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See Editorial by McCarthy and Pandey

BACKGROUND: Readmissions within 30 days after acute myocardial 
infarction have been used as a performance metric for hospitals. However, 
evolving concepts of value-based reimbursement have shifted the focus 
to 90 days after hospital discharge. Tools are needed to determine risk for 
90-day readmission to identify patients who might benefit from enhanced 
transitional healthcare resources.

METHODS AND RESULTS: In this cohort study, we identified all Medicare 
beneficiaries with a primary diagnosis of acute myocardial infarction who 
were discharged from hospitals participating in National Cardiovascular 
Data Registry ACTION registry between 2008 and 2014. Among a 
random 70% sample (derivation cohort), we performed hierarchical 
proportional hazards regression, accounting for death as a competing risk, 
to assess predictors of all-cause readmission within 90 days. Models were 
validated in the remaining 30%. Among 86 849 unique patients, 23 912 
(27.5%) were readmitted within 90 days. Of the readmissions, 55% 
occurred within 30 days and 81% occurred within 60 days. Predictors 
of readmission included older age and a history of diabetes mellitus or 
heart failure. Coronary revascularization was associated with a lower risk 
of readmission. A simple risk score incorporating patient demographic 
and clinical characteristics known before discharge identified groups of 
patients with readmission risks ranging from 13.1% to 42.9%. Model 
discrimination was moderate (C statistic=0.662), and calibration was 
excellent (slope=0.97, intercept=−0.04).

CONCLUSIONS: Readmission within 90 days of hospitalization for 
acute myocardial infarction can be predicted by variables known before 
discharge and offers the potential to prospectively design transitional care 
to the risks of individual patients.
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Cardiovascular health care is moving from reimburse-
ment based on volume to that based on value (ie, 
lowering healthcare costs while maintaining or im-

proving health outcomes).1–3 This transition will shift the 
risk of variations in costs and quality of care from insurers 
to hospitals and clinicians. A critical component of this 
transformation is the implementation of episode pay-
ment models (EPMs) that pay hospitals a fixed amount 
for all healthcare services provided within an episode of 
care. A voluntary EPM for acute myocardial infarction 
(AMI) recently announced by the Centers for Medicare 
and Medicaid Services (CMS) uses a time horizon of 90 
days, which represents a substantial departure from both 
current fee-for-service models and 30-day penalties for 
readmission that have recently been implemented.4–6

Episode-based payment will require clinicians and 
hospitals to develop novel strategies to improve qual-
ity of care not only during a hospitalization but also 
in the period after discharge. Because nearly 20% of 
patients hospitalized with AMI are readmitted to a hos-
pital shortly after discharge,7,8 readmissions are likely to 
play a large role in care management of AMI patients in 
EPMs. It is estimated that 22% and 12% of the costs 
within 90 days of an AMI are incurred from readmissions 
for patients who are managed with medical and percu-
taneous coronary intervention (PCI) strategies, respec-
tively.9 However, little is known about the frequency and 
timing of 90-day readmissions, or how to prospectively 
identify patients at greater risk for 90-day readmission.

To succeed in these new EPMs, clinicians and hos-
pitals need tools that can be used to assess the risk 
of 90-day readmission during a patient’s index hos-
pitalization for AMI, so that the intensity of follow-
up, such as home health services, can be targeted 
to patient risk.10–14 To help hospitals identify their 
patients 90-day readmission risks, we used data from 
the National Cardiovascular Data Registry (NCDR) 
ACTION Registry15 to develop a clinically useful pre-
diction model to assess the risk of readmission using 
data available before discharge.

METHODS
Data Source
The American College of Cardiology NCDR programs are 
designed to support efforts to improve the quality of car-
diovascular care.16 In this study, we used NCDR ACTION 
Registry, a clinical database of patients hospitalized with 
AMI. More than a quarter of all hospitals caring for patients 
with AMI in the United States participate in the registry. 
ACTION uses a data quality program consisting of (1) a data 
quality report, (2) a set of internal quality metrics, and (3) 
a yearly data audit program designed to ensure complete-
ness, consistency, and accuracy of collected data.16 Data not 
meeting these quality standards are excluded from regis-
try analyses. Records of Medicare beneficiaries in ACTION 
are linked to claims collected by CMS, including data on 
subsequent outcomes including hospital readmissions and 
death through probabilistic matching. This study was pre-
pared in compliance with the Strengthening the Reporting 
of Observational Studies in Epidemiology guidelines. The 
data, analytic methods, and study materials are stored at 
the NCDR and will be made available to other research-
ers for purposes of reproducing the results or replicating 
the procedure on request and peer review approval by the 
ACTION Research and Publications Committee.

Study Population
All Medicare beneficiaries hospitalized with AMI in NCDR 
ACTION registry from 2008 to 2014 were considered. We 
excluded patients at hospitals without >70% match on 
data elements used to link subsequent claims (ie, site-spe-
cific inability to match using patient social security num-
bers), patients who had no beneficiary link, and Medicare 
Advantage patients because billing data for those enrolled 
in health maintenance organizations are not included in 
longitudinal claims. We also excluded patients discharged 
to hospice, those who died during hospitalization, patients 
transferred to a different acute care facility, and those 
leaving the hospital against medical advice. Finally, we 
excluded patients with data collected on the short form in 
ACTION, given lack of sufficient data elements to predict 
readmission.

