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Background-—Readmission after myocardial infarction (MI) is a publicly reported quality metric with hospital reimbursement linked
to readmission rates. We describe the timing and pattern of readmission by cause within the first year after MI in consecutive
patients, regardless of revascularization strategy, payer status, or age.

Methods and Results-—We identified patients discharged after an MI from April 2008 to June 2012. Readmission within 12 months
was the primary end point. Readmissions were classified into 4 groups: MI related, other cardiovascular, noncardiovascular, and
planned. A total of 3069 patients were discharged after anMI (average age, 65�13 years; and 1941 [63%] men). A total of 655 patients
(21.3%) were readmitted at least once (897 total readmissions). A total of 147 patients (4.8%) were readmitted ≥2 times, accounting for
389 readmissions (43%). The instantaneous risk of all-cause readmission was highest (15 readmissions/100 patients per month; 95%
confidence interval, 12–19 readmissions/100 patients per month) immediately after discharge, decreased by almost half (8.1
readmissions/100 patients per month; 95% confidence interval, 7.2–9.0 readmissions/100 patients per month) within 15 days, and
was substantially lower and relatively constant (1.4 readmissions/100 patients per month; 95% confidence interval, 1.2–1.6
readmissions/100 patients per month) out to 1 year. Cardiovascular causes of readmission were more common early after discharge.

Conclusions-—Most patients with MI are never readmitted, whereas a small minority (�5%) account for nearly half of 1-year
readmissions. The readmission pattern after MI is characterized by an early peak (first 15 days) of cardiovascular readmissions,
followed by a middle period (months 1–4) of noncardiovascular readmissions, and ending with a low-risk period (>4 months) during
which the risk appears independent of cause. ( J Am Heart Assoc. 2018;7:e009650. DOI: 10.1161/JAHA.118.009650.)

Key Words: coronary heart disease • hospital readmission follow-up studies • myocardial infarction

E ach year, >600 000 patients in the United States will
experience a new myocardial infarction (MI), and an

additional 300 000 will have a recurrent MI.1 Up to 20% of
these patients will be readmitted within 30 days of the index
discharge date.2–5 In the United States, the approximate
annual cost for all unplanned readmissions has been

estimated at >$17 billion.6 Thirty-day readmission rates have
been proposed as a surrogate for measuring the quality of
care provided by hospitals under the assumption that
readmissions are preventable and associated with poor
delivery of health care.7,8 Using this as a quality metric, the
Centers for Medicare and Medicaid Services began publicly
reporting 30-day readmission rates in 2009, and subsequently
in 2012, the Centers for Medicare and Medicaid Services
began levying financial penalties to hospitals with excessive
readmissions.9 In response, nationwide efforts to reduce
readmissions have been underway, but only modest improve-
ments in readmissions after MI have been observed over the
past 10 years.10 These persistently high rates of readmis-
sions after MI highlight the need for further research to learn
more about readmission patterns.

Patients who survive an index MI are at an increased risk
for future adverse clinical events, particularly for future
cardiovascular events, such as recurrent MI, heart failure,
arrhythmia, and sudden cardiac death, all of which can lead to
readmission.2,3 Furthermore, the risk of these future events
varies from patient to patient, and the risk of these events
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extends beyond 30 days. Despite these known long-term
effects of an index MI, most prior studies have focused on
readmissions within 30 days because the current financial
penalties only apply to excessive 30-day readmission rates.2–4

However, payment bundles that extend to cover patient care
for up to 90 days after MI have recently been proposed.11 We
have previously shown that the risk for readmission after MI
varies dramatically in the first 90 days after an MI when time
is viewed as a continuous, not a categorical, variable and that
this risk varies whether the cause of readmission is cardio-
vascular or noncardiovascular.12 As hospital reimbursement
and payment structures continue to change and move toward
bundled payments for cardiovascular care,11 the need to
understand the long-term pattern of readmissions after MI is
critical to help provide quality care and manage costs. Rates
of readmission 1 year after MI have been described in the
Medicare population13 and in patients treated with percuta-
neous coronary intervention,14 but there have been no studies
in a broad, unselected group of patients with MI. Under-
standing when and why patients are at greatest risk for
readmission may allow hospitals to develop targeted, time-
based readmission prevention strategies and apply them to
patients when they are at the greatest risk for readmission.
We, therefore, sought to explore the risk of readmission by
cause within 1 year after an index MI, regardless of patients’
revascularization strategy, payer status, or age.

