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ABSTRACT

BACKGROUND AND PURPOSE: Chronic carotid artery occlusion remains a poorly understood risk factor for subsequent stroke,
and potential revascularization is dependent on understanding the anatomy and nature of the occlusion. Luminal imaging cannot
assess the nature of an occlusion, so the internal structure of the occlusion must be inferred. The present study examines the sig-
nal characteristics of symptomatic and asymptomatic carotid occlusion that may point to management differentiation.

MATERIALS AND METHODS: We prospectively recruited patients who were diagnosed with chronic carotid artery occlusion
defined as longer than 4weeks and confirmed by DSA. All patients underwent high-resolution MR vessel wall imaging examinations
after enrollment. Baseline characteristics, vessel wall imaging features, and DSA features were collected and evaluated. The vessel
wall imaging features included segment involvement, signal intensity, contrast enhancement, and vessel wall thickness. The sympto-
matic and asymptomatic chronic carotid artery occlusions were compared.

RESULTS: A total of 44 patients with 48 lesions were included in this study from February 2020 to December 2020. Of the 48
lesions, 35 (72.9%) were symptomatic and 13 (27.1%) were asymptomatic. There was no difference in baseline and DSA features. On
vessel wall imaging, C1 and C2 were the most commonly involved segments (91.7% and 68.8%, respectively). Compared with symp-
tomatic lesions, asymptomatic lesions were more often isointense (69.2%) in the distal segment (P¼ .03). Both groups had diffuse
wall thickening (80% and 100%).

CONCLUSIONS: Signal characteristics between those with symptomatic and asymptomatic carotid artery occlusions differ in a stat-
istically significant fashion, indicating a different structure of the occlusion.

ABBREVIATIONS: CCAO ¼ chronic carotid artery occlusion; VWI ¼ vessel wall imaging

Chronic carotid artery occlusion (CCAO) accounts for 6.5%
of ischemic strokes.1 CCAO may present as an incidental

finding in asymptomatic patients, or it may present clinically as a
TIA or a severe disabling stroke. The annual risk of TIA or ische-
mic stroke of asymptomatic CCAO is estimated to be between
2% and 8%.2-4 The risk of stroke recurrence in symptomatic
CCAO is 8% at 30 days, 10% at 1 year, and 14% at 5 years.5

CCAO may cause ischemic stroke due to an embolism from
the occluded segment, compromised hemodynamics, and a mix-
ture of both embolic and hemodynamic factors.6 The role of
hemodynamics in patients with symptomatic and asymptomatic
CCAO has been demonstrated in previous studies.4,7 The biology
and architecture of the occluded segment of a CCAO remain
unclear. Conventional imaging modalities including CTA, MRA,
ultrasonography, and DSA can evaluate the structural and hemo-
dynamic functional information of nonoccluded vessels but can-
not provide sufficient information about the features of vessel
segments with no substantial flow. High-resolution MR vessel
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wall imaging (VWI) has been widely used in atherosclerotic dis-
eases of the carotid and intracranial arteries.8-11 VWI can deter-
mine plaque size, intraplaque hemorrhage, large lipid core, and
intraluminal thrombus and can evaluate dissection flaps and sub-
intimal plaque.12 In addition, 3D VWI with variable flip angles
can offer imaging with improved longitudinal coverage in a
shorter imaging time.13,14 VWI has been reported to be practica-
ble and accurate in the diagnosis of CCAO.15,16 VWI for CCAO
can provide more information and direct visualization of the
occluded segment, such as segment involvement, signal intensity,
enhancement characteristics, and vessel wall thickness. However,
few studies have focused on the characteristics of the occluded
segment of CCAO on VWI.17 Therefore, we conducted this study
to assess the differing imaging characteristics between sympto-
matic and asymptomatic CCAO.

MATERIALS AND METHODS
Study Population
This was a prospective study, approved by the institutional review
board of the hospital. Informed consent was obtained from all
patients or their representatives before enrollment. Patients
admitted to the Department of Interventional Neuroradiology of
Beijing Tiantan Hospital and the Department of Neurology of
The First Affiliated Hospital of Zhejiang University who had
been diagnosed with carotid artery occlusion by sonography,
CTA, or MRA were selected. Carotid artery occlusion by sonog-
raphy, CTA, or MRA was defined as 100% cross-sectional trunca-
tion of the vessel lumen. “Chronic” was defined as the patient
having a carotid occlusion diagnosis for .4weeks, confirmed by
DSA, with TICI grade 0.18,19 All patients underwent DSA and
VWI examinations after enrollment. The symptomatic CCAO
group comprised patients who were admitted due to anterior ip-
silateral ischemic events in the territory of the occluded vessel.
The asymptomatic CCAO group was patients diagnosed with ca-
rotid artery occlusion incidentally during the course of routine
clinical care. Ischemic events included ischemic stroke and TIA
on the ipsilateral hemisphere or retinal artery. The exclusion cri-
teria were the following: 1) contraindications to VWI or DSA ex-
amination; 2) near-occlusion or pseudo-occlusion confirmed by
DSA; 3) intracranial chronic carotid artery occlusion; and 4) car-
dioembolic risk factors.

