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Introduction

Mechanical thrombectomy has become a standard approach for 
the treatment of patients with acute large vessel occlusion (LVO) 

stroke in the anterior circulation.1,2 Traditional classification of 
stroke is based on the International Trial of Org 10172 in Acute 
Stroke Treatment (TOAST) classification.3 However, the etiology 
at the LVO site can differ, with embolism being the most com-
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Background and Purpose To evaluate whether the thrombus enhancement sign (TES) can be used 
to differentiate embolic large vessel occlusion (LVO) from in situ intracranial atherosclerotic stenosis 
(ICAS)-related LVO in the anterior circulation of patients with acute ischemic stroke (AIS).
Methods Patients with LVO in the anterior circulation who underwent both non-contrast computed 
tomography (CT) and CT angiography and mechanical thrombectomy were retrospectively enrolled. 
Both embolic LVO (embo-LVO) and in situ ICAS-related LVO (ICAS-LVO) were confirmed by two 
neurointerventional radiologists after reviewing the medical and imaging data. TES was assessed to 
predict embo-LVO or ICAS-LVO. The associations between occlusion type and TES, along with 
clinical and interventional parameters, were investigated using logistic regression analysis and a 
receiver operating characteristic curve.
Results A total of 288 patients with AIS were included and divided into an embo-LVO group 
(n=235) and an ICAS-LVO group (n=53). TES was identified in 205 (71.2%) patients and was more 
frequently observed in those with embo-LVO, with a sensitivity of 83.8%, specificity of 84.9%, and 
area under the curve (AUC) of 0.844. Multivariate analysis showed that TES (odds ratio [OR], 22.2; 
95% confidence interval [CI], 9.4–53.8; P<0.001) and atrial fibrillation (OR, 6.6; 95% CI, 2.8–15.8; 
P<0.001) were independent predictors of embolic occlusion. A predictive model that included both 
TES and atrial fibrillation yielded a higher diagnostic ability for embo-LVO, with an AUC of 0.899.
Conclusion TES is an imaging marker with high predictive value for identifying embo- and ICAS-LVO 
in AIS and provides guidance for endovascular reperfusion therapy.
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mon cause of acute ischemic stroke (AIS).4 Previous studies have 
reported several embolic sources, including cardiac, proximal 
atherosclerotic, and arterial dissection, as well as in situ intracra-
nial atherosclerotic stenosis (ICAS) or dissection-related LVO.5 
Therefore, the TOAST classification is often inappropriate for the 
identification of pathogenesis at the site of LVO. The clinical pre-
sentation, risk factors, and demographic features of patients with 
LVO caused by embolism (embo-LVO) or ICAS-related LVO (ICAS-
LVO) are the most important issues to be identified. Accurate 
identification of the specific causes of occlusion affects strategic 
planning for perfusion therapy and outcome prediction.6 While 
thrombectomy is more effective for embo-LVO,7 re-occlusion and 
residual stenosis are often encountered after thrombectomy for 
ICAS-LVO, which frequently requires rescue treatment with bal-
loon angioplasty or stents.8 Moreover, until now, no sensitive im-
aging biomarkers have been used to accurately distinguish be-
tween embolic and ICAS-related LVO.

Computed tomography angiography (CTA) is routinely used to 
identify arterial occlusion when patients are suspected of having 
acute LVO ischemic stroke.9 Imaging features, such as hyperdense 
artery sign and thrombus perviousness, have been suggested as 
potential indicators of thrombus composition and origin, but the 
diagnostic accuracy of these image biomarkers ranges only from 
50% to 70%.10,11 Recently, we reported the thrombus enhance-
ment sign (TES) on thin-slab maximum intensity projection (TS-
MIP) image reconstruction of computed tomography (CT) angio-
grams as a new imaging biomarker to predict stroke etiology.12,13 
The proportion of TES-positive patients in cardioembolic and cryp-
togenic strokes was 92%, and most cryptogenic strokes were con-
sidered as cardiac. Meanwhile, only 29% ICAS-LVO stroke pa-
tients were TES-positive. Thus, we believe that the TES might be 
a more accurate predictor of pathogenesis at the occlusion site 
than the TOAST classification. The potential mechanisms of TES 
sign formation reflect the penetration ability of the contrast agent, 
which largely depends on the existence of potential gaps between 
the thrombus and the arterial wall or within the thrombus. For 
embolic lesions, there are many potential gaps owing to the large 
thrombus load and failure of adaptive deformation of the throm-
bus in the vessel lumen. In contrast, the TES rarely appears in 
ICAS-LVO because of the small thrombus load. Therefore, we be-
lieve that the TES sign may be more accurate in distinguishing 
whether LVO is caused by an embolism or ICAS. In this study, we 
explored the association between TES and different pathogen-
esis-related LVO, along with their clinical parameters.

