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Abstract
Length of hospital stay (LOS) following acute myocardial infarction (AMI) has steadily decreased
due both to improved treatments and cost considerations. Early discharge may adversely affect some
patients who might benefit from extended monitoring. The Minnesota Heart Survey is a population-
based study of AMI in acute-care hospitals in the Minneapolis-St. Paul metropolitan area. Medical
records were abstracted on a random sample of patients hospitalized with AMI in 1985, 1990, 1995,
and 2001. Case fatality rates, adjusted for age and gender, were identified using mortality data from
the index hospitalization and Minnesota death certificates. 4940 patients with validated AMI were
identified from the combined 1985 (n=1306), 1990 (n=1550), 1995 (n=1087), and 2001 (n=515)
surveys. The median LOS were 9, 8, 6, and 4 days, respectively. Patients hospitalized ≤4 days formed
an increasing proportion of the population increasing from 11% (1985) to 58%(2001). In-hospital
case fatality declined from 1985 to 2001 (11.6% to 5.4%, p<0.0001 for trend). There was a significant
decline in both 1 month (3.3% to 2.4%, p=0.002 for trend) and 6-month (8.9% to 5.4%, p<0.0001)
post-discharge mortality from 1985 to 2001. In conclusion, the progressive and substantial reduction
in hospital LOS following AMI in the past 2 decades has not been associated with increased post-
discharge mortality. These reductions in LOS are associated with increasing use of effective
therapies.
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Introduction
While a substantial proportion of patients destined for a fatal acute myocardial infarction (AMI)
die within the first several days, additional patients die in the subsequent days to weeks, both
in and out of the hospital. Algorithms that stratify patients into various clinical pathways based
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on the presence or absence of high risk features have been assessed in both observational studies
and clinical trials1–6. Although there is no established minimal length of stay (LOS) following
an AMI, there is a concern that premature discharge could result in an increase in early post-
discharge mortality. Hospital LOS have continued to decline beyond those considered in the
aforementioned studies. We hypothesized a declining hospital LOS is associated with a rise in
early post-discharge mortality. We utilized data from the Minnesota Heart Survey (MHS), a
longitudinal population-based study of patients with AMI in a large metropolitan area, to
address this hypothesis.

Methods
A stratified random study sample included resident patients with AMI, age 30 to 74,
hospitalized in the Minneapolis-St. Paul metropolitan area in 1985, 1990, 1995, and 2001. The
sampling rates for men were 50%, 50%, 40%, and 50% for 1985, 1990, 1995, and 2001. Among
female AMI patients, the corresponding proportion of records sampled was 50%, 100%, 80%,
and 100%, respectively. The samples were from most or all acute-care hospitals 1985 (30/31),
1990 (25/25), and 1995 (22/23) and spanned the calendar year. The sample labeled from 2001
included medical records of patients from (20/22) hospitals discharged between July 1 and
December 31, 2001. Those hospitals excluded were small, accounting for few cases. Potential
cases were identified by ICD-9 discharge diagnosis code 410 and an algorithm was utilized to
validate the occurrence of AMI.7 The definition of AMI was based on defined combinations
of the following: acute onset of chest pain, increased biomarkers, the electrocardiogram, and/
or autopsy findings consistent with AMI. Patients transferred into or out of the index hospital
were excluded from the analysis because the LOS from the transferring hospital was usually
not available.

The MHS is an ongoing hospital surveillance project of hospitalized AMI patients age 30 to
74 residing in the Minneapolis-St. Paul metropolitan area. Details of the project are described
in prior publications.7,8 In brief, surveys are conducted approximately every 5 years in acute-
care hospitals and the patient sample is based on an ICD-9 discharge diagnosis of AMI. The
random selection of patient records is determined by computer and medical records are
abstracted by trained nurses. The extensive abstraction process includes demographic detail,
cardiac risk factors, past medical history, clinical presentation, relevant laboratory and
electrocardiographic data, medications, in-hospital procedures and complications. In-hospital
mortality is identified directly through medical record abstraction; post-discharge mortality is
supplied by the Minnesota Death Index (MINNDEX), an algorithm for evaluating potential
death certificate matches using mortality tapes provided by the state of Minnesota. In a previous
study, MINNDEX had 98% agreement with the National Death Index for death certificates.9
All MHS data is de-identified for purposes of analysis to protect patient confidentiality. The
MHS project is IRB approved by the University of Minnesota and the participating hospitals.

