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Abstract

events (VEs) in the patients with acute ischemic stroke.

Background: To investigate the impacts of carotid plaque and intima-media thickness (IMT) on future vascular

Methods: A total of 479 consecutive Korean patients with acute ischemic stroke were divided into 2 groups
according to development of VEs; VE group (65.4 + 10.9 years) vs no VE group (62.8 + 13.2 years). VEs were defined
as the development of recurrent stroke, coronary events, peripheral arterial disease, and death. Clinical, laboratory,
and imaging findings were compared between the groups.

Results: During 105.5 + 29.0 months of follow up, VEs were developed in 142 patients (29.6%). In univariate
analysis, VEs were significantly associated with age, gender, diabetes, renal function, lipid levels, left ventricular
function, carotid plaque or IMT. In multivariate analysis, the presence of carotid plaque, diabetes, renal function and
male gender were independent predictors of future VEs in the patients with ischemic stroke, but carotid IMT was
not a predictor of future VEs. Event free survival was significantly lower in patients with carotid plaque than without
carotid plaque on Kaplan-Meier analysis (log rank p < 0.001).

Conclusion: The present study demonstrated that diabetes, impaired renal function, male gender, and the
presence of carotid plaque rather than IMT were independent predictors of future VEs in Korean patients with acute
ischemic stroke. Active medical management and careful monitoring for the development of recurrent VEs are
strongly recommended in patients with acute ischemic stroke and carotid plaque.
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Background

Atherosclerotic cardiovascular disease (CVD) is a major
cause of mortality and morbidity in worldwide. Carotid
atherosclerosis is not only a marker of systemic athero-
sclerosis but also a predictor of ischemic cerebrovascular
disease [1]. Carotid ultrasound is an efficient, relatively
inexpensive, highly reproducible method to evaluate ath-
erosclerotic change of the carotid artery by measuring
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the presence of plaques or intima-media thickness
(IMT) of the carotid artery. The increased carotid IMT
and the presence of carotid plaques are well established
predictors of CVD and ischemic stroke [2-5]. Because
intima-media thickening or plaques of the carotid artery
may reflect different biological aspects of atherosclerotic
process, the significance of carotid plaque or IMT in the
prediction of atherosclerotic CVD or ischemic stroke may
be different. According to the results of a recent meta-
analysis, the measurement of carotid plaque seems to be a
superior method than carotid IMT in predicting the devel-
opment of CVD [6, 7]. In contrary to carotid plaque,
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furthermore, the association between carotid IMT and
CVD has been questioned in some studies [8, 9].

After a first attack of stroke, secondary prevention for
future vascular events (VEs) including recurrent stroke
is very important. Major hemispheric stroke, ischemic
stroke, and atrial fibrillation have been suggested as clin-
ical predictors of recurrent stroke after an index stroke
[10]. Recent studies have also suggested that carotid
IMT or plaque can be a useful imaging marker for
stroke recurrence [11-14]. However, the comparison be-
tween carotid IMT and plaque on future VEs including
stroke recurrence after an index stroke has been poorly
studied. We hypothesized that the significance of carotid
IMT and plaque on future VEs would be different after a
first attack of stroke of ischemic etiology. Therefore, the
aim of this study was to investigate the impacts of ca-
rotid IMT and plaque on future VEs in the patients with
acute ischemic stroke.

Methods

Study design and population

The present study is a single center, retrospective ob-
servational study, and the study protocol was approved
by the Institutional Review Board of our institution
(No = 2010-05-092).

From 2007 to 2008, a total of 2607 Korean patients
were diagnosed as acute stroke. After excluding 2128 pa-
tients, a total of 479 patients with ischemic stroke who
had baseline echocardiography and carotid ultrasound at
admission were finally enrolled and divided into 2
groups according to the development of VE: VE group
(n = 142, 65.42 + 10.9 years, 99 males) vs no VE group
(n = 337, 62.77 + 13.2 years, 166 males). The reasons of
exclusion were as follows; 1) no baseline echocardiog-
raphy or carotid ultrasound study (n = 837), 2) previous
history of stroke (n = 361), 3) cardio-embolic stroke in-
cluding atrial fibrillation, mechanical valve, or mitral sten-
osis (n = 276), 4) transient ischemic attack (n = 269), 5)
hemorrhagic stroke (n = 260), 6) cryptogenic stroke with
confirmed patent foramen ovale (1 = 125). After discharge
from an index stroke, the study subjects underwent clin-
ical follow up at out-patient clinic for 105.5 + 29.0 months,
and follow up information including VEs were obtained
from medical records.