Primary Outcome and Potential Predictors
Our primary outcome measure was the first all-cause 
readmission to any hospital within 90 days of the index 

WHAT IS KNOWN
•	 Readmissions within 30 days of acute myocardial 

infarction have been used as a performance metric 
for hospitals, but new episode payment models have 
shifted the focus to 90 days after hospital discharge.

•	 Hospitals and clinicians need tools to determine 
risk of 90-day readmission to identify patients 
who might benefit from enhanced transitional 
care resources.

WHAT THE STUDY ADDS
•	 Nearly 28% of patients hospitalized with acute 

myocardial infarction are readmitted within 90 
days of discharge, with a large proportion occur-
ring between 30 and 90 days (45% of total 
readmissions).

•	 The distribution of readmission risk was wide 
(ranging from 13% to 50% between the low-
est and highest deciles of risk), and predictors of 
readmission included older age and complica-
tions such as heart failure.

•	 A simple risk score incorporating patient demo-
graphic and clinical characteristics known before 
discharge identified groups of patients at low 
(13%) and high (43%) risk of readmission.

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 26, 2018



Kini et al; 90-Day Myocardial Infarction Readmissions

Circ Cardiovasc Qual Outcomes. 2018;11:e004788. DOI: 10.1161/CIRCOUTCOMES.118.004788� October 2018 3

hospitalization for AMI. Patient-level characteristics tested 
for inclusion in the model were chosen based on clinical 
rationale and prior studies of 30-day readmissions and 
included demographics (age, sex, and race/ethnicity), 
admission characteristics (means of transport to facility 
and insurance payer), cardiac status at first medical contact 
(ST-segment–elevation versus non–ST-segment–elevation 
myocardial infarction, heart rate and blood pressure, and 
heart failure [HF]), history and risk factors (smoking status, 
diabetes mellitus, hypertension, atrial fibrillation, cancer, 
stroke, prior AMI, prior HF, prior coronary revascularization), 
cardiac markers (initial troponin, creatinine, and hemoglo-
bin), cardiac procedures and tests (coronary angiography, 
PCI, and coronary artery bypass surgery), and in-hospital 
clinical events (cardiogenic shock, suspected bleeding 
event, acute kidney injury, stroke, and HF). Hospital charac-
teristics such as ownership and payer mix were not included 
as covariates to facilitate the utility of the risk models for 
clinicians at the bedside. Performance measures such as 
referral to cardiac rehab were not included in the model 
because inclusion in risk scores would likely serve as remind-
ers to complete them rather than add to the discrimination 
of readmission risk. Finally, we collected data on primary 
readmission diagnosis codes, timing of readmissions, and 
90-day mortality.

Statistical Analysis
Descriptive statistics were used to assess differences between 
patients who were (1) readmitted, (2) not readmitted and alive 
at 90 days after index hospitalization, and (3) not readmitted 
and died within 90 days. To develop and validate risk scores 
for readmission, we randomly selected 70% of patients as a 
model derivation cohort and the remaining 30% to a valida-
tion cohort. Using the derivation cohort, hierarchical propor-
tional hazards regression models were estimated specifying a 
cumulative incidence function for readmission (ie, time to first 
readmission) and accounting for death as a competing risk 
according to methods described by Fine and Gray.17 Because 
our intent was to create parsimonious models useful to cli-
nicians for bundled payments, we used backward selection 
procedures according to the method of Harrell.18 With this 
approach, the total adjusted variability (R2) of an initial model 
considering all candidate variables was first estimated. Then, 
sequential backwards elimination was performed, with esti-
mation of total model adjusted R2 at each step. When the 
adjusted R2 fell <90% of the R2 of the initial model, the selec-
tion procedure was terminated and the remaining variables 
were retained in the final model. The discrimination (C sta-
tistic) and calibration (slope and intercepts) of the derivation 
model were then tested in the validation cohort.19 The cohort 
was stratified into deciles of predicted risk of readmission to 
describe frequencies and distributions of risk. To facilitate the 
utility of the risk models for clinicians at the bedside as well 
as for automated decision support tools embedded within 
electronic health records, we created simplified risk scores 
for prediction of readmission.20 All statistical analyses were 
performed using SAS Version 9.2. Analyses from ACTION are 
approved by Chesapeake Research Review, Inc, an indepen-
dent institutional review board and conducted by the NCDR 
analytic center at Saint Luke’s Mid America Heart Institute.

RESULTS
Study Population and Cohort 
Characteristics
We identified 234 668 Medicare beneficiaries over the 
age of 65 who were discharged alive with a primary 
diagnosis of AMI from 2008 to 2014 in the ACTION 
registry. After excluding patients at hospitals without a 
>70% probabilistic match (n=104 086), patients with-
out a beneficiary link (n=11 009), and Medicare health 
maintenance organization beneficiaries (n=32 724), our 
analytic cohort comprised 86 849 patients (Figure  1). 
Characteristics of the analytic cohort were similar to 
the 104 086 patients who were not able to be matched 
(Table in the Data Supplement).