The outcome measure was all-cause mortality. Hospital LOS was calculated as date of
discharge minus date of admission. Hence, a patient admitted on 1 day and discharged on the
next day would have a LOS of 1 day. Patients admitted and discharged on the same date were
assigned a LOS of 1 day. In-hospital mortality was measured from date of admission. Post-
discharge mortality was calculated as the date of death minus the date of discharge for the index
AMI hospitalization. For the post-discharge mortality analysis, day 1 was defined as the date
of discharge if patient was discharged alive.

Clinical characteristics of the patients over time were weighted for the stratified sampling
design to estimate population wide characteristics in each year. The primary analysis was
descriptive and detailed the hospital LOS and mortality at given reference points. In-hospital
and post-discharge (1 week, 1-month, 6-month) mortality were compared across the survey
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years. The duration of hospitalization was compared across the survey years using frequency
distribution curves. The LOS did not exhibit a normal distribution and were therefore reported
with median and inter-quartile ranges. Trends in LOS were assessed with the Wilcoxon ranked
sum test. Hospital LOS was divided into 2 groups based on the median: LOS ≤ 4 days and LOS
≥ 5 days. Post-discharge mortality, measured at 1 month and 6 months, was compared between
the 2 groups for each time period to determine whether the reduction in hospital LOS over time
had a detrimental effect on patient outcomes. There were an insufficient number of deaths to
analyze the association of LOS with 1-week post-discharge mortality. An interaction term was
employed to determine whether there was an association between length of stay and year of
hospitalization on post-discharge mortality. Clinical characteristics were compared over survey
years using general linear models. Trends in post-discharge mortality across different hospital
durations were tested with Poisson models, adjusting for age, gender, hospital, and
cardiovascular morbidity (congestive heart failure, cardiogenic shock, and malignant
ventricular arrhythmias). We also analyzed for potential clustering across hospitals. Both the
general linear and Poisson models were weighted to account for the stratified sampling design.
All data analyses were performed using SAS 9.12 (SAS Institute, Carey, NC).

Results
We identified 4458 patients with an AMI in the Minneapolis-St. Paul metropolitan area from
1985 (n=1306), 1990 (n=1550), 1995 (n=1087), and 2001 (n=515). A comparison of the
demographic and clinical characteristics as well as the treatment of the individual sample
frames is shown in Table 1. The mean age of patients with AMI was unchanged over time but
the proportion of Caucasians and men fell. History of hypertension, percutaneous transluminal
coronary angioplasty (PTCA), coronary artery bypass surgery (CABG) and stroke were more
common in recent survey years while previous AMI and angina pectoris fell over time. The
use of diagnostic and therapeutic procedures during the index hospitalization increased over
time, except for CABG. The utilization of other recommended medical therapies similarly
increased.

Hospital LOS progressively declined from 1985 to 2001. The median, 25th and 75th percentiles
lengths of stay were 9 (7, 12) days, 8 (6, 11) days, 6 (4, 9) days, and 4 (3, 7) days, respectively
(Figure 1).

Mortality following AMI declined over time. Adjusted in-hospital mortality declined from
11.6% in 1985, to 10.1% in 1990, to 9.3% in 1995, to 5.4% in 2001 (p-trend <0.0001) along
with diminishing LOS. The mortality, described in terms of the Poisson model (per person
week) is illustrated in Table 2. Overall, 1 month mortality (incorporating in-hospital and out-
of-hospital mortality) declined from 14.9% in 1985, to 12.8% in 1990 to 10.9% in 1995 to
7.8% in 2001 (p-trend <0.0001). After excluding patients who died during their hospitalization
(n = 445), there remained 4013 individuals in whom post-discharge mortality could be assessed.
The post-discharge mortality was low across the 3 time frames – 1 week, 1 month and 6 months
(Table 2). The trend was downward and significant at one month and six months. There were
no trends for 7-day post discharge mortality; it was low, ≈ 1%.

