

The savings in resources made by preventing affected births, in
both replacement and no replacement circumstances, were calculated.
The costs and economic benefits of testing all specimens for feta!
myelocele were also considered.

All costs were standardised to a value for July 1974, using the Retai
Price Index,® and future costs were discounted at 10%, the ratc
currently used by the UK Treasury, to obtain the net present values.
The variations of costs with benefits under different conditions wWere
examined.

Results

EPIDEMIOLOGY AND NATURAL HISTORY

Differences in methods of ascertainment probably account for muc:
of the reported variation in the rates of prevalence of Down’s syndromc
the more exhaustive the case finding the higher the rate recorded. Th
highest rates yet recorded in a European population® (table 1) wer
applied to west of Scotland 20-year birta projections, derived fror
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)
TABLE IpLive birth prez zlence of Down’s syndrome by five-year maternal age
groups =iter Lindsj¥)

- y
. <19 12024 -20 -34|-30 -4 >45

Maternal age (years): {
in: 1685 , 1352 ! 1133 687 | 267 67 I' 16
. ! i | | .

Birtz prevalence, 1 in:

population and age-specific fertility predictions.® ¢ This gave estimates
of the number of births of infants with Down’s syndrome in each
five-year age group of women in each. of the years 1975-94. We
calculated thar total births to women over 40 would vary a little about
a mean of 550 a year while to women aged 35-39 the number would
vary between 1780 and 2340 a year. Over the 20 years an average of
5:4% of all births but 299 of births of infants with Down’s syndrome
would b2 to women aged 35 and over; 1-19 of all births but 16%o0f
births of infants with Down’s syndrome would be to women aged 40
and over. - .

Survical—An increasing proportion of infants with Down’s
syndrome survive.” Estimates of likely survival to various ages were
calculated from the results of two comprehensive surveys® ® and are
shown ia tables II and III. :

Meniz! handicap—TUsing dara collected in north-east Scotland!® we
estimated that 209, of children with Down’s syndrome would have an
IQ in th range 50-69, 75°, in the range 20-49, and the rest below
20.

BLE II—Estimated proportion of cohort of 100 people with Down’s syndrome
roving 3 various ages

"! T : T
1 2 3 4 5101520 25 30 35:40145 50 60.70
76 73 71 69 69 65 60,55 49 44 3933|127 22.11! 0
| . ! !

Age ears):
No of su—avors:

USE OF RZSOURCES BY THOSE WITH DOWN’S SYNDROME

The ezonomic benefit of preventing the birth of handicapped people
is the ces: to the communirty of their care. In the case of an abortion
followed by a successful normal pregnancy (replacement) this is the
difference between the cost of caring for a handicapped person and
that of caring for an average person. When there is no further preg-
nancy {co replacement) the cost is the total cost of caring for a
bandicapred person. In estimarting these costs the use of resources by
a nomina! cohort of 100 people live-born with Down’s syndrome was
assessed. An estimate of the costs that would be incurred in the
replacement situation is illustrated for representative years in table
II1. The derivation of these costs is indicated below; more detailed
considerztion is available elsewhere.!?

Permarcnt care—We estimated the percentages of survivors in
permanez: care using projected Down’s syndrome survival rates and
the resuizs of a recent west of Scotland survey.!* We considered that

out a cuarter of patients would be in permanent care by the age of
13, half oy the age of 25, abou: three-quarters by the age of 35, and
all by tk2 age of 45. The additional cost of permanent care over
residence at home is higher for children than for adults: the childhood
costs inciude those of education. For a birth cohort of 100 the costs
of perma=znt care were calculated to lie in the range £3000-£16 000
a year (rsplacement and no replacement).

Educazi>n—In general children with Down’s syndrome with IQs
over 50 20°,) artend special schools, while the remainder attend

BRITISH MEDICAL JOURNAL 27 MARCH

junior occupational or day care centres.!? }* For those continuine t
live at horz2 special education was estimated to cost £100-£400 , re
per child per year than normal schooling—£10 000-£25 000 , re
per year for a birth cohort of 10Q (replacement and no rcplaccmcm)

Lost maternal income—As their children get older an increasin.
proportion of women go out to work, but many of those with hs i
capped children stay at home to look after them. We assumed |
labour force participation among mothers of children with Do....
syndrome would be half that of average mothers with children of th
same age. Hence, using published wage and employment data,!" €
estimated that for a birth cohort of-100 six mothers would forgo:
potential earnings of over £6000 a year when their children \
young, and 11 to 15 mothers would forgo around £14 000 a year later
on (replacement and no replacement). :

Additional costs—Since no useful data are available on the additi
services required to cope with the greater physical morbidity of 1l e
with Down’s syndrome, we omitted the possible costs of such services
from our calculations. The inability of most people with Dov~¢
syndrome to work, however, imposes a considerable economic bu; 1
on society. We assumed that only those with IQs over 50 could w A
and then only with half the productivity of an average person. Using
average lifetime earnings and consumprion data,* !¢ we calculated that
in the replacement situation for a birth cohort of 100 this would imp e
costs rising from about £45 000 a year at age 16 to a maximun f
about £110 000 a year at age 25.

Toral costs—Estimates of total annual costs in each age group were
obtained by adding the estimates under each heading for each v
In the replacement situation and for a birth cohort of 100 theyw
calculated to increase from under £5000 a year in infancy 10 over
£120 000 a year in middle life. A discount rate of 10°, was applied to
each year's toral, and the discounted individual year totals ad |
together to give the net present value df caring for a birth cohor
100 people live-born with Down’s syndrome. In the replacem...:
situation this was £415 000—that is, £4150 per person, and for no
replacement £10 620 per person. The lifetime consumption ¢ |
available for calculation were not entirely appropriate to no repla
ment circumstances, however, and they probably exaggerated the _
present value of costs.

Myelocele—The figure of £3940, estimated as the economic ben -
from preventing the birth of an infant with myelocele,!? was use:
calculate the economic benefits of preventing such births in the cou

of a Down’s syndrome programme. -

g g ¥ orrsy

PRENATAL DIAGNOSTIC PROGRAMME . ., '

We calculated the costs of a programme to examine 550 women ar~3
40 and over each year; these women were estimated to be at risk '
having 9-1 live-born infants with Down’s syndrome. We assun
that 90° (495) of the women would attend antenatal clinic at the
appropriate time for diagnosis (14th-18th week of gestation-
that this would not entail extra antenatal clinic visits, that the chract
istics of attenders and non-attenders would be the same. and that, af
genetic counselling, all attenders would accepr amniocentesis /done
on condition that affected pregnancies diagnosed would be terminated).
All would receive ultrasonographic examination and amniocente:
About 1°, ‘5) of amniotic fluid chromosome analyses would requ
repetition {calculatiorr based on data supplied by Glasgow and West vs
Scotland Genetic Advisory Service), which would entail repeat
attendance, ultrasonography, and amniocentesis. A diagnostic succ

TABLE 111—Costs of caring for cohcr: of 100 people live-born with Down’s syndrome in the replacement situation

0 v
'

Permanent care !

Maternal income ,' " l !

: ' 1 Present value
Age No of Cost of . No (%) of i: - Additional (dixcouzﬂed
susvivors No{"Jin Cost education No of children mothers Cost l costs Total at 10v,)
care L) ( living at home unable to work (¢n) (¥9) L) (¢9)]
1 76 4(5) 4588 i : ! | 4588 4171
2 73 : 45 4588 ) 69 ! 6 (9) 6660 11248 9295
3 71 413) ) 4588 67 6 (9) 6660 I 11248 8451
4 60 . 3{5 3341 | 66 | 6 6660 | | 10000 | 6899
5 69 . 5(7) 5735 23560 : 64 ’ 12 (19) 13320 I . 42615 26460
10 65 ' s (13 9176 I 20913 | 57 | 11 (19) 12210 | —4880 37419 14425
16 59 14 (23) 3528 ' 4 ;122D 13320 p 43939 60787 13227
20 55 13 (23) 3276 ! ‘ 42 I § Wex) 12210 61279 76765 9514
45 by 27 {100 6804 l [ 89326 96130 i 1317
i i
| i £415000
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rate ot 99y, would be expected.! Thus 8:1 cases (99, of 90", of
9-1) would be identified. In addirion, 1-4 cases of anencerhaly and 1-2
cases of myelocele (1 infant born alive) would be identified in this
population.'”

