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Brain deep medullary veins on 3-T MRI in
a population-based cohort
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Abstract

Our aim is to investigate whether vascular risk factors are associated with cerebral deep medullary veins (DMVs) and

whether DMVs are associated with MRI markers of cerebral small vessel disease (CSVD) or risk of stroke. In a

community-based cohort of 1056 participants (mean age 55.7 years), DMVs were identified on susceptibility-weighted

imaging (SWI) and counted in periventricular regions. Neuroimaging markers including lacunes, whiter matter hyper-

intensity (WMH), microbleeds, enlarged perivascular space, and brain atrophy were evaluated. The number of DMVs

decreased with age (p¼ 0.007). After adjusting for age and sex, the number of DMVs was not associated with traditional

vascular risk factors. Fewer DMVs was associated with increase of WMH and lacunes, but the association vanished after

adjustment for vascular risk factors. However, fewer DMVs were independently associated with brain atrophy

(p< 0.001). DMVs were not associated with three-year risk of stroke. Our results suggest that DMV is significantly

different from other MRI markers of CSVD regarding risk factors, association with other CSVD markers, and risk of

stroke. Nonetheless, the significant association between DMV and brain atrophy suggested the potential role of venules

in age-related neurodegenerative process, which deserves further investigation.
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Introduction

The pathological mural changes in intracerebral veins

were scarcely discussed until 1995 when Moody et al.1

described non-inflammatory degenerative change in the

periventricular and subependymal veins, namely peri-

ventricular venous collagenosis (VC). Among 22 post-

mortem patients, periventricular VC was commonly

present in the elderly and was strongly associated
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with leukoaraiosis.1 Very recently, Keith et al.2 dupli-
cated this pathological finding in both Alzheimer’s dis-
ease (AD) and non-AD patients, and described that VC
was frequently seen in both veins with diameter less
than 150 mm and greater than 200 mm, resulting in ste-
nosis or occlusion of the veins. Although studies are
limited, the term “venous collagenosis” has been intro-
duced into the lexicon of small vessel disease.3

Over the past 10 years, susceptibility-weighted imag-
ing (SWI), through exploiting the susceptibility effect
from deoxyhemoglobin in veins, has been accepted as a
sensitive method of imaging small intracranial veins in
vivo.4 Deep medullary veins (DMVs) are the small
parenchymal veins located in the periventricular white
matter, ranging in diameter from tens to hundreds of
microns.1,5 Using SWI, DMVs can be visualized not
only on ultra-high field 7-T magnetic resonance imag-
ing (MRI) but also on 3-T MRI.6 In addition, they can
be easily assessed because of their regular arrangement
perpendicular to the ventricles.7 Some studies sug-
gested that discontinuity or decreased number of
DMVs seen on SWI could be considered an imaging
manifestation of VC in contexts without infection,
inflammation, trauma, or tumor invasion.7,8 To date,
only a few studies have focused on DMVs, all of which
are of small sample size and in specifically selected
groups of patients. Due to the lack of studies of
DMVs in the general population, little is known
about the potential risk factors related to changes in
DMVs, or whether the number of DMVs is associated
with brain structural changes during the aging process.
As a consequence, we do not have strong evidence to
support whether pathological changes of venules, such
as VC, are also involved in cerebral small vessel disease
(CSVD) in an aging population.

To answer these questions, we quantified the
number of DMVs on 3-T SWI in a large population-
based cohort and investigated its potential risk factors,
association with the risk of stroke, and relationship
with the imaging markers of CSVD including white
matter hyperintensities (WMHs), lacunes, cerebral
microbleeds, dilated perivascular spaces, and brain
atrophy.

Methods

Study population

The study population was from the Shunyi Study, an
ongoing prospective community-based cohort study
that is designed to investigate the risk factors of car-
diovascular and age-related diseases. All residents older
than 35 years old from five villages in Shunyi, a rural
district of Beijing, were invited to join this study. From
June 2013 to April 2016, a total of 1586 participants

underwent baseline assessment including structured

questionnaires, physical examination, and blood tests.

