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Abstract: Myocardial reinfarction is frequent after ST-elevation

myocardial infarction (STEMI). The incidence of previous stroke in

STEMI patients is also high. We aim to evaluate the risk factors for

short-term myocardial reinfarction in STEMI patients in a multicenter

study.

STEMI patients with chest pain onset within 12 hours in 247

hospitals in China were enrolled. Seven and 30-day follow-ups from

admission to hospitals were performed. The primary outcome of our

study was myocardial reinfarction at 30 days after STEMI. The study

population was stratified into 2 groups: STEMI patients with mayo-

cardial reinfarction and without mayocardial reinfarction. Survival

curve was constructed using Kaplan–Meier survival methods with

log-rank statistics. Multivariable Cox regression model was performed

to determine the risk factors for myocardial reinfarction events in

STEMI patients.

A total of 6876 STEMI patients were enrolled. The proportion of

STEMI patients with previous stroke was 9.4%. Rate of 30-day myo-

cardial reinfarction was 2.0% among all STEMI patients. Rate of 30-day

myocardial reinfarction was 4.2% in STEMI patients with previous

stroke which was statistically higher than that in STEMI patients

without previous stroke (P< 0.001). Multivariable Cox regression

analysis showed that previous stroke (HR, 3.673; 95% CI, 1.180–

11.43) and statin use (HR, 0.230; 95% CI, 0.080–0.664) were inde-

pendent predictors for 30-day myocardial reinfarction.

A large proportion of STEMI patients had previous stroke history.

Short-term myocardial reinfarction after STEMI is not infrequent.
MD, Lisheng Liu, M , MD,
and Bo Yu, MD

(Medicine 95(6):e2742)

Abbreviations: ACEI = angiotensin converting enzyme inhibitors,

ACS = acute coronary syndrome, AMI = acute myocardial

infarction, LDL-C = low-density lipoprotein cholesterol, MACE

= Major Adverse Cardiovascular Events, PCI = percutaneous

coronary intervention, PTCA = percutaneous transluminal coronary

angioplasty, STEMI = ST-elevation myocardial infarction.

INTRODUCTION

C hange of people’s lifestyle confers higher morbidity and
mortality in cardiovascular athrosclerosis. Short-term

Major Adverse Cardiovascular Events (MACE) rate of STEMI
has declined with a greater use of primary percutaneous cor-
onary interventions (PCI) and auxiliary antiplatelet and antic-
oagulant drugs.1 Myocardial reinfarction and the incident
adverse events are the main components of short-term MACE.
Identify the risk factors for myocardial reinfarction and appro-
priate intervention may further decline MACE rates of STEMI.

Several studies have evaluated the incidence, determi-
nants, and clinical course of reinfarction of acute myocardial
infarction. Donges et al2 found that in the era of thrombolysis
therapy for acute myocardial infarction (AMI), previous AMI,
age >70 years, diagnostic first electrocardiogram, and female
sex are independent determinants for in-hospital reinfarction.
White et al3 enrolled AMI patients within days 3 to 28
(>24 hours) from symptom onset and concluded that history
of PCI before study entry, diabetes, and absence of new Q waves
were independent predictors for 9-year myocardial reinfarction.
However, it has been demonstrated that most of deaths after
STEMI occurred within the first 30 days.4 Myocardial reinfarc-
tion was a powerful independent predictor of subsequent car-
diac mortality.5 So far, limited evidence is available for
evaluating the independent predictors for short-term myocardial
reinfarction in STEMI patients in a multicenter and real-
world study.

To solve the above question, we make a post hoc analysis
of a prospective multicenter study which enrolled STEMI
patients within 12 hours from chest pain onset in 247 hospitals
in China. We aim to evaluate the independent predictors for
short-term myocardial reinfarction in STEMI patients.