Costs—Costs to the Health Service.and participants were calculated
and are shown in table IV. Costs relating to time lost from work
were derived from government data®® and those to medical genetics
provision from local data (supplied by the Glasgow and West of
Scotland Genetics Advisory Centre). Publicity, directed primarily at
general practitioners, obstetricians, and the pregnant women, was
estimated to cost the service £2500 a year with an additional £2500
in the first year. Attendance for genetic counselling would impose costs
on women and husbands through lost working time and travelling
(£2871 a year) and on the service /£2094 a year). We assumed that
ultrasonographs in routine use would be available, but a small staff
cost would be incurred (£372 a vear). Atrendance for amniocentesis
would impose costs on women £2500 a year) and on the service
(£1448 a year). Laboratory cOSIS would all be borne by the service.
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TABLE Iv—Cost of prenatal diagnostic srogramme for Down’s syndrome for
cwomen aged 40 and over in wwest of Scotiznd

Annual recurring
costs

Capital costs
Initial
Cost

To To
Heaith  patents
Service

to Recurring after:
Health —mm————
Service 5 10 20 and or
3 years years . husbands

(£) Lo W £ £
2500

Publicity .- 56 2500
Genetic Counselling (495
consuitations) i
Starf costs:
5 Senior registrar |
sessions. week - " | 2094
Patient costs: i |
at £1:60 (women) & ! i
at £+4-20 men). . .
Ultrasonography (300
examinations)
Starf costs:
2 Midwifery sister
sessions, wee
Amniocentesis (500
examunations) i
Starf costs: . ! .
4 Registrar sessions
week . . ¥
Patient costs:
at £3-00 .
Laboratory costs }
Starf » . ' | 9929

.-\ccommod:'nion b 35700
Equipment i .. 20 25054 102 S1

Running costs

2871

1448

|
|
I
|
|
| 2500
|

'

2500 20 25054 35302 20128 5371

Capital: 63 376; recurrent: 25 499

Totals . .
Total cost of diagnosuc
programme .

They were estimated t0 be (a) £35 700 for site and construction with
at least 20 years’ life, (b) £9929 a year for medical, scientific, technical,
and records staff, (¢) £25176 for equipment, which would need
replacing from time to time, and £81 a year for its servicing, and (d)
£3704 a year for disposable materials, utilities, rates, and administra-
tion. The total cost of the first year of the 20-year programme was
given by adding the initial capital costs (£63 376 to the service) to the
annual recurrent costs (£20 128 to the service and £5371 to the
participants). The cost of each of the subsequent 19 years was the
annual recurrent cost, plus the cost of equipment replacement if
indicated—that is, plus £20 in the sixth year, £25 074 in the 11th,
and £20 in the 16th. Accommodation and certain equipment COSTS
(toral £35802) would not recur within a 20-year programme. A
discount rate of 10°, was applied to each year’s total, and the dis-
counted individual year totals added together to give the net present
value of total costs of establishing and maintaining a 20-year diagnostic

programme—4£311 855.

TOTAL BENEFITS AND COSTS

The programme described, costing £311 855, would prevent the
births of 81 children with Down’s syndrome each year and 1-0 with
myelocele, and thus in the replacement situation produce an annual
economic benefit of (81 X £4150) + (1-0 < £3940) = £37555. A
discount rate was applied to this sum for each of the 20 vears of the
S mrermm and rhe discounted individual vear totais added together

755

to give a net present value for the total economic benefits of the
programme, amounting to £351 699. The corresponding value of
economic benefits from preventing Down'’s syndrome alone in the no
replacement situation would be £805 587. In each case therefore the
value of economic benefits would exceed that of costs.

Programme for women aged 35 and ower—Corresponding calculations
were made, and the findings were: COSIS, £1193 3125 economic
benefits, £752579 (replacement situation) and £1496 358 (no
replacement situation).

Discussion

Economic benefits were divided by costs to give benefit:cost
ratios. For women aged 40 and over these were: 1-13 (replace-
ment) and 2-58 (no replacement). If, after genetic counselling,
only half accepted amniocentesis and possible termination the
benefit:cost ratios would be reduced by 25°, (to 0-84 in the
replacement situation, for example). But the no replacement
situation would probably apply to almost all women of this age,
so the overall benefit:cost ratio would considerably exceed unity,
even were participation reduced so considerably and even after
allowing for the probable exaggeration of the no replacement
ratio caused by the inappropraite narure of the available lifetime
consumption data. This suggests that there would be net
economic benefits from providing a prenatal diagnostic pro-
gramme for this age group. This view is reinforced by new
evidence from several centres, including Glasgow, that the
birth prevalence of Down’s syndrome among women over 40
may be up to twice that reported by Lindsjo.'*

For the complete over-35 age group the benefit:cost ratios
were: 0-63 (replacement) and 1-:25 (no replacement). If after
genetic counselling only half accepted amniocentesis and possible
termination the benefit:cost ratios would ‘again be reduced by
about 25°, (to 0-48 in the replacement situation, for example).
But were this 50% participation confined to those under 40,
perhaps as a result of their acting on self-recognition of their low
risk of fetal abnormality, the benefit:cost ratios would be slightly
higher than 0-63 and 1 -25. The availability and inclusion of such
resource use data as those relating to morbidity from physical
illness or to social services would probably also raise the benefit:
cost ratios; incorporation of berter lifetime consumption data in
the no replacement situation, however, would probably have the
opposite effect. Furthermore, although no replacement could be
expected to apply to most of the age group, the bias in its favour
would presumably be less pronounced than among the over 40s.
With all these factors taken into account, the costs of a prenatal
diagnostic programme for the complete over-35 age group would
probably be about equal to the net economic benefits, so that, on
economic grounds, this programme. to0 could probably be
justified. Its development might follow initial provision to the
over 40s, from which the collection of appropriate epidemio-
logical and resource use:data would provide for more accurat¢
economic calculation for the younger age group-.

It has been suggested that it would be economically justifiable
to extend prenatal diagnosis of Down’s syndrome to. women
under 35.1* The data and calculations presented here make this
seem unlikely. Such a decision would therefore have to rest on
other considerations of the priorities for health expenditure. Ic
any case the view that amniocentesis should be offered to women
whose risk of diagnosable severe fetal abnormality is remote’?
needs critical re-examination. ‘ :

Our conclusions rest on the assumption that those responsibl¢
for health planning embrace the cost-benefit analysis approach
—perceiving their responsibilities beyond the narrow framework
of health services accountability, and accepting a long-terr
economic perspective. The findings also re-emphasise tha.
society’s response to. the problem of Down’s syndrome canno
rest solely on consideration of economic costs and benefits. I
Down’s syndrome is socially unacceptable provision of a pro
gramme to reduce its birth prevalence by scarcely a third woulc
be an inadequate response. Conversely, failure to impiement .
programme for all maternal age groups wouid imply that ther


serv.ee

g

were other, perhaps more appropriate, responses to the problem
of Dcwn’s syndrome. Since this would call into question any

.prog:'!:nme directed at identification and termination of affected
prggranicies, it would be logical to resolve this dilemma before
any programme was started.

The authors thank members of staff of the Glasgow and West of
Scotland Genetic Advisorv Centre for providing detailed information
abour their work, Mr R G Milne for several original ideas, Dr F A
Boddy, Professor M A Ferguson-Smith, and Professor G T Stewart
for giving helpful advice, and Mrs F Sinclair for secretarial help.
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Problems of Childhood

Wheezing children
JK SARSFIELD

British Medical Journal, 1976, 1, 756-759

The wheezing child is a common clinical problem. Asthma is by

far the commonest cause of wheezing, but other conditions must

be considered, especially in the young child. These include

respiratory tract infection, expecially viral bronchiolitis, inhala-

tion of a foreign body, cystic fibrosis, primary tuberculosis, and

congen:tal anomalies. Clinical and radiological examination will
sually identify these conditions.