Definition of stroke and VEs

According to the updated definition of stroke of the
current guideline, ischemic stroke was diagnosed by the
combination of symptoms and/or signs of typical neuro-
logical dysfunction and imaging evidence of central ner-
vous system infarction. Therefore, ischemic stroke was
defined as an episode of neurological dysfunction caused
by focal cerebral, spinal, or retinal infarction on imaging
studies [15].
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VEs were defined as the development of recurrent
stroke, coronary events, peripheral arterial disease,
and cardiovascular death during the study period in
the present study. Recurrent stroke was defined as the
development of a new focal neurologic deficit or new
deterioration of a previous deficit accompanied by a
de novo imaging evidence of brain infarction, but the
development of transient ischemic attack or hemorrhagic
transformation of the previous infarct lesion was excluded
in the present study. Coronary event was defined as the
development of obstructive atherosclerotic coronary artery
disease (% diameter stenosis >70%) or myocardial infarc-
tion demonstrated by conventional coronary or cardiac
CT angiography. Peripheral arterial disease was defined as
the development of a narrowing of the arteries other than
those that supply the heart or the brain with an ankle
brachial index <0.9.

Laboratory tests

Routine laboratory study was performed as soon as pos-
sible after admission, and blood samples to assess the
serum lipid profile and glucose were obtained in the
next morning after fasting more than 9 h. C-reactive
protein (CRP) was measured by the immunoturbidi-
metric CRP-Latex (II) assay using an Olympus 5431 auto
analyzer (Olympus America Inc., Melville, NY, USA).

Carotid ultrasound examination

Carotid ultrasound examination was performed on both
common carotid arteries (CCA) and internal carotid ar-
teries (ICA) using a 10 MHz linear probe (Vivid 7, GE
Vingmed Ultrasound, Horten, Norway) according to the
current guideline [16, 17]. With the subject in the supine
position and with slight hyperextension of the neck, the
CCA and carotid bulb were identified.

Carotid arteries were examined bilaterally in the
transversal and longitudinal planes. Following short-axis
2D image acquisition of the CCA, long-axis B-mode ultra-
sound images were acquired for the subsequent measure-
ments. After placing a region of interest in the far wall of
the CCA, the mean IMT was estimated in a region free of
atherosclerotic plaques by using semi-automated vessel-
wall detection software, AutoIMT® by GE Healthcare [18].
Averaged IMT values of the left and right CCAs were sub-
sequently used in all analyses. Carotid IMT is defined as a
double-line pattern visualized by echo 2D on both walls of
the CCA in a longitudinal view. Two parallel lines (leading
edges of two anatomical boundaries) form it. Mean
IMT was computed from 80 to 120 measurements over
a 10 mm span ending 5 mm proximal to the transition
between the CCA and bulb regions. Intra- and inter-
operator coefficients of variation were 2.8% and 3.0%,
respectively, and intra- and inter-operator intra-class
correlations were both 0.97. Plaque was defined as a
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protrusion of the vessel wall into the arterial lumen of
at least 0.5 mm, with an IMT 50% that of the surround-
ing sites or an IMT > 1.5 mm as measured from the
media-adventitia interface to the intima lumen inter-
face. Regardless of locations, the presence of any plaque
in CCA or bulb or ICA was considered as the presence
of carotid plaque in the present study. First of all, the
presence or absence of carotid plaques were evaluated
and then texture were classified into soft, mixed, and
calcified based on echogenicity. In the case of multiple
plaques, we measured maximal protruding diameter
from carotid wall. On a longitudinal two-dimensional
ultrasound image of the carotid artery, the anterior
(near) and posterior (far) walls of the carotid artery ap-
pear as two bright white lines separated by a hypoecho-
genic space. End-diastolic images were frozen, and the
far wall IMT was identified as the region between the
lumen-intima interface and the media-adventitia inter-
face using semiautomatic method. It contained CCA,
bulb and proximal ICA plaques. Peak systolic and end
diastolic carotid flow velocity was measured by pulse
wave Doppler on the CCA and the ICA [19].

Echocardiographic examination

Echocardiographic images from various echocardiographic
windows were obtained by using a digital ultrasonographic
equipment system (Vivid 7, GE Vingmed Ultrasound,
Horten, Norway). Digital cine loops were obtained for
subsequent offline analysis. All of the data were analyzed
by using the computerized offline software package (Echo-
PAC PC 6.0.0, GE Vingmed Ultrasound, Horten, Norway).
Routine echocardiographic examinations were performed
in accordance with the recommendation of the current
guideline [20]. Ejection fraction were measured by using
Simpson’s biplane method. The intra-observer and inter-
observer variabilities of Simpson’s method were 4% + 5%
and 5% * 4% (absolute difference divided by the mean
measurement value). The early (E) and late diastolic vel-
ocities (A) of the mitral inflow were measured by using
pulsed wave Doppler from the apical 4-chamber view,
with the sample volume positioned at the tip of the mitral
leaflets. The early (e’), late diastolic (a), and systolic vel-
ocities of the mitral septal annulus were measured by
using tissue Doppler imaging in the apical four chamber
view.

