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Background: The deep medullary veins (DMVs), which constitute a component of the intracerebral
venous circulation system and are part of intracerebral reperfusion mechanisms, have been suggested as
a novel imaging marker for cerebral white matter hypersignal and cerebral small vessel disease based on
their discontinuous and reduced visual representation. However, the correlation between the number and
continuity of visible DMVs and the poor prognosis of acute ischemic stroke (AIS) remains undefined.
Magnetic susceptibility-weighted imaging was applied in this study to assess the distribution and structural
characteristics of DMVs in patients with AIS and to investigate its relationship with the poor prognosis of
those with AIS.

Methods: This retrospective study included 90 patients diagnosed with AIS in the middle cerebral artery
region by the Neurology Department of Liaoning Provincial People’s Hospital. Clinical, laboratory, and
cranial magnetic resonance imaging data were collected. After the 3-month follow-up visit, patients were
dichotomized into good (0-2 points) and poor (>3 points) prognosis groups based on the modified Rankin
Scale score, and the DMV imaging characteristics were evaluated using a 3-level visual rating scale. The
association between DMV and AIS prognosis was determined through Mann-Whitney test and multivariate
logistic regression analysis.

Results: In univariate analysis, factors that were statistically significant between the different prognostic
groups were DMV score (P=0.007), DMV symmetry (P=0.016), infarct size (P=0.029), and admission
National Institutes of Health Stroke Scale (NIHSS) score (P<0.001). DMV score had a positive correlation
with NIHSS score, (rs=0.209; P=0.048). Logistic regression analysis showed that the DMV score [odds
ratio (OR), 1.356; 95% confidence interval (CI): 1.114-1.650; P=0.002], NIHSS score (OR, 1.280; 95% CI:
1.117-1.466; P<0.001), and fasting glucose (OR, 1.220; 95% CI: 1.023-1.456; P=0.027) were risk factors for
poor prognosis in those with AIS.

Conclusions: Discontinuity in DMV visualization was found to be associated with an unfavorable

prognosis for patients AIS. The visual assessment of DMV through susceptibility-weighted imaging has the

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2023;13(8):5141-5152 | https://dx.doi.org/10.21037/qims-23-321


https://crossmark.crossref.org/dialog/?doi=10.21037/qims-23-321

5142

Li et al. Imaging prognosis markers of AlS

potential to predict AIS prognosis and furnish valuable insights for clinical treatment.
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Introduction

Acute ischemic stroke (AIS) refers to brain tissue in the
blood supply area becoming ischemic due to occlusion or
narrowing of an intracranial artery, leading to brain cell
necrosis. It is associated with a poor prognosis, a high
disability rate, and a recurrence rate of about 11-12%,
and is currently recognized as the second leading cause of
death worldwide (1,2). The prognosis of AIS is influenced
by various factors, such as age, hypertension, diabetes
mellitus, hyperuricemia (3), proprotein convertase
subtilisin/kexin type 9 (PCSK9) levels, and genetic
polymorphisms (4). The neuroimaging factors related
to AIS include ischemic semidark zone, infarct size,
hemorrhagic transformation, and collateral circulation
formation. Among these, collateral circulation may be
particularly significant, as it improves the reperfusion
rate of brain tissue, reduces the rate of hemorrhagic
transformation, decreases mortality, and ultimately leads
to a better clinical outcome for AIS patients (5-8).

The current assessment of collateral circulation is divided
into structural and functional assessments, multiphase
computed tomography angiography (mCTA), magnetic
resonance angiography (MRA), susceptibility-weighted
imaging (SWI), and digital subtraction angiography (DSA),
with the latter comprising computed tomography perfusion
(CTP), arterial spin labeling (ASL), and magnetic resonance
(MR) perfusion-weighted imaging (PWI). In contrast,
the advantage of SWI is the display of tiny intracerebral
veins, the sensitivity to paramagnetic substance, the
accurate reflection of changes in deoxygenated hemoglobin
content (9), and the ability to reveal prominent veins that
contain high levels of deoxyhemoglobin. When there is a
mismatch between the oxygen supply and oxygen demand
of brain tissue in the hypoperfused area of AIS, the soft
meningeal or medullary veins on the infarcted side appear
dilated and enlarged compared to the healthy side of
the same layer, thus reflecting poor compensation of the
collateral circulation; therefore, these 2 manifestations are
currently considered to be imaging markers of the status
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of the collateral circulation (10-15). However, the imaging
evaluation criteria regarding collateral circulation have
not been standardize, and the evaluation of the collateral
circulation by the soft meningeal veins remains problematic
in clinical application.

