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Background and Purpose: Internal carotid artery stenosis (ICAS)≥70% is a leading

cause of ischemic cerebrovascular events (ICVEs). However, a considerable percentage

of stroke survivors with symptomatic ICAS (sICAS) have<70% stenosis with a vulnerable

plaque. Whether the length of ICAS is associated with high risk of ICVEs is poorly

investigated. Our main aim was to investigate the relation between the length of ICAS

and the development of ICVEs.

Methods: In a retrospective cross-sectional study, we identified 95 arteries with sICAS

and another 64 with asymptomatic internal carotid artery stenosis (aICAS) among 121

patients with ICVEs. The degree and length of ICAS as well as plaque echolucency were

assessed on ultrasound scans.

Results: A statistically significant inverse correlation between the ultrasound-measured

length and degree of ICAS was detected for sICAS≥70% (Spearman correlation

coefficient ρ = –0.57, p < 0.001, n = 51) but neither for sICAS<70% (ρ = 0.15,

p = 0.45, n = 27) nor for aICAS (ρ = 0.07, p = 0.64, n = 54). The median (IQR)

length for sICAS<70% and ≥70% was 17 (15–20) and 15 (12–19) mm (p = 0.06),

respectively, while that for sICAS<90% and sICAS 90% was 18 (15–21) and 13 (10–16)

mm, respectively (p < 0.001). Among patients with ICAS<70%, a cut-off length of ≥16

mmwas found for sICAS rather than aICAS with a sensitivity and specificity of 74.1% and

51.1%, respectively. Irrespective of the stenotic degree, plaques of the sICAS compared

to aICAS were significantly more often echolucent (43.2 vs. 24.6%, p = 0.02).

Conclusion: We found a statistically insignificant tendency for the ultrasound-measured

length of sICAS<70% to be longer than that of sICAS≥70%. Moreover, the

ultrasound-measured length of sICAS<90% was significantly longer than that of sICAS

90%. Among patients with sICAS≥70%, the degree and length of stenosis were inversely

correlated. Larger studies are needed before a clinical implication can be drawn from

these results.

Keywords: ischemic stroke, carotid stenosis, carotid atherosclerosis, length of stenosis, degree of stenosis,

carotid ultrasound, outcome
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INTRODUCTION

Internal carotid artery stenosis (ICAS) causes around one-fifth of
ischemic cerebrovascular stroke and has the highest risk of early
stroke recurrence in comparison to other stroke subtypes such as
cardioembolism or small artery occlusion (1–3). There is a large
body of literature showing that the risk of ICAS-related stroke
recurrence correlates with the degree of stenosis; ICAS≥70%
bears a higher risk compared to ICAS<70% (4). However, there is
growing evidence that also low-grade ICAS may lead to ischemic
cerebrovascular events (ICVEs) (5, 6). This observation raises the
hypothesis that atherosclerotic plaques become unstable because
of other characteristics (e.g., plaque composition) and may be
finally prone to rupture (“vulnerable carotid plaque concept”) (7).
This—in turn–may result in microemboli originating from the
surface of plaque. Imaging or pathological biomarkers of plaque,
such as fibrous caps, lipid-rich core, and intraplaque hemorrhage
have been proposed as indicators of high stroke risk (8).

Duplex ultrasonography is a well-established method to assess
the degree of ICAS as well as plaque morphology. Especially,
echolucent carotid plaques are often associated with an increased
risk for transient ischemic attacks (TIA) and ischemic strokes
(9, 10). However, whether the length of ICAS contributes also to
the occurrence of stroke is poorly investigated.

In the present study, we aimed to investigate whether (i) the
length of ICAS is related to the occurrence of stroke or TIA
among patients with sICAS; (ii) there is a relationship between
length and degree of ICAS, and whether (iii) plaque echolucency
of ICAS<70% is related to stroke or TIA occurrence among
patients with sICAS.

MATERIALS AND METHODS

Inclusion and Exclusion Criteria
The raw data supporting the conclusions of this manuscript will
be made available by the authors, without undue reservation,
to any qualified researcher. We conducted a retrospective
cohort study at the Department of Neurology, University
Hospital of Würzburg. From January 2011 until September 2016,
121 patients with an ischemic stroke or TIA as well as an
asymptomatic or symptomatic ICAS were enrolled in this study.
The diagnosis of ICAS was based on ultrasound examination.
All patients received electrocardiographic monitoring with
atrial fibrillation alarm for a minimum of 24 h. Stroke was
diagnosed based on the detection of brain infarction either
in the computed tomography or magnetic resonance imaging
of the brain and/or the presence of focal neurological signs
lasting longer than 24 h (11). Transient ischemic attack (TIA)
was diagnosed according to the definition of the American
Heart Association/American Stroke Association (AHA/ASA): a
transient episode of neurological dysfunction caused by focal
brain, spinal cord or retinal ischemia, without acute infarction
(12). The ICAS was classified as symptomatic, if the ICVE
occurred in the territory of the respective internal carotid artery
(ICA). Conversely, the ICAS was classified as asymptomatic,
if the ICVE affected the territory of the contralateral ICA or
the vertebrobasilar territory. The exclusion criteria were: (1)

