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This paper explores the possible paths of emergence of a new
zedical techrology and how those paths might be altered by government
regulations of the sort now promulgated by the Food and Drug Adminis-
tration [FTA}. The purpose of the paper is to help clarify the roie
of FIX regulstion in a dynamic context. The anelysis focuses on the
idea that an ermerging technelogy's effectiveness may change over time
ard that the benefits and losses due to regulation may themselves have
a2 dyranic character. An increasingly complex story of the emergence
{er disgemination and development) process is told with the help of
cazusal-loop disgrams. Results from a preliminary system dynamics
mcdel based onkthis story are illustrated and discussed. They suggest
that the FIA's actions may have unintended effects, such as slower
development of a technique, which may or may not be harmful. They -
als0 suggest that, in certain cases, post-marketing surﬁeillance and
communication of results may be at least as important an activity for

the FLA as pre-marketing evaluation.
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Background

The ﬁroliferation of new medical technologies in recent years
has produced excitement about the opportunities to improve the length
and qﬁalitx of life but has also produced much concern over the some-
times high costs and risks involved. The stakes have steadily been
raised in the medical profession, and for every long string of life-
saving successes there seems to have been at least one disaster or
near-disaster, such as the liquid ‘sulfanilamide tragedy in 1938 which
cost nearly 100 lives. [1] The effect of these dramatic failures has
been to sensitize the public to the potential benefits of broad
government regulations that would effectively protect the unsuspecting
consumer from'dangerous, inferior, or inappropriately-applied medical
technologies. Both patients and their physicians now demand officiel
assurance that widely available drugs and devices have been thoroughly
teated and accurately labeled.

In 1§62, following the thalidomide disaster in Burope which
revealed shoddy drug evaluation practices in the U.S., the Food, Drug,
and Cosmetic Act of 1938 was smended to include requirements that man-
ufacturers demonstrate both safety and efficacy of new drugs prior to
marketing, by providing the FDA with “substantial evidence" from well-
controlled investigations. [2] In 1976, the Act was again amended to
provide réquirements.fbr certain new medical devices similar to the
requirements that already existed for new drugs. [3] Harketiné

approval for a drug or a device may be withdrawn or distribution



restricted to 8 limited number of investigators at any time, if nev
evidence casts a reasonable doubt on the technology's safety or
efficacy. {4] The purpose of the proof-of-efficacy requirements
codified in the i962 and 1976 Amendments was to reduce the consumer
losses attributadle to ineffective new drugs and devices. Careful
testing would ideally identify all potential problems with a tech-
rology before it is widely distributed and enable the FDA to
effectively prevent 8 "run-away" of catastrophic magnitude.

Primarily since 1962, the FDA has become one of thg }g;gest
and most complex regulatory institutions in this country. Not sur-
prisingly, it has also become one of the most controversial of the
Federal agencies and has been criticized at various times for acting
tos slowly or too quickly, for being too lax or too atrict, for being
overly consumer-oriented or overly industry-oriented, and for attempt-
irg to control too much or tco little of the research, development,
and dissermination process. In fact, some critics claim that the FDA's
rigid intergpretation of the 1962 Amendments has actually been respon-
sible for a net loss to society, citing the reduced flow of all
zedical technologies (not only ineffective ones) %o the marketplace

since the late 1950s. [5] [6] [7]
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The Dynamics of Usage and Effectiveness

Prologue

This section of the paper sets the stage for a discussion of
the possible effects of regulation.on various patterns of usage and
effectiveness for a new medical technology. It begins with the
description of a model which produces two well-known patterns of usage
for medical technologies, namely an S-shaped pattern for a "guccess~
ful” technology and a rise-and-fall pattern for an "unsuccessful®
technology. [8] [9] [10] [11] The differences between these two
pattgrns is attributable to different inﬁut assumptions for the
technology's effectiveness, a concept_which is re-examined asnd seen to
be potentially more flexible than the initial model allowed. The
boundary of the model is therefore expanded to permit a dynamic view
of effectiveﬁess,_and a number of important new feedback loops &appears
With a richer structure, the model exhibifs an additional usage
pattern which has not, to the best of the suthor's knowledge, appeared
in the empirical research literature to date. Nonetheless, the ‘
relative sparseness of this literature snd the reasonableness of the
simulation results have encouraged the author to accept the possible
existence of the “new” behavior and to investigate the effects of
regulation on it.

