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Background: It is frequently observed that patients with first-ever acute ischemic stroke (AIS) have a
common occurrence of asymptomatic coronary artery disease (CAD). This condition is associated with
a poor prognosis. Early detection and recognition of asymptomatic CAD in first-ever AIS patients may
optimize the clinical management and ultimately lead to improved outcomes. The aim of this study was
to investigate the role of aortic arch plaque (AAP) detected through combined computed tomography
angiography (CTA) as an early predictor of asymptomatic CAD in patients with first-ever AIS without prior
diagnosis of CAD.

Methods: A cross-sectional study was conducted at Xuanwu Hospital, Capital Medical University
from January 2019 to December 2021, involving patients with first-ever AIS caused by large arterial
atherosclerosis. Patients with a history of recognized cardiovascular disease, nonatherosclerotic arterial
stenosis, atrial fibrillation related to cardioembolism, and complete carotid occlusions were excluded.
The study utilized a combined coronary and cervicocephalic CTA to evaluate atherosclerosis in the
cervicocephalic, aortic, and coronary arteries simultaneously. First-ever AIS patients without prior diagnosis
of CAD were divided into 2 groups: 1 with asymptomatic CAD detected through CTA and the other
without. Multivariate logistic regression was used to identify independent risk factors associated with the
presence of asymptomatic CAD, including aortic arch, cervical and intracranial atherosclerotic characteristics
(e.g., vascular stenosis, plaque thickness, extent, and complexity).

Results: Among 182 AIS patients, 84 (46.2%) had asymptomatic CAD. Increased aortic arch plaque
(AAP) thickness per millimeter [adjusted odds ratio (aOR): 1.26; 95% confidence interval (CI): 1.08-1.47],
presence of severe AAP (aOR: 4.24; 95% CI: 1.59-12.03), mixed AAP (aOR: 2.65; 95% CI: 1.09-6.62), and
ulcerative AAP (aOR: 11.76; 95% CI: 2.05-222.84) raised the risk of asymptomatic CAD in stroke patients,
independent of other factors. The combination of ulcerative AAP, diabetes mellitus, and smoking could
predict asymptomatic CAD with an area under the receiver operating characteristic curve (AUC) of 0.71 (95%
CI: 0.64-0.79; P<0.001). Ulcerative AAP was found to be more valuable than cervicocephalic atherosclerotic
characteristics for predicting asymptomatic CAD in first-ever AIS patients.

Conclusions: The presence of ulcerative AAP was associated with asymptomatic CAD in first-ever AIS
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patients. As an early systemic atherosclerosis feature, ulcerative AAP is probably a more valuable indicator

than cervicocephalic atherosclerotic characteristics for predicting asymptomatic CAD in AIS patients.
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Introduction

Stroke is the second leading cause of mortality globally
and one of the most prevalent neurological disorders
(1,2). Approximately 80-90% of all strokes are ischemic
strokes (3). Coronary artery disease (CAD) and ischemic
stroke share common risk factors and often coexist.
Moreover, more than 60% of cases of ischemic stroke have
asymptomatic CAD, and 16-35% of cases of ischemic
stroke have severe CAD (coronary arterial stenosis of
>50%) (4). Furthermore, asymptomatic CAD in acute
ischemic stroke (AIS) is predictive of stroke recurrence
and poor survival besides cardiovascular events. When
compared to individuals without asymptomatic CAD, major
vascular events are more likely to occur in stroke patients
with asymptomatic CAD, and the risk of such events
risk rises as the extent of CAD increases (5). Therefore,
screening and analyzing patients with AIS with CAD could
help to develop clinical therapeutic strategies, predict long-
term prognosis, and lower the recurrence of CAD and AIS.
Atherosclerosis is a chronic systemic disease known to
be the leading cause of AIS and asymptomatic CAD. The
atherosclerotic disease present in one area can predict ischemic
episodes in other locations (6). In this context, carotid arteries
have been used to assess the risk of CAD (7). The presence
and severity of CAD are linked to carotid plaques (8,9).
However, for asymptomatic CAD, some studies have failed
to confirm the predictive value of carotid plaques and
intima-media thickness (10,11). Recently, considerable
attention has been paid to the association between aortic
atherosclerosis and the incidence or recurrence of ischemic
stroke. Aortic atheroma, an atherosclerotic plaque in the
descending thoracic aorta, aortic arch, or ascending aorta,
affects 14-42% of individuals with ischemic cerebrovascular
disease (12). Besides, aortic arch plaque (AAP) is one of the
first signs of systemic atherosclerosis. The presence of AAP
is probably a promising early indicator of asymptomatic
CAD in AIS patients, allowing for more targeted and
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integrated treatment. However, just a few preliminary
investigations explored the association between AAP and
asymptomatic CAD in AIS patients and came to conflicting
conclusions (13-15), and so far, no study has shown the
relationship between AAP and asymptomatic CAD in
first-ever AIS patients.