Methods

Patient selection
This single-center retrospective study was conducted in accor-
dance with the recommendations of the Declaration of Helsinki 
and was approved by the institutional research ethics commit-
tee of Shanghai Sixth People’s Hospital affiliated to Shanghai 
Jiao Tong University School of Medicine (No 2018-002-1). In-
formed consent was obtained from patients or their relatives. 
Patients with acute LVO stroke involving the distal internal ca-
rotid artery (ICA) or the proximal middle cerebral artery (MCA) 
between January 2018 and September 2021 were included. These 
patients underwent non-contrast CT (NCCT) and CTA before un-
dergoing endovascular reperfusion therapy. Patients were ex-
cluded if NCCT or CTA were not available or if the image quali-
ty was insufficient.

Imaging protocol
NCCT and CTA were performed using a 64-section CT scanner 
(Brilliance 64; Philips Healthcare, Amsterdam, the Netherlands) 
with the following parameters: tube voltage, 120 kV; tube cur-
rent, 333 mA; and rotation speed, 0.75 s, or using a 640-section 
CT scanner (United Imaging Healthcare, Shanghai, China) with 
the following parameters: tube voltage, 120 kV; tube current, 
300 mA; rotation speed, 0.5 s. An intravenous contrast agent 
(60–100 mL of iopromide, 370 mg iodine per mL) (Ultravist 370; 
Bayer, Leverkusen, Germany) was injected at a flow rate of 4 mL/s. 
Scanning was started when the CT attenuation in the ascending 
aorta reached 120 Hounsfield units (HU). Volume rendering and 
full-slab MIP image processing were performed at a multimo-
dality workstation (Philips Healthcare) using 0.67-mm axial sec-
tions and were reconstructed at an increment of 0.8 mm. The 
acquired axial-slice CT angiograms were transferred to a dedi-
cated workstation for TS-MIP construction (SyngoXWP; Simens 
Healthcare, Erlangen, Germany). After the 0.67-mm axial images 
were loaded into the InSpace section at the workstation, the digi-
tal subtraction angiography layout application (Siemens Health-
care) was used, and coronal MIP was applied for image recon-
struction using a 10-mm-thick slab.

Endovascular reperfusion procedure
Angiography and thrombectomy were performed using a biplane 
digital angiography unit (Artis Zee; Simens Medical Solutions, 
Erlangen, Germany). The SWIM technique (Solitaire stent retriever 
in combination with the intracranial support catheter aspiration 
for mechanical thrombectomy; ev3 Neurovascular, Medtronic, 
Minneapolis, MN, USA) was used as the first-line technique.14 
After a 90 cm sheath (Terumo, Tokyo, Japan) was introduced into 
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the cervical segment of the ICA on the affected side, an aspira-
tion catheter (ACE68 or ACE60; Penumbra, Alameda, CA,USA) 
was advanced into the distal ICA with a microcatheter over a mi-
crowire. Next, the microcatheter was placed distal to the throm-
bus, and a stent retriever (Solitaire, ev3 Neurovascular) was de-
ployed through the thrombus according to the diameter of the 
occluded artery (usually 6×30 mm for the ICA terminus or prox-
imal M1 and 4×20 mm for the distal M1 or M2); 3–5 min were 
allowed for clot integration. Using the stent retriever as an an-
chor, the aspiration catheter was maneuvered up to the proxi-
mal side of the stent to simultaneously increase the effect of 
aspiration. The stent retriever was withdrawn from the aspiration 
catheter and was completely removed from the system. Subse-
quently, the aspiration catheter was removed under continuous 
aspiration and proximal flow arrest to ensure aspiration of the 
potential microfragments of the thrombus. In cases of failure of 
the SWIM technique, catheter aspiration or double-stent throm-
bectomy was performed. If ICAS-LVO was suspected in situ dur-
ing thrombectomy and re-occlusion occurred, salvage balloon 
dilation or stent insertion was performed. Antegrade reperfusion 
was assessed using the modified Thrombolysis in Cerebral Infarc-
tion (mTICI) grade. Successful reperfusion was defined as mTICI 
2b-3 after endovascular treatment.