The role of infection in wheezing in the young child is not
clear. Acute bronchitis with airways obstruction may produce a
wheeze with associated respiratory distress, fever, leucocytosis,
and general malaise. If these attacks recur terms such as
“wheezy bronchitis,” “asthmatic bronchitis,” and “pseudo-
asthma” are applied. Antibiotics are often prescribed but with
doubtful benefit. Viral infection may be responsible for some
attacks, but several studies have shown that viruses can beisolated
from oniy about a third of patients and their role in the patho-
genesis is uncertain. Williams and McNicol' made a valuable
contribution to our understanding' of this group of young
wheezing children who have apparedt preceding infection.
After a prospective long-term epidemiological study they con-
cluded that they could not separate recurrent “wheezy
bronchizis” from asthma. Their evidence suggests that both
conditions exhibit a common basic asthmatic disorder, but the

Department of Paediatrics and Child Health, University of Leeds,
Leeds LS14 3ET

J K SARSFIELD, MD, MRCP, l2cturer in paediatrics

spectrum of severity varies greatly from a few mild early attacks
that abare to established severe asthma persisting into adult |

Asthma

In the 2bsence of any widely accepted definition of asthm t
seems reasonable to consider it, simply, as a constitutional ws-
order characterised by hyper-reactivity of the airways. Various
factors may provoke this reactive state and lead to paroxys: 1
attacks of airways obstruction producing respiratory disu 3
and wheezing. The basic constitutional disorder is probably
biochemical and almost certainly has a genetic basis, but the
precise mode of inheritance is unknown. This familial tenden
however, may help the doctor towards an earlier diagnosis 2 |
hence more appropriate management.

An understanding of the known basic mechanisms concerr -1
in the cause of asthma is essential to proper assessment 2 .
management.

Allergy

Most asthmatic children have demonstrable allergies. The
incidence of hay fever, eczema, and urticaria is much higher
these children and their families than in non-asthmatics. 1
fact that an acute attack of asthma may be a manifestation of
immunological hypersensitivity reaction to an external provoking
antigen (aliergen) has been recognised for many years. Rect

‘advances have established that antibodies belonging to a net

recognised immunoglobulin class, IgE, are concerned. Th-
antibodies are firmly attached to mast cells in the brom:h_ial
mucosa, and on exposure 10 an offending allergen the antibo¢
antigen reaction causes the release of vasoactive amines fTi
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Analytical _Tq;g{i,gplogy, .

This:book provides a practical guide to the labora-

tory analysis of over 100 substances frequently
involved in episodes of acute poisoning, Noting that
many hospitals, especially in developing countries,
lack the support of analytical toxicology services,
the book aims to help laboratory staff perform a
range of simple tests known to produce rapid and
reliable results for the management of poisoning
emergencies, All tests described can be performed

without the need for sophisticated equipment, ex- |

pensive reagents, or a continuous supply of electnc-
ity.

The manual opens with general infoxmnﬁon ibou!
the organization and functions of an analytical toxi-
cology laboratory, the principles of safe laboratory
practice, and the essentials of emergency medicine
and intensive care that will influence the laborato-
ry’s work. A brief introduction to the apparatus,
reference compounds and reagents needed in the
laboratory is followed by an explanation of basic
cliftical issues. Details range from a table listing the
clinical features assaciated with some cormmon poi-
sons to a description of essential symptomatic and
/suppomve measures that can be taken before the

"diagnosis is confirmed.

Chapter three explains the most useful biochemical
and haematological tests for the diagnosis of acute
poisoning and for assessment of prognogis. The
final introductory chapter goes through:'tha do’s
and don'ts of laboratory practice pertaining to safety,
the performance of colour tests, the pretreatment of
samples, and procedures for the use of thin-layer

chromatography and ultraviolet and visible spec-
trophotometry.

The remaining two chapters, which constitute the
core of the manual, describe the many simple ana-
lytia.l tests that can be used to detect and identify
poisons, whether ingpiological fluids or in powders;
tablets, or other items found near the patient. The
first chapter, on qualitative tests for poisons, -sets
out a three-part series of tests designed for use as a
routine, rapid screen, especially appropriate in the
many cases where the identity of the poison is
unknown. "

The second and most extensive chapter providel

step-by-step instructions for the performance of .

qualitative tests and some quantitative methods for

113 specific poisons or groups of poisons. Sub- -
stances covered range from pesticides and other

industrial chemicals, through compounds contained
in household products, to pharmaceuticals, plant
toxins, and drugs commonly abused. To assist com-
munication between the toxicologist and the clini-
cian, each monograph also contains information on
clinical signs of intoxication and recommended

treatment, All techniques and procedures have been
“tested by laboratory technicians in dcvelopmg coun-

tries to assure reliable perfonnancc usmg relatlvely
simple apparatus.

Basic Analytical Toxicology

R.J. Flanagan, R.A. Braithwaite, S.S. Brown,

B. Widdop, and F.A. de Wolff

1985, xil + 274 pages + 8 colour plates (lvmlabh in Engll;h
French in preparation)
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Global eradlcation of pollomyeImS'

benefit-cost anaIyS|s

K.J, Bart,’ J. Foulds,? & P. Patriarca®

A benefit—cost analysls of the Pollomyellris Erad/catlon Initiative was undertaken to facilitate national and

" International decision-making with regard to financial support. The base case examined the net costs and

benefits during the period 1986-2040; the model assumed differential costs for oral poliovirus vaccine (OPV)

- and vacc’ne delivery in industrialized and developing countries, and ignored all benefits aside from reduc-

tions In direct costs for treatment and rehabilitation. The model showed that the “break-even” point at which
benefits exceeded costs was the year 2007, with a saving of US$ 13600 million by the year 2040. Sensitivity
analyses revealed only small differences in the break-even point and in the dollars saved, when compared
with.the base case, even with large variations in the target age group for vaccination, the proportion of case-
pallents seeking medical attention, and the cost of vaccine delivery. The technical feasibility of global
eradication is supported by the availability of an easily administered, inexpensive vaccine (OPV), the

* epldemiological characteristics of poliomyelitis, and the successful experience in the Americas with elimina-

tion of wild poliovirus infection. This model demonstrates that the Poliomyslitis Eradication Initiative Is

economically justified.

Introduction

Developing countries are confronted with destabil-
izing health problems and with a serious shortage
of resources. The prospects for per capita income
growth in many countries have deteriorated, and the
adogtion of structural adjustment policies calls for a
rigorous review of public investment programmes.
The allocation of resources in the health sector in the
past -has not been efficient and equitable, owing to

an emphasis on expensive urban and hospital-based °

curative care, and was not' directed at the main
causes of ill nealth in the majority of the population,
“especially in the less developed countries.

Only in the past decade has immunization, one

of the least expensive and most cost-effective of all -

health interventions, which has been confirmed by
cost analyses, been accorded a high priority (7). The
prospect of removing the burden of a disease and its
treatment for ever, and at the same time eliminating
the continuing costs of vaccinations, is an attrac-
tive policy alternative. Prior to the development and

¢
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introduction of poliomyelitis vaccine, up to 32 out
of every 100000 children born in the world had
permanent lameness as a result of infection with
poliovirus (2-4).

The early successes in the Americas, through
the expanded programmes on immunization (EPI),
led the Forty-first World Health Assembly in May
1988 to adopt a resolution (WHA41.28) to eradicate
poliomyelitis from the world by the year 2000 (5).@
This goal was confirmed in 1990 at the World
Summit for Children (6). Poliomyelitis eradication
is an example of the EPI focus on the impact of
immunization on a target disease. In addition, the
progress towards such eradication is seen as pro-
viding a measure of the progress towards achieving .
the WHO goal of Health for All by the year 2000,
i.e,, reaching and maintaining >90% coverage with
current EPI antigens for all children (7, 8). Under
WHO'’s global leadership of EPI, an estimated 80%
of the world’s children were fully immunized in 1993
against pohomyelms even so, the disease still causes
paralysis in over 100000 individuals each year and
kills perhaps more than 10000 (9).

