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ACUTE MYOCARDIAL INFARCTION

withST-segmentelevationac-
counts for 29% to 38% of all
acute myocardial infarction.1

In the present era of primary percutane-
ouscoronaryintervention(PCI),survival
to hospital discharge has improved
dramatically.2-6 Subsequently, patients
who survive to hospital discharge are at
risk for early postdischarge hospital re-
admission.7 Earlyreadmissionrateshave
beenproposedasqualitymeasuresamong
hospitals in the United States. In July
2009, the Centers for Medicare & Med-
icaid Services began reporting 30-day
readmission for3commonmedical con-
ditions, one of which was acute myocar-
dial infarction.7 In particular, variation
in 30-day readmission rates across cen-
tershasbeen identifiedasan indicatorof
inconsistent quality of care.8 Therefore,
to improve quality and reduce costs,
policy makers are increasingly focusing
on 30-day readmission rates for acute

myocardial infarction as both a quality
and economic metric.9

To improve 30-day readmission rates
associatedwithacutemyocardial infarc-
tion, investigators have sought to iden-
tify clinical predictors of readmission.
Numerous studies have found several
predictorsof readmission, and themod-
elshavereportedmodestdiscriminatory
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Context ST-segment elevation myocardial infarction (STEMI) treatment has im-
proved outcomes and shortened hospital stay. Recently, 30-day readmission rates have
been proposed as a metric for care of patients with STEMI. However, international
rates and predictors of 30-day readmission after STEMI have not been studied.

Objective To determine international variation in and predictors of 30-day read-
mission rates after STEMI and country-level care patterns.

Design, Setting, and Patients Post hoc analysis of the Assessment of Pexelizumab
in Acute Myocardial Infarction trial that enrolled 5745 patients with STEMI at 296 sites in
the United States, Canada, Australia, New Zealand, and 13 European countries from July
13, 2004, to May 11, 2006. Multivariable logistic regression analysis was used to identify
independent predictors of all-cause and nonelective 30-day postdischarge readmission.

Main Outcome Measures Predictors of 30-day postdischarge all-cause and non-
elective readmissions.

Results Of 5571 patients with STEMI who survived to hospital discharge, 631 (11.3%)
were readmitted within 30 days. Thirty-day readmission rates were higher for the United
States than other countries (14.5% vs 9.9%; P� .001). Median length of stay was short-
est for US patients (3 days; interquartile range, 2-4 days) and longest for Germany (8 days;
interquartile range, 6-11 days). In multivariable regression, the predictors of 30-day re-
admission included multivessel disease (odds ratio [OR], 1.97; 95% CI, 1.65-2.35) and
US location (OR, 1.68; 95% CI, 1.37-2.07). Excluding elective readmission for revascu-
larization,USenrollmentwas still an independentpredictorof readmission (OR,1.53;95%
CI, 1.20-1.96). After adjustment of the models for country-level median length of stay,
US location was no longer an independent predictor of 30-day all-cause or nonelective
readmission. Location in the United States was not a predictor of in-hospital death (OR,
0.88; 95% CI, 0.60-1.30) or 30-day postadmission death (OR, 1.0; 95% CI, 0.72-1.39).

Conclusions In this multinational study, there was variation across countries in 30-
day readmission rates after STEMI, with readmission rates higher in the United States
than in other countries. However, this difference was greatly attenuated after adjust-
ment for length of stay.
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power,10 whichmaybe inpartdue to the
heterogeneouspathophysiologyofacute
myocardial infarction related to plaque
rupture, supply-demand mismatch due
to other acute conditions (ie, sepsis or
hemorrhage), or cardiac procedures.11

The strongest predictors of readmission
for the spectrum of acute myocardial in-
farction in the Medicare population are
older age, heart failure, and previous
myocardial infarction.10 Predictorsof30-
day readmission for the subset of acute
myocardial infarction patients with ST-
segmentelevationintheprimaryPCIera
have not been well studied. Addition-
ally, little is known with regard to the
potential variation and rates of 30-day
readmission around the world.

We performed a post hoc analysis of
the Assessment of Pexelizumab in Acute
Myocardial Infarction study, a large
multinational clinical trial that en-
abled us to determine predictors of 30-
day postdischarge all-cause and non-
elective readmissions among patients
with ST-segment elevation myocar-
dial infarction (STEMI), who were in-
tended to undergo primary PCI. We hy-
pothesized that among other factors, the
country of enrollment would be inde-
pendently associated with risk of 30-
day readmission.

METHODS
Study Design

Weperformedaposthocanalysisofdata
from the Assessment of Pexelizumab in
Acute Myocardial Infarction study. The
study design and results have been pre-
viouslypublished.12,13Briefly, intravenous
pexelizumabwascomparedwithplacebo
administeredinarandomizedandblinded
fashion immediatelybeforeprimaryPCI
for electrocardiographically high-risk
STEMI patients within 6 hours of symp-
tomonset.High-riskSTEMIpatientswere
defined by any one of the following elec-
trocardiogramfindings:2-mmorgreater
ST-segmentelevation in2anterioror lat-
eral leads; 2-mm or greater ST-segment
elevationin2inferior leads,coupledwith
ST-segment depression in 2 contiguous
anterior leads, for a total ST-segmentde-
viation of 8 mm or greater; or new left
bundle-branch block with at least 1 mm

concordantST-segmentelevation.Patients
wereenrolledbetweenJuly13,2004,and
May11,2006,at296sites in17countries,
with a final enrolled trial population of
5745 patients. The overall results of the
AssessmentofPexelizumabinAcuteMyo-
cardial Infarction trial were neutral. The
institutionalreviewboardateachpartici-
patinghospitalapprovedtheprotocol,and
patientswererequiredtoprovidewritten
informed consent.