Image analyses
Thrombus burden was assessed using the clot burden score (CBS) 
according to the method by Puetz et al.15 A score of 10 on the 
CBS indicates that no occlusion is present, whereas a score of 0 
implies complete occlusion. TES was defined as the contrast agent 
penetrating partially or completely into the thrombus or the space 
between the thrombus and arterial wall to make the thrombus 
visible or discriminable on CTA imaging according to our previous 
experience.12 CBS and TES were determined by two interventional 
neuroradiologists who were blinded to the clinical information, 
and the angiographic or procedural results were determined af-
ter inter-reader agreement were reached. In cases of disagree-
ment between the readers, a third neuroradiologist joined, and 
a consensus was reached by the three readers in an additional 
joint review session that took place less than 2 weeks after the 
individual reading sessions.

Embo-LVO and ICAS-LVO were determined by an interven-
tional neuroradiologist based on clinical and imaging data, ex-
cept for CT angiograms before reperfusion therapy. Occlusion 
was considered an embo-LVO if (1) no focal stenosis was indi-
cated after immediate thrombectomy; (2) postoperative CTA or 
magnetic resonance angiography (MRA) revealed no stenosis of 
the affected artery within 7 days; or (3) no significant stenosis 
was found at the affected artery on CTA or MRA within 3 months 

before the onset of stroke. Underlying in situ ICAS-related LVO 
was considered if (1) significant focal stenosis (≥70%) was ob-
served at the site of occlusion after first-line SWIM or at final 
angiography, or (2) fixed stenosis ≥50% was observed with evi-
dent impaired perfusion or evidence of re-occlusion after repeat-
ed stent retriever thrombectomy.16,17

Statistical analysis
Data are presented as mean±standard deviation, median (inter-
quartile range), or number and frequency, as appropriate. The 
Kolmogorov-Smirnov test was used to assess the assumption of 
a normal distribution. Comparisons between the embo-LVO and 
ICAS-LVO groups were conducted using a χ2 test for categorical 
variables and Student t-test or Mann–Whitney U test for non-
categorical variables with or without normal distribution, respec-
tively. Comparisons between the patients with and without TES 
were also performed. The association between embolism-related 
occlusion and TES, along with the clinical and interventional pa-
rameters, was investigated using univariate and multivariate 
logistic analyses. Parameters with P values <0.1 in univariate 
analysis were included in a final multivariate logistic regression 
model. Independent parameters were assessed using receiver op-
erating characteristic (ROC) curve analyses with sensitivity, spec-
ificity, predictive values, accuracy, and area under the curve (AUC) 
for predicting embolism-related occlusion. The inter-reader agree-
ment for TES was determined using κ values with a grading sys-
tem as follows: perfect, κ=0.81–1.00; substantial, κ=0.61–0.80; 
moderate, κ=0.41–0.60; and poor, κ≤0.40. All analyses were con-
ducted using the open-source R software (version 4.0.3; R Foun-
dation for Statistical Computing, Vienna, Austria). A two-sided 
P<0.05 was considered statistically significant.

Results

Between January 2018 and September 2021, 376 consecutive 
patients underwent mechanical thrombectomy at our compre-
hensive stroke center. After excluding patients with posterior cir-
culation strokes (n=48), those who did not undergo pre-procedure 
CTA or had a suboptimal scan (n=32), and patients with persis-
tent occlusion making embo-LVO or ICAS-LVO undetermined 
(n=8), a total of 288 patients qualified for this study (Figure 1).

