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Introduction
Atherosclerosis is a systemic disease that often 
occurs at more than one vascular site, and thus 
should be considered an integral disease. The 
presence of more than one affected vascular bed, 

including any combination of the following: coro-
nary artery disease (CAD), cerebrovascular dis-
ease (CVD), and peripheral arterial disease 
(PAD), has been termed polyvascular disease 
(PolyVD).1
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Background: Treatment of acute myocardial infarction (AMI) patients with prior stroke is a 
common clinical dilemma. Currently, the application of optimal medical therapy (OMT) and its 
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Patients with PolyVD have a higher risk of cardio-
vascular events and worse prognosis.2 Any acute 
atherosclerotic event increases the risk for another 
in the same or different vascular bed.3 CAD compli-
cated with CVD is very common in clinical work. 
One-third of patients with ischemic stroke with no 
cardiovascular history have more than 50% coro-
nary stenosis, and 3% are at risk of developing myo-
cardial infarction (MI) within a year.4 Moreover, 
the leading cause of mortality following an acute 
ischemic stroke is MI.5,6 Although interventional 
procedures have greatly developed in both areas, the 
prognosis still remains unsatisfactory.

Guidelines recommend optimal medical therapy 
in patients with ST-elevation myocardial infarc-
tion (STEMI) and non-ST-elevation myocardial 
infarction (NSTEMI) to improve the prognosis. 
This is defined as a combination of aspirin, any 
P2Y12 inhibitor, statin, beta-blocker, and angio-
tensin-converting enzyme inhibitor (ACEI) or 
angiotensin receptor blocker (ARB).7,8 Despite 
being recommended by the guidelines, the opti-
mal evidence-based medical therapy is prescribed 
at suboptimal rates, particularly in patients with 
high-risk features.9 Concerns regarding an 
increased risk of bleeding or recurrent stroke in 
patients with a stroke history might make this 
situation even worse. Since the related data are 
limited, we aim to evaluate the application of 
OMT and its impact on the prognosis in acute 
MI (AMI) patients with prior stroke.

Methods

Registry design
A sub-analysis was performed using the database of 
Bleeding complications in a Multicenter registry of 
patients discharged with diagnosis of Acute 
Coronary Syndrome (BleeMACS) registry.10 
BleeMACS is an investigator-initiated international 
multicenter registry that retrospectively enrolled 
15,401 consecutive acute coronary syndrome 
(ACS) patients who underwent percutaneous coro-
nary intervention (PCI) during the index hospitali-
zation. Patients were enrolled from 15 centers in 10 
countries from around the world including Canada, 
Brazil, Germany, Poland, Netherlands, Spain, 
Italy, Greece, China, and Japan. The BleeMACS 
webpage (http://bleemacs.wix.com/registry) as well 
as clinicaltrials.gov (NCT02466854) could be 
searched for details of the registry.

Ethics and consent statements
This registry was formed by the fusion of several 
ACS registries, each with the approval of its local 
ethics committee (2015009X). The study proto-
col conforms to the ethical guidelines of the 1975 
Declaration of Helsinki as reflected in a prior 
approval by the institution’s human research 
committee. As the retrospective nature of our 
study, written informed consent was waived by 
the ethics committee.

Patient selection
The AMI patients, including STEMI and 
NSTEMI with prior stroke, were retrieved from 
the BleeMACS registry. STEMI was diagnosed if 
patients had ongoing chest pain and ST-segment 
elevation > 2 mm in two contiguous precordial 
leads, > 1 mm in two contiguous limb leads, or a 
new left bundle branch block (LBBB) on the elec-
trocardiogram (ECG). NSTEMI was defined as 
elevated cardiac troponin without notable ECG-
changes. Stroke referred to prior admission due 
to ischemic stroke.

All of the patients were divided into two groups 
based on the prescription received upon dis-
charge. Patients receiving a combination of aspi-
rin, any P2Y12 inhibitor (clopidogrel, prasugrel, 
or ticagrelor), statin, beta-blocker, and ACEI or 
ARB were assigned to the OMT group, and oth-
ers were assigned to the non-OMT group. All 
patients were followed-up for at least 12 months.

Database management
The clinical and interventional data were 
recorded, including traditional cardiovascular 
risk factors, type of AMI, comorbidities, arterial 
access, and treatment strategy. Data of each 
center were transferred to the BleeMACS coordi-
nating center at the cardiology department in 
Santiago de Compostela for further examination 
and verification. The final database consisting of 
61 items was developed covering baseline charac-
teristics and clinical outcomes. Centers that pro-
vided forms with more than 5% missing data were 
not included in the final BleeMACS database.

