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Introduction

To provide explicit evidence on the nature and magnitude of technological change in
the U.S. health care system, as well as to explore why these changes have occurred, we
analyze recent changes in treatment trends for AMI in the United States and for patients with
ischemic heart disease (IHD) admitted for CAG, PC], or CABG procedures in a major
teaching hospital with advanced cardiovascular capabilities. In the future, we are willing to
extend the United States analysis to procedure trends for patients admitted to the hospital with
diagnoses of [HD so that the overall US cohort and hospital cohort will be comparable.
However, in this current report on US procedure trends, we will concentrate on trends for
AMI patients.

In Section I of this report, we use detailed micro-data to describe the changes in AMI
treatment that have occurred in recent years. The treatments used in AMI care are largely the
same as those used in IHD care, so, with the exception of the specific trend estimates, the
information contained in this section may be generalized to IHD care. Many cardiac
treatments have changed, and summarizing the causes as well as the consequences of these
changes is necessarily speculative. Nonetheless, the results presented here suggest that
technological change in the United States has differed in important respects from changes in
other developed countries.

In Section I, we describe the future comparison we plan to undertake looking at the
United States nationwide trends for major cardiac procedures compared to the same
procedures in a major U.S. research hospital. We expect to find a pattern of early adoption of
high-tech procedures and higher trends than the national average in the hospital. By
comparing to the national average, we will be able to determine whether the U.S. teaching
hospital of interest in this study is indeed at the vanguard of technology diffusion in the U.S.
as we have hypothesized. If the teaching hospital under scrutiﬁy does appear to have a higher
procedure rate than the national trend, it will then be interesting to compare high-tech care in
the U.S. and Japan. In the future, comparisons of the high tech trends in the U.S. to thase in
Japan, including trends in a major teaching hospital in each country, may provide important
insights about the costs, benefits, and productivity consequences of differences in incentives

for technological change in alternative health care systems.
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Section L Procedure Utilization Trends in the United States

We present evidence on procedure utilization trends by analyzing large administrative
databases to describe changes in some key “high-tech” AMI treatments. By high-tech
treatment, we mean the use of procedures and devices that require substantial fixed
investments in equipment and specialized personnel, or that have high equipment and
personnel costs with each use, or both. We use administrative records from the Medicare
program to describe trends in high-tech procedure use for the entire U.S. elderly population
with AMI for 1985-1997, and we use hospital records from the state of California to describe
trends in high-tech procedure use for the nonelderly population of the state for 1991-1996.
Reliable longitudinal data on large populations of nonelderly AMI patients is not available
prior to 1991; for the 1980s, we review some relevant clinical studies to supplement our
results for the elderly.

The summary of changes in AMI treatment to be discussed shortly will focus on
changes in treatment rates. New clinical trials, increased clinical experience, or other new
information to guide practices may also improve the ability of health care providers to time
the allocation of treatments more effectively, or target their use to patients who are
particularly likely to benefit. Unfortunately, little longitudinal evidence on such criteria or
“appropriateness of care” issues is available in the United States, for several major reasons.
First, few large studies of U.S. AMI populations collected detailed information on patient
characteristics and treatment prior to the 1990s. Second, the criteria for care depend on many
complex patient factors that may be difficult to capture for analytic study, even with detailed
record reviews. Thus it may be possible to identify some patients who clearly would not
benefit from certain treatments, but it is hard to capture all of the subtleties of cases that may
influence physician decisions.

In recent years, more studies of appropriateness of care have been published. In
general, these studies do not find much evidence of clearly inappropriate use of high- or low-
tech treatments in AMI care. However, most of these studies classify large shares of patients
in “equivocal” or “possibly appropriate” categories, where the benefits of the treatment are

unknown or likely to be modest. Substantial variations in treatment rates, especially for
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intensive cardiac procedures, continue to exist not only across hospitals but also across smail
geographic areas in the United States. These variations do not appear to be diminishing,
though few studies of changes in practice variations over time have been published. A final
type of evidence suggesting that experience effects are important is the fact that larger
hospitals have significantly lower mortality rates in AMI care (e.g., Luft et al., 1990), and that
the benefits of treatment at a large hospital have increased over time (McClellan and Noguchi,
1998). But few studies have attempted to trace volume effects to differences in particular
treatment choices. For all of these reasons, it is very difficult to quantify how the
appropriateness of AMI treatment given rates of treatment use in the United States has
changed over time. Nonetheless, trends in the appropriaténess or experience of care may
represent a very important source of cutcome improvements.

Another factor to bear in mind is that the characteristics of AMI patients may have
changed over time. The demographic characteristics of AMI patients have shifted gradually,
toward a slightly older and more female population. Heidenreich and McClellan (1998)
conclude that, over the past decade, AMI patients in the United States appear to have slightly
higher rates of serious comorbid diseases on admission, and also slightly higher rates of shock.
However, a larger share of patients have non-Q-wave infarctions and infarctions in territories
other than the left anterior descending artery. Both of these case characteristics are associated
with a better prognosis. These trends toward less severe cases might be expected to lead to
some improvements in health ouicomes and perhaps reductions in costs for AMI care. But it
is also possible that the improvements in case characteristics are the result of treatment
innovations (e.g., better revascularization treatment leads to lower rates of (J-wave infarcts).
Thus, it does not appear that changes in AMI patient characteristics unrelated to heart attack
treatment can account for much of the changes in health outcomes and expenditures.

