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imaging (SWI) in the detection of
developmental venous anomaly
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Abstract

Background: Developmental venous anomaly (DVA) is probably the most common anomaly of the intracrarjial
vasculature. DVAs consist of multiple, radially oriented dilated medullary veins that converge into a transcefrebral
vein. Susceptibility-weighted imaging (SWI) is a high spatial resolution 3D gradient-echo MRI sequence with phase
post-processing that accentuates the paramagnetic properties of blood products such as deoxyhemoglobir{
intracellular methemoglobin, and hemosiderin. Its high sensitivity to hemorrhagic particles by means of susce
dephasing effects within the veins allow for the accurate detection, grading, and monitoring of brain venous
anomalies. In this review, we evaluated the prevalence of the brain DVAs identified by SWI in many patients who had
undergone magnetic resonance imaging (MRI) with contrast administration. All images were independently reyiewed
by two radiologists who were blinded to other MR imaging finding. It is hoped that as SWI becomes more widgly
available, it will provide additional diagnostic and prognostic information that will improve the care and outcome of
patients with DVAs.

Results:A total of 29 DVAs were observed with its prevalence 2.8%. The DVA caputs had mostly deep localization in
about 44.8% of our DVA cases. SWI proved excellent demonstration of DVAs with the sensitivity, specificity, gositive
predictive value (PPV), and negative predictive value (NPV) were significantly higher than the other non-contrast MR
sequences. On SWI, DVA is delineated as a signal void lesion with the normal cerebral veins.

Conclusion:Susceptibility-weighted imaging (SWI) is valuable in the diagnosis of DVA and should be included|in
routine MR assessment of the brain.
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Background Although the parenchyma drained by a DVA is usually

Developmental venous anomaly (DVA), also referred to asmormal brain tissue, parenchymal abnormalities have
cerebral medullary venous miarmation, is the most fre- been reported in the vicinity of a DVA. Possibly throm-
quently encountered cerebral vascular malformation. DVA bosis or stenosis of the draining vein of DVA can cause
consists of radially oriented,ildted veins (caput medusae ap- a hemorrhagic event 3]. DVA is a low-flow vascular
pearance) that converge intonaenlarged transcortical or malformation that is not well imaged with conventional
subependymal draining veinl]. DVA is typically diagnosed MR sequences. Small DVA can be easily missed and
incidentally during imaging investigations as contrast- therefore contrast-enhanced magnetic resonance im-

enhanced MR imaging for unrelated symptomg] [ aging (MRI) better allows the detection of DVA4].
The contrast-enhanced (CE) study increases scan time
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contraindicated in patients with severe renal dysfunction contrast agent was Gadopentetate dimeglumine (Gd-
[5]. Subsequently, non-contrast enhanced MR techniqueDTPA).
is required for cerebral venous malformation detection SWI was acquired by using a fully velocity-
and lesion characterizatiorg]. compensated, three-dimensional, GRE sequence. All im-
Susceptibility-weighted imaging (SWI) is a novel high ages were obtained in the same axial plane. Subse-
spatial resolution three-dimensional (3D) fully velocity quently, 2-mm minlP images were obtained. The
MR technique compensated gradient-echo (GE) MRIsequence, along with entire image processing, was auto-
sequence with an additional phase post-processing thamated on Siemens MR scanner platforms. The SWI and
accentuates the paramagnetic properties of blood prod-minlP images were uploaded and made available on the
ucts [7, 8]. SWI has been found to obtain clinically use- picture archiving and communication (PACS) system.
ful complementary information to conventional spin- In SWI, the magnitude and phase MR data are
echo MRI sequenced]. approached, and a phase mask is produced. Multiplying
By using paramagnetic deoxy-hemoglobin (deoxy-Hb)these with the original magnitude images produce a final
in the cerebral veins as an intrinsic contrast agent, SWImagnitude SWI dataset. Both magnitude and phase in-
can demonstrate the normal cerebral veins and cerebraformation are needed for proper tissue characterization.
venous abnormality without contrast administration Consequently, the continuity of tortuous veins across
[1Q]. So, it was originally calledHigh-Resolution Blood the slices could be identified.
oxygen level dependent (BOLD) Venograghgroviding SWI sequences have some intrinsic disadvantages. Un-
an increased visibility of the venous vasculature in thefavorable magnetic susceptibility sources that produce
brain [11]. artifacts occurring at air-tissue interfaces such as the si-
The goal of our study is to assess the diagnostic valueuses limit imaging of the nearby regions. Also, the
of SWI in comparison with T2-weighted, FLAIR, and blooming artifact may sometimes lead to extreme tissue
contrast-enhanced images for DVA detection. signal cancellation and loss of anatomical borders.
All MRI images were read independently by two radiolo-
gists, including at least one s@m-level radiologist. In cases