Endpoints
The primary endpoint was all-cause mortality at 
1-year follow-up. The secondary endpoints 
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included re-AMI and major adverse cardiovascu-
lar event (MACE) (a composite of death/MI) at 1 
year of follow-up. Bleeding events were also fol-
lowed-up as a safety indicator.

Sample size calculation and justification
The rule we used for quickly determining sample 
size is at least 10 cases per variable in this study, 
in order to obtain results that are likely to be both 
true and clinically useful.

Statistical analysis
Continuous variables are expressed as means 
(standard deviations (SD)) and the medium 
(interquartile range (IQR)) for normally and non-
normally distributed data respectively, and the 
categorical variables are expressed as counts and 
percentages (%). A comparison of the baseline 
characteristics between the two groups was per-
formed using a Student t test for continuous vari-
ables and a Pearson chi-square test or Fisher’s 
exact test for categorical variables. Kaplan-Meier 
analysis was performed to compare the outcomes 
between groups. Log-rank test was adopted to 
compare rates of the endpoints. Cox regression 
analysis was performed to evaluate the predictive 
ability of the parameters of interest. Given differ-
ences in the baseline characteristics between the 
two groups, the propensity score matching (PSM) 
was used to generate two matching cohorts of 
patients receiving OMT or not. 1:1 PSM was per-
formed using the nearest-neighbor method with a 
caliper of 0.03. All of the clinical variables (age, 
sex, type of AMI, hypertension, diabetes mellitus, 
dyslipidemia, previous AMI, previous PCI, previ-
ous coronary artery bypass graft (CABG), con-
gestive heart failure, PAD, chronic kidney disease, 
malignancy, previous bleeding, and hemoglobin 
level) as well as procedural data (thrombolysis, 
procedural access, multi-vessel disease, stent 
type, and complete revascularization) were incor-
porated in the analysis. All analyses were per-
formed using SPSS 21.0 (IBM Corp., Armonk, 
NY, USA). A two-sided p-value of <0.05 was 
considered significant.

Results
A total of 15,401 patients with ACS were included 
into the BleeMACS registry (Figure 1). Among 
the 765 (5.0%) patients with AMI and prior 

stroke, 400 (52.3%) received OMT upon hospital 
discharge. More specifically, 744 (97.3%) 
received aspirin, 723 (94.5%) P2Y12 inhibitor, 
687 (89.8%) statin, 561 (73.3%) ACEI/ARB, 
and 582 (76.1%) beta-blocker. No difference in 
the OMT prescription was observed between 
patients diagnosed with STEMI or NSTEMI 
(53.7% vs 49.6%, p = 0.286).

Baseline features
Briefly, most of the baseline characteristics were 
comparable between the OMT and non-OMT 
groups, as shown in Table 1. However, patients 
in the non-OMT group were much older, had 
more previous bleeding events, presented with 
higher creatinine levels upon admission, and 
fewer had used a drug-eluting stent (DES).

Endpoints
OMT was significantly related to improved sur-
vival after the 1-year follow-up (Figure 2). 
Patients receiving OMT showed a significantly 
decreased occurrence of mortality (4.5% vs 
15.1%, p < 0.001), re-AMI (4.2% vs 9.3%, 
p = 0.004), and the composite endpoint of death/
re-AMI (8.6% vs 20.5%, p < 0.001) compared 
to those without OMT. No significant difference 
was observed between groups regarding bleeding 
(5.3% vs 6.3%, p = 0.380).

After PSM, a new dataset including 315 non-
OMT and 315 OMT patients with similar base-
line demographics and clinical and procedural 
characteristics was generated (Table 1). 
Standardized differences ⩽0.1 for all covariates in 
propensity score matching indicated balance 
between treatment and control groups. The 
advantages of OMT over the one-year clinical 
outcomes were confirmed in this cohort. The out-
comes included death (5.1% vs 14.0%, 
p < 0.001), re-AMI (4.9% vs 9.7%, p = 0.021), 
and MACE (9.8% vs 18.9%, p = 0.001) (Figure 
2). No difference was observed regarding bleed-
ing (5.7% vs 6.7%, p = 0.469).

Multivariable Cox regression analysis using all 
patients (n = 765) revealed that OMT was an 
independent protective factor of the one-year sur-
vival in the overall population (HR: 0.31, 95% 
CI: 0.18–0.53, p < 0.001) and the STEMI sub-
set (HR: 0.23, 95% CI: 0.11–0.46, p < 0.001). 
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Hence, OMT at discharge could produce a 69% 
reduction of all-cause mortality risk in AMI 
patients with prior stroke. Age was a risk factor in 
the overall population (HR: 3.04, 95% CI: 1.46–
6.36, p = 0.003) and the STEMI subset (HR: 
2.36, 95% CI: 1.09–5.07, p = 0.029), as shown in 
Table 2. Creatinine over 2.5 mg/dl was a risk fac-
tor for NSTEMI patients (HR: 3.46, 95% CI: 
1.01–11.92, p = 0.049).

