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ABSTRACT

Objective: To investigate the correlation between the distribution and grading of deep medullary veins (DMVs)
on magnetic susceptibility weighted imaging (SWI) and clinical prognosis in patients with acute anterior
circulation cerebral infarction.
Method: From December 2018 to December 2019 fifty patients with acute ischemic stroke, who were admitted
to our hospital were enrolled in our study. Univariate and multivariate Logistic regression models were used
to determine the correlation between distribution of DMVs and clinical prognoses of patients. DMVs on the
ipsilateral side of the lesions were further graded and analyzed ; boxplot was used to describe its relation with
modified Rankin scale (mRs) scores of the patients.
Results: Among the 50 patients, 36 (72%) had DMVs (19 ipsilateral and 17 contralateral). Multivariate logistic
regression analysis showed that ipsilateral DMVs was an independent risk factor for poor prognosis (OR
=3.380,95% CI: 1.006-11.393, P=-0.049). However, although the contralateral DMVs could not independently
predict the prognosis, most of them appeared in the good prognosis group (44.8%). There were 7 cases of grade
1, 9 cases of grade 2 and 3 cases of grade 3 in ipsilateral DMVs. Box plot analysis showed that DMVs grade 3
had higher Mrs score (average 4 points).
Conclusion: The ipsilateral DMVs on SWI are independent predictive biomarkers for poor clinical outcome
after stroke, and contralateral DMVs often indicate good prognosis.
Key words: Susceptibility-weighted imaging; Deep medullary vein; Acute infarction; Anterior circulation;
Clinical prognosis

SWI is a three-dimensional gradient echo MRI sequence 1-3 with high spatial resolution and full

velocity correction. Compounds with paramagnetic, diamagnetic, and ferromagnetic properties all interact
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with the local magnetic field to deform it, thereby changing the phase of the local tissue and causing signal loss.
Paramagnetic compounds include deoxyhemoglobin, ferritin, and hemosiderin. Diamagnetic compounds
including bone minerals and dystrophic calcifications. Because of its high sensitivity to paramagnetic materials,
susceptibility weighted imaging (SWI) can significantly increase the visualization of intracranial venous
system. Studies have shown that SWI can not only clearly show the location and length of venous thrombosis,
but also noninvasively assess the ischemic penumbra around the infarct, and early identify the hemorrhagic
transformation after thrombolytic therapy. SWI has been widely used in the diagnosis and treatment of acute
ischemic strokel2-3l,

Morita et all4! .in 2008, on SWI of a child with ischemic stroke, he found that the white matter area of
the affected lateral ventricle was significantly thickened and was perpendicular to the lateral ventricle. With
the further study, this sign was quickly confirmed and named as deep medullary veins sign (DMVs) or brush
sign [51. In 2015, mucke et al. Included 86 patients with acute ischemic stroke. Combined with the score analysis
of modified Rankin Scale (mRS) at 90 days, the results showed that mucke had no significant difference
between the two groups. DMVs positive patients have higher mRS scores, suggesting that the worse the
prognosis. Since then, there has been an upsurge of research on the relationship between DMVs and the clinical
prognosis of patients with acute ischemic stroke. However, there are still some controversies on the clinical
evaluation of acute ischemic stroke with DMVs. Some scholars believe that DMVs positive indicates more severe
infarction degree and poor prognosis [67], but some studies have not found that DMVs positive has predictive
value for the prognosis of acute ischemic stroke [8l. At present, most of the domestic researchers discuss the
venous signs on SWI in the form of significant vascular signs, but pay little attention to the distribution and
classification of DMVs in patients with different cerebral infarction. Therefore, our research group takes
patients with acute anterior circulation cerebral infarction as the research object, and uses univariate analysis
and multivariate logistic regression analysis to explore the predictive value of the distribution and classification

of DMVs on the clinical prognosis of patients It is reported as follows.

