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INTRODUCTION

Developmental venous anomaly (DVA) is a common 
vascular malformation with an estimated incidence of 2.5% 
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Objective: A developmental venous anomaly (DVA) is a vascular malformation of ambiguous clinical significance. We aimed 
to quantify the susceptibility of draining veins (χvein) in DVA and determine its significance with respect to oxygen 
metabolism using quantitative susceptibility mapping (QSM). 
Materials and Methods: Brain magnetic resonance imaging of 27 consecutive patients with incidentally detected DVAs were 
retrospectively reviewed. Based on the presence of abnormal hyperintensity on T2-weighted images (T2WI) in the brain 
parenchyma adjacent to DVA, the patients were grouped into edema (E+, n = 9) and non-edema (E-, n = 18) groups. A 3T MR 
scanner was used to obtain fully flow-compensated gradient echo images for susceptibility-weighted imaging with source 
images used for QSM processing. The χvein was measured semi-automatically using QSM. The normalized χvein was also 
estimated. Clinical and MR measurements were compared between the E+ and E- groups using Student’s t-test or Mann-
Whitney U test. Correlations between the χvein and area of hyperintensity on T2WI and between χvein and diameter of the 
collecting veins were assessed. The correlation coefficient was also calculated using normalized veins.
Results: The DVAs of the E+ group had significantly higher χvein (196.5 ± 27.9 vs. 167.7 ± 33.6, p = 0.036) and larger diameter 
of the draining veins (p = 0.006), and patients were older (p = 0.006) than those in the E- group. The χvein was also linearly 
correlated with the hyperintense area on T2WI (r = 0.633, 95% confidence interval 0.333–0.817, p < 0.001).
Conclusion: DVAs with abnormal hyperintensity on T2WI have higher susceptibility values for draining veins, indicating an 
increased oxygen extraction fraction that might be associated with venous congestion.
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(1). It is referred to as “caput medusae” because of multiple 
fine veins draining into a single collecting vein of unusual 
location and size (2). While imaging and clinical findings 
suggest DVAs to be an embryologic variant of venous 
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drainage, its clinical significance remains controversial (3). 
Occasionally, brain parenchyma with DVA exhibits abnormal 
T2 hyperintensity (4, 5), and a recent study suggested that 
this hyperintensity is associated with venous congestion (6). 
Manifestation of venous congestion in other similar vascular 
malformations, such as dural arteriovenous fistula (dAVF), is 
important as it necessitates careful decisions in treatment 
strategies (7, 8). The increased risk of hemorrhagic 
complications associated with DVAs has been previously 
reported when they coexist with arteriovenous fistula 
(9). Similarly, another report suggested that DVAs with T2 
hyperintensity are prone to hemorrhagic complications (5). 
Hence, detailed characterization of DVAs with abnormal 
hyperintensity on T2-weighted images (T2WI) might help to 
understand the clinical significance of DVAs.

Venous congestion affects the oxygen metabolism of 
related brain parenchyma (10). Differences in oxygen 
metabolism might have varying clinical significance in 
several neurovascular diseases (8, 11, 12). A study using 
positron emission tomography (8) showed that symptomatic 
dAVF had decreased cerebral blood flow, venous congestion, 
and increased oxygen extraction fraction (OEF); symptoms 
and abnormal oxygen metabolism were found to be resolved 
after treatment of dAVF. The clinical importance of increased 
OEF was also discovered as an independent predictor 
of future ischemic stroke in patients with cerebral and 
carotid arterial occlusion (11, 12). Although assessing the 
metabolic characteristics of DVA might help to understand 
its clinical significance, few studies have explored changes 
in oxygen metabolism in DVA in association with venous 
congestion.

Phase magnetic resonance (MR) images allow 
good contrast differentiation between diamagnetic 
oxyhemoglobin and paramagnetic deoxyhemoglobin (13), 
and are thus capable of demonstrating details of vascular 
structures and their oxygenation status. A few studies have 
shown that phase MR images can help characterize DVA 
with venous congestion (1, 5, 14). However, these studies 
visually assessed unwrapped phase images or susceptibility-
weighted images (SWI) of DVA. To better understand the 
effect of venous congestion on DVA, it would be more 
desirable to quantify the effect of oxygen metabolism in 
a specific region of the brain. Recently, a method was 
proposed to quantitatively estimate the oxygenation status 
of a structure of interest using phase information from MR 
images and the quantitative susceptibility mapping (QSM) 
measurement (15, 16). In this study, we applied QSM to 

assess the association between venous congestion and 
oxygen metabolism of DVA. The purpose of this study was to 
explore the value of QSM in quantifying oxygen metabolism 
in DVA with abnormal hyperintensity on T2WI and compare 
clinical and QSM characteristics of DVA with and without T2 
hyperintensity.