All participants were invited to undergo baseline brain

MRI. Data of new onset cardiovascular disease and

death were collected during the annual follow-up.

Among the participants, 329 refused or had contradic-

tions for MRI examination. This current study was

performed based on the 1257 participants who under-

went baseline MRI. We further excluded subjects with

SWI artifacts, large periventricular infarcts or hemosid-

erin deposition, or enlarged lateral ventricles that hin-

dered measuring the DMVs (n¼ 167), and further

excluded individuals with a history of stroke (n¼ 34).

Finally, a total of 1056 participants were included in

the present analysis. The included participants were

younger, composed of a higher proportion of male

participants, and had increased rates of hyperlipidemia,

in addition to having a smaller proportion of current

smokers or patients with hypertension than subjects

that were not included (Supplementary table 1).

Ethics statement

All participants provided signed informed consent. The

study was approved by the Ethical Committee at

Peking Union Medical College Hospital (reference

number: B-160). All clinical investigation has been con-

ducted according to the principles expressed in the

Declaration of Helsinki.

Risk factor assessment

Demographic and clinical information including age,

sex, smoking status, body mass index, blood pressure,

history of hypertension, diabetes mellitus, hyperlipid-

emia, and current medication were collected using a

structured questionnaire and physical examination.

Overnight fasting venous blood samples were drawn

and analyzed for plasma total cholesterol, total choles-

terol, low density lipoprotein cholesterol, high density

lipoprotein cholesterol, and glucose. Hypertension was

defined as self-reported hypertension, or treatment with

antihypertensive agents, or systolic blood pressure

�140mmHg, or diastolic blood pressure �90mmHg.

Hyperlipidemia was defined as self-reported hyperlip-

idemia, or treatment with anti-dyslipidemia medica-

tion, or fasting total cholesterol >5.2mmol/l, or low-

density lipoprotein >3.36mmol/l. Diabetes mellitus

was defined as self-reported diabetes, or treatment

with anti-diabetes drugs or insulin, or fasting glucose

�7.0mmol/l. Smoking status was divided into current

smoker or non-current smoker.
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Assessment of classical imaging markers of CSVD

Participants were scanned using a 3-T Skyra scanner

(Siemens, Erlangen, Germany). We performed 3D T1-

weighted, T2-weighted, fluid-attenuated inversion

recovery, and SWI, as described in detail previously.9

All imaging markers of CSVD were defined accord-

ing to the Standards for Reporting Vascular Changes

on Neuroimaging.10 Lacunes were defined as focal

lesions ranging from 3 to 15mm with the same signal

characteristics as cerebrospinal fluid (CSF) on all

sequences. CMBs were defined as small, round, or

ovoid hypointense lesions on SWI. The severity of

dilated PVS in the BG and WM was rated using a

previously established four-level severity score.11

The gray matter (GM), WM, and CSF were auto-

matically segmented based on structural T1-weighted

images using SPM12. Total intracranial volume was

calculated as the sum of the total GM, total WM,

and CSF volumes. The brain parenchymal fraction

(BPF) was defined as the ratio of brain tissue volume

(GM and WM volume) to total intracranial volume.

WMH volume was automatically generated using the

lesion growth algorithm as implemented in the Lesion

Segmentation Tool (https://www.appliedstatistics.de/

lst.html) for SPM. The FSL/FIRST (FMRIB

Software Library, v5.0) software was used to segment

the cerebral cortex and subcortical nucleus, and the

average of left and right hippocampal volumes was

taken as the hippocampal volume.

Measurement of DMVs

A region of interest (ROI) of 60mm� 10mm was

placed in the periventricular white matter between the

frontal and occipital horn in each cerebral hemisphere.