Combined coronary and cervicocephalic computed
tomography angiography (CTA) with a single bolus of
contrast agent is now possible due to improvements in
noninvasive imaging techniques (16,17). In this study,
we hypothesized that the presence and severity of AAP
can serve as an early indicator of asymptomatic CAD
in patients with first-ever AIS. We aimed to assess the
association between AAP and asymptomatic CAD, as well
as compare the predictive power of AAP with traditional
cervical and intracranial atherosclerotic characteristics using
combined coronary and cervicocephalic CTA. We present
this article in accordance with the STROBE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-1405/rc).

Methods
Participants

Consecutive patients admitted to Xuanwu Hospital, Capital
Medical University with a first-ever AIS within 2 weeks
after the symptom onset were enrolled in this single-center
cross-sectional study from January 2019 to December
2021. Patients who underwent both routine brain magnetic
resonance imaging (MRI) and combined coronary and
cervicocephalic CTA were included for analysis. According
to our definition, ischemic stroke occurs when localized
neurological impairments appear suddenly and remain
for longer than 24 hours with corresponding medical
imaging evidence (positive diffusion-weighted imaging
findings) on MRI. Patients with first-ever AIS caused by
large arterial atherosclerosis were included in this study
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based on Trial of Org 10172 in Acute Stroke Treatment
(TOAST) classification (18). The exclusion criteria were as
follows: (I) a history of recognized cardiovascular disease
[i.e., stroke, transient ischemic attack (TIA) episode,
myocardial infarction, stable or unstable angina pectoris,
and revascularization procedure for cardiovascular disease];
(IT) suspicion of nonatherosclerotic arterial stenosis (e.g.,
vasculitis or dissection) and atrial fibrillation related to
cardioembolism; (III) complete carotid occlusions as the
complete occlusion state may go beyond the scope of plaque
assessment and affect the evaluation of plaques; and (IV)
those with inadequate organ functioning or other MRI
and CTA exclusion criteria. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by the Ethics Committee
of Xuanwu Hospital, Capital Medical University (No.
2018065) and informed consent was provided by all
individual participants.

Demographic features and risk factors

Baseline demographics, clinical characteristics, tests to
obtain vascular risk factors, face-to-face interviews, and
laboratory blood examination were collected and performed.
The National Institute of Health Stroke Scale (INIHSS)
score at admission was recorded. The vascular risk factors
analyzed in this study were smoking history (current smoker
or having a regular smoking habit in the past), hypertension,
dyslipidemia, diabetes mellitus, and hyperhomocysteinemia,
which were defined based on interview or laboratory
standard diagnosis. Any first-degree relative’s history of an
ischemic cardiovascular event (myocardial infarction, stroke,

or TTA) was noted.

CT scan protocols and data reconstruction

Using the dual-source 192-slice CT scanner (Somatom
Force, Siemens Healthcare, Erlangen, Germany), all
combined coronary and cervicocephalic CTAs were
conducted out as previously reported (19). The CTA
scans were conducted from the base of the heart to the
head cauda-cranially, using an automated kVp and mA
(CARE kV and CARE Dose4D, Siemens) with a pitch
of 3.2 and a rotation time of 250 ms. Trigger phases
for 60% or 30% of the RR interval were selected for
heart rates below and above 70 bpm, respectively. Using
a power injector and a flow rate of 5 mL/s, a total of
40 mL of contrast material (Ultravist 370 Iodine/mL;
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Bayer Schering Pharma, Leverkusen, Germany) was
intravenously administered via the antecubital vein. This
was followed by a 50 mL saline chaser bolus at the same
pace. Data acquisition was prompted with a mean delay
of 8 seconds after the attenuation threshold was reached
during the bolus-tracking technique in the ascending aorta
(attenuation threshold, 100 HU). In the case of raw data,
an advanced model-based iterative reconstruction using a
medium smooth reconstruction kernel (Bv36) was applied.
The reconstruction slice thickness and interval were both
0.6 mm. Each CTA image dataset was transferred to the
Syngo.via workstation (MMWP, Syngo.via, Siemens)
for artery stenosis evaluation and subsequent plaque
characteristic analysis.

Plaque analysis for the carotid bifurcation and aortic arch

The carotid arteries comprised the left and right carotid
arteries within 3 cm proximal and distal of the bifurcation.
The aortic arch was assessed from the aortic root to the
left subclavian artery’s distal end. Based on the most
predominant type of plaque, calcified, noncalcified,
and mixed AAPs and carotid bifurcation plaques were
distinguished (20). AAPs and carotid bifurcation plaques
were evaluated by measuring them in consecutive, evenly
spaced cross-sections with a consistent interval of 2 mm
between each perpendicular slice. The thickness of the
AAPs and carotid bifurcation plaques was calculated
as the distance between the maximum plaque’s highest
point and the wall of the aortic or carotid artery’s outer
membrane (21). Moreover, AAPs were assessed based
on their presence and extent, which was graded as either
absent, mild (few, minor plaques), or severe (frequent, large
plaques) (22). The surface morphology of the AAPs was
classified into 3 types (smooth, irregular, or ulcerative AAP).
Smooth AAP indicated a plaque with regular luminal shape;
outpouching of the contrast material into or adjacent to the
plaque at least 1 mm in the carotid artery and 2 mm in the
aortic arch was considered ulcerative AAP (21); irregular
AAP was defined as that a plaque surface shape revealed
irregularities without any indications of ulceration (23).

