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Abstract

Few studies have examined recent trends in the length of stay (LOS) among patients hospitalized
with a first uncomplicated acute myocardial infarction (AMI) and the impact of early hospital
discharge on various short-term outcomes in these low risk patients. We used data from 1,501
residents of central Massachusetts hospitalized with a first uncomplicated AMI at all central
Massachusetts medical centers on a biennial basis between 2001 and 2011. The association
between hospital LOS and subsequent hospital readmission or death was examined using logistic
regression modelling. The average age of the study population was 63.7 years, 63.0% were men,
and 91.4% were non-Hispanic whites. The average hospital LOS declined from 4.1 days in 2001
to 2.9 days in 2011. During the years under study, the average 30-day hospital readmission rate
was 11.9%, while the 30-and 90-day death rates were 1.5% and 2.9%, respectively. The
multivariable adjusted odds of a 30-day hospital readmission (OR=0.81, 95%CI=0.52-1.41), or
30-day (OR=0.93, 95%CI1=0.29-2.98) and 90-day (OR=0.89, 95%CI1=0.36-2.20) death rates were
not significantly different between patients who were discharged from central Massachusetts
medical centers during the first 2 days as compared with those discharged thereafter. In
conclusion, the average LOS in patients with a first uncomplicated AMI declined during the years
under study and early discharge from the hospital at day 2 or sooner of these low risk patients does
not appear to be associated with an increased risk of adverse events post discharge compared with
those discharged at a later time.
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The average length of stay (LOS) for patients hospitalized with acute myocardial infarction
(AMI) has declined significantly over the past several decades.! In recent years, increasing
pressure has been placed on hospitals to discharge patients early after an AMI when
medically possible. However, early hospital discharge may negatively affect quality of care
and lead to adverse outcomes. Prior observational studies and randomized clinical trials have
shown that the early (<72 hours) hospital discharge of patients with an uncomplicated, low
risk, AMI is safe and cost-effective.2-> However, few studies have examined recent trends in
LOS among patients hospitalized with a first uncomplicated AMI, and the impact of early
hospital discharge on short-term outcomes in these patients. We examined decade-long
(2001-2011) trends in hospital LOS for patients with a first uncomplicated AMI and the
impact of early hospital discharge on 30-day hospital readmissions and 30 and 90-day all-
cause death rates in these patients.

METHODS

Data from the Worcester Heart Attack Study, an ongoing population-based investigation that
is examining long-term trends in the incidence, hospital, and post-discharge case-fatality
rates of AMI among residents of the Worcester, Massachusetts, metropolitan area, were used
for this investigation. The details of this study have been described previously.® In brief, the
medical records of residents of central Massachusetts hospitalized for possible AMI at the
11 medical centers serving residents of this metropolitan area were individually reviewed
and a diagnosis of AMI was validated according to criteria developed by the World Health
Organization with further sub-classification into those with an ST-segment elevation AMI
(STEMI) or Non-ST segment elevation AMI (NSTEMI).” This investigation was approved
by the Institutional Review Board at the University of Massachusetts Medical School.

We excluded 2,881 patients (out of a total eligible pool of 5,783 patients with confirmed
AMI) who were admitted to participating study hospitals who developed any clinically
significant complications during their acute hospitalization including heart failure,
pulmonary edema, cardiogenic shock, ventricular arrhythmias or cardiac arrest, atrial
fibrillation, a reinfarction, or who died (n=76) during the index hospital stay.* We further
excluded patients with a previously diagnosed AMI (n=747) to remove the potentially
confounding effects of a previous AMI on the natural history and prognosis of these patients.
We excluded 128 patients who underwent coronary artery bypass graft surgery, since these
patients typically have a longer hospital stay post operation, and 206 patients with a Do Not
Resuscitate order. Finally, we excluded 244 patients who had missing data on key study
variables. The final study population consisted of 1,501 residents of the Worcester
metropolitan area with a first uncomplicated AMI who were hospitalized at all 11 central
Massachusetts medical centers during 6 biennial periods between 2001 and 2011.