Cohort characteristics are shown in Table  1. The 
mean (SD) age was 77 (8.0) years, 58% were men, 
and 91% were white. Of the 86 849 patients, 23 912 
(27.5%) were readmitted within 90 days, and 8212 
(9.5%) died within 90 days. Of the patients who died, 
4275 (52.1%) experienced a readmission before death. 
Of the 23 912 patients who were readmitted, 7811 
(33%) experienced >1 readmission.

Patients who were readmitted were older (mean 
age, 78 versus 76 years; P<0.001). Women had a 
higher likelihood of being readmitted compared with 
men (29.9% versus 25.8% readmitted; P<0.001). 
Black patients were more likely to be readmitted 
compared with white patients (32.9% versus 27.1% 
readmitted; P<0.001). Patients who were readmitted 
also had a higher likelihood of ambulance transport 
to first facility (54% versus 46%; P<0.001), having HF 
at first medical contact (28% versus 16%; P<0.001), 
having comorbid conditions including diabetes mel-
litus (43% versus 34%; P<0.001) and prior HF (27% 
versus 15%; P<0.001), and experiencing in-hospital 
complications such as a bleeding event (5% versus 
4%; P<0.001). Patients who were readmitted had a 
lower likelihood of undergoing diagnostic coronary 

Figure 1. Study flow.  
Cohort assembly for Medicare beneficiaries hospitalized with acute myocardial 
infarction from the National Cardiovascular Data Registry ACTION Registry.
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Table 1.  Characteristics of Patients Stratified by 90-Day Readmission and Mortality After Hospitalization for Acute Myocardial Infarction

 

Total Study 
Cohort Readmitted

Not Readmitted, 
Alive at 90 Days

Not Readmitted, 
Died Within 90 Days

P Valuen=86 849 n=23 912 n=58 662 n=4275

Demographics

 ������� Age, y 76.5±8.0 77.6±8.0 75.6±7.8 82.4±8.6 <0.001

 ������� Sex <0.001

  �������  Male 50 178 (57.8%) 12 955 (54.2%) 35 070 (59.8%) 2153 (50.4%)  

  �������   Female 36 671 (42.2%) 10 957 (45.8%) 23 592 (40.2%) 2122 (49.6%)  

 ������� Body mass index 28.3±11.4 28.2±14.5 28.5±9.3 26.5±16.0 <0.001

 ������� Race

  �������  White 78 902 (90.8%) 21 402 (89.5%) 53 628 (91.4%) 3872 (90.6%) <0.001

  �������  Black or African American 5833 (6.7%) 1921 (8.0%) 3622 (6.2%) 290 (6.8%) <0.001

  �������  Asian 1103 (1.3%) 285 (1.2%) 762 (1.3%) 56 (1.3%) 0.446

  �������  American Indian or Alaskan Native 610 (0.7%) 202 (0.8%) 385 (0.7%) 23 (0.5%) 0.005

  �������  Native Hawaiian or Pacific Islander 119 (0.1%) 37 (0.2%) 73 (0.1%) 9 (0.2%) 0.232

 ������� Hispanic or Latino ethnicity 3073 (3.5%) 887 (3.7%) 2026 (3.5%) 160 (3.8%) 0.153

Admission

 ������� Means of transport to first facility <0.001

  �������  Self/family 43 878 (50.6%) 10 770 (45.1%) 31 810 (54.3%) 1298 (30.4%)  

  �������  Ambulance 41 915 (48.3%) 12 877 (53.9%) 26 110 (44.6%) 2928 (68.6%)  

  �������  Mobile ICU 352 (0.4%) 103 (0.4%) 225 (0.4%) 24 (0.6%)  

  �������  Air 621 (0.7%) 139 (0.6%) 462 (0.8%) 20 (0.5%)  

 ������� Location of first evaluation <0.001

  �������  Emergency Department 63 163 (72.8%) 17 847 (74.7%) 41 757 (71.2%) 3559 (83.3%)  

  �������  Cath Laboratory 7710 (8.9%) 1779 (7.4%) 5755 (9.8%) 176 (4.1%)  

  �������  Other 15 919 (18.3%) 4270 (17.9%) 11 111 (19.0%) 538 (12.6%)  

 ������� Insurance payor

  �������  Private health insurance 48 553 (55.9%) 12 941 (54.1%) 33 403 (56.9%) 2209 (51.7%) <0.001

  �������  Medicare 86 849 (100.0%) 23 912 (100.0%) 58 662 (100.0%) 4275 (100.0%)  

  �������  Medicaid 7373 (8.5%) 2490 (10.4%) 4318 (7.4%) 565 (13.2%) <0.001

  �������  Military health care 4078 (4.7%) 956 (4.0%) 2969 (5.1%) 153 (3.6%) <0.001

  �������  State- specific plan 547 (0.6%) 144 (0.6%) 377 (0.6%) 26 (0.6%)  0.787

  �������  Indian  health service 273 (0.3%) 98 (0.4%) 166 (0.3%) 9 (0.2%)  0.005

  �������  Non-US insurance 12 (0.0%) 2 (0.0%) 10 (0.0%) 0 (0.0%)  0.461

  �������  None 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)  