carotid artery occlusion or pseudo-occlusion because in this
case, the measurement of the stenotic length is not possible, (2)
patients with merely common carotid artery stenosis without
affection of the internal carotid artery, (3) ICAS of 10%,measured
according to the hemodynamic criteria of the North American
Symptomatic Carotid Endarterectomy Trial (NASCET) (13),
because many of these cases could have been easily missed from
our records, (4) patients admitted after onset of the ICVE, (5)
iatrogenic stroke occurring after carotid endarterectomy or after
coronary angiography, (6) no available ultrasound scans of the
ICAS, and (7) patients in whom the classification of ICAS as
symptomatic or asymptomatic was not possible; this included: (a)
patients with brain infarctions ipsilateral to ICAS in the presence
of another cardioembolic source according to Trial of Org 10172
in Acute Stroke Treatment (TOAST) (14), lacunar infarction
or stroke of other etiology and (b) patients with bilateral brain
infarctions, with the main infarction bulk located ipsilateral to
the ICAS with further small brain infarction(s) located in the
contralateral cerebral hemisphere.

Measurement of the Degree of Stenosis
and Assessment of Plaque Morphology
Ultrasound examination was conducted on a Toshiba AplioXG
machine (Toshiba Medical Systems Corporation, Tochigi,
Japan) using a 7.5 MHz linear transducer. The degree of ICAS
was measured according to the hemodynamic criteria of the
North American Symptomatic Carotid Endarterectomy Trial
(NASCET) (13). ICAS was categorized into ICAS<70% and
ICAS≥70% and further into <90% and 90%. Visual analysis
of plaque echolucency on B-mode images was performed by
a single observer (AME) using the modified classification
proposed by Gray-Weale (15): type 1 (predominantly
echolucent), type 2 (mixed echolucent/echogenic), and type
3 (predominantly echogenic).

Measurement of the Length of Stenosis
The length of ICAS was measured by a single observer (AME)
on ultrasound images, which were used as the standard for
all statistical analyses. We chose ultrasound as the standard
examination because all patients included in this study had
available ultrasound images. If the corresponding imaging
modalities were available, the length was also measured
on magnetic resonance angiography (MRA) and/or digital
subtraction angiography (DSA) scans. The two later modalities
were used for comparative reasons but not included in the
analysis of the statistical relation between the ICVE and the
length of ICAS. To measure the length, we chose the projection
demonstrating the longest stenotic segment. The length was
measured from the most proximal to the most distal part of the
stenotic segment as shown in Figure 1. In the ultrasound images,
the most proximal and the most distal stenotic segments were
defined according to the following criteria: 1. visible narrowing
of the vascular lumen, 2. aliasing phenomenon in the proximal
end of stenosis. For the distal end, an aliasing phenomenon was
accepted, only in the presence of corresponding images showing
increased systolic flow velocity denoting the presence of stenosis.
In absence of corresponding increased systolic flow velocity,
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FIGURE 1 | Assessment of the length of internal carotid artery stenosis. A

representative example of a duplex scan (B-mode).The length of stenosis was

measured from the most proximal to the most distal stenotic area (indicated by

a dashed yellow double arrowhead).

criteria 1 and 3 were used to identify the distal end, because the
differentiation between aliasing due to stenosis and post-stenotic
flow disturbance was not possible, or 3. the presence of severe
calcification, interfering with the visualization of the vascular
lumen. In the MRA and DSA scans, criteria one was used to
identify the most proximal and most distal stenotic ends.

Statistical Analyses
Quantitative data were expressed using mean and standard
deviation (SD) and/or median and interquartile range, while
qualitative data were expressed in absolute and relative
frequencies. To check for normality, we used graphical methods
(QQ-plot and histogram) and the Shapiro-Wilk test. Univariable
statistical tests were conducted using χ

2 test for categorical
data and Mann-Whitney U-test as well as Kruskal-Wallis test
for continuous data. Spearman coefficient was used to analyze
correlations. For the statistical analyses concerning the length
of ICAS, the ultrasound-measured length was used, because all
included cases had available ultrasound images. We calculated
the sensitivity and specificity of all ultrasound-measured length
values using a receiver operating characteristic (ROC)-curve
and chose the point with best sensitivity and specificity to
represent the cut-off-value differentiating between symptomatic
and asymptomatic ICAS. Data were analyzed in SPSS software
package version 24 (SPSS, Chicago, IL, USA). P-values <0.05
were considered statistically significant.