Methods ; ;
of discrepancy, two reviewers reached a consensus later.

Data collection

In this study, after obtaining the approval of local ethics
committee, we reviewed reports from a consecutive
series of brain MRIs with intravenous contrast adminis-

tration searching for brain DVAs performed over a 1- met presence of radially oriented, dilated veins that open

year period at our institution. A few patients underwent . .
. . into an enlarged transcortical or a subependymal collect-
MRI as a routine checkup. However, in most cases, the . o )
) . ing vein. The cluster of veins in DVA hadspoke-wheél
MRI was done for various clinical reasons such as head- ~, ) . . .
: . . or “caput medusak configuration. Assessments also in-
ache, seizures, tinnitus, and dizziness. We evaluated the

clinical symptoms and MR findings of DVAS. Cluded the_ presence of hyperintensity adj_acer_lt to DVA
on FLAIR image in few cases as a potential sign of ven-

ous congestion and hypertension.

Diagnostic criteria using MRI
The diagnostic criteria of DVA on contrast-enhanced
MRI and SWI were considered if the following criteria

MR imaging data acquisition

All MR examinations were performed at a 1.5 Tesla MR Exclusion criteria

scanner (Siemens, Magnetom Avanto, 32 channels). MRNVe exclude cases with associated vascular malforma-
protocol included T2-weighted imaging, fluid-attenuated tions as cavernous angioma (CA) to assess the sensitivity
inversion recovery (FLAIR), T1-weighted imaging, SWI,of SWI in the detection of non-complicated DVA
and CE T1-weighted imaging respectively (Tallg The through cancelling the effect of potential signal-intensity

Table 1 MR imaging parameters

TR (ms) TE (ms) Section thickness (mm) Intersection gap (mm) FOV (cm) Matrix Imaging time
T1 550 15 3 0.3 18 256 x 256 3min23s
T2 3000 120 3 0.3 18 256 x 256 2min51s
FLAIR 80000 138 3 0.3 36 288 x 288 3min15s
Swi 6400 30 24 0.2 28 224 x 224 3min35s
Contrast T1 550 15 3 0.3 18 256 x 256 3min23s

T1WIT1-weighted image,T2WIT2-weighted image FLAIRIuid-attenuated inversion recoverySWisusceptibility-weighted image;TRrepetition time, TEecho time,
FOVfield of view
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changes related to adjacent non-related parenchymathree of 29 cases (10.3%). No diffusion restriction was

pathology. observed on DWI/ADC image in the area of signal-
intensity abnormality excluding cerebral infarction. It is
Statistical analysis hypothesized that mild chronic local venous congestion

The data collected were tabulated and analyzed by theand hypertension leads to this phenomenon.