The decision to undertake eradication has eco-
nomic implications for the poorest countries and .
donors_who are concerned about the potential to
divert résources from other activities with a poten-
tially greater impact or to interfere with the develop-
ment of primary health care (10-13). A benefit-cost
analysis of global poliomyelitis eradication was=—-

- therefore recommended so that decisions about®

national and international financial support for this)
effort could be made.

WHO Bulietin OMS. Vol 74 1996 3
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The model

The global poliomyelitis eradication programme has
been modelled as a unit effort from the beginning of
the first eradication efforts, with projections beyond
eradication; benefits have been calculated up to the
year 2040, The pumber of children to be immunized
with oral poliomyelitis vaccine (OPV) annually, the
disease incidence and morbidity, and the vaccine’s
efficacy permit an estimation of the number of cases
prevented by vaccination and the cost of achieving
these reductions. Reductions in the morbidity and
mortality, and the consequent drop in demand for

treatment and rehabilitation constitute the principal *

benefits of OPV vaccination in the base case (see
below). In addition, in order to approach a more
complete estimate of net present value, additional
direct benefits of eradication, i.., the savings in vac-
cine and its delivery, have been added to the treat-
ment and rehabilitation costs and compared with the
cost of the Erogmmmo 10 determine whether the
programme
‘The analysis has attempted to

economically justifiable (14--18;).” rar -

costs and miy# the benefits in order to construct |
the least favourable balance in the benefit-cost rela,

Tionship of poliomyelitis eradication. Because it is
difficult and often controversial to place dollar val-
ues on many of the elements on the benefit side of
the benefit-cost equation, only the savings in treat.
ment and rehabilitation following the reduced inci-
dence of discase have been used as the benefits in
this analysis. If eradication can be seen to have a
favourable benefit-cost ratio while ignoring all other
tangible reductions in the costs to the community

and the family, the long-term handicaps, the value of '

life and income calculations as well as intaggible and

external benefits, it would be expected to be even .

more cost-beneficial when these other benefits are
taken into account, no matter how or at what level

they are valued. In addition, this approach enables '

comparison with the analysis that was carried out for
the Americas (19). . . XU

For each of the years of the model bro;r'lmn‘o. }

estimates were made of the number of paralytic po- -

liomyelitis cases that would be prevented, the costs

L ORI
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ment WHO/EPI/Polia/92.2, 1962,
 World Health Organization.

X Progress
cation' of poliomyelitis: status March 1994.

of treatment and rehabilitation of that number of:
poliomyelitis cases, the cost of the eradication effort
(the vaccine, the cold chain, administration of the
programme, the deployment of delivery teams,
social mobilization and the immunization strategy
chosen), and the net benefit (i.c., the reduced treat-
ment and rehabilitation costs). The analysis com-
pares the annual total costs with the total benefits
throughout the entire period from pre-eradication’
till after eradication (20, 21). .

. The analysis presented is a model designed to
simulate as closely as possible the global eradication
programme now being undertaken. While the model
simulates what u taking place, some inputs, costs and
programme projections can only bé estimated and
may differ from country to country within regions as
well as between raions. For example, what propor- ,
tion of a childhood population will be reached during
a national vaccination day, “mop-up”,® or outbreak
response; and will there be just 5 years of national
vaccine days or more than that, 2 years of mop-up,
and the undertaking of significant outbreak response
activities? Estimates of costs and benefits and pro- '
Jections were sclected from country experiences.

. Sensitivity analyses were performed where dif- -
fering programme strategies, e.g., age of the target
population for national vaccination days, discount
rate and the cost of vaccine, or where costs vary
widely in published data between country experi- ;
ences, such as the cost to immunize a child or the
amount of vaccine wastage. Only one assumption
is varied at a time in the base case to test the effect
of each parameter in question. Since the estimates
of costs are only available from some countries,
data reviews and surveys for the less devel. .
oped countries’ and for industrialized coun-
tries’ were used in addition to individual published

Intensive house-to-house vaccination
meumwmmmmmu'

! World Health Omlnlnﬂon Expanded Imm
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", document EPI (PolioV3.1), 1993,

reports and pcrsonal commurications to establish
cost parameters. '

Two additional models were constructed, the
first using 1988, the year of the World Health Assem-
bly resolution on eradicatian of poliomyelitis, as the
base year and measuring the marginal additional
costs and benefit-cost of moving from control of

.+ the disease, to eradication. In the second, benefits

included savings in the cost of vaccine and delivery
as well as treatment and rehabilitation in order to
reflect more closely the true benefits of poliomyelitis
eradication. 7

The bu'q case and sensitlvity analyses

(1) The base case includes the identification, valua-
tion and summation of the cost and benefits in each
year of the project’s life. Costs (C) and benefits (B)
were summed’ over the years, projected and dis-
counted to calculate the Net Present Value using the
formula given below. The present value of this
stream of net benefits is the sum of these individual
terms over the years of the model programme. In the
model, nst benefits remain positive, but because of
discounting the benefits are smaller in future years.

Ar TP e
". Net Present Value = Ebﬁ—ci- “;'
. C = (l+’) , Y

(2) Bradication of poliomyelitis is taken as that
point where the transmission of the causative organ-
ism has ceased in an irreversible manner, vaccine is
no longer in use and, as a result, cases and infec-
tion have disappeared from all countries of the
world* - ¢

(3) The estimates of global population, the global
birth cohort and the population living in industrial-
ized and devéloping countries in each region are
derived from the 1992 mid-year United Nations
population estimates (22). No attempt has been
mare to incorporate the growth rate into the cohort
to be vaccinated. . '

(4) The-population to bé vaccinated during the rou-

.

 tine yaccination programme is estimated as the 1992.

* World Heaith Organization. Certification of the global eradica-
tion ‘of poliomyelitis. Meeting of a rking group. Unpublished

! The choice cf vaccination schedule and vaccine (OPV or elPV)
differs witrin -and between the countries of the developing and

red world. The WHO- ded schedule of four
doses of OPV. in lne first year of life Is used in developing coun-
tiies. In the industrialized world at least five countries us elPV
solely as the primary series and at least three countries use OPV
and.elPV. 3 . A :
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Benefit—cost analysis of pollomyelitis eradication

global birth cohort of surviving infants (133831500,
of which 115272400 are in the developing world and
18559100 are in the industrialized world and Eastern
Europe) who receive four doses of OPV during rou-
tine immunization (at birth, 6, 10 and 14 weeks)
during the first year of life.! It is projected that 90%

..af the target population is reached. In addition, chil-

dren aged 13-59 months (1-5 years) who have been
identified with incomplete vaccination during rou-
tine facility-based vaccination sessions during their
first year of life are assumed to be vaccinated at these

*‘foutine contacts. It is estimated that 1/5 of un-

vaccinated children aged 13 to 59 months are identi-
fied and vaccinated each year.

(5) Immunization coverage estimates are those esti-
mated and reported by the EPI as of October 1993,
Coverage estimates are for three doses of oral polio-
myelitis vaccine (OPV 3), since no systematic cover-
age estimate for the birth dose is available. Costs are
projected for four doses to all children, i.e., as if all
infants had received a birth dose, to maximize the
costs of the model. '

(6) National vaccination days are projected twice a
year for 5 years in addition to the routine vaccina-
tion programme for all children aged <59 months.
These are projected as two doses one month apart.
It is projected that 90% of the target population
is reached during each national vaccination day.
Sensitivity analyses-are done for targ tions
aged =36 months and <48 months (Table 1).

(7) In addition, after 5 years of national vaccination
_days are completed, in response to the continued
occurrence of cases, 10% of children aged <59
months are projected to be vaccinated in annual
“mop-up” campaigns. It is projected that 90% of the
target population is reached during each mop-up
campaign. These are projected as two doses one
month-apart for two years. Sensitivity analyses are
done for target populations aged =36 months and
<48 months, with 1% and 0.1% of all children
targeted to be vaccinated.

(8) Outbreak response is projected surrounding
cases in which 1% of all children aged <59 months
are immunized with two doses one month apart, It is
projected that 90% of the target population is
reached during outbreak response. Sensitivity analy-

ses are done with 0.1% of children aged <59 months

vaccinated.

