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Abstract
Background: There currently is no consensus on the performance of Vessel wall MRI (VW MRI) with
carotid webs (CaWs). No clear data exist on compare the performance of each diagnostic features in
CaWs.

Purpose: To set a standards about the diagnostic features and compare the performance of each
diagnostic features in CaWs.

Materials and methods : All patients (n = 165, median age, 56.9 ± 13.3) who has done both neck CTA and
VW MRI in our radiology department, Zhongnan hospital, performed from February 2017 to April 2019
were included. All CTA and VW MRI images were read by two experienced radiologists. Interobserver
agreement for the two reader’s decision of CTA was checked by using kappa statistics. Sensitivity,
speci�city, and area under the curve (AUC) of each diagnostic features at CTA and VW MRI were
compared.

Results: 10 patients with carotid web was found. The feature “double lumen sign” of CTA and “valve sign”
and “contrast stasis” of VW MRI showed good speci�city (speci�city, 98.6% vs 92.9% vs 93.6%,
respectively; P<0.001). The feature “double lumen sign” of VW MRI compared to it of CTA showed higher
sensitivity (sensitivity, 80.0% [8 of 10] vs 50.0% [5 of 10], respectively; P<0.001) and better diagnostic
performances (area under the curve [AUC], 0.93 [95% CI: 0.68, 0.97] and 0.74 [95% CI: 0.54, 0.94],
respectively; P<0.001).

Conclusion: The feature “double lumen sign” and “a line or septum” of CTA and “valve sign” and “contrast
stasis” of VW MRI may be a crucial performance of carotid web.

Introduction
The carotid web is an intraluminal shelf-like projection within the lumen of the carotid bifurcation (1). It
has been con�rmed as a severe risk of recurrent ipsilateral cryptogenic ischemic stroke (2–4).
Nevertheless, the prevalence of CaWs is indeterminate, range from 2.5% (5) -37% (6–8). CTA was usually
selected as de�ning imaging modality in series of CaWs as a noninvasive method (1, 7, 8). The
diagnostic feature “�lling defect” and “a (thin) line or septum” was considered as important evidences to
indicate carotid web (2, 5, 9). No clear data exist on compare the performance of each diagnostic features
in CaWs.

VW MRI allows good depiction of atherosclerosis plaque, cervical arterial dissection and in�ammatory
arterial diseases and other cervical Wall disease (10–13). Currently, no consensus on the performance of
VW MRI with CaWs had established. A MRI study using 2D FSE sequences and cine FSE sequences, black
blood, 5 patients with CaWs diagnosed by 3D contrast-enhanced MR angiography was recorded with its
performance (14). It had depicted the feature “protrusion” of the carotid web into the lumen and “a thin
septum” dividing the lumen and “contrast stasis” after contrast enhancement. In our studies, a 3.0-T
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system (Prisma; Siemens, German) and 64 coil tunnel was used to acquire images using 3D FSE SPACE
sequences (black blood). T1 weighted imaging (T1WI), T2 weighted imaging (T2WI) and T1 weighted
imaging with fat suppression and contrast enhancement (T1WI-CE) was used to acquire carotid vessel
wall imaging. And we summarized and concluded the performance of VW MRI with CaWs into six
features based on those patient diagnosed by CTA.

Patients with carotid webs diagnosed by CTA was collected and aimed to summarize their diagnostic
features and to compare the diagnostic performance of each diagnostic features. In this studies, we
performed this retrospective study to analyze each patient’s image, and we hypothesized that each
modality has its advantage in different diagnostic features.

Materials And Methods
All patients (n = 165, median age, 56.9 ± 13.3) who has done both neck CTA and VW MRI in our radiology
department, Zhongnan hospital, performed from February 2017 to April 2019 were included. This
research was approved by the ethics committee, Zhongnan Hospital of Wuhan University, Wuhan
University. Those patient with stent-deployed or poor image quality that cannot be judged (n=12) were
excluded. All CTA (n = 153, median age, 56.9 ± 13.3) images were read by two experienced radiologists.
All carotids were evaluated in standard and oblique projections (thin cuts) in order to get better view of
each carotid arteries. Discrepancies were settled by consensus. Each patients diagnosed with CaWs will
be recorded with their characteristics based on following diagnostic criterion.

