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Introduction

More than one-third of acute ischemic stroke (AIS) cases are 
caused by intracranial large vessel occlusion (LVO), which 
is associated with a higher disability risk and mortality (1). 

Cardioembolism (CE) and large artery arteriosclerosis 
(LAA) are the two main causes of LVO stroke (2). Due to 
the distinct responses to early reperfusion therapy, including 
mechanical thrombectomy and intravenous thrombolysis, as 
well as to inform the selection of antithrombotic regimens 
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for secondary prevention between the LAA subtype and CE 
subtype, it is essential to differentiate between these two 
subtypes of LVO stroke (3).

Susceptibility vessel sign (SVS) appears as a dark, 
blooming, visible artifact on the susceptibility-weighted 
imaging (SWI) sequence due to the magnetic susceptibility 
effect of deoxygenated hemoglobin in the red blood cells 
(RBCs) trapped in occluded vessels (4). In addition to being 
a specific marker for acute clot in large intracranial vessels—
with a positive predictive value of nearly 95%—SVS has 
been reported to play a role in the etiology diagnosis 
of LVO stroke (5). The CE subtype has been found to 
have a higher incidence of SVS than the LAA subtype in 
the acute stage (6-8). The majority of studies examining 
this phenomenon have focused on SVS within the first 
24 hours after stroke onset. In reality, due to equipment 
availability and patient tolerance, many patients with LVO 
stroke undergo MRI examinations at a later time point. 
Nevertheless, there is limited information on SVS found 
beyond 24 hours in stroke survivors.

In this study, we aimed to compare the presence and 
quantitative measurement of SVS between the LAA subtype 
and CE subtype between day 3 and day 14 after stroke 
onset and to assess whether SVS found at the subacute stage 
can aid in determining the stroke subtype in LVO stroke 
survivors. We present this article in accordance with the 
STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-1797/rc).

Methods

Study population

We retrospectively reviewed consecutive patients survivors 
admitted to the Department of Neurology, Peking 
University First Hospital, between December 2017 and 
January 2022. We enrolled patients who met the following 
criteria: (I) a diagnosis of ischemic stroke confirmed by 
diffusion-weighted imaging (DWI); (II) SWI performed 
between day 3 and day 14 after stroke onset; (III) an 
occlusion or severe stenosis of >70% of the responsible 
intracranial large artery as confirmed by magnetic resonance 
angiography (MRA), computed tomography angiography 
(CTA), or digital subtraction angiography (DSA); and 
(IV) stroke subtype classified as LAA or CE according 
to the Trial of OG 10172 in Acute Stroke Treatment 
(TOAST) classification (9). We excluded those patients 
who had received intravenous thrombolysis or mechanical 

thrombectomy after stroke onset or had poor SWI image 
quality. This study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013) and was 
approved by the Ethics Committee of Peking University 
First Hospital (No. 2024-020). Individual consent for this 
retrospective analysis was waived.

Clinical information

We abstracted the following patient demographic and 
clinical information from medical records: age; sex; 
medical histories such as hypertension, diabetes mellitus, 
hyperlipidemia, atrial fibrillation, coronary artery disease, 
history of previous stroke, smoking, and drinking; National 
Institute of Health Stroke Scale (NIHSS) score (10); levels 
of D-dimer and fibrinogen degradation product (FDP) at 
admission; and the subtype of stroke classified according to 
the TOAST classification (9).

Neuroimaging

All patients received magnetic resonance imaging (MRI) 
with a 3-tesla unit (GE HealthCare, Chicago, IL, USA), 
including T1, SWI, DWI, and fluid-attenuated inversion 
recovery (FLAIR). Axial SWI was obtained under the 
following parameters: repetition time (TR)/echo time 
(TE), 2,000/30 ms; field of view (FOV), 240 mm2; and slice 
thickness, 2 mm.

