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ABSTRACT

Context: Acute myocardial infarction (AMI) is an important condition cared
for in rural hospitals. Most recommended interventions require no sophisticated
technology and should be available in rural and urban hospitals.

Objective: To examine the quality of AMI care in rural hospitals.

Design: Cohort study using data from the 1994 and 1995 Centers for
Medicare & Medicaid Services” Cooperative Cardiovascular Project (CCP) and the
1995 American Hospital Association’s Annual Survey of Hospitals.

Setting: The 4,085 U.S. acute-care hospitals caring for patients with AMIL

Patients or Other Participants: 135,759 Medicare beneficiaries ages 65 and
older directly admitted to four types of acute-care hospitals—remote small rural,
small rural, large rural, and urban—for a confirmed AMI between February 1994
and July 1995.

Main Outcome Measures: Recommended treatments from American Heart
Association and American College of Cardiology guidelines: use of aspirin,
reperfusion, heparin, and intravenous nitroglycerin during hospitalization; use of
beta-blockers, aspirin and angiotensin-converting-enzyme inhibitors at discharge;
avoidance of calcium channel blockers at discharge; thirty-day mortality.

Results: Substantial proportions of Medicare beneficiaries in both urban and
rural hospitals did not receive the recommended AMI treatments. Medicare
patients treated in rural hospitals were less likely than urban hospitals” patients to
receive aspirin either during hospitalization or at discharge, intravenous
nitroglycerin, heparin, and either thrombolytics or percutaneous transluminal
coronary angioplasty. Only one treatment—ACE inhibitors at discharge—was used
more for patients in rural hospitals compared to patients in urban hospitals.
Medicare patients in rural hospitals had significantly higher adjusted 30-day post-
AMI death rates from all causes than those in urban hospitals (odds ratio for large
rural 1.14 [1.10-1.18], for small rural 1.24 [1.20-1.29], for remote small rural 1.32
[1.23-1.41]).

Conclusions: Efforts are needed to help hospital medical staffs, especially
those in rural areas, develop systems to assure that patients receive recommended
AMI treatments.






BACKGROUND

Acute myocardial infarction (AMI) is one of the leading causes of death in the
United States and a common cause for admission to U.S. hospitals.1-3 In 2001, an
estimated 880,000 individuals were hospitalized for AMI.2 AMI is an acute
condition that requires immediate care in a hospital setting to minimize morbidity
and mortality. Several AMI treatments must be administered promptly to provide
maximum benefit (e.g., thrombolytics). It is an especially important condition in the
rural hospital setting, as transport of AMI patients to urban settings could result in
delays in care. AMI treatment has been studied extensively, and clear management
guidelines have been developed and published.4>

Some of the most effective and immediate treatments of acute myocardial
infarction, such as aspirin, thrombolytic therapy, and beta-blockers, require at most
only basic intravenous access, rather than sophisticated technology. As such, these
treatments should be equally accessible in rural as well as urban hospitals and can
represent the quality of care provided to AMI patients in these settings. This study
used the national Cooperative Cardiovascular Project (CCP) database, with its
detailed clinical information abstracted from medical charts, to examine the quality
of care provided to Medicare-insured AMI patients in hospitals with differing
degrees of remoteness and to compare the quality of care in hospitals in three
different types of rural areas to that of urban hospitals.

METHODS

Data Sources

The data for this retrospective cohort study come from two sources: the
Cooperative Cardiovascular Project (CCP) and the 1995 American Hospital
Association’s Annual Survey of Hospitals Database (AHA Database). The
Cooperative Cardiovascular Project has been described elsewhere.6.7 Briefly, all
hospital claims from February 1, 1994, through July 31, 1995, with a principal
discharge diagnosis of a primary episode of AMI were identified from Medicare’s
National Claims History File. From these admissions, acute care hospitals submitted
the medical charts for all AMI discharges during eight consecutive months of this
time period for abstraction. Five states were not available for this analysis:
Alabama, Connecticut, lowa, Minnesota, and Wisconsin.8 Sociodemographic and
clinical characteristics of the patients were collected from the medical records. Dates
of death were extracted from the Medicare Enrollment Database. The AHA surveys



all U.S. hospitals annually to obtain information on their organizational structure,
facilities and services, bed size and utilization, personnel, and finances. The AHA
data were used only to describe the characteristics of the hospitals in this study.