The minimum intensity projection was derived from

four consecutive slices of SWI in this region, contoured

from the ventricle floor to the superior roof of the

corpus callosum, to produce a single 2D image. Veins

that traversed perpendicularly to the lateral ventricular

and crossed the ROI were quantified by visual inspec-

tion. The number of DMVs was defined as the average

count of both hemispheres (Figure 1). Intra-rater reli-

ability was assessed using a random sample of 50 indi-

viduals with an interval of more than one month

between the first and second readings. Two trained

and blinded investigators (YCZ and DHA) rated 50

individuals independently to assess the inter-rater reli-

ability. Kappa values for the intra-rater and inter-rater

reliability were 0.76 and 0.79, respectively, and inter

class correlations for the intra-rater and inter-rater

were 0.68 and 0.75, respectively.

Statistical analyses

Continuous variables are described as mean� standard

deviation (SD) or median with range value, and cate-

gorical variables are described as frequencies and pro-

portions. General linear regression was used to assess

the potential risk factors for the number of DMVs. The

associations between the number of DMVs and MRI

markers of cerebral SVD (BPF was used to depict brain

atrophy) were tested using general linear regression for

continuous variables and logistic regression for bino-

minal variables. We applied Cox proportional hazard

models to investigate the association of the number of
DMVs with incident stroke. All regression models were

initially adjusted for age and sex, and then additionally

adjusted for other vascular risk factors (hypertension,

smoking, and diabetes). WMH volume and lacunes

were included in models testing the association of the

number of DMVs with BPF. Covariates in the multi-

variable regression models were selected based on prior

knowledge and univariable analyses. WMH volumes

were natural log-transformed to normalize skewness.

All analyses were conducted using SAS 9.4 (SAS

Institute, Cary, NC, USA), and two-sided P-values of

<0.05 were considered statistically significant.

Results

Baseline demographic and clinical characteristics,
imaging markers of SVD, and number of DMVs are

listed in Table 1. Among the 1056 participants, the

mean (SD) age was 55.7 (9.1) years and 378 (35.8%)

were male. Among these, lacunes, cerebral microbleed,

and severe PVS in the basal ganglia and white matter

were present in 153 (14.5%), 111 (10.5%), 147 (14.0%),

and 154 (14.6%), respectively. The median (range

value) WMH volume of the subjects was 0.80ml

(0.24–49.6), and the median (range value) BPF was

76.5% (65.0–85.7). In total, the median (range value)

number of DMVs was 19.0 (12.5–24).

Potential risk factors of reduction in number

of DMVs

The associations of risk factors with DMVs are shown

in Table 2. The decreased number of DMV was signif-

icantly associated with the increase of age (b coeffi-

cient, �0.16 per 10 years; 95% CI, �0.27 to �0.05;

P¼ 0.005), current smoking status (b coefficient,

�0.32; 95% CI, �0.57 to �0.08; P¼ 0.010), history

of hypertension (b coefficient, �0.24; 95% CI, �0.44

to �0.03; P¼ 0.024); particularly higher systolic blood

pressure (b coefficient, �0.10 per 10mmHg; 95% CI,

�0.15 to �0.04; P¼ 0.001), and diabetes (b coef-

ficient,�0.30; 95% CI, �0.58 to �0.03; P¼ 0.032).
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When adjusting for sex, the reduction in the number of

DMVs remained significantly associated with increas-

ing age (b coefficient, �0.15 per 10 years; 95% CI,

�0.26 to �0.04; P¼ 0.007), while the association of

DMV with traditional vascular risk factors including

hypertension, smoking, and diabetes disappeared after

adjusting for age and sex.

Associations between number of DMVs and

conventional imaging markers of CSVD

Table 3 summarizes the associations between the

number of DMVs and conventional MRI markers of

CSVD. In the crude models, a lower number of DMVs

was associated with the presence of lacunes (OR, 0.85;

95% CI, 0.77–0.94, 0.94; P¼ 0.001) and larger WMH

volume (b coefficient, �0.10 per 1 DMV; 95% CI,

�0.16 to �0.04; P¼ 0.003), but not with the presence

of CMBs, or severe basal ganglia or white matter PVS.