MATERIALS AND METHODS

Study Population 
This retrospective study was approved by the Institutional 

Review Board, which waived the requirement for informed 
consent. From January 2015 to June 2017, we identified 
132 DVAs showing typical MR findings using the Picture 
Archiving and Communication System database. Exclusion 
criteria were 1) other coincidental brain lesions, such as 
cavernous malformation, posing as potential artifacts for QSM 
(n = 50); 2) different MR scanners (n = 26); 3) different MR 
scan protocols, such as omission of three-dimensional (3D) 
gradient echo (GRE) images for QSM (n = 23); 4) suboptimal 
location of DVA for QSM analysis (i.e., too close to the skull 
base) (n = 2); and 5) a diameter of the collecting vein of 
the DVA smaller than 0.5 mm for appropriate analysis (n = 
4). Finally, 27 patients with DVA meeting the criteria made 
up the final study population. Patient demographics and 
symptoms for magnetic resonance imaging (MRI) studies 
were collected through a review of medical records. Clinical 
indications for MR imaging were 1) follow-up imaging 
for aneurysm (n = 1) and epilepsy (n = 2); 2) workup for 
neuropsychiatric diseases (n = 3); 3) dizziness (n = 4); 
4) headaches (n = 8); 5) memory impairment (n = 2); 6) 
evaluation of brain metastasis (n = 3); 7) pre-operative 
workup (n = 2); and 8) traumatic brain injury (n = 2). 

MR Imaging and QSM Processing
MR images were obtained from a 3T MRI unit (MAGNETOM 

Verio; Siemens Healthineers Sector, Erlangen, Germany) 
with a 12-channel coil. Fully flow-compensated GRE images 
were obtained for SWI, and the source images were used 
for QSM processing. Acquisition parameters were as follows: 
TR = 28 ms, TE = 20 ms, FA = 15°, FOV = 230 x 172.5 mm, 
matrix size = 320 x 240, and slice thickness = 2 mm. Axial 
T2WI of the brain were obtained with vendor-specific 
standard protocols. Contrast-enhanced axial T1-weighted 
images (T1WI) were obtained according to the clinical 
circumstances.

QSM was automatically generated from the GRE magnitude 
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and phase images (Fig. 1). First, phase unwrapping was 
performed for the phase image of each echo time using a 
Laplacian-based unwrapping algorithm (17). Before QSM 
calculation, brain masking was performed using the Brain 
Extraction Tool (18) in the FMRIB Software Library Ver 5.0 
(FMRIB, Oxford, UK). The background frequency (mainly 
induced from outside the brain) was removed through 
harmonic phase removal using the Laplacian operator 
(HARPERELLA) method (19). QSM was calculated using 
the improved sparse linear equation and least-squares 
method (20). As cusp artifacts in phase images (21) or an 
incorrectly generated brain mask could cause severe errors 
in the QSM calculation process, an MR physicist carefully 
examined the images for these errors before we proceeded 
to the region of interest (ROI) analysis. All processes of 
parametric mapping were performed using MATLAB (R2016a; 
MathWorks Inc., Natick, MA, USA).

MR Image Assessment
Two radiologists evaluated the T2WI (with or without 

fluid-attenuated inversion recovery preparation) in 
consensus to detect hyperintensity associated with DVA. 
These images were compared with other images, such as 
contrast-enhanced T1WI, to clearly localize the DVAs. The 
reviewers visually assessed the presence of T2 hyperintensity 
compared with adjacent brain parenchyma and divided the 
patients into two groups: DVA with abnormal hyperintensity 
on T2WI (edema group; E+) and DVA without it (non-edema 
group; E-). For the E+ DVA group, the area of hyperintensity 
on T2WI was measured with a semi-automatically drawn ROI 

using a region-growing algorithm (Insight Segmentation 
and Registration Toolkit connected threshold image filter) 
(22) and measurements were made in consensus. If T2 
hyperintensity was found in more than one slice of the MR 
images, ROIs were drawn for each slice, and a summation of 
these areas was acquired. 

