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Background and purpose: Asymmetrical prominent veins sign (APVS) often appears on susceptibility-weighted angiography (SWAN) images in patients with acute stroke. Early neurological deterioration (END) is highly correlated with survival prognosis in patients with ischemic stroke. This study sought to explore the relationship between APVS and END in patients with acute stroke.

Methods: The subjects retrospectively enrolled in this study were patients with acute ischemic stroke in the middle cerebral artery supply area. All patients underwent head MRI, including the SWAN sequence, within 7 days of stroke symptom onset. END was defined as clinical deterioration or recurrence within 72 h after ischemic stroke. The volume of infarction on diffusion-weighted imaging was measured. Univariate and multivariate analyses were used to analyze the relationship between APVS and END. Spearman correlation between APVS grades and infarct volume, white matter hyperintensity (WMH) volume, and offending vessel were also analyzed.

Results: A total of 157 patients with middle cerebral artery infarct between September 2018 and April 2020 were included in the study. APVS appeared on MRI in 84 of 157 patients, and 34 of 157 patients were diagnosed with END. In patients with END, the proportion of severe APVS was higher than in patients without END (P = 0.001, x2 = 14.659). Patients with END were older and had a larger volume of infarct and WMH than patients without END (all P < 0.05). After adjustments were made for related risk factors of END, the severity of APVS was still related to END (OR = 2.56, 95% CI, 1.38–4.75; P for trend = 0.003). Spearman correlation showed that APVS grades were positively related to infarct volume (r = 0.289, P < 0.001) and 3-month modified Rankin Scale score (r = 0.203, P = 0.011) and negatively related to offending vessels (r = −0.170, P = 0.034).

Conclusion: APVS may be an important predictor of END in patients with acute ischemic stroke.
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Introduction

Susceptibility-weighted angiography (SWAN), which is analogous to susceptibility-weighted imaging (SWI), is an imaging technique that identifies differences in magnetic sensitivity caused by unevenness of the local magnetic field (such as with blood or iron) in tissues. This technique can effectively display veins, blood metabolites, and iron deposits in patients with cerebrovascular disease. Compared with conventional MRI sequences, SWAN can more sensitively display cerebral venules, microbleeds, and iron deposition (1, 2).

The imaging of small veins with SWAN is based on the principle of blood oxygen level. On SWAN, patients with cerebrovascular disease may demonstrate the asymmetrical prominent veins sign (APVS), which refers to veins that are wider and longer in one hemisphere of the brain than in the other. APVS can be categorized based on location, with patients demonstrating the asymmetrical cortical veins sign (ACVS) or the asymmetrical medullary veins sign (AMVS) (3).

Deoxyhemoglobin is used as an endogenous contrast agent to display the structure of intracranial veins. Therefore, the degree of vein development in SWAN is mainly dependent on the amount of deoxyhemoglobin in venous blood (4). APVS is usually not present in healthy patients but is often present in patients who have experienced an ischemic stroke (5, 6).

The appearance of APVS is pathophysiologically complex. In the ischemic penumbra of patients with acute ischemic stroke, the brain tissue is in a state of poor perfusion. This results in increased tissue oxygen uptake increased concentration of venous deoxyhemoglobin and increased magnetic sensitivity of veins.

The clinical significance of APVS remains controversial. Some researchers hold the view that APVS in the infarct zone may represent the ischemic penumbra, as the oxygen uptake index in the penumbra zone is elevated, which is considered collateral branches of the ischemic penumbra. One study found that the presence of APVS is related to the early improvement of cerebral infarction (7). In a study of patients undergoing thrombolysis, those with AMVS identified on MRI before thrombolysis had better early reperfusion (8), which led researchers to conclude that the presence of APVS is associated with collateral circulation and is a good predictor of prognosis in patients with stroke (9, 10). However, other studies in patients with stroke who did not undergo thrombolysis demonstrated conflicting results, showing that the presence of APVS indicated poor arterial supply and was associated with adverse outcomes (6, 11). These conflicting findings obscure the clinical significance of APVS in patients with stroke. In particular, research has not yet clearly demonstrated the potential association between APVS and the presence of early neurological deterioration (END), which is a predictor of short-term and long-term prognosis and occurs in 10–40% of patients with ischemic stroke (12, 13).