T@e full model was developed under the auspices of the
Rational Heart, Lung, and Blood Institute for the purpose of ‘

evaluating the likely impacts of alternative government policies on



the emergence of percutaneous transluminal coronary qngioplasty

PTC4), & new technique for the treatment of coronary grtery disease,
ore of the major killers in the United States today. This procedure
uses & specially designed, balloon-tipped catheter to reduce obstruc-
tion i:‘coronary arteries. PTCA is considered an alternative for some

patients to the popular but considerably more costly and invasive

B

corcrnary artery bypass graft (CABG) surgery and has sttracted much
stiention recently among practitioners and policy-makers. Because of
tre suthor's familiarity with PTCA and its inherent richness as a case
study, PTCA will be used as the primary source of examples in the

folleowing model description.

A ¥cdel with Fixed Effectiveness

The first model to be cons%dered interprets the dynamics of
usage as pr{harily a technology dissemination issue, focusing on the
accertance and possible rejection of a new drug or device over time.

A somewhat simplified diagram of this model is presented in Figure 1.

The supply of procedures {usage) is measured on a flow basis
{for examrle, 1000 PTCAs per year) and will be equal to demaud, unless
practitioners of the technique are overloaded with referrals. Over-
losding will not become & problem, however, if the opportunities for
practice are readily recognized and there are no impediments to ob-
taining the resources (including specific materiale and training) that
are necessary to become a practitioner. Demand for the procedt;re is

generated by the recommendation of physiciéns who are not necessarily
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Figure 1. A Model with Fixed Effectiveness

practitioners but are qualified to determine the patient's likely
eligibility for the procedure. In the case of PTCA, these prescribing
physicians are primarily cardiologists who perform various diagnostic
procedures to determine the precise hature and severity of their
pafients' heart troubles and deqide on the best course of therapy,
vhich may consist of medication, CABG surgery, or PICA. The physi-
cian's assessment of patient eligibility is largely determined by
existihg protocols oi indications established by experts in the field
and communicated to him or her by medicsl journals, by manufacturers

vie promotional material and package inserts, or by fellow colleagues.



-

‘These same three basic sources of information are alao
responsible, to varying degrees, for making the physician aware of the
rew technology and persuading him to recommend it‘to the indicated
ratients. [8] [12] Figure 1 indicates that promotional marketing,
jeurnal reports on the'technique's effectiveness, and word-of-mouth
ameng colleagues, may all affect the fraction of physicians who have
accepted and are prescribing the technology. Although all three of
these influences on adoption are represented dynamically in the model
as elements of various feedback loops [13], the most important of
these loeps involves the word-of-mouth effect. This says that as the
fraction of prescribing physicians increases, there will be more

rhysicians informing their colleagues about the technology and

rersuading them to try it.

Rejection or disadoption of a new medical techhology generally
will not take place unless new gvidence indicates a levél of effec-
+iveness which is both lower than was originally reported and iower
than at least certain prescribing physicians can tolerate. The re-
ported level of effectiveness may differ from the actual if the full
range of effects has mot yet been observed or appreciated. Extremely
rere or delayed effects may require years to be detected, especially
if the.technology causes cancer or genetic damage. This inherent pro-
blem in evaluating medical technologies has been brought to the fore
by the delayed discovery, in a number of instances, of severe édverse
reactions, such as thromboembolism from oral coﬁtracepﬁivee and thy-

roid cancer from head-and-neck irradiation. {11 [14] As the pericd of
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follow-up evaluation increases and more of the technology's
after-effects are observed, reports of effectiveness will tend to
become more accurate.