Among the included patients, TES was detected in 74.7% (215/ 
288) of patients by reader 1 and in 70.1% (202/288) of patients 
by reader 2. After consensus was reached on disagreements, TES 
was observed in 71.2% of the enrolled patients (205/288). The 
two readers had substantial to complete interobserver agreement 
with regards to measuring the presence of TES (κ=0.825; 95% 
confidence interval [CI], 0.635–0.942) and CBS (κ=0.786; 95% 
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CI, 0.568–0.915). The results of comparisons between the patients 
with positive TES (n=205; mean age, 71.9±11.7 years; age range, 
37–90 years; 121 men) and those with negative TES (n=83; mean 
age, 71.0±11.4 years; age range, 35–88 years; 43 men) are shown 
in Table 1. Patients with positive TES had significantly higher CBS 
(6.6±1.1) than those with negative TES (6.2±1.2, P=0.007). Atrial 
fibrillation was more frequent in patients with positive TES (67.3%, 
138 of 205) than in patients with negative TES (33.7%, 28 of 83) 
(P<0.001). Positive TES was found in 96.1% (197/205) of embo-
LVO patients, whereas negative TES was found in 54.2% (45/83) 
of ICAS-LVO patients (P<0.001) (Figures 2 and 3).

Two hundred and thirty-five patients (81.6%) were included in 
the embo-LVO group. Among them, no stenosis of the affected 
artery was confirmed in 75.7% (178/235) patients by immediate 
angiography after thrombectomy, 67.7% (159/235) patients by 
postoperative CTA or MRA within 7 days, and in 13.6% (32/235) 
patients by preoperative CTA or MRA within 3 months. Fifty-three 
patients (18.4 %) were included in the ICAS-LVO group. The me-
dian degree of stenosis was 63% (interquartile range 52%–75%). 
The results of the comparison between the embo-LVO and ICAS-
LVO groups are presented in Table 2. The mean baseline National 
Institutes of Health Stroke Scale (NIHSS) score was significant-
ly higher in the embo-LVO group compared with the ICAS-LVO 
group (16.4±5.3 vs. 14.8±4.6, P=0.042). Atrial fibrillation was 
found in 66.8% (157/235) of patients in the embo-LVO group 
and in 17.0% (9/53) of patients in the ICAS-LVO group (P<0.001). 
There were no significant differences in other risk factors be-
tween the two groups.

TES was visualized in 83.8% (197/235) of patients in the embo-

LVO group and in 15.1% (8/53) of patients in the ICAS-LVO group 
(P<0.001). In univariate logistic analysis, TES, baseline NIHSS score, 
and atrial fibrillation had significant effects on embo-LVO. Mul-
tivariate analysis showed that TES (odds ratio [OR], 22.2; 95% CI, 
9.4–53.8; P<0.001) and atrial fibrillation (OR, 6.6; 95% CI, 2.8–
15.8; P<0.001) were independent predictors of embo-LVOs when 
adjusting for baseline NIHSS (Table 3). In the prediction of embo-
LVOs, TES had a sensitivity of 83.8% (95% CI, 76.5%–85.8%), a 
specificity of 84.9% (95% CI, 71.8%–92.8%), a positive predictive 
value of 96.1% (95% CI, 92.2%–98.2%), a negative predictive 
value of 54.2% (95% CI, 43.0%–65.1%), an accuracy of 84.0% 
(95% CI, 79.3%–87.8%), and an AUC of 0.844 (95% CI, 0.782–

Table 1. Comparison between the positive and negative TES groups

Characteristic
Positive TES

(n=205)
Negative TES

(n=83)
P

Age (yr) 71.9±11.7 71.0±11.4 0.520

Male sex 121 (59.0) 43 (51.8) 0.294

Baseline NIHSS 16.5±5.3 15.3±5.0 0.074

Baseline ASPECTS 9.6±0.8 9.7±0.6 0.348

Risk factors

Diabetes mellitus 54 (26.3) 18 (21.7) 0.455

Hypertension 119 (58.0) 52 (62.7) 0.509

Atrial fibrillation 138 (67.3) 28 (33.7) <0.001*

Coronary artery disease 65 (31.7) 18 (21.7) 0.114

Dyslipidemia 39 (19.0) 19 (22.9) 0.517

Current smoking 37 (18.0) 12 (14.5) 0.495

Occlusion sites 0.123

MCA 136 (66.3) 63 (75.9)

