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Abstract
Background—Limited data are available describing contemporary trends in the utilization of
diagnostic and interventional procedures in patients hospitalized with acute myocardial infarction
(AMI). The objectives of our population-based investigation were to examine long-term trends
(1986–2003) in the utilization of cardiac catheterization, percutaneous coronary interventions (PCI),
and coronary artery bypass graft surgery (CABG) in a community sample of patients hospitalized
with AMI. We examined the demographic and clinical characteristics of patients who received these
diagnostic and interventional procedures and determined whether the profile of patients undergoing
these procedures had changed over time.

Methods—The study sample consisted of 9,422 greater Worcester (MA) residents hospitalized with
confirmed AMI at all metropolitan Worcester medical centers in 10 annual periods between 1986
and 2003. Information on patient demographics, clinical course, and treatment practices was obtained
through the review of hospital medical records.

Results—Marked increases were observed in the utilization of cardiac catheterization (18.4% to
55.8%) and PCI (2.0% to 42.1%) between 1986 and 2003, respectively. Utilization of CABG showed
modest increases in the early 1990's while its use was relatively stable thereafter. Several
demographic and clinical characteristics were associated with the receipt of these diagnostic and
interventional procedures.

Conclusions—The results of this study of patients hospitalized with AMI in a large Northeast
community suggest evolving trends in the use of cardiac catheterization, PCI, and CABG. Despite
these changing patterns, our findings suggest that there remains room for improvement in the
therapeutic management of patients hospitalized with AMI, including certain high risk groups.
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Introduction
Preventive activities directed towards coronary heart disease (CHD) in general, and acute
myocardial infarction (AMI) in particular, as well as advances in treatment practices have
resulted in declines in the mortality associated with acute CHD in the U.S. during the past
several decades (1–6). Much of this improved survival can be attributed to the enhanced use
of effective medications and treatment modalities, including diagnostic cardiac catheterization,
percutaneous coronary interventions (PCI), and coronary artery bypass grafting (CABG).

In the U.S., the number of patients undergoing cardiac catheterization as well as PCI has
progressively increased over the past two decades (1,5–11). On the other hand, the use of
CABG has exhibited more divergent trends. While a number of studies have examined the use
of these procedures in relation to various patient characteristics (10–14), few of these studies
have been carried out from the more generalizable perspective of a community-based
investigation or during recent time periods.

The Worcester Heart Attack Study is an ongoing, population-based investigation of residents
from a large Northeastern metropolitan area who are hospitalized with AMI (15–17). Using
data from the medical records of 9,422 greater Worcester residents hospitalized with validated
AMI at all area medical centers in 10 annual periods between 1986 and 2003, we examined
the evolving application of diagnostic cardiac catheterization and coronary interventional
procedures in the greater Worcester (MA) population. In addition, we describe the demographic
and clinical profile of patients receiving these procedures and examine whether this profile has
changed over time.

Methods
The Worcester Heart Attack Study is examining changes over time in the descriptive
epidemiology of CHD in residents of the Worcester metropolitan area hospitalized with a
discharge diagnosis of AMI from all metropolitan Worcester hospitals (15–17). Originally,
there were 16 health care facilities that were canvassed in this observational study; during more
recent years fewer hospitals (n=11) have been providing care to greater Worcester residents
due to hospital closures, mergers, or conversion to chronic care or rehabilitation facilities. Our
original study sample consisted of residents of the Worcester metropolitan area hospitalized
with validated AMI during 1975, 1978, 1981, 1984, 1986, 1988, 1990, 1991, 1993, 1995, 1997,
1999, 2001, and 2003 (15–17). We restricted the sample of the present report to patients
hospitalized with AMI between 1986 and 2003, given the introduction of PCI to clinical
practice for the management of patients with AMI in the mid-1980's.

The details of this study have been previously described (15–17). In brief, the medical records
of residents of the Worcester metropolitan area (2000 census estimate = 478,000) hospitalized
for possible AMI were individually reviewed and validated according to pre-defined diagnostic
criteria based on clinical history, serum enzyme changes, and serial electrocardiographic
findings. Cases of perioperative associated AMI were not included.

Data collection
Sociodemographic, medical history, and clinical data were abstracted from the hospital medical
records of eligible patients by trained study physicians and nurses. Information was collected
about patient's age, sex, body mass index, extent of prehospital delay, comorbidities, AMI
order (initial versus prior) and type (Q wave versus non Q wave), occurrence of clinically
significant hospital complications, and hospital survival status. Information about the use of
cardiac catheterization, CABG, and PCI was collected through the review of nurse's and
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physician's progress notes as well as review of test results. Detailed information was not
collected about the results of cardiac catheterization findings.