Cardiac status on first medical contact

 ������� First ECG obtained 0.633

  �������  Prehospital after 21 143 (24.4%) 5839 (24.5%) 14 242 (24.3%) 1062 (24.9%)  

  �������  First hospital arrival 65 565 (75.6%) 18 030 (75.5%) 44 336 (75.7%) 3199 (75.1%)  

 ������� STEMI or STEMI equivalent 25 405 (29.3%) 6179 (25.8%) 18 284 (31.2%) 942 (22.0%) <0.001

 ������� Heart failure at first medical contact 16 978 (19.6%) 6649 (27.8%) 8469 (14.4%) 1860 (43.5%) <0.001

 ������� Heart rate at first medical contact 85.0±24.2 88.8±24.7 83.0±23.7 92.2±24.8 <0.001

 ������� Systolic blood pressure at first medical 
contact

146.0±33.1 144.2±33.4 147.8±32.7 131.3±33.6 <0.001

 ������� Cardiac arrest at first medical contact 1347 (2.1%) 322 (1.9%) 899 (2.1%) 126 (4.1%) <0.001

 ������� Cardiogenic shock at first medical 
contact

2353 (2.7% 713 (3.0% 1368 (2.3%) 272 (6.4%) <0.001

(Continued )
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angiography (74% versus 83%; P<0.001), PCI (47% 
versus 58%; P<0.001), or coronary artery bypass sur-
gery (8% versus 9%; P<0.001) at index hospitaliza-
tion for AMI.

Readmission Diagnosis and Timing
Of the 23 912 readmissions identified in the analytic 
cohort, 13 152 (55%) occurred within 30 days, and 
19 369 (81%) occurred within 60 days (Figure 2). The 

most common primary readmission diagnoses includ-
ed congestive HF (16%), coronary atherosclerosis 
(11%), AMI (10%), and dysrhythmias (5%). A list of 
the 15 most common readmission diagnoses is pro-
vided in Table 2.

Risk Model Development and Validation
Seventy percent of the cohort were randomly assigned 
to the derivation cohort (n=60 742) and the remaining 

History and risk factors

 ������� Current/recent smoker (within 1 y) 14 239 (16.4% 3854 (16.1% 9875 (16.8% 510 (11.9%) <0.001

 ������� Hypertension 71 980 (82.9%) 20 796 (87.0%) 47 605 (81.2% 3579 (83.7%) <0.001

 ������� Dyslipidemia 59 328 (68.3% 16 757 (70.1%) 39 944 (68.1%) 2627 (61.5%) <0.001

 ������� Currently on dialysis 2600 (3.0%) 1322 (5.5%) 1073 (1.8%) 205 (4.8%) <0.001

 ������� Chronic lung disease 16 749 (19.3%) 6014 (25.2%) 9512 (16.2%) 1223 (28.6%) <0.001

 ������� Diabetes mellitus 31 740 (36.6%) 10 360 (43.3%) 19 692 (33.6%) 1688 (39.5%) <0.001

 ������� Prior MI 25 336 (29.2%) 7992 (33.4%) 15 931 (27.2%) 1413 (33.1%) <0.001

 ������� Prior heart failure 15 892 (18.3%) 6513 (27.3%) 7805 (13.3%) 1574 (36.8%) <0.001

 ������� Prior PCI 24 202 (27.9%) 7161 (30.0%) 16 135 (27.5%) 906 (21.2%) <0.001

 ������� Prior coronary artery bypass graft 17 670 (20.4%) 5546 (23.2%) 11 254 (19.2%) 870 (20.4%) <0.001

 ������� Atrial fibrillation or flutter 10 892 (12.6%) 3914 (16.4%) 6056 (10.3%) 922 (21.6%) <0.001

 ������� Cerebrovascular disease 15 797 (18.2%) 5573 (23.3%) 8982 (15.3%) 1242 (29.1%) <0.001

 ������� Peripheral arterial disease 12 370 (14.2%) 4527 (18.9%) 7028 (12.0%) 815 (19.1%) <0.001

 ������� Cocaine use 172 (0.2%) 47 (0.2%) 119 (0.2%) 6 (0.1%)  0.673

 ������� Comfort measures only 2871 (3.3%) 472 (2.0%) 745 (1.3%) 1654 (38.7%) <0.001

Cardiac markers

 ������� Initial creatinine value 1.4±1.2 1.6±1.4 1.3±1.0 1.8±1.5 <0.001

 ������� Glomerular filtration rate 62.8±31.5 57.2±32.8 65.9±29.5 51.5±40.9 <0.001

 ������� Initial hemoglobin value 13.1±2.1 12.6±2.2 13.5±2.0 12.0±2.2 <0.001

 ������� International Normalized Ratio value 1.2±0.9 1.3±0.9 1.2±0.9 1.4±1.0 <0.001

 ������� Initial troponin collected 1.1±0.3 1.1±0.3 1.1±0.3 1.1±0.3  0.206

Procedures and test

 ������� Noninvasive stress testing 4546 (5.2%) 1438 (6.0%) 2933 (5.0%) 175 (4.1%) <0.001