Over recent years, the small cerebral veins involved in the
formation of the deep lateral circulation in the brain have
gradually received increased attention, especially the deep
medullary veins (DMVs), which drains the white matter of
the lateral paraventricular brain and has been widely used
in the study of various diseases. DMVs are located in the
periventricular white matter region, with the vast majority
being distributed in the head and body of the caudate nucleus
or next to the body of the lateral ventricle (16). Computed
tomography (CT) and conventional MR examination
sequences are unable to show DMVs, and they are only
visible on SWI images. The degree of DMV visualization is
subject to influence by intracerebral blood flow, making it
capable of reflecting brain tissue reperfusion and the quality
of collateral circulation from a venous perspective after the
onset of AIS. Previous studies (16-18) have demonstrated
that a reduced number of DMV visualizations can be used
as an imaging marker for cerebral white matter hypersignal
and cerebral small vessel disease. However, whether
DMV morphological changes and reduced visualizations
can be utilized as imaging markers for AIS remains to be
investigated.

The objective of this study was thus to evaluate the
distribution and morphological features of DMVs in the
brains of patients with AIS using SWI imaging. First,
visualization scoring criteria were developed based on the
degree of DMV visualization continuity, and then symmetry
was judged based on the degree and numbers of DMV
expansion so as to determine whether DMVs could be a new
imaging index to predict the prognosis of AIS from various
perspectives. The study aims to provide robust support for
the clinical management and evaluation of patients with AIS.
We present this article in accordance with the STROBE
reporting checklist (available at https://qims.amegroups.com/
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(n=14,400)

Retrospective collection of patients diagnosed with
cerebrovascular disease and hospitalized in our neurology
department between January 2019 and September 2021

Y

Y

Exclusion: cerebrovascular diseases other
than AIS of the middle cerebral artery, such
as cerebral hemorrhage, brain-occupying
lesions, head trauma and cerebrovascular
malformations (n=5,742)

(n=8,658)

Meeting the diagnostic criteria for cerebrovascular disease
in the Chinese Guidelines for the Diagnosis and Treatment
of Acute Ischemic Stroke 2018

Y

Exclusion: incomplete MRI image sequences
with severe artifacts that affect image
analysis (n=7,580)

The MRI was performed within 24 hours after admission,

and the imaging data were complete, including T1WI, T2WI,
T2-FLAIR, 3D-TOF MRA, diffusion-weighted-imaging, and
SWI, and showed unilateral cerebral infarction in the middle

cerebral artery blood supply area

(n=1,078)
Exclusion: previous stroke with sequelae
> and a base mRS score =1 or interrupted
follow-up (n=988)
Y
(n=90)

v

v

Good prognosis group (MRS score 0-2)
(n=58)

Poor prognosis group (MRS score >3)
(n=32)

Figure 1 Case screening flowchart. AIS, acute ischemic stroke; MRI, magnetic resonance imaging; T1WI, T1-weighted imaging; T2WI,

T2-weighted imaging; FLAIR, fluid-attenuated inversion recovery; 3D-TOF, 3-dimensional time of flight; MRA, magnetic resonance

angiography; SWI, susceptibility-weighted imaging; mRS, modified Rankin Scale.

article/view/10.21037/qims-23-321/rc).