Study Population

There were 222,612 admissions for AMI in the 45 U.S. states in the database.
We excluded patients (1) under the age of 65 (16,756); (2) without an AMI confirmed
by a creatine kinase MB fraction above 0.05 units, a lactate dehydrogenase level
more than 1.5 times the upper limit of normal with the level of lactate
dehydrogenase isoenzyme 1 greater than the level of lactate dehydrogenase
isoenzyme 2, or the presence of at least two of the following: chest pain, doubling of
the creatine kinase level, or electrocardiographic evidence of a new myocardial
infarction (29,267); and (3) with an AMI in the hospital rather than prior to
admission (22,002). Patients transferred from another hospital for their AMI or with
unknown admission status were excluded from the primary study analyses (43,699).
These exclusions resulted in 138,767 admissions for AMI in the study.

There were 4,254 hospitals caring for the original 222,612 AMI admissions in
our database. Of these hospitals, 71 caring for 2,115 AMI admissions could not be
linked to the AHA Database and were excluded. We also excluded the 46
nongeneral, noncommunity hospitals that would not routinely admit AMI patients.
The 52 hospitals that did not care for any patients in our study sample were
excluded de facto, leaving 4,085 study hospitals.

Our final study population included 135,759 direct admissions for AMI to one
of 4,085 hospitals.

Study Variables

We used hospital ZIP code from the CCP database to link to its Rural Urban
Commuting Area (RUCA), which defines each hospital’s urban-rural status.’
RUCAs use Census Bureau information on urbanized areas and urban places in
combination with work commuting information to differentiate places based on
their city/town size and functional relationships to larger cities and towns.
Currently, the federal government uses the RUCAs to determine eligibility for
funding for several rural-based programs. The 30 RUCA designations were
aggregated into four categories to represent hospitals in or strongly associated with
urban and three types of rural locations—large rural (i.e., in or associated with a
large town of 10,000 to 50,000), small rural (town of 2,500 to less than 10,000), and
remote small rural (town of less than 2,500).



Available characteristics of those admitted included sociodemographic
descriptors (age, sex, race), a full range of clinical conditions simultaneous with or
prior to the AMI (e.g., previous MI, congestive heart failure, incontinence, terminal
illness, cigarette use, diabetes, hypertension, cerebrovascular accident, chronic
obstructive pulmonary disease, dementia), prior interventions related to coronary
heart disease (e.g., coronary artery bypass grafting, percutaneous transluminal
coronary angioplasty), the Acute Physiology and Chronic Health Evaluation
(APACHE II) score!0 to describe severity of disease, and other factors that might
affect treatment choice or severity of illness (e.g., do-not-resuscitate status,
admission from a skilled nursing facility or intermediate care facility, chest pain
greater than six hours, intubation requirement for the AMI). The AHA database (see
Table 1) provided information on hospital organization, size, staffing, and
availability of technology such as cardiac catheterization, angioplasty, and open-
heart surgery. The CCP database supplied information on performance of
cardiovascular procedures and volume of AMI patients, as well as whether the
patient remained in his or her admitting hospital or was transferred to another
hospital for care.