Effectiveness refers to the extent to which the procedure
directly or indirectly improves the "health status" of the average
recipient, taking into account all of the shori-term and long-term
benefits and risks aasociated with the procedure. [15] >In the case of
PTCA, the resulte of the procedure can range anywhere from the immedi-
ate disappearance of all chest pain and‘a complete return to normal
activitiei, to death from complications such as arterial dissection;
and the long-term effects on length and quality of life are still not
known for certain. [16] Clearly, the existence of a range of possible
outcomes for any technology, especially a risky one, makes it diffi-
cult to essign a single number called "effectiveness” which can
summarize the technology's medical value. However, the following
definition works niceiy, given the model's implicit assumption that
the patient plays a purely passive role in the decision to prescribe:
Effectiveness is the degree to vhich the average physician would judge
that the established protocols for patient eligibility are justified,
if he or she were aware of the complete distribution of patient
outcomes. [17)

The model discussed sbove can generate two distinct paths of
emergence, which are illustrated in Figures 2 and 3 over & ten year
time horizon. For both simulations, it waa aasumed thatf the p;ocedure

hag adverse after-effects which require three years fog complete
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Figure 2, S-Shaped Usage Pattern for an Effective
Technology
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Figure 3. Rise-and-Fall Usage Pattern for an
Ineffective Technology
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observation. [18} The only difference between the two scenarios is
that the first assumes a level of effectiveness which is scceptable to
most physicians, while theisecond assumed a largely unacceptable level
of effectiveness.

In Figure 2, the initial level of reported effectiveness is
quite high and the word-of-mouth effect has no trouble in driving
uaage.upward until it is close to the total number of eligible
patients by year 5. As the adverse afger-erfects are discovered and
reported between years 3 and 6, however, enthusiasm for the technology
wanes slightly and the number of procedures declines accordingly. The
rejection which occurs as a result of mixed effectiveness remains
emall in comparison to the forces encouraging acceptance, and usage
stabilizes at about 90% of its maximum value. The technology may be
congidered successful.

In Figure 3, the initisl level of reported effectiveness is
lower than it was in Figure 2, but word-of-mouth is again successful
in producing rapid grovtﬁ in procedures for the first four years of
the simulation. However, by year 5, reported effectivenesa has de-
clined to & point whigh is umacceptablé to most physicians. [19]
Rejection of the technology begins at this time and continues steadily
through the end of the run. The main reason for the relatively slow
decline in usage is that loyal prescribing physicians are abdble to com-
tinue persuading gome of their collesgues to accept the technology, as
long &8 the discouraging evidence is not conclusive; that is, ;s long

as recent reports have not completely displaced older notions of the



{1

téchnology's value. This result supports empirical evidence which
suggests that the system may become more inflexible after a large
fraction of physicians have adopted the‘technology. [20] Neverthe-
less, the technology represented in Figure 3 is ultimately

unsuccessful due to its low effectiveness.

A Revised View of Effectiveness

The preceding discussion indicéted that evaluations of a
technology's effectiveness may change substantially over time because
cf Qelays in perceiving the full range and distribution of outcomes,
that is, the "true" effectiveness of the technology. The task of
evaluation is further compiicated, however, by the fact that the
tecknology's effectiveness may itself change over time, so that
evaluation results may be obsolete by the time they are published.
[151 [20] Effectiveness may change either because the technology
itself is evolving or because the circumstances under which it is
arrlied are variable. Many complex new technologies are subject to
contiruous modificatior and improvement by both manufacturers and
experts in the field. The materials and equipment used in PTCA, for
exacple, have already undergoné a number of important modifications
and additions since the technique's introduction in 1977, including
new catheter shapes and sizes. »

Tpe'circumst&Pces of usage which may have an impact on
effectiveness include practitioner expertise and the protocolsvor

criteria physicians use for selecting patients. Complex techniques

-iZa

such as CABG surgery or PTCA require a high level of skili gained
through repeated experience, and even the proper edministration of
drugs often requires a detailed knowledge of dosage and interaction
effects that is at least partially acquired through trial and error.
[21] [22] Aside from practitioner incompetence, effectiveness may be
low becausé the technique ie being used on too broad a class of
patients relative to its inherent capebility. If various subsets of
the patient population can be iéentified and their differential’
outcomes pinpointed, then effectiveness may be increased by narrowing
the patient selection criteria to those patients most certain to
benefit from the technology. [23] [24} For example, the PTCA
procedure was originally attempted with patients suffering from either
single~ or multiple-vessel coronary artery disease. Observation of
higher risk for multiple-vessel patients, however, led to an avareness
of the technique's limitations (at that time) and suggested greater

selectivity in the use of PTCA. [16] [27]

A Model with Variable Effectiveness

The model to be discussed below permits.effectiveness to
change along with its three determinants: patient selection criteria,
practitioner skill, and technical capaﬁility. These factors will Se
introduced in order and their behavioral implications discussed.