RESULTS

Of the 489 screened patients, 121 patients with 159 ICAS met our
inclusion criteria. Causes of exclusion are shown in Figure 2 and
baseline data in Table 1. The length of stenosis was measured in
134/159 ICAS using ultrasound, in 97/99 ICAS using MRA and
in 23/23 ICAS using DSA. The ultrasound scans were used to
assess both the degree of stenosis in 157/159 ICAS and plaque
echolucency in 149/159 arteries. Ninety-five ICAS (59.7%) were
classified as symptomatic and 64 (40.3%) as asymptomatic. The
median degree of all measured carotid artery stenoses was 60%
(IQR 20%-80%). The median length was 16 (IQR 12–20), 10
(IQR 8–13), and 13 (IQR 10–17) mm in ultrasound, MRA
and DSA, respectively. When comparing the imaging modalities
with respect to the assessment of the length of stenosis, we
found a statistically significant positive correlation between the

ultrasound- and MRA-measured length (ρ = 0.35, p = 0.002,
n = 76). A trend for a positive correlation was observed between
MRA- and DSA-measured length (ρ = 0.52, p = 0.06, n = 14).
The correlation between the ultrasound- and DSA-measured
length was not statistically significant (ρ = 0.46, p= 0.1, n= 14).
Neurosonological examination revealed a significantly higher
degree of sICAS with a median of 80 (IQR, 50–90)% compared to
20 (IQR, 20–50)% for aICAS (p< 0.001). Overall, the ultrasound-
measured length of sICAS and aICAS were similar; median 17
(IQR, 12–20) mm vs. 16 (IQR, 12–19) mm, p= 0.66 (Table 2).

The Relation Between the Length of sICAS
and aICAS Among Patients With <70 vs.
≥70% ICAS
ICAS was divided according to the degree of stenosis into <70%
or ≥70%. The ultrasound-measured length of sICAS<70% was
insignificantly longer than that of sICAS≥70%; median 17 (IQR
15–20) mm vs. 15 (IQR 12–19) mm, respectively, p = 0.06
(Figure 3). An inverse relationship was observed between the
degree measured in duplex and length of sICAS measured by
duplex sonography (ρ = –0.39, p < 0.001, n = 78), MRA
(ρ = –0.24, p = 0.07, n = 60), and DSA (ρ = –0.12, p = 0.67,
n = 15). Further analyses yielded only an inverse correlation
among sICAS≥70% (duplex sonography, ρ = –0.57, p < 0.001,
n = 51; MRA, ρ = –0.38, p = 0.01, n = 44 and DSA,
ρ = –0.37, p = 0.22, n = 13). However, among sICAS<70%,
such inverse correlations were no longer observed (duplex
sonography, ρ = 0.15, p = 0.45, n = 27 and MRA, ρ = 0.54,
p = 0.03, n = 16). There were only two available DSA images
for sICAS≥70%; therefore, a measurement of the correlation
coefficient was not possible. The relation between the ultrasound-
measured degree and length of sICAS is shown in Figure 4.

On the asymptomatic side, no statistically significant
differences were found regarding the length of stenosis
(aICAS<70%, median 15 (IQR 12–19) mm; aICAS≥70%,
median 18 (IQR 11–20) mm; p = 0.74) (Table 2 and Figure 3).
The correlations between the degree, as measured in duplex, and
the length of aICAS, as measured in duplex, MRA and DSA were
not statistically significant (ρ = 0.07, p= 0.64, n= 54), (ρ = 0.15,
p= 0.38, n= 36), and (ρ = 0.39, p= 0.39, n= 7), respectively.

Furthermore, among arteries with ICAS<70%, an ultrasound-
measured length of ≥16 mm was observed among sICAS
rather than aICAS with a sensitivity and specificity of 74.1 and
51.1%, respectively.

The Relation Between the Length of sICAS
and aICAS Among Patients With <90 vs.
90% ICAS
Among patients with ICAS<90%, a statistically significant
difference between the ultrasound-measured length of sICAS
and observed; median (IQR) for sICAS was 16 (12–19) mm
vs. 18 (IQR 15–21) mm for aICAS (p = 0.03) (Figure 5).
Furthermore, a statistically significant difference between the
ultrasound-measured length of sICAS<90% and sICAS 90% was
observed; median 18 (IQR 15–21) and 13 (IQR 10–16) mm,
respectively (p < 0.001) (Figure 4).
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FIGURE 2 | Flow chart showing the included and excluded patients from the current study. CA, carotid artery; CCA, common carotid artery; ICA, internal carotid

artery; ICAS, internal carotid artery stenosis; TIA, transient ischemic attack, iatrogenic stroke (5 cases after carotid endarterectomy, 1 case after coronary

angiography). Of the 489 patients screened, only 121 patients met our inclusion and exclusion criteria.