METHODS
ts with STEMI admitted to 247 hospitals
d in our study from June 2001 to July
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2004. Each patient complained of angina pectoris within
12 hours from the symptom onset. The angina pectoris generally
lasted more than 30 minutes. Electrocardiograms were per-
formed for all patients and showed ST-segment elevation of
>1 mm in contiguous leads. The diagnosis of STEMI abided by
the Universal definition of myocardial infarction.6 STEMI
patients who have previous myocardial infarction were
excluded. All patients obtained written informed consents
before enrollment. The study protocol was approved by the
Ethics Committee of Beijing Fuwai Hospital.

Reperfusion Therapy
All hospitals adopted the uniform reperfusion strategy. If

without contraindications, fibrinolytic therapy should be applied
to these STEMI patients who were admitted to hospitals within
12 hours from the symptom onset and whose ECG showed ST
elevation more than 0.1 mV in at least 2 contiguous precordial
leads or at least 2 adjacent limb leads or new onset Left Bundle
Branch Block in hospitals without intervention qualification or
possible delayed reperfusion. Fibrinolytic agents used in our
study included Streptokinase, Urokinase, and Alteplase. In hos-
pitals that have the qualification for coronary intervention,
primary PCI could be considered. Primary PCI was preferred
on the following conditions: the duration from angina onset is
within 12 hours; STEMI patients with severe heart failure, cardiac
shock, and/or pulmonary edema regardless of the angina
duration; STEMI patients with contraindication to fibrinolytic
therapy. The index of reperfusion success includes 50% relief of
angina pectoris, ahead of time of the peak cardiac troponin I level,
occurrence of reperfusion arrhymia and a reduction of at least
50% of the initial ST-segment elevation leads on ECG 60 to 180
minutes after initiation of reperfusion therapy. The ancillary
antiplatelet and anticoagulant therapy were also standardized.
The ancillary antiplatelet drugs included Aspirin, Clopidogrel,
and Ticlopidine.

Outcomes and Definitions
The primary endpoints events of the study were rate of 30-

day myocardial reinfarction after AMI. Previous stroke was
defined as sudden, nonconvulsive loss of neurological function
due to brain ischemia or intracranial hemorrhages confirmed by
computed tomography or magnetic resonance imaging. Myo-
cardial reinfarction was defined as at least meeting 2 of the
following criteria: new onset of angina pectoris during mild
exercise or rest lasting more than 20 minutes or needing
nitroglycerin; concentration of myocardial enzyme rising to
above the 99th percentile upper reference limit or rising to
greater than 50% of the lowest myocardial enzyme level during
recovery of AMI, if enzymes have already been elevated; new or
presumed new significant ST-segment–T-wave changes result-
ing from myocardial ischemia.

Clinical Follow-Up
In addition to the 7-day follow-up that was performed

during the patient’s hospitalization, a follow-up at 30 days from
angina onset was also performed. Myocardial reinfarction
events were recorded in detail.

Data Collection
Baseline clinical characteristics of all enrolled patients

Tian et al
which include demographic data, previous disease histories,
vital signs and laboratory tests on admission, and in-hospital
management were well recorded. Thirty-day myocardial
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reinfarction events after acute AMI were collected in detail
at the follow-up.

Statistical Analysis
Continuous variables were expressed as mean (�SD).

Categorical variables were expressed as numbers and pro-
portion. According to whether or not experiencing myocardial
reinfarction, the study population was divided into 2 groups.
Baseline characteristics of both groups were compared using the
Pearson x2 statistics for categorical variables and univariate
ANOVA or Kruskal–Wallis test for continuous variables.
According to previous stroke category, myocardial reinfarction
events were compared with the Pearson x2 statistics. Survival
curve of myocardial reinfarction events by previous stroke
category was constructed using Kaplan–Meier survival
methods with log-rank statistics. Multivariable Cox regression
model was performed to determine whether there was associ-
ation between previous stroke and myocardial reinfarction
events in patients after STEMI. Other covariates added into
the Cox regression model included age, sex, ST segment
elevation lead, heart rate, systolic blood pressure, Killip class,
previous hypertension, previous stroke, previous diabetes mel-
litus, admission glucose, admission hemoglobin, in-hospital
medications (aspirin, beta-blockers, angiotensin converting
enzyme inhibitors (ACEI) and statins), target vascular, post
percutaneous transluminal coronary angioplasty (PTCA) ADP-
antagonists, reperfusion therapy (thrombolysis and PTCA).
Variables with a P value <0.05 were entered by a forward
stepwise manner, with retention set at a significance level of
0.10. All statistical analyses were performed using SPSS22.0.
Statistical significance was indicated at a 2-side P value less
than 0.05.