Statistical Package for Social Science (SPSS) versionNo evidence of accompanying brain pathologies such
26.0. The data were presented as the mean * standards intracerebral hemorrhage, cerebral infarction, or leu-
deviation, median (minimum-maximum), and percent- komalacia. Also, no calcification deposit was noted in
age. The sensitivity, specificity, positive predictive valughe surrounding brain parenchyma or the walls of the
(PPV), and negative predictive value (NPV) of SWI se-DVA.

guence for DVA detection were determined. In our study, the non-contrast brain MRI as T1- or
T2-weighted images did not provide a definitive diagno-
Results sis of DVA. T2-weighted images showed false negative

A total of 1038 adult individuals underwent MRI study in 27/29 proved DVA cases (93.1%). Considering FLAIR
with contrast administration as well as SWI sequenceimages, true positive result was noted in about 12/29
over a 1-year period; 29 DVAs were detected. The preva{41.4%) with false negative result in about 17/29 cases
lence of DVAs has been determined to be 2.8% of thg58.6%).
total examined cases. All cases were presented by clinical Based on contrast-enhanced MRI conducted with 3D
findings suggestive of brain lesions such as headach&PGR sequence, SWI showed definite diagnosis of DVA
seizures, or dizziness. Our cases in the study with DVAIn our proved DVA cases involving small DVAs with
include 21 males and eight females with their age ran-100% true positive result. So, SWI presented an overall
ging from 22 to 48 years old (mean about 38.2 years). sensitivity and specificity for DVA detection ranging
According to the DVA size, 29 DVA cases are dividedfrom 96.6 to 100% with significantly high positive pre-
into three groups: small-, medium-, and large-sizeddictive value (PPV) and negative predictive value (NPV)
DVA representing about 18 cases (62.1%), ten casagpresenting about 96.66% and 93.1% respectively in
(34.5%), and one case (3.4%) respectively (Bidoased comparison to the other non-contrast MR sequences
on the visibility of DVA collecting vein on both (Fig.2) raising its global diagnostic accuracy. DVA is de-
contrast-enhanced MR and SWI with average diameterlineated on SWI as a signal void lesion with the normal
around 1 mm, 2 mm, and 3 mm for small, medium, and cerebral veins.
large DVA respectively. Although the parenchyma Among the 29 DVA cases, 25 (86.2%) DVAs were in ei-
drained by DVAs is generally considered to be normalther lobes of the supratentorial brain and four (13.8%)
within our cases, associated hyperintensity on FLAIR sewere in the infratentorial region. We observed that 28 of
guence (non-hemorrhagic signal intensity alteration) 29 cases (96.6%) with a single DVA and only one case
within the drainage territory of a DVA was identified in (3.4%) of double DVAs (supra- and infratentorial) (Fid).

Fig. 1 Prevalence of developmental venous anomalies by size
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Fig. 2 Detection of DVA by different MRI sequences in relation to the T1W contrast enhanced sequence
.