The purpose of this study, therefore, was to explore the clinical role of APVS in cerebral infarction. In particular, we sought to determine whether a relationship exists between APVS and END in patients with acute stroke.



Methods


Study patients

In this retrospective analysis, patients who experienced an ischemic stroke and were treated at Changzhou Second People's Hospital between September 2018 and April 2020 were considered for inclusion. Patients were enrolled if they met the following inclusion criteria (Figure 1): (1) age at the time of stroke onset was 18–80 years; (2) time from stroke onset to hospitalization was <3 days; (3) MRI, including diffusion-weighted imaging (DWI), SWAN, and MR angiography/computed tomography (CT) angiography, was performed within 7 days after stroke symptom onset; and (4) DWI indicated the presence of infarction in the middle cerebral artery supply area. Only patients with infarction in the middle cerebral supply area were included to avoid any differences caused by different locations of infarcted vessels. Exclusion criteria were as follows: (1) patients underwent vascular recanalization, such as thrombolysis or thrombectomy; (2) patients had severe artifacts on MRI; (3) patients had acute infarcts in both cerebral hemispheres; (4) patients also had severe cardiopulmonary insufficiency, renal insufficiency, and severe pneumonia.
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FIGURE 1
 Flow chart of the systematic review screening process.




Assessment of APVS on SWAN

Patients underwent DWI, including SWAN, within 3 days of admission. All sequences were performed using 3T MRI (GE, Discovery MR 750). SWAN scanning parameters were as follows: repetition time (TR), 85.4 ms; echo time (TE), 44.65 ms; flip angle, 15; slice thickness, 3.6 mm; slice spacing, 1.8 mm; image columns, 512; image rows, 512. Post-processing was performed using self-contained Functool software to obtain the corrected phase diagram (phase) and the reconstructed SWAN minimum intensity projection (MIP) diagram. DWI scanning parameters were as follows: TR, 6,000 ms; TE, 79.5 ms; flip angle, 90; slice thickness, 5 mm; slice spacing, 6.5 mm; image columns, 256; image rows, 256.

Two senior neurologic physicians interpreted the MR images to assess APVS. The consistency of these interpretations was tested using the kappa coefficient, which was found to be 0.82. The evaluation of one of the physicians was then randomly selected for each case.

Asymmetrical prominent veins sign is defined as an increased number of drainage veins and thickened diameter of veins (14). When the number and diameter of veins are roughly similar, the case is deemed APVS negative. Grades of APVS are defined as follows (Figure 2): in grade 2, veins on the affected side are significantly thicker and more plentiful than on the healthy side; in grade 1, veins on the affected side are slightly thicker and more plentiful than on the healthy side; and grade 0, there is no significant difference in veins between the affected side and the healthy side (15).


[image: Figure 2]
FIGURE 2
 APVS grades. APVS grade 0 (A), grade 1 (B), and grade 2 (C). Row (a) shows SWAN images of different grades, row (b) shows magnified APVS, and row (c) shows diffusion-weighted images with quantified volume.


All MR images were interpreted by two senior neurologic physicians who were blinded to the patient's basic clinical information. When there was disagreement, the consensus was reached through discussion.

Although APVS can be subdivided into AMVS and ACVS depending on the location, we found that APVS was usually identified around the cerebral infarction tissue and was related to the location of cerebral infarction. Therefore, this study did not distinguish between AVMS and ACVS in patients with APVS.

The volume of cerebral infarction on DWI was measured using ITK-snap software (http://www.itksnap.org), and the distribution of cerebral veins was compared between the affected side and the healthy side. Furthermore, this study also measured the volume of white matter hyperintensities (WMH) using the W2MHS toolbox (https://www.nitrc.org/projects/w2mhs) on Matlab.



Definition of END

Early neurological deterioration is usually defined as clinical deterioration or recurrence within 72 h after an ischemic stroke (16). For this study, END was defined as a National Institutes of Health Stroke Scale (NIHSS) score of more than 2 points recorded within 72 h after admission (17, 18). Previous studies have demonstrated that the occurrence of END is related to multiple factors such as blood pressure at admission, blood glucose level, NIHSS score, atrial fibrillation, and the presence of intracranial large vessel lesions (12, 13, 19). In this study, we assessed several other potential risk factors, including the occurrence of hemorrhagic transformation (HT) (based on criteria from the European Cooperative Acute Stroke Radiological Study) (20).