Stenosis assessment

Given that none of the chosen patients with AIS had a
history of CAD, the presence of stenosis of more than
50% in at least 1 coronary artery segment indicated the
presence of asymptomatic CAD. Only coronary artery
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segments with a diameter of more than 1.5 mm were
examined (24). The presence of carotid-cerebral
atherosclerosis was determined in arteries or segments
that were divided into 2 categories, including extracranial
arteries and intracranial arteries. Extracranial arteries
include the bilateral proximal subclavian arteries, common
carotid arteries, extracranial segments of the internal carotid
arteries, and extracranial segments of the vertebral arteries.
Intracranial arteries include the bilateral intracranial
segments of the internal carotid arteries, intracranial
segments of the vertebral arteries, basilar artery, as well
as the bilateral anterior cerebral arteries, middle cerebral
arteries, and posterior cerebral arteries. The North
American Symptomatic Carotid Endarterectomy Trial
(NASCET) method was used to determine the degree
of stenosis in each artery and segment (25). Significant
atherosclerotic stenosis of carotid-cerebral arteries was
defined as stenosis of at least 50%. All CTA data were
independently assessed and agreed upon by 2 board-
certified radiologists with more than 5 years of experience.

Grouping of study participants

According to the presence or absence of asymptomatic
CAD on combined coronary and cervicocephalic CTA, the
examined patients with first-ever AIS were split into the
asymptomatic CAD and non-CAD groups.

Statistical analysis

Statistical analyses were performed using the software
SPSS 22.0 IBM Corp., Armonk, NY, USA) and MedCalc
15.0 (MedCalc, Ostend, Belgium). The normality of the
numerical variables was determined by the histograms and
Kolmogorov-Smirnov tests. The numerical variables with
normal distribution were presented as means = standard
deviations (SD) and tested by Student’s #-test, whereas
the non-normally distributed variables were presented as
medians together with interquartile ranges (IQRs) and
tested by Mann-Whitney U test. Categorical variables were
shown as counts together with percentages, and the chi-
square tests or Fisher’s exact tests were used for statistical
tests as appropriate. The general characteristics and the
atherosclerosis characteristics between the asymptomatic
CAD and non-CAD groups were compared in the
univariate analysis. Statistical significance was defined as
a 2-sided P value less than 0.05. The multivariate logistic
regression analyses were performed to examine the
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independent associations between atherosclerosis features
and the presence of asymptomatic CAD in patients with
AIS by adjusting covariates. The covariates were selected
according to the univariate analysis results (P<0.05) of
general characteristics. The backward stepwise logistic
regression analysis (with the likelihood ratio method as
the variable selection strategy) was used to examine the
predictive effect of different atherosclerosis characteristics
for asymptomatic CAD in AIS after adjusting for
covariates. Both the entry and exit significance levels of the
stepwise regression model were set at 0.1. The predictive
performance of logistic regression models was evaluated by
the area under the receiver operating characteristic curves
(AUCQ). The comparison of AUC values of different models
was done by the Delong test. Odds ratios (OR) for the risk
of the presence of asymptomatic CAD in AIS and AUC
values were calculated with 95% confidence intervals (CI).

Results
Participant characteristics

A total of 182 patients with AIS were enrolled
(Figure I). The patients incorporated were primarily males
(86.8 %), with mean age of 60.0 years. Combined coronary
and cervicocephalic CTA showed asymptomatic CAD in
84 of the 182 (46.2%) patients with AIS. Table 1 lists the
general characteristics of the 182 patients. Smoking (72.6%
vs. 54.1%; P=0.010) and diabetes mellitus (54.8% vs. 39.8%;
P=0.044) significantly differed between patients with
asymptomatic CAD and those without.

Comparison of the atherosclerosis characteristics between
the asymptomatic CAD and non-CAD groups

Among 182 patients, 91 (50.0%) had cervical atherosclerotic
stenosis of 250% and 145 patients (79.7%) had intracranial
atherosclerotic stenosis >50%. The most common type
of carotid bifurcation plaque was mixed plaque (46.2%),
and the largest carotid bifurcation plaque mean thickness
was 2.64 mm. The AIS patients with asymptomatic CAD
were more likely to have intracranial atherosclerotic
stenosis (86.9% wvs. 73.5%; P=0.025) than those without
asymptomatic CAD (Table 2 and Figure 2). However, there
was no significant difference between the 2 groups in the
presence of cervical atherosclerotic stenosis of more than
50% (57.1% vs. 43.9%; P=0.074). No statistical differences
in the type of the largest carotid bifurcation plaque and
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First-ever acute ischemic stroke
patients caused by large arterial
atherosclerosis (n=205)

A

12 patients had a history of
coronary artery disease

193 patients remained

A

8 patients had symptoms lasting
beyond 14 days prior to admission

185 patients remained

A

Y

3 patients declined to take part

182 patients were enrolled

Figure 1 Flow diagram of patient enrollment.
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the thickness of the largest carotid bifurcation plaque were
found between the 2 groups (P=0.249 and P=0.052; Table 2
and Figure 2).