RESULTS
A total of 7468 STEMI patients were enrolled of whom

592 patients with previous myocardial infarction history were
excluded. Finally, 6876 STEMI patients were included in our
study for statistic analysis to evaluate the relationship between
previous stroke and myocaidial reinfarction, among which 644
(9.4%) STEMI patients had previous stroke history, meanwhile
6232 (90.6%) STEMI patients had not.

Table 1 lists clinical characteristics and in-hospital man-
agement of STEMI patients according to mayocardial reinfarc-
tion. STEMI patients with mayocardial reinfarction were often
older and had high rates of previous stroke. Other variables
between 2 groups did not differentiate significantly from each
other. We have to state that the rates of thrombolysis therapy
and primary PTCA in both groups were not relatively high.

The 30-day follow-up was performed. Rate of 30-day
myocardial reinfarction was 2.0% among all STEMI patients.
Figure 1 shows rates of 30-day myocardial reinfarction accord-
ing to previous stroke category. We could see from the figure
that rate of 30-day myocardial reinfarction was 4.2% in STEMI
patients with previous stroke which was statistically higher than
that in STEMI patients without previous stroke (P< 0.001).

Figure 2 shows Kaplan–Meier curves for 30-day myo-
cardial reinfarction by previous stroke category. Log-rank
statistics indicated freedom from myocardial reinfarction sur-
vival curves of STEMI patients with previous stroke was
significantly lower than that of STEMI patients without
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previous stroke (log rank, P< 0.001).
Table 2 shows hazards ratios for 30-day myocardial rein-

farction by Cox regression analysis. Adjusted covariates
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TABLE 1. Clinical Characteristics and In-Hospital Management of STEMI Patients

STEMI Patients by MRI

Variables Without MRI With MRI P Value

No. of patients 6740 (98.0%) 136 (2.0%)
Age, y 62.35� 11.99 65.78� 10.36 <0.001
Male, n (%) 4754 (70.5) 86 (63.2) 0.065
Weight, kg 66.55� 11.80 64.73� 11.26 0.075
Previous DM, n (%) 720 (10.7) 18 (13.2) 0.629
Previous HTN, n (%) 2667 (39.6) 64 (47.1) 0.207
Previous stroke (%) 617 (9.2) 27 (19.9) <0.001
Previous HF, n (%) 121 (1.8) 2 (1.5) 0.777
Anterior MI, n (%) 3520 (52.6) 81 (59.6) 0.259
Inferior or posterior MI, n (%) 3031 (45.3) 52 (38.2) 0.259
Lateral MI, n (%) 141 (2.1) 3 (2.2) 0.259
Systolic BP, mm Hg 125.66� 26.71 130.65� 25.79 0.031
Heart rate, bpm 77.19� 18.48 76.93� 17.13 0.874
Killip class >grade I, n (%) 1184 (17.6) 27 (19.9) 0.488
Admission glucose, mmol/L 8.56� 4.33 8.56� 3.70 0.996
Admission hemoglobin, mg/dL 135.43� 21.23 134.23� 18.52 0.513
Thrombolysis, n (%) 3596 (53.4) 70 (51.5) 0.663
Uk, n (%) 3134 (87.3) 63 (90.0) 0.717
tPA, n (%) 103 (2.9) 1 (1.4) 0.717
PTCA, n (%) 799 (11.9) 16 (11.8) 0.974
Target vascular (LAD), n (%) 469 (58.6) 11 (68.8) 0.499
LMWH 218 (99.5) 6 (100) 0.868
Aspirin, n (%) 6444 (95.6) 129 (94.9) 0.665
Clopidogrel, n (%) 531 (66.3) 15 (93.8) 0.069
Beta-blocker, n (%) 4118 (61.1) 89 (65.4) 0.586
ACEI, n (%) 4807 (71.3) 93 (68.4) 0.452
Statins, n (%) 4804 (71.3) 89 (65.4) 0.136