The structural consequence of allowing the patient seléction
criteria to vary in response to evaluations iﬁ shown in Figure'4. The

idea here is that practitioners will attempt to adjust their protocols
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to a point that appears to be justified by recent evaluations. In
equilibrium, the reported effectiveness will equal 1, indicating that
the selection criteria ere‘apparencly fully justified by the results.
In order for this goel to be achieved, however, evaluations must con-
sider the differences in outcomes associated with various subsets of
the eligible patient population, the results must be efficiently
cemzunicated to practitipqers. and practitioners must be willing to
crange their patient selection criteria. In other words, the
selection criteria must be flexible in order for the megative loop in
Figure 4 to be influential in controlling effectiveness.

Unfortunately, this is not always the case. [26]

& Demand for
Procedures

Eligible +

Patients
Prescribing
M.D. Fraction
+A
Follow-up Reported
Time Effectiveness
Experience
-+
Effectiveness
Selection - +
Criteria __/ \ Technical
Capability

Pigure 4. Variable Selection Criteria
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As a result of introducing the assumption that the patient
selection criteria are responsive to evaluations, a new mode of
behavior hecomes poasibie, one in which usage overshoots and then
undershoots its final equilibrium value. The additional sssumptions
needed tg'produce this third ﬁath éf cmergence are the same ones
responsible for the rise-and-fall behavior seen in Figure 3; namely,
that the technology is initially quite low in effectiveness and that
this fact is not detected for several years. In response to reports
of low effectiveness, the selection criteria are narrowed, which
accelerates the decline in demand already occurring due to rejection.
But @s the selection criteria are narrowed, effectiveness rises,. and
physicians are eventually persuaded to readopt a technology which is
leas broadly applicable but much more effective than it originally
was.

Figure 5 shows the structural consequence of assuming that
practitioner skill is variable and a function of experience. Although
the process is more complex than the diagram indicates, the average
le;el of experience per practitioner will drop as a result of growth
in practitioners. In essence, rapid growth implies a larger fraction
of novice practitioners than usual. ILower experience leads to lower
effectiveness, and that, when perceived, leads to slower growth in
demand. Finally, slower growth in demand leads to slower growth in
practitioners. The ﬁajor effect of th; negative loop just described
is to decrease effectiveness and the growth in usage somewhat éuring

the technology's adoption phase.
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Figure 5. Variable Practitioner Skill

Figure 6 shows the structural consequence of assuming that the
tecknique's inherent (but only indirectly measursble) capability can
improve to some degree. Improvements may occur along various dimen-
sicns, including safety, accuracy, scope, and specificity. [27] Modi-
fications of a medical technology are generally engineered, produced,
&nd distridbuted by manufacturers, whose ideas may be largely based on
the suggestions of innovative practitioners. [28] [29] As the tech-
nology's capability advances, these opportunities will gradually
decrease, until it is no longer perceived as worthwhile to invest more
tire and money into modifying the technology. [30] The consegquences

of improving the technology are two-fold. First, perceived technical
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Figure 6. A Model with Variable Effectiveness,
Including Technical Improvement

improvements are the major driving force behind the expansion of
patient selection criteria. For example, the development of smaller
PTCA catheters that can enter previously inaccessible coronary
arteries has permitted a greater variety of applications. Second, as
long as the selection criteria do not expand too quickly relative to
the rate of technical improvement, increasing technical capability
will result in greater effectiveness for a technology previously low

in effectiveness.
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fied negative loop represents the fact that there is a virtual limit
to such improvement. The positive loops indicete that as the techno- ¥
log'y improves and the selection criteria and effectiveness increase,

decand for the technique will also increase, which may entice more
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innovative practitioners into the field; this may result in an even
faster or at least a sustained, rate of technical improvement for a

number of years.