Data analysis
Differences in the distribution of demographic and clinical characteristics between patients
receiving and not receiving selected cardiac procedures were examined through the use of chi-
square and t tests for discrete and continuous variables, respectively. A logistic multivariable
regression analysis was used to examine factors associated with the utilization of the cardiac
procedures examined. The factors controlled for in our regression analyses included age, sex,
payment method, history of angina, diabetes, heart failure, hypertension or stroke, and AMI
order (initial vs. prior) and type (Q wave vs. non-Q wave). Since information about body mass
index and duration of prehospital delay was not collected until more recent study years, and
because there was a considerable amount of missing data with regards to these variables, we
did not control for these factors in our regression analyses. In addition, since prior studies have
shown differences in treatment practices and outcomes in patients with STEMI (ST segment
elevation MI) and NSTEMI (Non ST segment elevation MI), we carried out a subgroup analysis
in which we examined differences in procedure use in these patient populations between 1997
and 2003 when information about type of AMI was collected.

Results
Long-Term Trends in the Use of Cardiac Procedures

Over the period under study, we observed marked increases in the use of cardiac catheterization
(18.4%–55.8%) and PCI (2.0%–42.1%) between 1986 and 2003, respectively. On the other
hand, the utilization of CABG showed modest increases between 1991 and 1995 while the use
of this revascularization procedure remained relatively stable during other study years (Figure
1). The proportion of patients who went on to receive a PCI after undergoing cardiac
catheterization also increased dramatically over time, from 10.4% of patients who underwent
catheterization in 1986/1988 to 67.0% of those undergoing cardiac catheterization during 2001
and 2003.

Characteristics of Patients Receiving Diagnostic and/or Interventional Procedures
Younger patients, men, and overweight patients were more likely to receive these procedures
than respective comparison groups (Table I). Patients with a history of heart failure, stroke, or
previous MI were less likely to undergo these procedures than patients without these prior
conditions.

In examining patient characteristics associated with the receipt of PCI, patients presenting to
Central Massachusetts hospitals less than 2 hours from the onset of acute coronary symptoms
were more likely to receive a PCI than those who presented after more prolonged delay. Patients
with a history of angina or diabetes, and those with a prior or non-Q-wave MI, were less likely
to undergo these procedures than respective comparison groups. Patients with private insurance
were more likely to receive a PCI than uninsured patients or patients with Medicaid insurance.
Patients with Medicare insurance were least likely to undergo a PCI.

Receipt of CABG was associated with a variety of patient characteristics. Patients 55–74 years
old were more likely to undergo CABG while patients with Medicare insurance were least
likely to undergo CABG (Table I). Patients with prior angina, diabetes, or hypertension were
more likely to undergo CABG whereas patients with a history of stroke or heart failure were
less likely to undergo CABG.
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Changes in the Profile of Patients Undergoing Cardiac Procedures Over Time
Changes in the clinical and demographic profile of patients undergoing these cardiac
procedures over time were examined (Table II). For ease of data interpretation, and to coincide
with changes in treatment practices over time, we examined data from our first 2 study years
(1986/88), midpoint (1993/95), and most recent study years (2001/2003). Utilization of each
of these procedures increased in every patient subset assessed. Marked increases in the use of
cardiac catheterization and PCI were particularly noted in the elderly, women, patients with
Medicare or Medicaid, and in patients with a history of diabetes or heart failure.

Factors Associated with Receipt of Selected Procedures
In a series of multivariable adjusted regression analyses, older patients had a lower likelihood
of undergoing cardiac catheterization and PCI than younger patients (Figure 2). Patients 65–
74 years old were more likely to undergo CABG than younger or older patients. Men were
significantly more likely to undergo cardiac catheterization and/or CABG, but not PCI, than
women. In comparison with uninsured patients, patients with private insurance were more
likely to receive a PCI than uninsured patients or patients with Medicaid or Medicare insurance.

Patients with a history of heart failure and stroke were less likely to receive each of these
procedures, while patients with prior angina were more likely to undergo them. Patients with
a history of hypertension were more likely to receive cardiac catheterization or CABG as
compared to those without prior hypertension. Lastly, patients with a Q-wave MI were more
likely to undergo a PCI, but less likely to undergo CABG, than patients with a non-Q wave
MI.