The AAPs in the asymptomatic CAD group were thicker
(2.75 vs. 1.90 mm; P=0.003) and had more frequent severe
AAP (33.3% vs. 9.2%; P<0.001), mixed AAP type (34.5%
vs. 16.3%, P=0.035), and ulcerative AAP (11.9% vs. 1.0%,
P<0.001) than the non-CAD group (1zble 2 and Figures 2-4).

In 11 patients with AIS who had ulcerative AAP, the
likelihood of developing asymptomatic CAD was 90.9%
(10/11). In 137 patients with AIS without complex AAP,
the possibility of developing asymptomatic CAD was only
38.7% (53/137).

Multivariate logistic vegression on risk factors

The comparison of the atherosclerosis characteristics
between the groups with and without asymptomatic CAD
were performed using the multiple logistic regression model
with the adjustment covariates of smoking and diabetes.
The adjusted P value and adjusted odds ratio (aOR) with
95% CI of each atherosclerosis characteristic are shown in

Table 1 General characteristics of patients with AIS and the comparison between the asymptomatic CAD and non-CAD groups in univariate

analysis

Characteristics All patients ASy;EIgT:E; 4C))AD g::l)z;_(?:g& Statistics P value
Age (years) 60.0+9.6 61.1+8.4 59.0+10.4 t (180) =1.482, 0.140
Male 158 (86.8) 77 (91.7) 81(82.7) ¥’(1) =3.210 0.073
BMI (kg/m?) 24.9+3.1 24.7+3.1 25.2+3.1 t (180) =-1.076 0.284
NIHSS on admission 3[1, 9] 3[1, 9] 3[1,9] Z=0.320 0.749
History of HTN 135 (74.2) 65 (77.4) 70 (71.4) ¥’(1) =0.837 0.360
History of HLP 102 (56.0) 45 (53.6) 57 (68.2) ¥°(1) =0.387 0.534
History of DM 85 (46.7) 46 (54.8) 39 (39.8) ¥’(1) =4.070 0.044
Smoking 114 (62.6) 61 (72.6) 53 (54.1) $(1) =6.641 0.010
Hyperhomocysteinemia 31(17.0) 16 (19.0) 15 (15.3) ¥’(1) = 0.448 0.503
Family history of CAD 16 (8.8) 8(9.5) 8 (8.2 ¥’(1) =0.104 0.747
Family history of stroke 5(2.7) 5(5.9) 0(0.0) ¥(1) =0.115 0.750

The data are shown as means + standard deviations or n (%) or median [Q1, Q3] as appropriate. AlS, acute ischemic stroke; CAD,
coronary artery disease; BMI, body mass index; NIHSS, national institute of health stroke scale; HTN, hypertension; HLP, hyperlipidemia;

DM, diabetes mellitus.
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Table 2 Comparison of the atherosclerosis characteristics of patients with AIS between the asymptomatic CAD and non-CAD groups in

univariate analysis

Characteristics Asymptomatic CAD group (N=84)  Non-CAD group (N=98) Statistics P value
Cervical atherosclerotic stenosis >50% 48 (57.1) 43 (43.9) $(1) =3.18 0.074
Intracranial atherosclerotic stenosis >50% 73 (86.9) 72 (73.5) ¥’(1) =5.04 0.025
Max CBP thickness, mm 2.95[1.37, 4.32] 2.45[0.00, 3.75] Z=-1.94 0.052
Max CBP type () =4.12 0.249
None 15(17.9) 26 (26.5)
Hard 19 (22.6) 20 (20.4)
Soft 6(7.1) 12 (12.2)
Mixed 44 (52.4) 40 (40.8)
AAP extent ¥’(3) =16.29 <0.001
None 16 (19.0) 26 (26.5)
Mild 40 (47.6) 63 (64.3)
Severe 28 (33.3) 9(9.2)
AAP type ¥’(3) =8.60 0.035
None 16 (19.0) 27 (27.6)
Hard 30 (35.7) 45 (45.9)
Soft 9 (10.7) 10 (10.2)
Mixed 29 (34.5) 16 (16.3)
Complex AAP - <0.001
None 53 (63.1) 84 (85.7)
Smooth 2 (2.4) 6 (6.1)
Irregular 19 (22.6) 7(7.1)
Ulcer 10 (11.9) 1(1.0)
AAP thickness, mm 2.75[1.20, 5.10] 1.90 [0.00, 2.90] Z=-2.95 0.003

The data are shown as medians [IQRs] or n (%) as appropriate. Fisher’s exact test was used for comparing complex AAP between patients
with AIS with and without asymptomatic CAD. AIS, acute ischemic stroke; CAD, coronary artery disease; IQR, interquartile range; CBP,

carotid bifurcation plaque; AAP, aortic arch plaque.