Figure 7 displays a simulation run of the complete model with = . o S o ‘[ea.(s

variable effectiveness, featuring the overshoot-and-undershoot usage -

pattern discussed previously. The assumptions for this simulation
are: (1) effectiveness is initially quite low, because the selection
criteria are too broad relative to the true technical capability and vl A

because practitioner skill is moderate [31]; (2) reported effective-
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inexperienced practitioners. This accounts for the gap between
"skilled” and actual effectiveness through year 7 or so. Technical
improvezents increase the potential number of effective procedures for
about eight years, until decreasing returns finally shut off attempts
to modify the technique. These improvements are responsible for
expansion of the selection criteria starting in year 4 and continuing
through year 7, even though the reported effectiveness is rather low
during much of this period. The first reports of iov effectiveness
are essentially ignored iy protocol-setting practitioners, who per-
ceiGe that improvements in the technology have made this information
obsolete. To some extent, this perception is accurate, as a compari-
sor of actual and reported effectiveness from years 5 to 7 indicates.
Fowever, as evaluations continue to report mixed outcomes, the selec-
tion criteria are narrowed and effectiveness climbs steadily. As re-
rorted effectiveness rises, most of those who rejected the technology
tetween years 5 and 9 come to believe that the narrower selection
criteriabhave been viqdicated by the results, and they became
prescribers again. 3By the‘end of the simulation, usage has risen to
nearly its full potentisl, and effectiveness is near its equilibrium

value of 1.
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The Dynamics of FDA Regulation

Structure

In the present context, the FDA regulations affecting new

medical technologies may be considered collectively as an endogenous

- policy of the health care system which reduces both demand and supply

until & convincing body of evaluative data suggesting adequate
effectiveness has dbeen accumulafed. On the demand side, the
regulations include pre—mafketing restrictions on advertising and pro-
motion. On the supply side, the regulations will make it,difficult‘
for physicians to obtain the materiels and the inétitutional permis-
sion required to practice the technique, before it has been approved
for widespread use. Figure B indicates, in a simplified way, the
structural consequences of adding regulation to the model described in
the last section. From the diagram, it would appear that reguiation
does little more than reinforce the loops involving reported effec-~
tiveness already present in Figure 6. Indeed, the main intent of
regulation is to sirengthen the existing role of evaluations in con-
trolling usage, so as to oppose those forces that might encourage
rapid and early growth in spite of inadequate or discouraging dsata.
Although the FDA's actions may have their intended effects,
there may be unintended effects as well. If skill is & factor in
effectiveness, then outcomes observed during the slow-growth period of
regulatory restrictions may be significantly different than th; out-

comes observed after those restrictions are lifted. [32] The
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Figure 8. A Model with Variable Effectiveness
and Endogenous Government Regulation

implication is that the FDA may be persuaded by early encouraging

results to approve marketing of a technology that should be placed

only in the hands of experts. Another unintended effect is that by

limiting the inflow of practitioners, the FDA nay delay the techno-

logy's improvement. This may be of critical importance in the case of

an initially ineffective technology which can, through improven;ent,

become effective. The indicated positive loop in Figure 8 nay ) 39
correspond to a self-fulfilling prophecy of ineffectiveness, if the

FDA's restrictions prevent or severely delay this improvement.
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Behavior

If the technology's effectiveness is assumed to be fixed,,
conclusions from the moc}él can contribute little to the current debate
surrounding the FDA. The model's behavior under this assum_pti.on (not
shown here) con.fimvs the popular idea that government regulation
serves mainly to delay the introduction of a new medical techhology.
[33] In the case of a permanently effective technology of the sort
represented in Figure 2, this delay results in lost opportunities to
help patients. In the case of a permanently ineffective technology of
the sort represented in Figure 3, this delay results in monetary and
poesibly health-related savings associated with not using the
technology. The total amount lost o'r saved in each of these polar
cases is a function 6f the length of the reéulatory delay. For an
effective technology, the shorter the delay the better. For an in-
effective technology, the longer the delay the better. This much
should be obvious.