Imaging Protocol

CT angiography

A Siemens Somatom De�nition 64 slice CT scanner (Siemens, German) or Philips Ingenuity CT 64 slice
CT scanner (Phillips, North America) was use to acquire CTA images. Parameters: tube voltages: 140kv,
tube current: 31mAs, thickness 1.5mm, with injection of 1.5ml/kg iopromide contrast material (Bayer
Schering Pharma AG).

VW MRI

A 3.0-T system (Prisma; Siemens, German) was used to acquire images using 3D FSE SPACE sequences
(black blood) and acquisition parameters are detailed in Table 1. 64-channel head neck coil was used to
ensure the good image quality. Each person included three sequences for about thirty minutes scanning.
T1 weighted imaging (T1WI), T2 weighted imaging (T2WI) and T1 weighted imaging with fat suppression
and contrast enhancement (T1WI-CE) after injection of 0.1 mmol/kg gadolinium-based contrast material
(Bayer Schering Pharma AG).

The following parameters were used for T1WI: acquired voxel size, 0.7 × 0.7 × 0.7 mm3; repetition time
/echo time, 600ms/13ms; acquisition time, 9 minutes; direction, anterior to posterior. The following
parameters were used for T2WI: acquired voxel size, 0.7 × 0.7 × 0.7 mm3; repetition time /echo time
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1300ms/124ms; acquisition time, 8 minutes; direction, Right to Left. The following parameters were used
for T1 weighted imaging: acquired voxel size, 0.7 × 0.7 × 0.7 mm3; repetition time /echo time,
600ms/13ms; acquisition time, 9 minutes; direction, Anterior to Posterior.

Diagnostic criterion

CT angiography

CaW is an intraluminal shelf-like projection within the lumen of the carotid bifurcation (Figure 1) (6, 8, 9,
15). Recent studies have used CTA as the de�ning imaging modality in series of CaWs. Three features of
diagnostic criteria can be summarize into three points:

(1) “A �lling-defect “, other description: a shelf-like, a protrusion.

(2) “A thin line or a septum”, dividing the lumen in axial.

(3) “Double-lumen sign”, similar with dissection.

VW MRI

With 5 patients from the Mari E. Boesen’s study, our team summarize six features of CaWs with the
following parts (Figure 2):

“Thickness”: Carotid vessel wall thickness ( isointension )

a. Other description: similar with the description of intimal-medial thickness (IMT) in ultrasound

b. Diagnosis character: Thickening and signal enhancement of the vessel wall, typically only on the
side of the carotid web on Proton density-weighted FSE images (14); sometimes similar with the
thickness in plaque, but no fat component or hemorrhage below the vessel wall, which means there
is no suppression of signal on fat-saturated series or hyperintension in T1WI, that’s to say usually
isointension compared to normal vessel wall.

c. Differential diagnosis: A typical atherosclerotic plaque contains several components, including a
�brous cap, calci�cations, a necrotic lipid core, hemorrhagic areas, and a �brous component (10).
There is suppression of signal on fat-saturated series or intraplaque hemorrhage in carotid plaque
usually.

“Projection” : derived from posterior wall

a. Other description: Focal endoluminal protrusions, protruding lesions in the carotid bifurcation; �lling
defect similar with CTA(14); shelf-like outgrowth; a linear band of tissue extending into the lumen

b. Diagnosis character: Attached to the vessel wall, usually derived from posterior wall, sometimes
connect to other side wall. Its MRI signal features: usually isointense without suppression of signal
on fat-saturated series or hyperintension beneath the intimal on T1WI; usually isointense or
hyperintension on T2WI; it usually has obvious enhancement on T1WI-CE.



Page 5/14

c. Differential diagnosis: Unlike the well-delineated CaW with its smooth border, surfaces of
atherosclerotic lesions are commonly irregular and atherosclerosis may also involve the distal
common carotid and areas distal to the bulb (8-10).

“Value sign”: Value-liked constructer

a) Diagnosis character: The webs derived from two side of lumen with junction in the center.

b) Differential diagnosis No such image character have been found in other vascular diseases. It may
look like vein value or vulnerable intimal �ap sometimes.

