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Background and Purpose: The presence of a Susceptibility Vessel Sign (SVS) in the acute phase of proximal occlusion ischemic stroke indicates the presence of deoxyhemoglobin in the thrombus. Thrombi composition changes over time. The aim of this study was to investigate whether the absence of SVS is associated with a shorter symptom onset to imaging time.

Methods: We retrospectively analyzed all patients referred for mechanical thrombectomy at Besançon University Hospital between 1 January 2015 and 31 December 2020 for whom readable T2*-weighted imaging was available. We compared patient characteristics according to the presence or absence of an SVS. We also studied the subgroup for whom the exact symptom onset time was known. We performed a univariate statistical analysis, then a multivariate analysis on the variables that were statistically significant in the univariate analysis.

Results: Of the 389 patients included, 309 (79.4%) were SVS+. We found no significant relationship between SVS– and the time between symptom onset and imaging in the whole cohort. In the multivariate analysis, SVS– was associated with anticoagulant treatment (p < 0.01), and SVS+ with age (p = 0.023) and carotid terminus occlusion (p = 0.042). In the known symptom onset subgroup, SVS– was significantly associated with a shorter symptom onset -imaging time (p < 0.001), and this was confirmed in the multivariate analysis (p = 0.011; OR 0.911; 95% CI [0.844; 0.972]).

Conclusion: In the acute phase of proximal occlusion ischemic stroke, absence of SVS was associated with a shorter symptom onset–imaging time for patients with a known symptom onset time.
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INTRODUCTION

Ischemic stroke due to intracranial arterial occlusion can be linked to the presence of a Susceptibility Vessel Sign (SVS) on gradient-recalled echo magnetic resonance imaging (MRI) sequences. It is a complex radiological sign that has been reported to be associated with various parameters, like cardioembolic etiology (1–4), clinical outcome (5–9), or success of recanalization therapy (1, 10).

The SVS is a blooming artifact at the site of the thrombus. It is related to the presence of deoxyhemoglobin in the thrombus, which itself is linked to the presence of red blood cells (11–14). The composition of the thrombus, which blocks the blood flow, varies over time (15, 16). The oxyhemoglobin within the thrombus breaks down into oxygen and deoxyhemoglobin. We can therefore hypothesize that the likelihood of the presence of an SVS is related to the age of the thrombus. The relation between symptom onset (SO) time and SVS in literature is controversial, with studies finding different results (6, 7, 10, 17–19). The aim of this study was to investigate whether the absence of SVS is associated with a shorter SO to imaging time.



METHODS

We conducted a retrospective, single-center study using data from the Franche-Comté Stroke registry (20–22). All patients had previously been included in a single-center cohort study and their data was included in the present study on the basis of non-opposition, in accordance with local legislation.


Population

We analyzed the data from all patients with acute stroke referred for a mechanical thrombectomy procedure at Besançon University Hospital between 1st of January 2015 and 31st of December 2020. We excluded patients who had not undergone a T2*-weighted MRI sequence in the acute phase, or whose imaging contained artifacts that made the images prohibitively difficult to interpret. We also excluded any patients whose symptom onset time was not recorded in the patient record.



Clinical Data

Demographic data had been collected prospectively by the stroke unit and was obtained from the patient records for our study. The available data included the patient's age, sex, and treatment with an antiplatelet drug, anticoagulant, or both at admission. Data concerning the acute phase of the stroke had been collected prospectively by the on-call neurology team. This included the National Institute of Health Stroke Score (NIHSS) at arrival (23). Two neurologists (MD, GC) used the modified Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification (24, 25) to retrospectively categorize the stroke etiology based on the patient record. We also identified patients with cardioembolic stroke for whom a previously undiagnosed atrial fibrillation was discovered during their hospitalization. Data concerning functional independence at three months was collected by the Franche-Comté Stroke registry using the modified Rankin Scale (mRS) (26, 27).



Time Data

The SO time was recorded prospectively by the on-call neurology team. When the exact time was uncertain (e.g., wake-up stroke or daytime-unwitnessed stroke), the team recorded the time at which the patient had last been seen well. We defined patients with unknown SO time as those who were last seen well more than 15 min prior. The other patients were considered to have a known onset time. We obtained the time of the first MRI sequence from the Besançon University Hospital image archiving and transfer system. The SO–imaging time was calculated in minutes.



Radiological Data

We performed a retrospective analysis of the MRI data obtained in the acute phase. The exact MRI sequences and protocols used were at the discretion of the radiology teams. Every patient included had undergone a T2 standard gradient echo. We defined the presence of SVS as a hypointense signal on the T2* images at the site of the occluded artery, for which the signal exceeded the diameter of the contralateral artery (28). The presence or absence of SVS was established visually by a junior neurologist (MD) and a senior interventional neuroradiologist (GC) as a single reading. For images that were difficult to classify, a consensus decision was made by the two readers. Doubtful cases were classified as absence of SVS. The site of the occlusion was defined using either the 3D-TOF sequence of the MRI, or the diagnostic angiography from the mechanical thrombectomy procedure. We calculated the infarct volume manually by drawing an outline on the diffusion sequence images. We also used the software Carestream (Carestream Health, Rochester, USA) to perform a semi-automatic calculation. The presence of a symptomatic hemorrhagic transformation on the CT scan at 24 h following the mechanical thrombectomy procedure was defined as an intraparenchymal hemorrhage with a volume 30% greater than the ischemic lesion, associated with an increase of 4 points on the NIHSS score, in accordance with the Heidelberg classification (29). A malignant infarction was defined retrospectively as a large lesion observed at the CT scan 24 h after the mechanical thrombectomy procedure, associated with cerebral herniation and clinical deterioration.



