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Abstract
New medical technologies frequently are cited as
the “culprit” behind increases in healthcare costs. In
many instances, innovations that are less expensive
on a per-use basis result in increases in total expen-
ditures. These incremental costs are caused by
changes in utilization patierns that accompany the
introduction of innovative services. We refer to these
changes in utilization as the “behavioral response.”
in this paper, we present a conceptual framework for
understanding the relationship between medical in-
novations and their impact on expenditures, using
different types of behavioral responses.
{Am ] Man Care 1996;2:793-799}

ecent evidence suggests that the rapid in-

crease in healthcare expenditures has been

driven largely by new medical technologies.’
This dramaric rise in spending has alarmed policy
makers, raising concerns about two primary issues.
First, marginal health benefits associated with the
increased spending on medical services do not appear
to justify the incremental expenditures. Second, rapid
escalation of healthcare costs creates a potential fiscal
crisis for public insurers.

Response to the first concern has led to more criti-
cal assessments of the clinical and economic impacts
of medical innovations. Payers of medical-care services
in many countries have increased their sponsorship of
technology-assessment activities.” Furthermore,
functional-status assessment and economic evalu-
ation have become increasingly important components
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of clinical trials. In an attempt to determine the value
of new alternatives relative to. the value of existing
ones, a rario of costs to benefits can be calculated,
using available methods. Although this approach may
improve the efficiency of clinical practice, such analy-
ses typically do not directly address the second con-
cern—the budgetary implications of continued
innovation in the medical sector.’ :

In many instances, innovations that had been pro-
jected to reduce expenditures actually resulted in
increased.costs. In large part, underestimates of the
economic consequences of new medical technologies
stermn from the inability of forecasters to estimate
changes in utilization that may accompany techno-
logical progress. We refer to these changes as the
behavioral response.

"This paper presents a framework for understanding
the behavioral response and for arriving at a2 more
complete analysis of the relationship berween medi-
cal innovation and its impact on medical expendi-
tures. Understanding the behavioral response is
critical if organizations that manage healthcare deliv-
ery are to provide high-quality care at a reasonable
price. The successful management of medical tech-
nology depends centrally on the nature of the behav-
1oral response, and on the ability of healthcare

delivery organizations to anticipate and modify that

Tesponse.

Conceptual Framework

Suppose that the world is composed of a finite
number of distinct demographic cohorts consisting of
clinically homogeneous individuals. The cost of medi-
cal care associated with any particular demographic
cohort is, by definition, the sum of the treatment coses
for all individuals in that cohort. Expected total ex-
penditures, £, can be written as the sum of expendi-
tures for each demographic cohort:
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where ¢; s the expected cost of treatment for individ-
ual 7 in demographic cohort 1, M; is the number of
individuals in demographic cohort /7, and K is the
number of demographic cohorts.

Despite their clinical homogeneity, individuals
within a demographic cohort may differ in a variety of
respects. For example, they may have different pref-
erences for care or different insurance statuses. Their
physicians may use different practice scyles, and their
local healthecare delivery systems may encourage or
discourage care-seeking behavior, Because of chese
differences, the utilization patterns of individuals
within the same demographic group may differ.®

Measurement of Cost

Throughout this paper, we use the term “cost” to
refer to the overall costs of any course of treatment.
"T'his cost includes not only the cost of any particular
technology, butalso the cost of all services used as part
of a ereacment course that incorporates the technol-
ogy. In many cases, the main expense associated with
the use of a technology is not the direct costs associ-
ated with the particular intervention. Rather, the costs

may be concentrated in services used in conjunction

with the technology in quescion.

