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Abstract
Background: Common carotid artery (CCA) and internal ca-
rotid artery (ICA) are aligned linearly, but their hemodynam-
ic role in ischemic stroke has not been studied in depth. Ob-
jectives: We aimed to investigate whether CCA and ICA en-
dothelial shear stress (ESS) could be associated with the 
ischemic stroke of large artery atherosclerosis (LAA). Meth-
ods: We enrolled consecutive patients with unilateral isch-
emic stroke of LAA and healthy controls aged >60 years in 
the stroke center of Jeonbuk National University Hospital. All 
patients and controls were examined with carotid artery 
time-of-flight magnetic resonance angiography, and their 
endothelial signal intensity gradients (SIGs) were deter-
mined, as a measure of ESS. The effect of right or left unilat-
eral stroke on the association between carotid artery endo-
thelial SIG and ischemic stroke of LAA was assessed. Results: 
In total, the results from 132 patients with ischemic stroke of 
LAA and 121 controls were analyzed. ICA endothelial SIG 
showed significant and independent associations with the 
same-sided unilateral ischemic stroke of LAA, even after ad-

justing for the potential confounders including carotid ste-
nosis, whereas CCA endothelial SIG showed a significant as-
sociation with the presence of the ischemic stroke of LAA. 
Conclusion: Although CCA and ICA are located with continu-
ity, the hemodynamics and their roles in large artery isch-
emic stroke should be considered separately. Further studies 
are needed to delineate the pathophysiologic roles of ESS in 
CCA and ICA for large artery ischemic stroke.

© 2021 S. Karger AG, Basel

Introduction

Large artery ischemic stroke is a huge global burden, 
causing moderate to severe disability and even fatality [1]. 
The common causes of large artery ischemic stroke in-
clude intracranial artery stenosis (ICAS) or artery-to-ar-
tery embolization from proximal area [2]. Therefore, ex-
tracranial carotid bifurcation might have a pivotal role in 
escalating the risks of unilateral stroke according to the 
presence of pathologic lesions [3]. For the ischemic stroke 
of large artery atherosclerosis (LAA) according to the Tri-
al of Org 10,172 in Acute Stroke Treatment (TOAST) 
classification, an extracranial carotid artery stenosis of 
>50% is a diagnostic component [4].
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Endothelial shear stress (ESS) is a biomechanical tan-
gential force due to the blood flow applied to the walls of 
blood vessels. It is essential to maintain a normal range of 
ESS in order to keep artery healthy and atheroprotective 
[5]. Low ESS is known to promote atherosclerosis by caus-
ing functional abnormalities of vascular endothelial cells 
[6]. It was reported that both coronary [7] and basilar ar-
tery [8] ESS were associated with the progression and 
transformation of atherosclerotic plaques. Common ca-
rotid artery (CCA) ESS was associated with the white mat-
ter hyperintensities and cognitive function [9]. However, 
CCA and ICA have not been studied separately for a rela-
tionship with ischemic stroke, even though CCA and ICA 
were known to have different hemodynamics features [10].

In the previous study, carotid artery endothelial signal 
intensity gradient (SIG) from time-of-flight magnetic 
resonance angiography (TOF-MRA) was reported to rep-
resent the relative ESS, showing strong positive correla-
tions with wall shear stress from computational fluid dy-
namics [11]. TOF-MRA, which is based on the physiolog-
ic feature of flow enhancement in the construction of 
vascular imaging, is one of the most commonly used an-
giographies [12, 13]. In the terminal internal carotid ar-
tery (ICA) that appears normal, an increased spatial vari-
ability of the SIG was associated with the progression of 
moyamoya disease [14].

In the present study, we aimed to investigate whether 
the CCA and ICA endothelial SIG values were associated 
with the ischemic stroke of LAA, and whether the associa-
tion was affected by the right or left stroke-sidedness. To 
accomplish the goal, the endothelial SIG was measured 
and analyzed from the CCA and ICAs separately in the 
patients with ischemic stroke of LAA and control subjects.

Materials and Methods

Study Population
This is a case-control study. Consecutive patients referred to 

the Stroke Centre and control participants who visited health 
checkup program at Jeonbuk National University Hospital from 
June 2012 to May 2013 were included in the study. The examinees’ 
medical information, including age, sex, smoking, and alcohol 
consumption (current) was recorded. If a patient had a history of 
past smoking, the patient was defined as having a history of smok-
ing. Hypertension was defined as having been diagnosed with hy-
pertension in the past, taking current medication for hypertension, 
or blood pressure equal to or >140/90 mm Hg under stable condi-
tions. Type 2 diabetes mellitus was defined as a history of previous 
diabetes, current medication for diabetes, or a fasting blood sugar 
measurement equal to or >126 mg/dL on more than 2 occasions. 
Serum lipid profile and albumin level were tested using standard 
methods. We obtained informed consent from the participants. 