About 89.7% of DVA cases had only one draining vein toDVAs are benign entities and likely to become asymp-
the superficial or deep venous system according to thetomatic, although headache and epilepsy were reported.
DVA location. The exact prevalence of DVA is nearly unidentified,
Of the supratentorial DVAs, 19 of 25 cases (76%) hadbut autopsy studies had reported an incidence of36
DVA located in the left cerebral hemisphere (Fig3.4, 5, 6, in the general population 16]. In our study, DVAs were
and7), while six cases (24%) in the right cerebral hemispherelemonstrated a 2.8% incidence, which is also like those
(Fig.6). The supratentorial DVAs were frequently located in observed by Cho et al.1], who reported a 2.6% inci-
the frontal lobe, representing about 14 of 25 cases (48.3% afence in 1068 brain MR examinations.
total DVA cases). Of the infratentorial DVAs, all four cases DVAs are characterized by a cluster of venous radicles
(13.8% of total DVA cases) were in the cerebellum with nothat converge into a draining vein, resulting in the typ-
detectable brain stem lesion. Ehpreviously mentioned infra- ical caput medusae or umbrella-like appearance. To join
tentorial DVAs are seen draining centrally to the nearby deepeither the superficial or deep venous system, the collect-
venous system within the quadreminal cistern (including ing vein crosses a variable length of cerebral or cerebel-
the internal cerebral vein, basal vein of Rosenthal, or thdar parenchyma17].
great cerebral vein of Galen). In Tabl2 we have shown  Several studies thought that the incidence of two or
intracranial localizations and frequencies of DVAs within our more DVAs existing in different regions of the brain
study. simultaneously about 1:216.3% of caseslf]. Most our
The brain parenchymal areas where DVA caputs werestudied cases were noted with a single DVA with the
spread and drained, including the following areas: deepprevalence of double DVAs was only 3.4%, which is in
subcortical, or juxtacortical. The subcortical area hasaccordance with Lee et all1p], who found that 1.6% of
been defined as the area below the juxtacortical regiortheir cases had three DVAs. Faure et &3] plso reported
that is not adjacent to the ventricular wall. The deep hasthat most DVAs were solitary.
been defined as the area adjacent to the ventricular sys- Of the total 29 DVA cases, DVAs are mostly located
tem. The most DVA caputs were deep representingin the supratentorium (86.2%), with a clear frontal pre-
about 44.8% of our total DVA cases (TabB. dominance (48.3%). The parietal lobe showed the second
most frequent location representing about 31%. While
the temporal lobe showed only 6.9% with no occipital or
Discussion basal ganglia DVAs were noted. Regarding the infrateno-
The cerebral vascular malformations are mostly classirial region, DVAs were accounted about 13.8% with
fied into four categories: Developmental venous anomalyonly cerebellar location. Various articles exhibited simi-
(DVA), arteriovenous malformation (AVM), capillary lar findings to our study. The study by Garner et aR(,
telangiectasia, and cavernous angioma (CAR[13]. Of  of 100 cases with DVA diagnosed by DSA, CT, and MRI
these, DVA is the most common one, constituting about examinations, showed that DVAs are predominant in
60% of all vascular malformations, especially with thethe frontal location (42%), while the parietal and cerebel-
progresses of MR imaging and is mostly incidental onlar locations representing about 24% and 14% respect-
neuroimaging [L4. Hammoud et al. 15 thought that jvely. To Huang et al. 21], DVAs were frequently been
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Fig. 3 Contrast-enhanced T1\) @nd SWIk) show a DVA in the
left temporal lobe (arrow). On non-contrast TEYWRLAIRI}, and
T2W ¢), there is no definite abnormality at the left temporal lobe

found in the frontal lobe (40%) and the cerebellum| Fig. 4 Contrast-enhanced T1\4J &nd SWh) show large cerebellar
(27%) and were less often in the parietal lobe (15%). DVA (white arrow). On non-contrast TEWHLAIRIY, and T2Wej, the
Wilms et al. 22] reported that the prevalence of DVA lesion is less clearly visible (white arrow). The same patient shows

. . coexistent supra-tentorial left paste parietal smaller DVA (black arrov
0,
locations to be as follows: the frontal (38%), the cerebel seen on post-contrast T &nd SWg) with associated parenchymal

lar (38%), the parietal (10%), and the occipital regions hyperintense signal on FLAIR Other nonspecific white matter small
(10%). ischemic foci seen at the right frontal lobe with no associated gross
DVAs can be located subcortically, juxtacortically,| vascular anomaligs)(

and deeply (or paraventricalrly) with the correspond-
ing cases for each area; 9/29 (31.1%), 7/29 (41.1%kgion representing 57% and 61.9% respectively.
and 13/29 (44.8%) respect@ly. This categorization However, our findings were matched with the study
was first suggested by Valavanis et 23] and Oster- performed by Gokce et al. 3], who observed pre-

tun et al’s [24] studies. Both showed that DVA dominant deep parenchymal DVA location, 54.5%,
caputs were localized predominantly in the subcortical followed by the subcortical area, 17%.
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