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Table:  Regions of Interest (ROI) and details of the venular visualisation methods described in the literature up to July 2019 in human studies, freely 

accessible to users at The University of Edinburgh as per January 2020.  

Study (free access URL, and DOI if URL is not from publisher and does 
not include any identifiable ID) 

ROI and relevant figure in the 
publication (if more than 1 figure) 

Venular visualisation method /  imaging 
acquisition parameters 

Multiple Sclerosis  

Tan et al. 2000 (http://www.ajnr.org/content/21/6/1039) Central vein sign in axial view of 
temporal poles, besides left 
occipital horn of lateral ventricles 
(Fig 3) and around lateral 
ventricles (Figs 1 and 2). 

1.5T Transverse venography (mIP).  
Scan parameters: TR/TE/excitations =67/50/1 
ms, α = 20°, matrix = 288 × 512, FOV = 188 × 
250 mm, voxel size = 0.65 × 0.49 × 2.50 mm 
Visualisation enhanced with IV gadopentate 
dimeglumine 
Magnitude images masked 5 times with 
normalised phase mask to increase visibility of 
venous structures. 

Ge et al. 2009 
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2818352/) 

miP uses 4 slices 8 mm thick for 8 
projections of constant locations 
between AC-PC line to centrum 
semiovale. Emphasis in venules 

3T Transverse venography (mIP). Magnitude 
and phase images used.  
SWI acquired with a 3D, radiofrequency 
spoiled, fast low-angle shot sequence and flow 
compensation in all three directions to reduce 

http://www.ajnr.org/content/21/6/1039
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2818352/


projecting outwards from the 
ventricular walls (Fig 4). 

signal loss in blood due to flow-dephasing. Scan 
parameters: TR/TE/flip angle = 50ms/20ms/25°, 
matrix = 512×512, voxel size = 0.43×0.43×2 
mm3, bandwidth = 80 Hz per pixel. 
Original magnitude image multiplied by the 
phase mask four times to enhance the visibility 
of venous structures. 
Phase mask: all positive phase values of 0 to 
+180° were set to unity and negative phase 
values of 0 to -π were normalized to a gray 
scale of values ranging linearly from 0 to 1, such 
that 0 corresponded to -180° and 1 
corresponded to 0° 

Tallantyre et al. 2009 
(DOI: 10.1097/RLI.0b013e3181b4c144) 
(https://insights.ovid.com/crossref?an=00004424-200909000-00002) 

Central vein sign in centrum 
semiovale (Fig 2), but ROIs are in 
and around all lesions in the 
white matter. 

7T 3D T2*-weighted with TE = 20 ms (optimised 
for optimal detection of small veins), TR = 150 
ms, FOV = 192 x 164 x 25 mm3, flip angle = 14o 

and  
3T 2D T2*-weighted with FOV = 192 x 164 x 
95.2 mm and same TE/TR/flip angle as 7t 
acquisition. 

Tallantyre et al. 2011 
(https://n.neurology.org/content/76/6/534.long) 

Central vein sign around lesions 
in periventricular, deep and 
subcortical white matter (Fig 1). 

3D T2*-weighted gradient echo with TE = 20ms, 
TR = 150 ms, FOV = 192 x 164 x 85 mm, flip 
angle = 14o at 7T 

Sinnecker et al. 2012 
(https://journals.sagepub.com/doi/full/10.1177/1352458512451941) 

Three continuous axial slices per 
subject: (i) a slice tangential to 
the roof of the lateral ventricles; 
(ii) a slice in parallel and cranial 
to the first slice; and (iii) a slice in 
parallel and inferior to the first 
slice. For analysis: a squared ROI 
(width 1 cm; length 4 cm) defined 
between frontal and occipital 
cornu on each cerebral 

7T 2D axial T2*-weighted (TE = 25.0 ms, TR = 
1820 ms, spatial resolution 0.5 × 0.5 × 2 mm). 
 
mIP of two axial T2*-weighted slices where 
ROIs are placed 

https://insights.ovid.com/crossref?an=00004424-200909000-00002
https://n.neurology.org/content/76/6/534.long
https://journals.sagepub.com/doi/full/10.1177/1352458512451941


hemisphere.  (Fig 1) The caudate 
vein of Schlesinger was excluded 
in all analyses to focus on small 
parenchymal veins. (Fig 3) 

Mistry et al. 2016 (https://doi.org/10.1177/1352458515616700) Central vein sign in and around 
lesions in white matter (Figs 1 – 
3). 

3T 3D T2*-weighted gradient echo (FOV = 
220 × 186 × 95.2 mm3, voxel dimensions= 
0.55 × 0.55 × 1.05 mm3, angulation to B0 = 0°, 
TE = 25 ms, TR = 150 ms, flip angle = 14°). 

