Enhanced Detection of Vascular Abnormalitiesin Sturge-Weber Syndrome using SWI
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Introduction: Sturge-Weber syndrome (SWS) is an often progressive but rare neurocutaneous disorder. The usual pathologic manifestations are angiomatous facial
malformation (port-wine stain), along with leptomeningeal venous angiomatosis. The venous stasis is associated with abnormal collateral venous drainage, and the
progressive venous occlusions are believed to be primarily responsible for neurologic deterioration and hemispheric atrophy (5-7). Susceptibility-weighted imaging
(SW1) in the recent past has proven to be a new means to greatly enhance visualization of veins, venous malformations and microhemorrhage in brain (1-3). In this
study, we present preliminary data, investigating the use of SWI in SWS.

Materials and Methods: Six patients diagnosed with SWS were imaged at 1.5 T using a standard Siemens head coil. The protocol included the conventional contrast
enhanced (CE) T1 weighted spin echo (SE) sequence and the susceptibility weighted sequence. SWI is a high resolution, fully flow compensated, 3D gradient echo
sequence. One of the patients was imaged pre and post-contrast for both T1 weighted imaging and SWI. The other 5 patients were imaged with a pre and post contrast
T1 sequence but only post contrast SWI was used. T1weighted 2D SE was acquired in interleaved mode with 2 concatenations, an in plane resol ution of 0.86 x 0.86 mm
and a slice thickness of 3 mm. SWI (3D gradient echo, TR/TE/a = 60ms/(20 and 40ms)/20° double echo) was acquired with an in plane resolution of 1.72x 0.86 mm?,
and slice thickness of 2 mm. To increase the visibility of the venous vessdls, a phase mask was constructed from each original phase image and this mask filter was
multiplied 4 times with the corresponding magnitude i mage (1).

Results: Whereas the contrast enhanced T1 weighted images showed leptomeningeal enhancement throughout the involved cortex, susceptibility weighted images
clearly delineated the abnormally large collateral veins deep in the white matter as well as ill-defined areas of T2 shortening that could represent increased tissue
deoxyhemoglobin or calcification. Figures 1 and 2 show the comparison between information provided by the SWI and conventional CE T1 weighted images. The SWI
images are complementary to the conventional T1 weighted images giving clear, specific location and extent information of the venular dysplasia as compared to the
diffuse leptomeningeal enhancement. Although the vascular anomalies are seen in CE MRI as regions of enhancement, the SWI images can demonstrate the venous
component of these anomalies prominently, even without the need for a contrast agent.
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Fig.1.a) CE T1 weighted image showing the leptomeningeal enhancement (b) Corresponding
post-contrast SWI showing markedly hypointense region in the underlying white matter that
could reflect increased tissue deoxyhemoglobin or calcification.

(c) CE T1 weighted image (d) Corresponding SWI image with No-Contrast. SWI shows a
portion of the affected region as hypointense even without contrast agent.

Fig.2. @ Maximum intensity projection image of CE T1 weighted images over 6 mm. b)
Corresponding minimum intensity projection SWI images. SWI clearly shows the
conspicuity of the abnormal collateral venous vasculature.

Fig 2a

Discussion: As SWI relies on the BOLD effect of deoxyhemoglobin (1-3), it enhances the visibility of the venous abnormalities to a greater extent than conventional
methods. Use of a contrast agent improves the signal cancellation effect in a partial volumed vessel and thus enhances the visibility of vessels of subvoxel dimensions
(2). All these characteristics make SWI very much sensitive to even small venous vascular structures. In the scanned patients SWI images clearly showed the specific
areas of venous abnormality/possible areas of calcification, in addition to the leptomeningeal enhancement. The regions of venous angiomatosis are known to be
causally associated with the areas of neuronal degeneration (4-6) and hence early detection may be important for potential therapeutic intervention. These areas of
venous malformations can be seen even without a contrast agent using SW| (1-3) and may be ideally suited for early imaging of small infants. In conclusion, SWI may
improve early detection of vascular pathology in patients with SW'S, and may contribute to our understanding of the pathophysiology of disease progression.
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