Methods
The data, analytic methods, and study materials will not be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

The Cleveland Clinic Health System is an 11-hospital
health system consisting of a main campus academic medical
center and 10 regional hospitals in northeast Ohio. We
retrospectively identified all patients who were admitted to
our main campus hospital with a principal diagnosis of MI
from April 2008 until June 2012 using discharge International
Classification of Diseases, Ninth Revision (ICD-9), diagnosis
codes, including both ST-segment–elevation and non–ST-
segment–elevation MI (ICD-9 codes 410–410.9). Patients who
died during their index admission for MI were excluded, and
only patients discharged alive after MI remained in the study
cohort. All readmissions, planned and unplanned, for any
reason to any hospital within our institutional health system
(including the main campus hospital and all regional hospitals
in northeast Ohio) within 12 months of the index MI were
identified using our institutional billing system. Readmissions
to hospitals outside of our health system were not available
and not included in the analysis. An internal audit of the
institutional readmission tracking system has shown that
78.3% of all readmissions are captured by this method. After a
readmission was identified, patients remained in the study
cohort because they continued to be at risk for readmission.
Repeated readmissions were counted as separate events. All
patients were assumed to remain alive during the 12-month
study period after discharge and remained at risk for
readmission.

Baseline demographic data during the index admission for
MI were collected for the entire study cohort. The timing of
readmission in relation to the date of discharge (time 0) was
calculated. The time-varying instantaneous risk of readmis-
sion was estimated for all readmissions over 12 months using
a nonlinear parametric temporal decomposition model.15 The
specific SAS procedure for this model can be accessed
at http://www.lerner.ccf.org/qhs/software/hazard/docume
nts/hazpred.pdf. This method is useful for a possibly
nonproportional and complex time-varying hazard by decom-
posing it into as many as 3 mathematically simple compo-
nents, called phases, and for explicitly identifying the time-
varying hazard. The primary cause of each readmission was
identified on the basis of principal diagnosis billing codes. The
primary cause of readmission was available for 99.7% of all
readmissions. The causes of 3 readmissions (0.3% of read-
missions) could not be accurately determined from the
available discharge billing codes and were subsequently
excluded from further analysis. If the primary cause for
readmission could not be accurately assigned with the
available billing codes, they were excluded from further
analysis. The causes for readmission were then categorized
into 4 different groups on the basis of the billing codes: MI
related, other cardiovascular related, noncardiovascular
related, or planned (Table S1). All cardiovascular-related
readmissions were subdivided into MI related and other

Clinical Perspective

What Is New?

• Patients are at highest risk for readmission after an index
myocardial infarction immediately after discharge.

• Readmissions for cardiovascular causes are more common
early in the discharge period, whereas noncardiovascular
reasons for readmission are more likely later in the
discharge period.

• After �5 months, the risk of readmission after myocardial
infarction is low and independent of cause.

What Are the Clinical Implications?

• Clinicians need to be aware that the first days after
discharge after an index myocardial contain the highest risk
for readmission.

• Carefully coordinated discharge planning and early physi-
cian follow-up may mitigate this risk.
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cardiovascular related because we hypothesized that the
timing of MI-related readmissions (periprocedural complica-
tions and recurrent infarctions) would differ from other
cardiovascular-related admissions. The instantaneous risk of
readmission for each group (MI related, other cardiovascular
related, noncardiovascular related, and planned) was subse-
quently calculated because each may be different.15

Descriptive statistics were used to summarize the data.
Continuous variables are presented as mean�SD. Categorical
data are described using frequencies and percentages. All
analyses were performed using SAS statistical software (SAS

v9.2; SAS, Inc, Cary, NC). The study protocol was approved by
our Institutional Review Board, with a waiver of informed
consent.