This study was conducted following approval from the ethics re-
view committee (CUH2013-03-007-001). Also, the committee 
confirmed that our study was performed in accordance with rele-
vant guidelines and regulations (Human Research Protection Pro-
gram, version 2.0, Jeonbuk National University Hospital Medical 
Ethics Review Committee, Republic of Korea).

Assessment for Ischemic Stroke and Selection of Patient and 
Control Group
Ischemic stroke was defined by acute focal neurological deficits 

lasting >24 h, and cerebral ischemia diagnosed on brain imaging 
such as computed tomography and/or magnetic resonance imag-
ing. Ischemic stroke is categorized originally into 5 groups: LAA, 
cardioembolism, small vessel occlusion (SVO) or lacunar infarc-
tion, stroke of other determined etiology, and stroke of undeter-
mined etiology based upon the diagnostic criteria of the Trial of 
Org 10172 in Acute Stroke Treatment (TOAST) study [4]. In the 
present study, only patients with LAA subtype involving anterior 
circulation were included and proceeded for the examination of 
TOF-MRA of carotid artery. The control group was selected among 
those who participated in the regular health screening and carotid 
TOF-MRA in the same hospital. The control group was defined as 
the participants with no previous history of vascular events such as 
myocardial infarction, any stroke, and peripheral arterial disease.

Exclusion Criteria
The patients and controls with the following characteristics 

were excluded: (1) patients diagnosed with at least 1 ICA occlusion 
(right or left), (2) patients performed for carotid artery revascular-
ization including endarterectomy and/or stenting, (3) patients 
with ischemic stroke other than LAA subtype involving anterior 
circulation, (4) patients who were examined by contrast-enhanced 
carotid MRA, (5) controls with abnormal hepatic (aspartate ami-
notransferase, alanine aminotransferase, alkaline phosphatase, bil-
irubin, and albumin), renal (Cr, and glomerular filtration rate), or 
hematologic (complete blood count, thrombin time, prothrombin 
time, and activated partial thromboplastin time) laboratory find-
ings, and (6) participants who aged <60 years.

Three-Dimensional TOF-MRA Examinations and Carotid 
Ultrasonography
Carotid artery three-dimensional TOF-MRA was performed at 

Jeonbuk National University Hospital. The imaging parameters for 
the three-dimensional TOF-MRA scan were repetition time (TR)/
echo time (TE) = 23/3.5 ms; flip angle = 20.0°; field of view  
(FOV) = 200 × 200 mm; acquired matrix size = 488 × 249; sensitiv-
ity encoding factor = 2.5; slice thickness = 1.2 mm; total slice num-
ber = 180; and the number of average = 1. The TOF-MRA scan time 
(Achieva 3.0T, Philips) was 4 min. Both CCA and proximal portion 
of internal carotid artery (ICA) were included for scanning.

For a proper measurement of carotid stenosis or occlusion, du-
plex ultrasonography was performed with electrocardiogram trig-
gering and a high-frequency 5–12 MHz (12L5) linear transducer 
(Terason t3000, Teratech Corporation, Burlington, MA, USA) by 
a certified neurosonographer, as reported previously [15]. The ul-
trasonographic examination was done within 1 week after stroke 
events or at the same day with TOF-MRA during the health check-
up. Carotid duplex ultrasonography was performed along the 
CCA and ICA at the both sides. The degree of ICAS at both gray-
scale and Doppler ultrasonography was stratified according to 
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peak systolic/end-diastolic velocity and the presence of plaque, as 
previously recommended [16]. In brief, carotid stenosis was de-
fined as >50% stenosis with ICA peak systolic velocity >125 cm/s, 
while plaque is visible or luminal narrowing is seen.