Campion et al. 2017 
(https://link.springer.com/article/10.1007%2Fs00330-017-4822-z) 

Central vein sign in and around 
lesions in white matter (Figs 1 
and 2). 

3T FLAIR* images constructed by combining  
T2*-weighted 3D EPI (TE=29 ms, TR= 53 ms, flip 
angle =10°, EPI factor =15, FOV = 240×240×180 
mm3, voxel dimensions= 0.55×0.55×0.55 mm3), 
and 3D (post-IV contrast injection) FLAIR 
(TE=372 ms, TR=4800 ms, TI=1600 ms, FOV= 
240×240×180 mm3, voxel dimensions =1×1×1 
mm3) acquired 13 mins after administering 10 
ml of 0.5 mmol/ml gadoteric acid contrast 
agent. 

Small Vessel Disease 

Yan et al. 2014 
(https://www.frontiersin.org/articles/10.3389/fnagi.2014.00144/full) 

Periventricular region in five 
consecutive axial slices (10 mm 
thick) from the level of the 
ventricles immediately above the 
basal ganglia up to after the 
ventricles immediately disappear 
in the centrum semiovale (Fig 2). 

3T multi-echo (11 echoes) axial SWI, gradient 
echo with TE = 4.5 ms [first echo], inter-echo 
spacing = 4.5 ms, TR = 58 ms, FOV = 24 × 24 
cm2, matrix size = 256 × 256, flip angle = 20°, 
slice thickness = 2.0 mm,no gap between slices, 
and in-plane spatial resolution of 0.4688 
mm/pixel × 0.4688 mm/pixel. 
Vein assessment done in SW phase image. 

Yu et al. 2016 (http://www.ajnr.org/content/37/3/423) Territory of the medullary veins 
using symmetric ROIs between 
2.4 and 3.0 cm3 (red rectangular 
ROIs shown on the CBF images in 
Fig 1). 

3T  1) 3D high-resolution flow-compensated 
multi-echo gradient-echo sequence (TR/TE = 
45/5–35 ms, 6 echoes with an echo spacing of 
6.048 ms, flip angle = 25°, section thickness = 2 
mm, matrix = 384 × 320 interpolated into 512 × 
512, FOV = 24 cm), 2) 3D MRA (TR/TE = 20/3.2 

https://doi.org/10.1177/1352458515616700
https://link.springer.com/article/10.1007%2Fs00330-017-4822-z
https://www.frontiersin.org/articles/10.3389/fnagi.2014.00144/full
http://www.ajnr.org/content/37/3/423


ms, flip angle = 15°, section thickness = 1.4 mm, 
matrix = 320 × 224, FOV = 24 cm), and 3) PWI 
using a T2* sensitive gradient-echo EPI 
sequence (TR/TE = 1700/30 ms, flip angle = 60°, 
section thickness = 4 mm, section gap = 1 mm, 
matrix = 128 × 128, FOV = 24 cm) 

Zhang et al. 2017 
(https://www.frontiersin.org/articles/10.3389/fnagi.2017.00269/full) 

DMVs (Fig 2) on five consecutive 
periventricular slices (10 mm 
thick) of SWI phase images from 
the level of the ventricles 
immediately above the basal 
ganglia to where the level of the 
ventricles immediately 
disappeared for each patient. As 
per medullary venous anatomy, 
six regions: frontal, parietal and 
occipital (bilateral, respectively) 
are separated on the above five 
slices (Fig 1). 

3T 3D SWI multi-echo gradient-echo sequence 
with 11 equally spaced echoes: TE = 4.5 ms 
[first echo], inter-echo spacing = 4.5 ms, TR = 34 
ms, FOV = 24 cm × 24 cm, matrix size = 416 × 
384, flip angle = 20°, slice thickness = 2.0 mm 
with no gap between slices, and in-plane spatial 
resolution = 0.4688 mm/pixel × 0.4688 
mm/pixel 
(Phase images used) 
 

Other diseases and healthy individuals 

Horie et al. 2011 (http://www.ajnr.org/content/32/9/1697) DMV in axial view near the top of 
the lateral ventricles (Fig 1). 
Unclear if assessment is done on 
one slice or more. 