 ������� Diagnostic coronary angiography 70 026 (80.7%) 17 663 (73.9%) 50 613 (86.3%) 1750 (41.0%) <0.001

 ������� PCI 47 444 (54.7% 11 168 (46.7%) 35 323 (60.3%) 953 (22.3%) <0.001

 ������� Coronary artery bypass graft surgery 7656 (8.8%) 1948 (8.2%) 5569 (9.5%) 139 (3.3%) <0.001

Events

 ������� Reinfarction 570 (0.7%) 182 (0.8%) 342 (0.6%) 46 (1.1%) <0.001

 ������� Cardiogenic shock 2418 (2.8%) 795 (3.3%) 1318 (2.2%) 305 (7.1% <0.001

 ������� Suspected bleeding event 3481 (4.0% 1261 (5.3%) 1985 (3.4%) 235 (5.5%) <0.001

 ������� CVA/Stroke 641 (0.7%) 264 (1.1%) 259 (0.4%) 118 (2.8%) <0.001

 ������� Heart failure 5534 (6.4%) 2130 (8.9%) 2823 (4.8%) 581 (13.6%) <0.001

Continuous variables compared using 1-way ANOVA. Categorical variables compared using χ2 or Fisher exact test. ICU indicates intensive care 
unit; MI, myocardial infarction; PCI, percutaneous coronary intervention; and STEMI, ST-segment–elevation myocardial infarction.

Table 1.  Continued

 

Total Study 
Cohort Readmitted

Not Readmitted, 
Alive at 90 Days

Not Readmitted, 
Died Within 90 Days

P Valuen=86 849 n=23 912 n=58 662 n=4275
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30% to the validation cohort (n=26 107). There were 
no significant differences in characteristics between 
the derivation and validation cohorts. After multivari-
able adjustment and stepwise elimination, 12 variables 
were retained (Figure 3). Factors independently associ-
ated with a higher likelihood of readmission included 
age (hazard ratio, 1.12; 95% CI, 1.10–1.14 for each 
10-year increase), HF at first medical contact (odds 
ratio [OR], 1.21; 95% CI, 1.17–1.26), heart rate at 
first medical contact (OR, 1.04; 95% CI, 1.03–1.04 for 
each 5 beats per minute increase), current dialysis (OR, 
1.43; 95% CI, 1.32–1.54), diabetes mellitus (OR, 1.21; 
95% CI, 1.17–1.25), history of HF (OR, 1.27; 95% CI, 
1.22–1.32), cerebrovascular disease (OR, 1.16; 95% CI, 
1.12–1.21), peripheral artery disease (OR, 1.18; 95% 
CI, 1.13–1.23), chronic lung disease (OR, 1.28; 95% CI, 

1.24–1.33), and complications at the index hospitaliza-
tion including a 5 unit drop in glomerular filtration rate 
(OR, 1.02; 95% CI, 1.02–1.02]) and HF (OR, 1.32; 95% 
CI, 1.25–1.39). PCI at index hospitalization was asso-
ciated with lower likelihood of readmission (OR, 0.89; 
95% CI, 0.86–0.92).

In the validation cohort, model discrimination was 
moderate (C statistic=0.662) and calibration was excel-
lent (slope=0.9728 and intercept=−0.038). A plot 
of the observed over expected rate of readmission is 
shown in Figure 4. There was a 4-fold difference in risk 
of readmission from the lowest (12.9%) to the highest 
(50.2%) deciles of risk.

The simplified risk score for 90-day readmission is 
shown in Figure  5. Patients in the lowest risk cohort 
(≤2 points) had a readmission risk of 13.1%, whereas 

Figure 2. Timing of 90-day readmissions after hospitalization for acute myocardial infarction.  
Of the 23 912 readmissions identified in the analytic cohort, 13 152 (55%) occurred within 30 days, and 19 369 (81%) occurred within 60 days.

Table 2.   Most Common Readmission Diagnoses

Diagnosis

Percent of 
Readmissions, 

Total

Percent of 
Readmissions, 

1–30 Days

Percent of 
Readmissions, 

31–60 Days

Percent of 
Readmissions, 

61–90 Days

Congestive heart failure 15.7 17.0 13.7 13.4

Coronary atherosclerosis 11.1 10.8 13.0 9.3

Acute myocardial infarction 10.2 10.1 9.4 11.8

Dysrhythmias 5.4 5.7 5.3 4.7

Sepsis 3.6 3.8 3.5 3.4

Pneumonia 3.3 3.1 3.8 3.3

Other chest pain 3.0 3.2 2.6 2.6

Hemorrhage 2.6 2.9 2.2 2.2

Renal disease 2.6 2.7 2.6 2.4

Complications of device 2.3 2.4 2.1 2.4

Complications of procedure 2.2 2.8 1.3 0.9

Cerebrovascular disease 2.1 2.1 1.9 2.4

Heart valve disorder 1.0 0.9 1.3 0.9

Myocarditis 0.4 0.4 0.3 0.2

Conduction disorder 0.3 0.3 0.2 0.4
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patients in the highest risk cohort (≥11 points) had a 
readmission risk of 42.9%.