Data Collection
Baseline data including sex, age, body mass index, atherosclerotic
risk factors, antithrombotic agents taken before and after diagnosis
of CCAO, history of radiation, and time of the ischemic event onset
were collected. Risk factors were defined as the following: hyperten-
sion defined as a history of hypertension or the patient taking any
hypotensive drugs; diabetes mellitus defined as a history of diabetes
mellitus, the patient taking any hypoglycemic agents, or a glycosyla-
ted hemoglobin level of $7%; hyperlipidemia defined as a history
of hyperlipidemia or receiving lipid-lowering treatment; and coro-
nary artery disease defined as a history of myocardial infarction or
angina pectoris. Smoking was defined as current smokers or a
smoking history. VWI and DSA features were recorded. On VWI,
features of segment involvement, signal intensity of the occluded
segment, contrast enhancement, and vessel wall thickness were

evaluated. On DSA, the imaging features of the vascular stump and
the level of the distal reconstitution were also evaluated.

Vessel Wall Imaging
VWI was performed on a 3T Magnetom Trio MR imaging scanner
(Siemens) or a 3T Discovery MR750 scanner (GE Healthcare) with
a head/neck coil. The 3D T1-weighted turbo spin-echo sequences
on theMagnetom Trio MR imaging scanner were obtained with the
following parameters: TR/TE¼ 760/15ms, section partial Fourier
factor¼ 0.75, turbo factor¼ 60, echo spacing¼ 4.52ms, parallel
imaging acceleration¼ 3. The FOV was 240 � 220 � 172 mm
(Foot-Head � Anterior-Posterior � Right-Left), and the voxel size
was 0.54 � 0.54 � 0.54mm. The 3D T1-weighted turbo spin-echo
sequences on the Discovery MR750 were obtained with the follow-
ing parameters: TR/TE¼ 675/21ms, echo-train length¼ 24, echo
spacing¼ 7.5ms, bandwidth¼ 62.50kHz, phase and HyperSense
acceleration (GE Healthcare) ¼ 2, FOV ¼ 180 � 180 mm
(Superior-Inferior � Right-Left). The pixel size was 0.6 �0.6mm,
and the section thickness was 0.8mm. Other MR imaging scans
included 3D TOF MRA, T2-weighted imaging, and contrast-
enhanced T1-weighted imaging. Images were reconstructed using
the Reformate tool in the Advantage Workstation 4.5 (GE
Healthcare) or the D multiple planer reconstruction tool in the
Siemens workstation.

DSA Imaging
All DSA studies were performed by 2 experienced interventional
neuroradiologists with .10 years’ experience each. During angi-
ography, the bilateral common carotid arteries and bilateral ver-
tebral arteries received contrast injections in the anterior-
posterior and lateral projections, respectively.

Imaging Analysis
All MR images were reviewed separately by a neuroradiologist with
6years’ experience and a neurologist with 8years’ experience who
were blinded to clinical and medical information. A third reader
was used to resolve disagreements in assessing the segment involve-
ment. We divided each ICA into 7 segments (C1–C7) according to
the classification of Bouthillier et al.20 To measure signal intensities,
we placed ROIs at the occluded segment on the coronal T1-
weighted turbo spin-echo sequences, with maximal size and adja-
cent sternomastoid muscle by the consensus decision of the 2 inves-
tigators. Signal intensity was categorized as hypointensity (less than
the signal intensity of the adjacent sternocleidomastoid muscle),
isointensity (equal to that of the adjacent sternocleidomastoid mus-
cle), hyperintensity (more than that of the adjacent sternocleido-
mastoid muscle), and heterogeneous intensity (a mix of the above).