Two neuroradiologists (Zhenying Zhan and J.L.), who 
were blinded to the patient’s clinical and laboratory data, 
assessed the presence and location of SVS and measured 
its length and diameter. SVS was defined as the presence 
of hypointense signs in the corresponding symptomatic 
vessels with a blooming artifact on SWI (Figure 1) (6). 
The location of SVS was categorized as occurring in the 
anterior cerebral artery (ACA), middle cerebral artery 
(MCA), posterior cerebral artery (PCA), or vertebral and 
basilar artery (BA). The in-plane length of the SVS (M1 
and P1 segments) corresponded to the distance between 
the proximal and distal ends of the SVS. The length of 
the SVS perpendicular to the axial acquisition plane (BA, 
A1, A2, M2) was calculated by multiplying the number of 
cross-sectional locations where the SVS was visible by the 
slice thickness (6,11). Discrepancies regarding the presence 
and the location of SVS were resolved via consensus. The 
quantitative measurements (length and diameter) of the 
SVS obtained from both observers were averaged.

https://qims.amegroups.com/article/view/10.21037/qims-23-1797/rc
https://qims.amegroups.com/article/view/10.21037/qims-23-1797/rc
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Statistical analysis

Continuous variables are expressed as the mean and 
standard deviation (SD) or as the median with interquartile 
range (IQR), and categorical variables are expressed 
as percentages. Demographic, clinical, and imaging 
characteristics were compared between the LAA group and 
CE group using the Mann-Whitney test, Student t-test,  
χ2 test, or Fisher exact test, as appropriate. The association 
of the presence of SVS with stroke subtype was estimated 
with univariate and multivariable binary logistic regression 
analyses and is presented as the odds ratio (OR) with the 
95% confidence interval (CI). In the multivariable analysis, 
the confounders included age, sex, and the time interval 
between stroke onset and SWI imaging and NIHSS at 
admission. Additionally, in patients with SVS, we compared 
the length and diameter of SVS between the LAA and CE 
groups. Receiver operating characteristic (ROC) analysis 
was used to evaluate the discriminative power of SVS length 
for the LAA and CE subtypes, and the area under the curve 
(AUC) was used to determine the optimal cutoff and to 
quantify the performance.

We performed several sensitivity analyses to validate the 
relationship between SVS and the stroke subtypes. First, 
most patients did not undergo both MRI examination 
and vascular imaging on the same day. Among patients 

who had vascular imaging prior to the MRI test, some 
individuals might have experienced recanalization of the 
occluded artery prior to SWI imaging. Considering the 
potential influence of recanalization on SVS assessment, we 
performed a subgroup analysis by excluding patients who 
underwent vascular imaging prior to the MRI examination. 
Second, we explored the association of SVS and stroke 
subtype among individuals who received SWI 7 days after 
stroke onset. Third, we analyzed the association of SVS and 
atrial fibrillation. A two-tailed P value <0.05 was considered 
to be statistically significant. All analyses were conducted 
using SPSS 25.0 software (IBM Corp., Armonk, NY, USA).

Results

Patient population

There were 991 patients with suspected ischemic stroke 
admitted in our department between December 2017 and 
January 2022. Of these patients, 223 met the inclusion 
criteria of our study. After exclusion of 36 patients who 
had undergone intravenous thrombolysis or mechanical 
thrombectomy after stroke and 14 patients who had a poor 
quality of imaging, 173 patients were ultimately included 
in our analysis. Their mean age was 64.0±12.3 years, and 
123 (71.1%) were male. There were 133 patients (76.9%) 

Figure 1 Axial SWI showing the SVS in a stroke survivor and the corresponding vascular image (a 64-year-old male with left hemiplegia 
underwent a magnetic resonance imaging scan 11 days after the onset of symptoms). (A) DWI showed infarction in the right basal ganglia.  
(B) SWI revealed SVS in the right M1 segment (white arrow), and (C) DSA confirmed the occlusion at the same location (white arrow). 
SWI, susceptibility-weighted imaging; SVS, susceptibility vessel sign; DWI, diffusion-weighted imaging; DSA, digital subtraction 
angiography.
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with the LAA subtype and 40 patients (23.1%) with the CE 
subtype. Compared to the CE group, the LAA group was 
younger and had a lower proportion of atrial fibrillation 
(Table 1). The were no significant differences in sex, 
medical history excluding atrial fibrillation, NIHSS score at 
admission, or levels of D-dimer and FDP between the two 
groups (Table 1).

Table 2 presents the imaging characteristics of the 
patients included in the study. An occlusion of the 
intracranial large artery responsible for the index stroke 
was found in 97 (56.1%) patients, and severe stenosis 
was observed in 76 (43.9%) patients. SVS was present in  
95 patients (54.9%). The average time interval between 
stroke onset and MRI examination was similar between the 

Table 1 Comparison of demographics and clinical characteristics between the LAA group and the CE group