Measurement of Carotid Artery Endothelial SIG
Carotid artery segmentation and endothelial SIG measurement 

were performed with a semi-automated software (VINT, mediim-
age, Inc.), as reported previously [11]. In brief, the signal intensities 
at the iso-point (Φa; signal intensity at position A [Xa] along the 
arterial contour line) and at the inner point (Φb; signal intensity at 
position B [Xb]) were calculated by using a trilinear interpolation 
algorithm based on the positions and signal intensities in the 8 
neighboring voxels. The signal intensities of TOF-MRA were nor-
malized to eliminate the offset and scale effects across the MRA 
datasets of participants. For each iso-point (position A), the SIG 
was calculated from the difference in signal intensities between 
points A and B as follows:

SIG, SI/mm = (Φb – Φa) / │Xb – Xa│ (1)

The endothelial SIG values were obtained from 3 levels at both 
CCAs and ICAs, as shown in Figure 1. For the CCA, the diverging 
portion of the distal CCA was set as the base (number 1), and 2 
more proximal levels were set with 6-mm intervals as number 2 
and 3 for the measurements of endothelial SIG. For the ICA, the 

dividing portion was set as the base (number 4), and 2 more distal 
levels were set with the same 6-mm intervals as number 5 and 6. 
The mean values of endothelial SIG from the 3 CCA and 3 ICA 
levels were calculated and used in the present analysis.

Statistical Analysis
Descriptive data for the clinical characteristics and laboratory 

findings of the 2 groups were expressed as a mean ± standard devia-
tion or percentage as appropriate. Kolmogorov-Smirnov test was per-
formed for distributional adequacy. Independent t-test was used to 
assess differences in the continuous variables and a χ2 test for the cat-
egorical variables. Paired t-test was used to assess differences of right 
versus left carotid artery endothelial SIG values. Multivariate logistic 
regression analysis was performed to show independent associations 
between carotid artery endothelial SIG and ischemic stroke of LAA. 
Covariates were selected based on a biological plausibility and clinical 
relevance for ischemic stroke, including age, sex, smoking, hyperten-
sion, type 2 diabetes, high-density lipoprotein cholesterol, albumin, 
and ICAS in the final model. In addition, the analysis was performed 
separately according to the stroke-sidedness because of the potential 
modification effects. Interaction terms between the stroke-sidedness 
and carotid artery wall SIG values were created, and their significance 
was assessed by likelihood ratio tests. p value <0.05 was considered 
significant. All statistical analyses were conducted using SPSS 23.0 for 
Windows (IBM Corp., Armonk, NY, USA).

4.28 ± 0.833.70 ± 0.763.88 ± 1.12 4.33 ± 1.03 5.26 ± 1.41 4.91 ± 1.11–1.4

8.9

SIG
(SI/mm) 

SIG, mean ± SD, SI/mm

6

5

4

1

2

3

Fig. 1. A schematic layout for a measurement of endothelial SIG 
from TOF-MRA. For the CCA, the junction of the carotid bulb and 
the distal CCA was set as the base (number 1), and with a 6-mm 
interval, 2 more proximal levels were sequentially set as number 2 
and 3. For the ICA, the dividing portion into ICA and ECA was set 

as the base (number 4), and with a 6-mm interval, 2 more distal 
levels were sequentially set as number 5 and 6. SIG, signal inten-
sity gradient; CCA, common carotid artery; ICA, interval carotid 
artery; ECA, external carotid artery; TOF-MRA, time-of-flight 
magnetic resonance angiography.
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Results

In total, 207 patients with ischemic stroke who were 
initially diagnosed as LAA and 151 controls were exam-
ined with carotid TOF-MRA from June 2012 to May 
2013. Among the patients, 37 (17.9%) were <60 years of 
age, 25 (12.1%) were finally defined as other stroke sub-
types (14 SVO, 5 stroke of other determined etiology, 4 
cardioembolism, and 2 cryptogenic in stroke of undeter-
mined etiology), and 13 (6.3%) were diagnosed as ICA 
occlusion (8 right-sided and 5 left-sided), all of whom 

were excluded in the final analysis. Among the controls, 
30 (19.9%) were excluded from the study because of ex-
clusion criteria for age. In total, 132 patients with isch-
emic stroke of LAA type and 121 controls were analyzed 
(Fig. 2).

Demographic and hemodynamic factors are shown in 
Table 1. Patients with ischemic stroke of LAA were older 
and showed lower high-density lipoprotein and serum al-
bumin concentration than control group. All the endo-
thelial SIG values in the both CCA and ICAs were lower 
in the patient group.