The occluded segment was divided into the origin segment
(origin of the ICA) and the distal segment (beyond the origin of
the ICA) to assess the signal intensity separately. Contrast
enhancement was determined by comparing pre- and postcon-
trast T1-weighted images focused on the intraluminal thrombus.
Vessel wall thickness was evaluated by T1-weighted turbo spin-
echo sequences in the petrous ICA. The petrous ICA was divided
into proximal, middle, and distal segments for measuring vessel
wall thickness. Diffuse wall thickening was defined as a mean
wall thickness of .1.5mm.21 Time intervals between the last
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ischemic event onset to VWI were divided into 4 stages (,7days,
7–30days, 30–90 days, and$90 days). The difference in signal in-
tensity across the 4 time points was evaluated.

DSA images were reviewed by the 2 operators. According to
the contrast filling within the ICA from the common carotid ar-
tery and the shape, the morphology of the carotid stump was
categorized as tapered, blunt, and no stump (Fig 1). The level of
the distal collateral reconstitution was defined as the most proxi-
mal site visible at the distal end of the occlusion, divided into
proximal or distal cavernous segments.

Statistical Analysis
We performed statistical analysis using SPSS software, Version 20.0
(IBM). Normal distribution measurement data were expressed as
mean (SD), while skew distribution data were expressed as median
and interquartile range. Counting data were expressed in frequen-
cies and percentages. We compared baseline data of symptomatic
and asymptomatic patients. DSA features and VWI features were
compared between those with symptomatic and asymptomatic
CCAO. The Student t test (normal distribution) or Mann-Whitney
U test (skewed distribution) and the x 2 test or Fisher exact test
were used according to the situation. P, .05 was considered a stat-
istically significant difference.

RESULTS
Patient Characteristics
Overall, a total of 44 patients with 48
lesions were included in this study from
February 2020 to December 2020: 22
(50.0%) in Beijing Tiantan Hospital and
22 (50.0%) in The First Affiliated
Hospital of Zhejiang University. Of the
44 patients, 35 (79.5%) were sympto-
matic and 9 (20.5%) were asymptomatic.
In symptomatic patients, 32 patients had
ischemic stroke (29 ipsilateral hemi-
spheres and 3 retinal arteries) and 3
patients had experienced TIA (1 ipsilat-
eral hemisphere and 2 retinal arteries).
One (2.0%) patient had a history of radi-
ation. Baseline characteristics are shown
in Table 1; there was no difference in
baseline characteristics between sympto-
matic and asymptomatic patients. The
time intervals between DSA and VWI
were 1day (interquartile range, 1–2.5
days) in the asymptomatic group and
2days (interquartile range, 1–4 days) in
the symptomatic group (P¼ .74).

Comparison between Symptomatic
and Asymptomatic CCAO
DSA showed no difference in stump
morphology and the level of distal col-
lateral reconstitution between the 2
groups (Online Supplemental Data).

On VWI, C1 and C2 were the most
commonly involved segments in both

symptomatic CCAO (97.1% and 68.6%) and asymptomatic CCAO
(76.9% and 69.2%). Two patterns of signal intensity were detected
in the origin segment (isointensity and heterogeneous intensity).
There were 7 (20.0%) instances of isointensity and 27 (77.1%) of
heterogeneous intensity in symptomatic CCAO (Fig 2). There were
5 (38.5%) instances of isointensity and 5 (38.5%) of heterogeneous
intensity in those with asymptomatic CCAO (P¼ .15). Three pat-
terns of signal intensity were detected in the distal segment (hyper-
intensity, isointensity, and heterogeneous intensity). There was a
higher prevalence of isointensity (69.2%) in the asymptomatic
CCAO compared with the symptomatic CCAO (P¼ .03) group.
There were 14 patients (15 lesions) with contrast-enhanced scans.
Nine scans in 13 patients with symptomatic CCAO were demon-
strated to be contrast-enhanced, as well as 2 scans in 2 patients with
asymptomatic CCAO (P¼ .95). Both patients with symptomatic,
and asymptomatic CCAO had a high prevalence of diffuse thicken-
ing of the vessel wall (80% and 100% respectively).

Difference in Signal Intensity at Different Stages of
Symptomatic CCAO
In symptomatic CCAO, both the origin segment and distal seg-
ment showed no difference at the following 4 stages: ,7 days, 7–
30 days, 30–90days, and$90days (Tables 2 and 3).