. (9) Vaccination costs are expressed in 1993 US dol-
lars, and are based on the planned regional pro-
grammes of eradication (Table- 2). All costs- are
modelled beginning in 1986. The programme for the
Americas is assumed to have begun in 1986 with
national vaccination days and outbreak control car-
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" 1. Routine vaccination .
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iapu 1: “Base case” costs and
tivity analysis for
gramme model |

benefits and sensi-

\

1) gt

&. Population <12 months ok 133830000 pius 20% of

1~5-year age group (107084 000)
= Developing J:&%
b. Industrialized countries .
Vaccine cost -~ OPV USS 4.16/dose (base case)
Delivery cost — OPV US$ 8.00/dose (base case)
3 countries
Vaccine cost — OPV USS$ 0.08/dose (base case)
(Sensitivity analysis: USS$ 0.12/dose)
Delivery cost — OPY . USS 1.51/dose (base case)
(Sensitivity analysis: US$ 3.00/dose)
d. Wastage
™~ . OrV 3%
(W 50%)
2. Accelerated ination activities (national vaccination days
(NVD), map-up, outbreak control)
a. Population <59 months age 669 150000
— countries $2 800000
(— Devel countries :;aasoooo
Sensitivity analysis: mop-up 1% and 0.1%; -
ety
b. Industriaiized countries s .
Vaccine cost — OPY USS$ 4.18/dose»
Delivery cost — OPV US$ 1. R
e .
Vaccine cost — OPV US$ 0.08/dose
Delivery cost — OPV USS$ 0.10/dose
(Sensitivity analysis: USS$ 0.70/dose

3. Target population for :
mwm<ummw(m.cm)
(wwmmhsuwcumww)

4. Discount rate 6%
(Sensitivity analysis at 0%, 3%, 10%) "
IL Benefits

Case of paralytic polomyelitis — pre-EP| 5/100000
(Sensitivity analysis: 2/100000 and 19/100000)

Prop of lytic cases iving treatment and
rehabilitation vl
Industrialized countries 100%
Developing countries 33%
(Sensitivity analysis: 0%) -
Cost of treatment and rehabliitation
Industrialized countries USS 25000/case
Developing countries USS$ 250/case

ried out for 5 years until 1990, with mop-up efforts
that continued for two additional years. Routine
immunization is planned to continue till the year
2005 when eradication is projected to be declared
globally,

poliomyelitis eradication pro-

...For the Western Pacific Region (WPR) the pro-
gramme is assumed to have begun in 1991 with
“subnational vaccination days” (20% of the children
less than 5 years of age) having been carried out for
two years prior to the first national vaccination days
in 1993, It is projected that 90% of the target popu-
lation was reached during each subnational vaccina«

tion day. Children were vaccinated with two doses
one month apart,

In the European Region (EUR) only one-third 3

of the population are in countries expecting to con-
duct national vaccination days, i.e., the former Soviet

Union, the former Yugoslavia, Turkey, Romania, *

Bulgaria and Albania. This effort is projected to

have begun in 1992, and 90% of the target popula’ . .

tion was reached with two doses one month apart.

In the East#®n Mediterranean -Region (EMR) .
two years of subregional vaccination days began in .

1992 to be followed by national vaccination days for

five years. Subregional vaccination days are defined -
as targeting 10% of the children aged <59 months _

for vaccination with two doses one month apart. Itis

- projected that 90% of the target population ‘was .
. reached. ;

. National vaccination days began in the ‘South:
East Asia Region in 1994 although individual coun-
tries e.g. India, started subnational vaccination days
in 1992. The African (AFR) Region began national
vaccination days in 1995, It is projected that there
will be 90% coverage with two doses one month
apart, '

(10) Giobally, each country will be-monitored for -

three years by a Global Eradication Certification
Committee after the last case of polidmyelitis has
been reported, and after vaccinations have been
stopped-and poliomyelitis is declared as eradicated
in the year 2005, Routine immunization is projected
to continue in all regions until they are polio-free.

(11) Although an incidence as high as 32 per 100000
has been reported, the global incidence of paralytic
poliomyelitis at the outset of the eradication effort is
estimated conservatively at 669158 or 5 per 100000
surviving newborns. Ly ap '

(12) It ts assumed for the purposes of this calcula-
tion that, in industrialized countries, 95% of those
vaccinated with OPV were immunized, i.e, devel-
oped detectable levels of neutralizing antibodies
(23). In developing countries it is assumed that 80%
of those vaccinated with OPV were immunized,
From the limited data available, seroconversion
rates with OPV during national vaccination days
may be 10% higher than during routine immuniza-.
tion programmes, but this is not taken into account
in these calculations. . .
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Table 2: Global poliomyelitis eradication model programme: projected activities, by YVHO Region, 1986 to 2005

*
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South-East Asia

Year

Subnational® +‘R;Mho
Subnational + Routine

Routine
Routine
" Routine
Routine
Routine

Routine
Routine
Routine
* Routine
Routine
Routine
* Routine
Routine

NVD/3' + Outbreak + R
NVD/3 + Outbreak + R
NVD/3 + Outbreak + R
NVDV3 + Outbreak + R
NVD/3 + Outbreak + R

HHH

NVD + Outbreak + R
NVD + Outbreak + R

NVD + Outbreak + R
NVD + Qutbreak + R
NVD + Outbreak + R
NVD + Outbreak + R

NVD + Outbreak + R
NVD + Outbreak + R
NVD + Outbreak + R

Benelit—cost -nllyol.‘ of pollomyelitis eradication

Eradication

i inati ‘ ini 12 months old:.at birth and at 6, 10 and 14 weeks of age.
* Routine (R) vaccamhon:‘dososofOPVadmmstaradbSO%ofnld\lt_ir_m‘
'Naﬁonal(vacdnaﬁondays(NVD):ZMMOWmmmmmmdﬂmwwm&

¢ Outbreak response: 2 doses of OPV one month apart delivered to 1% of all children <59 months oid.

Mop-up + Routine
Mop-up + Routine
Routine
:~. Routine
" Routine
" Observation
Observation
Observation
Eradication

NVD+Outmaa_k+Fi" :

NVD + Outbreak + R -
Eradication

Mop-up + Routine
Mop-up + Routine
Routine . .
Observation
Observation

Eradication

NVD + Outbreak + R
1997 NVD + Outbreak + R
NVD + Outbreak + R
NVD + Outbreak + R

2000 Mop-up + Routine

2001

Mop-up + Routine
Observation

Observation
2005 Eradication

1994

1995 NVD + Outbreak + R
1996

2002 Observation

1998
1999
2003
2004

¢ Mop-up: 2 doses of OPV one month apart delivered to 10% of all children aged <59 months in persistently high-risk areas.

* Subnational and subregional vaccination days: 2 doses of OPV one month apart administered to 90% of all children aged <59 months within a portion of a

country or region.

Subnational days target 20% of all children aged <59 months; subregional days target 10% of all children agog <59 months.

2 doses of OPV one month apart administered 1o 90% of the .’

pean Region targeted for mass camp

in the E

! NVD/3: the one-third portion of the children aged <59

targeted children aged <59 months.
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(13) -Analysis of secular trends in countries where
substantial coverage has resulted in a significant
reduction in discase demonstrates that with rou-
tine immunization programmes cases fall at an
cstimated 40% rer year, With mass campaigns the
teduction is estimated at 70% per year. The pro-
jected decline in cases with the continued appli-
cation of vaccine i projected linearly for_ease of
presen-tation. At the end of the programme 669158
patient-cases are projected to have been prevented
worldwide annually, '

(14) Programme costs, treatment and rehabilitation
costs, and vaccine costs are stratified by developing
and industrialized countries and are presented in
1993 US dollars. .

; 7
(15) The cost of acute care and subsequent’rehabili-
tation is conservatively assumed to be US$ 25000
per case in industrialized countries and US$250 per
case in developing countries. The base case assumes

that only one¢-third of all cases in developing coun-

tries receive acute care and rehabilitation; 100% of
cases are assumed 1o receive treatment and rehabili-
tation in industrialized countries. A s¢nsitivity analy-
sis is done assuming that only 10% of cases in
developing countries receive acute care and rehabili-
tation; and that 0% of cases in developing countries
and 75% in industrialized countries receive treat-
ment and rehabilitation.