Statistical analysis

The statistical Package for Social Sciences (SPSS) for
Windows, version 18.0 (Chicago, Illinois, USA) was used
for statistical analysis. Data are presented as percents or
mean * standard deviation. The differences of the cat-
egorical variables were evaluated by Chi-square test,
and the continuous variables were compared using in-
dependent ¢ test. The event-free survival rate was
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evaluated by using the Kaplan-Meier analysis, and the
event rates were compared using the log-rank test. To
identify the independent predictor of long term vascu-
lar events, multivariate logistic regression analysis was
applied to the significant variables in univariate analysis.
A p-value less than 0.05 was considered as statistically
significant.

Results

Baseline characteristics

Baseline characteristics are summarized in the Table 1.
Age was older and male gender was more prevalent in
VE group than in no VE group. Diabetes mellitus and
prior history of cerebrovascular accident were more fre-
quent in VE group than in no VE group. Other baseline
characteristics were not different between the groups.

Laboratory findings and discharge medication

Laboratory findings are summarized in the Table 2. The
levels of serum glucose, hemoglobin Alc, and creatinine
were significantly higher, whereas the levels of total and
low density lipoprotein cholesterol were significantly
lower in VE group than in no VE group. There was no
significant difference in discharge medication between
groups (Table 3).

Echocardiographic findings

Echocardiographic findings are summarized in the Table 4.
Left ventricular end-systolic dimension was larger, whereas
ejection fraction was decreased in VE group than in no VE
group. Other echocardiographic findings were not different
between the groups.

Table 1 Baseline clinical characteristics of the patients

VE (n = 142) No VE (n = 337) P value
Age (years) 654 + 109 62.7 + 134 0.035
Male (%) 99 (70.2%) 166 (50%) <0.001
Height (cm) 1622 9.1 161.5 + 839 0.525
Weight (kg) 63.7 £96 634113 0.825
BMI (kg/m?) 255 + 14 249+ 9.1 0655
Hypertension (%) 86 (61.8%) 159 (54.1%) 0.077
Diabetes (%) 53 (38.1%) 62 (21.0%) <0.001
Dyslipidemia (%) 92 (67.1%) 202 (68.7%) 0414
Smoking (%) 31 (22.3%) 59 (20.1%) 0.664
Territory infarction (%) 54 (38.8%) 127 (41.7%) 0317
SBP (mmHg) 1354 £ 227 1331 £195 0.277
DBP (mmHg) 823 + 146 819+ 133 0.845
Pulse pressure (mmHg) 539 + 16.7 515+ 136 0.106

BMI body mass index, CVA cerebrovascular accident, SBP systolic blood pressure,
DBP diastolic blood pressure
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Table 2 Laboratory findings of the patients
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Table 4 Baseline echocardiographic findings of the patients

VE (n = 142) No VE (n = 337) P value VE (n = 142) No VE (n = 337) P value
WBC (/mm?) 7498 + 4545 7383 + 4746 0814 LVEDD (mm?) 487 £53 481 £45 0.174
Hb (g/dL) 130+ 19 13527 0.095 LVESD (mm?) 318 £ 49 308 £ 42 0.046
TC (mg/dL) 179.1 = 39.0 1872 + 371 0.044 IVS thickness (mm) 97 +17 97 +16 0913
TG (mg/dL) 129.2 + 630 1275+ 709 0819 PW thickness (mm) 94+ 13 94+ 12 0.737
LDL-C (mg/dL) 1104 + 35.1 1242 £ 423 0.002 LA dimension (mm) 395+76 384+ 77 0.150
HDL-C (mg/dL) 457 £ 148 63.2 £ 263 0456 Aorta (mm) 325+38 32675 0917
LP(@@) (mg/dL) 322 + 304 382+ 121 0.601 EF (%) 634 £ 65 64.8 + 6. 0.043
Glucose (g/dL) 146.1 + 644 129.8 £ 558 0011 E (m/s) 062 +030 062 =063 0974
HbATc (%) 645+ 1.1 6.27 £ 13 0.017 A (m/s) 071 £0.16 0.70 £0.21 0458
Creatinine (mg/dL) 1.10 +£ 0.98 0.83 + 0363 0.001 DT (msec) 2135+ 117 2193 + 88 0.607
CRP (mg/dL) 168 + 35 104 £ 2.1 0.057 E' (m/s) 0.06 + 0.06 0.07 £ 0.06 0572
Homocystein (umol/L) 120£52 120+ 103 0.993 S (m/s) 009 +£0.13 0.10 £ 052 0814
WBC white blood cell, Hb hemoglobin, TC total cholesterol, TG triglyceride, E/E 1M12+78 104 + 69 0.290