Difference of Plaque Echolucency Between
sICAS and aICAS
Irrespective of the stenotic degree, sICAS was more often
echolucent compared to aICAS (43.2 vs. 24.6%, p = 0.02).
Echogenic plaques were more associated with aICAS
(symptomatic vs. asymptomatic side: 40.9 vs. 67.2%, p = 0.002)
(Table 2). In patients with ICAS<70%, echolucent plaques were
detected in 41.4% of sICAS and in 23.1% of aICAS (p = 0.08). In
contrast, echogenic plaques were significantly more frequent in
aICAS than in sICAS (69.2 vs. 34.5%; p= 0.002).

DISCUSSION

The present study yielded the following main findings: (i) there
was a significant inverse correlation between the length and
degree of stenosis for sICAS≥70% but neither for sICAS<70%
nor for aICAS, (ii) sICAS<70% were insignificantly longer than
sICAS>70% (iii) sICAS<90% were significantly longer than
sICAS 90%, and (iv) sICAS was more likely associated with
echolucent plaques than aICAS.

There is substantial evidence that the degree of ICAS plays a
crucial role in the (re)occurrence of ischemic stroke (1). In line
with these findings, we also identified a higher degree of ICAS on
the symptomatic side.

Furthermore, we found that sICAS was more likely associated
with echolucent plaques than aICAS. Similar to our findings, a
large systemic review reported that echolucent plaques weremore
predominant among symptomatic than among asymptomatic
carotid stenosis (OR= 3.99, 95%CI= 3.06–5.19) (10). Moreover,
echolucent plaques of aICAS were shown to be associated with

an increased risk of future ischemic cerebrovascular events
(9). Histopathologically, echolucent plaques show increased
lipid content, macrophage density, and intraplaque hemorrhage,
whereas echogenic plaques have abundant fibrous tissue (16).
The risk of ICVE was found to be 6 times higher in relation
to the plaques with intraplaque hemorrhage compared to those
without hemorrhage, which corresponds to an annual stroke
incidence of 17.71% for the former vs. 2.43% for the latter (17).
Since echolucent plaques were more often detected on sICAS,
this plaque feature might contribute to the previous ICVEs in
our patients. This finding remained constant among all stenotic
degrees including ICAS<70%.

The inverse relationship between the length and degree of
sICAS≥70% might be explained by the early occurrence of
ischemic symptoms in patients with high-grade short segment
ICAS before the length increases. One might argue that longer
plaques result in emboli of atheromatous debris, while more
severe stenosis causes more severe flow disturbances, and thus
might generate emboli of platelet aggregates. This might also
point to different pathogenesis regarding the length and degree
of ICAS.

Buon et al. (18) found in young patients with ICAS<50%
that plaques of sICAS were significantly longer and more often
echolucent compared to aICAS. Interestingly, a plaque length
of 12 mm was the cut-off-value in the aforementioned study
favoring symptomatic rather than asymptomatic carotid artery
with a high sensitivity (86%) and specificity (73%). Of note,
the cut-off-value calculated in the present study was higher
(i.e., 16 mm). Furthermore, this threshold value yielded a lower
sensitivity (74%) and was not specific to discriminate between
symptomatic and asymptomatic stenosis (51%). However, Buon
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TABLE 1 | Baseline characteristics of stroke patients with stenosis of internal

carotid artery.

Characteristic Value

Age, median (interquartile range), mean (±SD) in

years

74(66–80) 72 (±10)

Male sex, n (%) 86 (71.1)

Hypertension, n (%) 108 (89.3)

Diabetes mellitus, n (%) 42 (34.7)

Smoking status, n (%)

Smoker 28 (23.5)

Ex-smoker 28 (23.5)

Non-smoker 63 (53)

Atrial fibrillation, n (%) 8(6,6)†

Duration of ECG monitoring in days, median (IQR) 5 (3-6)

Type of latest ischemic cerebrovascular event

Stroke, n (%) 88 (72.7)

TIA, n (%) 33 (27.3)

History of any previous ischemic cerebrovascular

event, either TIA or ischemic stroke, n (%)

32 (26)

Previous medications

Antiplatelets, n (%) 49 (56)

Anticoagulants, n (%) 18 (10.7)

Statin, n (%) 65 (38.7)

NIHSS-score on admission, median (IQR) 2 (0-4)

NIHSS on admission, n (%) ‡

0 20 (22.7)

1–4 41 (46.6)

5–8 13 (14.8)

9–12 7 (8)

13–17 7 (8)

HbA1c, median (IQR), mean (±SD) % 6 (5.6–6.5), 6.3 (±1.2)

Values are presented as mean median (interquartile range), mean (±standard deviation)

or number (%).