QSM Image Analysis for the Collecting Veins of DVA
We measured the susceptibility value of the collecting 

veins on QSM to estimate the oxygen metabolism status 
of brain parenchyma draining via DVA. To measure 
susceptibility values of thin collecting veins accurately 
and reliably, we implemented a semi-automatic method to 
extract susceptibility values. Instead of manually placing a 
tiny ROI on the thin collecting veins, two radiologists drew 
an oval ROI > 25 mm2 on the QSM images in consensus 
that covered the collecting vein and surrounding brain 
parenchyma (Fig. 2). T2WI and QSM images were compared 
side-by-side to exclude hyperintense parenchyma in the 
ROI. Based on the susceptibility of normal white matter and 
venous structures (23-25), a threshold of 100 ppb was used 
to divide draining veins and adjacent brain parenchyma (26, 
27). Clear demarcation of collecting veins and surrounding 
brain parenchyma was achieved when using this threshold 
(Fig. 2). Mean susceptibility of voxels over the threshold 
(100 ppb) was used to estimate the susceptibility of 
draining vein (χvein). Mean values of the remaining voxels 
were used to estimate the susceptibility of the adjacent 
brain tissue (χbackground). To minimize the effect of a local 
variation of susceptibility to venous structures, normalized 

Fig. 1. Susceptibility measurement of collecting vein of DVA. 
A. ROI was drawn on QSM image for collecting vein (arrow), but not on DVA itself (arrowheads). B. Note clear demarcation of draining vein 
at threshold of 100 ppb. C. On histogram of ROI-voxel susceptibility values, mean susceptibility of voxels over threshold (100 ppb) was used 
to estimate susceptibility of draining vein. Mean value of remaining voxels was used to measure susceptibility of adjacent brain tissue. DVA = 
developmental venous anomaly, QSM = quantitative susceptibility mapping, ROI = region of interest
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susceptibility values of the collecting veins were obtained 
(normalized χvein = χvein - χbackground). To verify the QSM 
process, we drew another ROI on the normal contralateral 
brain parenchyma to measure the susceptibility value of 
control brain parenchyma (χcontrol).

Diameters of collecting veins were measured on T2WI in 
conjunction with 3D contrast-enhanced T1WI for accurate 
analysis. In doing so, blooming artifacts of the venous 
structure noted on SWI, as well as partial volume artifacts 
on 2D images, were avoided. Diameters of collecting 
veins were measured at the mid-portion of the straightest 
segment, approximately 10 mm distal to the convergence of 
the draining veins. 

Statistical Analysis
Clinical and MR measurements of DVAs were compared 

between E+ and E- groups using Student’s t test or Mann-
Whitney U test. In addition, correlations between the χvein 
and area of T2 hyperintensity, and between the χvein and 
diameter of collecting veins were assessed. The correlation 
coefficient was also calculated using the normalized χvein. 
All analyses were performed with R (version 3.2.4, R 
Foundation, Vienna, Austria; www.r-project.org) statistical 
packages.

RESULTS

Among 27 DVAs, nine DVAs showed abnormal T2 
hyperintensity (E+ group) in the draining area and the 

Table 1. Patient Characteristics
Characteristics DVA with T2 Hyperintensity (Group E+; n = 9) DVA without T2 Hyperintensity (Group E-; n = 18) P

Sex (M/F) 5/4 10/8 1
Age (years) 66.9 ± 14.3 45.2 ± 19.3 0.006
DVA location

Frontal lobe 7 8
Parietal lobe 1 3
Temporal 1 2
Cerebellum 0 5

Edema area (cm2) 4.7 ± 4.4 0.0 ± 0.0 0.012
Diameter of collecting 

veins (mm)
2.1 ± 0.4 1.8 ± 0.7 0.349

DVA = developmental venous anomaly

Fig. 2. 86-year-old female with DVA in right frontal lobe. 
SWI (A) shows DVA itself (arrowheads) and collecting vein (arrow). T2-weighted fluid-attenuated inversion recovery image (B) shows large area 
of T2 hyperintensity (asterisk). On QSM image (C), paramagnetic venous structure of DVA is well demonstrated. χvein is 233 ppb and normalized 
χvein is 238 ppb. Diameter of collecting vein is 2.7 mm and T2 hyperintensity area is 9.63 mm2 (D). SWI = susceptibility weighted images, χvein = 
susceptibility of draining veins
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other 18 showed no parenchymal signal changes (E- group) 
on T2WI (Table 1). E+ patients (age, mean ± standard 
deviation, 66.9 ± 14.3 years) were significantly older than 
E- patients (45.2 ± 19.3 years, p = 0.006). Twenty-two DVAs 
were in the supratentorial and five were in the infratentorial 
area. No DVA was found in the occipital lobe. Mean area of 
T2 hyperintensity in the E+ group was 4.7 ± 4.4 cm2. The 
diameter of collecting veins was not significantly different 
between the two groups (p = 0.349). Representative cases 
are presented in Figures 2 and 3. 