Use of Diagnostic and Interventional Procedures in Patients with STEMI and NSTEMI
Due to potential differences in the management and outcomes of patients with a STEMI or a
NSTEMI, we examined use of these procedures separately in these patient populations. Cardiac
catheterization and PCI were used more frequently in the diagnosis and treatment of patients
with a STEMI than among those with a NSTEMI (Figures 3a and 3b). The use of these
procedures increased markedly in patients with both types of MI between 1997 and 2003. The
use of CABG did not differ between STEMI and NSTEMI patients.

In both the STEMI (Figure 4a) and NSTEMI (Figure 4b) patient populations, the demographic
and clinical characteristics previously associated with the utilization of cardiac catheterization
and PCI in our total study sample continued to be observed.

Discussion
The results of this study among residents of a large urban Northeastern community hospitalized
with AMI suggest marked increases in the use of cardiac catheterization and PCI over time
with only slight increases in the use of CABG, particularly during the early nineties. Although
the utilization of cardiac catheterization and PCI increased in all patient subsets examined, the
most notable increases occurred in women, the elderly, and patients with Medicare or Medicaid
insurance. These changing trends resulted in narrowing of previously observed disparities in
the care patterns of these groups.

Changing trends in the use of procedures for the diagnosis and management of patients
hospitalized with AMI

In agreement with national trends (1), we observed marked increases in the use of cardiac
catheterization for the evaluation of patients with AMI and in the utilization of PCI for their
treatment. Recent findings from the National Registry of Myocardial Infarction demonstrated
an increase in the utilization of primary PCI, modest increases in PCI, but declines in the use
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of CABG and coronary arteriography in patients hospitalized with AMI between 1990 and
1999 (5).

Investigators from the Minnesota Heart Study evaluated trends in the use of diagnostic and
interventional procedures in Twin Cities' residents hospitalized with acute coronary disease
between 1985 and 1997 (6). Increases in the use of coronary angiography (22% to 59% in men
and 18% to 57% in women) and angioplasty (5%–34% in men and 5%–33% in women) were
observed between the initial and most recent year under study. Increases in the use of CABG
were observed in men (5%–10%) while the use of CABG remained stable in women (7%–8%)
over the period under study.

The utilization of cardiac catheterization in elderly Medicare beneficiaries in the U.S. increased
appreciably between 1993 and 2001 while the use of PCI increased twofold (from 6 to 12
procedures per 1000 beneficiaries) over this period (7). The use of CABG showed only modest
increases between 1993 and 2001.

Differences in practice standards between New England and other regions of the U.S. need to
be considered when comparing our findings to national or other regional investigations (18,
19). Physicians in New England have been previously shown to utilize thrombolytic and
coronary reperfusion therapy less frequently, but effective cardiac medications more often,
than physicians from other regions of the U.S.

Factors Associated with the Use of Cardiac Procedures
A variety of demographic and clinical factors were associated with use of the cardiac
procedures examined in the present study. Elderly patients were less likely to receive any of
these cardiac procedures, a finding consistent with the results of other investigations (7–12,
18,19).

Men were more likely to receive any of these cardiac procedures than women in our study, a
difference noted in many previous investigations (6–14,18,19). A previous study examining
trends between men and women in the use of cardiac procedures between 1995 and 2001 in
patients hospitalized with AMI from the Nationwide Inpatient Sample found that, after
controlling for several factors, women underwent cardiac catheterization, coronary
angioplasty, and stent placement at essentially similar rates with men; women were
approximately one-fifth less likely to undergo CABG than men (11).

We observed marked differences in the use of these cardiac procedures in overweight and obese
patients compared to patients of lower body weight. In an examination of elderly Medicare
patients hospitalized for AMI in the mid-1990's in hospitals with invasive cardiac capabilities,
patients with a normal BMI were less likely to receive these procedures than those who were
overweight (13).

Several AMI associated clinical features are associated with cardiac procedure utilization. An
evaluation of procedure use in a single Veteran's Affairs Hospital in the early to mid-1990's
found that patients with a Q-wave or STEMI were more likely to undergo a PCI whereas those
with a history of heart failure were less likely to undergo a PCI (20). Patients with diabetes
were less likely to undergo cardiac catheterization or receive a PCI, but were more likely to
receive a CABG, than patients without diabetes, findings similar to the results of our study.

Cardiac interventions are highly recommended for patients at increased risk for future coronary
events (2,3). Investigators from the Global Registry of Acute Coronary Events study found
that cardiac catheterization and PCI were primarily utilized in low risk patients hospitalized
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with an acute coronary syndrome (21). We also found a higher use of these procedures in lower
risk patients.