ECG, electrocardiography; IQR, interquartile range; TIA, transient ischemic attack.
†
Atrial fibrillation allowed only for patients with asymptomatic stenosis.

‡TIA patients are not included.

and coworkers investigated low-grade stenosis in much younger
stroke patients than our cohort and thus a comparison with our
data should be considered with caution.

Interestingly, previous authors measured the thickness of
carotid plaque for ICAS<50% among patients with embolic
stroke of undetermined source (19). The authors observed that
thickness of plaque ipsilateral to an ischemic cerebrovascular
stroke was more prominent than that on the contralateral side.
In the current study, sICAS<70% were insignificantly longer
than sICAS≥70% and sICAS<90%were significantly longer than
sICAS 90%. It might be postulated that plaque surface area,
represented by plaque length in our study and plaque thickness
in the aforementioned study, is larger among low-grade sICAS
compared to low-grade aICAS. We recommend the inclusion
of both parameters, i.e., plaque length and thickness, when
investigating the significance of plaques in respect to stroke
recurrence in future research.

Carotid revascularization has been shown to be the gold
standard treatment for patients with sICAS≥70% in order to

TABLE 2 | Different plaque characteristics among symptomatic and

asymptomatic internal carotid stenosis.

sICAS (n = 95) aICAS (n = 64) p-value

PLAQUE ECHOLUCENCY, n (%)†

Echolucent 38 (43.2 %) 15 (24.6 %) 0.02‡

Mixed 14 (15.9 %) 5 (8.2 %) 0.17‡

Echogenic 36 (40.9 %) 41 (67.2 %) 0.002‡

SEVERITY OF STENOSIS§

<70 %, n (%) 30 (31.9 %) 55 (87.3 %) <0.001||

≥70 %, n (%) 64 (68.1 %) 8 (12.7 %)

PLAQUE LENGTH IN DUPLEX, MEDIAN (IQR), mm

All degrees 17 (12–20) 16 (12–19) 0.66

ICAS <70 % 17 (15–20) 15 (12 –19) 0.14

ICAS ≥70 % 15 (12–19) 18 (11–20) 0.52

ICAS <90 % 16 (12–19) 18 (15–21) 0.03

ICAS 90 % 13 (10–16) 11, 21¶ ¶

Values are presented as median (interquartile range) or number (%).

aICAS: asymptomatic internal carotid artery stenosis, IQR, interquartile range, sICAS:

symptomatic internal carotid artery stenosis.
†
In 10 arteries, the available ultrasound images were insufficient to classify

plaque echolucency.
‡Statistical analysis for a difference between the mentioned type versus. both other

types.
§ In two arteries, the available ultrasound images were insufficient to classify the degree

of stenosis.
¶Difference between the distribution of ICAS<70% and ≥70% among sICAS and aICAS.
¶We had only two available arteries with asymptomatic 90% ICAS, hence statistical

analysis was not possible.

|| Difference between the distribution of ICAS<70% and ≥70% among sICAS and aICAS.

FIGURE 3 | Difference between the ultrasound-measured length of sICAS and

aICAS among patients with ICAS<70% vs. ICAS≥70%.

decrease the risk of ICVE recurrence (20–22). In patients with
moderate sICAS (i.e., 50–69%), carotid revascularization has
a marginal beneficial effect and in patients with low-grade
carotid stenosis (i.e. 30–49%) it has no effect (21). Future
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FIGURE 4 | The relationship between the degree and length of sICAS

(symptomatic internal carotid artery stenosis). LOESS regression with a

smoothing parameter of 0.6 was used to produce the curve. N.b. For technical

reasons, 30% was used to represent 20–40% internal carotid stenosis; the

NASCET hemodynamic criteria does not differentiate between 20, 30, and

40% internal carotid stenosis.

FIGURE 5 | Difference between the ultrasound-measured length of sICAS and

aICAS among patients with ICAS<90% vs. ICAS 90%. N.b. We had only two

available arteries with aICAS 90%.

studies addressing the risk of ICVE recurrence related to
sICAS<70% should take the length of stenosis in consideration.
Moreover, it seems to be reasonable, to measure the length
of stenosis, when considering the treatment options for
those patients.

Up to now, it remains unclear whether patients with aICAS
are more likely to benefit from carotid revascularization or from
best medical treatment (23). In the 1990s, CEA has been shown to
be superior to Aspirin or deferral of any procedure (24, 25). Later
on, it was found that best medical treatment using antiplatelets,
statins, smoking cessation, exercise, implementation of a

Mediterranean diet and optimal blood pressure management
can achieve a significant reduction of cardiovascular events,
rate of plaque progression and microembolic signals as shown
in the transcranial duplex among patients with aICAS≥60%
(26). Moreover, carotid artery stenting was shown to improve
the cognition in patients with aICAS (27). In our study, ICAS
90% developed ICVE with yet a short length and ICAS<90%
developed their ischemic events after growing in length, hence
the length of ICAS represents a new parameter, which should be
further examined in large interventional studies to assess whether
conservative, CEA or carotid artery stenting is the treatment of
choice for these patients.