ICA 69 (33.7) 20 (24.1)

CBS 6.6±1.1 6.2±1.2 0.007

IVT 86 (42.0) 31 (37.3) 0.509

Onset to puncture (min) 276.0±155.5 253.6±106.8 0.230

Puncture to recanalization (min) 55.6±26.3 52.0±23.8 0.278

Procedure time (min) 70.1±27.4 93.6±31.3 <0.001*

Stroke subtypes <0.001*

Embo-LVO 197 (96.1) 38 (45.8)

ICAS-LVO 8 (3.9) 45 (54.2)

2b-3 Final mTICI achieved 160 (78.0) 67 (80.7) 0.750

mRS ≤2 at 90 days 70 (34.1) 35 (42.2) 0.225

sICH 20 (9.8) 4 (4.8) 0.239

Values are presented as mean±standard deviation or number (%).
TES, thrombus enhancement sign; NIHSS, National Institutes of Health 
Stroke Scale; ASPECTS, Alberta Stroke Program Early CT Score; MCA, middle 
cerebral artery; ICA, internal carotid artery; CBS, clot burden score; IVT, in-
travenous thrombolysis; embo-LVO, embolism-related large vessel occlu-
sion; ICAS-LVO, intracranial atherosclerotic stenosis-related large vessel 
occlusion; mTICI, modified Thrombolysis in Cerebral Infarction; mRS, modi-
fied Rankin Scale; sICH, symptomatic intracerebral hemorrhage.
*Indicates a significant difference. 

Acute ischemic stroke with large vessel occlusion 
(n=376)

Excluded (n=88)
(1) Posterior circulation strokes (n=48)
(2) �No on-site pre-procedure CTA or 

with suboptimal scan (n=32)
(3) �Persistent occlusion making embo-LVO 

or ICAS-LVO undetermined (n=8)

Enrolled patients 
(n=288)

Positive TES group
(n=205)

Negative TES group
(n=83)

Figure 1. Flow diagram of the current study. CTA, computed tomography 
angiography; embo-LVO, embolism-related large vessel occlusion; ICAS-LVO, 
intracranial atherosclerotic stenosis-related large vessel occlusion; TES, 
thrombus enhancement sign.
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Figure 2. Embolism-related LVO with a positive TES. (A) NCCT reveals HAS in the M1 segment of the right MCA (white arrow). (B) Original axial slice of CTA 
indicates a thrombus filling defect at the M1 segment of the right MCA (red arrow). (C and D) Volume rendering and full-slab MIP image reconstruction of 
CTA showing the occluded site (yellow arrow). (E) Anteroposterior angiogram shows the occlusion site at the M1 segment of the right MCA (yellow arrow). (F) 
Thin slab MIP image reconstruction of CTA shows the TES (red arrows) at right MCA. (G) Complete recanalization of the right MCA without residual stenosis 
after a single attempt of stent retrieval. (H) Schematic diagram of the pathogenesis of embolism-related LVO. LVO, large vessel occlusion; TES, thrombus en-
hancement sign; NCCT, non-contrast computed tomography; HAS, hyperdense artery sign; MCA, middle cerebral artery; CTA, computed tomography angiog-
raphy; MIP, maximum intensity projection.

Figure 3. ICAS-related LVO with a negative TES. (A) NCCT does not reveal HAS in the M1 segment of the left MCA (white arrow). (B) Original axial slice of CTA 
indicates thrombus filling defect at the M1 segment of the left MCA (red arrow). (C and D) Volume rendering and full-slab MIP image reconstruction of CTA 
showing the occluded site (yellow arrow). (E) Anteroposterior angiogram shows occlusion site at the M1 segment of the left MCA (yellow arrow). (F) Thin slab 
MIP image reconstruction of CTA shows a negative TES (red arrow) at the left MCA. (G) After attempting stent retrieval, rescued angioplasty and stenting was 
applied. Residual stenosis remains, but distal flow significantly improves. (H) Schematic diagram of the pathogenesis of ICAS-related LVO. ICAS, intracranial 
atherosclerotic stenosis; LVO, large vessel occlusion; TES, thrombus enhancement sign; NCCT, non-contrast computed tomography; HAS, hyperdense artery 
sign; MCA, middle cerebral artery; CTA, computed tomography angiography; MIP, maximum intensity projection.
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0.906) (Table 4). The predicted probabilities of the multivariate 
logistic regression model were further tested using ROC analy-
sis. The AUC was 0.899 (95% CI, 0.854–0.943, P<0.001).