The data were median split based on discharge within the first 4 days to characterize shorter
and longer hospital stays at 1 months and 6 months (Table 3). Thirty day adjusted mortality
was variable but, on average, somewhat lower for patients discharge early (interaction p-value
NS). At 6 months, adjusted mortality was higher in those staying ≥ 5 days (interaction p-value
NS).

The demographic and clinical characteristics of patients discharged early (≤ 4 days compared
to those discharged later (≥ 5 days) are depicted in Table 4. Those who were hospitalized for
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a longer time were more likely to receive medical and invasive therapies in the early surveys.
For the later surveys (1995 and 2001), a different picture emerges. Early discharge becomes
more common, accounting for over 50% of AMI in 2001. The early discharge patients were
younger and somewhat more likely to be men. They were less likely to have diabetes,
hypertension, prior stroke, prior AMI or prior CABG but were more likely to have had prior
PTCA. Patients discharged early were more likely to undergo primary PTCA during their
hospitalization. In contrast, patients discharged later were more likely to undergo CABG.

Discussion
The MHS provided a unique opportunity to examine population trends in AMI mortality and
hospital care. We observed a steady decline in hospital LOS from 1985 to 2001. During this
17-year interval, there was also a decrease in 1 month post-discharge mortality.

The safety and feasibility of early discharge following an AMI has been a focus of debate
spurred by increasing economic pressures within the healthcare system. Hospital LOS has
steadily declined over the past half century. In the 1960s it was routine to hospitalize patients
with AMI for several weeks. Decreasing LOS has paralleled a transition from passive care (bed
rest, telemetry, and antiplatelet therapy) to active contemporary care (pharmacologic and
mechanical reperfusion therapy, the development and utilization of combined pharmacologic
agents, and rehabilitation). Ironically, decreasing hospital LOS has been associated with
increasing hospital cost. The total average charge for treating a heart attack patient rose from
$20,578 in 1993 to $28,663 in 2000, while the average hospital LOS fell by 26%—from 7.4
days to 5.5 days.10 These findings raised concerns that reduced hospital LOS may be
compromising patient care leading to poor outcomes.

The complex interaction of factors involved in determining hospital LOS has been illustrated
by several studies.11,12 Severity of patient illness, physician practice styles, patient preferences,
and financial constraints imposed by hospitals and insurance carriers all play roles. In an
analysis of patients undergoing CABG in the Cooperative Cardiovascular Project, Rosen
observed significant variability in LOS between institutions after adjusting for both
preoperative clinical characteristics and postoperative complications.12 McCormick observed
similar variability among 1188 patients admitted to community hospitals with pneumonia.11

Interestingly, patients with a shorter LOS did not have any worse outcome than those with a
longer hospital stay. These data support the notion that hospital LOS is driven to some extent
by non-clinical factors and that there was room for improved efficiency.

Investigators have attempted to identify patients at low risk of subsequent morbidity and
mortality. In the GUSTO trial, Newby defined an “uncomplicated” myocardial infarction as
the absence of death, re-infarction, ischemia, stroke, shock, heart failure, bypass surgery,
balloon pumping, emergency catheterization or cardioversion/defibrillation during the first 4
hospital days.7 The 30-day mortality in this group was 1% and the rates of re-infarction (1.7%),
recurrent ischemia (6.7%), and stroke (0.2%) were quite low.