A subsequent hospital admission for any reason within 30 days following discharge from the
patient’s index hospitalization for AMI was considered a 30-day readmission. Trained study
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staff searched subsequent hospital medical records and state and national death certificates
for any post discharge death among the 1,501 patients discharged from all 11 participating
study hospitals after their index uncomplicated initial AMI. These trained staff members
also searched subsequent medical records from the 3 major city of Worcester teaching and
community hospitals to identify any subsequent hospital readmissions to these major
medical centers among the 1,364 patients who were discharged from these hospitals after a
first uncomplicated AMI. Since the death rates at 30 days post hospital discharge were low,
we examined all-cause mortality at both 30 and 90 days after hospital discharge for the
patient’s index AMI.

We categorized hospital LOS during the patient’s index AMI as either <2 days, 3 days, and
>4 days. This categorization was based, in part, on the results of several clinical trials which
have shown that hospital discharge at day 3 was safe and cost-effective for patients with a
low risk AMI1.428 We examined differences in the distribution of a number of patient
demographic, medical history, and clinical characteristics between patients in the early (<2
days) or late (=4 days) versus 3 day groups (reference category) using Chi-square tests for
discrete variables and the Kruskal -Wallis test for non-normally distributed continuous
variables.

Trends in mean hospital LOS between 2001 and 2011 were examined after adjustment for a
number of demographic and clinical factors using multiple linear regression modelling. Due
to few deaths at 30 days (n=23) and at 90 days (n=43) in our study population, the
association between LOS and death was examined using penalized maximum likelihood
logistic regression by Firth’s method to reduce the bias in maximum likelihood estimation
with a rare event.? Potentially confounding variables to be included in our regression
analyses were tested in an iterative fashion and variables that changed the estimates of the
effects of LOS on our post-discharge outcomes by more than 10% were retained in the final
regression models. Analyses for post-discharge mortality were conducted in the total sample
of 1,501 patients discharged from all 11 Worcester metropolitan area hospitals, while the
analyses for hospital readmission were conducted in the sample of 1,364 patients who were
hospitalized at the 3-major city of Worcester medical centers in whom hospital readmission
data were available. Since patients who were transferred to our 3-major city of Worcester
hospitals for further care and/or receipt of invasive cardiac procedures might have
experienced a longer hospital LOS, we carried out a similar series of analyses in which we
excluded patients who were transferred to the 3 major referral hospitals in the city of
Worcester. This subgroup analysis showed similar results to those observed in the entire
study sample. All analyses were conducted on Stata Release 13 (College Station, TX:
StataCorp LP).

The mean age of the study population was 63.7 years, 63.0% were men, and 91.4% were
non-Hispanic white. One third of the study population had an STEMI, and two-thirds
underwent a percutaneous coronary intervention (PCI). Between 2001 and 2011, the average
length of hospital stay for patients with a first uncomplicated AMI was 3.5 days (median: 3
days, interquartile range: 2—4 days). Hospital readmissions for any reason within 30 days

Am J Cardiol. Author manuscript; available in PMC 2019 February 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tran et al.

Page 4

after discharge occurred in 11.9% of patients, and death occurred in 1.5% and 2.9% of
patients within the first 30 and 90-days post discharge, respectively.

During the period under study, the average hospital LOS steadily declined from 4.3 days in
2001 to 2.9 days in 2011 (Figure 1-Panel A). After adjusting for changes in patient’s
demographic and clinical characteristics during the decade long period under study, the
average LOS significantly decreased by 0.14 (95%CI = 0.11 — 0.18) days after each study
year. The percentage of patients who were discharged early (within the first 2 days)
increased during the years under study, from 21.7% in 2001 to 57.8% in 2011, whereas the
percentage of patients who were discharged after 4 or more days markedly declined over
time (55.3% in 2001; 22.4% in 2011) (Figure 1-Panel B).

