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Impact of Prior Stroke on Long-Term Outcomes in
Patients With Acute Coronary Syndrome
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Background: Cerebrovascular disease often coexists with coronary artery disease (CAD), and it has been associated with worse
clinical outcomes in CAD patients. However, the prognostic effect of prior stroke on long-term outcomes in patients with acute coro-
nary syndrome (ACS) is still unclear.

Methods and Results: An observational cohort study of ACS patients who underwent emergency percutaneous coronary interven-
tion (PCI) between January 1999 and May 2015 was conducted. Patients were divided into 2 groups according to their history of
stroke. We evaluated both all-cause death and cardiac death. Of the 2,548 consecutive ACS patients in the current cohort, 268
(10.5%) had a history of stroke at the onset of ACS. Patients with a history of stroke were older and had a higher prevalence of
comorbidities such as hypertension or renal deficiency. The cumulative incidences of all-cause death and cardiac death were sig-
nificantly higher in patients with a history of stroke (both log-rank P<0.0001). Multivariate Cox hazard regression analysis showed
that a history of stroke was significantly associated with the incidences of all-cause death (hazard ratio [HR] 1.49, 95% confidence
interval [Cl] 1.20-1.85, P=0.0004) and cardiac death (HR 1.41, 95% CI 1.03—1.93, P=0.03).

Conclusions: About 10% of the ACS patients had a history of stroke and had worse clinical outcomes.
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that often coexists in multiple vascular territo-

ries,!2 so patients presenting with several athero-
sclerotic diseases are not rare. Previous studies have
reported a clear association between coronary artery dis-
ease (CAD) and cerebrovascular disease (CVD).35 In the
guideline for dyslipidemia from the European Society of
Cardiology, patients with atherosclerotic cardiovascular
disease are considered at very high total cardiovascular
risk.® The occurrence of stroke also has been associated
with worse clinical outcomes in patients with stable
CAD.”8 Tt has been suggested that patients with acute
coronary syndrome (ACS) who have experienced an ath-
erosclerosis-related event such as CAD, CVD or peripheral

!- therosclerosis is a systemic inflammatory disorder

arterial disease (PAD) are at high risk for developing isch-
emic events in other vascular territories.® However, little
is known about the relationship between prior stroke and
long-term clinical outcomes in patients with ACS. There-
fore, the aim of this study was to evaluate the prognostic
importance of prior stroke in patients with ACS after
treatment with emergency percutaneous coronary inter-
vention (PCI).

Methods

Study Population and Data Collection
Data from a single-center, observational study of consecu-
tive patients who underwent emergency PCI for ACS at
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2,551 consecutive ACS patients treated with
emergency PCI between 1999 and 2015
Data about stroke not available
n=3
Final cohort for analysis Figure 1. Flow chart of the study. Of
. the 2,551 consecutive ACS patients
2,548 patients treated with the emergency PCI, data
I of prior stroke were available for
| | 2,548 (99.9%). The patients were
- - - - - - divided into 2 groups: with or without
Patients with a history of stroke Patients without a history of stroke a history of stroke on admission. ACS,
n =268 (10.5%) n = 2,280 (89.5%) acute coronary syndrome; PCI, per-
’ cutaneous coronary intervention.

Juntendo University Shizuoka Hospital between January
1999 and May 2015 were analyzed. ACS was categorized
as either unstable angina pectoris (UAP), non-ST-segment
elevation myocardial infarction (NSTEMI) or ST-segment
elevation myocardial infarction (STEMI). UAP was diag-
nosed in the presence of ischemic symptoms at rest or having
a crescendo of symptoms or new-onset symptoms associ-
ated with transient ischemic ST-segment shifts and without
release of the enzymes associated with myocardial necrosis.
We determined acute myocardial infarction based on
symptoms of ischemia and elevated cardiac enzymes, such
as troponin. STEMI was diagnosed in the presence of new
ST-elevation at the J point in >2 contiguous leads. New or
presumably new left bundle branch block has been consid-
ered as equivalent to STEMI. Patients without ST-segment
elevation at presentation were designated NSTEMI.
Patients with missing information regarding their history
of stroke were excluded from the study.