Data Related to Mechanical Thrombectomy

The use of a stent retriever during the mechanical thrombectomy procedure was recorded either prospectively by the on-call neurology team, or retrospectively using the operative report. We used the Modified Treatment in Cerebral Ischemia score (mTICI) (30) to evaluate the level of brain tissue reperfusion following the procedure. The mTICI scores were reviewed by a junior neurologist (MD) and a senior interventional neuroradiologist (GC).



Histopathological Data

Thrombi retrieved during the mechanical thrombectomy procedure were sent to the Besançon University Hospital pathology laboratory for analysis. Analysis included calculation of the proportion of red blood cells, white blood cells and fibrin, reported in percentages, measured by visual quantification by several pathologists as part of routine care. Histopathological analysis of retrieved thrombi had only been performed since August 2018.



Statistics

To study the relationship between SVS and the SO–imaging time, we performed univariate and multivariate analyses of the whole study population, then of the subgroup with a known symptom onset time (KSO). We compared the patients with an SVS (SVS+), to the patients without (SVS–). The quantitative variables are reported as means (standard deviation) or as medians, and were analyzed using Welch's t-test. The qualitative variables are reported as a number (percentage) and were analyzed using the χ2 test or Fisher's exact test depending on the sample size. The variables with significant results in the univariate analysis, and those that seemed relevant according to the literature were then used in the multivariate analysis. We used logistical regression to perform the multivariate analysis. Statistical tests were performed using the software R. A p-value lower than 0.05 was considered significant.




RESULTS


Population

Between 1st of January 2015 and 31st of December 2020, 512 patients were referred for mechanical thrombectomy at Besançon University Hospital. Of these, 423 underwent an initial brain MRI. We excluded 34 of these patients, 31 due to lack of readable T2* imaging and 3 with no SO time recorded in the patient file. We therefore included a total of 389 patients. Figure 1 shows the flowchart of the study.


[image: Figure 1]
FIGURE 1. Study flowchart. CT, computed tomography; MRI, Magnetic Resonance Imaging; SVS, susceptibility vessel sign.




Population Characteristics

The demographic, radiological and follow-up data of the whole cohort is available in Supplementary Material. Of the 389 patients included in the study, 309 presented an SVS (79.4%). There was no significant difference between the SVS+ and SVS– groups in terms of SO–imaging time. SVS+ patients were significantly older than SVS– patients (p = 0.023). SVS was associated with stroke etiology (p = 0.01). For SVS+ patients, stroke etiology was more often cardioembolic than SVS–, whereas for SVS– patients, stroke was more often due to other determined etiology than SVS+. The SVS– patients were more often already taking anticoagulant medication (p = 0.018).



Multivariate Analysis of the Whole Study Population

The results of the multivariate analysis in the whole cohort is available in Supplementary Material. The analysis included the age, anticoagulant treatment at admission, carotid terminus occlusion, and stroke etiology. SVS+ patients were older than SVS– patients (p = 0.023; OR 0.989; 95%CI [0.964; 0.997]), and presented with a carotid terminus occlusion significantly more frequently than SVS– patients (p = 0.042; OR 0.432; 95%CI [0.180; 0.922]). The SVS– patients were more often already taking an anticoagulant treatment than the SVS+ patients (p < 0.01; OR 2.84; 95%CI [1.48; 5.45]).



Analysis of the Subgroup With Exact Known Symptom Onset Time (KSO)

The demographic, radiological and follow-up data of the KSO subgroup is presented in Table 1. This subgroup included 221 patients (56.9% of the whole study population). Of these, 173 presented an SVS (78.3%). SVS– patients had a significantly shorter mean SO–imaging time than SVS+ patients (p < 0.001). A graph showing mean SO-imaging time and 95% confidence interval depending on SVS in this subgroup is presented in Figure 2. SVS was associated with stroke etiology (p < 0.01). For SVS– patients, stroke etiology was more often other determined etiology than SVS+ patients. Among other determined etiology in this subgroup, neoplasia was the most common (5 patients), followed by cervical artery dissection (3 patients). We found no significant differences for the other variables analyzed.


Table 1. Characteristics of the subgroup with exact known symptom onset time.
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FIGURE 2. Repartition of susceptibility vessel sign over time from symptom onset to imaging in the KSO subgroup. SVS, susceptibility vessel sign; min, minutes.