Table 3. After adjusting for covariates, increased AAP
thickness per millimeter (aOR: 1.26; 95% CI: 1.08-1.47),
severe AAP (aOR: 4.24; 95% CI: 1.59-12.03), the presence
of mixed AAP (aOR: 2.65; 95% CI: 1.09-6.62), and the
presence of ulcerative AAP (aOR: 11.76; 95% CI: 2.05-
222.84) remained associated with concomitant asymptomatic
CAD (Tuble 3).
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Predictive power of the atherosclerosis characteristics for
asymptomatic CAD in AIS

The predictive power of each atherosclerosis characteristic
is shown using AUC of the predicted probabilities of
different logistic regression models in 7izble 3. The model
with complex AAP showed the highest AUC of 0.71 (95%
CI: 0.64-0.79). The backward stepwise logistic model was
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Figure 2 Comparison of the cervicocephalic and AAP atherosclerosis characteristics between the asymptomatic CAD (represented as CAD
in the figure) and non-CAD groups. (A) Cervical atherosclerotic stenosis; (B) Intracranial atherosclerotic stenosis; (C) Max CBP thickness;
(D) Max CBP type; (E) AAP extent; (F) AAP type; (G) Complex AAP; (H) AAP thickness. CAD, coronary artery disease; AAP, aortic arch
plaque; CBP, carotid bifurcation plaque.

Figure 3 A 69-year-old man with asymptomatic CAD had cerebral infarctions in the left paraventricular area and the left basal ganglia. (A)
Diffusion weighted imaging demonstrates the high signal in the aforementioned areas. A mixed plaque causing severe stenosis and partial
occlusion of the proximal left internal carotid artery lumen was visible on a (B) cervicocerebral CTA and (C) multiple ulcerative plaques in
the aortic arch, and (D) the proximal left anterior descending artery showed coronary artery stenosis >50%, though the patient had never

experienced chest symptoms. CAD, coronary artery disease; CTA, computed tomography angiography.
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Figure 4 A 62-year-old man without CAD exhibited right frontal lobe subcortical infarction. (A) Diffusion weighted imaging demonstrates

the high signal in the aforementioned area. Right common carotid artery bifurcation was found to have significant stenosis and mixed plaque

on (B) cervicocerebral CTA and (C) calcified plaques in the aortic arch, and (D) no coronary artery stenosis >50% were detected in the

coronary arteries. CAD, coronary artery disease; CTA, computed tomography angiography.

built by atherosclerosis characteristics after adjusting for
smoking and diabetes. The final model is shown in Table 4;
complex AAP was retained.

To determine whether AAP could provide more
predictive power than cervicocephalic atherosclerotic
stenosis >50% and carotid bifurcation plaque in predicting
asymptomatic CAD, first, we built a basic logistic regression
model only including smoking and diabetes to predict
the presence of asymptomatic CAD in AIS (AUC of the
basic model: 0.64; 95% CI: 0.56-0.71; P=0.008). Then,
we separately added the 3 types of predictors into the
basic model. The results showed that entering the AAP
characteristics significantly increased the basic model’s
predictive power (changes in the AUC: 0.07 for complex
AAP, P=0.008) (Figure 5 and Table 5). Meanwhile, adding
cervicocephalic atherosclerotic stenosis >50% and carotid
bifurcation plaque did not improve the predictive power
of the basic model significantly (changes in the AUC: 0.04
for cervicocephalic atherosclerotic stenosis >50%, P=0.122;
0.04 for carotid bifurcation plaque, P=0.097).

Discussion

A combined CTA in this investigation was implemented
to simultaneously evaluate atherosclerosis of the
cervicocephalic arteries, aortic arch, and coronary artery
in individuals with AIS who had no prior history of CAD.
Complex AAP, especially ulcerative AAP, was correlated to
the existence of asymptomatic CAD. The analytic model
with AAP ulceration with conventional vascular risk factors
improved the predictive power for asymptomatic CAD.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

The prevalence of asymptomatic CAD in patients with
first-ever AIS included in this study was 46.2%, which is
similar to that reported in previous studies (18-48.3%)
(24,26,27). Although ample evidence indicates the risk of
CAD in stroke patients, it remains unclear to what extent this
risk can be predicted by stenosis or the presence of arterial
plaques in extracardiac locations (e.g., cervicocephalic
arteries or aortic arch). Therefore, this study aimed to
investigate the potential value of the atherosclerotic features
of cervicocephalic CTA in predicting asymptomatic CAD
in patients with first-ever AIS. The goal was to determine
whether further coronary CTA examinations were necessary
for these patients.