DISCUSSION
Summary of Findings
In this study, we report the development and valida-
tion of a clinically useful model to identify patients 
at high risk for 90-day readmission after hospital-
ization for AMI that can be used to help clinicians 
succeed in emerging EPMs. We found that although 
27.5% of patients are readmitted within 90 days, 
the distribution of readmission risk is wide and 
ranges from 13% to 50% between the lowest and 
highest deciles of risk. The discriminatory ability of 
our model to predict readmission (C statistic=0.66) 
is similar to slightly higher compared with prior AMI 
readmission risk models (C statistic for CMS mod-
el=0.63),8 reflecting the feasibility of using clinically 
relevant variables available at the time of hospital 
discharge to identify patients at high risk of readmis-
sion. A main strength of this study is the evaluation 
of a 90-day (rather than 30-day) episode of AMI care 

to coincide with recent proposals by CMS and other 
commercial insurance providers.5,6

Extension of Prior Readmission Risk 
Models
Previous studies that have assessed the traditional 
30-day period used in quality reporting have shown 
that ≈20% of Medicare beneficiaries are readmitted 
within 30 days of AMI.7,8,21 We found that 28% of 
patients are readmitted within 90 days and that vul-
nerability for readmission remains high throughout 
the 90-day period, although most readmissions occur 
early and may be particularly amenable to transitional 
interventions. An important aspect of our study is the 
use of clinical data available during the index hospi-
talization to develop a risk model for readmission. 
Most readmission risk models, including the model 
employed by CMS, are performed at the hospital level 
and use retrospective administrative data to identify 
covariates that are included in the model.8,22 Using 
preadmission risk factors is important when trying to 
hold hospitals accountable for increased readmission 

Figure 3. Variables retained in final prediction model for risk of 90-day readmission.  
Hazard ratios and CIs for independent predictors of 90-day readmission. CVD indicates cerebrovascular disease; Dz, disease; GFR, glomerular filtration rate; HF, 
heart failure; PAD, peripheral arterial disease; and PCI, percutaneous coronary intervention.
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rates, but from the perspective of the hospital plan-
ning postdischarge care, it is important to consider in-
hospital complications such as worsening renal func-
tion or HF in the risk model. The predictive power of 
some of these variables was strong, such as HF com-
plication at index hospitalization. Moreover, our use 
of a clinical registry enabled us to include variables 

that are not available in administrative data, such as 
hemodynamic condition at first medical contact. Per-
formance of PCI was associated with a reduced likeli-
hood of readmission and likely serves as an impor-
tant marker of patient’s condition associated with this 
treatment rather than a protective effect of undergo-
ing coronary intervention.23

Figure 4.  Observed over expected 90-day readmission in the validation cohort.  
Plot of the observed over expected rate of readmission. There was a 4-fold difference in risk of readmission from the lowest (12.9%) to the highest (50.2%) deciles of risk.

Figure 5. Simplified risk score for predicting 
90-day readmission risk.  
A simple risk score incorporating patient de-
mographic and clinical characteristics identified 
groups of patients with 90-day readmission risk 
after hospitalization for acute myocardial infarc-
tion (AMI) ranging from 13.1% to 42.9%. CVD 
indicates cerebrovascular disease; GFR, glomeru-
lar filtration rate; HF, heart failure; HR, heart 
rate at first medical contact; PAD, peripheral 
arterial disease; and PCI, percutaneous coronary 
intervention.
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EPMs and Transitional Care
Although a 30-day time period is currently used by CMS 
for public reporting and incentive programs to reduce 
readmission,24 CMS recently announced the implementa-
tion of a voluntary 90-day EPM for AMI.5 As CMS and 
commercial insurance providers begin implementing 
90-day EPMs, hospitals will need to deliver high-quality, 
efficient care that directs more transitional care resources 
to patients at the highest risk of postdischarge readmis-
sion. EPMs will provide a strong incentive for providers to 
develop novel strategies to assess and minimize the risk of 
costly complications including readmission given the wide 
variation in 90-day risk. Our risk model could help clini-
cians and hospitals succeed in EPMs by enabling targeting 
of interventions to patients at highest risk of readmission. 
For example, predischarge planning by a multidisciplinary 
care team, patient education about the importance of 
medication adherence and follow-up, intensive home 
health care, and call lines to cardiologists may all be use-
ful in reducing the likelihood of readmission among high-
risk patients.10–14 Some hospitals are experimenting with 
more creative approaches, such as using real-time video 
applications to conduct 1- and 3-day postdischarge virtu-
al visits, or even doing 1-day postdischarge home nursing 
visits for patients at highest risk. Finally, our model may 
also be helpful for patients because awareness of high-
risk status may motivate more frequent monitoring and 
checking in with their clinicians for follow-up. The ongo-
ing application of risk scoring, coupled with further study 
on the impact of targeted interventions on outcomes and 
costs, will be important as the healthcare system contin-
ues to transition to reward value.