Multivariate Analysis of the KSO Subgroup

The results of the multivariate analysis of the KSO subgroup are presented in Table 2. The analysis included the age, and stroke etiology. SVS– patients had a significantly shorter mean SO–imaging time than SVS+ patients (p = 0.011; OR 0.911; 95%CI [0.844; 0.972]).


Table 2. Multivariate analysis of the subgroup with known symptom onset time.
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Histopathological Analysis of Thrombi

The results of the histopathological analyses of the thrombi are reported in Table 3. From August 2018, we recovered thrombi from 90 patients and sent them for analysis. An SVS was present in 71 of these patients (78.9%). The thrombi from SVS+ patients contained a greater proportion of red blood cells (p < 0.001), whereas the thrombi from SVS– patients contained a greater proportion of fibrin (p < 0.01). There was no significant difference between the two groups in terms of the proportion of white blood cells. There was no correlation between red blood cells quantity and SO-imaging time (p 0.34) on those 90 patients.


Table 3. Histopathological analysis of thrombi.
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DISCUSSION


Main Result

In our analysis of the total study population, we found no statistically significant relationship between the absence of an SVS and a shorter SO–imaging time. However, we did find a significant relationship between these two factors in the KSO subgroup in both the univariate and multivariate analyses (Tables 1, 2).

To our knowledge, this is the first study of SVS to analyze the relationship between SVS and time in correlation with clot histopathology. This is also the first study of SVS to assess the link between SVS and SO–imaging time in a subgroup of KSO patients. Previous studies of cohorts with a mixture of patients with known and unknown symptom onset times have reported inconsistent results (2, 6, 8, 17, 19, 31). We could hypothesize that the absence of the relationship between SVS and SO–imaging time in the previous studies (2, 6, 8, 19, 31) was due to an insufficient sample size or the inaccuracy of the symptom onset time reported by the patients or their families.

Our study could indicate that in patients with unknown symptom onset time, the absence of an SVS could support the hypothesis of a more recent thrombus. However, it seems essential to study the different factors that influence this radiological biomarker before it is used to make clinical decisions. In our study, there was no significant difference between the SVS+ patients and SVS– patients in terms of the SO–imaging time in the whole study population, but the means and medians show the same general trend as the KSO subgroup. The lack of statistical significance is likely due to wake-up strokes, for which the SO time is taken as the time the patient went to bed, thus significantly extending the SO-imaging time.

Moreover, our study confirmed that the presence of an SVS is associated with a thrombus containing mainly red blood cells, whereas its absence is associated with a thrombus with a high proportion of fibrin (Table 3), as reported in the literature (11–13, 32, 33). The composition of an intracranial thrombus varies over time, and we could therefore hypothesize that the likelihood of the presence of an SVS in the acute phase increases over time in connection with an increase in deoxyhemoglobin in its core. Therefore, in our opinion, uncertainty related to SO time reported by patients or their relatives should be considered in upcoming studies on SVS, as results vary when SO time is certain. However, we found no correlation between SO-imaging time and proportion of red blood cells within thrombi. It is questionable whether SVS truly reflects the proportion of red blood cells within the clot, or only the deoxyhemoglobin in its core. Yet, recent studies suggest that composition of intracranial thrombi are highly heterogenous (34), so it is questionable whether SVS could be a better marker of thrombus composition than routine care histopathology.

Several studies discuss the correlation between SO-imaging time and density of the hyperdense middle cerebral artery sign on CT scan (35–37). One of those found a time-dependent loss of density in the M1 segment in the first 5 h (36). However, the relationship between SVS and the hyperdense artery sign is questionable (14, 38, 39), and it is difficult to assess in a large group of patients, because it requires both a CT scan and an MRI in the acute phase.



Other Parameters Studied and Comparison With Literature

In our whole cohort, 79.4% of patients presented with an SVS, which is in line with data reported in recent studies (71 to 86% of patients) (2, 7, 17, 40–42).

Of the 389 patients in our cohort, 221 (56.8%) were included in the KSO subgroup, which may seem relatively low compared to the literature (43). To our knowledge, stroke with unknown onset time was not defined in previous studies, aside from wake-up strokes. We purposefully chose a short time period (15 min) to evaluate the impact of SO–imagery time on SVS as precisely as possible, and this short time could explain the low number of patients in the KSO subgroup.

SVS+ patients were older than SVS– patients, as found in a recent study (17). In SVS+ patients, the most common stroke etiology was cardioembolic, which is also in accordance with the literature (1–4). This result was not confirmed in the multivariate analysis. This may corresponds to the increased prevalence of atrial fibrillation with age (44, 45).

SVS– patients were more often undergoing anticoagulant treatment on arrival, most commonly due to atrial fibrillation. We can hypothesize that patients already taking anticoagulant treatment present with “young” thrombi, which contain little deoxyhemoglobin and little red blood cells in their core. In patients with atrial fibrillation, cardiac embolism is caused by stagnation of the blood in the left atrium (46, 47). Curative anticoagulation could therefore prevent the accumulation and stagnation of the blood, and the formation of a cardiac thrombus. It is therefore possible that in these patients, the intracranial thrombi are more recent and contain less deoxyhemoglobin. Therefore, it is questionable whether atrial fibrillation or curative anticoagulation influences SVS the most.