Atherosclerosis is a systemic and progressive disease,
with vascular stenosis being an important manifestation
during its development. The American Heart Association
(AHA) and American Stroke Association (ASA)
recommend noninvasive CAD testing for individuals with
carotid atherosclerotic stenosis and strong vascular risk
factors (28). According to the findings of this study, patients
with first-ever AIS who also had asymptomatic CAD were
more likely to have intracranial atherosclerotic stenosis
>50% than those without asymptomatic CAD; however,
there was no significant difference in cervical atherosclerotic
stenosis between the 2 groups. Previous research has
suggested that intracranial atherosclerotic stenosis >50%
may be able to assist in identifying cerebral infarct patients
who are at highest risk of developing asymptomatic
CAD (29). However, the results from receiver operating
characteristic (ROC) curve analysis in this study showed
that cervical and intracranial atherosclerotic stenosis >50%
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Table 3 Comparison of the atherosclerosis characteristics of patients with AIS between the asymptomatic CAD and non-CAD CAD groups by

the multivariate logistic regression after adjusting for smoking and diabetes

Characteristics Coefficient SD Adjusted P value aOR [95% CI] AUC [95% ClI]
Cervical atherosclerotic stenosis >50% 0.54 0.31 0.080 1.72[0.94, 3.19] 0.66 [0.58, 0.74]
Intracranial atherosclerotic stenosis =50% 0.88 0.42 0.035 2.41[1.09, 5.61] 0.67 [0.60, 0.75]
Max CBP thickness, mm 0.14 0.08 0.079 1.15[0.99, 1.35] 0.68 [0.60, 0.76]
Max CBP type 0.67 [0.59, 0.74]
None Reference
Hard 0.29 0.48 0.541 1.34 [0.53, 3.43]
Soft -0.22 0.62 0.726 0.81[0.23, 2.65]
Mixed 0.54 0.40 0.180 1.72[0.78, 3.86]
AAP extent 0.69 [0.62, 0.77]
None Reference
Mild -0.03 0.39 0.933 0.97 [0.46, 2.09]
Severe 1.44 0.51 0.005 4.24[1.59, 12.03]
AAP type 0.67 [0.59, 0.75]
None Reference
Hard 0.10 0.40 0.811 1.10[0.50, 2.46]
Soft 0.30 0.57 0.595 1.36 [0.44, 4.20]
Mixed 0.97 0.46 0.033 2.65 [1.09, 6.62]
Complex AAP 0.71[0.64, 0.79]
None Reference
Smooth -0.66 0.86 0.445 0.52[0.07, 2.47]
Irregular 1.43 0.49 0.004 4.20[1.66, 11.71]
Ulcer 2.46 1.08 0.023 11.76 [2.05, 222.84]
AAP thickness, mm 0.23 0.08 0.003 1.26 [1.08, 1.47] 0.69 [0.61, 0.77]

AlS, acute ischemic stroke; CAD, coronary artery disease; SD, standard deviation of the logistic regression coefficient; aOR, adjusted
odds ratio; OR, odds ratio for the risk of the presence of asymptomatic CAD in AlS; 95% CI, 95 percent of confidence interval; AUC, area
under the curve; CBP, carotid bifurcation plaque; AAP, aortic arch plaque.

did not improve the predictive power of vascular risk factor
exposure for asymptomatic CAD.

Although hypoperfusion and the consequent sluggish
flow from cervicocephalic atherosclerotic undoubtedly
contribute to a portion of strokes occurring in
cervicocephalic stenosis, plaque instability leading to distal
embolus may be a substantially more significant etiological
component for stroke in cervicocephalic atherosclerotic
disease. It may be necessary to consider plaque
characteristics beyond only the degree of stenosis in order
to detect patients with high risk of developing asymptomatic

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

CAD. According to the CTA results, carotid bifurcation
plaque was divided into 3 categories: calcified plaque made
up mostly of calcified tissue (>130 HU), soft plaque made
up primarily of noncalcified tissue, and mixed plaque made
up of both calcified and noncalcified tissues (20). This study
found no significant difference in the composition of the
max carotid bifurcation plaque between patients with AIS
with and without asymptomatic CAD. According to Gupta
et al., there is the direct correlation between symptomatic
carotid bifurcation plaque and rising soft plaque thickness;
moreover, they reported that soft carotid bifurcation plaque
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Table 4 The final model for predicting asymptomatic CAD in patients with AIS built by the backward stepwise logistic regression method after

adjusting for smoking and diabetes

Variables Coefficient SD OR [95% CI] P value
Intercept -1.22 0.34 - -
Smoking 0.73 0.34 2.08 [1.07, 4.14] 0.033
Diabetes mellitus 0.68 0.33 1.97 [1.083, 3.83] 0.041
Complex AAP
None Reference
Smooth -0.66 0.86 0.52 [0.07, 2.47] 0.445
Irregular 1.43 0.49 4.20[1.66, 11.71] 0.004
Ulcer 2.46 1.08 11.76 [2.05, 222.84] 0.023

The final predictive model: logit (the probability of the presence of asymptomatic CAD)

—-1.22 + 0.73 x smoking history + 0.68 x diabetes

mellitus history — 0.66 x smooth AAP + 1.43 x irregular AAP + 2.46 x ulcerative AAP. CAD, coronary artery disease; AlS, acute ischemic
stroke; SD, standard deviation of the logistic regression coefficient; OR, odds ratio for the risk of the presence of asymptomatic CAD in

AlS; 95% ClI, 95% confidence interval; AAP, aortic arch plaque.