Results
The study population consisted of 3316 unique patients
admitted for an index MI between April 2008 and June 2012
(Figure 1). The index in-hospital mortality rate was 7.4%
(247/3316), and these patients were excluded from the
subsequent analysis, leaving 3069 patients in the study

Figure 1. Patient flow sheet. *The causes of 3 could not be accurately determined on the basis of the
available discharge billing codes. CV indicates cardiovascular; MI, myocardial infarction.
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cohort. Baseline demographic data are shown in the Table.
The study population was predominately men, with a mean
age of 65 years, and most patients had non–ST-segment–
elevation MI. Within 12 months of the index MI, 655 patients
(21%) were readmitted, leading to a total of 897 readmissions.
Of the 655 patients readmitted, 508 (78%) were readmitted
once and 147 (22%) were readmitted ≥2 times; these 147
patients represented 4.8% of the study cohort and accounted

for 389 (43%) of the 897 readmissions. Within 30 days of
discharge, 268 readmissions (30%) occurred, with 191 (21%)
occurring within 15 days (Figure 2). The instantaneous risk of
readmission for any cause after MI, composed of an early
decreasing phase and a constant phase, was highest imme-
diately after discharge (15 readmissions/100 patients per
month; 95% confidence interval, 12–19 readmissions/100
patients per month) and then decreased rapidly early in the
postdischarge period (8.1 readmissions/100 patients per
month at 15 days; 95% confidence interval, 7.2–9.0 readmis-
sions/100 patients per month at 15 days) (Figure 3 and
Figure S1). After �6 months, the risk of readmission for any
cause remained low and relatively constant (1.4 readmis-
sions/100 patients per month; 95% confidence interval, 1.2–
1.6 readmissions/100 patients per month). Two hundred
sixty readmissions (29%) were MI-related readmissions, and
177 (20%) were other cardiovascular-related readmissions. All
cardiovascular-related readmissions accounted for 49% of all
readmissions. Three hundred forty-four readmissions (38%)
were noncardiovascular related, and 113 readmissions (13%)
were planned. The instantaneous risk of readmission by cause
is shown in Figure 4, with the hazard phase(s) that compose
each readmission cause (Figure S2A through S2D). The risk of
MI-related and other cardiovascular-related readmissions was
highest immediately after discharge and after �15 days; non–
cardiovascular-related causes posed the highest risk for
readmission.

Table. Patient Characteristics (of Patients Discharged Alive
After MI)

Characteristic Value (n=3069)

Age, y 65.1�13.3

Male sex 1941 (63)

White race 2176 (72)*

STEMI 1007 (33)†

NSTEMI 2059 (67)†

LVEF, % 45.9�13.2‡

Length of stay, d 3/4/9§

Data are given as mean�SD or number (percentage). LVEF indicates left ventricular
ejection fraction; MI, myocardial infarction; NSTEMI, non-STEMI; and STEMI, ST-segment–
elevation myocardial infarction.
*n=3026.
†n=3066.
‡n=2431.
§The 25/50/75 percentiles are given.

Figure 2. Frequency staked bar graph depicting the change in the number of readmissions after myocardial
infarction (MI) for different reasons over 0.5-month follow-up time frames. CV indicates cardiovascular.
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Discussion
Most patients are never readmitted in the first year after an
index MI, and of those patients who are readmitted, the risk of
readmission varies dramatically among this small cohort and
is dependent on the cause and timing of readmission. A
minority of patients (�5%) account for almost half of the
readmissions. This risk of readmission is highest immediately
after discharge, decreases exponentially in the first few
weeks, and then remains low and relatively constant after
�6 months from discharge. Classification on the basis of the
primary determinant of readmission confirms that the risk for
cardiovascular-related readmissions peaks within 15 days of
discharge and then decreases precipitously. After 15 days,

the risk of readmission was highest for non–cardiovascular-
related causes until 5 months after discharge, when the risk
of readmission is low, and this risk appears to be independent
of cause.