In SVS– patients, stroke etiology was more frequently “other determined etiology” than in SVS+ patients. We could hypothesize that this result is related to the prevalence of active neoplasia, which is included within the “other determined etiology” category of the TOAST classification, as neoplasia is known to lead to thrombi that are high in fibrin and platelets (48).

The understanding of clot formation has improved in recent years with reports of analyses of retrieved clots. Clot composition may be predictive of stroke etiology, but this is debated in the literature, with controversial findings among the studies (33, 49–51). The composition of the clot could also affect the outcome of thrombolysis or mechanical thrombectomy (52).

SVS+ patients more frequently presented with carotid terminus occlusion than SVS– patients. Because the slice thickness is set at 3 mm, it is possible that the middle cerebral artery thrombi were detected less often on the axial gradient echo images used for this cohort than carotid artery thrombi (53).

Our study did not find any statistically significant relationship between SVS and recanalization mTICI following the mechanical thrombectomy procedure. The interest of SVS as a predictor of complete recanalization has been studied several times in recent years, but the results of the different studies vary greatly (1, 3, 7, 19, 54). We found no association between SVS and functional independence at 3 months, which is also debated in the literature (1, 5, 55).



Limits

Our study has some limitations. This study was conducted retrospectively. We excluded patients who underwent an MRI without an interpretable T2* sequence, and those whose time of SO was not recorded in the medical file, which could represent a selection bias. The brain MRI scans were performed using different scanners, with different protocols and different parameters, which could lead to different SVS detection sensitivities. As presence or absence of SVS was assessed as a single reading, we can't provide an inter-reader agreement. However, a recent study shows that the rating of SVS is reproductible (17). It is possible that the SO times we obtained were not completely reliable, as the majority of these were reported by the patients or the people accompanying them, and may therefore not be completely accurate. We only included patients who had an indication for mechanical thrombectomy, and so we therefore did not include patients with an SO–imaging time >24 h, or who had a distal occlusion. Additionally, in the KSO subgroup, only 6 patients had a SO–imaging time >6 h, limiting the interest of those values. However, this is the first study on SVS to assess the subgroup of KSO patients, which allowed us to gain a clearer picture of the relationship between the thrombus formation time and the SVS.




CONCLUSION

In the KSO subgroup, the absence of an SVS in the acute phase of proximal occlusion ischemic stroke was associated with a shorter SO–imaging time. Therefore, uncertainty related to SO time reported by patients or their relatives should be considered in future studies on SVS. SVS is a complex radiological sign, that is also impacted by curative anticoagulation or stroke etiology, and further investigations are needed before using SVS in clinical practice.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

MD and GC conceived this study, contributed to data collection and analysis, and wrote the manuscript in consultation with AB, LB, TM, and FV. All authors have read and approved the manuscript.



ACKNOWLEDGMENTS

The authors are grateful to Jennifer Dobson for translating and proof-reading the manuscript.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2022.893060/full#supplementary-material



ABBREVIATIONS

KSO, Known Symptom Onset; SO, Symptom Onset; SVS, Susceptibility Vessel Sign.



REFERENCES

 1. Liu M, Li L, Li G. The different clinical value of susceptibility vessel sign in acute ischemic stroke patients under different interventional therapy: a systematic review and meta-analysis. J Clin Neurosci. (2019) 62:72–9. doi: 10.1016/j.jocn.2019.01.002

 2. Bourcier R, Derraz I, Delasalle B, Beaumont M, Soize S, Legrand L, et al. Susceptibility vessel sign and cardioembolic etiology in the THRACE trial. Clin Neuroradiol. (2019) 29:685–92. doi: 10.1007/s00062-018-0699-8

 3. Kang D-W, Jeong H-G, Kim DY, Yang W, Lee S-H. Prediction of stroke subtype and recanalization using susceptibility vessel sign on susceptibility-weighted magnetic resonance imaging. Stroke. (2017) 48:1554–9. doi: 10.1161/STROKEAHA.116.016217

 4. Zhang R, Zhou Y, Liu C, Zhang M, Yan S, Liebeskind DS, et al. Overestimation of susceptibility vessel sign. Stroke. (2017) 48:1993–6. doi: 10.1161/STROKEAHA.117.016727

 5. Bourcier R, Volpi S, Guyomarch B, Daumas-Duport B, Lintia-Gaultier A, Papagiannaki C, et al. Susceptibility vessel sign on MRI predicts favorable clinical outcome in patients with anterior circulation acute stroke treated with mechanical thrombectomy. AJNR Am J Neuroradiol. (2015) 36:2346–53. doi: 10.3174/ajnr.A4483

 6. Bourcier R, Hassen WB, Soize S, Roux P, Labreuche J, Kyheng M, et al. Susceptibility vessel sign on MRI predicts better clinical outcome in patients with anterior circulation acute stroke treated with stent retriever as first-line strategy. J Neurointerventional Surg. (2019) 11:328–33. doi: 10.1136/neurintsurg-2018-014217