MATERIALS AND METHODS
Object of study:

In this study, 212 patients with acute anterior circulation cerebral infarction who were treated in the
Department of Neurology, Affiliated Hospital of Inner Mongolia University for Nationalities from December
2018 to December 2019 were selected as the primary research objects. According to the inclusion and
exclusion criteria, the unqualified MRI images and the lost follow-up patients were excluded. Finally, a total of
50 patients were included in the study.

Inclusion criteria:

o

«* acute anterior circulation cerebral infarction of the first attack.
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+« complete head and neck contrast-enhanced magnetic resonance angiography (CE-MRA) examination
within 24 hours after onset, and imaging examination showed stenosis or occlusion of internal carotid
artery or middle cerebral artery.

s All patients were treated with antiplatelet aggregation, statins to stabilize plaque and control risk
factors.

Exclusion criteria:

¢ Acute posterior circulation infarction.

+ Old cerebral infarction (excluding old lacunar infarction and without neurological impairment),
cerebral hemorrhage, hemorrhagic infarction, brain tumor, brain trauma and cerebral vascular
malformation.

+ No complete diffusion weighted imaging (DWI) was performed Imaging, DWI, SWI, MRA and other
imaging data.

+» Intravenous thrombolysis or endovascular treatment.

MRI examination and Result:

MRI was performed within 24 hours after admission, including head MRI plain scan, DWI, SWI and
MRA. All imaging data were reviewed by a neurologist and a radiologist with double-blind method. According
to the method reported in foreign literature [5,7], DMVs were defined as the low signal small vein shadow
perpendicular to the lateral ventricle in the white matter area of lateral ventricle on SWI. Whether the sign was
found on the same side of the lesion or on the opposite side of the lesion was observed, and it was divided into
3 grades according to Horie et al. [5] Grade 1 (0-5), Grade 2 (6-10), Grade 3 (> 10). The degree of stenosis or
occlusion of internal carotid artery and middle cerebral artery was determined according to the results of head
and neck CE-MRA. The infarct volume was measured on DWI images using Kingstar wining information system
5.00 (Shanghai Kingstar Weining Software Co., Ltd.). If there is any objection in the above-mentioned judgment
results, the author shall reach an agreement through collective discussion.

Data collection and analysis:

General data such as gender, age, history of hypertension, diabetes, hyperlipidemia, atrial fibrillation,
smoking history, drinking history, etc. were collected: the time from onset to completion of MRI examination,
and NIHSS score at admission (completed by experienced neurologist under the condition of unknown imaging
manifestations) The imaging data of the patients were analyzed, including infarct volume, distribution of DMVs
on SWI (appearing on the same side or opposite side of the lesion) and grading of DMVs on the ipsilateral side
of the lesion was collected; According to reference [9], the clinical prognosis of patients was judged by mRS
score at follow-up (telephone or outpatient follow-up 1), in which mRS score < 3 was defined as good prognosis,
and Mrs score = 3 was defined as poor prognosis.

Statistical methods:

SPSS 17.0 software was used for statistical analysis. The measurement data of normal distribution was

expressed by means * standard deviation (X #s), the comparison between groups was conducted by t test; the
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counting data was expressed by the number of cases (percentage) [n(%)], and the comparison between groups
was conducted by x? test Furthermore, multivariate logistic regression analysis was used to screen out the
independent risk factors for poor prognosis; box plot was used to describe the distribution of mRS scores in

patients with different grades of ipsilateral DMVs . The difference was statistically significant (P < 0.05).

RESULT

Among the 50 patients included in this study, 31 were male and 19 were female; the age range was 40-
85 years old, with an average age of 67 years; there were 37 cases of hypertension, 18 cases of diabetes, 13
cases of hyperlipidemia, 9 cases of atrial fibrillation, 20 cases of smoking and 16 cases of alcohol drinking; the
average time from onset to MRI examination was 1065min. 36 cases (72%) were positive for DMVs, including
19 cases on the same side of the lesion and 17 cases on the opposite side of the lesion.