Demographic data and information about coronary risk
factors, medications, revascularization procedure-related
factors, and comorbidities were retrospectively collected
from medical records in the Juntendo University Shizuoka
Hospital database and analyzed. Blood samples were col-
lected before emergency PCI, and blood pressure (BP) was
measured on admission. Patients with BP >140/90 mmHg
or receiving antihypertensive drugs were regarded as
hypertensive. Dyslipidemia was defined as low-density
lipoprotein cholesterol (LDL-C) 2140 mg/dL, high-density
lipoprotein cholesterol (HDL-C) <40mg/dL, triglycerides
>150mg/dL, or current treatment with statins and/or lipid-
lowering agents.!® Diabetes mellitus was defined as either
hemoglobin Alc 26.5% or medication with insulin or oral
hypoglycemic agents (OHAs). Chronic kidney disease
(CKD) was defined as an estimated glomerular filtration
rate (eGFR) <60mL/min/1.73m?2, calculated using the
Modification of the Diet in Renal Disease equation and
modified with a Japanese coefficient using baseline serum
creatinine.!! A current smoker was defined as a person who
was smoking at the time of PCI or who had stopped smok-
ing within 1 year before PCI. The left ventricular ejection
fraction (LVEF) was assessed by left ventricular angiogra-
phy or by echocardiography after PCI. Stroke was defined
as a neurological function disorder with rapid onset that
persisted for at least 24h or until death, which included

only ischemic stroke and excluded hemorrhagic stroke
(intracerebral hemorrhage and subarachnoid hemorrhage),
transient ischemic attack (defined as focal neurological
symptoms lasting <24h), subdural hemorrhage, epidural
hemorrhage, poisoning, and symptoms caused by trauma.

Written informed consent was given by all patients or
their families before PCI. This study was performed in
accordance with the Declaration of Helsinki and with the
approval of the institutional review board.

Primary Endpoints

We evaluated both all-cause death and cardiac death. Cardiac
death was defined as death from CAD, cardiogenic shock,
or sudden death. Clinical follow-up comprised analyses of
office visit charts, responses to questionnaires sent to patients
or their families, and telephone contact. Mortality data
were collected from the medical records of patients who
died or who were treated in Juntendo University Shizuoka
Hospital, and details and causes of death were obtained
from other hospitals to which patients had been admitted.

Statistical Analysis

Quantitative data are expressed as mean+standard devia-
tion or median and interquartile range (IQR). Categorical
variables are presented as frequencies. Continuous variables
were compared using unpaired t-tests or Mann-Whitney
U-tests. Categorical variables were compared using the
chi-squared test or Fisher’s exact probability test. Survival
curves were estimated using the Kaplan-Meier method,
and the log-rank test was used to test for significant differ-
ences. Landmark analyses were performed from 0 to 30
days, and from 31 days to the end of follow-up. Effects of
prior stroke on clinical outcomes were determined using
multivariate Cox proportional hazards regression analysis.
Model 1 was unadjusted. Model 2 was adjusted for age and
sex. Model 3 was adjusted for variables with established
risk factors such as age, sex, hypertension, diabetes melli-
tus, dyslipidemia, current smoking, family history of CAD,
CKD, and hemoglobin. Hazard ratios (HRs) and 95%
confidence intervals (CIs) were calculated. P<0.05 was
considered to indicate statistical significance. All statistical
analyses were performed using JMP14.0 (SAS Institute
Inc., Cary, NC, USA).
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Overall
(n=2,548)
Baseline characteristic
Age, years 68.0+11.8
Male, n (%) 1,867 (73.3)
Hypertension, n (%) 1,710 (67.1)
Diabetes mellitus, n (%) 943 (37.0)
Dyslipidemia, n (%) 1,379 (54.1)
Current smoker, n (%) 1,106 (43.5)
Family history, n (%) 457 (18.3)
Multivessel CAD, n (%) 1,116 (43.8)
BMI, kg/m? 23.8+3.7
TC, mg/dL 187.7+44.3
LDL-C, mg/dL 117.2+36.9
HDL-C, mg/dL 46.2+13.3
TG, mg/dL 76 [48, 120]
FBG, mg/dL 138.6+63.0
HbA1c, % 6.3+1.4
White blood cells, /uL 10,000
[7,900, 13,000]