 7. Darcourt J, Withayasuk P, Vukasinovic I, Michelozzi C, Bellanger G, Guenego A, et al. Predictive value of susceptibility vessel sign for arterial recanalization and clinical improvement in ischemic stroke. Stroke. (2019) 50:512–5. doi: 10.1161/STROKEAHA.118.022912

 8. Liu H, Mei W, Huang Y, Li Y, Chen Z, Li D, et al. Susceptibility vessel sign predicts poor clinical outcome for acute stroke patients untreated by thrombolysis. Exp Ther Med. (2017) 14:5207–13. doi: 10.3892/etm.2017.5195

 9. Riou-Comte N, Gory B, Soudant M, Zhu F, Xie Y, Humbertjean L, et al. Clinical imaging factors of excellent outcome after thrombolysis in large-vessel stroke: a THRACE subgroup analysis. Stroke Vasc Neurol. (2021) 6:631–9. doi: 10.1136/svn-2020-000852

 10. Bourcier R, Mazighi M, Labreuche J, Fahed R, Blanc R, Gory B, et al. Susceptibility vessel sign in the ASTER trial: higher recanalization rate and more favourable clinical outcome after first line stent retriever compared to contact aspiration. J Stroke. (2018) 20:416. doi: 10.5853/jos.2018.00192.e1

 11. Liebeskind DS, Sanossian N, Yong WH, Starkman S, Tsang MP, Moya AL, et al. CT and MRI early vessel signs reflect clot composition in acute stroke. Stroke. (2011) 42:1237–43. doi: 10.1161/STROKEAHA.110.605576

 12. Choi MH, Park GH, Lee JS, Lee SE, Lee S-J, Kim J-H, et al. Erythrocyte fraction within retrieved thrombi contributes to thrombolytic response in acute ischemic stroke. Stroke. (2018) 49:652–9. doi: 10.1161/STROKEAHA.117.019138

 13. Brinjikji W, Duffy S, Burrows A, Hacke W, Liebeskind D, Majoie CBLM, et al. Correlation of imaging and histopathology of thrombi in acute ischemic stroke with etiology and outcome: a systematic review. J Neurointerv Surg. (2017) 9:529–34. doi: 10.1136/neurintsurg-2016-012391

 14. Flacke S, Urbach H, Keller E, Träber F, Hartmann A, Textor J, et al. Middle Cerebral Artery (MCA) susceptibility sign at susceptibility-based perfusion MR imaging: clinical importance and comparison with hyperdense MCA sign at CT 1. Radiology. (2000) 215:476–82. doi: 10.1148/radiology.215.2.r00ma09476

 15. Nosaka M, Ishida Y, Kimura A, Kondo T. Time-dependent organic changes of intravenous thrombi in stasis-induced deep vein thrombosis model and its application to thrombus age determination. Forensic Sci Int. (2010) 195:143–7. doi: 10.1016/j.forsciint.2009.12.008

 16. Silvain J, Collet J-P, Nagaswami C, Beygui F, Edmondson KE, Bellemain-Appaix A, et al. Composition of coronary thrombus in acute myocardial infarction. J Am Coll Cardiol. (2011) 57:1359–67. doi: 10.1016/j.jacc.2010.09.077

 17. Soize S, Manceau P-F, Gauberti M, Herbin T, Zuber M, Pierot L, et al. Susceptibility vessel sign in relation with time from onset to magnetic resonance imaging. Stroke. (2021) 52:1839–42. doi: 10.1161/STROKEAHA.120.032198

 18. Payabvash S, Benson JC, Taleb S, Rykken JB, Hoffman B, McKinney AM, et al. Susceptible vessel sign: identification of arterial occlusion and clinical implications in acute ischaemic stroke. Clin Radiol. (2017) 72:116–22. doi: 10.1016/j.crad.2016.11.001

 19. Ritzenthaler T, Lacalm A, Cho T-H, Maucort-Boulch D, Mikkelsen IK, Ribe L, et al. Sequential MR assessment of the susceptibility vessel sign and arterial occlusion in acute stroke. J Neuroimaging. (2016) 26:355–9. doi: 10.1111/jon.12312

 20. de Bustos EM, Vuillier F, Chavot D, Moulin T. Telemedicine in stroke: organizing a network–rationale and baseline principles. Cerebrovasc Dis Basel Switz. (2009) 27(Suppl. 4):1–8. doi: 10.1159/000213052

 21. Moulin T, Tatu L, Crépin-Leblond T, Chavot D, Bergès S, Rumbach T. The Besançon Stroke Registry: an acute stroke registry of 2,500 consecutive patients. Eur Neurol. (1997) 38:10–20. doi: 10.1159/000112896

 22. Moulin T, Retel O, Chavot D. Impacts des nouvelles technologies informatiques et de communication (NTIC) sur l'organisation hospitalière et la prise en charge des patients : Réseau d'Aide au Diagnostic et aux Soins des Urgences Neurologiques (RAIDS-UN). Sante Publique. (2003) 15:191–200. doi: 10.3917/spub.hs030.0191