ACEI¼ angiotensin converting enzyme inhibitors, BP¼ blood pressure, DM¼ diabetes mellitus, HF¼ heart failure, HTN¼ hypertension,
ght

se
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included age, sex, ST segment elevation lead, heart rate, systolic

LAD¼ left anterior descending branch, LMWH¼ low-molecular-wei
PTCA¼ percutaneous transluminal coronary angioplasty, STEMI¼ST
activator, Uk¼ urokinase.
blood pressure, Killip class, previous hypertension, previous
stroke, previous DM, admission glucose, admission hemo-
globin, in-hospital medications (aspirin, beta-blockers, ACEI,

FIGURE 1. Rates of 30-day myocardial reinfarction according to
previous stroke category.
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and statins), target vascular, post-PTCA ADP-antagonists,
reperfusion therapy (thrombolysis and PTCA). After adjusting
the confounding factors, multivariable Cox regression analysis
showed that previous stroke (HR, 3.673; 95% CI, 1.180–11.43)
and statin use (HR, 0.230; 95% CI, 0.080–0.664) were inde-
pendent predictors for 30-day myocardial reinfarction. How-

heparin, MI¼myocardial infarction, MRI¼myocardial reinfarction,
gment elevation myocardial infarction, tPA¼ tissue-type plasminogen
ever, thrombolysis therapy, PTCA, target vascular, Clopidogrel

and beta-blocker use did not correlate with short-term
myocardial reinfarction.

DISCUSSION
First 30 days after acute STEMI is the critical period

because of higher rate of MACE. The present study showed
that myocardial reinfarction after STEMI is not infrequent,
besides STEMI patients with previous stroke confronted higher
rates of short-term myocardial reinfarction and statin use could
decline the risk of short-term myocardial reinfarction.

Several studies evaluated the incidence of myocardial
reinfarction in AMI patients. In thrombolysis era for AMI,
Donges et al2 found that the incidence of in-hospital repeat
acute myocardial infarction was 4.7%. In 2009, Fokkema et al7
indicated reinfarction was observed in 3.4% STEMI patients
within 1 year after primary PCI. In our study, although not all
STEMI patients were managed with reperfusion therapy and the
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contemporary triple antiplatelet therapy, the rate of 30-day
myocardial reinfarction among all STEMI patients was 2.0%.

FIGURE 2. Kaplan–Meier curves for 30-day myocardial reinfarc-
tion by previous stroke category.
Similarly to our study, in 2014, in the contemporary era, Stone
et al5 assessed 3202 STEMI patients and indicated the cumu-
lative incidence of reinfarction was 1.8% at 30 days. Compared

TABLE 2. Hazards Ratios for 30-Day Myocardial Reinfarction by

Independent Predictors Hazard

Age 1.0
Sex 0.5
ST segment elevation lead 0.2
Systolic blood pressure 1.0
Heart rate 0.9
Killip class <0.0
Previous hypertension 1.2
Previous stroke 3.6
Previous diabetes mellitus 1.1
Admission glucose 0.9
Admission hemoglobin 1.0
Thrombolysis 0.9
PTCA >100
Target vascular 1.6
Post PTCA ADP-antagonists 5.4
Aspirin >100
Angiotensin converting enzyme inhibitors 0.6
Statins 0.2
Beta-blocker 0.6

PTCA¼ percutaneous transluminal coronary angioplasty. Adjusted cov
pressure, heart rate, Killip class, previous hypertension, previous stroke, pre
hospital medications (aspirin, beta-blockers, angiotensin converting enzym
reperfusion therapy (thrombolysis and PTCA).
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with the above study, although our study performed in throm-
bolysis era for AMI, the results were credible. Given our
multicenter design, it may reflect situation of STEMI treatment
in real world.