When adjusting for age, sex, and other vascular risk

factors, the association of reduced DMVs with WMH

volume or presence of lacunes vanished.
A significant association was showed between the

number of DMVs and BPF (b coefficient, 0.32 per 1

DMV; 95% CI, 0.20–0.44; P< 0.001), this association

remained significant after adjustment for age and

gender (b coefficient, 0.23 per 1 DMV; 95% CI, 0.13–

0.33; P< 0.001). Even further adjustment for other car-

diovascular risk factors and WMH volume and lacunes

did not change the magnitude of this association

(b coefficient, 0.21 per 1 DMV; 95% CI, 0.13–0.29;

P< 0.001). In addition, a similar significant association

was found between reduced number of DMVs and hip-

pocampal volume (b coefficient, 0.002 per 1 DMV;

95% CI, 0.001–0.003; P¼ 0.008).
Additionally, we assessed the associations of the

number of veins with all CSVD markers in one general

linear model using the method of stepwise selection

after adjusting for conventional risk factors. In the

model, we treated the number of veins as dependent

variable and treated all CSVD markers as independent

Figure 1. Demonstration of DMVs assessment. (a) to (c): a 45-year-old male. (d) to (f): a 70-year-old male. (a), (d): Sagittal view of a
6mm block parallel to ACPC plane. (b), (e): Coronal view of the selected block. (c), (f): Minimum intensity projection in 3T SWI and
vessel counting.
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variables. At last, only the BPF retained in the model

and remained statistically significant (b coefficient, 0.11

per 1%; 95% CI, 0.06–0.18; P< 0.001), which was con-

sistent with the results of separate analyses.

Association of number of DMVs with stroke incidence

During the follow-up of 3034 person-years (median of

3.0 years), 28 cases experienced stroke. Of these, 24 had

ischemic stroke, three had hemorrhagic stroke, and one
had both ischemic and hemorrhagic stroke. The
number of DMVs was not associated with the risk of
stroke (HR: 1.01; 95% CI: 0.79–1.29; P¼ 0.944), nei-
ther with ischemic nor hemorrhagic stroke.

Discussion

In this population-based cohort study, we observed a
significant reduction in the number of DMVs with
increased age, whereas no association between the
number of DMVs and traditional vascular risk factors
was found. We also found that number of DMVs was
not associated with any MRI marker of CSVD, includ-
ing WMH, lacunes, CMB, or PVS after adjusted for
age, sex, and vascular risk factors. Furthermore, fewer
DMVs were strongly related to brain atrophy indepen-
dent of vascular risk factors and vascular parenchymal
lesions, which may imply the potential relationship
between DMVs and neurodegenerative process during
aging. Finally, we found no association between
the number of DMVs at baseline and three-year
stroke risk.

Because of the limited number and sample size of
previous studies on DMVs, there was no reliable can-
didate concerning potential risk factors for the number
of DMVs except age. The significant reduction of the
number of DMVs with increasing age found in our
study could be well explained by a previous patholog-
ical study that found collagenous thickening of the
venous wall increases with age and may result in ste-
nosis or occlusion of the veins. Moody et al.1 reported
no association between hypertension and VC, yet the
small sample size limited the reliability of this conclu-
sion. Although the number of DMVs is significantly

Table 2. Associations between potential risk factors and number of deep medullary veins.a

Variable

Model 1b Model 2c

b (95% CI) P value b (95% CI) P value

Age (per 10-year increase) �0.16 (�0.27, �0.05) 0.005 �0.15 (�0.26, �0.04) 0.007

Male sex (reference¼ female) �0.22 (�0.43, �0.01) 0.041 �0.21 (�0.42, 0.01) 0.057