(16) The expenses ‘of poliomyelitis vaccination,
which are derived from studies sponsored by the
expanded programme on immunization (EPI), are
the result of summing capital costs (buildings, vehi-
cles, refrigeration and the cold chain), operational
costs (including staff salaries, lupervl&iqng,‘:ﬁd the
cost of transport (ipcluding fuel and spare pass).
Only the costs to the delivery system are used in this
model. In addition ta the costs of purchasing and
delivering vaccine, additional resources are needed
to effect eradication such as training, increased

surveillance activities; improvements in the cold °
chain; improved laboratory support; data collection -

(18) The cost of vaccinating a child in the devel-

oping world with OPV is estimated at US$1.51/
dose. A sensitivity analysis is done at USy3.00.
This is based on the EPI estimates that in the

developing world the delivery system costs are

estimated to be US$15.00 to fully immunize a
child. Assuming OPV is given at 4 of the § visits
required to fully immunize a child, the cost of
fully vaccinating a child with OPV is estimated to be
four-fifths of US$15.00/child. In order to fully
test the benefit-cost relationship, the cost of vac-
cinating a child with all vaccines during each of

these four visits is attributed. to poliomyelitis, .
i.e., US$3.00/visit. For industrialized countries, esti-

mates for the delivery of vaccine are estimated at
US$5.09/dose. an

(19) Based on Eﬁ estimates, .the cost of delivery
during national vaccination days, mop-up and out-
break response activities in a developing country is

USS$0.10 per dose. A sensitivity analysis is done at *

US$0.79/dose. In industrialized countries the cost of

a contact is US§1.48/dose. A sensitivity analysis is

done at US$2.47/dose.

(20) The estimate of the benefits of poliomyéﬁtis .

eradicatign takes no account of the reduced pain
and suffering or deaths due to poliomyelitis, the
greater productivity of individuals who would
otherwise be paralysed and become unproductive,
the improved quality of life, or the reduction of
other vaccine-preventable disease that could be ex-

_ pected to result from a successful programme against

&%

and processing, etc. Since the largest porgion of.

the costs are due to vaccine and delivery, these
addifional costs are not included to streamline the
model. i

(17) For simplicity of the model it is assumed that all
countries use only QOPV, the WHO-recommended
vaccine of choice. The cost of OPV for the pro-
gramme in developing countries at 1993 UNICEF
prices is US$0.08/dose at port of entry, Sensitivity

analysis is done with OPV vaccine costs using .

US$0.12/dose (a 50% increase as an estimate of fu-
ture inflation). In industrialized countries the aver-
age cost of OPV is US$4.16/dose.

“©

m. " 2 l('

poliomyelitis. - :

(21) As an additional model, eradication of the

267663 cases (2 per 100000, down from 5 per
100000) egtimated-to be occurring in 1988, the
year of the" World Health Assembly resolution on
global eradication of poliomyelitis, is taken to
represent the marginal additional costs to move

_from a routine vaccination programme directed
-at control of the disease to one directed towards

eradication. :

(22) To explore fu'rthe_i”the full net present value -

of eradication, a second additional model is pro-

jected, adding the costs of vaccine and delivery to

those of treatment and rehabilitation as items of
benefit. ’

(23) Costs and benefits are discounted at 6% 'anﬁu-
ally. A sensitivity analysis is done at 0, 3 and 10%.

(24) Vaccine wastage is estimated at 33%. A sensi-
tivity analysis is done at 50%.

(25) While vaccine-associated poliomyelitis can, in _ *

individual cases in industrialized countries, rarely be

associated with substantial treatment and litigation
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costs, and since the rate of vaccine-associated polio-
myelitis is so low, vaccine-associated poliomyelitis
has not been included in these calculations.

(26) The costs of treatment, rehabilitation and vac-
cination will end at eradication, and the net benefits
accrued are, estimated beyond the year 2007 for a
total of 55 years. .

Results

The.base case

" Using the assumptions and parameters described,

the net costs and benefits of the global eradication of
poliamyelitis were calculated for a period of 55 years
from 1986 to 2040. As shown in Table 3, the costs
exceed the net benefits in 2007, at a base case dis-
count rate of 6%. By the year 2040, the saving will
amount to US$ 13640 million.

Table 3: Net costs or benefits of global pollomyelitis eradication: base case and sensitivity analyses, for the year
2040 ;

Benefit-cost analysis of poliomyelitis eradication

Fig. 1. Global pollomyelitis eradication model: base
case. '
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Costs or Year when
benefits in 2040 benefits
(US$ millions) excead costs
| Base case 13640 2007
Il Sensitivity analyses . N
a. Target age of accelerated activities (base cass <59 months): sz
-, %38 months 16310 2005
<48 monins Ly 14970 2008
' b. Proportion of target age reached by mop-up (base case 10%):
. 1.0% A 14240 2007
- 041% . i ’ 14260 2007
©. Cost of rouline vaccine (OPV) and delivery (base case Is US$ 0.08):
' Developed countries US$ 3.00 13690 2007
" Ceveloping country US$ 0.12 3790 2024
d. Cost of acrelerated activities/contact:
Developing country US$ 0.7 £ 11270 2010
(Bage case US$ 0.10)
Industrialized country US$ 2.47 : 13480 2008
(Base case US$ 1.48) .
. Accass 1o treatment and rehabilitation (base case 33% for developing and
100% Industrialized): X ¥
- 10%/100% 13480 2007
< *0/100% | 12870 2008
o75% : 3070 2023
f. Vaccine wastage (base case is 33%)
P 8% . 10210 2011
' @ Discount rate (base case is 6%)
0% 86130 2004
3% 34500 2005 '
10%. 1850 2017 |
W Additional mudels .
a. Treatment and rehabilitation plus vaccine and delivery 27360 2005
- b. Acceleration from control 1o eradication (base case 5/100000) 11440 2010
2/100000 1o zero (treatment and rehabilitation plus vaccine and delivery) 3380 2026




<ihe net cumulative cost or benefits of the base
case are shown in Fig. 1 in millions of US dollars.
Each data point represents the net cumulative costs
or benefits for the model programme to that date.
The slope of the line falls as a result of net costs
increasing as each of the Regions begins its acceler-
ated vaccination efforts. In the year 2000 thé benefits
of the programme are seen as the numberof averted
cases increase, and the curve begins to turn upwards.

developing countries (US$0.79) had the effect of
only delaying the year of breaking even by two years
(Table 2), -

While this increase delays the time when net costs  treatment and rehabilitation plus vaccine and de-
are excecded by net benefits from the year 2007 to . livery costs. When the combined costs are tested,
2011, eradication remains cost-beneficial. beginning with the level of 2 cases per 100000, an

: accelerated programme is cost-beneficial, and moves
the break-even point to the year 2026. Poliomyelitis
eradication, whether modelled from pre-eradication
to eradication or as an acceleration from rou-
tine immunizations after the substantial initial

Access to treatment and rehabllitation. The impact of
varying the assumptions about access to treatment
and the availability of rehabilitation in both develop-
ing and industrialized countries are assessed. Fig: 2..
compares the base case (33%) with the overall im- ; ‘

Proportion of the target ‘populatlon reached during
accelerated activities. Reducing the population cov-
ered by mop-up and outbreak response from 1% to
0.1% had no significant effect on whether eradica-

i th f breaki en i t-beneficial, impact, i t-beneficial and US$ 3380 million.
Fo|r the base case, the year 2007 is the break-even pact of a reduction in treatment and rehabilitation ; f.'f,',',,‘,’:,ef ‘y: ':.',f ba::aca'.‘,g f—;ﬁﬁ.e' ;())s b (nglce ;;cos armrr e o i ‘
groal::;ntge yt::rén wu&i m°m':vm‘t'h°’b°:‘dﬂ‘h° ‘P:h°' {_.it:l. tgnzero percent in developing world children. ! R j Y ]
costs. From this point on, the benefits of the ttle impact is seen on the shape, slope or break- . bi : : — |
programme exceed the costs in every year, and the  even year, At zero percent of the developing world’s - m‘h ;"N':'igzbff{ck:’: ;’l‘:eml_ ati::t f;ﬁ?‘:h“: Discussion |

net benefits continue to increase. This increase con-

\
I : : children and 75% of the industralized i
; tinues after the planned end of the eradication effort - = world’s

|

|

children reaching treatment and receiving rehabilita- -
, tiop, it is gtill cost-beneficial to eradicate poliomyeli-
tis, ,'Il;l;ehminiénalitentmem and rehabilitation’ rate’
at which eradication leads to savings is 0% access
As seen by the plateau of the curve, although in"developing countries and only 6%)5% of children
the benefits of eradication continue in perpetuity (no  in industrialized countries receiving treatment and