 23. Brott T, Adams HP, Olinger CP, Marler JR, Barsan WG, Biller J, et al. Measurements of acute cerebral infarction: a clinical examination scale. Stroke. (1989) 20:864–70. doi: 10.1161/01.STR.20.7.864

 24. Adams HP, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, et al. Classification of subtype of acute ischemic stroke. Definitions for use in a multicenter clinical trial. TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke. (1993) 24:35–41. doi: 10.1161/01.STR.24.1.35

 25. Palm F, Urbanek C, Wolf J, Buggle F, Kleemann T, Hennerici MG, et al. Etiology, risk factors and sex differences in ischemic stroke in the Ludwigshafen stroke study, a population-based stroke registry. Cerebrovasc Dis. (2012) 33:69–75. doi: 10.1159/000333417

 26. Rankin J. Cerebral vascular accidents in patients over the age of 60. II. Prognosis. Scott Med J. (1957) 2:200–15. doi: 10.1177/003693305700200504

 27. van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn J. Interobserver agreement for the assessment of handicap in stroke patients. Stroke. (1988) 19:604–7. doi: 10.1161/01.STR.19.5.604

 28. Rovira A, Orellana P, Alvarez-Sabín J, Arenillas JF, Aymerich X, Grivé E, et al. Hyperacute ischemic stroke: middle cerebral artery susceptibility sign at echo-planar gradient-echo MR imaging. Radiology. (2004) 232:466–73. doi: 10.1148/radiol.2322030273

 29. von Kummer R, Broderick JP, Campbell BCV, Demchuk A, Goyal M, Hill MD, et al. The Heidelberg bleeding classification. Stroke. (2015) 46:2981–6. doi: 10.1161/STROKEAHA.115.010049

 30. Gerber JC, Miaux YJ, von Kummer R. Scoring flow restoration in cerebral angiograms after endovascular revascularization in acute ischemic stroke patients. Neuroradiology. (2015) 57:227–40. doi: 10.1007/s00234-014-1460-x

 31. Zheng M-Z, Yang Q-Y, Lu X-D, Hu S-L, Chai C, Shen W, et al. Middle cerebral artery thrombus susceptibility-weighted imaging mapping predicts prognosis. Quant Imaging Med Surg. (2019) 9:1556–65. doi: 10.21037/qims.2019.08.17

 32. Darcourt J, Garcia C, Phuong DM, Michelozzi C, Bellanger G, Adam G, et al. Absence of susceptibility vessel sign is associated with aspiration-resistant fibrin/platelet-rich thrombi. Int J Stroke. (2021) 16:972–80. doi: 10.1177/1747493020986626

 33. Kim SK, Yoon W, Kim TS, Kim HS, Heo TW, Park MS. Histologic Analysis of retrieved clots in acute ischemic stroke: correlation with stroke etiology and gradient-echo MRI. Am J Neuroradiol. (2015) 36:1756–62. doi: 10.3174/ajnr.A4402

 34. Di Meglio L, Desilles J-P, Ollivier V, Nomenjanahary MS, Di Meglio S, Deschildre C, et al. Acute ischemic stroke thrombi have an outer shell that impairs fibrinolysis. Neurology. (2019) 93:e1686–98. doi: 10.1212/WNL.0000000000008395

 35. Haridy J, Churilov L, Mitchell P, Dowling R, Yan B. Is there association between hyperdense middle cerebral artery sign on CT scan and time from stroke onset within the first 24-hours? BMC Neurol. (2015) 15:101. doi: 10.1186/s12883-015-0358-5

 36. Pikija S, Magdic J, Trkulja V, Unterkreuter P, Mutzenbach JS, Novak HF, et al. Intracranial thrombus morphology and composition undergoes time-dependent changes in acute ischemic stroke: a CT densitometry study. Int J Mol Sci. (2016) 17:1959. doi: 10.3390/ijms17111959

 37. Tolhuisen ML, Kappelhof M, Dutra BG, Jansen IGH, Guglielmi V, Dippel DWJ, et al. Influence of onset to imaging time on radiological thrombus characteristics in acute ischemic stroke. Front Neurol. (2021) 12:693427. doi: 10.3389/fneur.2021.693427

 38. Sakamoto Y, Kimura K, Sakai K. M1 susceptibility vessel sign and hyperdense middle cerebral artery sign in hyperacute stroke patients. Eur Neurol. (2012) 68:93–7. doi: 10.1159/000338308

 39. Park M-G, Yoon CH, Baik SK, Park K-P. Susceptibility vessel sign for intra-arterial thrombus in acute posterior cerebral artery infarction. J Stroke Cerebrovasc Dis. (2015) 24:1229–34. doi: 10.1016/j.jstrokecerebrovasdis.2015.01.021