Discussion

Our current study indicated that (1) TES was significantly asso-
ciated with embo-LVOs; (2) a positive TES could be used for the 
diagnosis of embo-LVOs with high sensitivity and specificity; 
and (3) TES was an independent predictor for embo-LVOs. These 
findings indicate that TES could be used as an imaging biomarker 
for the identification of specific causes of LVO, which may be 
very helpful in making therapeutic plans during endovascular 
reperfusion treatment.

The accurate identification of embolic or in situ ICAS-related 
LVO is an important clinical issue in stroke treatment. Achieving 
a high first-pass effect (FPE) rate after thrombectomy is critical 
for improving the prognosis of AIS patients. Compared with ICAS, 
embo-LVO has a different pathogeny and reperfusion response 
to mechanical thrombectomy. Recanalization of embo-LVOs of-
ten indicates a shorter procedural time, higher incidence of FPE, 
lower number of passes, and a higher rate of final successful re-
canalization.18 For ICAS lesions, if a significant in situ underlying 
stenosis is present at the occlusion artery, the FPE rate is often 
lower, and recanalization may not be achieved sufficiently even 
after repeated thrombectomy.19 Although the optimal treatment 
for underlying ICAS in patients presenting with hyperacute stroke 
remains unknown, achieving successful reperfusion immediately 
after first-line thrombectomy was more frequent in the stent 
retriever group than in the catheter aspiration group.20 In addi-
tion, a rescue therapy strategy of balloon dilation or stenting was 
often required.

Recent studies have identified imaging predictors that may 
help differentiate the two occlusion subtypes, such as thrombus 
imaging, diffusion-weighted imaging, vessel calcification, and 
collateral circulation.21,22 Meanwhile, recent advances have found 
susceptibility vessel signs using susceptibility-based magnetic 
resonance imaging (MRI), which can be used to discriminate em-
bo-LVOs and ICAS-LVOs.23,24 However, this imaging sign showed 
poor specificity and accuracy.25 Some specific imaging biomark-
ers, such as the hyperdense artery sign, meniscus sign, truncal-
type thrombus occlusion, branching-site thrombus occlusion, 
stent deployment status sign, angiographic bypass effect, and 
clot protrusion sign, have been reported for the direct prediction 
of embo-LVOs.26-29 Meanwhile, other imaging signs are believed 
to be closely related to ICAS. The microcatheter first-pass sign, 
referred to as forward blood flow restoration after microcathe-
ter pass and withdrawal through the occlusive segment, was 
observed in 90.9% of patients with ICAS and 12.8% of patients 
with intracranial embolism with high sensitivity, specificity, posi-
tive predictive value, and accuracy.30 Triad signs after thrombec-
tomy and recanalization include (1) residual fixed stenosis fol-

Table 3. Factors associated with embo-LVO

Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P 

TES 29.2 (12.7–66.8) <0.001 22.2 (9.4–53.8) <0.001

Baseline NIHSS 1.1 (1.0–1.1) 0.043 1.0 (0.96–1.1) 0.394

Atrial fibrillation 9.8 (4.6–21.2) <0.001 6.6 (2.8–15.8) <0.001

embo-LVO, embolism-related large vessel occlusion; OR, odds ratio; CI, 
confidence interval; TES, thrombus enhancement sign; NIHSS, National In-
stitutes of Health Stroke Scale.