In the contemporary era, Stone et al5 indicated that current
smoking, Killip class>¼2, baseline thrombocytosis, multivessel
disease, symptom onset-to-balloon time, and total stent length
were independent predictors of reinfarction. Many STEMI
patients had the previous stroke history. Abtahian et al8 found
the incidence of previous stroke was 5.1% in patients with STEMI
and those with previous stroke were less likely to receive
evidence-based therapies. In our study, we found that previous
stroke was independent predictor of short-term myocardial rein-
farction in STEMI patients. Similarly to our study, Kornowski
et al9 concluded prior stroke was a predictor of recurrent myo-
cardial infarction for men. Some explanations can interpret this
phenomenon: on the one hand, STEMI patients with previous
stroke, despite hemorrhagic or ischemic stroke, have widely
existed atherosclerosis in the whole artery tree including coronary
artery. On the other hand, when meeting STEMI patients with
previous stroke who need reperfusion therapy, clinicians were
confronted with too many worries. However, our result should be
further verified in the contemporary era for STEMI. At last, for
STEMI patients with previous stroke primary PCI was the
preferred reperfusion therapy.

Statin agents have been established as standard therapy for
acute coronary syndrome (ACS) patients. The beneficial effects
attribute to the pleiotropic actions of statin agents, of which low-
density lipoprotein cholesterol (LDL-C) lowering effects are the
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most important.10 But for ACS patients with low LDL-C level,
statin therapy can benefit similarly. Kanadasi et al11 found for
ACS patients with a low LDL level, atorvastatin can lower the

Cox Regression Analysis

30-Day Myocardial Reinfarction

Ratios 95% CI P Value

23 0.973–1.076 0.371
07 0.103–2.494 0.403
04 0.028–1.465 0.114
09 0.986–1.032 0.442
85 0.949–1.023 0.434
01 0.000-9999 0.971
04 0.395–3.668 0.744
73 1.180–11.43 0.025
98 0.221–6.494 0.834
14 0.753–1.110 0.364
11 0.976–1.048 0.537
73 0.208–4.561 0.972
0 0.000-9999 0.998

33 0.433–6.159 0.468
38 0.704–42.04 0.105
0 0.000-9999 0.993

69 0.213–2.104 0.492
30 0.080–0.664 0.007
75 0.181–2.508 0.557

ariates including age, sex, ST segment elevation lead, systolic blood
vious diabetes mellitus, admission glucose, admission hemoglobin, in-
e inhibitors and statins), target vascular, post PTCA ADP-antagonists,
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hsCRP and plasma amyloid A values on the 5th day and in the 6th
month. Accordingly, Tsai et al12 included statin therapy can
significantly lower the incidence of death, reinfarction, or stroke
at 6 months. Beyond LDL-C lowering effects such as anti-
inflammation, protection of endothelial cells, reduction of plate-
let activation and reactivity13 and stabilization of atheroscerosis
plaque can interpret the above beneficial effect. Bybee et al14

indicated that early statin treatment significantly decreases the
risk of in-hospital mortality and in-hospital reinfarction in acute
myocardial infarction. In our study, statin therapy was an inde-
pendent predictor for 30-day myocardial reinfarction in STEMI
patients. Leone et al15 concluded an intensive statin treatment
after primary or rescue PCI can increase the endothelial progeni-
tor cells count at follow-up. Zhao et al16 indentified pretreatment
with statins could attenuate no-reflow after AMI in patients with
acute hyperglycemia. So statin is the key drug to decrease the risk
of myocardial reinfarction.

The main strength of our study lies in its design as a
multicenter registry and relatively larger study population of
patients with STEMI. And we for the first time found the
correlation of previous stroke and myocardial reinfarction.
However, limitation still existed. The study was retrospective
and conducted 1 decade ago in the era of thrombolysis therapy
for AMI.

In conclusion, STEMI patients with previous stroke con-
fronted higher rates of short-term myocardial reinfarction.

Medicine � Volume 95, Number 6, February 2016
Statin could decline the risk of short-term myocardial reinfarc-

tion. Primary PCI was the preferred reperfusion therapy for
these STEMI patients.
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