PatientandProceduralCharacteristics

Data were collected on all patients with
an electronic case report form. Standard
baseline characteristics of patients en-
rolled, such as age, cardiac risk factors,
timefromsymptomonsettopresentation,
infarct location, and Killip classification
onpresentation,werecollected.Raceand
ethnicity were determined by site inves-
tigators during the conduct of the clini-
cal trial as part of the Assessment of Pex-
elizumabinAcuteMyocardial Infarction
trial protocol. Detailed procedural find-
ings, including time to PCI, transfer sta-
tus(patientsweretransferredforprimary
PCIaspartofroutinelocalpractice)culprit
vessel, pre– and post–Thrombolysis in
MyocardialInfarctionflow,andconcomi-
tanttherapieswerealsocollected.Admis-
sion electrocardiograms and 30-minute
post-PCI electrocardiograms were also
evaluatedatacore laboratory(Canadian
VIGOUR Centre, Edmonton, Canada;
DukeClinicalResearchInstitute,Durham,
NorthCarolina)fordegreeofST-segment
deviation.

Dataonsite location,durationof index
admission, and readmission at 30 days
werecollectedviaastructuredcasereport
form. The specific clinical reason for re-
admissionwasnotascertainedduringthe
conductof thestudy.However, readmis-
sion for elective revascularization in the
first 30 days was captured. A central ad-
judicationcommittee independentlyad-
judicatedsuspectedmyocardialinfarction,
heart failure, and cause of death.

Primary and Secondary End Points

The primary endpoint of our analysis was
30-day postdischarge all-cause hospital
readmission, subsequently referred to as
30-day readmission. The secondary end-

point was 30-day postdischarge nonelec-
tive readmission, in which readmis-
sions for elective PCI or coronary artery
bypass grafting were excluded from the
event definition (a total of 231 events).

Statistical Analysis

Baseline characteristics and in-hospital
complications were described by using
medians with 25th and 75th percentiles
forcontinuousvariablesandfrequencies
andproportions forcategoricalvariables.
Descriptivedatawerecomparedbetween
outcome groupings with �2 tests for cat-
egorical variables and 2-tailed t tests for
continuousvariables.Whenspecificdis-
tributional assumptions for these tests
wereviolated,the2-tailedFisherexactand
Wilcoxonsignedranktestswereusedfor
thecategoricalandcontinuousvariables,
respectively.

Multivariable logistic regressionmod-
elswere fittedtodescribe30-daypostdis-
chargereadmissionand30-daynonelec-
tive readmissionwith stepwise selection
methods (�=.05). In the latter scenario,
we did not count readmissions for elec-
tivePCIorcoronaryarterybypassgrafting
as events. The list of candidate variables
for both models was selected according
toclinical importanceandincludedbase-
linecharacteristics, aswell as in-hospital
complications.Modelassumptionswere
assessedandvariableswere transformed
as appropriate to satisfy linearity.

To ensure adequate control for case-
mixvariationacrosscountries,additional
variables were included, along with the
selected covariates for each model: age,
preinterventionThrombolysisinMyocar-
dial Infarctionscore,preinterventionST-
segmentdeviation,postinterventionST-
segmentresolution,peakcreatinekinase
mass,Killipclassification,andpatient-level
length of stay (LOS), which was defined
as a categorical variable with 6 groups
(1-2, 3, 4, 5, 6, and �6 days). For each
outcome,thisconstitutedourfinalpatient-
level model.

Additional analyses were conducted
toillustratethesemodelsandaddresssec-
ondary questions. Odds ratios (ORs) for
each country vs the United States were
derived from these models by replacing
United States vs non–United States with
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binary indicators for every country of
enrollment (US reference). In addition,
readmissionrates, adjusted forall covar-
iates in thepatient-levelmodel,werecal-
culated for each country, and standard
errors were obtained by bootstrapping.
Toaddressthehypothesisthatdifferences
between countries could be associated
withdifferencesincountry-levelLOS,we
added country-level median LOS to the
patient-level models. Differences in the
timing of readmission between US and
non-USsiteswere investigatedbycalcu-
lating readmission rates by time (days)
since discharge in each region.

Althoughourprimaryhypothesesdeal
with nonfatal endpoints, mortality is a
competing risk in this population. As a
sensitivityanalysis,werepeatedthestep-
wise variable selection for the compos-
ite endpoint of 30-day postdischarge
death or readmission. To further inves-
tigate the competing risk of death (and
in particular how in-hospital mortality
is not counted in an analysis of postdis-
charge rehospitalization), we fit logistic
regressionmodelsof in-hospital and30-
day postadmission death, using covari-
ates fromapreviouslypublishedmodel14

of death within 90 days of admission.
P=.05 was considered statistically sig-

nificant. All statistical testing was 2-sided
and performed with SAS version 8.2.

RESULTS
Of the 5745 STEMI patients enrolled
in the trial, there were 5571 (97.0%) pa-
tients included in the analysis who sur-
vived to hospital discharge and repre-
sented 17 countries; 631 (11.3%; 95%
CI, 10.5%-12.2%) were readmitted
within 30 days from hospital dis-
charge. Of the 631 patients, 14.5% (95%
CI, 12.9%-16.2%) of patients in the
United States and 9.9% (95% CI, 9.0%-
10.9%) outside the United States were
readmitted within 30 days. Excluding
readmissions for elective revascular-
ization, 478 (8.6%; 95% CI, 7.8%-
9.3%) of patients in the overall cohort
were readmitted within 30 days of dis-
charge, accounting for 10.5% (95% CI,
9.0%-11.9%) of patients in the United
States and 7.7% (95% CI, 6.9%-8.6%)
of patients outside the United States.