Prior studies have described patterns of readmission after
MI. Most have focused on readmission within 30 days,2–4

whereas others have described long-term readmission pat-
terns out to 1 year for Medicare patients and for those who
received percutaneous coronary intervention after MI.13,14

However, all readmissions after MI, regardless of manage-
ment strategy or payer status, are used to calculate
readmission rates for individual hospitals, and payment
bundles for MI may soon extend beyond 30 days.11 Our
study is the first to describe 1-year readmission patterns by
cause after MI in an unselected, consecutive patient cohort.
Because patients may be readmitted more than once during
the follow-up period, a parametric analytic method for
repeated time-related events was used instead of traditional
time-to-first-event (survival) analysis.15 Therefore, unlike sur-
vival-type analysis, patients remain at risk for another
readmission after experiencing an event. Our study is the
first to use this parametric analysis to evaluate the risk of
readmission after MI.

Most patients are never readmitted after an index MI, even
when the readmission window is lengthened to 1 year. Of
patients who are readmitted, <25% accounted for nearly half
(43%) of all the readmissions, reflecting that the risk of
readmission is not the same frompatient to patient. This varying
risk is even more striking when viewed in the context of the
entire cohort because the patients readmitted more than once
only represent 4.8% of the total population of patients
discharged alive after MI; yet, they account for nearly half of
all readmissions within 12 months. This varying individual
patient-to-patient risk may enable us to concentrate our
readmission prevention strategies on certain high-risk patients
because nearly 80% of patients are never readmitted,�15% are
readmitted once, and 5% are readmitted multiple times.
Identifying the specific patients who have a dramatically higher
risk for readmission after MI could help direct efforts to prevent
future readmissions. However, the development of accurate
readmission risk prediction models has remained elusive.16

The current 30-day readmission rate time frame is
arbitrary and has limitations in terms of its suitability as
an accurate quality metric.17–19 This time frame was chosen
by the Centers for Medicare and Medicaid Services instead
of longer time frames (such as 90 days) because readmis-
sions over a longer period may be influenced by factors
outside of the hospital’s control, such as patient compliance,
comorbid conditions, or care provided at other institutions.20

The Centers for Medicare and Medicaid Services began
focusing on reducing readmission rates in an effort to
improve quality of care, but 30-day readmission rates do not

Figure 3. Twelve-month instantaneous risk (hazard function) of
readmission after myocardial infarction (solid line) enclosed within
dashed 95% confidence bands.

Figure 4. Twelve-month instantaneous risk (hazard function) of
readmission after myocardial infarction by cause (solid lines)
enclosed within dashed 95% confidence bands. Red, myocardial
infarction related; blue, noncardiovascular related; orange, other
cardiovascular related; green, planned readmission.
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correlate strongly with mortality rates,21 and paradoxically,
higher 30-day readmissions rates may even be linked to
lower mortality rates.22 The assumption that readmissions
throughout this 30-day time frame are similar does not
appear to be true and subsequently may hinder the efficacy
of strategies to reduce readmission rates. Our results
support that the risk of readmission is particularly high in
the first 30 days, but >70% of these 30-day readmissions
occur within the first 15 days, correlating with the substan-
tially higher risk of readmission during this early period. In
contrast, the rate of readmission is much lower after
30 days, and readmissions become increasingly noncardio-
vascular, highlighting a potential limitation of extending
payment bundles beyond 30 days. Given the disproportion-
ate number of readmissions that occur soon after discharge,
the current 30-day postdischarge period may be more
appropriately separated into early and late readmission
periods. Some have proposed an early (<15 days) and a late
(days 16–30) readmission period,23 whereas others have
suggested weighting financial penalties on the basis of the
timing of readmission.24 Because payment bundles may be
extended past 30 days,11 our results support the consider-
ation of separating the postdischarge time into different
periods, such as early (days 0–15), late (days 16–30), and
very late (days 31 and beyond), because the risk and causes
of readmission shift dramatically during these different time
periods. Public reporting of readmission rates under this
model may show that some hospitals have excessive rates of
readmission during some or all these different time periods.
This temporal knowledge would allow physicians and hospitals
to identify when their patients are at highest risk for
readmission. Our results also support the consideration of
adjusting financial penalties on the basis of the risk of
readmission at a particular time in the postdischarge period.