Limitations
Our study should be interpreted in the context of several 
limitations. First, we only included Medicare beneficiaries 
over the age of 65, which may limit the generalizability 
of our model. However, older patents tend to have high-
er risk of hospital readmission compared with younger 
patients.10,21 Second, we only included variables available 
from the ACTION registry, which could lead to unmea-
sured confounding, and the inclusion of additional vari-
ables, such as socioeconomic status or frailty, could fur-
ther improve risk stratification for readmission and should 
be tested in future studies. Third, the external validity of 
our model is uncertain because our data were limited 
to hospitals participating in ACTION that may be more 
likely to participate in quality improvement efforts in gen-
eral. Fourth, generalizability of our results may be limited 
because we excluded a large number of patients from 
hospitals without a >70% match to Medicare claims. 
However, the characteristics of our study cohort were 
similar to the patients that were excluded. Fifth, although 
the discriminatory capability of our model was moder-
ate, the C statistic is similar to slightly higher than other 

AMI readmission risk prediction models and was predic-
tive over a 10-fold difference in readmission risk between 
deciles. Sixth, we considered only the first readmission in 
our risk prediction models because readmission risk pre-
diction may occur each time a patient was hospitalized 
with AMI. Seventh, although prior HF, HF on first medical 
contact, and HF complication during index hospitalization 
were predictors of readmission, cardiogenic shock was 
not. This may have been because of the small number of 
patients with cardiogenic shock and insufficient power to 
detect a difference after multivariable adjustment.

Conclusions
We identified risk factors for readmission through 90 
days after AMI discharge and created a model to iden-
tify patients at higher risk using variables known before 
discharge. Application of this model may improve value 
by enabling targeting of interventions to patients at 
highest risk of readmission.

ARTICLE INFORMATION
Received April 12, 2018; accepted September 10, 2018.

Guest Editor for this article was Saket Girotra, MD, SM.
The Data Supplement is available at https://www.ahajournals.org/doi/

suppl/10.1161/CIRCOUTCOMES.118.004788.

Correspondence
Vinay Kini, MD, MSHP, University of Colorado Anschutz Medical Campus, Mail 
Stop B130, Academic Office One, 12631 E, 17th Ave, Aurora, CO 80045. Email 
vinay.kini@ucdenver.edu

Affiliations
Division of Cardiology, University of Colorado Anschutz Medical Campus, Auro-
ra (V.K., P.N.P., P.M.H., F.A.M.). Division of Cardiology, Saint Luke’s Mid America 
Heart Institute/UMKC, Kansas City, MO (J.A.S., K.F.K., S.V.A.). Division of Car-
diology at Massachusetts General Hospital, Harvard Medical School, Boston 
(J.H.W.). Yale University School of Medicine, New Haven, CT (J.P.C.). Division of 
Cardiology, Minneapolis Heart Institute (S.M.B.). Washington University School 
of Medicine, St Louis, MO (A.P.A.).

Sources of Funding
This work was primarily funded through the National Cardiovascular Data Reg-
istry of the American College of Cardiology.

Disclosures
Dr Spertus has equity shares in Health Outcomes Sciences (amount <$10 000). 
Dr Ho is on a steering committee for Janssen, Inc (amount <$10 000). The other 
authors report no conflicts.

REFERENCES
	 1.	 Farmer SA, Darling ML, George M, Casale PN, Hagan E, McClellan MB. 

Existing and emerging payment and delivery reforms in cardiology. JAMA 
Cardiol. 2017;2:210–217. doi: 10.1001/jamacardio.2016.3965

	 2.	 Joynt KE, Maddox TM. Leading on payment and delivery reform in cardiol-
ogy. JAMA Cardiol. 2017;2:121–123. doi: 10.1001/jamacardio.2016.4028

	 3.	 Porter ME. What is value in health care? N Engl J Med. 2010;363:2477–
2481. doi: 10.1056/NEJMp1011024

	 4.	 Song Z, Blumenthal DM. Expanding payment reform in Medicare: the 
cardiology episode-based payment model. JAMA. 2016;316:1973–1974. 
doi: 10.1001/jama.2016.16146

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 26, 2018

mailto:vinay.kini@ucdenver.edu


Kini et al; 90-Day Myocardial Infarction Readmissions

Circ Cardiovasc Qual Outcomes. 2018;11:e004788. DOI: 10.1161/CIRCOUTCOMES.118.004788� October 2018 10

	 5.	 Center for Medicare and Medicaid Innovation. Bundled Payments for 
Care Improvement Advanced. https://innovation.cms.gov/initiatives/bpci-
advanced/. Accessed January 10, 2018.

	 6.	 U.S. Department of Health and Human Services. Examples of Health Care 
Payment Models Being Used in the Public and Private Sectors. https://
aspe.hhs.gov/system/files/pdf/208761/ExamplesHealthCarePaymentMod-
els.pdf. Accessed January 5, 2018.