If effectiveness is allowed to vary, the effect of regulation
on s new technology's emergence may be rather complex, and the
policy's benefit or cost to society may chenge dramatically over time.
Figure 9 displays a simulation run of the complete model under the
same basic essumptions used for generating Figure 7, but with an
endogenous FDA regulation policy in place. As it turns out!, this
policy delays the initial growth in procedures by about two years and
entirely eliminates the overshoot seen in Figure 7. Although i:mprove-

ment of the technique is also delayed (by about 1 1/2 years), there is
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little difference in effectiveness between the two scenarios through
year 5, because, in part, of greater practitioner skill under the
slow-growth conditions of regulation. Starting in year 5 and continu;
irg until sbout year 11, effectiveness is actually higher with regula-
ticn than without it. This occurs not only despite the délay in
technical improvement, but also, ironically, as a consequence of it.
In particular, the first reports of lov effectiveness are not treated
ty rhysicians as obsolete to nearly the same extent that they were in
Figure 7; as a result, the selection criteria drop rapidly through
year 6 snd are never far above their final equilibrium value there-
after. The relatively narrow criteria lead to greater effectiveness,
but they also depress demsnd. The lower usage seen with regulation
than without it through year 12 is, however, only partially attribu-
tabtle %o rparrower selection criteria. More importantly, the regula-
tory restrictions enforce slow growth during most of this period, and
trey are not lifted until the early discouraging reports are displaced
(in the regulators' minds) by an accumulation of the newly supportive
evidence.

Perhaps the best way to summarize the differences betfween
Figures 7 and 9 is by noting that usage is greater in the unregulated
case than it is in the regulated case during both the initial period
of low effectiveness and the later pericd of high effectiveness. If
one accepts the generalization that regulation tends to be beneficial

in the case of a permanently ineffective technology and detrimental in
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the case of a permanently effective technology, then it seems natural
that the benefits of regulation should decrease as an initially in-
effective technology becomes effective. Indeed, a rudimentary cost-
benefit comparison of these two simulations (not shown here) indicates
that the net benefit that initially accrues from regulztion can
quickly reverse and become a net loss after a "borderline” ‘value of

effectiveness (from society's viewpoint) is exceeded. [34]

Cenclusion

Discussions of government regulation often note that any
attempt to protect the public from potential hazards will invariably
be at the expense of some of the fruits of the regulated industry. [1]
Clearly, regulation involves tradeoffs. However, it should be recog-
nized that these tradeoffs are not necessarily a fixed entity, unamen-
stle to government policy. The fact that regulators make decisions
ender conditions of great uncertainty does not excuée them from
attempting to increase the odds of their success. This paper has
demcnstrated, for example, that the flexibility of patient selection
criteria for a new medical technology may have an important influence
over its ultimate chancea for being effective. This suggeats th.at an
important activity of the FDA might be to increase the medical -commu—

nity's responsiveness to information that indicates a need to adjust

41
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the selection criteris for a new technology. In fact, it has been
argued that if the FDA stepped up ifs post-marketing surveillance and
information dissemination functions, it could afford to relaxr some of
its strict pre-marketing requirements. [32]

While it is appropriate to expect that the FDA's actions can

. improve the chances of a given technology's success, the public should

not be led to believe that the FDA can actually guarantee the
effectiveness of every new technology. Unless the American people si'e
willing to tolerate extremely long delays in the marketing approval
process, there will always be some technologies whose after-effects
will only be seen after they are widely disseminated. The FPA should
probably put a greater emphasis than it has on creating mechanisms or
augmenting. existing ones that tend to improve the resiliency of the
health care system, instead of focusing entirely on an attempt to
perfect the evaluation process. The public would be best served by

flexible government policies which provide helpful feedback where it

is needed rather than by rigid policies in search of an ideal.
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Arrendix: Model Genesis and Documentation

The modeling study on which this paper waa based begaﬁ 8s &8
student project at MIT in the spring of 1980. This froject (on which
the author was a consultant) attempted to model the constraints on
diffusion of a new medical technology (PICA) in competition with an

established regimen (CABG surgery). The author was employed by the

Fational Heart, Lung, and Blood Institute (NHIBI) from June 1980 to 2.
June 1981, to expand the scope and purpose of the model so that the

Institute could examine, in a brosd semse, the effect that government

policies (such as sponsoring large-scale clinical trials) might have

on the emergence of a technology like PTCA. No direct changes of
pclicy were expected to ¢ome as a result of this analysis, which was
seen more as a speculative or first-step exploratory effort. Although
the NHLBI was the official client, policies of the FDA and the Health
Care Financing Administration (HFCA, in charge of Medicare reimburse-
ment policy) were also examined. The author was free to develoi the
mcdel as he saw fit, with the only requirements being that the policy
levers be clearly specified, that the model varisbles in gemeral be
recognizable to the relevant policy-makers, and that the model be
perameterized to represent PICA. No NHLBI-funded extension of the

PTCA study is planned at the present time.