Statistical analysis

The data were analyzed using IBM SPSS statistics 25 (IBM Corp.). Continuous data were assessed with the Kolmogorov-Smirnov normality test; results with normal distribution were expressed as mean ± SD, and those with non-normal distribution were expressed as median (25th−75th percentiles). Categorical variables were expressed as the number of cases (proportion). Differences between groups were analyzed using either independent samples t-tests, chi-square tests, or Mann–Whitney U tests. Crude binary regression was used to analyze the effect of APVS on END. In addition, multivariate binary regression was used for adjusting related factors considering the literature and statistical results in Table 1. APVS grades were included in the regression as categorical (P) and numerical (P for trend) variables. Spearman correlation was also used to assess the association between APVS grades and infarct volume, WMH volume, and offending vessel. P-values < 0.05 were considered to be significant.


TABLE 1 Clinical characteristics of patients with and without END.
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Results


Clinical characteristics of patients with END and those without END

Of the 157 enrolled patients (mean age, 62 years), 34 were diagnosed with END. As shown in Table 1, 27 of 84 patients with APVS were diagnosed with END, and 7 of 72 patients without APVS were diagnosed with END. Patients with END had higher grades of APVS than those without END (P < 0.05, x2 = 14.659). Patients with END were also older, had larger infarcts, and had higher WMH volumes than those without END (P < 0.05 for all). More particularly, patients with END had a higher periventricular WMH volume (P = 0.038) and a higher deep WMP volume (P = 0.018) than those without END. The groups also differed in etiological TOAST (Trial of Org 10172 in Acute Stroke Treatment) subtypes (P < 0.05). The associations between offending vessel and END (P = 0.051) and HT and END (P = 0.059) trended toward statistical significance.



Risk factors for END

Binary regression analysis showed that APVS overall was related to END (P for trend <0.001, OR = 2.73, 95% CI, 1.59–4.69). APVS grade 1 and grade 2 were also found to be related to END (grade 1, P = 0.011, OR = 3.51, 95% CI, 1.33–9.23; grade 2, P < 0.001, OR = 7.41, 95% CI, 2.44–22.46). After adjusted age and sex, APVS remained an independent risk factor of END (P for trend <0.001, OR = 3.03, 95 CI%, 1.66–5.51).

Compared with APVS grade 0, the multivariable-adjusted OR for APVS grade 2 was 6.39, and 2.98 for grade 1 after adjusting age, sex, infarct volume, etiology of TOAST classification, and white matter hyperintensities. APVS remained an independent risk factor for END (P for trend = 0.003, OR = 2.56, 95% CI, 1.38–4.75) (Table 2).


TABLE 2 Risk factors for END.
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Spearman correlation between APVS grades and potential risk factors

The APVS grades were positively correlated with infarct volume and 3-month modified Rankin Scale score (r = 0.289 and r = 0.203, respectively; P < 0.05 for both) and were negatively correlated with offending vessels (r = −0.17, P = 0.034) (Table 3).


TABLE 3 The Spearman correlation between APVS grade and risk factors.
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Discussion

In this study, we found that 84 of 157 patients demonstrated APVS on MRI, and 34 of 157 patients were diagnosed with END. Analysis showed that the presence of APVS was strongly associated with the occurrence of END.

Early neurological deterioration is one of the main factors associated with poor prognosis in patients with acute ischemic stroke, and the incidence of END in these patients may be as high as 40% (21). Previous studies have found that stroke severity, development of cerebral edema, HT, age, hypertension, and diabetes are all related to the occurrence of END (13, 19, 22). Identifying such risk factors is crucial, as early treatment can help to prevent this serious complication.

When a stroke occurs, blood perfusion of brain tissue decreases, and the ischemic tissue absorbs the oxygen of residual blood. Low perfusion and vascular compensatory hemodynamic changes occur in local brain tissue, resulting in an imbalance between oxygen supply and demand in the ischemic area, an increase in oxygen uptake fraction, or an increase in expansion and volume of the drainage vein. This change may be due to venous enlargement after cerebral infarction as the infarct area attempts to obtain compensatory blood flow. Patients in the current study did not undergo vascular recanalization for various reasons. For some patients, the time window for thrombolysis or thrombectomy at the hospital had passed; for others, thrombolysis was not available for economic reasons or because there was a recent history of surgery. Among these patients who did not undergo thrombolytic therapy, the presence of APVS was found to be a risk factor for END. Previous studies using magnetically sensitive sequences found that in patients who had not yet undergone recanalization, the presence of APVS indicated recanalization, suggesting a favorable outcome (8, 9). In other studies of patients who did not undergo thrombolysis, the presence of APVS was found to be indicative of adverse outcomes (11, 23), similar to our findings in this study.