Patients initially
diagnosed as LAA

(n = 207)  

Patients eventually
diagnosed as LAA

(n = 145) 

Excluded patients younger than 60 years
(n = 37)

Excluded patients with finally defined as
other stroke subtypes
1. SVO 
2. SOE 
3. CE 
4. Cryptogenic

Patients older than
60 years (n = 170) 

Patients included in
analysis (n = 132) 

Excluded patients with ICA occlusion
(n = 13)

Control
(n = 151) 

Excluded subjects younger 
than 60 years (n = 30) 

Subjects included in
analysis (n = 121) 

Control

Final analysis

Patient

(n = 2)
(n = 4)
(n = 5)
(n = 14)

Fig. 2. A screening flow chart for patient and control group. LAA, large artery atherosclerosis; SVO, small vessel 
occlusion; SOE, stroke of other determined etiology; CE, cardioembolism; ICA, internal carotid artery.
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In the control group, there was no side-to-side differ-
ence of carotid endothelial SIG (right vs. left CCA SIG, 
SI/mm, 3.2 ± 0.9 vs. 3.1 ± 0.8; right vs. left ICA SIG 3.5 ± 
0.9 vs. 3.4 ± 1.0, p > 0.5), as shown in Table 2. On the con-
trary, there were significant side-to-side differences of ca-
rotid endothelial SIG in the stroke patients according to 
the stroke-sidedness, as shown in Figure 3. In the patients 
with the right ischemic stroke of LAA, carotid endothe-

lial SIGs were significantly lower in the right than the left 
(right vs. left CCA SIG, 2.8 ± 0.7 vs. 3.0 ± 0.6, p = 0.035; 
right vs. left ICA SIG 3.0 ± 0.8 vs. 3.3 ± 0.8, p = 0.047, re-
spectively). In the patients with left ischemic stroke of 
LAA, left CCA and ICA showed significantly lower SIG 
values than the right, as shown in Table 2 (see online sup-
pl. Table 1; see www.karger.com/doi/10.1159/000514141 
for all online suppl. material).

Table 1. Demographics

Variables Controls Patients p value*

N 121 132
Age, years 71.7±6.4 74.3±7.3 0.003
Female, % 47.9 47.4 0.928
Hypertension, % 62.5 68.0 0.366
Type 2 diabetes, % 33.3 39.2 0.340
Smoking, % 13.6 16.0 0.592
LDL cholesterol, mg/dL 93.1±30.3 93.0±28.1 0.984
HDL cholesterol, mg/dL 45.3±13.9 39.0±9.4 <0.001
Albumin, g/dL 4.3±0.4 4.1±0.4 0.001
Right ICA, stenosis,† % 13.2 18.8 0.228
Left ICA, stenosis,† % 17.4 13.8 0.307
Right or left ICAS,† % 20.7 26.3 0.289
Carotid artery endothelial SIG, SI/mm

Right CCA 3.2±0.9 2.9±0.6 0.003
Right ICA 3.5±0.9 3.2±0.6 0.031
Left CCA 3.1±0.8 2.9±0.6 0.006
Left ICA 3.4±1.0 3.0±0.7 <0.001

Values represented as mean ± standard deviation (SD). LDL, low-density lipoprotein; HDL, high-density 
lipoprotein; ICA, internal carotid artery; ICAS, internal carotid artery stenosis; CCA, common carotid artery; 
SIG, signal intensity gradient; TOF-MRA, time-of-flight magnetic resonance angiography. * p values as determined 
by independent t-test or χ2 test as appropriate. † Carotid stenosis was defined as more than 50% by ultrasonographic 
examination, showing peak systolic velocity >125 cm/s, while plaque is visible or luminal narrowing seen [16].

Table 2. Right versus left carotid artery endothelial SIG

Artery wall SIG, SI/mm

right left p value*

Control, N = 121
CCA 3.2±0.9 3.1±0.8 0.822
Internal carotid artery 3.5±0.9 3.4±1.0 0.912

Patients with right-sided ischemic stroke of LAA, N = 64
CCA 2.8±0.7 3.0±0.6 0.035
Internal carotid artery 3.0±0.8 3.3±0.8 0.047

Patients with left-sided ischemic stroke of LAA, N = 68
CCA 3.2±0.6 2.9±0.6 0.039
Internal carotid artery 3.3±0.6 2.8±0.7 <0.001