Table 1. Baseline Demographic and Clinical Characteristics Stratified by Readmission Status

Variable

No. (%)

P
Value

All Patients
(N = 5571)

No Readmission
Within 30 Days

(n = 4940)

Readmission
Within 30 Days

(n = 631)

Age, median (IQR), y 61 (52-70) 61 (52-70) 63 (54-73) .001

Male sex 4313 (77.4) 3835 (77.6) 478 (75.8) .29

Race .24

White 5257 (94.4) 4670 (94.6) 587 (93.0)

Black 130 (2.3) 110 (2.2) 20 (3.2)

Other 183 (3.3) 159 (3.2) 24 (3.8)

Medical history
Hypertension 2728 (49.0) 2370 (48.0) 358 (56.7) �.001

Atrial fibrillation 220 (3.9) 186 (3.8) 34 (5.4) .049

CABG 117 (2.1) 100 (2.0) 17 (2.7) .27

Coronary artery disease 895 (16.1) 763 (15.5) 132 (20.9) �.001

Congestive heart failure 190 (3.4) 157 (3.2) 33 (5.2) .008

Chronic inflammatory
condition

100 (1.8) 80 (1.6) 20 (3.2) .006

Chronic liver disease 39 (0.7) 33 (0.7) 6 (1.0) .44

COPD/pulmonary disease 261 (4.7) 211 (4.3) 50 (7.9) �.001

Dialysis 11 (0.2) 10 (0.2) 1 (0.2) �.99

Diabetes 867 (15.6) 749 (15.2) 118 (18.7) .02

Clinical values, median (IQR)
Systolic BP, mm Hg 133 (118-150) 134 (118-150) 132 (115-150) .10

Diastolic BP, mm Hg 80 (70-90) 80 (70-90) 80 (70-90) .15

Heart rate, beats/min 75 (65-86) 75 (64-86) 77 (67-90) �.001

Body mass index 27 (25-30) 27 (25-30) 27 (24-30) .27

Peak CK, U/L 9.2 (4.3-17.3) 9.2 (4.3-17.0) 9.5 (4.2-20.4) .06

Peak CK-MB, ng/mL 28.3 (11.4-52.5) 28.4 (11.3-52.4) 27.7 (12.2-53.6) .72

Baseline creatinine, mg/dL 1.0 (0.9-1.2) 1.0 (0.9-1.2) 1.1 (0.9-1.2) .01

Total baseline ST deviation, mm 13 (9-19) 13 (9-19) 13 (9-19) .78

Smoker .04

Never 1814 (32.6) 1609 (32.7) 205 (32.5)

Current 2436 (43.8) 2182 (44.3) 254 (40.3)

Past 1307 (23.5) 1135 (23.0) 172 (27.3)

Country
Australia 465 (8.3) 404 (8.2) 61 (9.7)

Austria 39 (0.7) 34 (0.7) 5 (0.8)

Belgium 87 (1.6) 77 (1.6) 10 (1.6)

Switzerland 51 (0.9) 48 (1.0) 3 (0.5)

Czech Republic 934 (16.8) 829 (16.8) 105 (16.6)

Germany 386 (6.9) 364 (7.4) 22 (3.5)

Denmark 171 (3.1) 139 (2.8) 32 (5.1)

Spain 113 (2.0) 104 (2.1) 9 (1.4)

France 81 (1.5) 72 (1.5) 9 (1.4)

Italy 337 (6.0) 320 (6.5) 17 (2.7)

The Netherlands 251 (4.5) 233 (4.7) 18 (2.9)

New Zealand 77 (1.4) 68 (1.4) 9 (1.4)

Poland 355 (6.4) 306 (6.2) 49 (7.8)

Portugal 140 (2.5) 130 (2.6) 10 (1.6)

Sweden 55 (1.0) 48 (1.0) 7 (1.1)

United States 1700 (30.5) 1453 (29.4) 247 (39.1)

Canada 329 (5.9) 311 (6.3) 18 (2.9)
Abbreviations: BP, blood pressure; CABG, coronary artery bypass grafting; CK, creatine kinase; COPD, chronic ob-

structive pulmonary disease; IQR, interquartile range.
SI conversion factors: To convert creatine to µkat/L, multiply values by 0.0167; to convert creatinine, multiply values by

88.4. Body mass index is calculated as weight in kilograms divided by height in meters squared.
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Baseline Characteristics
TABLE 1 and TABLE 2 report baseline
characteristics stratified by 30-day re-
admission status. Age and sex were
similar between cohorts. Patients re-
admitted within 30 days had higher
rates of comorbidities, including pre-
vious coronary artery disease (20.9% vs
15.5%; 95% CI, 17.7%-24.1% vs 14.4%-
16.5%; P� .001), hypertension (56.7%
vs 48.0%; 95% CI, 52.9%-60.6% vs
46.6%-49.4%; P� .001), and diabetes
(18.7% vs 15.2%; 95% CI, 15.7%-
21.7% vs 14.2%-16.2%; P= .02). Pa-
tients in the readmission cohort were
more likely to have multivessel dis-
ease (57.1% vs 38.2%; 95% CI 53.2%-
60.9% vs 36.8%-39.5%; P� .001) and
noninferior myocardial infarction
(63.9% vs 58.1%; 95% CI, 60.1%-
67.6% vs 56.7%-59.4%; P=.005). More
patients in the readmission group had
patient-level LOS exceeding 6 days.
Rates of discharge prescription of evi-
dence-based medication, including as-
pirin, ticlopidine or clopidogrel,
�-blocker, and statin, were similar be-
tween groups. A larger proportion of pa-
tients in the readmission cohort were
from the US vs the no readmission co-
hort (39.1% vs 29.4%; 95% CI, 35.3%-
43.0% vs 28.1%-30.7%; P� .001).

eTable 1 reports rates of in-hospital
complications stratified by 30-day re-
admission status. Although overall rates
of in-hospital complications were low,
patients who were readmitted had
higher rates of in-hospital complica-
tions, including congestive heart fail-
ure (4.3% vs 1.8%; 95% CI, 2.7%-
5.9% vs 1.4%-2.1%; P� .001) and atrial
fibrillation (7.0% vs 3.8%; 95% CI,
5.0%-9.0% vs 3.3%-4.3%; P� .001).