Table 2. Comparison between patients with embo-LVO and ICAS-LVO 

Embo-LVO
(n=235)

ICAS-LVO 
(n=53)

P 

Age (yr) 71.3±11.7 73.1±11.2 0.331

Male sex 138 (58.7) 26 (49.1) 0.221

Baseline NIHSS 16.4±5.3 14.8±4.6 0.042*

Baseline ASPECTS 9.6±0.8 9.7±0.4 0.373

Risk factors

Diabetes mellitus 61 (26.0) 11 (20.8) 0.486

Hypertension 135 (57.4) 36 (67.9) 0.168

Atrial fibrillation 157 (66.8) 9 (17.0) <0.001*

Coronary artery disease 72 (30.6) 11 (20.8) 0.180

Dyslipidemia 43 (18.3) 15 (28.3) 0.128

Current smoking 41 (17.4) 8 (15.1) 0.840

Occlusion sites 0.073

MCA 161 (68.5) 38 (71.7)

ICA 74 (31.5) 15 (28.3)

TES 197 (83.8) 8 (15.1) <0.001*

CBS 6.5±1.2 6.4±1.2 0.268

IVT 94 (40.0) 23 (43.4) 0.646

Onset to puncture (min) 271.8±150.1 259.7±109.2 0.582

Puncture to recanalization (min) 55.3±25.8 51.3±24.6 0.300

Procedure time (min) 68.1±25.6 115.4±17.3 <0.001*

2b-3 Final mTICI achieved 189 (80.4) 38 (71.7) 0.192

mRS ≤2 at 90 days 88 (37.4) 17 (32.1) 0.529

sICH 22 (9.4) 2 (3.8) 0.271

Values are presented as mean±standard deviation or number (%).
embo-LVO, embolism-related large vessel occlusion; ICAS-LVO, intracranial 
atherosclerosis-related large vessel occlusion; NIHSS, National Institutes of 
Health Stroke Scale; ASPECTS, Alberta Stroke Program Early CT Score; MCA, 
middle cerebral artery; ICA, internal carotid artery; TES, thrombus enhance-
ment sign; CBS, clot burden score; IVT, intravenous thrombolysis; mTICI, 
modified Thrombolysis in Cerebral Infarction; mRS, modified Rankin Scale; 
sICH, symptomatic intracerebral hemorrhage.
*Indicates a significant difference. 
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lowing mechanical thrombectomy that measures >50%; (2) mild-
to-moderate stenosis with re-occlusion on follow-up angiography; 
or (3) evidence of distal hypoperfusion and ruling out other pa-
thologies, such as dissection, also help to determine ICAS-LVOs.31 
However, currently reported imaging signs have limitations for 
their clinical application. The reason for this is that most of these 
signs are obtained during catheterized angiography or thrombec-
tomy instead of CT scans. MRI scanning to identify these imaging 
signs often requires extra time and better cooperation from pa-
tients to keep their heads motionless throughout the entire ex-
amination period, which limits its clinical application. Thus, it is 
necessary to identify more reliable imaging signs to differenti-
ate embolisms from ICAS-related occlusions.

To the best of our knowledge, this is the first study to demon-
strate that TES can be used to predict embo-LVO. In line with 
previous results by Wei et al.,12 TES is an imaging sign created 
by the contrast agent penetrating the space between the throm-
bus and arterial wall or within the thrombus. TES and previously 
reported residual flow in clots share many similarities because 
they both describe the status of contrast penetration within the 
occluded vessel.32 However, we found some differences between 
the two. First, the residual flow was positive in 17.1%33 and 36%32 
of patients when assessed on 24-mm and 3-mm-thick CTA-MIP 
images, respectively, whereas we assessed TES on 10-mm CTA-
MIP images. We believe that 10 mm is the optimal thickness to 
display thrombus enhancement that is denser than the surround-
ing brain parenchyma with a higher sensitivity (71.2% of the pa-
tients in the present study). Second, in a previous study, residual 
flow was divided into three grades to assess patient response 
to intravenous thrombolysis, whereas in the era of thrombecto-
my, dichotomous positive and negative classification may be-
come more clinically applicable for the prediction of thrombus 
components, identifying stroke source, and ICAS differentiation. 
We believe that the possible mechanisms that are more likely to 
cause TES are that (1) normal vessel lumen levels at the embolic 
site facilitate the infiltration of more contrast agents; (2) embo-
LVO usually has a large thrombus load; therefore, after throm-
bus embolization, the irregular space inside the thrombus or be-
tween the thrombus and the arterial wall increases the possibility 
of contrast penetration; and (3) the probability of infiltration 

of the contrast agent is higher for hard or fiber-rich thrombi. In 
contrast, in situ ICAS has a smaller lumen and thrombus load, 
which reduces the contrast agent penetration. The thrombus 
formed at the arteriosclerotic site mainly consisted of a fibrin 
network superimposed on the underlying platelet aggregates, 
making it even more difficult for the contrast agent to penetrate. 
Therefore, TES can be used as a reliable imaging sign to differ-
entiate embo-LVO from ICAS-LVO in patients with AIS.