.; cases with the attendant costs are occurring, and  rehabilitation. . ’ '

there is no longer any requirement to vaccinate), the ‘ o T

dollar benefits decrease substantially as a result of . Vaccine wi;ﬁoi.'ne effect of vaccine wutage on

In spite of systematic underestimation of the benefits |
of a poliomyelitis eradication programme, there is
evidence of positive and high returns from such an
investment; the base case demonstrates that the net
- benefits exceed the net costs of the programme only
two years after eradication is declared. By the year
" 2040, the savings will be US$ 13600 million. Polio-
myelitis eradication, through sensitivity analysis and
under the most stringently unfavourable test condi-

break-even point is two years earlier as compared to .
the base case at 6% in the year 2007. Discount rates
of 0% and 10% demonstrate a family of curves, all of
e which are dost-beneficial with break-even points be- "
R tween 2004 and 2017, The rate of 3% is more com-
" manly used for social sector programmes such as .
+ ' poliomyelitis ¢radication. At 3& the net savings will
‘be US$ 34 500 million by the year 2040.

since the benefits of eradication continue beyond the
programme, i.c., through cases prevented and since
treatment and rehabilitation are no longer needed. -

di x 1 : 3 ' tions, is economically beneficial, and the break-even
1 itlog, net costs and net benefits is tested by increasing the - Additional models point is always close to the date of eradication. This
| . = vaccine wastage rate from the base case 33% t0 50%. . is true under various assumptions — increase in cost
i Sensitivity analysis - : L i Additlon of the cost of vaccine and delivery to the cost of vaccine and delivery, high vaccine wastage, lim-

of treatment and rehabllitation. as benefits. The an-
nual global cost of routine vaccination with OPV
under the base-case assumptions, which includes the
cost of vacciue, delivery and wastage, is US$1774
million. If the costs of routine vaccination (vaccine
and delivery costs) are added to the cost of treatment
and rehabilitation as benefits accrued from eradica-
tion, the year of breaking even is 2005, two years
. carlier than for the base case (Table 2), and precedes
%the year of the declaration of eradication, which
makes the eradication even more cost-beneficial.

ited access to treatment and rehabilitation, limited
target age groups for accelerated activities, and high
discount rates. The world would therefore not have
to wait many years for eradication to pay off.

The eradication of poliomyelitis is a justifiable ~”
investment even-without making any allowance for
favings (benefits) other than those due to real reduc-
tions in expenditures to treat and rehabilitate some ;
of the victims of the disease. Morbidity in the form ‘
of a post-poliomyelitis handicap affects a child's
activity throughout life. This loss is associated with
both real and intangible costs (missed work, un-

Fig. 2. Glogal poliomyelitis eradication: varying treat-
ment rate assumptions In developing and industrial-
Ized countries. Base case: In developing countries, 33%
of acute poliomyalitis patients received care and rehabill-
tation; in developed countries, 100%. Sensitivity anaiyses:
0%/100% — no acute poliomyelitis patients recelve care
In developing countries, while 100% do 80 In Industrialized
countries; 0%/76% — no acute poliomyelitls patients re-"
ceive care or rehabilitation In developing countries, while .
75% do 80 In industrialized countries. The year In paren-

‘ When alternative assumptions were tested, the
I eradication of poliomyelitis was still shown to be
cost-beneficial. Different assumptions about the dis-
i count rate, the proportion of cases receiving treat-
\ ment and rehabilitation, vaccine wastage, the age
i and proportion of the target population vaccinated
)} during accelerated activities, and the cost of deliver-

ing immunization services may modify the results of
the base case, but do not significantly alter them.

il Target age of accelerated activities. Alternative tar-
i get ages of accelerated immunization activities were 15

theses Is the break-even year.

A Basé case: 33% and 100% . . Marginal additional costs of accelerating from control employment, family loss of work time and income,
2;;“;‘::&:?‘&2&:;oizeﬁu::g“;h;‘:;y;;i:‘“ £ 12t (2007) ‘  to eradication. After the World Health Assembly reduction in anxiety, pain and the social sligma_ of
vaccine has the potential to force a | owerirl: of th: ol resolution ('WE!A41.28) had established the goal of handicaps). The cost of treating even a small fraction
target age group for accelerated acti vitiessas Yiak g or global eradication of'poliomyelitis, there was con- of those who need treatment and rehabilitation is
the case in China in 1992. For all target age groups I cern about the diversion of resources from primary - large enough to pay for the total prevention of polio-

il eradication is coct-beneﬂéial Each esu olslogvrerinps E 8 health care ‘development and other priority dis- myelitis. The addition of vaccine and delivery costs,

L of age group in the target. po uln);i on to: be vacg- al ease control activities towards eradication activities. which will cease after eradication, makes the tan-

; cinated decreases the year of bl!::akin 9ed by 'one -} Rolting administration of OPV had reduced cases gible saving even larger — an additional annual sav-
year: for the base case (<59 months) ebrcakyevcn g (] from an estimated 5/100000 to 2/100000 in 1988,  ings of US$ 1700 million. . ‘

year is 2007; for <48 months it is 2006, and for <36 ¥ the year of lhis‘rcsglution. This level would be ex- E'xpcngm':e with poh'omyehp's _ep:demiology

months it is‘2005 e 3 pected to be maintained if there was no acceleration and with elimination of poliomyelitis in the Ameri-

. ' § sl : of aq;ijvities towards eradication.h Redv.\cingl c:sdels ;as hl;ils dirxllonstraltled lh?: eradicationhis tecihnically

. from 2/100000 to zero represents the marginal addi- easible. Like smallpox, humans are the only reser-

fr::‘sco' mv:)o;l\l,npgged g;’l:.g's's?oes igeats:é f; ;n' o} il g . E tional cost of moving from control to eradication, voir of the virus, and there are no long-term carriers.

no significant impact on the year ofbié aking et :: 12 ) o g N The base case is compared with the acceleration of  An effective and inexpensive vaccine is readily avail-

the overall slope of the curve (Table 2). Increasing 1980 1990 2000 2010 2000 2000 7040 the programme beginning in' 1988, Similar to the able, While the ease of poliovirus transmission and

the costs of delivering OPV by nearly eightfold in

 Year

WHO Buletin OMS. Vol 74 1608 .

"

base case model, the benefits accrued were modelled
in terms of treatment and rehabilitation alone, and

WHO Bulietin OMS. Vol 74 1008

the high infection-to-case ratio would suggest that
the virus potentially is difficult to contain, little evi-




CLINICAL ECONOMICS

MODULE 6

COST-UTILITY ANALYSIS

After completing this module, you should understand:

how utility values can be incorporated into
cost-effectiveness analysis;

how the resulting cost-utility analysis differs
from cost-effectiveness analysis;

the strengths and weaknesses of cost-utility
analysis.
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COST-UTILITY ANALYSIS

INTRODUCTION

You will recall from Module 5 that cost—efﬁggﬁiygness_gpglysis

(CEA) can be used to compare either alternative interventions
for the same disease oOT condition, or alternative programmes
which aim at extending or saving lives. 1In the latter case, the
most common indicators of effectiveness are the number of lives

saved and the number of life-years gained.

Many health interventions do not aim purely to save lives but
seek to improve the quality of life as well. Other
interventions, such as chemotherapy for some types of cancer,
may extend life but reduce the quality of life. It is not
appropriate to measure benefits by extensions in the quantity of
life in these situations. Some way of combining quantity
(reduced mortality) and quality (reduced morbidity) must be
found. Cost-utility analysis (CUA) seeks to do this.