Patients who were discharged from all central Massachusetts medical centers during the first
2 days after admission had relatively similar characteristics with patients who were
discharged at 3 days with a few exceptions. These included a higher percentage of men,
those with higher systolic blood pressure and lower troponin I levels at the time of hospital
admission, and a lower percentage of those diagnosed with a STEMI or who were treated
with lipid-lowering medication during their acute hospitalization (Table 1). Compared with
patients who were discharged from the hospital at 3 days, patients who were discharged at a
later time (=4 days) were approximately 7 years older, included a lower percentage of men,
those with a higher average heart rate and white blood cell count findings, and a lower
glomerular filtration rate at the time of hospital admission. These patients also had a higher
prevalence of several previously diagnosed medical conditions including atrial fibrillation,
chronic kidney disease, lung disease, and hypertension. Fewer of these patients were treated
with either a PCI or lipid-lowering medication, while a higher percentage were treated with
diuretics during their acute hospital stay compared with patients who were discharged from
the hospital at 3 days.

The 30-day hospital readmission rate and 90-day death rates were significantly higher in
patients who had a longer hospital stay compared with patients who stayed for a shorter
duration (p<0.05, Figure 2). The odds of being readmitted to the 3 principal city of
Worcester hospitals within 30-days was 1.57-fold higher (95%CI = 1.05-2.35) in patients
who were discharged later than 3 days compared with patients who were discharged at 3
days (Table 2). However, after adjustment for various potentially confounding demographic
and clinical variables, there were no significant differences in either 30-day hospital
readmissions among patients who were initially treated at our 3 major city medical centers,
or in the 30- and 90-day all-cause death rates among all patients discharged from the 11
central Massachusetts medical centers, between our 3 LOS comparison groups (Table 2).

DISCUSSION

We found a continuous decline in the average and median length of hospital stay for non-
surgical patients who were admitted to the hospital for a first uncomplicated AMI. We also
found that patients who were discharged early (2 days or less) had similar short-term
outcomes compared with patients who were discharged at a later time.
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Since the first clinical trial in 1988 which showed the safety and efficacy of early discharge
at 3 days for low-risk patients hospitalized with an uncomplicated AMI,* a 3 day LOS for
patients with an uncomplicated AMI has become increasingly popular in clinical practice.
25,10 There are several factors that may have contributed to this trend. For example, the
shortened arrival to intervention time inspired by the Door-to-Balloon Alliance for Quality
program was associated with a considerably shortened LOS.11-13 The increasing uptake of
radial access for patients undergoing a PCI has also reduced the average LOS for patients
hospitalized with an AMI due to fewer bleeding complications and shorter monitoring time
required.14-16

Given support for the safe management of patients with an uncomplicated, low risk, AMI,
many hospitals have shifted the management of patients with an AMI from the inpatient to
outpatient setting, which constitutes early discharge and an early follow-up visit in a
cardiology clinic. Our study showed that an increasing proportion of patients were
discharged from central Massachusetts medical centers sooner during the years under study,
perhaps due to the shifting from hospital to clinic-based management of these low-risk
patients.

Many physicians have raised concerns that a short LOS is inadequate to provide effective
treatment to patients with AMI. However, in the present study a shorter LOS was not
associated with poorer quality of care, as similar proportions of patients discharged early (2
days or less) received evidence-based treatment practices as patients who were discharged at
3 days. Interestingly, patients who were discharged at a later time were less likely to have
undergone a PCI or been treated with statins compared with patients discharged at 3 days.
Data from the Get With The Guidelines program also showed that a higher percentage of
patients who were discharged before 4 days received evidence-based cardiac medications
compared with patients discharged after 4 days.18 Thus, patients who were discharged early
may not be less likely to receive effective cardiac treatment regimens.