Several studies have reported that severely stenotic ICAS
might remain asymptomatic over years (28). Among patients
with aICAS 50–69%, progression of the stenosis was found to
be associated with the development of ipsilateral ischemic events
(29). Whether the length of stenosis can predict the long-term
prognosis or is related to cognitive deficits remains a matter for
future research. Furthermore, follow-up of the length of ICAS
may be a subject for further studies.

In addition, we found that the length of ICAS was longer
in duplex ultrasonography followed by DSA, whereas the
length was shortest in MRA. The difference in the length
between different examination modalities can be explained
by the expected underestimation of the length in MRA
and better visualization of the whole length in ultrasound,
which can be attributed to the ability to visualize the inner
vascular wall demonstrating the whole stenotic plaque in
ultrasound examinations. A statistically significant positive
correlation was found between the measurement of the length
in duplex sonography and MRA and, maybe because of
the small number (n = 14), only a trend for a positive
correlation was found between MRA and DSA. The correlation
between the measurement in duplex sonography and DSA
(n = 14) was not statistically significant. The aforementioned
explanation for the difference in the length between different
examination modalities, (i.e., measurement of the greatest
length of stenosis using duplex sonography, followed by DSA
and thereafter MRA), may explain in part the difference
in correlations.

Study Limitations
There are limitations of this study. The non-randomized design
of this single-center cross-sectional retrospective study with
a convenient sample may have influenced the comparative
analysis between aICAS and sICAS, and thus could have
resulted in biases. Another limitation of this study is that
a single observer (AME) assessed plaque echolucency and
length. The reliability and the inter-reader reproducibility of
the above-mentioned method, which we used to measure
the length of ICAS has to be assessed in further studies.
Another disadvantage of our study is that there was a
predominance of sICAS in comparison to aICAS, according
to our definition, as only patients with stroke or TIA
were included.
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CONCLUSION

Among patients with sICAS≥70%, the degree and length of
stenosis were inversely correlated. The ultrasound-measured
length of sICAS<70% was insignificantly longer than that of
sICAS≥70%, while that of sICAS<90% was significantly longer
than sICAS 90%. Echolucent plaque morphology is associated
with higher risk for cerebrovascular events. However, these
findings have to be confirmed in larger prospective studies.

ETHICS STATEMENT

Data collected within routine clinical care were used. Therefore,
no specific approval was needed according to local regulations

confirmed by the Ethics Board of the Medical Faculty of the
University of Würzburg. Our Ethical Committee was consulted
before the conduction of the study and the need for an informed

consent was waived because of the retrospective nature of
the study.

AUTHOR CONTRIBUTIONS

All authors made a substantial contribution to the conception,
design, and revision of the draft. AME collected the data,
performed the measurements and the statistical analysis and
wrote the first draft. PH, MP, JV, and FF supervised the
work, provided consultations, and revised the manuscript. All
authors were involved in the final approval of the version to
be published.

ACKNOWLEDGMENTS

We thank Mrs. Mira Schliesser for conducting
cerebrovascular ultrasonography.

REFERENCES

1. Lovett JK, Coull AJ, Rothwell PM. Early risk of recurrence by subtype of

ischemic stroke in population-based incidence studies. Neurology. (2004)

62:569–73. doi: 10.1212/01.wnl.0000110311.09970.83

2. Ornello R, Degan D, Tiseo C, Di Carmine C, Perciballi L, Pistoia F, et al.

Distribution and temporal trends from 1993 to 2015 of ischemic stroke

subtypes: a systematic review and meta-analysis. Stroke. (2018) 49:814–9.

doi: 10.1161/strokeaha.117.020031

3. Petty GW, Brown RD Jr, Whisnant JP, Sicks JD, O’Fallon WM, Wiebers DO.

Ischemic stroke subtypes: a population-based study of incidence and risk

factors. Stroke. (1999) 30:2513–6.

4. Collaborators NASCET. Beneficial effect of carotid endarterectomy in

symptomatic patients with high-grade carotid stenosis. N Engl J Med. (1991)

325:445–53.