FIG 1. Stump condition: tapered stump (A), blunt stump (B), no stump (C)

Table 1: Baseline data of patients with asymptomatic and symptomatic CCAO
Asymptomatic

(n= 9)
Symptomatic

(n= 35)
P

Value
Male (No.) (%) 8 (88.9) 34 (97.1) .37
Age (mean) (yr) 59 (SD, 13.35) 60.51 (SD, 11.46) .73
Body mass index (mean) 25.30 (SD, 3.49) 24.40 (SD, 3.12) .46
Hypertension (No.) (%) 7 (77.8) 26 (74.3) ..99
Diabetes mellitus (No.) (%) 3 (33.3) 12 (34.3) ..99
Hyperlipidemia (No.) (%) 7 (77.8) 28 (80.0) ..99
Coronary artery disease (No.) (%) 1 (11.1) 3 (8.6) ..99
Smoker (No.) (%) 4 (44.4) 15 (42.9) ..99
Antithrombotic treatment before diagnosis of
CCAO (No.) (%)

1 (11.1) 8 (22.9) .75

Antithrombotic treatment after diagnosis of
CCAO (No.) (%)

3 (33.3) 18 (51.4) .55

History of radiation (No.) (%) 0 (0.0) 1 (2.9) ..99
Time intervals between DSA and VWI (median)
(IQR) (days)

1 (1, 2.5) 2 (1, 4) .74

Note:—IQR indicates interquartile range.
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Comparison of DSA with VWI
The accuracy of VWI for the diagnosis of total CCAO was 100%.
The level of occlusion differed between DSA and VWI, with a con-
sistency rate of 27.1%. Most of the lesions were shown to be shorter

on VWI than DSA, and a tiny lumen
could be seen beyond the occluded
segment on VWI but was considered
occluded on DSA (Fig 3).

DISCUSSION
The present study demonstrates that
asymptomatic CCAO lesions have a
higher prevalence of isointensity com-
pared with symptomatic CCAO lesions.
The most common occluded segments
in CCAO lesions were C1 and C2. Most
of the CCAO lesions had diffuse thick-
ening of the vessel wall on VWI, so
VWI may provide detailed characteriza-
tion of the occlusion for patients with
CCAO.

VWI for the diagnosis of CCAO has
been reported to have high accuracy
and sensitivity using DSA as a refer-
ence.15,22,23 A few studies have focused
on the signal intensity of the occluded
segment of the CCAO. Previous studies
have reported a higher prevalence of
heterogeneous intensity at the begin-

ning of the occluded segment and a 47.5% presence of high signal
intensity in the occluded segment.15,17 Atherosclerosis is the major
cause (about 70%) of CCAO, and most lesions are located at the or-
igin of the ICA.24 The deterioration of the atherosclerotic plaque

Table 3: Difference in signal intensity at the distal segment of symptomatic CCAO at dif-
ferent stages

Hyperintensity
(n= 9)

Isointensity
(n= 14)

Hypointensity
(n= 0)

Heterogeneous
Intensity (n= 12)

P
Value

,7 days
(No.) (%)

2 (22.2) 1 (7.1) 0 (0.0) 2 (16.7) .29

7–30 days
(No.) (%)

2 (22.2) 6 (42.9) 0 (0.0) 8 (67.7)

30–90 days
(No.) (%)

4 (44.4) 4 (28.6) 0 (0.0) 2 (16.7)

$90 days
(No.) (%)

1 (11.1) 3 (21.4) 0 (0.0) 0 (0.0)

FIG 2. An adult man who presented with blurred vision for 1month and right-limb weakness for 10days. On DSA, the occluded segment is from C1 (B)
to C6 (A). On VWI, 3D T1-weighted turbo spin-echo sequences show that the occluded segment is C1 (arrow) to C6 (arrow) (C). The signal intensity of
the distal segment in a elliptical region-of-interest (ROI) (D), and the signal intensity of the origin segment is heterogeneous intensity in a elliptical ROI (E).

Table 2: Difference in signal intensity at the origin segment of symptomatic CCAO at
different stages

Hyperintensity
(n= 0)

Isointensity
(n= 7)

Hypointensity
(n= 0)

Heterogeneous
Intensity (n= 27)

P
Value

,7 days
(No.) (%)

0 (0.0) 0 (0.0) 0 (0.0) 5 (14.7) .69

7–30 days
(No.) (%)

0 (0.0) 4 (57.1) 0 (0.0) 16 (47.1)

30–90 days
(No.) (%)

0 (0.0) 2 (28.6) 0 (0.0) 10 (29.4)

$90 days
(No.) (%)

0 (0.0) 1 (14.3) 0 (0.0) 3 (8.8)
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leads to occlusion of the carotid artery and formation of the intra-
luminal thrombus within the distal segment. The signal intensities
of the origin and distal segments are usually different. It is difficult
to describe the whole occluded segment with uniform signal inten-
sity. In this study, we divided the occluded segment into 2 parts to
evaluate the signal intensity: the origin segment (the origin of the
ICA) and the distal segment (distal C1 and above). Heterogeneous
signal intensity was frequently encountered in the origin segment,
but there was no difference between the 2 groups. The most com-
mon signal intensity in the distal segment was isointensity in
asymptomatic lesions, which was not the case in symptomatic
lesions (P¼ .03).