Methods
Study design and population

A retrospective cohort study was conducted on patients
who were hospitalized in the Department of Neurology
of Liaoning Provincial People’s Hospital and diagnosed

with AIS between January 2019 and September 2021. After
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screening based on inclusion and exclusion criteria was
applied, a total of 90 individuals were included in this study
(Figure I). The study was conducted in accordance with the
Declaration of Helsinki (revised in 2013) and was approved
by the medical ethics committee of The People’s Hospital of
Liaoning Province (No. 2022-K001). Informed consent was
obtained from all individual participants. The sample size
was calculated using the 10-fold events per variable (EPV)
principle, which is a common method for multifactorial
regression analysis (19).
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Table 1 MR scan parameters by sequence
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Parameters TR (ms) TE (ms) FOV (mm) Layer thickness (mm) Matrix

TiWI 1,750 25 240x240 6 512x512
T2WI 5,690 105.8 240x240 6 512x512
FLAIR 8,400 93.5 240x240 5 512x512
DWI 3,000 65.4 240x240 6 256x256
SWI 44 23 240x240 1 512x512
MRA 21 2.5 220x220 1.4 512x512

MR, magnetic resonance; TR, repetition time; TE, echo time; FOV, field of vision; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging;
FLAIR, fluid-attenuated inversion recovery; DWI, diffusion-weighted imaging; SWI, susceptibility-weighted imaging; MRA, magnetic

resonance angiography.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (I) patients meeting
the diagnostic criteria for cerebrovascular disease in the
Chinese Guidelines for the Diagnosis and Treatment of
Acute Ischemic Stroke 2018 (20); and (II) patients who
underwent magnetic resonance imaging (MRI) performed
within 24 h after admission with complete imaging data,
including T1-weighted imaging (T1WI), T2-weighted
imaging (T2WI), fluid-attenuated inversion recovery
(FLAIR), 3-dimensional time-of-flight 3D-TOF) MRA,
diffusion-weighted imaging (DWI), and SWI that showed
unilateral cerebral infarction in the middle cerebral artery
blood supply area.

The exclusion criteria were as follows: (I) patients with
cerebrovascular diseases other than AIS, such as cerebral
hemorrhage, brain-occupying lesions, head trauma, and
cerebrovascular malformations; (II) MRI images showing
severe artifacts that affect imaging analysis; (III) previous
stroke with sequelae and a base modified Rankin Scale
(mRS) score >1; (IV) inadequate clinical data or interrupted
follow-up.

MRI examination

A Discovery 750 3.0T MRI scanner with an 8-channel
coil in the head (GE HealthCare) was applied to scan the
patient. The patient was scanned in the supine position,
head first, with the scan baseline parallel to the anterior-
posterior joint line, up to the cranial vault and down to the
level of the greater occipital foramen. The scan sequences
included conventional sequences and DWI and SWI
sequences. The scanning parameters of each sequence are
shown in 7able 1. All scanned data were uploaded to the
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ADW 4.7 workstation (GE HealthCare) for postprocessing

and analysis.

Baseline data and imaging index

The baseline data were obtained through electronic medical
records. The clinical parameters included in the analysis
were age at admission, sex, systolic and diastolic blood
pressure, fasting glucose, cholesterol, total homocysteine
(tHcy), National Institutes of Health Stroke Scale
(NIHSS) score at admission, and mRS score obtained via
telephone or outpatient follow-up at 3 months. Based on
the mRS score, patients were divided into 2 groups: those
with good prognosis (0-2 points) and those with poor
prognosis (>3 points). Imaging metrics analyzed included
DMV symmetry at admission, DMV score, scores for
white matter hyperintensities (WMHs), paraventricular
WMHs (PVWMHs), deep WMHs (DWMHs), and
infarct size. All image data analysis was performed by
3 radiologists with more than 10 years of experience in
reviewing cerebrovascular disease. In cases where there was
disagreement, agreement was reached after discussion.