5. Yamada K, Yoshimura S, Shirakawa M, Uchida K, Maruyama F, Nakahara S,

et al. High intensity signal in the plaque on routine 3d-tof mra is associated

with ischemic stroke in the patients with low-grade carotid stenosis. J Neurol

Sci. (2018) 385:164–7. doi: 10.1016/j.jns.2017.12.023

6. Yoshida K, Sadamasa N, Narumi O, Chin M, Yamagata S, Miyamoto S.

Symptomatic low-grade carotid stenosis with intraplaque hemorrhage and

expansive arterial remodeling is associated with a high relapse rate refractory

to medical treatment. Neurosurgery. (2012) 70:1143–50; discussion 1150–41.

doi: 10.1227/NEU.0b013e31823fe50b

7. Brinjikji W, Huston J III, Rabinstein AA, Kim GM, Lerman A, Lanzino

G. Contemporary carotid imaging: from degree of stenosis to plaque

vulnerability. J Neurosurg. (2016) 124:27–42. doi: 10.3171/2015.1.jns142452

8. Gupta A, Baradaran H, Schweitzer AD, Kamel H, Pandya A, Delgado D, et al.

Carotid plaque mri and stroke risk: a systematic review and meta-analysis.

Stroke. (2013) 44: 3071–7. doi: 10.1161/strokeaha.113.002551

9. Topakian R, King A, Kwon SU, Schaafsma A, Shipley M, Markus

HS. Ultrasonic plaque echolucency and emboli signals predict

stroke in asymptomatic carotid stenosis. Neurology. (2011) 77:751–8.

doi: 10.1212/WNL.0b013e31822b00a6

10. Brinjikji W, Rabinstein AA, Lanzino G,MuradMH,Williamson EE, DeMarco

JK, et al. Ultrasound characteristics of symptomatic carotid plaques: a

systematic review and meta-analysis. Cerebrovasc Dis. (2015) 40:165–74.

doi: 10.1159/000437339

11. 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. doi: 10.1161/STR.0b013e318296aeca

12. Easton JD, Saver JL, Albers GW, Alberts MJ, Chaturvedi S, Feldmann E, et al.

Definition and evaluation of transient ischemic attack: a scientific statement

for healthcare professionals from the american heart association/american

stroke association stroke council; council on cardiovascular surgery and

anesthesia; council on cardiovascular radiology and intervention; council

on cardiovascular nursing; and the interdisciplinary council on peripheral

vascular disease: the american academy of neurology affirms the value of this

statement as an educational tool for neurologists. Stroke. (2009) 40:2276–93.

doi: 10.1161/strokeaha.108.192218

13. Arning C, Widder B, von Reutern GM, Stiegler H, Gortler M. Revision

of degum ultrasound criteria for grading internal carotid artery stenoses

and transfer to nascet measurement. Ultraschall Med. (2010) 31:251–7.

doi: 10.1055/s-0029-1245336

14. Adams HP, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, et al.

Classification of subtype of acute ischemic stroke. Definitions for use in a

multicenter clinical trial. Toast Trial of org 10172 in acute stroke treatment.

Stroke. (1993) 24:35–41. doi: 10.1161/01.str.24.1.35

15. Gray-Weale AC, Graham JC, Burnett JR, Byrne K, Lusby RJ. Carotid

artery atheroma: comparison of preoperative b-mode ultrasound appearance

with carotid endarterectomy specimen pathology. J Cardiovasc Surg. (1988)

29:676–81.

16. Goncalves I, Moses J, Pedro LM, Dias N, Fernandes e Fernandes J, Nilsson J,

et al. Echolucency of carotid plaques correlates with plaque cellularity. Eur J

Vasc Endovasc Surg. (2003) 26:32–8. doi: 10.1053/ejvs.2002.1907

17. Saam T, Hetterich H, Hoffmann V, Yuan C, Dichgans M, Poppert H, et al.

Meta-analysis and systematic review of the predictive value of carotid plaque

hemorrhage on cerebrovascular events by magnetic resonance imaging. J Am

Coll Cardiol. (2013) 62: 1081–91. doi: 10.1016/j.jacc.2013.06.015

18. Buon R, Guidolin B, Jaffre A, Lafuma M, Barbieux M, Nasr N, et al. Carotid

ultrasound for assessment of nonobstructive carotid atherosclerosis in young

adults with cryptogenic stroke. J Stroke Cerebrovasc Dis. (2018) 27:1212–6.

doi: 10.1016/j.jstrokecerebrovasdis.2017.11.043

19. Coutinho JM, Derkatch S, Potvin AR, Tomlinson G, Kiehl TR, Silver FL, et al.

Nonstenotic carotid plaque on ct angiography in patients with cryptogenic

stroke. Neurology. (2016) 87: 665–72. doi: 10.1212/wnl.0000000000002978

20. Collaborators* NASCET. Beneficial effect of carotid endarterectomy in

symptomatic patients with high-grade carotid stenosis. New Engl J Med.