Complementary Technologies. Assume that the inno-
vation under investigation is a new diagnostic imaging
modalicy. Furthermore, assume that the innovation
provides higher-quality images than does older meth-
ods, and that using these images may increase the
likelthood that individuals will choose to undergo an
elective surgical procedure. In our framework, the
costs associated with using the innovation will include
not only the direct costs of the new imaging modality
burt also the costs associated with the changing likeli-
hood that surgery will be performed. Note that the
per-patient costs change even though the cost of the
surgical procedure might remain the same as before.
In this case, imaging and surgery are complementary
technologies. Thus, if the innovation were to lead to
more procedures, then expenditures would rise more
than would be predicted if one simply had examined
the direct cost of the innovation itself,**

Substitutive Technologies. Assume that another inno-
vation is an improved pharmaceutical product that

*This is an equilibrium model. The costs and utilization patterns both
before and after an innovation are meant to refer o steady-state levels.
After an Innovadon has been introduced, an adjustment period may exist
during which utilization and costs adjust to the availability of new tech-
niques.

**This complementarity is not picked up in the volume effect because the
volume effect measures che changes in the number of individuals receiving
treatment {ie, imaging), rather than changes in the intensity of that treat-
ment (ie, propensity to undergo the procedure).

completely replaces a previously available drug. Fur-
thermore, assume that the new product has an addi-
tional benefit in that it permits certain individuals o
forgo surgery that would be necessary if the new drug
were not available. In this case, the innovative phar-
maceutical might be cost saving relative to the alter-
native, even if its unit price s higher. Situations in
which innovations reduce morbidicy represent an-
other example of the effects of substitution, Reduc-
tions in morbidity may reduce consumption of
medical-care services that are not related directly to
the innovartion, thereby lowering the cost of the inno-
vation. Assessing the impact of technological innova-
tions on healtheare expenditures requires the difficult
but necessary task of identifying potential comple-
mentary or substitutive services,

Behavioral Response

For ease of exposition, we assume that the aggre-
gate costs associated with treatment using any particu-
lar intervention are the same for all patients with the
same condition within a demographic cohort. Further-
more, we assume that individuals in a given demo-
graphic group who did not receive care with the
existing technology before introduction of the inno-
vation incur no costs (¢ = 0).* Under these assump-
tions, Equation 1 can be expanded such that expected
expenditures can be written as:

(2) E = Xrich
7

Equation 2 shows that expenditures depend on
three factors: (1) the proportion of patients within a
given demographic cohort, 7, who receive treatment
with the old technology (the ms); (2) the cost of pro-
viding care to demographic cohort 7 with the estab-
lished technology (the ¢;s); and (3) the number of
people in demographic cohort 7 (the M;s).

Within any demographic cohort, the direct impact
of technological innovation on costs will occur as a
result of changing the treacment costs (the ¢s). Tech-
nological innovation will influence expenditures by
changing the treatment course both for che set of
individuals who would have received treatmenrt wirh
the established technology before introduction of the
innovation and for those who would have forgone care
in the absence of the new technology but who receive
it after the innovation is introduced.

*This assumption could easily be relaxed at the cost of adding more terms
to the accounting identities. The conchusions reached here would nort be
aleered substantively.
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We can identfy six groups of individuals on the
basis of their type of behavioral response. The size of
these groups will be determined by the nature of the
rechnological innovation and by the manner in which
the healthcare delivery system manages that innova-
tion.

For individuals within a demographic cohort who
would have consymed care with the old technology defore
the innovation, three subcategories can be defined on
the basis of their decisions about care after the new
technology has been introduced*:

1. Converters (C1): people who would have
received care with the old technology but who
will switch to the new technology after it be-
comes available.

2. Double Converters (C2): people who would
have consumed care with the old technology and,
with availability of the new technology, will con-
sume care with soz% the new and the old technolo-
gies.

3. Stayers (8): people who will continue to con-
sume care with the old technology even after the
new technology becomes available.

Similarly, another three subsets of individuals can
be defined from the set of individuals within a demo-
graphic cohort who wowld nor have consumed the old
technology fefore the introduction of the technological
innovarion. These groups are:

4. Newcomers (N1): people who would not
have consumed care with the old technology but
who will receive care with the new technology
after it becomes available.

5.Double Newcomers (V2): people who would
not have consumed the old technology prior to
the innovation but, with the availability of the
new technology, who will consume care with Aozk
the new technology and the old technology.