 40. Di Meglio L, Derraz I, Solonomenjanahary M, Daly D, Chodraui Filho S, Ben Maacha M, et al. Two-layered susceptibility vessel sign is associated with biochemically quantified thrombus red blood cell content. Eur J Neurol. (2020) 27:1264–71. doi: 10.1111/ene.14241

 41. Romero JM, Liberato ACP, Montes D, Barnaure I, Xu J, Maza N, et al. Accuracy of MRI T2*-weighted sequences (GRE-EPI) compared to CTA for detection of anterior circulation large vessel thrombus. Emerg Radiol. (2020) 27:269–75. doi: 10.1007/s10140-020-01754-9

 42. Derraz I, Bourcier R, Soudant M, Soize S, Hassen WB, Hossu G, et al. Does clot burden score on baseline T2*-MRI impact clinical outcome in acute ischemic stroke treated with mechanical thrombectomy? J Stroke. (2019) 21:91–100. doi: 10.5853/jos.2018.01921

 43. Vedder K, Ebert DA, Szabo PDK, Förster PDA, Alonso PDA. Unknown onset stroke: differences between patients with wake-up stroke and daytime-unwitnessed stroke. J Stroke Cerebrovasc Dis. (2021) 30:105842. doi: 10.1016/j.jstrokecerebrovasdis.2021.105842

 44. Feinberg WM, Blackshear JL, Laupacis A, Kronmal R, Hart RG. Prevalence, age distribution, and gender of patients with atrial fibrillation: analysis and implications. Arch Intern Med. (1995) 155:469–73. doi: 10.1001/archinte.155.5.469

 45. Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby JV, et al. Prevalence of diagnosed atrial fibrillation in adults: national implications for rhythm management and stroke prevention: the AnTicoagulation and Risk Factors In Atrial Fibrillation (ATRIA) study. JAMA. (2001) 285:2370. doi: 10.1001/jama.285.18.2370

 46. Watson T, Shantsila E, Lip GY. Mechanisms of thrombogenesis in atrial fibrillation: Virchow's triad revisited. The Lancet. (2009) 373:155–66. doi: 10.1016/S0140-6736(09)60040-4

 47. Kamel H, Okin PM, Elkind MSV, Iadecola C. Atrial fibrillation and mechanisms of stroke. Stroke. (2016) 47:895–900. doi: 10.1161/STROKEAHA.115.012004

 48. Fu C-H, Chen C-H, Lin Y-H, Lee C-W, Tsai L-K, Tang S-C, et al. Fibrin and platelet-rich composition in retrieved thrombi hallmarks stroke with active cancer. Stroke. (2020) 51:3723–7. doi: 10.1161/STROKEAHA.120.032069

 49. Brinjikji W, Nogueira RG, Kvamme P, Layton KF, Almandoz JED, Hanel RA, et al. Association between clot composition and stroke origin in mechanical thrombectomy patients: analysis of the Stroke Thromboembolism Registry of Imaging and Pathology. J NeuroInterventional Surg. (2021) 13:594–8. doi: 10.1136/neurintsurg-2020-017167

 50. Fitzgerald S, Dai D, Wang S, Douglas A, Kadirvel R, Layton KF, et al. Platelet-rich emboli in cerebral large vessel occlusion are associated with a large artery atherosclerosis source. Stroke. (2019) 50:1907–10. doi: 10.1161/STROKEAHA.118.024543

 51. Sporns PB, Hanning U, Schwindt W, Velasco A, Minnerup J, Zoubi T, et al. Ischemic stroke. Stroke. (2017) 48:2206–10. doi: 10.1161/STROKEAHA.117.016590

 52. Jolugbo P, Ariëns R. Thrombus composition and efficacy of thrombolysis and thrombectomy in acute ischaemic stroke. Stroke. (2021) 52:1131–42. doi: 10.1161/STROKEAHA.120.032810

 53. Allibert R, Grand CB, Vuillier F, Cattin F, Muzard E, Biondi A, et al. Advantages of susceptibility-weighted magnetic resonance sequences in the visualization of intravascular thrombi in acute ischemic stroke. Int J Stroke. (2014) 9:980–4. doi: 10.1111/ijs.12373

 54. Aoki J, Kimura K, Shibazaki K, Sakamoto Y, Saji N, Uemura J. Location of the susceptibility vessel sign on T2*-weighted MRI and early recanalization within 1 hour after tissue plasminogen activator administration. Cerebrovasc Dis Extra. (2013) 3:111–20. doi: 10.1159/000354848

 55. Kim SK, Yoon W, Heo TW, Park MS, Kang HK. Negative susceptibility vessel sign and underlying intracranial atherosclerotic stenosis in acute middle cerebral artery occlusion. AJNR Am J Neuroradiol. (2015) 36:1266–71. doi: 10.3174/ajnr.A4280

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Dillmann, Bonnet, Vuillier, Moulin, Biondi and Charbonnier. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-13-893060-t003.jpg
SVS+
Number (%) 71(78.9)
% redblood cells, 567 (22.7)
mean (sd)
9% white blood 12.8(13.6)
colls, mean (sd)
% Fibrin, mean 309(20.2)
(sd)

Svs-

19 21.1)
28.9(295)

16.5(20.2)

54.1(319)

Total

%
508 (26.7)

13.6 (15.2)

358 (24.9)

<0.001

0.92

<0.01

SV, susceptibilty vessel sign; sd, standard deviation. Bold values are significant p-values

(<0.05).