BMI (per 1-unit increase) �0.02 (�0.05, 0.00) 0.084 �0.03 (�0.06, 0.00) 0.044

Current smoker (reference ¼ no) �0.32 (�0.57, �0.08) 0.010 �0.31 (�0.63, 0.02) 0.064

Alcohol use (reference ¼ no) �0.14 (�0.38, 0.09) 0.222 0.03 (�0.29, 0.35) 0.848

Hypertension (reference ¼ no) �0.24 (�0.44, �0.03) 0.024 �0.16 (�0.37, 0.05) 0.137

SBP (per 10-mmHg increase) �0.10 (�0.15, �0.04) 0.001 �0.08 (�0.13, �0.02) 0.007

DBP (per 10-mmHg increase) �0.08 (�0.18, 0.02) 0.099 �0.08 (�0.17, 0.02) 0.121

Hyperlipidemia (reference ¼ no) �0.03 (�0.24, 0.17) 0.768 �0.01 (�0.22, 0.20) 0.898

Diabetes mellitus (reference ¼ no) �0.30 (�0.58, �0.03) 0.032 �0.24 (�0.52, 0.04) 0.091

BMI: body mass index; CI: confidence interval; DBP: diastolic blood pressure; SBP: systolic blood pressure.
aIn the general linear regression models, the number of deep medullary veins was treated as dependent variable, and the potential risk factors were

treated as independent variables.
bModel 1 is univariate.
cModel 2 is adjusted for age and sex.

Table 1. Baseline characteristics of the 1056 participants.

Baseline clinical characteristic

Mean� SD

or N (%)

Age (year) 55.7� 9.1

Male 378 (35.8%)

Current smoker 229 (22.5%)

Alcohol user 272 (26.7%)

BMIa (kg/m2) 26.3� 3.7

Hypertension 517 (49.5%)

Systolic blood pressure (mmHg) 133� 19

Diastolic blood pressure (mmHg) 79� 11

Hyperlipidemia 506 (48.4%)

Diabetes mellitus 169 (16.1%)

Imaging characteristics

WMH volume (mm3)b 0.80 (0.24, 49.6)

Lacunes 153 (14.5%)

Cerebral microbleeds 111 (10.5%)

Basal ganglia PVS (degree 3 and 4) 147 (14.0%)

White matter PVS (degree 3 and 4) 154 (14.6%)

Brain parenchymal fraction (%)b 76.5 (65.0, 85.7)

Number of DMVsb 19.0 (12.5, 24)

BMI: body mass index; DMV: deep medullary vein; PVS: perivascular

space; SD: standard deviation; WMH: white matter hyperintensity.
aBody mass index is calculated as weight in kilograms divided by height in

meters squared.
bVariable is described as median (range value).
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associated with SBP, it is not associated with hyperten-
sion and DBP; this inconsistent result suggested that
the relationship between blood pressure and number of
DMVs is not robust. We further proved the absence of
association between other vascular risk factors and
DMV number. It seems that the factors which relate
to atherosclerosis or arteriolosclerosis might not drive
the reduction in the number of DMVs.

We found the inverse correlation between the
number of DMVs and volume of WMH vanished
after adjustment for age, suggesting this association
was probably because of the synchronous change of
DMV and WMH with increasing age. Moody et al.12

found advanced leukoaraiosis in 10/13 patients with
more severe VC. Keith et al.2 reported stenosis of
large caliber DMVs (>200 mm) which was a predictor
for WMH. However, previous studies failed to prove
whether this association is independent because of their
small sample size. Moreover, we found no association
between DMV and other MRI markers of CSVD
including lacunes, CMB, and the perivascular space
after adjustment for traditional vascular risk factors.
Thus, our results suggest that DMV was significantly
different from all other MRI markers of CSVD. First,
traditional vascular risk factors, including hyperten-
sion, smoking, diabetes, hyperlipidemia, and history
of coronary heart disease, showed no association with
decreased venous number after adjustment for age.
Second, small venous visibility was not associated
with traditional MRI markers of CSVD including
WMH, lacunes, MB, or the perivascular space.
Finally, no association was detected between the
number of DMVs and risk of stroke.