LDL-C low density lipoprotein-cholesterol, HDL-C high density lipoprotein-
cholesterol, LP lipoprotein, HbATc glycosylated hemoglobin, CRP C
reactive protein

Carotid ultrasound findings

Carotid ultrasound findings are summarized in the Table
5. Carotid plaques were found in 181 cases (37.8%) out
of 479 patients with stroke. Regardless of location, the
presence of CCA, bulb, or ICA plaque was significantly
frequent in VE group than in no VE group. Significant
ICA stenosis (>50%) was not different between the
groups. Carotid revascularization was performed only in
2 patients of VE group and 2 patients of no VE group.
IMT of the left CCA and mean IMT of the both CCA
were thicker in VE group than in no VE group, but IMT
of the right CCA was not different between the groups.
The size and types of carotid plaque and blood flow vari-
ables of the CCA were not different between the groups.

VEs and predictors of VEs during clinical follow up
During 105.5 + 29 months of clinical follow up, VEs
were developed in 142 patients (29.6%); recurrent stroke
in 73 patients (15.2%), coronary events in 57 patients
(11.9%), peripheral arterial disease in 16 patients (3.3%),
and death in 9 patients (1.9%).

Table 3 Prescribed medications of the patients

VE (n = 142) No VE (n = 337) P value
Aspirin (%) 0(35.2) 107 (31.7) 0416
Plavix (%) 9 (34.5) 106 (314) 0.161
Warfarin (%) 8(19.7) 54 (16.0) 0.321
ACEI or ARB (%) 6 (394) 128 (37.9) 0.307
Beta blocker (%) 0 (21.1) 69 (20.4) 0.238
CCB (%) 53 (37.3) 102 (30.2) 0.064
Statin (%) 42 (29.5) 81 (24.0) 0.308

ACEI angiotensin converting enzyme, ARB aldosterone receptor blocker,
CCB calcium channel blocker

LVEDD left ventricle end diastolic dimension, LVESD left ventricle end systolic
dimension, LA left atrium, EF ejection fraction, E early diastolic mitral inflow
velocity, A late diastolic mitral inflow velocity, DT deceleration time, E": early
diastolic velocity of mitral septal annulus, S" systolic velocity of mitral

septal annulus

Multivariate analyses to identify independent predictors
of VEs were performed, and the results are summarized in
the Table 6. Diabetes, renal function, male gender, and the
presence of carotid plaque in any site were independent
predictors of future VEs in patients with acute ischemic

Table 5 Carotid ultrasound findings of the patients

VE (n=142) NoVE (n=337) Pvalue

Plaque, CCA (%) 7(11.9) 22 (6.5) 0.038
Plaque, bulb (%) 0(352) 91 (27.0) 0.046
Plaque, ICA (%) 2 (154) 32 (95) 0.044
Plaque, any site (%) 6 (46.5) 114 (33.8) 0.006
Maximal plague size (mm) 24+ 06 25+09 0.729
Types of plaque

Soft (%) 31 (21.8) 57 (16.9) 0.121

Calcified (%) 10 (7.0) 13 (39) 0.098

Mixed (%) 25(17.6) 44 (13.1) 0454
RCCA IMT(mm) 0.82 + 023 0.78 £ 022 0.061
LCCA IMT (mm) 086+023 081 x022 0.043
Mean CCA IMT (mm) 0.84 + 0.21 079 +0.20 0.022
RCCA PSV(cm/s) 479 + 223 499 + 223 0.373
LCCA PSV (cm/s) 514+257  528+253 0.609
RCCA EDV (cm/s) 134+ 6.7 145+ 75 0.958
LCCA EDV (cm/s) 136 £7.7 15.6 = 8.1 0.124
ICA stenosis >50% (%) 9(63) 11 (32) 0.102
Carotid revascularization (%) 2 (1.4) 2 (06) 0.343

RCCA right common carotid artery, LCCA left common carotid artery, ICA
internal carotid artery, Rt right, Lt left, CA carotid artery, IMT intima-media
thickness, PSV peak systolic velocity, EDV end diastolic velocity
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Table 6 Predictors of vascular events by multivariate analysis

RR @ P value
Age 1.018 1.000-1.036 0.051
Male 2.255 1.474-3.449 <0.001
DM 2061 1.1311-3.239 0.002
Creatinine 1.969 1.205-3.217 0.007
LVESD 1.030 0.982-1.081 0.228
EF 0.983 0.952-1.015 0.290
Plaque, CCA 1.947 1.000-3.790 0.050
Plaque, bulb 1469 0.965-2.236 0.073
Plaque, ICA 1.749 0.946-3.015 0.060
Plaque, any site 1.699 1.139-2.533 0.027
LCCA IMT 1.696 0.692-4.158 0.248
RCCA IMT 1.766 0.719-4339 0215
Mean CCA IMT 2.207 0.800-6.091 0.126
DM + plaque 3.779 2.101-6.796 <0.001

RR relation risk, CI confidence interval, DM diabetes mellitus, LVESD left
ventricle end systolic dimension, EF ejection fraction, CCA right common
carotid artery, ICA internal carotid artery, Rt right, Lt left, CA carotid artery,
IMT intima-media thickness

stroke on multivariate analysis. However, carotid IMT was
not an independent predictor of future VEs. The risk of fu-
ture VEs was greatest in acute ischemic stroke patients
with both carotid plaque and diabetes. In subgroup
analysis, carotid IMT was not an independent predictor
of future VEs in stroke patients without carotid plaque.