(1991) 325: 445–53. doi: 10.1056/NEJM199108153250701

21. Rothwell PM, Eliasziw M, Gutnikov SA, Fox AJ, Taylor DW, Mayberg

MR, et al. Analysis of pooled data from the randomised controlled

trials of endarterectomy for symptomatic carotid stenosis. Lancet. (2003)

361:107–16. doi: 10.1016/S0140-6736(03)12228-3

22. European carotid surgery trialists’ collaborative group. Randomised trial of

endarterectomy for recently symptomatic carotid stenosis: final results of

the mrc european carotid surgery trial (ecst). Lancet. (1998) 351:1379–87.

doi: 10.1016/S0140-6736(97)09292-1

Frontiers in Neurology | www.frontiersin.org 7 April 2019 | Volume 10 | Article 317

https://doi.org/10.1212/01.wnl.0000110311.09970.83
https://doi.org/10.1161/strokeaha.117.020031
https://doi.org/10.1016/j.jns.2017.12.023
https://doi.org/10.1227/NEU.0b013e31823fe50b
https://doi.org/10.3171/2015.1.jns142452
https://doi.org/10.1161/strokeaha.113.002551
https://doi.org/10.1212/WNL.0b013e31822b00a6
https://doi.org/10.1159/000437339
https://doi.org/10.1161/STR.0b013e318296aeca
https://doi.org/10.1161/strokeaha.108.192218
https://doi.org/10.1055/s-0029-1245336
https://doi.org/10.1161/01.str.24.1.35
https://doi.org/10.1053/ejvs.2002.1907
https://doi.org/10.1016/j.jacc.2013.06.015
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.11.043
https://doi.org/10.1212/wnl.0000000000002978
https://doi.org/10.1056/NEJM199108153250701
https://doi.org/10.1016/S0140-6736(03)12228-3
https://doi.org/10.1016/S0140-6736(97)09292-1
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Elhfnawy et al. The Degree and Length of ICAS

23. Heo SH, Bushnell CD. Factors influencing decision making for carotid

endarterectomy versus stenting in the very elderly. Front Neurol. (2017) 8:220.

doi: 10.3389/fneur.2017.00220

24. Walker MD, Marler JR, Goldstein M, Grady PA, Toole JF, Baker WH et al.

Endarterectomy for asymptomatic carotid artery stenosis. JAMA. (1995)

273:1421–8.

25. Halliday A, HarrisonM, Hayter E, Kong X,Mansfield A,Marro J, et al. 10-year

stroke prevention after successful carotid endarterectomy for asymptomatic

stenosis (acst-1): a multicentre randomised trial. Lancet. (2010) 376:1074–84.

doi: 10.1016/s0140-6736(10)61197-x

26. Spence JD, Coates V, Li H, Tamayo A, Munoz C, Hackam DG, et al.

Effects of intensive medical therapy on microemboli and cardiovascular

risk in asymptomatic carotid stenosis. Arch Neurol. (2010) 67:180–6.

doi: 10.1001/archneurol.2009.289

27. Wang T, Sun D, Liu Y, Mei B, Li H, Zhang S, et al. The impact of carotid

artery stenting on cerebral perfusion, functional connectivity, and cognition

in severe asymptomatic carotid stenosis patients. Front Neurol. (2017) 8:403.

doi: 10.3389/fneur.2017.00403

28. Naylor AR, Rothwell PM, Bell PRF. Overview of the principal

results and secondary analyses from the european and north

american randomised trials of endarterectomy for symptomatic

carotid stenosis. EJVES. (2003) 26:115–29. doi: 10.1053/ejvs.

2002.1946

29. Balestrini S, Lupidi F, Balucani C, Altamura C, Vernieri F, Provinciali L, et al.

One-year progression of moderate asymptomatic carotid stenosis predicts the

risk of vascular events. Stroke. (2013) 44: 792–4. doi: 10.1161/strokeaha.112.

671461

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Elhfnawy, Heuschmann, Pham, Volkmann and Fluri. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Neurology | www.frontiersin.org 8 April 2019 | Volume 10 | Article 317

https://doi.org/10.3389/fneur.2017.00220
https://doi.org/10.1016/s0140-6736(10)61197-x
https://doi.org/10.1001/archneurol.2009.289
https://doi.org/10.3389/fneur.2017.00403
https://doi.org/10.1053/ejvs.2002.1946
https://doi.org/10.1161/strokeaha.112.671461
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Stenosis Length and Degree Interact With the Risk of Cerebrovascular Events Related to Internal Carotid Artery Stenosis
	Introduction
	Materials and Methods
	Inclusion and Exclusion Criteria
	Measurement of the Degree of Stenosis and Assessment of Plaque Morphology
	Measurement of the Length of Stenosis
	Statistical Analyses

	Results
	The Relation Between the Length of sICAS and aICAS Among Patients With <70 vs. ≥70% ICAS
	The Relation Between the Length of sICAS and aICAS Among Patients With <90 vs. 90% ICAS
	Difference of Plaque Echolucency Between sICAS and aICAS

	Discussion
	Study Limitations

	Conclusion
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