“Double lumen sign”: Double-lumen or multi- lumens

a) Diagnosis character: A thin line or a septum dividing the lumen in axial, and may have more than two
lumens (14);

b) Differential diagnosis Similar with carotid dissection sometimes, but there is no mural hematoma
(16).

“Contrast stasis”

a) Diagnosis character: Residual contrast-enhanced blood accumulation behind the carotid web (14).

b) Differential diagnosis It need to be distinguish with �ow artifacts near the carotid bulb.

Reference standard

CTA was usually selected as de�ning imaging modality in this study. Each patients’ diagnosis character
of each modality were be recorded according to the above-mentioned diagnostic criterion. Discrepant
opinions were discussed and settled by consensus. In additions, the degree of stenosis of each patient
with CaWs was recorded based on NASCET criteria (mild: 1–29%, low moderate: 30–50%, high-moderate:
50–69%, severe: 70–99%) (13, 14). And any hyperdense focus with relative Houns�eld unit >1,000 was
identi�ed as vessel wall calci�cation.

 

Statistical Analysis

Interobserver agreement in CTA of detecting carotid webs was checked by using kappa statistics. Two-
sided Cohen’s Kappa (κ) coe�cient was used to evaluate the inter-rater agreement for the two reader’s
diagnostic results.

Sensitivity, speci�city, and area under the curve (AUC) of each diagnostic features at CTA and VW MRI
were calculated. A P<0.05 was considered statistically signi�cant. Statistical analysis was performed
using IBM R SPSS R Statistics 22 (IBM R -Armonk, NY, USA).
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Results
All patients (n = 165, median age, 56.9 ± 13.3) who has done both neck CTA and VW MRI in our radiology
department, Zhongnan hospital, performed from February 2017 to April 2019 were included, except from
those patient with stent-deployed or poor image quality that cannot be judged (n = 12) were excluded. All
CTA images were read by two experienced radiologists blinded to each other’s �ndings and to clinical
information. Inter-rater agreement between two reader was good (κ = 0.85; p < 0.001). In addition, 10
patients with carotid web was found. 3 of them were youth, 2 of them (Male) had acute ischemic stroke
and 1 (Female) of them had TIA. Those patients all did not have any obvious cardiovascular risk factors.

65 patients has anterior circulation ischemic stroke in our research, 10 of them has carotid web, showed
in the Table 1. Patients with CaWs (n = 10) less frequently presented vascular risk factors compared to
ordinary ischemic stroke (n = 55): hyperlipidemia (34.5% (19/55) VS 20.0% (2/10)), diabetes (21.8%
(12/55) VS 0% (0/10)), and smoking (25.4% (14/55) VS 10.0% (1/10)). Besides, this two group has same
percentages of hypertension (60.0% (33/55) VS 60.0% (6/10)). In addition, patients with CaWs has more
frequently presented �bromuscular dysplasia (n = 1, 10%, 1/10) in the carotid arteries: than general
population that had published before (0.02%(17, 18)).

Three features of CaWs in CTA and six features of CaWs in VW MRI was settled by consensus. CTA: (1)
�lling defect (100%, 10/10); (2) a thin line/septum (80%, 8/10); (3) double lumen sign (50%, 5/10), as
depicted on Fig. 1. VW MRI:(1) Carotid vessel wall thickness (100%, 10/10); (2) Projection (100%, 10/10);
(3) Value sign (60%, 6/10); (4) Double-lumen sign (0%, 8/10); (5) Contrast stasis (30%, 3/10), as depicted
on Fig. 2. Each feature of 153 patients’ image was been analyzed and recorded.

Sensitivity, speci�city, and area under the curve (AUC) of each diagnostic features at CTA and VW MRI
were showed in Fig. 3 and Table 2. The feature “projection” of VW MRI compared to “�lling defect” of CTA
showed better diagnostic performances (area under the curve [AUC], 0.93 [95% CI: 0.89, 0.97] and 0.87
[95% CI: 0.81, 0.94], respectively; P < 0.001). The feature “a line or septum” of CTA compared to VW MRI
showed similar diagnostic performances (area under the curve [AUC], 0.86 [95% CI: 0.72, 1.00] and 0.84
[95% CI: 0.69, 0.98], respectively; P < 0.001). The feature “double lumen sign” of VW MRI compared to it of
CTA showed higher sensitivity (sensitivity, 80.0% [8 of 10] vs 50.0% [5 of 10], respectively; P < 0.001) and
better diagnostic performances (area under the curve [AUC], 0.93 [95% CI: 0.68, 0.97] and 0.74 [95% CI:
0.54, 0.94], respectively; P < 0.001). The feature “double lumen sign” and “a line or septum” of CTA and of
“valve sign” and “contrast stasis” of VW MRI showed good speci�city (speci�city, 98.6% vs 98.6% vs
92.9% vs 93.6%, respectively; P < 0.001).