Asymmetrical prominent veins sign refers to asymmetry in the superficial cortical veins and deep medullary veins. Patients with APVS demonstrate an increased number of these veins or thickening of the diameter of these veins on the focal side of the cerebral hemisphere (7, 11). The appearance of APVS is the manifestation of the activation of metabolic reserve in the acute stage of ischemic stroke. When the cerebral perfusion pressure decreases, the ischemic brain tissue increases the oxygen extraction fraction to maintain the normal oxygen metabolism rate, thus increasing the concentration of deoxyhemoglobin in the drainage vein on the ischemic side. As a result, the drainage vein of the cerebral hemisphere in the corresponding region may demonstrate a prominent low signal on SWAN (9).

Susceptibility-weighted angiography is a technique that is based on the T2-weighted gradient-echo sequence in MRI. It is particularly sensitive to paramagnetic substances such as deoxyhemoglobin, hemosiderin, calcification, and iron deposition. It can not only provide important information for the diagnosis and treatment of neurodegenerative diseases but can also predict the bleeding transformation risk in patients treated with antithrombotic therapy through the detection of microbleeds (2, 24). In addition, studies have shown that cortical APVS demonstrated on SWAN/SWI can reflect the cerebral collateral circulation and cerebral hemodynamics and can be used to evaluate the compensatory state of patients with ischemic stroke from the perspective of blood flow and metabolism (10, 25).

The presence of APVS represents the occurrence of ischemia and hypoxia of brain tissue, and it indicates that collateral circulation is being established in the brain. The presence of APVS may therefore be a warning of irreversible damage to nerve function. If patients receive adequate reperfusion within the time window of thrombolysis or thrombolysis, it is very likely to save the ischemic penumbra, which may lead to a better prognosis. If patients do not receive reperfusion treatment, their disease is likely to worsen and lead to the development of END.

In this study, we found that patients with APVS tended to have a larger infarction volume than patients without APVS. If the infarct size is small, the venous deoxygenated hemoglobin is likely to be only slightly elevated, which results in the patient being negative for APVS. We also found that with the accumulation of WMH, the probability of APVS increases. Previous studies have shown that the APVS may be a factor that cannot be ignored in cerebral small vascular disease (26, 27). Researchers have also pointed out that dilation of the deep medullary vein and cortical vein sign plays a role in the other type of cerebral small vascular disease like microbleeds and white matter hyperintensities (28, 29).

This study had some limitations. First, APVS was rated visually despite the availability of recent literature regarding segmenting and quantifying veins. We also did not analyze dynamic changes in APVS after stroke; it remains unclear whether the APVS will persist or disappear in such patients. Additionally, the number of samples in this study was relatively small. Although the numbers were sufficient to carry out statistical analysis, our results should be interpreted with some caution because of the possibility of selection bias. Finally, in an attempt to obtain clinical consistency, we enrolled only patients with cerebral infarction of the middle cerebral artery; further studies assessing these factors in other arteries are needed.



Conclusion

This study showed that APVS is closely related to END in patients who have experienced a stroke. In addition, we found that patients with a higher infarct volume are prone to demonstrate APVS on MRI.



Data availability statement

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



Author contributions

KH and JL participated in the design, data statistical analysis, and drafting of the manuscript. MZ participated in the design and helped with the data collection and analysis. WY helped with the data collection and analysis. YC helped to read and evaluate the retinal fundus photographs. KH and MZ were involved in the design, review, and editing of the manuscript and provided financial support. All authors contributed to the article and approved the submitted version.



Funding

This project was supported by the National Natural Science Foundation of China (81671284), the General Program of Jiangsu Commission of Health (H2019051), and the Young Talent Development Plan of Changzhou Health Commission (CZQM2020073).



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.