Patient characteristics stratified by US
vs non-US patients are shown in
TABLE 3. Compared with outside of the
United States, the United States en-
rolled slightly younger patients (me-
dian age 58 vs 62 years; interquartile
range 50-69 vs 54-71 years; P� .001)
and a higher proportion of black pa-
tients (7.1% vs 0.2%; 95% CI, 5.9%-
8.3% vs 0.1%-0.4%; P� .001). Comor-
bidities were similar, with the exception
of a slightly higher prevalence of pre-

vious coronary artery bypass grafting
surgery and coronary artery disease
among US patients and slightly lower
prevalence of chronic inflammatory
conditions. Patient-level LOS was sig-

nificantly lower for US patients vs pa-
tients outside of the United States
(P� .001). Length of stay was 3 days
or fewer for 60.0% (95% CI, 57.7%-
62.4%) of US patients vs 15.9% (95%

Table 2. Baseline Cardiac Characteristics Stratified by Readmission Status

Variable

No. (%)

P
Value

All Patients
(N = 5571)

No Readmission
Within 30 Days

(n = 4940)

Readmission
Within 30 Days

(n = 631)

Preintervention TIMI flow, grade .47

0 3470 (64.2) 3094 (64.5) 376 (61.5)

1 511 (9.5) 445 (9.3) 66 (10.8)

2 766 (14.2) 676 (14.1) 90 (14.7)

3 658 (12.2) 579 (12.1) 79 (12.9)

Site-reported MI location .005

High-risk inferior 2300 (41.3) 2072 (41.9) 228 (36.1)

Other 3271 (58.7) 2868 (58.1) 403 (63.9)

Killip classification .054

I 5036 (90.5) 4478 (90.8) 558 (88.4)

II 442 (7.9) 386 (7.8) 56 (8.9)

III 50 (0.9) 39 (0.8) 11 (1.7)

IV 37 (0.7) 31 (0.6) 6 (1.0)

Multivessel disease 2245 (40.3) 1885 (38.2) 360 (57.1) �.001

Symptom onset to hospital,
median (IQR), h

2.2 (1.3-3.3) 2.2 (1.3-3.3) 2.3 (1.3-3.5) .36

Sum of ST resolution, %a .13

�30 778 (15.5) 694 (15.5) 84 (14.8)

30-70 1707 (33.9) 1493 (33.4) 214 (37.7)

�70 2549 (50.6) 2279 (51.0) 270 (47.5)

Transfer patient 2014 (36.2) 1783 (36.1) 231 (36.6) .81

Preintervention TIMI flow, grade .47

0 3470 (64.2) 3094 (64.5) 376 (61.5)

1 511 (9.5) 445 (9.3) 66 (10.8)

2 766 (14.2) 676 (14.1) 90 (14.7)

3 658 (12.2) 579 (12.1) 79 (12.9)

Site-reported MI location .005

High-risk inferior MI 2300 (41.3) 2072 (41.9) 228 (36.1)

Other MI 3271 (58.7) 2868 (58.1) 403 (63.9)

Killip classification .054

I 5036 (90.5) 4478 (90.8) 558 (88.4)

II 442 (7.9) 386 (7.8) 56 (8.9)

III 50 (0.9) 39 (0.8) 11 (1.7)

IV 37 (0.7) 31 (0.6) 6 (1.0)

Multivessel disease 2245 (40.3) 1885 (38.2) 360 (57.1) �.001

Symptom onset to hospital,
median (IQR), h

2.2 (1.3-3.3) 2.2 (1.3-3.3) 2.3 (1.3-3.5) .36

Sum of ST resolutiona .13

�30 778 (15.5) 694 (15.5) 84 (14.8)

30-70 1707 (33.9) 1493 (33.4) 214 (37.7)

�70 2549 (50.6) 2279 (51.0) 270 (47.5)

Transfer patient 2014 (36.2) 1783 (36.1) 231 (36.6) .81
Abbreviations: IQR, interquartile range; MI, myocardial infarction; TIMI, Thrombolysis in Myocardial Infarction.
aSum of ST resolution: percentage of resolution of ST deviation from baseline after primary percutaneous coronary

intervention, using Schröder’s method.15
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CI, 14.9%-17.0%) of patients outside of
the United States (P� .001). Length of
stay was 6 days or longer for 16.6%
(95% CI, 14.8%-18.4%) of the US pa-
tients vs 54.0% (95% CI, 52.4%-
55.6%) of those outside of the United
States (P� .001). Patients in the United
States had higher rates of readmission
for elective PCI (4.4% vs 2.0%; 95% CI,
3.4%-5.3% vs 1.5%-2.4%; P� .001) and
lower rates of readmission for elective
coronary artery bypass grafting (0.6%
vs 1.2%; 95% CI, 0.2%-1.0% vs 0.8%-
1.5%; P=.046). Patients in the United
States had higher rates of discharge with
�-blocker and nitrate therapy, mod-
estly reduced rates of discharge with ti-
clopidine or clopidogrel and statins, and
reduced rates of discharge with angio-
tensin-converting enzyme inhibitors or
aldosterone antagonists. Rates of aspi-
rin prescription at discharge were simi-
lar between groups.

Predictors of 30-Day All-Cause
Postdischarge Readmission

Predictors of 30-day readmission after
adjustment for baseline characteris-
tics are presented in TABLE 4. The 3
strongest predictors based on model �2

values were multivessel disease, US en-
rollment (vs rest of the world), and
baseline heart rate. Patients with mul-
tivessel disease had almost twice the
odds of readmission compared with
those without (OR, 1.97; 95% CI, 1.65-
2.35). Patients in the United States had
68% increased odds of readmission vs
those outside the United States (OR,
1.68; 95% CI, 1.37-2.07), and base-
line heart rate per 10/min increase was
associated with a 9% increased odds of
readmission (OR, 1.09; 95% CI, 1.05-
1.15). Other independent predictors of
readmission were noninferior myocar-
dial infarction location (OR; 1.28; 95%
CI, 1.07-1.52), recurrent ischemia (OR,
1.58; 95% CI, 1.01-2.47), chronic ob-
structive pulmonary disease (OR, 1.51;
95% CI, 1.07-2.14), chronic inflamma-
tory conditions (OR, 1.75; 95% CI,
1.04-2.94), and a history of hyperten-
sion (OR, 1.28; 95% CI, 1.07-1.52). Af-
ter adjustment for baseline character-
istics, patient-level LOS was not a