	 7.	 Dharmarajan K, Hsieh AF, Lin Z, Bueno H, Ross JS, Horwitz LI, Barreto-Filho 
JA, Kim N, Bernheim SM, Suter LG, Drye EE, Krumholz HM. Diagnoses 
and timing of 30-day readmissions after hospitalization for heart failure, 
acute myocardial infarction, or pneumonia. JAMA. 2013;309:355–363. 
doi: 10.1001/jama.2012.216476

	 8.	 Krumholz HM, Normand SL. Public reporting of 30-day mortality for patients 
hospitalized with acute myocardial infarction and heart failure. Circulation. 
2008;118:1394–1397. doi: 10.1161/CIRCULATIONAHA.108.804880

	 9.	 Avalere Health. New Cardiac Bundles Could Produce Some Big Winners 
and Losers. http://avalere.com/expertise/managed-care/insights/new-
cardiac-bundles-could-produce-some-big-winners-and-losers. Accessed 
January 9, 2018.

	10.	 Ross JS, Mulvey GK, Stauffer B, Patlolla V, Bernheim SM, Keenan PS, 
Krumholz HM. Statistical models and patient predictors of readmission 
for heart failure: a systematic review. Arch Intern Med. 2008;168:1371–
1386. doi: 10.1001/archinte.168.13.1371

	11.	 Phillips CO, Wright SM, Kern DE, Singa RM, Shepperd S, Rubin HR. 
Comprehensive discharge planning with postdischarge support for 
older patients with congestive heart failure: a meta-analysis. JAMA. 
2004;291:1358–1367. doi: 10.1001/jama.291.11.1358

	12.	 Rich MW, Beckham V, Wittenberg C, Leven CL, Freedland KE, Carney RM. 
A multidisciplinary intervention to prevent the readmission of elderly pa-
tients with congestive heart failure. N Engl J Med. 1995;333:1190–1195. 
doi: 10.1056/NEJM199511023331806

	13.	 Stewart S, Pearson S, Horowitz JD. Effects of a home-based intervention 
among patients with congestive heart failure discharged from acute hos-
pital care. Arch Intern Med. 1998;158:1067–1072.

	14.	 Krumholz HM, Amatruda J, Smith GL, Mattera JA, Roumanis SA, Radford 
MJ, Crombie P, Vaccarino V. Randomized trial of an education and support 
intervention to prevent readmission of patients with heart failure. J Am 
Coll Cardiol. 2002;39:83–89.

	15.	 Peterson ED, Roe MT, Chen AY, Fonarow GC, Lytle BL, Cannon 
CP, Rumsfeld JS. The NCDR ACTION Registry-GWTG: transform-
ing contemporary acute myocardial infarction clinical care. Heart. 
2010;96:1798–1802. doi: 10.1136/hrt.2010.200261

	16.	 Messenger JC, Ho KK, Young CH, Slattery LE, Draoui JC, Curtis JP, 
Dehmer GJ, Grover FL, Mirro MJ, Reynolds MR, Rokos IC, Spertus JA, 
Wang TY, Winston SA, Rumsfeld JS, Masoudi FA; NCDR Science and 
Quality Oversight Committee Data Quality Workgroup. The National 
Cardiovascular Data Registry (NCDR) Data Quality Brief: the NCDR Data 
Quality Program in 2012. J Am Coll Cardiol. 2012;60:1484–1488. doi: 
10.1016/j.jacc.2012.07.020

	17.	 Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a 
competing risk. J Am Stat Assoc. 1999;94:496–509.

	18.	 Harrell FE. Regression Modeling Strategies: With Applications to Lin-
ear Models, Logistic Regression, and Survival Analysis. New York, NY: 
Springer; 2001.

	19.	 Pencina MJ, D’Agostino RB Sr. Evaluating discrimination of risk pre-
diction models: the C statistic. JAMA. 2015;314:1063–1064. doi: 
10.1001/jama.2015.11082

	20.	 Sullivan LM, Massaro JM, D’Agostino RB Sr. Presentation of multivariate 
data for clinical use: the Framingham Study risk score functions. Stat Med. 
2004;23:1631–1660. doi: 10.1002/sim.1742

	21.	 Brown JR, Chang CH, Zhou W, MacKenzie TA, Malenka DJ, Goodman DC. 
Health system characteristics and rates of readmission after acute myocar-
dial infarction in the United States. J Am Heart Assoc. 2014;3:e000714. 
doi: 10.1161/JAHA.113.000714

	22.	 Kansagara D, Englander H, Salanitro A, Kagen D, Theobald C, Freeman M, 
Kripalani S. Risk prediction models for hospital readmission: a systematic 
review. JAMA. 2011;306:1688–1698. doi: 10.1001/jama.2011.1515

	23.	 Hess CN, Hellkamp AS, Roe MT, Thomas L, Scirica BM, Peng SA, Peter-
son ED, Wang TY. Outcomes according to cardiac catheterization refer-
ral and clopidogrel use among Medicare patients with non-ST-segment 
elevation myocardial infarction discharged without in-hospital revas-
cularization. J Am Heart Assoc. 2016;5:e002784. doi: 10.1161/JAHA. 
115.002784

	24.	 Centers for Medicare and Medicaid Services. Hospital Compare. https://
www.medicare.gov/hospitalcompare/about/what-is-HOS.html. Accessed 
December 16, 2017.D

ow
nloaded from

 http://ahajournals.org by on O
ctober 26, 2018