Quality of care indicators included those defined by the CCP from American
Heart Association and American College of Cardiology guidelines: use of
thrombolytic agents or reperfusion with percutaneous transluminal coronary
angioplasty (PTCA), heparin, intravenous (IV) nitroglycerin for persistent chest
pain, and aspirin during hospitalization; use of beta-blockers, aspirin, and
angiotensin-converting-enzyme (ACE) inhibitors at discharge; and avoidance of
calcium-channel blockers at discharge.611 The CCP database allowed identification
of ideally eligible treatment candidates for each of the interventions, making it a
particularly powerful data source to examine quality of AMI care. Ideally eligible
treatment candidates had no documented contraindications to the intervention
being studied. For example, ideal candidates for aspirin could not have evidence of
bleeding, treatment with warfarin on admission, history of peptic ulcer disease, or
allergy to aspirin. These criteria were developed as part of the CCP’s pilot project
and are listed in detail elsewhere.6 Only those patients designated as ideally eligible
treatment candidates were included in the quality indicator analyses. The use of
heparinization during hospitalization was examined in the subgroup of patients that
had not received treatments requiring heparin therapy (thrombolysis, percutaneous
transluminal coronary angioplasty [PTCA], coronary artery bypass grafting
[CABG]). Mortality within 30 days of the AMI admission was included as another
study outcome.



Statistical Analysis

Differences in the patient populations and facility characteristics between
hospitals in the four different geographic locations were analyzed using chi-square
tests, ANOVA, and Student’s t-tests, as appropriate. Means and standard deviations
(SDs) are reported for continuous variables. Because of notable differences in rates
of admissions transferred from their admitting hospital between the four hospital
types, we compared the characteristics of admissions who remained in their
admitting hospital with those who were transferred. We tested for differences in the
crude rates of our quality indicators and mortality between the admissions in the
three types of rural hospitals and urban hospitals using an overall chi-square test.
Differences in quality indicators and mortality between admissions transferred from
their admitting hospital and those remaining were analyzed using chi-square tests.

We used a Cox proportional hazards model with constant survival time,
using the Breslow method for ties, to estimate the adjusted relative risks of our
study outcomes for patients admitted to the three types of rural hospitals compared
to urban hospitals. Logistic models often are used to analyze data with a
dichotomous outcome; however, when the outcome is highly prevalent, the odds
ratio tends to overestimate the relative risk.12 Cox’s proportional hazard model with
constant survival time has been suggested!3 as an alternative that better estimates
the relative risk but gives slightly wider (more conservative) confidence intervals.14
Models containing all patient characteristics variables listed in Table 2 was fit. We
controlled for potential clustering of similar patients within hospitals using robust
standard errors. All analyses were conducted using Stata V7.0 software.l> Relative
risks are reported with their 95 percent confidence intervals.

RESULTS

Characteristics of Study Hospitals

Of the 4,085 study hospitals, 53 percent were in urban areas, 15 percent in
large rural areas, 22 percent in small rural areas, and 10 percent in remote small
rural areas. The urban hospitals cared for the greatest number of AMI
admissions—75 percent—while the large rural cared for 14 percent, small rural 9
percent, and remote small rural 2 percent of all Medicare AMI admissions in this
study. Over 40 percent of small and remote rural hospitals, but only about a quarter
of urban and large rural hospitals, were government operated (Table 1). The more
rural the hospital, the smaller the bed size. Over 90 percent of urban and large rural
hospitals were accredited by the JCAHO; small rural and remote hospitals had much



lower accreditation rates (61% and 33% respectively). Not unexpectedly, urban
hospitals had the highest rates of on-site medical student and graduate medical
training programs, on-site coronary care units, and the ability to perform
angioplasty, coronary catheterization, and cardiac surgery.

Characteristics of AMI Admissions in Study Hospitals

The mean age of the AMI admissions overall was 76.6 (Table 2). The vast
majority of all admissions were of white patients (91.2%), with higher proportions of
white admissions in rural compared to urban hospitals. Substantial proportions of
AMI admissions had comorbid conditions. Hypertension rates between the admis-
sions in urban and rural hospitals were quite different, with rural hospitals having
lower hypertension rates among their AMI admissions than urban hospitals. AMI
admissions in urban hospitals were more likely to have had prior PTCA and CABG
than AMI admissions in rural hospitals. AMI admissions in rural hospitals were less
likely to be intubated and more likely to have come from a skilled nursing facility
(SNF) or intermediate care facility (ICF) than AMI admissions in urban hospitals.