The feature “double lumen sign” and “a line or septum” of CTA and of “valve sign” and “contrast stasis”
of VW MRI may be a crucial performance of carotid web. VW MRI provided superior diagnostic
performances of the feature “projection” of VW MRI compared to “�lling defect” of CTA in patients with
CaWs. VW MRI and CTA were complementary in diagnostic performance of CaWs.
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Discussion
Previous studies were usually selected CTA as de�ning imaging modality in series of CaWs as a
noninvasive method (1, 7, 8). Conventional CTA, MRA, and DSA just present luminal narrowing and
contrast stasis, but offer limited information about the pathophysiologic characteristic of the vessel wall.
Vessel wall MRI (VW MRI) has proved better diagnostic con�dence of atherosclerosis plaque, arterial
dissection and vasculitis and other vascular disease compared to CTA, DSA and 3D-TOF-MRA (10–13,
19). Currently, no consensus on the performance of Vessel wall MRI (VW MRI) with carotid webs (CaWs)
has been established. And No clear data exist on compare the performance of each diagnostic features in
CaWs. Our studies has proved that The feature “double lumen sign” and “a line or septum” of CTA and
“valve sign” and “contrast stasis” of VW MRI showed good speci�city (speci�city, 98.6% vs 98.6% vs
92.9% vs 93.6%, respectively; P < 0.001). Besides, VW MRI compared to CTA showed better diagnostic
performances with the feature “projection” of VW MRI VS “�lling defect” of CTA (area under the curve
[AUC], 0.93 [95% CI: 0.89, 0.97] and 0.87 [95% CI: 0.81, 0.94], respectively; P < 0.001). The feature “double
lumen sign” of VW MRI compared to it of CTA showed higher sensitivity (sensitivity, 80.0% [8 of 10] vs
50.0% [5 of 10], respectively; P < 0.001) and better diagnostic performances (area under the curve [AUC],
0.93 [95% CI: 0.68, 0.97] and 0.74 [95% CI: 0.54, 0.94], respectively; P < 0.001). Besides, they had similar
diagnostic performances of “a line or septum” of (area under the curve [AUC], 0.84 [95% CI: 0.69, 0.98]
and0.86 [95% CI: 0.72, 1.00], respectively; P < 0.001).

2D FSE sequences and cine FSE sequences had recorded carotid web with its performance (14). It had
supported the feature “protrusion” and “a thin septum” and “contrast stasis”. But it did not provide
quantitative measurements of carotid wall thickness and distensibility and did not make a systematic
explanation of its performances on MR due to the small sample size. Our study using 3D FSE SPACE
sequences (black blood), 3.0T MR, to acquire the carotid vessel wall imaging, and it can demonstrate the
vessel wall in any direction and can summarize the signal on multi-sequences which can provide more
evidences to distinguish atherosclerosis and dissection. Feature “Contrast stasis” means residual
contrast-enhanced blood accumulation behind the carotid web on T1 weighted imaging with fat
suppression and contrast enhancement (T1WI-CE), which can give evidence of for a proposed link
between a morphological �nding (carotid web) the likelihood of thrombus formation(1). It had proved
good speci�city (speci�city, 93.6%, P < 0.001) but with lower sensitivity (sensitivity, 30.0%, P < 0.001),
which means not all carotid web has contrast stasis or it could not been easily catched. Or, VW MRI may
not be the best method to show it. Computational �uid dynamics may could provide good depictions with
increased recirculation zones and regional increased wall shear stress metrics that are associated with
disturbed �ow (20).