Characteristics Total (n=173) LAA group (n=133) CE group (n=40) P value

Age (years) 64.0±12.3 62.8±11.2 68.1±15.0 0.044

Males 123 (71.1) 93 (69.9) 30 (75.0) 0.535

Hypertension 134 (77.5) 100 (75.2) 34 (85.0) 0.193

Diabetes mellitus 82 (47.4) 64 (48.1) 18 (45.0) 0.729

Hyperlipidemia 92 (53.2) 70 (52.6) 22 (55.0) 0.792

Atrial fibrillation 27 (15.6) 0 27 (67.5) <0.001

Coronary artery disease 24 (13.9) 18 (13.5) 6 (15.0) 0.814

Previous stroke 51 (29.5) 12 (9.0) 39 (97.5) 0.862

Ever smoking 91 (52.6) 70 (52.6) 21 (52.5) 0.988

Ever drinking 75 (43.4) 60 (45.1) 15 (37.5) 0.394

NIHSS score at admission 3 [2–7] 3 [1–6] 4 [2–10] 0.213

D-dimer (mg/L) 0.12 [0.70–0.27] 0.11 [0.07–0.22] 0.15 [0.06–0.49] 0.107

FDP (mg/L) 1.0 [0.5–2.2] 0.9 [0.5–1.8] 1.0 [0.6–3.5] 0.205

Variables are displayed as the absolute number (percentage), the mean ± SD, or the median [25th–75th percentiles] as appropriate. LAA, 
large artery arteriosclerosis; CE, cardioembolism; NIHSS, National Institutes of Health Stroke Score; FDP, fibrinogen degradation product; 
SD, standard deviation.

Table 2 Comparison of imaging characteristics between the LAA group and the CE group

Characteristics Total (n=173) LAA group (n=133) CE group (n=40) P value

Time from stroke onset to MRI examination (days) 7.3±3.5 7.4±3.5 6.7±3.7 0.15

Distribution of responsible artery 0.974

ACA 11 (6.4) 9 (6.8) 2 (5.0)

MCA 91 (52.6) 69 (51.9) 22 (55.0)

PCA 26 (15.0) 20 (15.0) 6 (15.0)

Vertebral and BA 45 (26.0) 35 (26.3) 10 (25.0)

Occlusion of responsible artery 97 (56.1) 75 (56.4) 22 (55.0) 0.876

SVS 95 (54.9) 79 (59.4) 16 (40.0) 0.031

Variables are displayed as the absolute number (percentage) or the mean ± SD as appropriate. LAA, large artery arteriosclerosis; CE, 
cardioembolism; MRI, magnetic resonance imaging; ACA, anterior cerebral artery; MCA, middle cerebral artery; PCA, posterior cerebral 
artery; BA, basilar artery; SVS, susceptibility vessel sign; SD, standard deviation.
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two groups (LAA subtype: 7.4±3.5 days; CE subtype: 6.7± 
3.7 days; P=0.15). Additionally, there were no significant 
differences in the distribution of the responsible artery or in 
the proportion of occlusive lesions between the two groups. 
The frequency of SVS was significantly higher in the 
LAA group compared to the CE group (59.4% vs. 40.0%; 
P=0.031). After adjustments were made for age, sex, the 
time interval between stroke onset and MRI examination, 
and NIHSS score at admission, the association between 
LAA subtype and SVS remained (OR =2.199; 95% CI: 
1.019–4.745; P=0.045), as presented in Table 3.

In the 95 patients with SVS, the average SVS length 
and diameter were 19.6±10.2 and 3.9±1.5 mm, respectively 
(Table 4). The most frequent location of SVS was the MCA 
(50.5%), followed by the vertebral artery and BA (23.2%). 
There was a significant difference in the length of SVS 
between the LAA group and the CE group (20.7±10.6 vs. 
13.8±5.1 mm; P<0.001). Based on the ROC curve analysis, 
a cutoff length of 17.2 mm was suggested for distinguishing 

between the LAA subtype and the CE subtype, with a 
sensitivity of 54.4% and a specificity of 87.5%. The AUC 
value for the ROC curve was 0.71 (95% CI: 0.593–0.832), 
as shown in Figure 2. The diameter or the location 
distribution of SVS did not differ significantly between the 
two groups.

Our sensitivity analyses yielded similar results to our 
principal analysis. First, after 80 patients who had vascular 
imaging prior to MRI were excluded, the proportion of SVS 
remained higher in the LAA group than in the CE group 
(57.1% vs. 43.5%; P=0.25). Second, among patients who 
had SWI examinations between 7 and 14 days after stroke 
onset, the result did not change substantially. The LAA 
group exhibited a higher proportion of patients with SVS 
presence than did the CE group (70.1% vs. 40.9%; P=0.02). 
Third, there were 27 patients with atrial fibrillation in 
our study, and SVS was more common in the non-atrial 
fibrillation (AF) group than in the AF group (59.6% vs. 
29.6%; P=0.04).