1.0 1 Delong test
Model 1 vs. Model 2 P: 0.122

Model 1 vs. Model 3 P: 0.097

0.8 —| Model 1 vs. Model 4 P: 0.008
2 0.6
=
‘@
C
[0
@ 0.4
0.2 - — Model 1 AUC: 0.64 (0.56-0.71)
' Model 2 AUC: 0.68 (0.6-0.76)
——— Model 3 AUC: 0.68 (0.6-0.76)
004 | —— Model 4 AUC: 0.71 (0.64-0.79)
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1.0 0.8 0.6 0.4 0.2 0.0
Specificity

Figure 5 The AUC comparison for predicting asymptomatic
CAD. The data presented in this figure are the AUC values
for each model, with the 95% confidence intervals indicated
in parentheses. Model 1 only includes vascular risk factors
(smoking and diabetes) in the basic logistic model; model 2 adds
features of cervical atherosclerotic stenosis 250% and intracranial
atherosclerotic stenosis >50% in addition to smoking and diabetes;
model 3 adds max carotid bifurcation plaque type and max carotid
bifurcation plaque thickness in addition to smoking and diabetes;
model 4 adds complex aortic arch plaque in addition to smoking
and diabetes. Only the AUC for model 4 is significantly larger
than that for model 1 (0.71 vs. 0.64, P=0.008). AUC, area under
the receiver operating characteristic curve; CAD, coronary artery

disease.
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thickness predicts ischemic stroke risk (30).

Rarely was the significance of AAP for predicting
asymptomatic CAD in individuals with AIS assessed.
Compared to earlier research (13,28), we analyzed
the characteristics of AAP more comprehensively and
investigated the predictive value of AAP features for
asymptomatic CAD in AIS patients with the help of
statistical modeling. In accordance with our findings, Cho
et al. (13) proposed that the existence of complicated AAP
on CTA (thickness of 4 mm or protruded or ulcerated)
was a 50% predictor of coronary stenosis in individuals
with AIS who had no history of CAD (aOR: 5.71; 95%
CI: 1.94-16.87). They focused on complicated AAP, which
could be a cause of AIS on its own, but only partially
reflected the AAP features. More AAP characteristics
were required to adequately illustrate the link between
AAP and asymptomatic CAD. Our study simultaneously
evaluated the extent, thickness, plaque type, and complexity
characteristics of AAPs. Comparing the AAPs in the
asymptomatic CAD group to those in the non-CAD
group, we found that the AAPs in the asymptomatic CAD
group had thicker thickness (2.75 vs. 1.90 mm; P=0.003),
more frequent severe AAP (33.3% vs. 9.2%; P<0.001),
more frequent mixed AAP (34.5% vs. 16.3%, P<0.001),
and more frequent ulcerative AAP (aOR: 11.76; 95% CI:
2.05-222.84). Although the AAP features described above
differed between the 2 groups, the predictive value of
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Table 5 Four models for predicting asymptomatic CAD in patients with AIS built by different types of atheromatous characteristics
Model 1 Model 2 Model 3 Model 4
Predictors
OR[95% Cl] Pvalue OR[95% CIl] P value OR[95% CI] P value OR [95% CI] P value

Smoking 2.49[1.32,4.79] 0.005 2.65[1.39,5.18] 0.004 2.41[1.27,4.70] 0.008 2.08[1.07,4.14]  0.033
Diabetes mellitus 2.05[1.12,3.83] 0.021 1.86[1.00,3.51] 0.053 2.03[1.08,3.88] 0.029 1.97[1.03,3.83]  0.041
Cervical atherosclerotic 1.51[0.81,2.84] 0.198
stenosis =50%
Intracranial atherosclerotic 2.12[0.94,5.04] 0.077
stenosis =50%
Max CBP type

None Reference

Hard 0.90[0.30, 2.67] 0.849

Soft 0.41[0.08,1.86] 0.256

Mixed 0.78[0.19, 3.01] 0.721
Max CBP thickness, mm 1.22[0.93,1.63] 0.164
Complex AAP

None Reference

Smooth 0.52 [0.07, 2.47] 0.445

Irregular 4.20[1.66, 11.71]  0.004

Ulcer 11.76 [2.05, 222.84] 0.023

Model 1 only includes vascular risk factors (smoking and diabetes) in the basic logistic model; model 2 adds features of cervical
atherosclerotic stenosis =50% and intracranial atherosclerotic stenosis =50% in addition to smoking and diabetes; model 3 adds max
CBP type and max carotid bifurcation plaque thickness in addition to smoking and diabetes; model 4 adds complex AAP in addition

to smoking and diabetes. CAD, coronary artery disease; AlS, acute

ischemic stroke; OR, odds ratio for the risk of the presence of

asymptomatic CAD in AIS; 95% CI, 95 percent of confidence interval; CBP, carotid bifurcation plaque; AAP, aortic arch plaque.