Several studies have prospectively evaluated hospital LOS following AMI.2–5 Grines, in the
PAMI-II trial (1993–1995), randomized 462 low-risk AMI patients (age ≤ 70, left ventricular
ejection fraction > 45%, 1 or 2 vessel disease, successful coronary intervention, and no
persistent arrhythmias) treated with primary coronary intervention to either discharge on day
3 or to traditional care.2 At 6 months, the accelerated and traditional care groups had similar
rates of mortality, unstable ischemia, re-infarction, and stroke. Van der Vlugt, in the SHORT
trial (1993–1995), developed a decision rule for identifying low risk AMI patients (absence of
ventricular fibrillation, heart failure, recurrent infarction, and advanced AV block during the
first 3 days and absence of angina and symptomatic arrhythmias between days 3 and 7) who
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could be discharged on day 7.3 Among the 43% of the patients who qualified for early
discharge, none died within 1 month of discharge and the readmission rate for recurrent
myocardial infarction and heart failure was 1.8%. Senaratne evaluated the feasibility of
discharging patients directly from the coronary care unit.4 The mean length of hospitalization
of 5 days with an in-hospital mortality of 5.8%, and a 6-week post discharge mortality of 2.7%;
only 2 deaths occurred within 48 hours of discharge. Most recently, Bogaty et al. randomized
120 low-risk AMI patients to a discharge on day 3 versus a standard stay. Short-stay patients
had 25% fewer cardiovascular procedures with similar adverse event and rehospitalization
rates at 6 months.5

Our findings in a population-based sample are consistent with the results of these clinical trials,
although the mean LOS was slightly longer in this community than in the clinical trials. Our
data reflect the natural course of an unselected population of patients with AMI and a diversity
of care protocols in community hospitals. In contrast to selected patients enrolled in clinical
trials and prospective studies, the patients in the MHS would be expected to have increased
morbidity and mortality. Our observations are further supported by recently published data
from the Worcester Heart Attack Study.6 Spencer et al. analyzed 4551 AMI discharges from
1986 to 1999 and found no increase in post-discharge mortality among patients with a hospital
LOS less than 6 days. In contrast, 30-day and 90-day mortality was increased among patients
hospitalized longer than 2 weeks.

The trend toward reduced 30-day post discharge mortality between 1985 and 2001 contrasts
with our expectations given the observed reduction in LOS, leading us to reject our initial
hypothesis. One explanation may stem from the increased utilization of more sensitive cardiac
serum biomarkers in recent years. Patients with limited myocardial injury can now be readily
identified and this group of patients may have a better prognosis than those patients with larger
myocardial infarctions. A second explanation may rest within better risk stratification and
treatment of patients with myocardial infarction. Technologic advances now permit early
diagnosis of AMI and allow for more rapid triage of patients. Advances in medical therapy
combined with the early use of coronary angiography and revascularization now ensure
improved survival to a group of patients traditionally viewed as high risk. This more
“streamlined” process is clearly more efficient and presumably leads to earlier discharge while
avoiding increased patient risk. There also remains the possibility that the reduced LOS has
been primarily driven by hospital policy and insurance carriers.

There were several limitations to our study. First, the overall post-discharge mortality was quite
low for all 4 sample frames and was inadequate to permit additional modeling of hospital LOS.
However, this low mortality is echoed by other AMI studies, both prospective clinical trials
and retrospective observational analyses. Second, the reported mortality rates may be an
underestimate of the true mortality since out-of-state mortality was not identified. For this
reason, the analysis was restricted to in-state residents. We would not expect a significant
relocation of Minnesota residents within a month or even 6 months of a heart attack. Third,
HIPAA regulations necessitated the use of a third-party to perform the mortality follow up and
prohibited us from analyzing other outcomes such as readmissions for reinfarction and heart
failure. Finally, it is possible that the data derived from the MHS project may not reflect national
practice and mortality trends. The fact that the MHS incorporates data from all hospitals in the
Minneapolis-St. Paul metropolitan area and the similar trend between the MHS and national
mortality rates following AMI would argue to the contrary.
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Figure 1.
Hospital Length of Stay Stratified by Sample Year
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