Interestingly, eight of the 53 patients with underlying large 
artery arteriosclerosis in this study showed positive TES. We found 
that all of these patients suffered from clot embolism of proxi-
mal artery atherosclerosis origin. Even with a discrepancy in the 
texture and composition of the clot, the mechanism of TES for-
mation from distal embolism due to proximal large artery arte-
riosclerosis was similar to that of cardiac or other source-derived 
embolisms. Despite the different sources of embolic clots, iden-
tification of TES before endovascular therapy can aid interven-
tionists to determine appropriate therapeutic strategies.8 TES de-
rived from routine CTA imaging data can be assessed without 
time delay to ensure wide availability. Although TES showed high 
accuracy in identifying embo-LVOs with strong inter-reader 
agreement, the negative predictive value was moderate, indicat-
ing that the absence of TES in patients with ICAS should not be 
used to argue against more extensive workup and monitoring 
for the detection of potential intracranial atherosclerotic plaques, 
if clinically indicated. Other clinical factors, such as a history of 
atrial fibrillation and baseline NIHSS score, have been proposed 
as biomarkers related to embo-LVOs. In the present study, pa-
tients in the embo-LVO group had a significantly higher fre-
quency of atrial fibrillation. This is consistent with previous stud-
ies.34,35 Persistent atrial fibrillation is known to be the leading 
cause of cardioembolism.36 Therefore, patients with atrial fibrilla-
tion are more vulnerable to embo-LVO. The baseline NIHSS score 
was significantly lower in the ICAS-LVO group, possibly because 
of ischemic preconditioning and better collateral circulation. In 
addition, there was no significant difference in angiography or 
functional outcomes between embo-LVOs and ICAS-LVOs, which 
was consistent with other studies.7 Our results suggested that 
the use of rescue therapy for ICAS-LVOs was safe and effective 
and did not lead to a poor functional outcome.

Table 4. Receiver operating characteristic curve analysis of embo-LVO patients

Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) Accuracy (95% CI) AUC (95% CI)

AF 0.668 (0.608–0.728) 0.830 (0.729–0.931) 0.946 (0.911–0.980) 0.361 (0.275–0.446) 0.698 (0.696–0.699) 0.749 (0.690–0.808)

TES 0.838 (0.765–0.858) 0.849 (0.718–0.928) 0.961 (0.922–0.982) 0.542 (0.430–0.651) 0.840 (0.793–0.878) 0.844 (0.782–0.906)

AF+TES 0.838 (0.791–0.885) 0.849 (0.753–0.945) 0.961 (0.934–0.987) 0.542 (0.435–0.649) 0.840 (0.839–0.841) 0.899 (0.854–0.943)

embo-LVO, embolism-related large vessel occlusion; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; AUC, areas under 
the curve; AF, atrial fibrillation; TES, thrombus enhancement sign.
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This study had several limitations. First, it was a single-center 
retrospective study with inherent selection bias. Second, we did 
not evaluate the collateral status in this analysis, as collateral 
flow, whether residual antegrade or retrograde, is important for 
identifying TES. In rare cases, when the proximal end of the 
thrombus (new thrombus) is tightly attached to the vessel, the 
contrast agent can still retrogradely penetrate the thrombus from 
its distal end when sufficient backward flow of the collateral 
vessel is achieved. Finally, the identification of embo-LVOs and 
ICAS-LVOs after thrombectomy depended mainly on the imag-
ing characteristics of the local lesion during the procedure. It is 
difficult to determine whether embolism or ICAS exists in some 
patients because patients with persistent occlusion were exclud-
ed; this should be taken into consideration.

Conclusion

In conclusion, TES is a sensitive and specific marker with high 
predictive value for the identification of embolism-related occlu-
sion stroke, offering guidance regarding subsequent endovascu-
lar revascularization therapy. Further prospective studies with 
larger sample sizes are warranted to confirm our findings.
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