AMI admissions from rural hospitals were more likely than those from urban
hospitals to be transferred to another hospital. Of those direct admissions for AMI,
40.0 percent of remote rural, 33.5 percent of small rural, 30.5 percent of large rural,
and 16.0 percent of urban admissions were transferred to another hospital. Admis-
sions transferred from their admitting hospital were more likely to be younger,
male, and white and to have fewer comorbid conditions and lower APACHE II
scores than those who stayed in their admitting hospital (Table 2). The “do not re-
suscitate” rate for AMI admissions staying in their admitting hospital was markedly
higher (21.8%) compared to their transferred counterparts (2.7%). AMI admissions
who were transferred were less likely to have been admitted from a SNF or ICF and
to be intubated, and were more likely to have had chest pain with their AMI.

Quality of AMI Care

Substantial proportions of ideally eligible admissions in both urban and rural
hospitals did not receive the recommended AMI treatments (Table 3). About 45
percent of all admissions did not receive aspirin within the first 24 hours, 54 percent
did not receive thrombolytics within 60 minutes, 32 percent did not receive
intravenous nitroglycerin for persistent chest pain, and 40 percent of admissions
who did not otherwise receive an intervention requiring heparin (PTCA, CABG,
thrombolysis) did not receive heparin.
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Admissions in rural hospitals were less likely than admissions in urban
hospitals to receive aspirin, heparin, IV nitroglycerin, and to be reperfused. In
general, the smaller and more remote the area of the rural hospital, the less likely
admissions were to receive the treatments. For example, 55.9 percent of admissions
in urban hospitals received aspirin in the first 24 hours, 55.8 percent of admissions in
large rural hospitals, 51.4 percent of admissions in small rural hospitals, and 47.8
percent of admissions in remote small hospitals. A similar trend was seen for use of
reperfusion, heparin, IV nitroglycerin, and prescription of aspirin at any time during
the hospitalization and at discharge, with admissions in urban hospitals most likely
to receive these therapies and admissions in rural hospitals decreasingly likely to
receive them based on smaller and more remote locations. While on average
admissions in rural hospitals were less likely to receive several of the recommended
treatments, similar proportions of rural and urban hospitals had nearly complete
adherence to the recommendations. For example, the proportion of hospitals with
over 95 percent of their patients receiving aspirin during the hospitalization was 25
percent in remote rural areas, 24 percent in small rural areas, 23 percent in large
rural areas, and 24 percent in urban areas.

Use of beta-blockers and avoidance of calcium-channel blockers at discharge
did not differ significantly between admissions in rural and urban hospitals. One
intervention, prescription of an ACE inhibitor, was higher for discharges from
the large and remote small rural hospitals than discharges from urban and small
rural hospitals.

Nearly all of the findings from the analysis of crude rates were upheld after
adjustment for control variables. Admissions in each of the three rural hospital
types were less likely than admissions in urban hospitals to receive heparin,
intravenous nitroglycerin, aspirin at any time during their hospitalization, or early
reperfusion. Admissions in both small rural and remote small rural hospitals were
less likely than urban hospitals to undergo reperfusion at any time, or to receive
aspirin in the first 24 hours or at discharge. Admissions in large rural hospitals were
more likely to receive ACE inhibitors at discharge.

An incidental, but notable, study finding was that differences in AMI
treatment between admissions who were transferred to another hospital and those
remaining in their admitting hospital often were more dramatic than differences
between admissions in rural and urban hospitals (Table 3). Those transferred
consistently were more likely to receive recommended treatments than admissions
who remained in their admitting hospital. For example, analysis of crude rates
demonstrated that 53.2 percent of admissions remaining in their admitting hospital
received aspirin in the first 24 hours, while 62.7 percent of admissions who were
transferred to another hospital received this treatment (p = 0.000). However,
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controlling for transfer status in the analyses examining rural /urban differences in
use of recommended AMI treatments did not change the findings that admissions in
rural hospitals were less likely to receive several interventions (not shown).

Mortality

Rates of death within 30 days of an AMI admission increased with the
rurality of the hospital (Table 3). AMI admissions in the remote small rural town
hospitals had the highest death rates (21.6%); AMI admissions in urban hospitals
had the lowest death rates (18.7%). Admissions who were transferred to another
hospital had much lower death rates (8.8%) than those who stayed in their admitting
hospitals (21.6%). This was true in urban as well as rural hospitals (not shown).