OPS/images/fneur-13-893060-t001.jpg
Number (%)

Age, mean (sd)

Female, N (%)

Antiplatelet at admission, N (%)
Anticoagulant at admission, N (%)

Anticoagulant + antiplatelet at admission, N (%)

NIHSS at admission, med
Ischemic volume, miL, mean (sd)
TOAST Classification N (%)
Cardicembolic

of which discovery of atrial fibrillation
Defnite large-artery atheroscerosis
Possible large-artery atherosclerosis
Stroke of other determined etiology
of which cervical artery dissection
Stroke of undetermined etiology
Thrombus location N (%)

M1

M2

Vertebrobasiar

Carotid terminus

Tandem

Thrombectomy, N (%)

Stent Retriever

TICI 2b-3 at end of procedure
Follow-up, N (%)

Mealignant CI

sICH at 24h

mRS 0-2 at 3 months

Time.

Time SO-imaging, min, mean (sd)
Time SO-imaging, min, med, N

SVS+

173(78.3)
704 (15.9)
95 (54.9)
46 (26.6)
26 (15.0)
529
17
53.4(71.5)

96 (55.5)
60 (34.7)
15@8.7)
18 (10.4)
428
2(12)
40 (23.1)

111 (64.1)
23(13.3)
12 (69)
27 (15.6)
22(12.7)

44/152 (29.0)
136/169 (80.5)

19170 (11.2)
971 (5.3)
61/147 (41.5)

157 (98)
138/173

SVs-

48(21.7)
64.8(17.6)
25 (52.1)
11(229)
11 (22.9)
2(42)
14
37.4(52.9)

20(41.7)
9(18.8)
4(83)
2(42)
7(14.6)
124
15 (31.3)

31(64.6)
12 (25.0)
0
5(10.4)
489

12/43 (27.9)
36/43 (83.7)

247 (4.3)
1/48 (2.1)
18/35 (37.1)

118 (52)
114/48

Total

221
69.2(16.4)
120 (54.9)
57(25.8)
37(16.7)
782
17
49.9(68.1)

116 (52.5)
69(31.2)
19(8.6)
20(9.0)
11(5.0)
3(1.9)
56 (24.9)

142 (64.3)
35(158)
12(5.4)
32(145)
26(118)

56/195 (28.7)
172/212 (81.1)

21/217 9.7)
10/219 (4.6)
74/182 (40.7)

148 (92)
180/221

0.0504
0.73
0.61

02
0.65
0.38

0.091

<0.01

0.4

0.89
0.63

0.26
0.69
0.64

<0.001

SVS, susceptibility vessel sign; NIHSS, National Institute of Health Stroke Score; TOAST, Trial of Org 10172 in Acute Stroke Treatment; mTICI, Modified Treatment in Cerebral Ischemia
score; sICH, Symptomatic intracranial hemorrhage; mRS, modified Renkin Scale; SO, symptom onset. Bold values are significant p-values (<0.05).





OPS/images/fneur-13-893060-t002.jpg
Odds Ratio p

Symptom onset—imaging time 0911(0.844; 0.972) 0.011
Age 0988 (0.967; 1.01] 024
TOAST Cardicembolic vs. others 1.55(0.774;3.12) 0.22

TOAST, Trial of Org 10172 in Acute Stroke Treatment. Bold values are significant p-values
(<0.05).





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Factors That Influence Susceptibility Vessel Sign in Patients With Acute Stroke Referred for Mechanical Thrombectomy



		Introduction



		Methods



		Population



		Clinical Data



		Time Data



		Radiological Data



		Data Related to Mechanical Thrombectomy



		Histopathological Data



		Statistics







		Results



		Population



		Population Characteristics



		Multivariate Analysis of the Whole Study Population



		Analysis of the Subgroup With Exact Known Symptom Onset Time (KSO)



		Multivariate Analysis of the KSO Subgroup



		Histopathological Analysis of Thrombi







		Discussion



		Main Result



		Other Parameters Studied and Comparison With Literature



		Limits







		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Acknowledgments



		Supplementary Material



		Abbreviations



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Factors That Influence Susceptibility
Vessel Sign in Patients With Acute
Stroke Referred for Mechanical
Thrombectomy





OPS/images/fneur-13-893060-g001.gif
512 patients
referred for
mechanical

thrombectomy

89 patients with
initial CT-scan

423 patients
with initial MRI

3 patients
without onset
ime

31 patients
without
teadable T2*

— v

389 patients

included 221 patients in

the known
‘symptom onset
group

309 SVS+ 80 SVS- 173 SVS+ 48SVS-
patients patients patients patients






OPS/images/fneur-13-893060-g002.gif
10

10

)

B e s
S e T

0

m









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Neurology