them for asymptomatic CAD was still limited. Therefore,
additional research was required, such as using high-
resolution MRI to determine the relationship between
AAP characteristics and asymptomatic CAD. However, this
study demonstrated that AAP ulceration was a relatively
better indicator of asymptomatic CAD than cervicocephalic
atherosclerosis. Plaque ulceration was shown to be one
of the characteristics of vulnerable plaque (23), and
plaque rupture might be accompanied by thrombus
development and embolism of plaque debris or thrombus
into the bloodstream to result in ischemic vascular events.
Furthermore, considering that various diseases, including
cardioembolism, atherosclerosis of the large arteries, small
vascular obstruction, and cryptogenic stroke, contribute
to the variability of ischemic stroke, may misrepresent the
clinical behavior of AAP, our study only included patients
with large arterial atherosclerosis according to TOAST
classification. Additionally, cervicocephalic artery stenosis,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

carotid bifurcation plaque, and AAP were simultancously
evaluated in the study and were compared for their ability
to predict the development of asymptomatic coronary
heart disease. AAP ulceration was shown to be a valuable
indicator in asymptomatic CAD prediction, whereas carotid
bifurcation plaque characteristics and cervicocephalic artery
stenosis showed relatively poor ability to independently
predict AIS patients with asymptomatic CAD. The
diagnostic performance of the basic clinical risk factor
model was improved when AAP ulcers were added, whereas
the addition of cervicocephalic artery stenosis and carotid
bifurcation plaque features did not improve the diagnostic
performance of the basic model. The findings above may
indicate that aortic atherosclerosis is more closely connected
to coronary atherosclerosis and occurs earlier than
extracranial and intracranial atherosclerosis (31). Another
possible explanation is that the aorta, extracranial, and
intracranial arteries have different anatomical structures,
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resulting in variations in hemodynamics that alter plaque
vulnerability. More extensive research is required to
verify the aforementioned theories and delve into their
pathophysiological processes.

Atherosclerotic lesions in the thoracic aorta detected
by transesophageal echocardiography (TEE) have been
shown to be associated with the occurrence and severity
of asymptomatic CAD (32,33) and an increased risk of
recurrent stroke (34). However, there is limited research
specifically focusing on patients with first-ever stroke. Our
study used combined CT to evaluate 4 aspects of AAP
plaque features, including thickness, extent, composition,
and complexity and discovered that AAP ulceration
has the best predictive performance for the presence of
asymptomatic CAD in AIS patients. This may also indicate
that plaque surface morphology, rather than other plaque
characteristics, is a better predictor of plaque vulnerability.
All in all, we should be aware of the potential coexistence
of asymptomatic CAD when we observe AAP ulceration
in AIS patients, which is helpful for clinical therapy and
risk classification of such individuals. The patient may
have asymptomatic CAD and require further coronary
examination, as evidenced by the discovery of AAP
ulceration on the patient’s cervicocephalic artery CTA.
Conversely, asymptomatic CAD is less likely, which means
that unnecessary examinations may be avoided, lowering
radiation exposure and patient costs.

This study has several limitations. Firstly, affirmative and
generalizable conclusions may not be possible given the
single-center study’s relatively small sample size of first-ever
AIS patients. More studies with larger samples are needed
to verify and generalize the conclusions prompted here.
Secondly, based on the TOAST classification, there are 5
different forms of AIS. As a result, the performance of the
prediction may vary by the etiologies of stroke. Thirdly,
although AUC values can partially reflect the predictive
value of a diagnostic test and help compare the predictive
power of different models, it cannot entirely represent the
predictive capacity of models. More indicators are needed
to comprehensively evaluate the predictive value from
various aspects. Additionally, it is important to acknowledge
that the observed wide 95% CI in this study, particularly
for AAP ulcerative plaques, is possibly influenced by the
relatively small sample size, introducing variability and
impacting the precision of the estimates. Moreover, our
study did not utilize TEE which is the gold standard for
evaluation of AAP; CTA has a limited resolution in AAP
imaging. However, CTA is a non-invasive imaging modality
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Wang et al. AAP predicts asymptomatic CAD in AIS

that can evaluate both atherosclerotic AAP and provide
routine examination of cervical and intracranial arteries in
patients with AIS. Lastly, further study requires long-term
follow-up examinations to elucidate the prognostic value of
AAP ulceration.

Conclusions

In conclusion, the first-ever AIS patients with asymptomatic
CAD, are more likely to have thicker, more severe, mixed-
type, and ulcerative AAP compared to patients with
AIS alone. AAP ulceration is probably a more powerful
predictor of the presence of asymptomatic CAD in patients
with AIS than cervicocephalic stenosis characteristics. AAP
evaluation is crucial for first-ever AIS patients without a
history of CAD as it can help to identify asymptomatic
CAD early and initiate more integrated therapeutic care.
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