Values represented as mean ± SD. SIG, signal intensity gradient; CCA, common carotid artery; LAA, large 
artery atherosclerosis. * p values as determined by paired t test.
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In the multivariate analysis, the endothelial SIG in the 
both right and left CCAs showed independent associa-
tions with large artery ischemic stroke, showing odds ra-
tio (OR) 0.61, 95% confidence intervals (CIs) 0.38–0.98, 
and OR 0.54, 95% CIs 0.35–0.85, for the right and left 
CCA, respectively), as shown in Table 3. The ICAs showed 
modification effects by stroke-sidedness, while the CCAs 
did not. For the right-sided ischemic stroke of LAA, the 

right ICA endothelial SIG showed independent associa-
tions (OR, 0.50 and 95% CI, 0.29–0.86), but the left ICA 
did not. For the left-sided ischemic stroke, the left ICA 
endothelial SIG showed independent association (OR, 
0.43; 95% CIs, 0.20–0.94), but the right ICA did not. In-
teraction terms between stroke-sidedness and both ICA 
endothelial SIG values were significant (p = 0.008 for left 
ICA and p = 0.014 for right ICA, respectively).

LR 0.19

6.5

SIG
(SI/mm) 

LR

a b

c d

Fig. 3. A representative case with a left hemispheric ischemic le-
sion. A 52-year-old male reported sensory aphasia with transient 
right-sided hemiparesis. a, b Brain DWI shows high signal inten-
sity lesion in the branch artery of left middle cerebral artery. c Both 
carotid arteries have no significant stenosis in carotid TOF-MRA. 

d Lesion-sided left carotid artery (right square) showed lower en-
dothelial SIG than right carotid artery (left square). SIG, signal 
intensity gradient; DWI, diffusion weighted image; TOF-MRA, 
time-of-flight magnetic resonance angiography.
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Discussion

The present study showed significant and indepen-
dent associations between ischemic stroke of LAA and 
carotid artery ESS, even after adjusting for the potential 
confounders. The carotid artery ESS was determined with 
the SIG from TOF-MRA. In both right and left CCAs, the 
SIG values showed significant associations with the large 
artery ischemic stroke, whereas in the ICAs, the associa-
tions between the SIG and ischemic stroke of LAA were 
modified by stroke-sidedness, as shown in Table 3. For 
the right-sided ischemic stroke of LAA, the SIG values 
from the right ICA showed independent associations, but 
the left ICA did not, and vice versa. In brief, the presence 
of lower ESS in both ICA and CCA than controls was as-
sociated with the same-sided large artery ischemic stroke.

The CCA and ICA are aligned straightforward but 
have different hemodynamic features; the CCA repre-
sents systemic arterial hemodynamics with a high resis-
tance bed, but ICA represents intracranial hemodynam-

ics with a relatively low resistance vascular bed. The CCA, 
a measurement-site of intima-media thickness, is known 
to be a representative of arterial status for vascular dis-
eases including coronary artery disease [17]. For the ICA, 
geometric features including angle, complexity, and flow 
separation have been reported to be associated with 
plaque formation and ischemic stroke [18, 19]. The CCA 
and ICA are aligned linearly and divided by the bulb por-
tion. Atherosclerotic plaque is known to develop usually 
in the low ESS zone, such as the outer wall of carotid bulb, 
and to progress distally (toward the ICA) because of the 
vicious interaction between blood flow and plaque sur-
face [20, 21].

The LAA is a stroke subtype with a large proportion 
in the TOAST classification, although it varies by age 
and ethnicity. In patients with ischemic stroke involving 
unilateral ICA territory, it is important to determine 
whether or not cervical ICA on the same side is a direct 
cause [22]. Up to now, the ischemic stroke of LAA sub-
type is usually diagnosed by the distribution pattern of 
both ischemic lesion and severe stenosis in a relevant 
artery including the extracranial carotid artery [4]. 
However, the severity of extracranial carotid artery ste-
nosis and the incidence of ischemic stroke are not con-
sistent. Even if arterial stenosis is mild, it could be a di-
rect cause of ischemic stroke [23]. In the present study, 
the prevalence of carotid artery stenosis (>50% stenosis, 
but not occlusion) was not different between the pa-
tients and controls, as shown in Table 1. In addition to 
arterial stenosis, the pathophysiologic roles of hemody-
namic markers such as ESS on ischemic stroke should 
be studied further to enhance the diagnostic and thera-
peutic strategies.