Prior studies have shown that the risk factors for early
readmissions are different when compared with late
readmissions.23 Early readmissions were associated with
markers of both acute and chronic disease in contrast to late
readmissions, which were found to be associated only with
markers of chronic disease. Our study supports this finding
because the risk for readmission was highest immediately
after discharge, regardless of cause. This early risk likely
reflects the acute illness burden of an MI and the complica-
tions related to the management of acute coronary syndrome,
representing a posthospitalization syndrome,25 or unique
clinical state when patients are particularly vulnerable to
readmission. Because the risk for readmissions varies
dramatically throughout the 30 days, strategies to prevent
readmission that are applied broadly to the 30-day window
may have limited efficacy.

Early outpatient follow-up has been viewed as a strategy to
prevent readmission. However, optimal timing for outpatient

follow-up after MI has not been well established, and the
effect of early outpatient follow-up after MI is conflicting.
Major societal guidelines endorse the development of
posthospital systems of care in an effort to reduce hospital
readmissions, but they do not recommend any specific timing
for scheduled follow-up with primary care physicians or with
cardiologists.26,27 Our results suggest that follow-up should
occur soon after discharge (within 1 week) if the goal of
outpatient follow-up is to reduce readmission rates, although
a prior retrospective analysis of a Medicare MI registry did not
show that early follow-up was associated with decreased
rates of readmission.5 Scheduling outpatient follow-up later in
the discharge period could leave patients at undue risk for
readmission. A more recent study has shown that early
physician follow-up has led to a reduction in 30-day readmis-
sion rates after non–ST-segment–elevation MI, especially for
those patients with MI who follow up with the same treating
inpatient physician or a cardiologist.28 Early follow-up with a
cardiologist is supported by our findings because cardiovas-
cular-related readmissions predominate early in the discharge
period. Follow-up with a primary care physician may be more
effective later in the discharge period when non–cardiovas-
cular-related readmissions are more common.

Readmissions have been historically viewed as a failure or
breakdown in longitudinal care. However, inpatient care
processes, such as length of stay, rapid response team
activation, or discharge time, have been shown to be
associated with readmission soon after discharge.23,29 Our
prior analysis12 and current study support this finding
because the risk of readmission was highest immediately
after discharge. These findings suggest that clinical events
and decision making during the index hospitalization con-
tribute to this heightened early risk of readmission, reflecting
a breakdown in inpatient, not outpatient, care. If hospitals try
to manage costs by focusing on decreased length of stay after
MI, they must be careful to avoid potentially increasing the
risk of readmission30 and exposing themselves to financial
penalties attributable to excessive readmission rates. Efforts
to reduce readmissions must focus on both the inpatient and
outpatient arena because efforts focused solely on one will
likely fall short, and these efforts should begin on the day of
admission and not on the day of discharge.