Hemoglobin, g/dL 13.4+3.0
eGFR, mL/min/1.73m?2 66.0+17.5
CKD, n (%) 926 (36.4)
Hemodialysis, n (%) 66 (2.6)
LVEF, % 59.2+11.5
ACS type, n (%)

UAP 382 (15.0)

NSTEMI 202 (7.9)

STEMI 1,961 (77.1)
Prior MI, n (%) 175 (6.9)
Prior PCI, n (%) 192 (7.5)
Prior CABG, n (%) 49 (1.9)
AF, n (%) 196 (7.7)
Killip class 3-4, n (%) 217 (8.6)

Medication at discharge

ACEI/ARB, n (%) 1,763 (69.2)
B-blocker, n (%) 902 (35.4)
Insulin, n (%) 90 (3.5)
OHA, n (%) 419 (16.5)
Statin, n (%) 1,701 (66.9)
Aspirin, n (%) 2,224 (87.3)
P2Y12 inhibitor, n (%) 2,074 (81.4)
Anticoagulation

DOAC 14 (0.6)

Warfarin 205 (8.1)

Table 1. Clinical, Angiographic, and Procedural Characteristics of Study Patients

Patients with a Patients without a
history of stroke history of stroke P value
(n=268) (n=2,280)
73.3+9.4 67.4+11.9 <0.0001
195 (72.8) 1,672 (73.3) 0.83
204 (76.1) 1,506 (66.0) 0.0007
114 (42.5) 829 (36.3) 0.05
136 (50.8) 1,243 (54.5) 0.24
70 (26.2) 1,036 (45.5) <0.0001
36 (13.6) 421 (18.8) 0.04
133 (49.6) 983 (43.1) 0.04
23.4+3.5 23.9+3.7 0.04
177.2+40.1 188.8+44.6 <0.0001
107.6+35.0 118.0+36.9 0.002
45.1£12.2 46.3+13.4 0.16
68 [45, 110] 77 [49, 120] 0.0002
138.9+67.9 138.6+62.5 0.94
6.3+1.3 6.3+1.4 0.52
9,300 10,000 0.0005
[7,300, 11,000] [8,000, 13,000]
12.7+2.1 13.4+3.1 <0.0001
60.9+16.0 66.6+17.6 <0.0001
130 (48.7) 796 (35.0) <0.0001
18 (6.7) 48 (2.1) <0.0001
58.0+11.9 59.3+11.4 0.27
0.04
2 (19.4) 330 (14.5)
26 (9.7) 176 (7.7)
190 (70.9) 1,771 (77.8)
22 (8.2) 153 (6.7) 0.37
25 (9.3) 167 (7.3) 0.27
10 (3.7) 39 (1.7) 0.03
42 (15.7) 154 (6.8) <0.0001
29 (10.8) 188 (8.3) 0.17
177 (66.0) 1,586 (69.6) 0.24
89 (33.2) 813 (35.7) 0.46
9(3.4) 81(3.6) 1.0
46 (17.2) 373 (16.4) 0.73
143 (53.4) 1,558 (68.4) <0.0001
221 (82.5) 2,003 (87.9) 0.02
210 (78.4) 1,864 (81.8) 0.18
0.04
2(0.8) 12 (0.5)
32 (11.9) 173 (7.6)

ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; BMI, body mass index; CABG, coro-
nary artery bypass graft surgery; CAD, coronary artery disease; CKD, chronic kidney disease; DOAC, direct oral anticoagulant; eGFR, esti-
mated glomerular filtration rate; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; Ml, myocardial infarction; NSTEMI, Non-ST-elevation MI; OHA, oral
hypoglycemic agent; STEMI, ST-elevation MI; TC, total cholesterol; TG, triglycerides; TIMI, Thrombolysis in Myocardial Infarction; UAP,

unstable angina pectoris.