In the current report, we concentrate on treatment changes during the acute “episode”
of AMI care. This clinical episode might reasonably be defined to include the 30- or 90-day
period following AMI. As the following results show, however, the most dramatic changes in
AMI treatment in the United States have occurred in the initial hours and days after the heart
attack occurs. In addition to these acute treatments, we also briefly consider changes in

treatments designed to prevent first AMIs, post-acute treatments designed to prevent further
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complications of ischemic heart disease, and the post-acute treatment of AMI complications.
We expect that these trends can be generalized to IHD and plan to carry out this analysis in
our further work for this project.

In the United States, treatment for AMI and ischemic heart disease has relied heavily
on the “open artery” principle, the straightforward idea that reducing or eliminating blockages
in coronary blood vessels supplying the heart will prevent heart damage and complications
(e.g., Braunwald, 1996). The gold-standard invasive procedure used to assess artery status is
cardiac catheterization, which may be followed by either coronary artery bypass graft surgery
(CABG) or percutanecus transluminal coronary angioplasty (PTCA) to bypass or remove
areas of blockage detected on catheterization.

Figure 1 shows the rapid growth from 1985 to 1997 in the use of these intensive
cardiac procedures within 90 days after AMI in elderly AMI patients in the United States.'
Less than 15 percent of elderly AMI patients underwent catheterization in 1985, compared
with more than 50 percent 12 years later. Bypass surgery rates have more than tripled, from
less than 5 percent to over 15 percent. Angioplasty growth has been even more substantial,
from virtually no use in 1985 to more than 23 percent of patients in 1997. Figure 2 shows the
corresponding trends for nonelderly residents of California for 1991-1996.% Figure 2 shows
that absolute rates of procedure growth are quite similar to those for the overall U.S. elderly
population, though the rates of procedure use in any given year are much higher in the
nonelderly.’

Thus, in recent years, intensive treatment rates have increased at comparably rapid
rates in both the elderly and nonelderly. Figure 3 shows that, in recent years, procedure use
has increased rapidly even in the older elderly. The Figure shows two broad phases of
procedure growth in the elderly. Prior to 1989, although rates were increasing for all
demographic groups, they increased relatively more rapidly for the younger elderly (65-69)
than for the older elderly (80-89). Since 1989, the absolute rates of procedure growth have
been more similar, as procedure growth in the young elderly (already at a high level by_ 1988)
has slowed and procedure growth in the older elderly increased. Increased use of intensive
treatments in the older elderly has thus become an increasingly important component of

technological change in AMI care in the United States.
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Figure 4 shows trends in the use of primary angioplasty, defined as angioplasty
within one day of AMI. Though most angioplasty and bypass surgery procedures are
performed with the goal of secondary prevention after the patient has been stabilized,
typically days to weeks after the initial AMI, primary angioplasty is a method for restoring
blood flow to the affected area of the heart during an AMI. The goal is to prevent much of the
damage associated with the AMI, by preventing the death of the heart muscle affected by the
heart attack. The Figure shows that the use of this procedure has been increasing rapidly in
the United States in the 1990s. This age gradient in treatment growth contrasts with the trends
Jjust described; it is consistent with “new” technologies growing most rapidly initially among
younger patients, who generally have fewer comorbidities and complicating conditions.

A related new technology that may be contributing to the rapid recent growth of
angioplasty use is intracoronary stents, wire rims that are designed to help keep a blood vessel
open after angioplasty. Unfortunately, as with many new technologies, hospital reporting of
stent use appears to become reliable in US data only around 1996, several years after the
technology was first introduced. Though lacking in years, Figure 5 gives a rough idea of the
trends for the elderly and nonelderly, which follow the same patterns as other treatments: the
nonelderly gaining access to stents much more rapidly than the elderly. However, a large
number of clinical studies (e.g., Bittl, 1996) indicate that stent use has grown even more
rapidly than angioplasty use since 1993. Informal interviews with leading US cardiologists
suggest that the majority of angioplasty procedures in 1997 probably were done with stents.

Performing angioplasty requires the capability to perform catheterization and
revascularization on site. Patients initially admitted to hospitals that do not perform
catheterization or revascularization may nonetheless undergo the procedure after transfer.
Considerable evidence suggests that when hospitals acquire these technologies, their practices
for AMI management become considerably more intensive (McClelian et al., 1994;
McClellan and Newhouse, 1997; Cutler and McClellan, 1998). Thus the rapid growth in the
use of these cardiac procedures in the United States is a reflection of the substantial growth in
the number of U.S. hospitals with catheterization and revascularization capabilities. Figure 6
shows this substantial diffusion of cardiac procedure capabilities to US hospitais over the past

decade. The figure shows the proportion of elderly AMI patients who have their first AMI
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admission at a hospital that is able to perform catheterization, angioplasty, and bypass surgery
respectively. A small component (1 to 2 percent) of the increasing admission rates at hospitals
with procedure capabilities is due to greater patient selection of larger, high-volume hospitals
that acquired these capabilities very early. But virtually all of the increase shown in Figure 6
is the result of more hospitals investing in the capability of performing these procedures.