Table 3 Multivariable analysis of the association between SVS and stroke subtype

Variable OR 95% CI P value

Age 0.965 0.935–0.995 0.022

Male gender 1.416 0.597–3.356 0.430

Time interval between stroke onset and MRI examination 1.028 0.918–1.150 0.636

NHISS at admission 0.942 0.870–1.021 0.145

Presence of SVS 2.199 1.019–4.745 0.045

A multivariable logistic regression model was fitted, and the confounders included age, gender, time interval between stroke onset 
and MRI examination, and NHISS at admission. SVS, susceptibility vessel sign; OR, odds ratio; CI, confidence interval; MRI, magnetic 
resonance imaging; NIHSS, National Institutes of Health Stroke Score.

Table 4 Quantitative measurements of SVS between the LAA group and the CE group

Characteristics Total (n=95) LAA group (n=79) CE group (n=16) P value

SVS length (mm) 19.6±10.2 20.7±10.6 13.8±5.1 <0.001

SVS diameter (mm) 3.9±1.5 3.9±1.6 3.6±1.1 0.50

Location of SVS 0.551

ACA 8 (8.4) 6 (7.6) 2 (12.5)

MCA 48 (50.5) 42 (53.2) 6 (37.5)

PCA 17 (17.9) 13 (16.5) 4 (25.0)

Vertebral and BA 22 (23.2) 18 (22.8) 4 (25.0)

Variables are displayed as the absolute number (percentage) or the mean ± SD as appropriate. SVS, susceptibility vessel sign; LAA, large 
artery arteriosclerosis; CE, cardioembolism; ACA, anterior cerebral artery; MCA, middle cerebral artery; PCA, posterior cerebral artery; BA, 
basilar artery; SD, standard deviation.



Quantitative Imaging in Medicine and Surgery, Vol 14, No 6 June 2024 3919

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(6):3914-3922 | https://dx.doi.org/10.21037/qims-23-1797

Discussion

The findings of this study indicated that in patients with 
subacute ischemic stroke caused by large intracranial vessel 
occlusion or severe stenosis, SVS was more prevalent in 
patients of the LAA subtype compared to the CE subtype. 
Moreover, of those patients with SVS, those in LAA group 
had a longer SVS than did those in the CE group.

Several studies have demonstrated a difference in SVS 
between the LAA subtype and CE subtype in LVO stroke 
survivors (6,7,12). In a study of 80 acute stroke survivors 
with intracranial arterial occlusion, Horie et al. (12) reported 
the presence of SVS found within 24 h after stroke onset to 
be significantly associated with the CE subtype (OR =21.6; 
95% CI: 2.66–176.95; P=0.004). In another study, SVS 
was found in 86% of the patients with the CE subtype and 
66% of the patients with LAA subtype patients (6), which 
represented a statistically significant difference (P=0.03) (6). 
Bourcier et al. (7) also reported that SVS within 6 hours of 
stroke onset was more prevalent in the CE subtype than in 
the LAA subtype (OR =2.14; 95% CI: 1.02–4.45; P=0.04). 
However, these studies were limited by their small sample 
size and a primary focus on acute stroke.

Compared to those of previous studies, our findings 
suggest that stroke patients with LAA subtype exhibit 
a higher incidence of SVS than do those with the CE 
subtype during the subacute stage. This discrepancy can 

be attributed to the different time points of the SWI 
examination. In our study, the patients underwent SWI 
imaging between 3 and 14 days following stroke onset, 
while other studies assessed SVS at an earlier time point, 
within 24 hours after stroke onset (6,7).

Some studies have demonstrated the evolution of 
intracranial blood clots with time (13). The conversion of 
oxyhemoglobin to deoxyhemoglobin occurs within a few 
hours. Therefore, during the hyperacute stage of stroke, the 
primary component may remain as oxyhemoglobin, which 
does not produce a magnetic susceptibility effect (14). In 
parallel, the presence of SVS in stroke survivors increases 
progressively from symptom onset: approximately 60% 
at 1 hour, 70% at 3 hours, 80% at 6 hours, and 90% at 8 
hours (14). This implied time may be a critical determinant 
of the presence of SVS after stroke, and therefore, the 
observations of SVS during the acute stage after stroke 
cannot be extrapolated to the subacute stage without 
reservation.