Immaging index scoring criteria

DMLY visual assessment

According to the anatomical distribution characteristics
of the DMVs, the centrum semiovale level and the
parietal ventricular level were selected for observation,
and 6 regions were divided according to the above levels
(Figure 2), including the bilateral frontal regions, parietal
regions, and occipital regions. The DMV score was then
evaluated within each region, and the sum was added as
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Figure 2 DMV scoring area division map. Divided into six
regions: LF region, RF region, LP region, RP region, LO region,
and RO region. DMV, deep medullary vein; LE, left frontal; RE
right frontal; LP, left parietal; RP, right parietal; LO, left occipital;
RO, right occipital.

the final score, based on the visual scoring criteria for
DMVs proposed in the literature (Figure 3) (17,21). The
scores were calculated as follows: (I) 0 points = each vein is
continuous, with a uniform signal; (IT) 1 point = each vein
is continuous, but 1 or more veins have an uneven signal;
(IIT) 2 points = 1 or more veins are discontinuous and show
punctiform low signal; and (IV) 3 points = no continuous
veins are observed. The DMV visual score ranges from 0 to
18, with higher scores indicating intermittent and unclear
vein display.

DMV symmetry was indicated as follows: both lateral
parietal ventricles showed DMVs in the same area and were
similarly dilated, with a difference in number of no more

than 5 (Figure 4).

WHM score

On the FLAIR sequence according to the Fazekas scale
(0-6 points) (22), the PVWMH and DWMH were scored
separately, and the scores of the 2 components were added
together to form the WMH score. The PVWMH score
was determined as follows: 0, no lesion; 1, cap or pencil-like
thin lesion; 2, a smooth halo of the lesion; and 3, irregular
paraventricular high signal extending into the DWM.
Meanwhile, the DWMH score was determined as follows, 0,
no lesion; 1, punctate lesion; 2, lesion starting to fuse; and 3,
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lesion extensively fused.

Infarct area grouping

The patients were staged according to the maximum infarct
size corresponding to the symptoms shown on T2WI: (I)
lacunar cerebral infarction: <1.5 cm?’; (I) small infarction:
1.6-3.0 cm’; (IIT) medium infarction: 3.1-5.0 cm” and less
than one lobe area; (IV) large infarction: more than one
lobe or greater than 5.0 cm’.

Statistical methods

All of the data were analyzed using SPSS 23.0 (IBM Corp.).
The results are reported using descriptive statistics for
continuous variables, including mean and standard deviation
for normally distributed data and median and interquartile
range (IQR) for nonnormally distributed data. Categorical
data are reported as frequencies and percentages and were
analyzed using the independent samples #-test, Mann-
Whitney test, Fisher exact test, and Pearson chi-squared
test. Correlation analysis was performed with Spearman
correlation test. The forward Ward method was used and
corrected for confounding factors. Subsequently, variables
with P<0.15 and factors that might cause poor prognosis
in acute cerebral infarction (despite P>0.15) were selected
in the univariate analysis for inclusion in the multivariate
logistic regression analysis. The level of statistical
significance was set at a two-tailed P value of less than 0.05.

Results
Patient baseline information

A total of 90 patients with AIS were included in this study,
comprising 63 males and 27 females, with a mean age of
65.9+9.8 years. In the good prognosis group, there were
58 cases (64.4%), including 42 males and 16 females,
with a mean age of 64.9+9.9 years; in the poor prognosis
group, there were 32 cases (35.6%), including 21 males and
11 females, with a mean age of 67.7£9.5 years. Among all
cases, 18 were treated with recombinant tissue plasminogen
activator (rt-PA), 2 with intraarterial thrombectomy (IAT),
2 with rt-PA followed by IAT, and 68 with antithrombotic
drugs.

As shown in Tible 2, there were statistical differences in
the admission NIHSS score, DMV symmetry, DMV score,
and infarct size between the 2 groups but no statistical
differences in age, sex, diastolic blood pressure, fasting
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Figure 3 Schematic of the DMV scoring criteria. (A) DMV 0 points: each vein is continuous with a uniform signal; the box shows part of
the RF and all of RP area; and the arrow shows the continuous and uniform development of DMV in the RP area. (B) DMV 1 point: each
vein is continuous but 1 or more veins have an uneven signal, the box shows part of the LF and all of the LP area, and the arrow shows the
DMV development is continuous with an uneven signal in the LP area. (C) DMV 2 points: 1 or more veins are discontinuous and show
punctiform low signal, the box shows all the RF and part of the LP region, and the arrow shows DMV discontinuity in the RF region as a
point-like low signal. (D) DMV 3 points: no continuous veins are observed, and the box shows blurring of the DMVs in the LO area. DMV,
deep medullary vein; RE, right frontal; RP, right parietal; LE, left frontal; LP, left parietal; LO, left occipital.