The differences in mortality between rural and urban hospitals as well as the
differences between transferred and nontransferred admissions persisted after
adjustment for the characteristics of those admitted (Table 4). The adjusted risk of
death within 30 days for remote small rural hospitals was 1.32 (1.24,1.42), for small
rural hospitals 1.25 (1.20,1.30), and for large rural hospitals 1.14 (1.10,1.18) compared
to urban hospitals.

DISCUSSION

After controlling for a variety of patient characteristics, Medicare beneficiaries
hospitalized for AMI in rural hospitals were less likely than those hospitalized in
urban hospitals to receive several recommended interventions: aspirin, reperfusion,
intravenous nitroglycerin for persistent chest pain, and heparin. Thirty-day
mortality followed the same pattern, with admissions in rural hospitals having
significantly higher death rates than admissions in urban hospitals. Beta-blockers
and avoidance of calcium-channel blockers at discharge were not used at different
rates between admissions in urban and rural hospitals. Only one treatment—ACE
inhibitors at discharge—was used more for admissions in large rural hospitals than
in urban hospitals. This finding was not consistent across all other types of rural
hospital, however.

These findings parallel those of other smaller studies. Keeler et al. examined
the care provided by 297 hospitals in five states in the 1980s and found both a lower
quality of care and higher mortality rates for AMI in rural hospitals.1® Sheikh and
Bullock used a subset of the CCP database for Kansas only and found that patients
in rural hospitals were less likely to receive aspirin both during their hospital stay
and at discharge, as well as less likely to receive heparin and intravenous
nitroglycerin during their hospitalization compared to patients in urban hospitals in
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Kansas.!” Our study has confirmed the findings of this prior work using a much
larger national database. In addition, we have aggregated rural hospitals into three
levels of remoteness and town population and found that for several outcomes, AMI
admissions to all types of rural hospital were less likely to receive several of the
recommended interventions.

Several studies using the CCP database have found an association between
hospital characteristics, such as hospital volume, bed size, and teaching status, and
the quality of care.81820 These findings are consistent with the results of this study,
as rural hospitals, especially in small and remote small rural areas, have fewer beds
and lower patient volumes. Larger hospitals may have a more substantial
infrastructure with clinical and administrative protocols for managing AMI. Their
higher patient volumes provide them with more experience in treating AMI. In
addition, they may have the resources to develop more extensive quality assurance
and continuing education programs that both review cases and help educate
practitioners.

This study identified transfer from admitting hospital as a factor strongly
associated with quality of care. Transfers were more likely to be younger, lessill,
male, and white than nontransferred admissions. Transfers also were more likely
to receive recommended treatments. This closely matches the findings of a smaller
study of patients transferred for AMI in Michigan.?! It is possible that patients were
transferred from their admitting hospital to receive technologies unavailable in their
admitting hospital, such as PTCA, CABG, or cardiac catheterization. While
physicians may have customized their treatments and transfer decisions based on
patient preference or contraindications not identified in this study, physicians in
all types of hospitals were making treatment choices based on criteria other than
those in published guidelines and missing opportunities to provide recommended
AMI treatments.

AMI admissions cared for in rural hospitals had significantly higher mortality
rates compared to their urban counterparts, even after controlling for patient
comorbidity. This finding is consistent with those of other studies, which found
higher mortality for AMI in rural hospitals.16.22 Mortality is complex, however, and
is affected by factors unmeasured in this study, such as patient preferences and
ability to safely transfer patients from their treating hospital. Therefore, these
results should be viewed with care.