6. Nonconsumers (X}: people who would not
consume care with either the new or the old
technology.

*This distinction relaxes the assumption that costs are identical for all
individuals in a given demographic cchort who receive treatment, The
assumption that demographic cohorts can be defined such that costs are
the same for all members within a demographic cohort who receive treat-
ment before the new rechnology has become available is natural, as onc
can observe costs with the old rechnology before the introduction of the
new technology. The assumption that dernographic cohorts cannot be
defined such that costs are the same within a demographic cohert for ail
members of the demographic cohort who receive treatment after the new
rechnology has become available is also natural, as one cannot observe costs
using the new technology before the introduction of the new technology.

The incremental increase in expenditures for

‘demographic cohort 7 associated with the develop-
ment of the new technology can be written:

(3) AE;j= Epmew - Fiold = AFNT + AEINZ + AE;CT
+ AFC2 + AES + AEGX.

Each of the terms in Equation 3 depends on the
size of the group and on the difference in treatment
costs between care with new technology and care with
the old technology. The following noration can be
used to formalize these relationships:

o ¢” = the cost of care using the old technology.

n .
» ¢ = the cost of care using the new technology*.

o & = the cost of care using both technologies**.

s p"y = the probability of consuming the service
with only the #ew technology, given that the
service wozld have been consumed with the old
technology in the absence of the new technology
(ie, probability of being a converter [C7]).

» 5°)= the probability of consuming the service with
only the o/ technology, given that the service
wonld have been consumed with the-old technoil-
ogy in the absence of the new technology (ie,
probability of being 4 stayer [.§]).

. pﬁy =the probability of consuming the service with
botk technologies, given that the service wowld
Aave been consumed with the old technology in
the absence of the new technology (ie, probability
of being a double convercer [€2]).

~ o p"c = the probability of consuming the service
with only the #em rechnology, given that the serv-
ice would not have been consumed with the old
technology in the absence of the new technology
(ie, probahility of being a newcomer [N7]).

. p&x = the probability of consuming the service
with doth technologies, given that the service
would not have been consumed with the old tech-
nology in the absence of the new technology (ie,
probability of being a double newcomer [NZ]).

* p"; = the probability of zor consuming the service
with either technology, given that the service
@ould rot have been consumed with the old tech-
nology in the absence of the new technology (ie,
probability of being a nonconsumer [X}).

*This notation implies that members of a demographic cohort who use
the new technology, but not the old technology, after the innovation has
been inrroduced will have idendical costs.

**This notatien implies that members of a demographic cohort who use
both the new and the old technologies after the innovarion has been
introduced will have idenrical costs.
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BEach of these parameters is specific to a given
demographic cohort, 4, but the subscript 7 has been
suppressed.

The size of any group within any demographic
cohort (eg, converters [€7]) is the demographic cohort
size, Mj, multiplied by the probabilicy that an individ-
ual would have consumed care with the old technol-
ogy prior to the innovation, multiplied by the
probabilicy that the individual would switch to using
the new technology after the innovation. The table
presents the size of each of the groups for a given
demographi¢ cohort; their cost, assurning that the new
technology is not available; their cost, assuming that
the new technology is available; and the difference in
costs associated wich the innovation.

The change in expenditures resulting from the
new technology can be expressed as the sum of the
change in per-case costs associated with the new tech-
nelogy for each group (the last row in the table)
weighted by the size of each group (the first row in
the table). The percentage change in expenditures for
this service atribured to the demographic cohort, 4,
that will result from the development of the new
technology can be computed by dividing the change
in costs by the pre-innovation costs.

To sirmplify the notation, it is useful to define two
terms: (1) define $31 as the percentage change in the
cost of the treatment regimen with the new technol-
ogy compared with only the old technology; and (2)
define B2 as the percentage change in the costs of
treatment regimen with both technelogies compared
with only old technology:

Cn-C°
(4a) B1l=
CO

¢l o’
(4a) p2= ——
GG

Using these terms, the percentage change in costs
attributable to technological innovation within demo-
graphic cohort 7 can be computed as;

(5) AE; = (M:'/Qi)*[(l-ﬂi)(Pﬁx*i1+f31] +]l‘bx*[1+f32})
+ T B+ % B2)),

where (4 denotes the number of users of the old
technology within the demographic cohort. The ag-
gregate percentage change in expenditures resulting
from the innovation is the weighted sum of the
change across all demographic cohorts, where the
weight is the relative size of each cohort.