Although our study has several strengths, we acknowledge
limitations inherent to a single-center retrospective study. In
addition, our health system is an academic, quaternary
referral center with 10 regional hospitals across northeast
Ohio, thus potentially limiting the generalizability of our
findings to community hospitals. Readmissions to hospitals
outside our health system were not included, and our rate of
readmission is underestimated. However, an internal audit of
our institutional readmission tracking system has shown that
�80% of all readmissions to any institution are captured
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within our health system, and our overall rate of readmission
was similar to prior, larger studies.2,3,5 Furthermore, our study
design allowed us to capture all patients with MI within our
health system, regardless of their payer status, including self-
pay, and thus more accurately reflects the total population of
patients with MI compared with prior analyses based solely on
Medicare databases.13 This method was also readily available
operationally and captures patients within the scope of direct
control of our health system. We also assumed that all
patients remained alive and at risk for readmission. Deaths
that occurred after discharge would lead to an overestimation
of the rate of readmission. However, contemporary estimates
of 1-year survival in patients who survive their index MI are
93% to 94%,31 and thus only a small portion of our cohort
would have been removed from the analysis if mortality status
was known. Identification of the initial cohort and the causes
of readmission were determined by principal diagnosis billing
codes, which could lead to misclassification if the coding was
inaccurate. However, the use of administrative data has been
shown to be accurate (94%) when compared with clinical
medical record review.32

Our study demonstrates that the risk of readmission after
MI varies dramatically by patient and over time when the
discharge window is extended to 1 year. Most patients are
never readmitted after an index MI, and a small minority
(�5%) of patients account for nearly half of all readmissions.
Furthermore, the risk of readmission, particularly for cardio-
vascular causes, is highest early after readmissions, declines
substantially by 15 days, and remains low after 30 days to
1-year postdischarge. These findings highlight a major
limitation to extending readmission penalties and cardiovas-
cular payment bundles beyond 30 days and, in fact, suggest
that the readmission window and payment bundle could even
be shortened from 30 to 15 days to accurately capture
cardiovascular readmissions. Readmission prevention strate-
gies need to start in the hospital on admission given the early
high risk of cardiovascular readmissions, and targeted
strategies may be needed for the patients at highest risk of
readmission. Finally, more research is needed to identify the
high-risk patients who are leading to recurrent readmissions
and to elucidate what leads to the inordinately high risk of
readmission early after MI.
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Table S1. Categorical assignment of principal diagnosis billing codes. 

 

Readmission Diagnosis Readmission Category Frequency (%) 

Cardiac MI related 137 (15) 

Post-operative complication MI related 50 (5.6) 

Post-operative infection MI related 73 (8.2)  

Arrhythmia Other CV 57 (6.4) 

Coagulopathies Other CV 8 (0.89) 

Deep Vein Thrombus/Pulmonary Embolism Other CV 7 (0.78) 

Fluid-Heart Failure Other CV 105 (12) 

Endocrine Non CV 7 (0.78) 

Fluid - Pleural Effusion Non CV 4 (0.45) 

Gastrointestinal Non CV 48 (5.4) 

Genitourinary Non CV 3 (0.34) 

Hematologic Non CV 10 (1.1) 

Infection Non CV 76 (8.5) 

Miscellaneous Non CV 101 (11) 

Neurologic Non CV 31 (3.5) 

Pulmonary Non CV 43 (4.8) 

Renal Non CV 21 (2.3) 

Elective (Planned) Planned 113 (13) 

 

  



Figure S1 has been added to visualize that overall readmissions can be modelled by an early 

decreasing phase and a constant phase. Figures S2A-D have also been added to visualize the 

different phases comprised in the modelling for each readmission group. 

 

Figure S1. Twelve-month instantaneous risk (hazard function phases) of 

readmission after myocardial infarction. 

 

 

Blue = early phase; red = constant phase. 

  



Figure S2A. Twelve-month instantaneous risk (hazard function phases) of 

readmission after myocardial infarction for myocardial infarction related 

readmissions.   

 

Blue = early phase; red = constant phase.  

  



Figure S2B. Twelve-month instantaneous risk (hazard function phases) of 

readmission after myocardial infarction for non-cardiovascular related 

readmissions.   

 

Blue = early phase; red = constant phase.  

  



Figure S2C. Twelve-month instantaneous risk (hazard function phases) of 

readmission after myocardial infarction for other cardiovascular related 

readmissions.   

 

Blue = early phase.  

  



Figure S2D. Twelve-month instantaneous risk (hazard function phases) of 

readmission after myocardial infarction for planned readmissions.   

 

Blue = early phase.  

 

 