Carotid plaque and VEs

The presence of carotid plaque was significantly associ-
ated with recurrent stroke and total VEs, but it was not
a predictor of coronary events, peripheral arterial disease
and deaths (Fig. 1). On Kaplan-Meier analysis, event
free survival for recurrent stroke and total VEs was sig-
nificantly lower in acute ischemic stroke patients with
carotid plaque than in without carotid plaque (log rank
p < 0.001) (Fig. 2).

40% "
[CJPlaque(-)
30 WPlagque(+)
*
20 +
) ’_I ’—I
: | Ml -
Recurrent CAD PAD Death Total VEs
stroke
Fig. 1 Future vascular event according to the presence of carotid
plague (* means p < 0.05). CAD: coronary artery disease, PAD:
peripheral vascular disease, VEs: vascular events
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Discussion

In the present study, the authors want to compare the
significance between carotid IMT and plaque on future
VEs including stroke recurrence after an index stroke,
and the results of the present study demonstrated several
clinically important findings. First, recurrent VEs are not
infrequent in Korean patients with ischemic stroke after
an index event, and non-cerebral VEs including coronary
and peripheral artery disease comprise about a half of
VEs. Second, carotid plaque rather than carotid IMT is a
useful prognostic marker for the development of future
VEs in Korean patients with ischemic stroke. Therefore,
careful search for non-cerebral vascular diseases and ac-
tive medical management for preventing recurrent stroke
are strongly recommended in acute ischemic stroke pa-
tients with carotid plaque. Thirdly, the presence of carotid
plaque at any sites, as a whole, was an independent pre-
dictor of future VEs, whereas the presence of plaque at
CCA or bulb or ICA showed marginal significance for
predicting VEs. Therefore, the present study suggested
that a thorough evaluation for the presence of plaques in
whole carotid arterial trees including CCA, bulb, and ICA
should be performed for risk stratification in patients with
acute ischemic stroke.

The risk for the development of future stroke is sig-
nificantly higher in survivors of first-ever stroke than in
general population [21], the risk of stroke recurrence is
known to be greatest during the first week after index
stroke [22]. According to a current meta-analysis, the
cumulative risk of stroke recurrence is gradually in-
creased as time goes by and is 3.1% at 30 days, 11.1% at
1 year, 26.4% at 5 years, and 39.2% at 10 years after ini-
tial stroke [23]. In the present study, recurrent stroke
was developed in 15.2% during 8.7 years of clinical fol-
low up, and the rate of stroke recurrence seems to be
lower than that of a current meta-analysis [23]. The rate
of stroke recurrence was 18.4% at 5 years in the retro-
spective cohort study of Sun et al. [24] and 19.8% at
years in the study of Lee et al. [25], and the recurrence
rate of these studies were similar to that of our study.
The differences of stroke recurrence might be explained
by the differences in study population among the studies.
In contrary to a current meta-analysis [23], the present
study cannot reflect true incidence of stroke recurrence,
because the present study only included stroke patients of
ischemic etiology with carotid ultrasound and echocardi-
ography studies.

Stroke recurrence is known to be associated with poor
long-term clinical outcomes and quality of life [22, 26].
After a first attack of stroke, therefore, early identification
of high risk group and secondary prevention for future
vascular events (VEs) including recurrent stroke would be
very important. Despite of high prevalence of classic risk
factors such as hypertension and dyslipidemia in patients
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Fig. 2 Recurrent stroke free survival (a) and total vascular event free survival (b) according to the presence of carotid plaque in patient with
ischemic stroke