Table 3. Selected Baseline Characteristics Stratified by Enrollment in the United States vs
Outside the United States

Variable

No. (%)

P
Value

All Patients
(N = 5571)

Enrolled in the
United States

(n = 1700)

Enrolled Outside
the United States

(n = 3871)

Age, median (IQR), y 61 (52-70) 58 (50-69) 62 (54-71) �.001

Male sex 4313 (77.4) 1333 (78.4) 2980 (77.0) .24

Race �.001

White 5257 (94.4) 1484 (87.3) 3773 (97.5)

Black 130 (2.3) 121 (7.1) 9 (0.2)

Other 183 (3.3) 95 (5.6) 88 (2.3)

Medical history
Hypertension 2728 (49.0) 882 (51.9) 1846 (47.7) .004

Atrial fibrillation 220 (4.0) 63 (3.7) 157 (4.1) .54

CABG 117 (2.1) 60 (3.5) 57 (1.5) �.001

Coronary artery disease 895 (16.1) 349 (20.5) 546 (14.1) �.001

Congestive heart failure 190 (3.4) 55 (3.2) 135 (3.5) .63

Chronic inflammatory
condition

100 (1.8) 47 (2.8) 53 (1.4) �.001

COPD/pulmonary disease 261 (4.7) 95 (5.6) 166 (4.3) .04

Diabetes 867 (15.6) 265 (15.6) 602 (15.6) .98

SBP, median (IQR), mm Hg 133 (118-150) 132 (115-150) 135 (120-150) .001

Heart rate, median (IQR),
beats/min

75 (65-86) 75 (64-86) 75 (65-86) .86

Peak CK, median (IQR), U/L 9.2 (4.3-17.3) 7.9 (3.5-14.9) 10.0 (4.8-18.2) �.001

Peak CKMB, median (IQR),
ng/mL

28.3 (11.4-52.5) 27.3 (11.7-51.1) 28.7 (11.3-55.0) .30

Total baseline ST deviation,
median (IQR), mm

13 (9-19) 12 (8-17) 14 (10-20) �.001

Site-reported MI location .001

High-risk inferior MI 2300 (41.3) 756 (44.5) 1544 (39.9)

Other MI 3271 (58.7) 944 (55.5) 2327 (60.1)

Multivessel disease 2245 (40.3) 725 (42.6) 1520 (39.3) .02

Transfer patient 2014 (36.2) 538 (31.6) 1476 (38.2) �.001

Symptom onset to hospital,
median (IQR), h

2.2 (1.3-3.3) 1.9 (1.0-3.1) 2.3 (1.5-3.4) �.001

Length of stay, d �.001

1-2 670 (12.1) 476 (28.0) 194 (5.0)

3 962 (17.3) 543 (32.0) 419 (10.9)

4 883 (15.9) 271 (16.0) 612 (15.9)

5 675 (12.1) 125 (7.4) 550 (14.2)

6 648 (11.7) 76 (4.5) 573 (14.8)

�6 1719 (30.9) 206 (12.1) 1513 (39.2)

Discharge medications
Aspirin 5408 (97.2) 1646 (96.9) 3762 (97.4) .32

�-Blocker 5030 (90.4) 1589 (93.5) 3441 (89.0) �.001

Nitrates 1099 (19.7) 525 (30.9) 574 (14.8) �.001

Oral anticoagulant 370 (6.6) 153 (9.0) 217 (5.6) �.001

Clopidogrel or ticlopidine 5020 (90.2) 1494 (87.9) 3526 (91.2) �.001

ACE inhibitor 4420 (79.5) 1252 (73.7) 3168 (82) �.001

Angiotensin receptor blocker 304 (5.5) 96 (5.6) 208 (5.4) .69

Aldosterone antagonist 337 (6.1) 68 (4.0) 269 (7.0) �.001

Statin 5229 (94.0) 1565 (92.1) 3664 (94.8) �.001
Abbreviations: ACE, angiotensin-converting enzyme; CABG, coronary artery bypass grafting; CK, creatine kinase; CKMB,

creatine kinase mass; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; MI, myocardial in-
farction; SBP, systolic blood pressure.

SI conversion factor: To convert creatine to µkat/L, multiply values by 0.0167.
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significant predictor of 30-day read-
mission (LOS �6 days vs 1-2 days: OR,
1.36; 95% CI, 0.97-1.91).

Adjusted Odds of 30-Day
All-Cause Readmission by Country

Theoddsof30-dayreadmission foreach
country in the study (vs the United
States) and adjusted readmission rates
are displayed in the FIGURE. Several
countries had significantly lower odds
of 30-day readmission vs the United
States, including Italy (OR, 0.26; 95%
CI,0.15-0.43),Germany(OR,0.28;95%
CI, 0.07-0.46), Canada (OR, 0.33; 95%
CI, 0.20-0.56), Portugal (OR, 0.41; 95%
CI, 0.21-0.80), the Netherlands (OR,
0.50;95%CI,0.30-0.84), and theCzech
Republic (OR,0.59;95%CI,0.44-0.78).
Only Denmark and Sweden had higher
odds of readmission, which was not sta-
tistically significant.

Relationship Between
Country-Level Median LOS
and All-Cause Readmission

Median LOS and adjusted 30-day read-
mission rate by country are reported in
eFigure 1 and the Figure, respectively.
Country LOS ranged from 3 days (in-
terquartile range, 2-4 days) (United
States) to 8 days (interquartile range,
6-11 days) (Germany). Risk-adjusted 30-
day readmission rates varied by coun-
try, from 4.4% (95% CI, 2.3%-6.4%)
(Italy) to 19.2% (95% CI, 12.9%-
25.5%) (Denmark). After the addition of
country-level median LOS to our read-
mission model (Table 4), US enroll-
ment was no longer significantly asso-
ciated with readmission (OR, 1.18; 95%
CI, 0.87-1.61); however, country-level
median LOS was associated with a 14%
reduction in the odds of readmission for
eachadditional in-hospitalday(OR,0.86;
95% CI, 0.78-0.96).