Cerebral hemorrhage can be chronologically divided into differ-
ent stages by MR imaging: hyperacute, acute, early subacute, late
subacute, and chronic stage.25,26 Intraplaque hemorrhage of athero-
sclerosis on high-resolution MR imaging is also chronologically di-
vided into fresh, recent, and old stages.27 We proposed that the
signal intensity of the distal segment may vary with time, similar to
the signal intensity of cerebral hemorrhage and intraplaque hemor-
rhage. We selected different time intervals from the last onset of
symptoms to the VWI examination in reference to cerebral hemor-
rhage and intraplaque hemorrhage. However, there was no differ-
ence in signal intensity at different time points. The same
phenomenon has been observed in studies about intracranial large-
vessel arterial occlusion.28 The reason may be that the exact time of
the CCAO is uncertain and there is spontaneous recanalization and
reformation of the thrombus in the occluded segment.

In this study, all the lesions in the asymptomatic group and
80% in the symptomatic group had a diffuse thickening of the

vessel wall. In a previous study, diffuse wall thickening in the pet-
rous ICA was correlated with proximal ICA steno-occlusive dis-
ease.29 With the increasing degree of stenosis, diffuse wall
thickening became severe (present in 1.4%, 5.3%, 5.9%, and 80.4%
of ipsilateral proximal ICAs, respectively, in patients with stenosis
of 1%–49%, 50%–69%, 70%–99%, and total occlusion, respec-
tively).29 The probable cause is edema of the vessel wall due to
long-term ischemia. Nutrients of the intima and inner media are
supplied by diffusion from the lumen, and the adventitia is sup-
plied by the vasa vasorum.30 The vasa vasorum often arose directly
from the lumen of the carotid artery and the arterial branching
points.31 When the carotid artery was occluded, the vessel wall lost
its nutrient supply and edema occurred.

DSA remains the criterion standard for the diagnosis of vas-
cular disease; it can evaluate structural and hemodynamic func-
tional information but cannot provide information on the vessel
wall. VWI has been widely used in atherosclerosis of the carotid
artery for its sufficient black-blood effects, excellent scan effi-
ciency, high isotropic resolution and signal-to-noise ratio, and
large spatial coverage.32,33 Compared with DSA, VWI can pro-
vide more information about the occluded segment. In this study,
72.9% of occluded segments detected by VWI were shorter than
those detected by DSA. A previous study also found a similar
result.16 The tiny lumen can be observed beyond the occluded
segment on VWI, but it was considered occluded on DSA. We
hypothesize that this was a pseudo-occlusion caused by collapse
of the vessel wall due to inadequate compensatory proximal and
distal blood flow. Endovascular interventional therapy has
become a major treatment for CCAO. The stump condition and

FIG 3. An adult woman who presented with dizziness for 2months. On DSA, the occluded segment is from C1 (B) to C7 (A). On VWI, 3D T1-
weighted turbo spin-echo sequences show that the occluded segment was C2 (arrow) to C4 (arrow), and C1 did not have total occlusion
(arrowheads, C). The signal intensity of distal segment is isointensity in a elliptical region-of-interest (ROI) (D). The origin segment showed a tiny
lumen (arrowhead), in a circular ROI which was considered an occluded segment on DSA (E).
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distal ICA reconstitution on DSA are important factors affecting
successful recanalization.34 It is necessary to identify the true
occluded segment, and VWI may provide more information to
help improve the success rate of recanalization.16

There were some limitations of this study. First, the MR imag-
ing scanner was different in the 2 centers. Second, 3D T1-
weighted turbo spin-echo sequences were used to evaluate
occluded segments without additional flow suppression, possibly
affecting the evaluation of slow blood flow in the proximal-to-dis-
tal occluded segments. Third, 9 patients included in the asymp-
tomatic group were detected occasionally, so selection bias may
exist. Due to the small sample size, the findings in the present
study need to be interpreted with caution. Fourth, only a portion
of patients underwent enhanced scans, possibly not fully demon-
strating the characteristics of the occluded segment. Finally, the
conclusion of this study needs to be confirmed by a larger
amount of data research in the future.

CONCLUSIONS
VWI can provide further insight into the occluded segment of
CCAO. The signal intensity was demonstrated to be different
between symptomatic and asymptomatic CCAO.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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