Hospital use by AMI patients has not fallen much since 1985 in the United States, in
contrast to other countries. The average number of hospital days in the year after AMI
declined slightly in the early vears following implementation of the DRG system, and has not
changed much in more recent years. However, this relatively flat total hospital use reflects a
more complex pattern: hospital days in the acute peried of AMI treatment (within 30 days)
have increased slightly, and hospital days spent in later readmissions have decreased slightly.
The former trend appears to be the result of more use of the intensive cardiac procedures soon
after AML The latter trend appears to reflect the fact that cardiac complications have not
increased (see below), and that the length of stay for such readmissions with complications
have declined.

Trends in the use of coronary and intensive care units in AMI care have been quite
similar to the trends in use of overall hospital days. That is, their use in acute treatment has
increased slightly, but later readmissions to CCUs have declined slightly. There is little
evidence that diagnostic intensive care unit technologies such as Swan-Ganz catheterization
or therapeutic intensive care unit technologies such as intubation for respiratory support have
increased over time. However, the use of intraaortic balloon pumps has risen, though these
devices are used in only a small share of AMI patients. Thus, the increasing intensity of AMI
treatment has not transiated into much change in the total amount of time patients are
spending in the hospital, and it has consisted primarily of increased use of procedures to

monitor and restore blood flow to the heart,

Section II. Comparison of Procedure Utilization Trends Nationwide and in a Major U.S.

Research Hospital
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As the purpose of this study is ultimately to compare two premier high-tech teaching
hospitals, one in the U.S. and one in Japan, we plan to ensure that the U.S. hospital exhibits
several of the characteristics commonly associated with a high-tech institution: high
procedure volume, high rates of procedure utilization, and early treatment adoption rates. To
do this, we will compare data from the teaching hospital with data averaged over all U.S.
hospitals. Unlike the data for the study itself, at present we are only able to undertake this
comparison using AMI cohorts as the denominator, as opposed to patients who receive
procedures associated with ischemic heart disease. While it is our understanding that to
establish the relationship between the hospital’s treatment trends compared with the U.S.
average, we are free to use the data most easily available, we would prefer to do this
comparison using the procedure based cohorts required for the hospital data for this study.
Unfortunately, at present this will require resources that are not available. We plan to
continue this work during the next few days and forward it to Haruko Noguchi to be
appended to this report.

In addition, we also will identify differences in the patient characteristics of the
teaching hospital versus the overall U.S. population that might influence the procedure trends.
For example, from the initial descriptive statistics for the hospital, it seems that a
preponderance of the procedures are preformed on white males. We are interested to see

whether this trend is consistent throughout the entire country.

Section III. Procedure Utilization Trends in a Major U.S. Research Hospital

We have provided the data tables as requested for a major U.S. teaching hospital with
advanced cardiovascular capabilities. While it was possible to create most of the requested
variables, the more clinical definitions were beyond the scope of our current dataset. In the
future, it may be possible to extend our analysis to include the detailed clinical information on
patients that was requested, but we will need to discuss the feasibility of this step in detail
with our Japanese collaborators and with researchers working in the teaching hospital before
proceeding. We believe that this research represents a valuable step forward in understanding

the differences in the ways that top medical facilities function within their national heaith care
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systems. We are appreciative for the opportunity to participate in this study and anticipate

that we will be able to collaborate on many more projects in the years to corne.

Notes

1. Here and in subsequent figures, rates are adjusted to the 1995 demographic composition
of the AMI population. Because the demographic composition of AMI patients in the
United States has not changed much during the time period (the average age and
proportion female have increased slightly), these adjustments have little effect on the
results.

2. Because reliable longitudinal data for California residents is only available beginning in
1991, we are unable to exclude all cases of recurrent AMI in 1991. Approximately 6
percent of patients in subsequent years had prior AMI admissions within one year, and
including these patients in our trend analysis did not substantially alter our results. The
estimates for 1996 reflect AMI cases in the first three quarters of the year.

3. Comparisons of the California elderly population to the remainder of the US elderly
population suggest that the trends for California are likely to be representative of the
entire US. In any given year, rates for the California elderly are somewhat higher than for

the overall U.S. elderly, but the growth rates are similar.
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Figure 1: 90-Day Intensive Procedure Rates, US Elderly
AMI Patients
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Figure 3: 90-Day Catheterization Rates,
Younger and Older US Elderly AMI Patients
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Figure 4: One-Day Angioplasty Rates, US Elderly and California Nonelderly AMI
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Figure 5: 90-Day Stent Rates, US Elderly and California
Nonelderly AMI Patients
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