with recurrent stroke as in the study of Leoo et al., hyper-
tension and dyslipidemia were not predictors of stroke re-
currence in the present study [27]. Rather, among classic
risk factors for CVD, diabetes was the only significant pre-
dictor of stroke recurrence in the present study. In
addition to classic risk factors, therefore, it is suggested
that other risk factors or predictors for stroke recurrence
should be identified to improve clinical outcomes. The
previous studies have suggested several clinical predictors
for stroke recurrence, and these include major hemi-
spheric stroke, ischemic stroke, male gender, diabetes,
advanced age, and atrial fibrillation [10, 23-25]. In the
present study, diabetes, renal function, and male gender
were significant clinical predictors of future VEs. History
of coronary artery disease, severe stenosis or occlusion of
large cerebral artery, and multiple acute cerebral infarcts
suggested as independent predictors of recurrent ischemic
stroke or TIA within one year [28]. Several studies have
suggested that carotid plaque or IMT can be used as im-
aging marker not only in the prediction of development of
first-ever stroke [2—5] but also in the prediction of stroke
recurrence [11-14], even though the significance of ca-
rotid IMT or plaque may differ [6—9]. Our previous study
also demonstrated that the significance of carotid IMT is
different from carotid plaque on ischemic stroke [29]. Des-
pite of these differences, the comparison between carotid
IMT and plaque on future VEs after an index stroke has
been poorly studied previously. And the results of the
present study demonstrated that carotid plaque than ca-
rotid IMT is a significant imaging marker for stroke recur-
rence. The present study also suggested that a thorough
evaluation for the presence of plaques in whole carotid
arterial trees including CCA, bulb, and ICA should be
performed for risk stratification in patients with acute
ischemic stroke. In the present study, the presence of

both carotid plaque and diabetes was more strongly as-
sociated with stroke recurrence, and thus this subgroup
of ischemic stroke patients should be more carefully
monitored and actively managed for preventing VEs.

As a whole, the prevalence of carotid plaque was
37.8% in the present study population with ischemic
stroke (8.1% in CCA, 29.4% in carotid bulb, 11.3% in
ICA, respectively), and carotid bulb was also the most
common site for plaque formation in this study as in
previous studies [16]. In the previous studies involving
Korean population, the prevalence of carotid plaque was
5.7% in general population [30] and 24.6 ~ 42.1% in pa-
tients with atherosclerotic CVD such as coronary artery
disease [31], and the result of the present study also
showed quite similar to those of the previous studies.

In addition to the presence of carotid plaque, the char-
acteristics of plaques are also important for predicting
stroke recurrence. The previous studies have shown that
echolucent or large or mobile plaques are associated
with stroke recurrence [13, 32, 33], but the echogenicity,
size or mobility of carotid plaque was not associated
with stroke recurrence in the present study. The reason
why the characteristics of plaque were not associated
with VEs in the present study is unclear, and selection
bias from the retrospective nature of this study or ethnic
differences might be possible explanations.

In population with ischemic stroke, future coronary or
peripheral artery disease events and need for revasculariza-
tion are not infrequent and the result of the present study
was also demonstrated the association between stroke and
systemic atherosclerotic vascular events [34, 35]. The de-
velopment or identification of coronary or peripheral artery
disease was also not infrequent in the present study and
developed in 57 patients (11.9%) and in 16 patients (3.3%),
respectively. Therefore, careful evaluation for coronary or
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peripheral artery disease should be performed by non-
invasive coronary imaging or ankle-brachial index in
patients with ischemic stroke. Although the presence of
carotid plaque was a significant predictor of recurrent
stroke, it was not an independent predictor of future
coronary or peripheral vascular events in the present
study. No association between carotid plaque and systemic
vascular events might be explained by multi-factorial
pathogenic mechanism of coronary or peripheral artery
disease or small number of study population of the
present study. Increased value of CCA IMT is known to
be associated with a higher long-term risk of extracranial
vascular events such as coronary or peripheral artery dis-
ease in a cohort study of Purroy et al. [36], it was not s
predictor of future VEs in the present study.

Study limitations

The present study has several potential limitations. First,
the present study has all limitations of a retrospective
analysis including selection bias. As discussed already,
the present study only included stroke patients of ische-
mic etiology with carotid ultrasound and echocardiog-
raphy studies. Many of the patients with ischemic stroke
were excluded because of the absence of ultrasound
studies, and thus the result of the present study cannot
be generalized. Second, the present study did not consider
the impacts of interventional therapy or medications, and
these also might influence on future VEs. Third, the inci-
dence of coronary or peripheral vascular events might be
underestimated because non-cerebral systemic vascular
events were not evaluated routinely and usually evaluated
in symptomatic patients.

Conclusion

In conclusion, despite these potential limitations, the re-
sults of the present study demonstrated that diabetes,
impaired renal function, male gender, and the presence
of carotid plaque rather than IMT were independent
predictors of future VEs in Korean patients with acute
ischemic stroke. Active medical management and careful
monitoring for the development of recurrent VEs are
strongly recommended in patients with acute ischemic
stroke and carotid plaque.

Acknowledgements
Not applicable.

Funding
This research was supported by a grant (CRI 13904-21) of Chonnam National
University Hospital Biomedical Research Institute.

Availability of data and materials
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.

Page 7 of 8

Authors’ contributions

HJY, KHK, HP, JYC, YJH, HWP and JHK made substantial contributions to
patient inclusion, HJY and KHK to data analysis and YA, MHJ, JGC and JCP to
data interpretation. All authors have contributed in writing and correcting
the manuscript and approved the submission of the manuscript.