The use of coronary reperfusion or revascularization therapy is recommended for patients with
STEMI, especially in emergent settings, but the effectiveness of their use in patients with
NSTEMI is under debate (2,3). We, along with several other investigations (20,21), found that
although cardiac catheterization and subsequent PCI use is greater among patients with STEMI,
it is being used increasingly often in patients with NSTEMI. This practice is supported by
clinical trial data demonstrating the superiority of routine cardiac catheterization in patients
with NSTEMI compared to a more conservative approach (22,23). The clinical and
demographic characteristics associated with the use of these procedures were consistent among
these patients although several factors appear to play a stronger role in NSTEMI patients.

While we can only speculate about those factors which may have contributed to observed trends
in procedure utilization over time in our study, including hospital reimbursement procedures,
willingness to perform procedures in different at risk groups, issues related to patient
acceptability of different procedures, and generally greater adherence to evidence-based
medications and therapeutic procedures over time, we briefly describe the results of previous
clinical trials which have contributed to an increasing knowledge base about the benefits of
various treatment approaches in patients with acute coronary disease.

Several randomized trials have examined the effects of an invasive treatment strategy in
comparison with medical therapy in patients with unstable angina and NSTEMI. These trials
were reported in the published literature between 1994 (TIMI IIIB) and 2002 (RITA 3) (24,
25). Patients treated with an invasive management strategy experienced slightly lower death
rates and risk of nonfatal MI at 6 weeks and 1 year after trial enrollment and in the risk of
subsequent hospitalizations (24). In the most recent of these trials, an early invasive treatment
strategy in patients with unstable angina or non ST-segment elevation AMI was associated
with lower 5 year death rates compared with the use of conservative therapy (25).

Comparative effects of the use of PCI relative to thrombolytic therapy have been examined in
a large number of randomized trials. In the PAMI trial, which was published in 1993, patients
undergoing a PCI fared better with regards to in-hospital mortality and the 2 year risk of
recurrent ischemia/infarction or death in comparison to patients treated with clot lysing therapy
(26). A decade later, the DANAMI-2 trial reinforced the superiority of primary PCI,
particularly when combined with stent placement, as compared to thrombolysis for the
treatment of ST-segment elevation AMI (27).

The effects of coronary angioplasty in comparison with CABG have been examined in patients
with an acute coronary syndrome during the mid-1990's (28,29). In the RITA trial (28), the
long-term outcomes of patients randomly assigned to PCI or CABG were similar. In the BARI
trial, which compared the effectiveness of PCI versus CABG in more symptomatic and severely
diseased patients, the 5 year death rate was higher for patients treated with PCI than CABG
(29). However, when diabetic patients were eliminated from further analysis, the primary trial
outcomes were similar between the 2 treatment groups.

Study Limitations
The limitations of this large observational study include the lack of data on physician
characteristics, patient preferences, and information about other situational, financial, or
attitudinal factors that may be related to the treatment decision making process in the setting
of AMI.
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Conclusions
The results of our community-wide investigation demonstrate the changing utilization of
cardiac procedures in patients hospitalized with AMI. These changes, together with the
demographic and clinical characteristics associated with receipt of these procedures, should
be considered when planning the future role of these procedures in the treatment of patients
hospitalized with AMI, especially in the context of evolving systems of health care delivery
and cost containment strategies.
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Figure 1.
Use of Cardiac Procedures in Patients Hospitalized With Acute Myocardial Infarction:
Worcester Heart Attack Study
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Figure 2.
Factors Associated With Selected Cardiac Procedures in Patients Hospitalized With Acute
Myocardial Infarction: Worcester Heart Attack Study
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Figure 3a.
Use of Cardiac Procedures in Patients Hospitalized With ST-Segment Elevation Acute
Myocardial Infarction: Worcester Heart Attack Study
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Figure 3b.
Use of Cardiac Procedures in Patients Hospitalized With Non ST-Segment Elevation Acute
Myocardial Infarction: Worcester Heart Attack Study
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Figure 4a.
Factors Associated With the Use of Selected Cardiac Procedures in Patients With ST-Segment
Elevation Acute Myocardial Infarction: Worcester Heart Attack Study
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Figure 4b.
Factors Associated With the Use of Selected Cardiac Procedures in Patients With Non ST-
Segment Elevation Acute Myocardial Infarction: Worcester Heart Attack Study
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