Figure 4 Schematic of DMV symmetry determination. (A) The dotted box shows DMV symmetric distribution, with the degree and
number of DMV visualization on both sides of the lateral ventricles being close. (B) The dotted box shows DMV asymmetric distribution,
uneven thickening, and an increase in the number of DMV on the left side of the lateral ventricle (arrow). DMV, deep medullary vein.
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Table 2 Clinical data and imaging features of the different prognostic groups

Variables Good prognosis group (n=58)  Poor prognosis group (n=32)  Statistical values (*/t/2) P value
Gender 0.453 0.501

Male 42 (72.4) 21 (65.6)

Female 16 (27.6) 11 (34.4)
Age (years) 64.9+9.9 67.7£9.5 -1.300 0.197
Admission NIHSS score 3 8 -5.070 <0.001
Systolic blood pressure (mmHg) 161.1£24.2 163.2+22.9 -0.378 0.700
Diastolic blood pressure (mmHg) 90.2+14.2 90.7+15.0 -0.171 0.865
Total homocysteine (nmol/L) 21.9x£15.5 20.3x11.0 0.510 0.611
Cholesterol (mmol/L) 4.6x1.1 4.5+£1.3 0.526 0.600
Fasting glucose (mmol/L) 6.7+2.9 7.5+2.9 -1.384 0.170
Mode of treatment 1.463 0.750

rt-PA only 13 (22.4) 5(15.7)

IAT only 1(1.7) 1(3.1)

rt-PA followed by IAT 1(1.7) 1(3.1)

Antithrombotic drugs 43 (74.2) 25(78.1)
Infarct area 9.022 0.029

Lacunar cerebral infarction 27 (46.5) 7 (21.8)

Small infarction 12 (20.7) 5(15.6)

Medium infarction 3(5.2) 6(18.8)

Large infarction 16 (27.6) 14 (43.8)
DMV score 2 4 -2.719 0.007
DMV symmetry 5.792 0.016

DMV symmetry 42 (72.4) 15 (46.9)

DMV asymmetry 16 (27.6) 17 (63.1)
WMH score 3 3.5 -1.408 0.161
PVWMH score 2 2 -1.545 0.122
DWMH score 1 1 -0.460 0.646

Data are presented as mean + standard deviation or n (%). NIHSS, National Institutes of Health Stroke Scale; rt-PA, recombinant
tissue plasminogen activator; IAT, intra-arterial thrombectomy; DMV, deep medullary vein; WMH, white matter hyperintensity; PVWMH,
paraventricular white matter hyperintensity; DWMH, deep white matter hyperintensity.

glucose, cholesterol, tHey, PVWMH score, WMH score,
or DWMH score. The results showed that the median
DMV scores in patients with poor prognosis were higher
than those with good prognosis, implying that DMV
morphological discontinuities and inhomogeneous signal
were more prominent. In the good prognosis group,
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72.4% had symmetrical DMV distribution and 27.6% had
asymmetrical distribution, while in the poor prognosis
group, 46.9% had symmetrical DMV distribution and
53.1% had asymmetrical distribution, indicating a higher
occurrence of asymmetrical DMV distribution in the poor
prognosis group. The highest percentage of lacunar cerebral
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Table 3 Multifactorial logistic regression analysis of factors
influencing poor prognosis in patients with AIS

Plaque characteristics P value OR (95% ClI)

DMV score 0.002 1.356 (1.114-1.650)
NIHSS score <0.001 1.280 (1.117-1.466)
Fasting glucose 0.027 1.220 (1.023-1.456)

AIS, acute ischemic stroke; OR, odds ratio; Cl, confidence
interval; DMV, deep medullary vein; NIHSS, National Institutes of
Health Stroke Scale.

infarction was found to be 46.5% in the good prognosis
group, while the highest percentage of large infarction was
43.8% in the poor prognosis group (x’=9.022; P=0.029).
DMV score had a positive correlation with NIHSS score
(rs=0.209; P=0.048).