Ethics approval and consent to participate
The study was approved by the Institutional Review Board of Chonnam
National University Hospital (No = 2010-05-092), Gwangju, Republic of Korea.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 11 May 2017 Accepted: 13 July 2017
Published online: 24 July 2017

References

1. Rothwell PM. Carotid artery disease and the risk of ischaemic stroke and
coronary vascular events. Cerebrovasc Dis. 2000;10:21-33.

2. Ebrahim S, Papacosta O, Whincup P, Wannamethee G, Walker M, Nicolaides
AN, et al. Carotid plaque, intima media thickness, cardiovascular risk factors,
and prevalent cardiovascular disease in men and women: the British
regional heart study. Stroke. 1999;30:841-50.

3. Polak JF, Pencina MJ, Pencina KM, O'Donnell CJ, Wolf PA, D’Agostino RB Sr.
Carotid-wall intima-media thickness and cardiovascular events. N Engl J
Med. 2011;365:213-21.

4. Lorenz MW, Polak JF, Kavousi M, Mathiesen EB, Volzke H, Tuomainen TP, et
al. Carotid intima-media thickness progression to predict cardiovascular
events in the general population (the PROG-IMT collaborative project): a
meta-analysis of individual participant data. Lancet. 2012;379:2053-62.

5. Touboul PJ, Elbaz A, Koller C, Lucas C, Adrai V, Chédru F, et al. Common
carotid artery intima-media thickness and brain infarction: the etude du
Profil Genetique de ['Infarctus cerebral (GENIC) case-control study: the
GENIC investigators. Circulation. 2000;102:313-8.

6. Inaba Y, Chen JA, Bergmann SR. Carotid plaque, compared with carotid
intima-media thickness, more accurately predicts coronary artery disease
events: a meta-analysis. Atherosclerosis. 2012,220:128-33.

7. Naqvi TZ, Lee MS. Carotid intima-media thickness and plague in
cardiovascular risk assessment. JACC Cardiovasc Imaging. 2014;7:1025-38.

8. del Sol Al, Moons KG, Hollander M, Hofman A, Koudstaal PJ, Grobbee DE, et
al. Is carotid intima-media thickness useful in cardiovascular disease risk
assessment? The Rotterdam study. Stroke. 2001;32:1532-8.

9. Johnsen SH, Mathiesen EB. Carotid plaque compared with intima-media
thickness as a predictor of coronary and cerebrovascular disease. Curr
Cardiol Rep. 2009;11:21-7.

10.  Moroney JT, Bagiella E, Paik MC, Sacco RL, Desmond DW. Risk factors for
early recurrence after ischemic stroke: the role of stroke syndrome and
subtype. Stroke. 1998;29:2118-24.

11. Talelli P, Terzis G, Katsoulas G, Chrisanthopoulou A, Ellul J. Recurrent stroke:
the role of common carotid artery intima-media thickness. J Clin Neurosci.
2007;14:1067-72.

12. Roquer J, Segura T, Serena J, Cuadrado-Godia E, Blanco M, Garcia-Garcia J,
et al. Value of carotid intima-media thickness and significant carotid stenosis
as markers of stroke recurrence. Stroke. 2011;42:3099-104.

13. Singh AS, Atam V, Jain N, Yathish BE, Patil MR, Das L. Association of carotid
plaque echogenicity with recurrence of ischemic stroke. N Am J Med Sci.
2013,5:371-6.

14.  Tadokoro Y, Sakaguchi M, Yamagami H, Okazaki S, Furukado S, Matsumoto
M, et al. Echogenicity of medium-to-large carotid plaques predicts future
vascular events. Cerebrovasc Dis. 2014;38:354-61.

15. Sacco RL, Kasner SE, Broderick JP, Caplan LR, Connors JJ, Culebras A, et al.
An updated definition of stroke for the 21st century: a statement for
healthcare professionals from the American Heart Association/American
Stroke Association. Stroke. 2013;44:2064-89.



Yoon et al. Cardiovascular Ultrasound (2017) 15:19

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER. Et al;
American Society of Echocardiography carotid Intima-media thickness task
force. Use of carotid ultrasound to identify subclinical vascular disease and
evaluate cardiovascular disease risk: a consensus statement from the
American Society of Echocardiography carotid Intima-media thickness task
force. Endorsed by the Society for Vascular Medicine. J Am Soc
Echocardiogr. 2008;21:93-111.

Roman MJ, Naqvi TZ, Gardin JM, Gerhard-Herman M, Jaff M, Mohler E.
American Society of Echocardiography report. Clinical application of
noninvasive vascular ultrasound in cardiovascular risk stratification: a report
from the American society of echocardiography and the society for vascular
medicine and biology. Vasc Med. 2006;11:201-11.