Across a prolonged timeframe, Sato et al. (15) observed 
a significant difference in the composition of intracranial 
thrombus compared to the acute stage via autopsy. Recent 
pathological research suggests that atherosclerosis thrombus 
has a higher content of RBCs than does cardioembolic 
thrombus (16,17). The presence of more RBCs and 
deoxyhemoglobin in intracranial thrombus reportedly leads 
to a higher incidence of SVS in the LAA subtype, which 
is consistent with our findings. It has been proposed that 
in situ atherosclerotic thrombus expansion resulting in 
an increase of RBC-rich “red tails” could account for the 
differences in evolution patterns of thrombus components 
between the LAA and CE subtypes (18). In one study 
involving 120 stroke survivors who received T2* MRI 
upon admission and again 24 hours later, 34% of patients 
experienced elongation of SVS, thus supporting the 
abovementioned hypothesis (11).

Furthermore, the activation of the fibrinolytic system and 
spontaneous recanalization of occluded intracranial arteries 
poststroke could also impact the presence of SVS during 
the subacute stage. Compared to other stroke subtypes, 
CE has the highest spontaneous recanalization rate, which 
ranges from 18.8% to 72% in the literature (19-21). This 
phenomenon may contribute to the lower presence of SVS 
in the CE subtype during the subacute stage. However, 
our study only included patients with severe stenosis or 
occlusion of the responsible artery confirmed through 
vascular imaging. Therefore, the reduced incidence of 
SVS in the CE group cannot be attributed to spontaneous 

Figure 2 ROC curve of SVS length for distinguishing the LAA 
subtype from CE subtype. ROC, receiver operation characteristic; 
AUC, area under the curve; SVS, susceptibility vessel sign; LAA, 
large artery arteriosclerosis; CE, cardioembolism.
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thrombolysis.
We also found that the incidence of SVS was lower in the 

CE subtype than in the LAA subtype. This suggests a distinct 
evolution pattern of SVS for the two subtypes after stroke. 
Therefore, we should be cautious when considering the 
influence of the assessment timepoint on the significance  
of SVS.

Another prominent finding of our study was that patients 
with the LAA subtype had a longer SVS compared to those 
with CE subtype, aligning with the recent findings reported 
by Alhazmi et al. (19). Moreover, a CT study found 
non-cardioembolic stroke to be associated with longer 
thrombus duration compared to stroke caused by CE (22). 
Furthermore, a histological study focusing on retrieved clot 
composition quantified clot fragments and confirmed that 
the LAA subtype had larger clots and higher RBC content 
than did the CE subtype (23).

Our study involves several limitations that should be 
addressed. First, due to the single-center design and small 
sample size, the study’s generalizability is limited. Although 
the sensitivity analysis, which included patients whose 
SWI examination was performed between 7 and 14 days 
after stroke onset, produced results consistent with our 
principal analysis, we cannot fully rule out the influence of 
random error. Second, some patients did not undergo MRI 
and vascular imaging on the same day. The possibility of 
recanalization of the occluded artery prior to SWI imaging 
may affect the evaluation of the significance of SVS. 
However, even after exclusion of patients who underwent 
vascular imaging prior to MRI examination, the sensitivity 
analysis still showed a tendency for higher rates of SVS in 
the LAA group, supporting our main results. Third, we 
used the TOAST classification to divide patients into the 
CE and LAA groups. The relevant literature suggests that 
the TOAST classification may overestimate the incidence 
of cardiogenic embolism and be overly strict in diagnosing 
the LAA subtype (24). In the sensitivity analysis, we used 
atrial fibrillation as an alternative marker for CE subtype 
and found that the results still supported our primary 
findings. Fourth, because severely ill patients often cannot 
cooperate with MRI examination, our sample had relatively 
low NIHSS scores, thus limiting the generalizability of our 
results. Furthermore, our study revealed different patterns 
of SVS evolution between the LAA and CE subtypes. Given 
the cross-sectional design employed in this study, further 
longitudinal observation of SVS is necessary to validate 
our results and to evaluate the potential of SVS in clinical 
practice.

Conclusions

Our study found that in patients with subacute ischemic 
stroke due to intracranial LVO or severe stenosis, those 
with the LAA subtype had a higher incidence of SVS and a 
longer SVS compared to those with the CE subtype. This 
suggests that SVS may serve as a potential biomarker for 
determining the cause of stroke. Additional studies with 
dynamic observation are needed to confirm our findings 
and further elucidate the progression of SVS after stroke.
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