Among the 50 patients included in this study, 29 (58%) had a good prognosis and 21 (42%) had a poor
prognosis. There were significant differences in age, NIHSS score, infarct volume and distribution of DMVs
between the good prognosis group and the poor prognosis group (P < 0.05). The ipsilateral DMVs were more
common in the poor prognosis group (52.3%), while the contralateral DMVs in the good prognosis group
(44.8%). See Table 1 for details.

Multivariate logistic regression analysis showed that there were significant differences between the
two groups. Ipsilateral DMVs (OR = 3.386, P = 0.049) and NIHSS score (OR=1.265, P = 0.046) were independent
risk factors for poor prognosis. See Table 2 for details.

The ipsilateral DMVs were further classified, including 7 cases of grade 1, 9 cases of grade 2, and 3
cases of grade 3. The box plot analysis showed that the patients with grade 3 of DMVs had higher mRS score

(with an average of 4 points), suggesting that the worse prognosis. See Figure 1 for details.
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Good prognosis Poor prognosis

group(n=25) group(n=17) t/x* P
Age 63.6+11.6 72.249.3 -2.806 0.007
Male[n(%)] 21(72.4) 10(47.6) 3.178 0.087
Hypertension[n(%)] 21(72.4) 16(76.1) 0.090 1.000
Diabetes mellitus[n(%)] 12(41.3) 6(28.5) 0.867 0.388
Hyperlipidemia[n(%)] 9(31.0) 4(19.0) 0.910 0.515
Smoking[n(%)] 14(48.3) 6(28.5) 1.970 0.243
Drinking[n(%)] 12(41.3) 4(19.0) 2.791 0.129
Arterial fibrillation[n(%)] 5(17.2) 4(19.0) 0.027 1.000
Time from onset to MRI 1059+401 1073£292 -1.055 0.297
examination(min)
NIHSS score 5.3+3.3 15.1+8.4 -5.085 0.001
Infarct volume(mm?) 15.6+11.8 87.1+63.4 -2.683 0.014
Distribution of DMVs[n(%])]
Ipsilateral

8(27.6) 11(52.3)
Contralateral 13(44.8) 4(19.0) 8.121 0.016
Normal 8(27.6) 6(28.7)

Table 1: Clinical and imaging characteristics between good/poor outcomes of patients

Age
NIHSS score

Infarct volume

Distribution of

DMVs
Ipsilateral
lesion
Contralateral

lesion

OR

1.077

1.265

0.980

3.386

0.769

95%0CI

0.967~1.201
1.004~1.593
0.940~1.022

1.006~11.39
3
0.239~2.470

Partial
regression
coefficient
0.074
0.235
-0.020

1.220

-0.263

Standard
error
0.060
0.150
0.021

2.650

0.570

Wald

1.521

2.454

0.907

0.212

0.213

0.177

0.046

0.460

0.049

0.659

Table 2: Results of multivariate Logistic regression analysis of risk factors associated with poor outcome
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Figure 1: Distributions of modified Rankin scale scores with different grading of ipsilateral deep medullary

veins positive patients

DISCUSSION

In clinical practice, the disability rate of acute anterior circulation cerebral infarction is high. Therefore,
it is of great significance to find early prognostic markers and guide clinical treatment. Deep medullary vein is
an important part of deep cerebral venous system, but it is difficult to detect by conventional MRI because of
its small structure. SWI, with its high resolution, high signal-to-noise ratio and blood oxygen level dependence,
improves the detection rate of cerebral venules, especially deep medullary veins[1-10. With the discovery of
DMVs and the increase of related research, people's understanding of this sign on SWIis gradually deepening.In
recent years, it has been reported that DMVs not only can reflect the local microcirculation, but also can be used
to evaluate the early clinical prognosis of acute cerebral infarction [7.11] , DMVs may prompt the prognosis of
patients with acute cerebral infarction in the early stage of onset, which has an important reference value for
clinical selection of appropriate treatment plan and early intervention for patients

Nowadays, There are the following mainstream views about the formation mechanism of DMVs[12-13]
; one is that the volume of small veins increases and dilates due to thrombosis and blood stasis in the
responsible vessels of the infarct; the other is that the oxygen uptake ratio in the local low perfusion area of the
infarct increases, resulting in the imbalance of oxygen supply and demand, which is manifested in the increase
of the proportion of deoxygenated blood in the blood vessels, resulting in the low signal vein shadow in the
deep medulla on SWI.