Our study has several limitations. First, we were unable to control for factors
not available from the medical record, such as patient and physician preferences,
physician and hospital volume of AMI cases, and unmeasured patient
comorbidities. Second, abstraction errors were possible, although validation studies



-13-

of the CCP data have found a high level of data reliability.!! Third, data from
several states with substantial rural populations (e.g., lowa, Minnesota) were not
available in our database. If these states’ rural hospitals differed substantially in the
study’s quality of care indicators, our study results would not be representative of
the nation. Last, this study’s data were collected in the mid-1990s, so they may not
represent current care. The American Heart Association and the American College
of Cardiology reissued their “Guidelines for the Management of Patients with Acute
Myocardial Infarction” in 1996,5 which may have had an impact on the quality of
AMI care since that time. Other changes since the study data were collected, such as
the reduction of rural hospital profit margins,?3 may also have affected quality of
AMI care by making it more difficult for small hospitals to maintain or expand their
quality assurance programs. However, other factors such as the new Critical Access
Hospital (CAH) Program have been implemented since the time of this study, with
over 500 of the smallest and most remote rural hospitals participating. One CAH
objective is to improve quality of care, and there are preliminary indications that the
program has had a positive influence.?*

Our results have several implications. The task of improving AMI quality in
rural hospitals is possible, as indicated by the over 20 percent of rural hospitals of all
types with nearly complete adherence to the aspirin treatment guideline. In
addition, several of the AMI interventions with the greatest effect on outcomes (e.g.,
beta-blockers, ACE inhibitors) were not used significantly less in rural hospitals
compared to urban hospitals.> However, our results also indicate that much work
still needs to be done. One important policy issue emanating from this study is to
determine the remedial actions necessary for lower quality rural hospitals. While
regionalizing care to larger, more specialized hospitals is used as a strategy for some
conditions, the need for immediate intervention and a high incidence rate precludes
this as a practical strategy for AMI. Some have suggested mandating that
Medicare’s Quality Improvement Organizations (QIOs, formerly known as Peer
Review Organizations) include rural populations in their quality activities and that a
third of rural hospitals be surveyed to certify Medicare compliance as a condition of
participation.23 However, rural hospitals have well-documented and unique issues
related to quality improvement activities (e.g., small sample size, provider
shortages, patient-choice issues, and limited finances),2>26 and these issues will need
to be confronted in any systematic effort to improve AMI care.

Our study highlights the need to assess a broad range of outcome variables
when determining the quality of care in rural areas. For instance, the Medicare
Payment Advisory Commission (MedPAC), the commission charged with reporting
to Congress on Medicare policy issues, recently published its first report focusing on
Medicare services in rural areas. This analysis used Medicare administrative data to
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examine quality of care across a broad spectrum of conditions. There were two
quality measures examined for AMI: a visit within four weeks following discharge
of patients hospitalized for MI (based on 1,093 patients) and a cholesterol test once
every six months for patients hospitalized for MI who have hypercholesterolemia
(based on 604 patients).2” This report concluded, “Quality of care, as measured by
the use of recommended services, is roughly comparable among rural counties of
varying proximity to metropolitan areas, as well as between rural and metropolitan
areas.”23(p-xvi)

The current study’s finding of poorer adherence to several recommended
guidelines for AMI care and higher mortality in rural hospitals is at odds with
MedPAC’s conclusions. Clearly, there are significant differences in the
methodologies used by these two studies. However, the current study’s ability to
use more detailed data abstracted from the medical records allows a clinically and
geographically more refined analysis and suggests that similar and more detailed
studies are needed for this and other conditions before concluding that care in rural
and urban settings is truly comparable.

Beyond differences in AMI care between rural and urban hospitals, this study
has found that all hospitals, both rural and urban, were not meeting many of the
recommended treatment guidelines for AMI care. These AMI treatments were being
applied preferentially to admissions who were transferred out of their admitting
hospitals, suggesting that physicians were making decisions regarding qualifications
for treatment that were based on criteria other than those in the published literature.
Since these easy-to-administer treatments are amenable to change,?® and can be
implemented by protocol, and because proximity to care is important for AMI
patients, efforts are needed to help both rural and urban hospitals develop systems
to assure patients receive recommended AMI treatments. While implementing such
change can be more challenging in rural hospitals because of their smaller size and
more limited resources,? it is essential so that they can provide the highest quality
care for this common medical condition.
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