Predictors of 30-Day Postdischarge
Nonelective Readmission

Baseline characteristics stratified by 30-
day nonelective readmission are shown
in eTable 2. Predictors of nonelective
readmission are shown in TABLE 5. In-
dependent predictors of 30-day non-
elective readmission with largest �2 val-

ues were baseline heart rate (OR, 1.12;
95% CI, 1.07-1.18), age (for each year
�55 years) (OR, 1.02; 95% CI, 1.01-
1.03), and US enrollment (OR, 1.53;
95% CI, 1.20-1.96). When only non-
elective readmissions were consid-
ered, multivessel disease was no lon-
ger associated with 30-day readmission.

After adjustment for country-level
median LOS, the results of our model
examining predictors of 30-day non-
elective readmission are shown in
Table 5. After adjustment for country-
level LOS, US enrollment was no lon-
ger a significant predictor of 30-day re-
admission. Country-level median LOS

Table 4. Adjusted Odds Ratio of 30-Day Postdischarge All-Cause Readmission Without and
With Adjustment for Country-Level Median Length of Stay

Variablea

Model Without
Country-Level LOS

Model With
Country-Level LOS

�2
Odds Ratio

(95% CI) �2
Odds Ratio

(95% CI)
Multivessel disease 56.3 1.97 (1.65-2.35) 54.3 1.95 (1.63-2.33)
United States (vs rest of world) 23.9 1.68 (1.37-2.07) 1.15 1.18 (0.87-1.61)
Baseline heart rate, per 10/min 14.8 1.09 (1.05-1.15) 14.3 1.09 (1.04-1.14)
History of hypertension 7.1 1.28 (1.07-1.52) 8.4 1.30 (1.09-1.56)
Site-reported noninferior MI location

(vs inferior)
7.0 1.28 (1.07-1.54) 6.4 1.27 (1.05-1.52)

History of COPD 5.4 1.51 (1.07-2.14) 5.4 1.51 (1.07-2.15)
History of chronic inflammatory

condition
4.5 1.75 (1.04-2.94) 4.0 1.67 (1.01-2.86)

In-hospital recurrent ischemia 4.1 1.58 (1.01-2.47) 2.8 1.46 (0.94-2.29)
Patient-level LOS: �6 d (vs 1-2 d) 3.1 1.36 (0.97-1.91) 5.9 1.54 (1.09-2.18)
Country-level median LOS, per 1 d 8.7 0.86 (0.78-0.95)
Abbreviations: COPD, chronic obstructive pulmonary disease; LOS, length of stay; MI, myocardial infarction.
aOther variables included in final model, but not significant, include age, preintervention Thrombolysis in Myocardial

Infarction score, preintervention ST deviation, peak creatine kinase mass, Killip classification, diastolic blood pres-
sure, atrial fibrillation, and patient-level LOS. The C statistic for the model without country-level LOS was 0.664; that
for the model with country-level LOS was 0.670.

Figure. Country-Specific Adjusted Odds Ratio (vs United States) of 30-Day Postdischarge
Readmission and Adjusted 30-Day Readmission Rates

101.00.1

Odds Ratio (95% CI)

Adjusted Readmission
Rate, % (95% CI)

Adjusted Odds of
Readmission (95% CI)

United States 14.4 (12.7-16.2) 1.00 [Reference]

Denmark 19.2 (12.9-25.5) 1.44 (0.93-2.23)
Sweden 14.6 (4.5-24.7) 1.04 (0.45-2.38)
Australia 12.9 (9.7-16.1) 0.88 (0.63-1.21)
Poland 12.8 (9.1-16.4) 0.86 (0.59-1.24)
France 11.0 (4.2-17.9) 0.73 (0.35-1.51)
Austria 9.9 (2.1-17.7) 0.66 (0.24-1.76)
Belgium 10.2 (4.3-16.2) 0.66 (0.33-1.34)
New Zealand 10.3 (3.5-17.1) 0.68 (0.32-1.42)
Czech Republic 9.3 (7.4-11.2) 0.59 (0.44-0.78)
Spain 8.4 (3.2-13.7) 0.52 (0.26-1.07)
The Netherlands 8.1 (4.8-11.4) 0.50 (0.30-0.84)
Portugal 6.6 (2.6-10.5) 0.41 (0.21-0.80)
Switzerland 5.5 (0.0-11.9) 0.34 (0.10-1.12)
Canada 5.6 (3.0-8.1) 0.33 (0.20-0.56)
Germany 4.8 (2.7-6.8) 0.28 (0.07-0.46)
Italy 4.4 (2.3-6.4) 0.26 (0.15-0.43)

All except
United States 9.3 (8.1-10.5) 0.59 (0.48-0.73)

Adjusted country-specific and overall odds of 30-day all-cause readmission and adjusted readmission rate among
countries participating in the Assessment of Pexelizumab in Acute Myocardial Infarction trial. Models were adjusted
for age, baseline heart rate, diastolic blood pressure, history of chronic obstructive pulmonary disease, history of hy-
pertension, history of chronic inflammatory condition, site-reported myocardial infarction location, multivessel dis-
ease, preintervention Thrombolysis in Myocardial Infarction score, preintervention ST-segment deviation, peak cre-
atinekinasemass,Killip classification, atrial fibrillation, in-hospital recurrent ischemia, andpatient-level lengthof stay.
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was associated with a 17% reduction in
the odds of 30-day nonelective readmis-
sion for each 1-day increase in LOS (OR,
0.83; 95% CI, 0.74-0.93).

Sensitivity Analysis

To account for the competing risk of
postdischarge 30-day mortality and its
association with 30-day readmission, we
also analyzed variables associated with
the combined endpoint of 30-day death
or readmission. There were 59 (1.1%)
deaths within 30 days of hospital dis-
charge. Overall, 674 (12.1%) patients
died or were readmitted within 30 days
of hospital discharge. After adjust-
ment for baseline characteristics, mul-
tivessel disease and hospitalization in
the United States remained the 2 lead-
ing predictors of 30-day death or read-
mission, according to �2 value (OR, 1.94
and 1.67; 95% CI, 1.63-2.31 and 1.36-
2.05, respectively).