The distribution of DMVs in SWI of patients with acute anterior circulation cerebral infarction showed
three patterns: DMVs appeared on the same side of the lesion. DMVs appeared on the contralateral side of the
lesion, and SWI was normal. In this study, 36 cases (72%) of 50 patients were positive for DMVs, including 19
cases on the same side of the lesion and 17 cases on the opposite side of the lesion. It can be seen that the
positive rate of DMVs on SWI is not low.

According to the mRS score, the patients were divided into good prognosis group and poor prognosis
group.It was found that There were significant differences in age, NIHSS score, infarct volume and DMVs
distribution between the good prognosis group and the poor prognosis group (P < 0.05) , These factors have

different degrees of influence on the clinical prognosis of patients.The effect of NIHSS score on short-term
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clinical prognosis has been confirmed in many studies!4.Further multivariate logistic regression analysis
showed that ipsilateral DMVs (OR = 3.38, 95% CI: 1.006-11.393, P = 0.049) was an independent risk factor for
poor prognosis. Then, the ipsilateral DMVs were classified. according to box plot analysis, the patients with
DMVs grade 3 had higher mRS score (average 4 points), indicating that the worse the prognosis.The formation
of ipsilateral DMVs is mainly due to local blood flow disorder and venous blood stasis on the infarct side,
resulting in dilation of deep medullary venules in the ipsilateral cerebral hemisphere. Continuous
decompensation of infarct leads to disturbance of energy metabolism of brain cells and increase of oxygen
uptake ratio of local brain tissue, which makes ipsilateral deep medullary vein develop on SWI. Therefore, if
local blood supply cannot be restored in a short period of time, the prognosis will be poor(t115l.In addition,
combined with the formation mechanism of ipsilateral DMV, it can be inferred that the grade 3 of ipsilateral
DMVs is essentially the manifestation of excessive deoxyhemoglobin in the vein of the lesion side and severe
local hypoxia. Clinically, it is mostly related to the increased hypoxic changes of surrounding tissues after local
cytotoxic edema in the acute phase of cerebral infarction, which is the manifestation of poor prognosis[1él. At
this time, endovascular treatment within the time window is of great help to improve the prognosis of patients.

In addition, multivariate logistic regression analysis did not find that the contralateral DMVs had a
direct predictive value on the clinical prognosis of patients (P = 0.659), but from the clinical outcome, the
positive rate of contralateral DMVs was 44.8% in the good prognosis group and only 19.0% in the poor
prognosis group. The formation of contralateral DMVs may be related to the increased local blood flow and
better collateral circulation [1317-18] After cerebral infarction, if the cerebral tissue has good collateral
circulation compensation, the blood supply is restored in time, and there is no change of oxygen uptake ratio
in the injured area, the ipsilateral deep medullary vein can not be visualized on SWI, while the contralateral
blood flow compensates for the ischemic area of ipsilateral infarction through Willis ring, so the oxygen uptake
ratio increases, forming different signal contrast on SWI, which is manifested as contralateral DMVs.

To sum up, this study found that DMVs is a significant sign on SWI in patients with acute anterior
circulation cerebral infarction, and has a certain predictive value for the clinical prognosis of patients: the
presence of ipsilateral DMVs on SWI can independently predict poor prognosis, and the occurrence of
contralateral DMVs of lesions indicates a good prognosis. However, there are still some deficiencies in this
study, such as no follow-up of SWI for patients, lack of dynamic change data of DMVs distribution, and limited
sample size of the study. Therefore, it is necessary to increase the number of cases and obtain more

comprehensive clinical data to evaluate the clinical prognosis of patients.
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