We found that the short-term outcomes that were examined in the present study were not
significantly different in patients discharged from central Massachusetts medical centers
early as compared with patients discharged at hospital day 3. This finding confirms results
from prior clinical trials in patients treated with a PCI for a STEMI, including the Prague-5
and the Early Discharge after Primary Percutaneous Coronary Intervention (EDAPPCI)
trials.219

The similar hospital readmission and mortality findings observed between the early and day
3 patient discharge groups in the present study may be explained by many similarities
between these two groups with regards to their medical history and clinical presentation at
the time of hospital admission. Inasmuch, early discharge from the hospital at <2 days may
be as safe as discharge at 3 days in non-surgical patients with an uncomplicated first AMI.
An early discharge strategy is made possible with early out-patient follow-up visits after
discharge since many important components for the successful management of patients,
including patient education or behavioral interventions, can be effectively carried out in the
outpatient setting.20 Furthermore, early outpatient follow-up is associated with better
evidence-based medication use among patients, perhaps due to the fact that many adverse
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effects that cause medication nonadherence occur days or weeks after taking the medication.
20-23 An in-hospital monitoring period for the initiation of evidence-based medications may
not be cost-effective and further lengthens the hospital stay.

Our study included patients treated with a PCI and non-invasive medical treatment, as well
as patients with a STEMI and NSTEMI; other studies have only focused on STEMI patients
who were successfully treated with a PCI.19:24 Many stable patients with a low risk
NSTEMI can be successfully managed with an ischemia-guided strategy, which avoids the
use of invasive coronary intervention procedures, unless patients experience refractory or
recurrent ischemic symptoms or become hemodynamically unstable.2® Data from 920
patients with a NSTEMI enrolled in the multicenter randomized Veterans Affairs Non-Q-
Wave Infarction Strategies in Hospital (VANQWISH) trial showed that an ischemia-based
strategy resulted in a shorter LOS and receipt of fewer coronary interventions or coronary
artery graft bypass surgery in comparison to patients treated with an early reperfusion
strategy.26

The strengths of the present study include data from an established community-based study
of AMI. However, we were unable to examine the timing, quantity, and quality of outpatient
visits following hospital discharge, which may have been differential between our hospital
LOS comparison groups. Being an observational study, there are a number of unmeasured
potentially confounding factors that may have affected our study findings. Inasmuch, a large,
randomized trial comparing short-term outcomes in patients who are discharged from the
hospital after experiencing a low risk uncomplicated AMI at 2 days versus 3 days may be
warranted to replicate and extend our findings.
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Panel A: Trends in length of hospital stay
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Panel B: Trends in 3 groups of hospital stay
In non-surgical patients with a first uncomplicated AMI

Figure 1.
Trends in length of hospital stay in non-surgical patients admitted to the hospital with a first

uncomplicated acute myocardial infarction (AMI): Worcester Heart Attack Study
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Short-term outcomes according to length of hospital stay
In non-surgical patients with the first uncomplicated AMI
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Figure 2.
Short-term outcomes according to length of hospital stay in non-surgical patients admitted to

the hospital for a first uncomplicated acute myocardial infarction (AMI): Worcester Heart
Attack Study
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Table 2

Association between clinical outcomes and length of hospital stay in the first 30 and 90 days after hospital
discharge among patients with an uncomplicated acute myocardial infarction: Worcester Heart Attack Study

<2 days 3 days >4 days

OR (95%Cl)  OR (95%Cl) OR (95%Cl)

30-day hospital readmission

Unadjusted 0.78 (0.50-1.22) Reference 1.57 (1.05-2.35)

Adjusted 0.81(052-1.41)  Reference  1.39 (0.92-2.10)
30-day mortality

Unadjusted 0.92 (0.30-2.79) Reference 1.50 (0.54-4.17)

Adjusted® 0.93 (0.29-2.98) Reference 0.98 (0.34-2.79)
90-day mortality

Unadjusted 0.74 (0.31-1.80) Reference 1.87 (0.88-4.01)

Adjusted® 0.89(0.36-2.20)  Reference  1.19 (0.54-2.61)

OR: odds ratio, Cl: confidence interval

Note: Analyses for post-discharge mortality were conducted in a total sample of 1,501 patients discharged from all 11 metropolitan Worcester
hospitals, while the analyses for hospital readmission were conducted in a subsample of 1,364 patients in whom readmission data were available
from 3 city of Worcester hospitals.

fAdjusted for age and comorbid chronic kidney disease
’tAdjusted for age and race

§Adjusted for age and receipt of a percutaneous coronary intervention
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