Results

Baseline and Procedure Characteristics

Of the 2,551 consecutive ACS patients who were treated
with emergency PCI, data about stroke were not available
for 3 patients. A total of 268 patients (10.5%) had a history

of stroke at the time of admission (Figure 1). The clinical
and procedural characteristics of these patients are shown
in Table 1. Patients with a history of stroke were signifi-
cantly older and had higher prevalences of hypertension,
anemia, CKD, hemodialysis, atrial fibrillation, and prior
coronary artery bypass grafting (CABG) and relatively
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Figure 2. Kaplan-Meier curves for all-cause death (A) and cardiac death (B). Patients with a history of stroke had higher inci-
dences of all-cause death and cardiac death (both log-rank P<0.0001) compared with those without a history of stroke during

follow-up.
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Figure 3. Landmark analysis of Kaplan-Meier curves for all-cause death (A) and cardiac death (B) with landmark point set at 1
month. Patients with a history of stroke had higher incidences of all-cause death and cardiac death compared with those without
a history of stroke during follow-up after 1 month (both log-rank P<0.0001).

lower prevalences of current smoking and lower body mass
index (BMI), total cholesterol, LDL-C, triglycerides, and
eGFR. Patients with a history of stroke were less likely to
be taking statins and aspirin.

Clinical Outcomes

The median follow-up period was 5.3 years (IQR, 1.6-10.0
years). In total, 631 all-cause deaths (frequency, 24.8%)
and 309 cardiac deaths (12.4%) were identified during fol-
low-up. Figure 2 shows the Kaplan-Meier curves for all-
cause death and cardiac death. The cumulative incidences
of both all-cause death and cardiac death were significantly
higher in patients with a history of stroke compared with
those without a history of stroke (log-rank test, both

P<0.0001). Figure 3 shows the landmark analysis for all-
cause death and cardiac death with landmark point set at
1 month. The patients with a history of stroke had signifi-
cantly higher incidences of all-cause death and cardiac
death after 1 month (log-rank P<0.0001).

Table 2 shows the Cox proportional hazards analysis for
all-cause death and cardiac death. In the unadjusted Cox
model, prior stroke was significantly associated with all-
cause death and cardiac death (both P<0.0001). After
adjusting for other covariates, patients with a history of
stroke had significantly higher risks of all-cause death (HR,
1.49; 95% CI, 1.20-1.85; P=0.0004) and cardiac death
(HR, 1.41; 95% CI, 1.03-1.93; P=0.03) compared with
patients without a history of stroke.
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Table 2. Cox Proportional Hazards Models for All-Cause Death and Cardiac Death
All-cause death

HR
Patients with a history of stroke vs. without a
history of stroke
Model 1 1.92
Model 2 1.46
Model 3 1.49

95% ClI

1.55-2.37

271
Cardiac death
P value HR 95% CI P value
<0.0001 1.85 1.37-2.50 <0.0001
1.18-1.81 0.0004 1.42 1.05-1.92 0.02
1.20-1.85 0.0004 1.41 1.03-1.93 0.03

Model 1: unadjusted. Model 2: adjusted for age and sex. Model 3: adjusted for age, sex, hypertension, diabetes mellitus, dyslipidemia, current
smoking, family history of CAD, CKD, and hemoglobin. CAD, coronary artery disease; Cl, confidence interval; CKD, chronic kidney disease;

HR, hazard ratio.

Discussion

The major findings of the present report were as follows:
(1) =10% of ACS patients had a history of stroke; (2)
patients with a history of stroke were older and had more
comorbidities such as hypertension or CKD; (3) patients
with a history of stroke showed significantly higher inci-
dences of all-cause death and cardiac death than patients
without a history of stroke; and (4) even after adjusting for
important covariates, prior stroke was significantly associ-
ated with worse long-term clinical outcomes in ACS patients
undergoing emergency PCIL.