CTA has good depiction on anastomotic stenosis of lumen, as our research had proved the feature “�lling
defect” has a good sensitivity. But it was weak in distinguish the component of a �lling defect. VW MRI
has great advantage to provide complementary and important information regarding vessel wall
composition, wall mechanics, and blood �ow(21). Especially, CaWs sometimes has the similar diagnostic
performance with atherosclerotic plaques and carotid dissection (5, 22). On the one hand, atherosclerotic
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plaques can also mimic a CaW because they typically occur at the carotid bifurcation and has the same
feature “ a �lling defect” (9). Both may appear as relatively focal endoluminal protrusions, therefore,
vessel wall imaging is very important in making an accurate diagnosis. Because the surfaces of
atherosclerotic lesions are commonly irregular and there is no fat component or hemorrhage below the
intimal-medial, which means there is no suppression of signal on fat-saturated series or hyperintension in
T1WI. On the other hand, carotid dissection has the same feature “double lumen sign”, since feature
“double lumen sign” shows good speci�city during the diagnosis. But VM MRI has a better performance
in a double lumen than CTA with higher sensitivity (sensitivity, 80.0% [8 of 10] vs 50.0% [5 of 10],
respectively; P < 0.001) and better diagnostic performances (area under the curve [AUC], 0.93 [95% CI:
0.68, 0.97] and 0.74 [95% CI: 0.54, 0.94], respectively; P < 0.001). And it has advantages in showing mural
hematoma which is a crucial performance to the diagnosis of carotid dissection (11, 23).

Conventional digital subtraction angiography (DSA) has been historically used for detection of CaWs
since 1973 (24). In the late venous phase of arterial angiography, the demonstration of stagnation in the
CaW pocket has been seen as an important evidence. One caveat is that if standard posteroanterior or
lateral projections are used, operators may miss the CaW (9). Similar, a careful multi projection analysis
(axial, sagittal, and coronal projections) on the CTA is critical. VW MRI allows depiction of a structure in
any directions so that can reduce misdiagnosis.

Our study had limitations. First, our study was retrospective; therefore, some patients who underwent one
of examination during the last two years were excluded from this analysis. Second, this is no
pathological evidences and no long term following-up in mostly patients of our research. Third, our
knowledge about the clinical characteristics of disease was limited which may bias the diagnostic
performances of each modality because the limited research about Caws on MRI study. Finally, the
patients included in our research has a higher proportion of male may cause the prevalence of CaWs
underestimated, which few previous studies have showed the possibility of female dominating (5, 6).
Since knowledge on dynamic changing of CaW and its origin is limited, a larger scale VM MRI study of it
with the addition of newly available quantitative blood �ow analysis (25) and computational �uid
dynamics (20), may provide more valuable insights into the diagnostic features posed by carotid webs.
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Tables
Due to technical limitations, the tables could not be displayed here. Please see the supplementary �les
section to access the tables.

Abbreviations
VW MRI= vessel wall MR imaging

CaWs= carotid webs

CTA= Computed tomography angiography

T1WI= T1 weighted imaging

T2WI= T2 weighted imaging

T1WI-CE= T1 weighted imaging with fat suppression and contrast enhancement

DSA=Digital substraction angiography

FSE= fast spin echo

SPACE = sampling perfection with application-optimized contrasts by using different flip angle evolution

TIA = transient ischemic attacks

Figures
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Figure 1

Diagnostic criterion of CTA. Three key points: (1) “A �lling-defect”, a shelf-like, a protrusion derived from
the posterior wall of carotid bulb. There is no any sign of calci�cation. (2) “A thin line or a septum”,
dividing the lumen in axial, sometimes it cannot easily been seen. (3) “Double-lumen sign”, it may have
more than two lumens, as showed in C with a coronal plane, and it cannot always been seen.
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Figure 2

Diagnostic criterion of VW MRI. Explanations: We provide two plane of each feature, the image of each
plane were selected from a different case.
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Figure 3

ROC curve of each diagnostic features of VW MRI and CTA. Explanations: Sensitivity, speci�city, and area
under the curve (AUC) of each diagnostic features at CTA and VW MRI were showed.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Tables.docx

https://assets.researchsquare.com/files/fad31950-d2bd-4e40-8366-fd48c9b8935a/v1/Tables.docx