After adjustment for covariates, the ad-
justed odds of death in US vs non-US pa-
tients were not statistically significant for
in-hospital death (OR, 0.88; 95% CI,
0.60-1.30) or 30-day postadmission
death (OR, 1.0; 95% CI, 0.72-1.39).

Temporal Relationship Between
Discharge and Readmission
The frequency of readmission accord-
ing to postdischarge date (stratified by
US or non-US enrollment) is illus-
trated in eFigure 2. In general, read-
mission frequency among all patients
was greatest earlier postdischarge.

COMMENT
Given increasing focus on 30-day read-
mission rates among patients with com-
mon medical conditions, including myo-
cardial infarction, we performed an
analysis in a large international clinical
trial of STEMI patients to determine pre-
dictors of all-cause and nonelective 30-
day readmission. A substantial propor-
tion of US patients (14.5%) were
readmitted within 30 days of discharge,
even though patients treated with pri-
mary PCI tended to be younger and gen-
erally have lower risk. In comparison, the
reported median risk-standardized 30-
day readmission rate after acute myo-
cardial infarction(non-STEMIorSTEMI)
among elderly Medicare beneficiaries is
19.9%.7 After multivariable adjust-
ment, multivessel disease and residing in

the United States were the strongest pre-
dictors of 30-day all-cause readmission
according to model �2 values. After ex-
clusion of elective readmissions for PCI
or coronary artery bypass grafting, mul-
tivessel disease was no longer signifi-
cantly associated with readmission, but
US enrollment remained predictive.
Country-level median LOS was also an
independent predictor of 30-day read-
mission rate. When country-level me-
dian LOS was added to a revised model
of all-cause and nonelective readmis-
sions, this variable eliminated the asso-
ciation between US enrollment and 30-
day readmission. Patients residing in
other countries vs the United States all
had either decreased (6 countries) or sta-
tistically similar (10 countries) odds of
all-cause readmission, as did patients re-
siding in theUnitedStates.Further analy-
sis to investigate whether our results
were, in part, due to differential inpa-
tient and short-term mortality between
US and non-US patients revealed that
there was no difference between groups
in the odds of inpatient or 30-day mor-
tality. These findings reinforce that re-
gional differences in readmission rates
observed in our study do not seem to be
influenced by the competing risk of
short-term mortality.

Although the pathophysiology of non-
STEMI can be heterogeneous,11 STEMI
is nearly always related to plaque rup-
ture, leading to an occlusive thrombus
in an epicardial coronary vessel.16,17

Hence, isolating our analysis to the
STEMI subset better controls for varia-
tion in acute pathogenesis, allowing us
to focus on other patient factors and care
patterns that increase risk for readmis-
sion. Our findings indicate that, in ad-
dition to patient comorbidities, disease
severity (as indicated by the presence of
multivessel disease), baseline heart rate,
and high-risk electrocardiogram changes
are important predictors of subsequent
short-term readmission. There was a
68% increase in the risk of readmission
among patients residing in the United
States vs patients outside the United
States in our study. Thirty-day postdis-
charge readmission rates in the United
States were lower in this study than in

Table 5. Adjusted Odds Ratio of 30-Day Postdischarge Nonelective Readmission Without
and With Adjustment for Country-Level Median Length of Stay

Variablea

Model Without
Country-Level LOS

Model With
Country-Level LOS

�2
Odds Ratio

(95% CI) �2
Odds Ratio

(95% CI)

Baseline heart rate per 10/min 18.9 1.12 (1.07-1.18) 18.4 1.12 (1.06-1.18)

Age (each year �55 y) 12.5 1.02 (1.01-1.03) 11.2 1.02 (1.01-1.03)

United States 11.5 1.53 (1.20-1.96) 0.01 0.98 (0.69-1.40)

History of hypertension 8.7 1.37 (1.11-1.69) 10.1 1.41 (1.14-1.73)

History of coronary artery disease 8.6 1.44 (1.13-1.84) 8.3 1.44 (1.12-1.83)

Patient-level LOS: �6 d (vs 1-2 d) 6.4 1.69 (1.13-2.53) 10.5 1.98 (1.31-3.00)

Patient-level LOS: 6 d (vs 1-2 d) 2.5 1.45 (0.91-2.30) 4.0 1.61 (1.01-2.56)

Preintervention TIMI grade 1 (vs 0) 6.1 1.47 (1.08-2.01) 7.0 1.52 (1.12-2.07)

White race (vs black) 5.4 0.52 (0.30-0.91) 5.2 0.53 (0.30-0.91)

History of COPD 5.0 1.54 (1.06-2.26) 4.8 1.53 (1.08-2.17)

In-hospital atrial fibrillation 4.6 1.54 (1.04-2.27) 4.1 1.50 (1.01-2.22)

Site-reported noninferior MI location
(vs inferior)

4.2 1.25 (1.01-1.56) 3.6 1.24 (0.99-1.54)

Country-level median LOS (per 1 d) 10.8 0.83 (0.74-0.93)
Abbreviations: COPD, chronic obstructive pulmonary disease; LOS, length of stay; MI, myocardial infarction; TIMI, Throm-

bolysis in Myocardial Infarction.
aOther variables included in final model, but not significant, include ST resolution percentage, in-hospital cardiac ar-

rest, in-hospital recurrent ischemia, baseline systolic and diastolic blood pressure, preintervention ST deviation, peak
creatine kinase mass, and Killip classification. The C statistic for the model without country-level median LOS was
0.667; that for the model with country-level median LOS was 0.674.
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previously reported Medicare data.7,18

This discrepancy likely reflects the rela-
tively young clinical trial population with
less comorbidity, as well as the highly
effective treatment our patients re-
ceived with primary PCI.19