Equation 5 describes the relationship of the
change in expenditures in response to an innovation
to demographics (Ms), behavior (ps and fs), and costs
(Bs). T'his equation can be analyzed in two parts. First,
the terms multiplied by (1 - ;) reflect the impact on
costs from individuals who would not have been
treated before introduction of the innovation. The
initial term in the parentheses of this portion of the
equation reflects the costs of individuals who adopt
only the new technology (newcomers [N/]). The
other term reflects the fiscal impact of double new-
comers (N2}, Second, the set of terms multiplied by
n; refiects the fiscal impact from individuals who
would have received treatment before introduction of
the innovation, using the old technology.

If treatment costs per case with the new technol-
ogy are lower than those with the old technology, B1
will be negative, and a net savings from this group
(converters [(7]) will result. However, because B2 is
greater than zero, costs will rise if' a sufficient propor-
tion of the existing patient base adopts the new inno-

Table. Relationship Between New Medical Technology and Expenditures, by Patient Group

Double Double
Converters Converters Stayers Newcomers Newcomers Nonconsumers
(cn (C2) 6)] (N1} (N2) X
Group Size Mrp"y*m M|*pby*m Mrp°y*; Mp"*(1 - ) M;*pbx*(i - Me*p™ (1 - )
Cost Before
New Technology c® c® c® ° ° ¢
Cost After .
New Technology " c’ c® c" c® °
Change in
Costs ch.c® cooce ° c c® °
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vation without abandoning treatment with the estab-
lished techniques (double converters [(2]): The fol-
lowing examples illustrate the factors identified in
Equation 5.

Examples of the Behavioral Response to Medi-
cal Innovation

Concerters and Newcomers: Laparoscopic Cholecystec-
fomy. During the 1970s and for most of the 1980s, rates
of cholecystectomy (surgical removal of the gallblad-
der) remained constant or declined. A laparoscopic
approach to gallbladder surgery was developed dur-
ing the late 1980s that offered individuals with symp-
tomatic gallstones a surgical result equivalent to that
obtained with traditional open cholecystecromy, but
with less pain, a shorter length of hospitalization, and
a reduction in recovery time. In less than 3 years, the
laparoscopic procedure became the treatment of
choice (¢ =/ ).**> T'he per-case cost of Faparoscopic
cholecystectomy was less than that of open surgery
(B1was less thanrone), largely as a result of a reduction
in inpatient days.” However, during the same period,
a change in treatment threshold occurred in response
to the minimally invasive technique (p”; was large).®
Inone dehvery system, the cholecystectomy rate rose
by 59%.” This substantial increase in cholecystec-
tomy rates more than offset the per-case savings,
causing aggregate expenditures for the treatment of
gallstone disease to rise.

Newcomers and Complementary Services: Prostate Spe-
cific Antigen and Prostatectomy. Identification of dis-
ease-specific risk factors or improvements in
diagnostic testing may lead to a significant increase in
the number of newcomers (a large p”x), even in the
absence of progress in treatment effectiveness. Dur-
ing the 1980s, elevated levels of prostate-specific
antigen (PSA) were identified as a risk factor for
prostate cancer.” Soon thereafter, a relatively inex-
pensive bloed test to detect PSA levels was devel-
oped.

The behavioral response to this Iow-cost, mini-
mally invasive test led to a marked increase in pros-
tate cancer detection and treatment. Since 1984,
prostatectomy rates have risen fivefold for men older
than age 65, largely as a result of adoption of the
innovative diagnostic technique.’ Although the cost
impact of screening for and treatment of prostate
cancer has been substantial, no data confirm that
incremental health benefits can be attributed to the

*In some cases, procedures that are started as laparoscopie procedures are
converted to open procedures if'a problem develops. For this small fraction
of cases, patients would be considered double newcomers or double
convereers.

increased detection and treatment of this common
malignancy.