The χvein of the E+ group (196.5 ± 27.9 ppb) (Table 2) 
was significantly higher than that of the E- group (167.7 
± 33.6 ppb, p = 0.036), suggesting a higher concentration 
of deoxyhemoglobin within the collecting veins. The 
normalized χvein was also significantly higher in the E+ 
group (202.0 ± 32.6 ppb) than in the E- group (163.6 ± 
32.3 ppb, p = 0.007). However, the χbackground and χcontrol 
were not significantly different between the two groups 
(Table 2). The χvein (r = 0.633, 95% confidence interval [CI] 
0.333–0.817, p < 0.001) (Fig. 4A) was positively correlated 

with the diameter of collecting veins. Additionally, χvein 
showed a significant positive correlation with the area of T2 
hyperintensity (r = 0.444, 95% CI 0.076–0.705, p = 0.020) 
(Fig. 4B). 

DISCUSSION 

In this study, we found a significant association 
between the presence of venous congestion and oxygen 
metabolism in DVA. This suggests that QSM might be used 
to characterize DVA from a metabolic perspective. Although 
DVA is thought to be clinically benign, neurologic symptoms 
and complications of DVA have been reported (1, 3-5, 9, 14, 
28). A previous study by Takasugi et al. (5) suggested the 
possible clinical significance of T2 hyperintensity associated 
with DVA, by theorizing that abnormal T2 hyperintensity 
might be associated with venous congestion and increased 
risk of complications. As DVAs are functional adaptations to 
the absence of normal venous pathways (3, 28), they might 
not be able to provide sufficient venous drainage (29) and 

Table 2. Susceptibility Values for Collecting Veins and Other Brain Areas 
Susceptibility DVA with T2 Hyperintensity (Group E+; n = 9) DVA without T2 Hyperintensity (Group E-; n = 18) P

χvein (ppb) 196.5 ± 27.9 167.7 ± 33.6 0.036
χbackground (ppb) -5.6 ± 12.0 4.1 ± 15.9 0.122
Normalized χvein (ppb) 202.0 ± 32.6 163.6 ± 32.3 0.007
χcontrol (ppb) -7.8 ± 27.7 -14.8 ± 11.2 0.459

χvein = susceptibility of draining veins, χbackground = susceptibility of adjacent brain tissue, χcontrol = susceptibility value of control brain 
parenchyma

Fig. 3. 36-year-old male with DVA in his right frontal lobe. 
SWI (A) shows DVA itself (arrowhead) and collecting vein (arrow). On T2-weighted image (B), no hyperintensity is observed. On QSM image (C), 
χvein is 142 ppb and normalized χvein is 145 ppb with diameter of 1.04 mm.
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thus, might be prone to venous congestion. In addition to 
venous congestion, concomitant altered oxygen metabolism 
might be associated with the neurological manifestation 
of DVA and related complications (5, 14, 28), as in other 
neurovascular diseases (8, 11, 12). Considering these 
previous observations, we thought that the relatively large 
variability of oxygen metabolism in DVA-associated brain 
areas may explain the clinical characteristics of DVA.

In DVAs with venous congestion, χvein was significantly 
higher than those without congestion. The high χvein of DVA 
with venous congestion suggests high concentrations of 
deoxyhemoglobin (15) and OEF. With venous congestion, 
OEF can be increased due to prolonged transit time via 
capillary beds (6). The range of susceptibility of veins 
in the E+ and E- groups was comparable with results 
from a previous study on acute ischemic stroke where 
the susceptibility of ischemic territories was higher than 
that of healthy control regions (254 ± 48 and 125 ± 8 
ppb, respectively) (30). We postulated that the modified 
oxygen metabolism of DVA with abnormal T2 hyperintensity 
would have a similar microvascular environment to that 
of ischemic lesions. We also found a positive correlation 
between the χvein and the area of T2 hyperintensity. A larger 
T2 hyperintense area suggested more venous congestion 
in terms of extent and severity, and more increased OEF. 
Similar findings were observed in dAVF on SWI (7, 31); 
other studies found that SWI demonstrated prominent 
hypointensity of veins in dAVF, which was associated with 
symptoms and venous congestion (31, 32). On positron 
emission tomography, abnormal perfusion and elevated OEF 

were observed in dAVF with venous congestion, and these 
abnormalities were reversed after treatment (8).