The subgroup analysis of the primary endpoint of 
all-cause death across various patient populations 
was consistent across most subgroups (Table 3).

Discussion
The present study, based on the international 
BleeMACS registry, assessed the application of 
OMT and its impact on the 1-year outcomes in 
patients with AMI and prior stroke. A certain 
proportion of AMI patients were admitted to the 
hospital for ischemic stroke (5%). OMT was 
associated with improvements in the one-year 
outcomes, including mortality, re-AMI, and 
MACE in this patient population, without bleed-
ing risk. Even though the prescription rate of each 

OMT medication was reasonably high (73.3%–
97.3%), 47.7% of AMI patients lacked at least 
one OMT medication.

Haraguchi et al. enrolled 457 AMI patients, and 
77.6% received OMT. They demonstrated 
advanced age, impaired renal function, vasospas-
tic angina, bradycardia, asthma, non-PCI revas-
cularization, and NSTEMI that were significantly 
associated with non-OMT.11 Yan et al. examined 
the use of medications at discharge among 5833 
patients from the Canadian ACS I and ACS II 
Registries. Advanced age, female sex, prior heart 
failure, renal function, and coronary bypass sur-
gery were shown to be negative independent pre-
dictors of OMT.12 Similar to the above studies, 
we demonstrated in this study that patients 
receiving OMT were likely to be much younger, 
with less bleeding history, lower creatinine levels 
and more DES implantations. After adjusting for 
confounding factors, OMT was an independent 
protective factor of 1-year mortality, while age 
was risk factors.

Age is an important determinant of outcomes for 
AMI patients. After accounting for other factors, 

Figure 1.  The flow chart of patient selection process.
ACS, acute coronary syndrome; OMT, optimal medical therapy; PCI, percutaneous coronary intervention.
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the odds of in-hospital death increase by 70% for 
each 10-year increase in age (OR: 1.70, 95% CI: 
1.52–1.82).13 Among people who died of ischemic 
heart disease, 83% were > 65 years of age.14 With 
lengthening of life expectancy, the older popula-
tion will gradually expand.

However, elderly patients are known to have altered 
pharmacodynamic responses and vulnerability to 
drugs with hypotensive actions and cerebral effects. 
Drugs that are cleared by the kidney require dose 
adjustment more often in the elderly based on pack-
age labeling. Age-associated decreases in total and 

Figure 2.  Kaplan-Meier curve of 1-year outcomes of death, re-AMI, MACE, and bleeding in patients with or 
without OMT before (left) and after (right) PSM.
AMI, acute myocardial infarction; MACE, major adverse cardiovascular event; OMT, optimal medical therapy; PSM, 
propensity score matching.
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lean body mass make weight an additional consid-
eration for drug dosing. Thus, real-world practice 
reveals a disproportionately lower use of 

cardiovascular medications and invasive treatment 
even among elderly patients who would stand to 
benefit. Limited trial data to guide the care of older 

Table 2.  Independent predictors of death at the 1-year follow-up.

Variables Overall STEMI NSTEMI

HR 95%CI p-value HR 95%CI p-value HR 95%CI p-value

OMT 0.31 0.18–0.53 <0.001 0.23 0.11–0.46 <0.001 . .  . .  .  . .  .  .

Agea, y 3.04 1.46–6.36 0.003 2.36 1.09–5.07 0.029 . .  . .  .  . .  .  .

Creatinineb, 
mg/dl

. .  . .  .  . .  .  . .  .  . .  .  . .  .  . 3.46 1.01–11.92 0.049

CI, confidence interval; HR, hazard ratio; NSTEMI, non-ST-elevation myocardial infarction; OMT, optimal medical therapy; 
STEMI, ST-elevation myocardial infarction.
Data were analyzed by use of a Cox regression model.
aHR for age>65y and ⩽65y.
bCreatinine for >2.5mg/dl and ⩽2.5mg/dl.

Table 3.  Survival benefit of OMT versus non-OMT across population subgroups.