Logistic regression analysis

Age, diastolic blood pressure, fasting glucose, admission
NIHSS score, DMV symmetry, DMV score, PVWMH
score, and infarct area were selected for inclusion in the
multivariate logistic regression analysis, which showed that
the logistic model was statistically significant (x’=32.063;
P<0.05). As shown in Table 3, the independent risk factors
for poor prognosis of AIS were DMV score [odds ratio (OR),
1.356; 95% confidence interval (CI): 1.114-1.650; P=0.002],
NIHSS score (OR, 1.280; 95% CI: 1.117-1.466; P<0.001),
and fasting glucose (OR, 1.220; 95% CI: 1.023-1.456;
P=0.027).

Discussion

The principal results of our study are as follows: (I) DMV
can be used as an imaging indicator of AIS prognosis,
and patients with asymmetric distribution of DMV and
discontinuous visualization of DMVs have a poor prognosis;
(II) fasting glucose values are higher in patients with poor
AIS prognosis.

In addition to acute stroke studies, the DMV marker is
currently being applied in studies of cerebral white matter
hypersignal, smog, and cerebral small vessel disease. For
example, the DMVs are involved in the pathogenesis and
prognosis of cerebral white matter hypersignal as a draining
vein. There is also a noninflammatory periventricular
venous lesion in the WMH, which arises due to collagen
deposition in the wall, resulting in the narrowing or even

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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occlusion and rupture of the lumen of the vein. This venous
lesion leads to local brain tissue ischemia and increases the
volume of white matter hypersignal in the lateral ventricles
(17,21,23,24). The characteristics of DMVs are associated
with the severity of smog and cerebral small vessel disease:
the greater the number of dilatations, the lower the
cerebral blood flow and cerebrovascular reserve in the
middle cerebral artery supply area (18,25). In contrast, in
cerebral venous thrombotic disease, the brush sign of DMV
expansion formation is associated with ipsilateral brain
parenchymal lesions, the degree of thrombosis, and the
severity of focal neurological deficits (26).

In recent years, SWI sequences have been widely used
in clinical research; in stroke, they are mainly used for the
prediction of hemorrhagic transformation after ischemic
stroke as well as the establishment and assessment of
collateral circulation. SWI combined with DWI can be
applied to assess infarct area growth; however, developing
methods of effectively monitoring the collateral circulation
remodeling in the infarct area is a key issue in the clinical
treatment of cerebral infarction. Verma et a4/l. (27) showed
the importance of soft cerebral collateral circulation
on brain tissue perfusion, validating the importance
of collateral circulation in stroke. The assessment of
collateral circulation plays an important role in treatment
decisions. The main imaging indicators studied in collateral
circulation are asymmetric cortical vein (ACV) sign and
FLAIR high-signal vascular sign (HVS), among which
HVS can reflect the status of soft meningeal collateral
vessels (28,29). A previous study has confirmed there to be a
correlation between ACV, HVS, and DMV (30), but overall,
there are relatively few studies on DMVs.