COST-UTILITY ANALYSIS

CUA is based on CEA, and the_ firsiwstep_is_towestimaggmthe

number of life-years gained by an intervention. The extra years
of “life are then adjusted to account for changes in the quality
of 1life. The CUA indicator of benefit is called a‘gualitx

adjusted life-year (QALY) or a well-year.

The quality adjustment 1is based on a set of weights called
utilities, a term economists use to describe the benefits people
consider they get from consuming a good or utili?ing a service.
Each possible health state has an associated utility or rating
which reflects the desirability of that state compared to other
possible states. Usually a scale of 0-1 is used whq£g~g
represents @gathﬂandll_is good health. (Morg_ggmg}iqatedvscales
which allow some health states to be less desirable than death

also exist.)

Thus, CUA requires that the possible states of health be

described and the corresponding utilities determined. For
example, the US Congress’ Office of Technology Assessment
described four outcomes which may result from an influenza
epidemic. They were death, sick in bed, sick but mobile, and
healthy. They ascribed the utilities of 0, 0.4, 0.6, and 1.0 to

these states respectively, which implied that a day sick in bed

gave 40% of the satisfaction of a day's health, for example.

Let us apply these data to a hypothetical project which will
vaccinate a single healthy male against flu. Epidemiological
data reveal that unvaccinated healthy men who contract flu are
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confined to bed for 1 week (1/52 of a year), and are mobile but
sick for a further week. They then return to full health. If
we —assume that the vaccine is 100% effective, the man will not
contract flu but will be in good health all the time. His

quality of 1life improves. However, no extra life-years have
been gained, so the benefits of the intervention would not have
been captured in a CEA. The patient gains [(1/52)(1.00) -
(1/52)(0.4)] + [(1/52)(1.00) - (1/52)(0. 6)] = 1/52 QALYs.
DESCRIBING HEALTH STATES (ﬂ, 7(0) \%’:i

,/

A group of academics from McMaster University have developed a
system which can be used to class1fy health states for a wide
variety of diseases and conditions. ~ They deflne health as a
function of four attributes --phyqlcal activity, ‘level of self-
care,3 social-emotional wellbeing, "and the nature of the | health
problem. “Each attribute has a number of levels, and a person’s
state of health at a particular time can be identified with one
of the 960 posslble health states deflnedA by the system.
Drummond &t —al ~describe—the system in more detail. (Anderson
and Moser base their analysis on 'an even more complicated

-system.)

To wuse the McMaster approach it is necessary to obtain utilities
for each of the 960 states of health. This generally involves
assigning wutilities to each level of the four attributes, then
mathematically modelling the way the attributes combine to form
a single wutility for the state of health. The advantage of
these systems is that they are applicable to a large number of _
diseases and conditions, and are sensitive to small changes in

the quality of life.

A less complicated approach is to define a limited number of
states of health which are specific to a particular condition.
Each state is then des ribed in a way which includes information
about how a patient fuctions in terms of each of the _four
attributes described above. This method is simpler to use than
the larger system, but is less sensitiv> to small changes in the
quality of life. Moreover, it is less easy to compare the
efficiency of interventions aimed at different diseases if
disease specific QALYs have been estimated. This problem is
discussed in more detail in the referenc: by Donaldson et al.

ESTIMATING UTILITIES

Three methods of deriving wutilities can be used. The first
relies on the judgement of either ithe analyst or a group of
experts. ‘The second uses weights from the literature, while the

third estimates utilities directly from a sample aof subjects.

In the third case, the analyst must identify the appropriate
subjects. In theory the sample sh»yuld be representative of
society because CUA 1is generally undertaken from society's

e
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viewpoint. However, members of the public can be unaware of the
full ramifications of different states of health, so researchers
often resort to. taking samples from health professionals or
patients. Drummond et al argue that generally this does not

matter as the different groups tend to rate states of health in
a similar manner although there is some evidence to the contrary

(Lomes & McKenzie).

Once the sample has been selected, the analyst asks a series_of
questions designed to reveal the preferences the subjects have

for different states of health. Three systems of doing this
have been developed - the rating scale, standard gamble and-time
trade-off. Again some studies have shown that they result in

similar ratings for the same states of health while others have
shown large differences.

A full description of the way utilities can be estimated is
beyond the scope of this module which is designed to help you
understand the rationale behind CUA. Should you wish to
estimate utilities, you will need to read the literature more
extensively, and Drummond et al is a good place to begin. It is
also recommended that you seek the advice of an economist.

COSTS

Costs are measured in the same way .in both CEA and .CUA. The CUA
indicator is the cost per QALY (or cost per well year). Like
CEA, CUA must be used to compare alternative interventions. By

itself, a CU ratio rarely provides useful information.

UTILITIES AND CLINICAL DECISIONS

An assumption behind CUA is that people are willing to sacrifice .
years of life to gain extra quality of life. If this is true,
utilities can also be used as an aid to clinical decision making
and clinicians could e'icit wutilities from patients before
deciding on the appropriate treatment. This would be
particularly useful for treatments which extend life but result
in serious side effects which reduce the quality of life. The
article by McNeil et al provides some justification for this
suggestion. Formal methods of incorporating wutilities into
clinical decision making are considered later Module 9.

PROBLEMS

CUA is contrqgersial whether it is wused to guide clinical
decisions for individual patients or as a basis for resource

allocation. One practical problem is that utilities elicited
for a given state of health can vary with the way the question
is framed. A more theoretical difficulty is the implicit
assumption that people’s willingness to sacrifice years of life
for a given improvement in health status is constant. This

wquld not be true if people valued good health more highly at
different times of their lives (perhaps while raising children),
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if they they had a rate of time preference for years of life in

a given state of health, or if they were less willing to
sacrifice quantity of life if they believed they had only a
short time to live. McNeil et al, for example, found that
patients were willing to trade years {or improved quality only
if they -expected to live more than five years. Another problem
concerns the way QALYs are aggregated in evaluating an
intervention. A QALY gained by a 70 year old person is given

the same weight as a QALY gained by a 2( year old, but it is not
clear that society wishes to make cecisions about resource

allocations on this basis.

The problems with CUA are widely recognised and are discussed in

Loomes & McKenzie (a difficult but worthwhile reference). Two
conflicting conclusions have been drawr.. The first is that CUA
is flawed and should not be used. The second is that it is at

least as good as other methods of rescurce allocation which do
not take quality into account and should be given an extended-
trial. -
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QUESTIONS
1. Read the article by Anderson and Moser.
a. Estimate a CE ratio in the way that you learned in Module
5 using the data contained in the article. (Define your own

indicator of effectiveness).

b. What are the relative merits of using CUA and CEA in this
case?

c. Discuss the use of discounting in the article.

HINT: Consider Table 4 and the following questions:

i. In calculating column D, what assumption is made
about when a life is saved?
ii. Is the same assumption implicit in calculating column F?
iii. In calculating column I, what assumption is made about

when the savings (H) occur?
d. Can you detect any problems with the way that utilities

were measured? :

2. What are the advantages and disadvantages of using subjects
from the following groups to determine utilities?

a. patients,

b. doctors,

c. members of the general public.

3. Consider the following table which adjusts the results of a
number of studies by different authors to costs per QALY in 1983
US dollars. The table is adapted from Torrance G.W. & A.
Zipursky, "Cost effectiveness of antepartum prevention in Rh
immunization", Clinics in Perinatology 1984, 11(2):267-281.
11\',' T A B /(\\"a)‘ {- = - ,\)/\ e
" PROGRAM VELL Losp COST/QALY
PKU screening negative
1220

antepartum anti-D

coronary bypass surgery:

- left main disease 4200
- gsingle vessel disease (moderately
severe angina) 36300

treatment of severe hypertension (diastolic

above 104 mm Hg) in males aged 40 19100
continuous ambulatory peritoneal dialysis 47100
hospital haemodialysis 54000

a. How do you think such tables could be used to evaluate the

efficiency of a particular programme?
b. Can you see any problems with using such tables?