DVAs of the E+ group had larger collecting vein diameters 
compared with DVAs of the E- group. Furthermore, the 
collecting vein diameter was significantly negatively 
correlated with the χvein. One possible explanation is 
that the DVA might have a smaller venous functional 
capacity than that of normal venous structures. Due to the 
embryonic background of DVAs (3, 28), they might show 
insufficient draining function, especially for large brain 
areas. DVAs responsible for large brain areas might be 
more likely to have “insufficient venous drainage” despite 
the large caliber of the collecting veins. Another possible 
explanation is that veins with congestion are more likely 
to be dilated than are those without congestion (31). 
Interestingly, no T2 hyperintensity was observed among 
the five cerebellar DVAs (Table 1), a finding consistent with 
a previous similar study (4); differences in parenchymal 
area between cerebral and cerebellar hemispheres–and the 
corresponding supra- and infratentorial venous drainage–
might be responsible for such a phenomenon. Additionally, 
patients in the E+ group were older than patients in the E- 
group, raising the possibility that this change could be a 
chronic course of failure of adaptation. Increased OEF might 
also be associated with chronic venous congestion and 
insufficiency (11, 12). 

Previous studies used phase MR images to assess the 
characteristics of DVA, such as venous congestion (5, 14). 
However, these studies only performed visual inspection 
of phase MR images or SWI. They did not quantify phase 

Fig. 4. Scatter plots demonstrating relationship between χvein with respect to (A) diameter of collecting veins and (B) area of 
abnormal hyperintensity on T2-weighted image with moderate positive correlations (A: r = 0.633, p < 0.001, B: r = 0.444, p = 
0.020). Regression lines are drawn in blue and their 95% confidence intervals are shown as grey areas. T2WI = T2-weighted images
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or susceptibility values of DVA, and their methods did not 
allow quantitative investigation of the association between 
venous congestion and regional oxygen metabolism. We used 
QSM instead, which resolved the non-localized effect and 
orientation dependency of the susceptibility source (24). We 
could quantify the susceptibility values more precisely, the 
results of which would probably have greater clinical value 
compared with qualitative image findings alone.

Several recent studies have explored the clinical value 
of oxygen metabolism in the brain (15, 33). To estimate 
regional oxygen metabolism, it is crucial to define specific 
venous structures that receive the venous drainage of 
the brain area in question (15). However, due to multiple 
draining channels and anatomical venous variations in 
the brain, it is challenging to correlate specific regional 
draining veins to specific regions of the brain. For example, 
in vascular malformations, defining the main draining vein 
is very difficult due to the complex vascular architecture 
and multiple drainage routes. However, in DVAs, we can 
easily define the draining vein because a single collecting 
vein is present. By assessing the susceptibility value of 
the collecting vein, we can easily estimate the oxygen 
metabolism of the brain parenchyma, which drains via DVA.

There were some limitations of this study. Because of its 
retrospective nature, some unexpected biases, including 
selection bias, might have been introduced. However, 
we reviewed a relatively large number of consecutive 
patients and included patients after a thorough review. The 
relatively small number of subjects limited the detailed 
analysis of the association of venous congestion and 
morphological characteristics of the DVA, such as venous 
kinking of the collecting veins. Furthermore, we excluded 
patients who were imaged using different MR scanners 
or MR protocols, especially those with images that were 
not fully flow-compensated. A relatively large number of 
cavernous malformation cases were excluded since the 
malformation induces prominent streak artifacts from 
strongly paramagnetic sources, limiting local susceptibility 
estimation (34). Second, we defined the presence of venous 
congestion using abnormal hyperintensity on T2WI, rather 
than using perfusion- or diffusion-weighted images. As 
this process was not included in our routine MR protocol, 
we reviewed the conventional imaging findings instead. 
Future studies comparing abnormalities between perfusion, 
diffusion, and vasogenic edema to the χvein on DVA are 
needed. Third, we did not estimate the regional OEF or 
cerebral oxygen metabolism ratio since estimating them 

required additional clinical data such as arterial oxygen 
saturation or hematocrit levels and cerebral perfusion 
measures. Instead, the χvein was used to directly estimate 
the oxygenation status of the collecting veins. In addition, 
we normalized the χvein to correct for individual and local 
variability in the susceptibility estimation. Lastly, we could 
not correlate the patients’ symptoms with abnormal T2 
hyperintensity or the χvein. Any possible causal relationship 
between them was ambiguous due to the incidental and 
asymptomatic nature of DVAs. As a result, routine clinical 
and imaging follow-up of these patients was not warranted, 
limiting the extent of possibly useful information regarding 
the clinical course of DVAs with abnormal T2 hyperintensity. 

In conclusion, DVA with venous congestion manifesting 
as abnormal hyperintensity on T2WI might be associated 
with different oxygen metabolisms in the brain parenchyma. 
3D GRE and QSM imaging might be useful tools in the 
characterization of DVA with abnormal T2 hyperintensity 
with respect to oxygen metabolism. 
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