Double Converters: Percutaneous Transluminal Coro-
nary Angioplasty. Advances in medical science have
improved our ability to diagnose and treat coronary
artery disease. Relative to coronary artery bypass
grafting (CABG), percutaneous transluminal coro-
nary angioplasty (PTCA) is a less expensive, less
invasive method of treating diseased coronary arter-
ics. When introduced into clinical practice, expecta-
tions were that PTCA would decrease overall
expenditures by providing an alternative to CABG
(p y would be large and 81 would be less than zero).
However, the overall economic impact was not com-
pletely dependent on the reductions in unit cost
Once again, the impact of the behavioral response
had not been considered fully. Although angioplasty
rates among nonelderly patients rose threefold from
1985 to 1991, CABG rates in that population in-
creased nearly 35% during the same period.® Many
patients received both procedures. Thus, although
there were many converters, there also were many
double converters, newcomers, and double newcom-
ers.

The type and magnitude of the behavioral re-
sponse leading to increased utilization of these medi-
cal interventions may not have been justified by the
available clinical evidence. For example, studies of
the natural history of gallstone disease suggest that
no benefits are achieved by performing laparoscopic
cholecystectomy on individuals with asymptomatic
gallstones which hkely has occurred in some set-
tings.'” In addition, in light of the substantial morbid-
ity associated with prostate cancer treatment and the
lack of evidence on the effectiveness of teatment,
the 1ssue of the appropriace use of PSA testing con-
tinues to generate considerable controversy.”! Fi-
nally, recent reports suggest that a substantial
percentage of PTCAs may be performed in an inap-
propriate group of patients (1e pauents for whom the
costs outweigh the benefits. ™

Estimating the Behavioral Response

Most analyses of the economic impact of medical
innovation focus on the cost of treatment with the
innovative technology relative to the cost of treat-
ment with the existing technology. However, as the
preceding model and examples illustrate, the pat-
terns of utilization associated with care after che in-
troduction of an innovation can affect expenditures
significantly and might potentially eliminarte any sav-
ings from per-case cost reductions. We refer to the
manner in which utilization patterns respond to

VOL. 2, NO. 7

THE AMERICAN JOURNAL OF MANAGED CARE 797




- HEALTHCARE EXPENDITURES -

medical innovations as the “behavioral response.” In
our model, the behavioral response is caprured by the
probabilities that individuals may convert to the new
technology, or may consume services they otherwise
would not have consumed if the innovation had not
become avaiiable.

To estimate accurately the behavioral response,
one must understand both the factors that determine
the urilization of medical services and how an innova-
tzon or healthcare system may alter those factors.
Ideally, the arguments favoring the use of a particular
medical intervention would focus on the incremental
value associated with improved health status that
mighe resule from consumption of the service. How-
ever, the healthcare delivery system might influence
the incentives that physicians and patients face, af-
tfecting the consumption of services in ways that
might not be optimal for a patient.

Forces discouraging the utilization of healthcare
services include the financial cost of care. The
strength of this force depends on the nature of the
delivery system, which often minimizes patient fi-
nancial disincentives o consume care. The delivery
organization also may discourage utilization by moni-
toring or restricting the behavior of physicians, or by
adopring payment mechanisms, such as capiration,
that effectively “charge” the provider for performing
tests and procedures.

Other forces discouraging consumption include
the inherent risks associated with care and the pa-
tients’ disutility from undergoing treatment. For ex-
ample, individuals may opt not to consume services
thar would inflict pain, leave a substantial scar, or
require significant recovery time.

Changing Treatment Thresholds

Medical innovations may have the potential to pro-
duce betser health outcomes, or to reduce the costs,
risk, or morbidity associated with treatment. A tech-
nology may improve one aspect of care at the expense
of another. If the technology makes the service more
atrractive on balance, then treatment thresholds skowld
change, generating a behavioral response. This depen-
dence of the weatment chresholds on characteristics
of medical interventions often is misunderstood.