Our finding of the strong association between the
decreased number of DMVs and brain atrophy is strik-
ing. We found that fewer DMVs are significantly relat-
ed to not only lower total whole brain volume, but also
lower GM, white matter, and hippocampal volume.
This association is independent of age, other vascular
risk factors, and vascular parenchymal lesions, such as
WMH or lacunes. Using the susceptibility effect, deox-
yhemoglobin appears as an intrinsic contrast agent in
the veins; in this way, cerebral veins can be noninva-
sively assessed using the SWI sequence.4 Therefore, one
potential explanation of this association might be that
brain atrophy results in reduced cerebral metabolism
and lowers deoxyhemoglobin levels in the vessel.
However, the association between DMV and the hip-
pocampus is difficult to be explained by a significant
change in the level of metabolism as they are quite
widely spatially separated. In addition, both imaging-
and pathology-based studies found structural changes,
such as tortuosity, stenosis, and occlusion, of the ven-
ules according to age.13 From our experience with MRI
reading, the presence of fewer DMVs usually occursT
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simultaneously with discontinuity or tortuosity in
shape. Therefore, it is more likely that structural
changes, such as stenosis or occlusion of DMVs, may
also be associated with brain atrophy rather than just
merely a consequence of change in metabolism. Bouvy
et al.8 also reported tortuosity of venules in early AD
patients. To date, studies on brain venules are still very
limited, while the results highlight the importance of
further study on the relationship between venules and
neurodegenerative process during aging.

The strengths of our study include the population-
based design and large sample size of SWI sequences
obtained using a 3-T MRI scanner. However, there are
several limitations that should be considered. First, we
used a 3T brain MRI to assess DMVs as this lower field
strength may reduce the quality of detecting DMVs as
compared with 7T brain MRI; beyond that, as the con-
spicuity of venules on SWI images depends on the
effect of deoxygenated hemoglobin, decreased venular
visibility could be a result of venous occlusion or
decreased concentration of deoxyhemoglobin. Thus,
people previously speculate that the concentration of
hemoglobin might be associated with the visibility of
DMV. However, we did not find the number of DMVs
was associated with the concentration of hemoglobin in
our general population (rpearson¼�0.025, P¼ 0.305).
What is more, large artery stenosis might also relate
to higher visibility of veins by causing hypoperfusion
state of the downstream small vessels. However, exclu-
sion of individuals with stenosis of carotid artery or
intracranial artery (N¼ 37) do not change the present
results. Second, one might query the reliability of visual
assessment used in this present study. Visual assess-
ment and several automatic segmentation methods
have been applied in previous studies on brain veins;
however, none has been accepted as a unified method
because of the very limited studies in this field. An
automatic segmentation technique is more likely to
have an advantage when whole brain veins are evalu-
ated, whereas visual counting is feasible and reliable
when DMVs are assessed due to their regular arrange-
ment perpendicular to the ventricles with little anatom-
ic variation. To our experience, since DMVs are only
counted in a ROI of 60mm� 10mm in the periventric-
ular white matter of each cerebral hemisphere, the eval-
uation process of one case takes only a couple of
minutes. This simple and speedy method also guaran-
tees the feasibility of DMV evaluation. Moreover, the
intra- and inter-rater agreement in our study was found
to be 0.76 and 0.79, which suggested a good reproduc-
ibility of visual assessment. We need to note that this is
the first population-based study on risk factors and
potential significance of brain venules and was per-
formed in a Chinese population; hence, further studies
are needed to confirm this finding in other samples.

In conclusion, our study offers new insights into

brain venules. The significant association between

DMVs and aging, as well as the association between

DMV and brain atrophy are intriguing, and its eluci-

dation may improve our understanding of the complex

relationship between vascular alterations and age-

related neurodegenerative process. Cerebral venules

obviously deserve more attention and further

investigation.
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