The atherosclerotic plaque with a potential lesion of 
rupture and/or thromboembolism, has been reported to 
show characteristic pathologic findings, such as thin fi-
brous cap or intraplaque hemorrhage [24]. However, 
such features are difficult to find and diagnose. Chemical 
or imaging biomarkers would be helpful, which could re-
flect the pathologically compromised lesion and its asso-
ciated hemodynamics. For example, normal force (pres-
sure) based fractional flow reserve [25] or tangential force 
based ESS is currently used as the arterial biomarker of 
hemodynamics in clinical and research fields. In the 
thrombogenic processes, pathologic ranges of high [26] 
or low [27, 28] arterial ESS have been reported to have 
direct mechanical, neurohormonal, and even genetic ef-
fects on the artery. Abnormal ranges of artery ESS are one 
of the major causes of cardiac and cerebrovascular events 
[29, 30].

Table 3. Multivariate associations between carotid artery 
endothelial SIG and ischemic stroke of LAA

SIG, SI/mm Ischemic stroke of LAA

OR 95% CI p value

CCA
Controls versus all patients

Right 0.61 0.38–0.98 0.041
Left 0.54 0.34–0.85 0.008

Control versus right-sided stroke of LAA
Right 0.46 0.26–0.80 0.006
Left 0.81 0.56–1.25 0.235

Control versus left-sided stroke of LAA
Right 0.87 0.78–1.56 0.314
Left 0.65 0.36–1.16 0.142

ICA
Controls versus all patients

Right 0.86 0.54–1.38 0.542
Left 0.61 0.38–0.98 0.041

Control versus right-sided stroke of LAA
Right 0.50 0.29–0.86 0.013
Left 0.76 0.45–1.29 0.307

Control versus left-sided stroke of LAA
Right 0.96 0.54–1.72 0.898
Left 0.43 0.20–0.94 0.035

Adjusted for age, sex, hypertension, type 2 diabetes, smoking, 
HDL cholesterol, serum albumin, and ICA stenosis. ICA, internal 
carotid artery; CCA, common carotid artery; OR, odds ratio; CI, 
confidence interval; LAA, large artery atherosclerosis; SIG, signal 
intensity gradient.
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In the previous study, the present authors reported the 
significant associations between carotid artery ESS and 
ischemic stroke, including LAA and SVO [15, 31]. For an 
ultrasonographic measurement of carotid artery ESS in 
the study, the subjects with normal or mild carotid steno-
sis (<50%) were enrolled. In addition, those with moder-
ate or severe stenosis (>50%) were excluded because of 
the difficulty in the measurement of diameter along the 
moderate or severely stenosed and/or calcified segments. 
In the present study, we enrolled the subjects with varying 
degrees of carotid stenosis and measured endothelial SIG 
from all the participants. The endothelial SIG reflects lo-
cal flow hemodynamics predicted by the Navier-Stokes 
equation and is not dependent on a representative lumen 
diameter or mean flow velocity.

Several methods for measuring artery ESS have been 
proposed, which include computational simulation, such 
as computational fluid dynamics using the conservation 
equations of mass and momentum [32], or ultrasono-
graphic methods with the Poiseuille’s equation which as-
sumes artery as a long cylindrical structure with a rigid 
wall [33]. Four-dimensional flow-sensitive MRI can also 
be used to measure ESS, a method which is especially ef-
fective in a large artery such as aorta [34]. In addition to 
the phase-contrast MR, TOF-MRA also has the potential 
to determine ESS, as the authors reported previously [11]. 
The PC MR is based on the Lagrangian approach using 
the particle tracing, while the SIG is dependent on the 
Eulerian approach using the discrete signal intensity.

The present study was subject to several limitations. 
First, it was a case-control study. A prospective cohort 
study is needed to confirm the reliability of the study re-
sults. Second, this study measured carotid artery wall SIG 
after the incident stroke, and therefore, there is a possibil-
ity that the blood flow pattern of the carotid artery might 
have been altered after the stroke. Third, we measured 
endothelial SIG by selecting 6 slices around the carotid 
bifurcation. This method does not include the SIG of the 
unselected region, so there can be a possibility of selection 
error. Last, we could not control the anatomical varia-

tions of carotid artery which was reported to have an age 
effect [35], although we excluded the participants aged 
<60 years to minimize the variations.

Conclusions

ICA endothelial SIG (as a marker of ESS) showed sig-
nificant and independent associations with the same-sid-
ed unilateral ischemic stroke of LAA, whereas CCA en-
dothelial SIG showed a significant association with the 
presence of large artery ischemic stroke. Although CCA 
and ICA are aligned linearly, the hemodynamics and 
their roles in large artery ischemic stroke need to be con-
sidered separately.
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