References

 1. Reichenbach JR, Venkatesan R, Schillinger DJ, Kido DK, Haacke EM. Small vessels in the human brain: MR venography with deoxyhemoglobin as an intrinsic contrast agent. Radiology. (1997) 204:272–7. doi: 10.1148/radiology.204.1.9205259

 2. Heyn C, Alcaide-Leon P, Bharatha A, Sussman MS, Kucharczyk W, Mandell DM. Susceptibility-weighted imaging in neurovascular disease. Top Magn Reson Imaging. (2016) 25:63–71. doi: 10.1097/RMR.0000000000000079

 3. Liu S, Buch S, Chen Y, Choi HS, Dai Y, Habib C, et al. Susceptibility weighted imaging: current status and future directions. NMR Biomed. (2017) 30:10.1002/nbm.3552. doi: 10.1002/nbm.3552

 4. Rosso C, Belleville M, Pires C, Dormont D, Crozier S, Chiras J, et al. Clinical usefulness of the visibility of the transcerebral veins at 3T on T2*-weighted sequence in acute stroke patients. Eur J Radiol. (2012) 81:1282–7. doi: 10.1016/j.ejrad.2011.03.025

 5. Liu Y, Xiao W, Lu J, Wang Y, Lu Z, Zhong H, et al. Asymmetrical cortical vessel sign predicts prognosis after acute ischemic stroke. Brain Behav. (2020) 10:e01657. doi: 10.1002/brb3.1657

 6. Han X, Ouyang L, Zhang C, Ma H, Qin J. Relationship between deep medullary veins in susceptibility-weighted imaging and ipsilateral cerebrovascular reactivity of middle cerebral artery in patients with ischemic stroke. Exp Ther Med. (2016) 11:2217–20. doi: 10.3892/etm.2016.3198

 7. Jensen-Kondering U, Böhm R. Asymmetrically hypointense veins on T2*w imaging and susceptibility-weighted imaging in ischemic stroke. World J Radiol. (2013) 5:156–65. doi: 10.4329/wjr.v5.i4.156

 8. Lou M, Chen Z, Wan J, Hu H, Cai X, Shi Z, et al. Susceptibility-diffusion mismatch predicts thrombolytic outcomes: a retrospective cohort study. AJNR Am J Neuroradiol. (2014) 35:2061–7. doi: 10.3174/ajnr.A4017

 9. Payabvash S, Taleb S, Benson JC, Hoffman B, Oswood MC, McKinney AM, et al. Susceptibility-diffusion mismatch in middle cerebral artery territory acute ischemic stroke: clinical and imaging implications. Acta Radiol. (2017) 58:876–82. doi: 10.1177/0284185116675658

 10. Park MG, Yeom JA, Baik SK, Park KP. Total mismatch of diffusion-weighted imaging and susceptibility-weighted imaging in patients with acute cerebral ischemia. J Neuroradiol. (2017) 44:308–12. doi: 10.1016/j.neurad.2017.04.002

 11. Wang Y, Shi T, Chen B, Lin G, Xu Y, Geng Y. Prominent hypointense vessel sign on susceptibility-weighted imaging is associated with clinical outcome in acute ischaemic stroke. Eur Neurol. (2018) 79:231–39. doi: 10.1159/000488587

 12. Liu P, Liu S, Feng N, Wang Y, Gao Y, Wu J. Association between neurological deterioration and outcomes in patients with stroke. Ann Transl Med. (2020) 8:4. doi: 10.21037/atm.2019.12.36

 13. Helleberg BH, Ellekjaer H, Indredavik B. Outcomes after early neurological deterioration and transitory deterioration in acute ischemic stroke patients. Cerebrovasc Dis. (2016) 42:378–86. doi: 10.1159/000447130

 14. Haller S, Haacke EM, Thurnher MM, Barkhof F. Susceptibility-weighted imaging: technical essentials and clinical neurologic applications. Radiology. (2021) 299:3–26. doi: 10.1148/radiol.2021203071

 15. Payabvash S, Benson JC, Taleb S, Rykken JB, Hoffman B, Oswood MC, et al. Prominent cortical and medullary veins on susceptibility-weighted images of acute ischaemic stroke. Br J Radiol. (2016) 89:20160714. doi: 10.1259/bjr.20160714