The case of minimally invasive surgery illustrates
the relationship between innovation and changing
thresholds. A vigorous debate is ongoing as towhether
indications for surgery should be relaxed relative to
those for traditional open procedures. Some believe
that procedure rates should not change even though
this class of innovative procedures usually causes less
morbidity and, in some cases, is less expensive than

open surgicalalternatives. However, the international
experience with minimally invasive therapy has run
counter to this beliefl Procedure rates for several
procedures have risen after the advent of a minimally
invasive version.”

Analyses of the economic implications of medical
innovations commonly allow for only one type of
behavioral change-—conversion from the old to the
new technology. In our model, this situation weuld
exist if there were only stayers and converters, Ac-
cording to this simplistic view, the only relevant pa-
rameter would be p”y, the probability that users of old
technology convert to the new one. In many analyses,
the other p parameters are assumed to be zero. How-
ever, the clinical examples cited in this paper illus-
trate that this assumption often is incorrect. In
situations in which a group of patients opts not to seek
treatment because of financial or other costs, an inno-
vation that makes treatment more attractive will en-
courage newcomers. Such innovations are likely to be
the norm rather than the exception.

The model identifies the type of innovations that
will result in a substantial number of newcomers.
These innovations are applicable to vast numbers of
people who currently receive no care, Innovations in
screening for common diseases, such as PSA testing
for prostate cancer, testing for bone mineral density
{or osteoporosis, or testing for Helicobacter pylori,
which recently has been implicated as a cause of
peptic ulcer disease, would be applicable to enormous
numbers of people whom the medical establishment
currently does not see. If the tests are not very specific
(ie, if they yield many false-positive results), chen the
clinical and economic implications are compounded
by unnecessary interventions in individuals who test
positive but who actually do not have the disease.
Innovations aimed at cormnmon conditions that often
produce only minor symptoms, such as dyspepsia,
snoring, or gallstones, also are likely to induce large
numbers of newcomers.

Implications for Cost Control

The preceding discussion of the behavioral re-
sponse to the availability of new medical technologies
clarifies why expenditure projections for a new tech-
nology should be viewed with at least some degree of
skepticism. These projections often posit that the
new technology will be substituted for an existing
technology, allowing per-patient costs to decline (or
at least to not rise as rapidly as they would in the
absence of the substitution opportunities),

These somewhat simple projections can go awry
for two basic reasons. First, the new technology may
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be used in conjunction with the established technol-
ogy, rather than in place of it. Diagnostic tesis often
fall into this category. IFor example, patients undergo-
ing computed tomography or magnetic resonance im-
aging scanning may continue to receive standard
roentgenograms, even if the advanced imaging tech-
niques are believed to be superior. Second, expendi-
ture projections often do not give sufficient weight to
the potential expansion of clinical indications for utili-
zation of the new technology. The impact of the
behavioral sesponse makes extrapolation of results
from randomized controtled trials problemaric, as the
strict guidelines of efficacy trials rarely are gener-
alizable to everyday clinical practice. A more compli-
cated framework, such as the one presented here,
allows for a spectrum of behavioral responses, thereby
allowing for improved estimates of the economic im-
pact of medical innovations. Research using empirical
data can validate this theory and is presently being
employed in the evaluation of emerging medical tech-
nologies.

The crucial problem that payers of medical-care
services must solve is that of how to estimate and
control the behavioral response without impeding ap-
propriate access to new technologies. Fear of the cost
consequences of increased use of expensive innova-
tions has led some delivery systems to use the blunt
instrument of delaying or denying coverage for certain
emerging technologies. Of course, this technique fails
to discriminate between appropriate and inappropri-
ate utilization. If valuable interventions are underutil-
ized, clinical benefits may be forgone. Thus, the
challenge for healtheare policy makers is tp develop
effective methods for managing the behavioral re-
sponse in order to encourage the use only of interven-
tions whose marginal clinical benefits justify the
incremental expenditures.
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