Vermeersch SJ, Rietzschel ER, De Buyzere ML, Van Bortel LM, D'Asseler Y,
Gillebert TC, et al. Validation of a new automated IMT measurement
algorithm. J Hum Hypertens. 2007,21:976-8.

Grant EG, Benson CB, Moneta GL, Alexandrov AV, Baker JD, Bluth El, et al.
Carotid artery stenosis: grayscale and Doppler ultrasound diagnosis-Society of
Radiologists in ultrasound consensus conference. Ultrasound Q. 2003;19:190-8.
Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al.
Recommendations for cardiac chamber quantification by echocardiography
in adults: an update from the American Society of Echocardiography and
the European Association of Cardiovascular Imaging. J Am Soc
Echocardiogr. 2015;28:1-39.

Boysen G, Truelsen T. Prevention of recurrent stroke. Neurol Sci. 2000,21:67-72.
Furie KL, Kasner SE, Adams RJ, Albers GW, Bush RL, Fagan SC, et al.
Guidelines for the prevention of stroke in patients with stroke or transient
ischemic attack: a guideline for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke. 2011;42:227-76.
Mohan KM, Wolfe CD, Rudd AG, Heuschmann PU, Kolominsky-Rabas PL,
Grieve AP. Risk and cumulative risk of stroke recurrence: a systematic review
and meta-analysis. Stroke. 2011,42:1489-94.

Sun'Y, Lee SH, Heng BH, Chin VS. 5-year survival and rehospitalization due
to stroke recurrence among patients with hemorrhagic or ischemic strokes
in Singapore. BMC Neurol. 2013;13:133.

Lee AH, Somerford PJ, Yau KK. Risk factors for ischaemic stroke recurrence
after hospitalisation. Med J Aust. 2004;181:244-6.

Wang YL, Pan YS, Zhao XQ, Wang D, Johnston SC, Liu LP, et al. CHANCE
investigators. Recurrent stroke was associated with poor quality of life in
patients with transient ischemic attack or minor stroke: finding from the
CHANCE trial. CNS Neurosci Ther. 2014:20:1029-35.

Leoo T, Lindgren A, Petersson J, von Arbin M. Risk factors and treatment at
recurrent stroke onset: results from the recurrent stroke quality and
epidemiology (RESQUE) study. Cerebrovasc Dis. 2008;25:254-60.

Zhang C, Zhao X, Wang C, Liu L, Ding Y, Akbary F, et al. Prediction factors
of recurrent ischemic events in one year after minor stroke. PLoS One.
2015;10:1-12.

Yoon HJ, Jeong MH, Kim KH, Ahn 'Y, Cho JG, Park JC, et al. Carotid Intima-
media thickness, not carotid plaque, is associated with large territory cerebral
infarction in patients with ischemic stroke. Korean Circ J. 2010;40:272-6.
Kweon SS, Shin MH, Jeong SK, Nam HS, Lee YH, Park KS, et al. Cohort profile:
the Namwon study and the dong-gu study. Int J Epidemiol. 2014:43:558-67.
Park HW, Kim KH, Song IG, Kwon TG, Kim WH, Bae JH. Body mass index,
carotid plaque, and clinical outcomes in patients with coronary artery
disease. Coron Artery Dis. 2017,28:278-86.

Lenzi GL, Vicenzini E. The ruler is dead: an analysis of carotid plaque motion.
Cerebrovasc Dis. 2007;23:121-5.

Ogata T, Yasaka M, Wakugawa Y, Kitazono T, Okada Y. Morphological
classification of mobile plaques and their association with early recurrence
of stroke. Cerebrovasc Dis. 2010;30:606-11.

Calvet D, Touzé E, Varenne O, Sablayrolles J, Weber S, Mas J. Prevalence of
asymptomatic coronary artery disease in ischemic stroke patients: the
PRECORIS study. Circulation. 2010;121:1623-9.

Banerjee A, Fowkes FG, Rothwell PM. Associations between peripheral artery
disease and ischemic stroke: implications for primary and secondary
prevention. Stroke. 2010,41:2102-7.

Purroy F, Montserrat J, Begué R, Gil MI, Quilez A, Sanahuija J, et al. Higher carotid
intima media thickness predicts extracranial vascular events and not stroke
recurrence among transient ischemic attack patients. Int J Stroke. 2012;7:125-32.

Page 8 of 8

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit ( BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design and population
	Definition of stroke and VEs
	Laboratory tests
	Carotid ultrasound examination
	Echocardiographic examination
	Statistical analysis

	Results
	Baseline characteristics
	Laboratory findings and discharge medication
	Echocardiographic findings
	Carotid ultrasound findings
	VEs and predictors of VEs during clinical follow up
	Carotid plaque and VEs

	Discussion
	Study limitations

	Conclusion
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