 16. Çelik O, Çil C, Biteker FS, Gökçek A, Dogan V. Early neurological deterioration in acute ischemic stroke. J Chin Med Assoc. (2019) 82:245. doi: 10.1097/JCMA.0000000000000022

 17. Huang ZX, Wang QZ, Dai YY, Lu HK, Liang XY, Hu H, et al. Early neurological deterioration in acute ischemic stroke: a propensity score analysis. J Chin Med Assoc. (2018) 81:865–70. doi: 10.1016/j.jcma.2018.03.011

 18. Zhang M, Zhu W, Ma Y, Huang K, Huang S, Chen Q, et al. Early neurological deterioration and hypoperfusion volume ratio on arterial spin labeling in patients with acute ischemic stroke. J Stroke Cerebrovasc Dis. (2021) 30:105885. doi: 10.1016/j.jstrokecerebrovasdis.2021.105885

 19. Simonsen CZ, Schmitz ML, Madsen MH, Mikkelsen IK, Chandra RV, Leslie-Mazwi T, et al. Early neurological deterioration after thrombolysis: clinical and imaging predictors. Int J Stroke. (2016) 11:776–82. doi: 10.1177/1747493016650454

 20. Larrue V, von Kummer RR, Müller A, Bluhmki E. Risk factors for severe hemorrhagic transformation in ischemic stroke patients treated with recombinant tissue plasminogen activator: a secondary analysis of the European-Australasian Acute Stroke Study (ECASS II). Stroke. (2001) 32:438–41. doi: 10.1161/01.STR.32.2.438

 21. Seners P, Turc G, Oppenheim C, Baron JC. Incidence, causes and predictors of neurological deterioration occurring within 24 h following acute ischaemic stroke: a systematic review with pathophysiological implications. J Neurol Neurosurg Psychiatry. (2015) 86:87–94. doi: 10.1136/jnnp-2014-308327

 22. Alawneh JA, Moustafa RR, Baron JC. Hemodynamic factors and perfusion abnormalities in early neurological deterioration. Stroke. (2009) 40:e443–50. doi: 10.1161/STROKEAHA.108.532465

 23. Yu J, Wang L, Li Z, Wang S, Wang G. Related factors of asymmetrical vein sign in acute middle cerebral artery stroke and correlation with clinical outcome. J Stroke Cerebrovasc Dis. (2017) 26:2346–53. doi: 10.1016/j.jstrokecerebrovasdis.2017.05.023

 24. Patzig M, Feddersen B, Haegler K, Olzowy B, Mees K, Fischer R, et al. Susceptibility-weighted angiography visualizes hypoxia in cerebral veins. Invest Radiol. (2015) 50:397–400. doi: 10.1097/RLI.0000000000000143

 25. Verma RK, Hsieh K, Gratz PP, Schankath AC, Mordasini P, Zubler C, et al. Leptomeningeal collateralization in acute ischemic stroke: impact on prominent cortical veins in susceptibility-weighted imaging. Eur J Radiol. (2014) 83:1448–54. doi: 10.1016/j.ejrad.2014.05.001

 26. Blair GW, Thrippleton MJ, Shi Y, Hamilton I, Stringer M, Chappell F, et al. Intracranial hemodynamic relationships in patients with cerebral small vessel disease. Neurology. (2020) 94:e2258–69. doi: 10.1212/WNL.0000000000009483

 27. Chen X, Wei L, Wang J, Shan Y, Cai W, Men X, et al. Decreased visible deep medullary veins is a novel imaging marker for cerebral small vessel disease. Neurol Sci. (2020) 41:1497–506. doi: 10.1007/s10072-019-04203-9

 28. Zhang R, Huang P, Jiaerken Y, Wang S, Hong H, Luo X, et al. Venous disruption affects white matter integrity through increased interstitial fluid in cerebral small vessel disease. J Cereb Blood Flow Metab. (2020) 41:157–65. doi: 10.1177/0271678X20904840

 29. Zhang R, Li Q, Zhou Y, Yan S, Zhang M, Lou M. The relationship between deep medullary veins score and the severity and distribution of intracranial microbleeds. Neuroimage Clin. (2019) 23:101830. doi: 10.1016/j.nicl.2019.101830



OPS/images/fneur-13-860824-t003.jpg
R P-value

Infarct volume (mL) 0.289 <0.001
Deep WMH 0.148 0.064
Periventricular WMH 0.140 0.080
Offending vessel ~0.170 0.034
3-month mRS score 0203 0011