As one might predict, when we inves-
tigate only readmissions unrelated to
elective PCI or coronary artery bypass
grafting, multivessel disease is no lon-
ger associated with readmission. Being
hospitalized inside the United States re-
mains associated with readmission, but
the association is diminished, which sug-
gests that differential rates in early read-
mission forelective revascularizationmay
be associated with the higher rates of all-
cause readmissionobserved in theUnited
States. Curtis et al18 examined readmis-
sion rates among Medicare beneficia-
ries post-PCI and found that almost one-
third of those who were readmitted
within 30 days underwent revascular-
ization—and primarily PCI. Although
their data could not distinguish be-
tween elective and urgent revasculariza-
tion, our data suggest that a significant
proportion of patients in the United
States who are readmitted within 30 days
after STEMI undergo elective PCI or, less
commonly, coronary artery bypass graft-
ing. Moreover, the rates of readmission
for elective revascularization after STEMI
are higher in the United States than in
other countries studied. These findings
highlight thevariationandpotential clini-
cal uncertainty regarding the manage-
ment of non–infarct-related coronary ar-
tery disease, which is the focus of several
ongoing clinical studies.

Perhaps the most intriguing finding
was the relationship between readmis-
sionratesandLOS.Onceweadjustedour
modelsofall-causeandnonelective read-
missions for country-level median LOS,
then the United States was no longer sig-
nificantly associated with readmission.
In general, one notable difference in care
patterns outside the United States is lon-
ger LOS for cardiovascular disease and
post–myocardial infarction,20 as in our
study. Length of stay post-STEMI has
declineddramatically intheUnitedStates
during thepastquartercentury.6,21 Inour
study, the United States had the lowest

median LOS among all countries, results
similar to those of previous analyses of
clinical trialpopulations.20 Somearenow
suggesting that LOS has declined too far
in the United States, resulting in subop-
timal outcomes.21 This trend may be
driven byahealthcare systemthat finan-
cially rewards early discharge. How-
ever, studies have not been able to show
an association between shorter LOS and
increased risk of readmission for acute
myocardial infarction.21 Yet we did find
an inverse relationshipbetweencountry-
levelLOSand30-daypostdischargeread-
mission rates. This variable offset the
strength of being a US vs non-US patient
as a predictor of readmission. These data
raise the possibility that higher readmis-
sion rates in the United States may be an
adverse effect of the short LOS practice.
A consequence is that patients become
eligible for readmission closer to the
index event, when risk of subsequent
events is still elevated. Nevertheless,
becausethisanalysis isexploratory,coun-
try-level LOS may be a marker for a com-
binationofdifferences inhealthcarepat-
terns across different countries, even
though we attempted to adjust for some
of the factors.

Other system-related differences out-
side the United States often include
near-universal health coverage for all
citizens through a single-payer state-
run system, private compulsory health
insurance, or some combination of the
two,22 which may afford quicker and
easier access to primary care postdis-
charge follow-up, as well as more ac-
cessibility to medications such as clopi-
dogrel. Recent US data have shown
decreased risk of 30-day readmission
among heart failure patients who fol-
low up with a physician within 7 days
of discharge.23 Previous research in the
United States has also shown de-
creased risk of readmission among pa-
tients with early follow-up after acute
myocardial infarction.24

Significant attention has been fo-
cused on reducing acute myocardial in-
farction readmission rates in the United
States as a means of reducing health care
costs, according to the assumption that
readmission is (at least in part) prevent-

able. Our analysis shows that readmis-
sion may be preventable because rates are
nearly one-third lower in other coun-
tries, suggesting that the US health care
system has features that can be modi-
fied to decrease readmission rates. Un-
derstanding these international differ-
ences may provide important insight into
reducing such rates, particularly in the
United States. At the same time, the eco-
nomic tradeoff between prolonging in-
dex hospital stays and reducing read-
missions needs further research because
the former may simply decrease overall
efficiency without a significant effect on
outcomes or overall resource use. Com-
parative analysis of health care systems
may allow discovery of the optimal in-
hospital processes that minimize read-
missions without excessively increas-
ing costs. Examining the total inpatient
days for a 30-day episode of care may be
a useful construct for this economic
analysis; however, those data were not
available for the present analysis. Patient-
level factors associated with decreased
risk for early discharge post–myocar-
dial infarction have been studied and
could be explored to reduce LOS with-
out risking increased readmissions.19,25

Limitations

Our study has several limitations. First,
it is a retrospective analysis of clinical
trial data. Although we have used a mul-
tivariable model to adjust for poten-
tial confounders, there may remain un-
measured or residual confounding.
Second, although the Assessment of
Pexelizumab in Acute Myocardial In-
farction trial had few exclusion crite-
ria (including, for example, patients of
any age, as well as those with renal fail-
ure and cardiogenic shock), the popu-
lation was a selected clinical trial popu-
lation; therefore, our results may not be
generalizable to the STEMI popula-
tion at large. Third, some countries en-
rolled relatively few patients, limiting
the statistical power to make compari-
sons vs the United States. The analysis
of median LOS was limited by the num-
ber of countries evaluated and in-
cluded only as a linear predictor. This
relationship requires further consider-
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ation in data sets with additional health
care systems. Finally, our study com-
pares only a small proportion of all
countries globally, and this limits a true
global interpretation of our results.

CONCLUSION
Thirty-day readmission after STEMI oc-
curs in greater than 1 in 10 optimally
treated patients. Rates are higher in pa-
tientswithmultivesseldiseaseand inpa-
tients treated in the United States. After
multivariable adjustment, the United
Statescontinuedtobeanindependentpre-
dictorofahigher likelihoodof30-dayall-
causehospital readmission.Thisassocia-
tionmayberelated todifferential ratesof
earlyreadmissionforelectiverevascular-
ization and shorter median LOS in the
UnitedStates. Inparticular,country-level

median LOS attenuates the relationship
between the United States and early re-
admission.Further research isneededto
better understand the relationship be-
tweenLOSandreadmissionratesandde-
fineandoptimizeoverallefficiencyofcare
internationally.
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