Our research determined that DMVs are a crucial factor
in the prognosis of patients with AIS. A high DMV score
predicts poor prognosis for patients with AIS. In the poor
prognosis group, DMV demonstrated inhomogeneous
signals, visual discontinuity, and blurred displays. The
visibility of veins on SWI is dependent on the degree of
deoxyhemoglobin within the blood (17), and the decrease
in cerebral blood flow leads to an increase in oxygen
uptake by brain tissue and an increase in the amount of
deoxyhemoglobin within the blood, thus resulting in
a significantly low or inhomogeneous signal of venous
appearances on SWI images (31). When the collateral
circulation is well compensated, the ischemic brain tissue
maintains a certain perfusion pressure and blood flow
through compensatory blood flow. Although the oxygen
content in local capillaries and small veins is lower than
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that in normal brain tissue, their oxygen uptake fraction
is improved and deoxyhemoglobin content is relatively
low, so the incidence of insignificant DMV dilation or
inhomogeneous low signal is low (12,32,33). Previous
studies have also provided explanations from a pathological
point of view (16,34), suggesting that with an increase in
venous wall thickening and luminal narrowing, luminal
occlusion may occur as the final stage of disruption of
DMVs, leading to discontinuous, speckled visualization
or blurring of DMVs. Therefore, we conducted a dual
examination in this study in terms of DMV dilatation
symmetry and vein morphology. In addition, venous outflow
is affected by varying degrees of reduced arterial flow, and
slow venous return is accompanied by collateral circulation
formation when arteries are obstructed; therefore, we can
infer that the degree of upstream arterial ischemia also
affects the change in DMV score. To conclude, a low DMV
venous inhomogeneous signal may be the result of altered
venous hemodynamics or venous obstruction (35), and its
expansion may reflect the poor compensatory capacity of
the intracerebral collateral circulation.

Several studies indicate that asymmetric signs of the soft
meningeal vein or DMV visualization in SWI images can
predict a poor prognosis (36-38); however, these studies
did not exclude the effect of other confounding factors on
the outcome variables. The present study was refined on
this basis, and we found that the DMV asymmetric signs
were associated with AIS prognosis in univariate analysis,
but logistic regression analysis showed that they were not
an influential factor in the prognosis of AIS. The reasons
for this may be related to the definition of DMV symmetry
and the time interval between the onset and completion
of the MR examination. In the present study, we defined
asymmetric distribution as the degree of bilateral lateral
paraventricular DMV being different, and we did not
quantify the degree of DMV development; moreover, we
did not limit the time window between onset and MR
examination, so we speculated that the change in the degree
of DMV development was not obvious because the change
in brain tissue hypoperfusion was mild and because the
increase in deoxyhemoglobin content was not significant
at the early stage of infarction. In this study, most patients
had significant DMVs on the affected side, and only a few
patients had significant DMVs on the healthy side. We
speculate that this may be due to the following reasons:
first, the brain tissue on the infarct side is hypoperfused,
and the intravascular deoxygenated hemoglobin content is
increased, which aggravates the DMV shadowing on the

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

affected side; second, with regard to the pathogenesis of
WMH, if the periventricular venous lumen is obstructed or
ruptured, the DMV dilation is not significant or the DMV
shadowing is reduced at the time of infarction even if the
oxygen uptake rate of the brain tissue on the affected side
is increased (39); third, the collateral circulation within the
brain tissue on the infarct side is well compensated, and the
intravascular deoxygenated hemoglobin content is relatively
low and thus not significantly dilated.

The reason that WMH was not found to be an imaging
factor for AIS prognosis in this study is because the Fazekas
scale scoring scale used in this study is too superficial and
sufficiently refined, for example, in the aspect of volumetric
measurements. Nonetheless, the relationship between WMH
as an MRI imaging marker of cerebral small vessel disease
and the prognosis of AIS warrants further in-depth study.

In this study, the prognosis of AIS patients was used
as the outcome variable to analyze the factors related to
prognosis. The findings suggest that NIHSS, DMV score,
and fasting glucose are factors affecting prognosis. However,
it should be noted that the clinical factors included were
not comprehensive, with the focus mainly being on the
analysis of the DMV imaging index, and further grading
of fasting glucose or qualification of the glycemic control
and medication for patients was not applied. Nonetheless,
previous studies (40,41) have confirmed that fasting
glucose is one of the factors of AIS prognosis and that
hyperglycemia is associated with poor prognosis, which is
consistent with the results of this study.

Conclusions

DMVs constitute a crucial indicator of poor prognosis
in patients with AIS. DMV score, as evaluated using the
3-level visualization scale, can serve as a predictor of
poor prognosis, offering valuable information for early
assessment of a patient’s clinical situation and providing a
basis for determining clinical treatment plans.
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