WMH, white matter hyperintensities; APVS
modified Rankin Scale.

ymmetrical prominent veins s

ign; mRS,





OPS/images/fneur-13-860824-t001.jpg
Patients without END (N = 123) Patients with END (N = 34) P-value

Age, y, mean = SD 6100 13.43 66.71% 1351 0.030
Sex, N (%) 81(65.9%) 28 (824%) 0.065
LDL, mmol/L 141£070 151£081 0501
HCY, mmol/L, 10534336 1197 £4582 0.070
Hypertension, N (%) 92 (74.8%) 27 (79.4%) 0578
Diabetes, N (%) 48 (39.0%) 14 (41.2%) 0.820
Smoke currently, N (%) 34(27.6%) 14 (41.2%) 0.129
Arial fibrillation, N (%) 17(13.8%) 7 (20.6%) 0332
Admission NIHSS (IQR) 60,8 5(.7) 0315
Offending vessel 0.051
M1 15 (12.2%) 8(23.5%)
M2 26 (21.1%) 11(324%)
M3-M4 82(66.7%) 15 (44.1%)
Infarct volume, mL (IQR) 2295 (10.36, 41.96) 14127 (22,99, 58.83) <0.001
TOAST classification 0.031
Large vessel atherosclerosis 72 (58.5%%) 22 (64.7%)
Cardioembolism 15 (12.29%) 9 (26.5%)
Small vessel occlusion 25 (20.3%%) 1(29%)
Uncertain and other cause 11(8:9%9%) 2(59%)
HT, N (%) 7(57%) 6(17.6%) 0,059
Large artery stenosis 14(11.4%) 9(26.5%) 0,054
WMH, mL (IQR)

Periventricular 323 (0.90,9.24) 8.03(1.92,11.83) 0038

Deep 0.75 (0.27, 3.83) 3.53(0.56,7.59) 0.018
APVS (grades), N (%) 0.001

4 66 (53.7%) 7(206%)

1 43 (35.0%) 16 (47.1%)

2 14 (11.4%) 11 (32.4%)

APVS (location), N (%) 123 34

LDL, low-density lipoprotein; HCY, homocystene; NIEISS
nmetrical promis

he National Institutes of Health Stroke Scale; IQR,
fal of Org 10172 in Acute Stroke

, interquartile range; WMH, white matter hyperi
eatment.






OPS/images/fneur-13-860824-t002.jpg
APVS

Grade
0
1
2

P for trend

Crude
OR (95% CI)

1
351(133,9.23)
7.41 (2.44,22.46)
273 (1.59,4.69)

P-value

0.011
<0.001
<0.001

Multivariate model 1

OR (95 C1%) P-value
1

3.24(1.19,8.80) 0.021

9.08(2.72,30.37) <0.001

3.03(1.66,5.51) <0.001

Multivariate model 2

OR (95% CI) P-value
1

2.98 (1.06, 8.31) 0.038

6.39 (1.82,22.34) 0.004

2.56 (1.38, 4.75) 0.003






OPS/xhtml/Nav.xhtml




Contents





		Cover



		The role of asymmetrical prominent veins sign in early neurological deterioration of acute ischemic stroke patients



		Introduction



		Methods



		Study patients



		Assessment of APVS on SWAN



		Definition of END



		Statistical analysis







		Results



		Clinical characteristics of patients with END and those without END



		Risk factors for END



		Spearman correlation between APVS grades and potential risk factors







		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















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

The role of asymmetrical
prominent veins sign in early
neurological deterioration of

acute ischemic stroke patients





OPS/images/fneur-13-860824-g001.gif
1435 ichemic stoke patients serend
from Setember 2018 through Aprl
2020

Infaction ot inthe mide cerbral
anery supply rea (e613)

Datlres32)

Duae371)

Ressned Vol e aion e
rombolysisand thomecioms (1=259)
The time from onset (o hospiaaton vas
more than 3 days(oe172)

Dus(n=269)

Das(ae1s7)

“Acute s wee ound imboth
certeal bemisphere30)sbjets with
severe compliatons80)






OPS/images/fneur-13-860824-g002.gif
SR O
Olﬂ










OPS/images/crossmark.jpg
(®) Check for updates





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