3T 3D SWI gradient recalled acquisition in the 
steady state (TR = 44 ms, TE = 30 ms, flip angle 
= 20°, FOV = 20 cm, matrix = 320 × 192, section 
thickness = 2 mm) with susceptibility contrast 
enhancement using PSI ( -phase x 4 x 
magnitude). Analysis on mIP PSI 

De Guio et al. 2014 
(https://www.ncbi.nlm.nih.gov/pubmed/24867926) 

4 ROIs in the NAWM of each 
patient. Sphere radius set up for 
not encompassing the cortical 
ribbon, CSF or any WMH. Size 
and positioning of ROIs was thus 
specific to each subject and 
dependent of the extent of WMH 

2D T2* acquisitions at 7 T. 3D whole brain high-
resolution T2* image obtained from different 
7T 2D blocks. Use of 2D blocks chosen due to 
the impossibility for most subjects to remain 
movement free during the acquisition. Each 
block comprised 20 slices with 2 different echo 
times with in-plane (isotropic) resolution 

https://www.frontiersin.org/articles/10.3389/fnagi.2017.00269/full
http://www.ajnr.org/content/32/9/1697
https://www.ncbi.nlm.nih.gov/pubmed/24867926


(minimum: 42 mm3, maximum: 
487 mm3, mean: 209 mm3, 
standard deviation: 117 mm3) 

0.7x0.7 mm2, slice thickness = 0.7 mm, TR = 900 
ms, TE1 =13.7 ms, TE2 = 29.9 ms, flip angle = 
65°, BW = 70 Hz/pixel. 

Novelli et al. 2015 
(http://bachlab.pitt.edu/sites/default/files/Novelli2015.pdf) 

Predefined ROIs (width 1 cm, 
length 4 cm) between the frontal 
and occipital cornu on each 
cerebral hemisphere (Fig 1A). 

3T T2* SWI with axial orientation (64 slices), 0.2 
5mm x 0.25 mm x 1.5 mm resolution, TR/TE/TI 
= 2000/15/NA and T2* SWI with coronal 
orientation (50 slices), identical parameters. 

Zamora et al. 2018 (http://www.ajnr.org/content/39/11/2045.long) DMV in parallel configuration at 
the level of the corona radiata 
and radial orientation around the 
frontal horns and atria (Figs 1 and 
2). 

SWI typically with TE/TR = 40/49ms at 1.5T and 
TE/TR = 20/28ms at 3T, section thickness= 2 
mm, flip angle =15°, FOV = 220 × 220mm and 
matrix size = 256 × 256. Venous thrombosis 
evaluated using contrast-enhanced MPRAGE 
with TE/TR = 2.54/1900ms; section thickness = 
1 mm, flip angle = 9°, FOV = 250 × 250 mm, 
matrix size = 256 × 256. Minimum and 
maximum intensity projections obtained at 
slice thicknesses of 16 and 12 mm for SWI and 
MPRAGE, respectively. 

Kuijf et al. 2016 
(https://link.springer.com/article/10.1007%2Fs00330-016-4220-y) 

Expanded ventricular surface 
where DMV intersect to reach 
the subependymal veins (Fig 2-
left and 4). This surface is defined 
at 5 mm from the ventricles, 
restricted inferiorly by a plane 
that touched the genu and 
splenium of the corpus callosum 
and medially a region of 1.5 cm 
around the interhemispheric 
fissure was removed. 

7T 3D dual-echo gradient echo sequence 
(TR/TE1/TE2 = 20/6.9/15.8 ms, acquisition 
matrix = 400 × 400 × 172, acquired voxel size 
=0.5 × 0.5 × 0.7 mm3, reconstructed voxel size = 
0.39 × 0.39 × 0.35 mm3, flip angle = 12°, 
bandwidth = 203 Hz/pixel, flow compensated 
gradients, sensitivity encoding factor = 2.5 
(right-left).  
Assessment in mIP. 

Bouvy et al. 2017 (https://content.iospress.com/articles/journal-of-
alzheimers-disease/jad160952) 

Curved 3D surface defined at 
5 mm around the lateral 
ventricles. Plane created for 
every individual patient after 

7T dual echo 3D T2*-weighted sequence, with 
TR/first TE/second TE = 20/2.5/15 ms, acquired 
voxel size = 0.5×0.5×0.7 mm3 
 

http://bachlab.pitt.edu/sites/default/files/Novelli2015.pdf
http://www.ajnr.org/content/39/11/2045.long
https://link.springer.com/article/10.1007%2Fs00330-016-4220-y
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad160952
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad160952


ventricle segmentation, to 
identify DMVs that drain the 
white matter of the semioval 
center, assessed from the level of 
the genu and splenium of the 
corpus callosum (Fig 1). 

Legend: TR: repetition time, TE: echo time, TI: inversion time, FOV: field of view, IV: intravenous, mIP: minimum intensity projection, ROI: region of interest, 

DMV: deep medullary veins, SWI: susceptibility-weighted images, PWI: perfusion-weighted images, PSI: phase shift images, BW: bandwidth, NAWM: 

normal-appearing white matter, NA: not applicable, 1.5T/3T/7T: 1.5 Tesla/3 Tesla/7 Tesla scanner’s magnet strength. 