Atherosclerosis is a diffuse and systemic disease that is
the underlying cause of CAD, CVD, and PAD. These 3
diseases share similar risk factors and frequently coexist.!-2
In patients with atherosclerosis or with multiple risk factors
for atherosclerosis, the presence of clinical involvement of
>2 arterial beds, so-called ‘polyvascular disease (poly VD)’,
is detected in =1 in 6 patients.!? In the present study, 10.5%
of ACS patients had a history of stroke. A similar trend
was seen in a previous study reported by Mukherjee et al,
in which 15.6% of ACS patients had a history of stroke
and/or PAD in the GRACE registry.!3

Prior stroke was reported as independent factor of in-
hospital death with stent thrombosis after drug-eluting stent
implantation. Moreover, it has already been reported that
the patients with poly VD have a significantly higher risk
of in-hospital death,!s and they showed worse short-term
clinical outcomes in the setting of ACS.'® The present
study demonstrated that a history of stroke was signifi-
cantly associated with all-cause death and cardiac death in
ACS patients.

Several mechanisms may contribute to worse clinical out-
comes. First, patients with poly VD have worse baseline
characteristics.>16-18 Meizels et al reported that patients
with poly VD were significantly older, more likely to have
renal insufficiency, and had a higher prevalence of coronary
risk factors.! In the present study, the same trends were
observed in the backgrounds of patients with a history of
stroke, and these patients also had lower hemoglobin levels.
Both renal failure?® and anemia?! have been reported as inde-
pendent predictors of worse clinical outcomes after ACS.
Therefore, these comorbidities have the potential to also
affect the outcomes of patients with a history of stroke.

In addition, in the present study the patients with a his-
tory of stroke were less likely to be taking guideline-recom-
mended therapies such as aspirin or statins. One possible
reason is that anticoagulant therapies are often needed in
patients with a history of stroke due to the higher incidence
of atrial fibrillation; therefore, dual antiplatelet therapy

(DAPT) might be limited considering the increased risk of
bleeding. The present result is consistent with previous
studies investigating the prognostic effect of poly VD in
patients with ACS.17.192223 Previous studies reported lower
use of guideline-recommended therapies such as DAPT,
B-blockers, angiotensin-converting enzyme inhibitors, or
angiotensin receptor blockers and statins in patients with
poly VD, despite their higher-risk profiles and even in the
absence of contraindications. Another possible explana-
tion for the results of the present study is the effect of
functional impairment after stroke. Cognitive impairment
is a common consequence of stroke?* that is associated
with lower rates of medication adherence in the cohort of
patients hospitalized for ACS.?s The underuse of guideline-
recommended medications and poor medication adherence
might explain the relationship between a history of stroke
and long-term death.

The previous studies demonstrated that use of guideline-
recommended medication is associated with improved out-
comes after ACS, even in patients with poly VD.131 In
addition, the optimal duration of DAPT recommended in
the updated guidelines from the European Society of Car-
diology?¢ and the Japanese Circulation Society?’ could
reduce hemorrhagic events and improve the outcomes in
these patients. Based on the results of the present study,
patients with a history of stroke have a higher risk of long-
term death, and therefore a tailored management plan
combining strong risk control and individualized therapy
for these patients, considering their poor clinical back-
ground, is necessary to improve their outcomes.

Study Limitations

First, as a single-center, observational study of a small patient
cohort, unknown confounding factors might have affected
the outcomes, regardless of analytical adjustments. Second,
data on a history of PAD were not collected. Although
previous studies have shown that prior PAD is also an
independent predictor of worse clinical outcomes in
patients with ACS in addition to prior stroke, the effect of
a history of PAD on outcomes after ACS was not assessed
in the present study. Third, the history of stroke was only
self-reported, not diagnosed by imaging. This may lead to
underdiagnosis of stroke, and whether the present findings
can be extrapolated to patients with asymptomatic stroke
deserves further investigation. Finally, we could not assess
the effects of changes in the treatment strategy for ACS
and stroke because of the long-term follow-up period.
Advances in treatment during the follow-up period might
affect the clinical outcomes.

Circulation Reports Vol.3, May 2021



272

TAKEUCHI M et al.

Conclusions

This study demonstrated that a history of stroke was not
rare and was associated with a higher risk of long-term
all-cause death and cardiac death in ACS patients treated
with emergency PCI. Although these patients had worse
clinical characteristics, there was low use of evidence-based
therapies for them. Efforts to identify and provide individu-
alized therapy might improve their poor clinical outcomes.
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