CLASS TI DOCUMENTATION STANGARDS
FOR SIMULATION MODELS
ACCESS TO MODEL:

Name of Model:

. _EMEDT (Emergipg Medical Technology)
Jack B. Homer, System Dynamics

Name and current address of the senior technical

person responsible for the model's construction: Group, MIT, Cambridge, Mass
Who funded the model development? e (NELST
In what language is the program written? DyNAMO IL

On what computer system is the model currently

implemented? MIT's IBM 370/168

What is the maximum memory required to store and

execute the program? 400K bytes (linked to IBM's CMS editor)

What is the length of time required for one typical
run of the model?

I minutes

Is there a Qetailed user's manual for the model? _no

PURPOSE OF THE MODEL:

For what individual or institution was the model
designed? _office of Program Planning and Evaluarion of NHIBI
What were the basic variables included in the model?
Procedures and their Effectiveness, Practitioners and their Experience,

Patient selection criteria, Prescribing M.D. fraction, Evaluation reports
and data on effectiveness, Technical modification/improvement/capability
Over what time period is the model supposed to provide useful information on real

world behavior?
Up to 30 years, typically

Was the model intended to serve as ‘the basis of:

an academic exercise designed to test the implications of a set
of assumptions or to see if a specific theory would explain hig~
torical behavior

communication with others about the nature and implications of an
important set of interactions

JERENS . |- RS

yes

projecting the general behavioral tendencies of the real system yes :

predicting the value of some system element{s) at some future

point in time no

MODEL SPECIFICATION AND THEORETICAL JUSTIFICATION:

three
Provide xwp diagrams illustrating the extreme behavior modes exhibited by the major

model elements:
4 ) £ 4

Procedures
per Year

v

= rd
II. Rise-and-Fall III. Overshoot/

Undershoot

I. S-Shaped



=33

1¢ they are not included in the body of the paper indicate where the reader
may find:
a model boundary diagram that indicates the important

er.dogenous, exogenous and excluded variables MIT SD Group Memo D-3270.5

a causal influence diagram, a flow diagram, the com-

puter program and definitions of the program elements MIT SDG Memo D-3318 for

Equation Description

Is the model composed of:

simultaneous eguations
difference or differential equations X
procedural instructions
X or stochastic

x or discrete

Is the model deterministic

continuous

4. DATA ACQUISITION

What were the primary sources for the data and theories incorporated in the model?

—.NHLEI usage data, journal articles -

Theory _Physicians and evaluators at NHLBI, Manufacturer representatiwes,
Medical diffusion li

What percent of the coefficients of the model were obtained from:

Data

measuremnents of physical systems __0
inference from social survey data 20
econometric analyses 0
expert judgment 10

R /| S

Panr_ar non-—syxistent.

the analyst's intuition

What was the general quality of the data?

5. PARAMETER ESTIMATION

if they are not given in the publication, where may the reader obtain detailed infor-
mation on the data transformations, statistical techniques, data acquisition proce-
dures, and results of the tests of fit and significance used in building and analyzing

the model? No formal techniques used; no write-up op this topic

6. MODEL PERFORMANCE AND TESTING
Over what period was the model's behavior compared with historical data?

3 years of historical data op PTCA
What other tests were employed to gauge the confidence deserved by the model?

‘Feedback from e;

of other technologies
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Where may the reader obtain a detailed discussion of the prediction errors and the

dynamic properties of the model? _For_dynamic properties, see D-3270-5

7. APPLICATIONS

What other reports are based upon the model? Final venort ta NHILEBIL {D-1318)

Name any analysts outside the parent group that have implemented the model on ancther
computer system. _ pope

List any reports or publications that may have resulted from an evaluation of the
model by an outside source. none. .

Has any decision maker responded to the recommendations derived from the model? no

Will there be any further modifications or documentation of the model? yes
Where may information on these be obtained? Jack Homexr's doctoral dissertation
will provide full model documentation, Expected completion date: May 1982