Variable Groups HR 95%CI p value

Age ⩽ 65 y 0.71 0.18–2.84 0.627

> 65 y 0.25 0.14–0.46 <0.001

Sex Male 0.34 0.18–0.63 0.001

Female 0.18 0.06–0.51 0.001

DM Yes 0.38 0.18–0.80 0.011

No 0.21 0.10–0.45 <0.001

Prior AMI Yes 0.29 0.09–0.90 0.032

No 0.28 0.15–0.50 <0.001

Malignancy Yes 0.43 0.11–1.62 0.213

No 0.26 0.15–0.47 <0.001

Killip class ⩾ 2 Yes 0.22 0.09–0.55 0.001

No 0.31 0.16–0.63 0.001

Creatinine < 1.3 0.35 0.19–0.64 0.001

⩾ 1.3 0.18 0.05–0.60 0.005

Multivessel Yes 0.39 0.20–0.74 0.004

No 0.08 0.02–0.35 0.001

AMI, acute myocardial infarction; CI, confidence interval; DM, diabetes mellitus; HR, hazard ratio; OMT, optimal medical 
therapy.
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adults is available because most trials exclude 
patients on the basis of age, particularly with newer 
medications or invasive treatments and in the setting 
of advanced age or complex health status. Physicians 
might hesitate to prescribe OMT for the very elderly 
population. In this study, we revealed that OMT 
was associated with an improved one-year mortality 
even in AMI patients with prior stroke, especially in 
patients greater than 65 years old.

Patients presenting with ACS frequently have 
abnormal renal function.15 The Global Registry 
of Acute Coronary Events (GRACE) registry has 
shown that serum creatinine levels upon admis-
sion are among the most important markers of 
hospital mortality in patients with ACS.13 Cakar 
et  al.16 demonstrated that the 1-year mortality 
rate of the elevated creatinine group was greater 
than that of the normal group. There are multiple 
possible explanations for higher mortality, such as 
specific vascular disease, combined calcified ath-
erosclerosis and large vessel remodeling or the 
presence of left ventricular hypertrophy, the effect 
of chronic volume, or pressure overload.17

Moreover, the creatinine level upon admission is 
an important factor that physicians should con-
sider during the treatment process. Patients with 
moderate renal insufficiency were found to be less 
likely to receive aspirin, beta-blocker, thrombolytic 
therapy, angiography, and angioplasty during hos-
pitalization compared to those with no renal insuf-
ficiency.18 The low use of secondary prevention 
medicine in patients with renal insufficiency may 
result from fear of adverse effects. The available 
data suggest that aspirin therapy is safe and effec-
tive in ACS patients with renal dysfunction and 
should be used in these patients to reduce the risk 
of death and vascular events. A consistent benefit 
was noticed with regard to a reduction in cardio-
vascular events with statin therapy in chronic kid-
ney disease patients who presented with ACS.19 
Trials have also demonstrated that ACEI and 
beta-blockers are associated with greater benefit in 
patients with renal insufficiency than in patients 
with preserved renal function.20 We further con-
firmed the benefit of OMT in patients with ele-
vated and normal creatinine levels.

Recently, two major clinical trials demonstrated 
the efficacy of PCSK9 monoclonal antibody ther-
apies in reducing low-density lipoprotein choles-
terol (LDL-C) levels beyond those attained with 
intensive statin treatment, resulting in significant 

reduction in cardiovascular events in patients 
with established atherosclerotic cardiovascular 
disease and ACS.21,22 ESC guidelines recom-
mend a lower LDL-C target in patients from 
very-high-risk populations.23 If patients experi-
ence a second vascular event within two years 
(not necessarily of the same type as the first event) 
on maximally tolerated statin therapy, an LDL-C 
goal of < 1.0 mmol/L may be considered. We 
assume that there would be many benefits of 
OMT in current clinical practice. On the other 
hand, other new drugs, such as ivabradine, an 
inhibitor of If channel in the sinoatrial node, 
might increase systemic blood pressure by 
improving sinus tachycardia and could be used in 
patients with hypotension following AMI.24 With 
improvements in the concept and the emergence 
of new drugs, the advantages of medical therapy 
should be fully realized.

In summary, although the importance of evi-
dence-based OMT after AMI has been recog-
nized, the prescription rate of OMT is too low in 
real-world clinical settings, especially in patients 
with prior stroke who require intensive treatment. 
These findings highlight opportunities to improve 
the use and maintenance of appropriate combina-
tions of evidence-based treatment among patients 
with AMI and prior stroke.

Limitations
There are several potential limitations of our 
study. First, the BleeMACS was a cohort of a ret-
rospective registry, carrying the limitations inher-
ent to these types of studies. Second, the 
pharmacotherapy was inevitably influenced by 
the period between the ischemic stroke and sub-
sequent AMI. However, the exact time interval 
was not collected.

Conclusion
OMT upon discharge was associated with a sig-
nificantly lower 1-year mortality of patients with 
AMI and prior stroke in clinical practice. 
However, OMT was provided to just half of the 
eligible patients, leaving room for substantial 
improvement.
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