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Automated Classification of Cerebral Arteries in MRA Images

Masashi Yamaucnr® Yoshikazu UcHryama,” Jun OGUra,* Ryujiro Yokovyama,” Takeshi Hara,*
Hiromichi ANpo,"* Hiroyasu YAMAKAWA,*™* Toru Iwama,*™** Hiroaki Hosur,***** Hiroshi Fujrta®

Abstract The detection of unruptured aneurysms is a major task in magnetic resonance angiography

(MRA). However, it is difficult for radiologists and/or neurosurgeons to detect small aneurysms on maximum in-
tensity projection (MIP) images because adjacent vessels may overlap with the aneurysms. Therefore, we pro-
posed a method for making a new MIP image, the SelMIP image, containing interested vessels only by manually
selecting a cerebral artery from a list of cerebral arteries recognized automatically. For the automated classifica-
tion of cerebral arteries, two three-dimesional images, a target image and a reference image, were compared. Im-
age registration was performed using global matching and rigidity transformation. The segmented vessel regions
were classified into eight cerebral arteries by calculating the Euclidian distance between a voxel in the target im-
age and each of the voxels in the eight labeled vessel regions in the reference image. In applying the automated
cerebral arteries recognition algorithm to 110 MRA studies, the results of subjective evaluation were that 76.4%
(84/110) were rated as good, 13.6% (15/110) as adequate, and 10.0% (11/110) as poor. The results rated good or
adequate are considered acceptable and would be adequate for clinical use. Overall, 90.0% (99/110) of MRA stud-
ies attained a clinically acceptable result. Our new viewing technique will be useful in assisting radiologists to de-
tectaneurysms and reducing the interpretation time.

Keywords : Magnetic resonance angiography, Maximum intensity projection (MIP), Cerebral arteries, Image reg-
istration, Computer-aided diagnosis.
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Fig. 1 Reference image (a)MIP image of the reference image (b)Eight cerebral arteries defined

by a neurosurgeon.

(1)  Segmentation of vessel regions

(2) Global matching
3) Feature correspondence
4) Rigidity transformation

(5) Classification of cerebral arteries

2 %0 B3GR OB
Fig. 2 Overall scheme for an automatic classification of arter-
ies in MRA images.
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Fig. 3 Illustration of global matching. The segmented vessel regions in a target MRA image (white
color)is superimposed onto the MIP image of the reference MRA study (gray color) (a)Be-
fore global matching (b ) After the global matching.
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Fig. 4 Searching the corresponding points for rigidity transformation (a )12 reference points in the
reference MIP image (b )Corresponding points in the target MIP image.
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Fig. 5 Modification of labeling. Small regions were classified again into the label surrounding the re-
gion (b )Before labeling modification ( ¢ ) After labeling modification.
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Fig. 7 The SelMIP (a)A conventional axial MIP image (b )Sagittal MIP image ( c )Sagittal MIP im-

age with the classified arteries indicated in different colors (d)The SelMIP image with se-
lected right MCA (e )The SelMIP image with selected left ICA (f)The SelMIP image with

selected ACA.
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Fig. 6 Example of “good” and “poor” classification results. (a ), (b) Original MIP images. (c ),
(d) MIP images of classification results as in(a) and (b), respectively. All cerebral ar-
teries in (c ) are classified correctly, while a part of the cerebral arteries in (d ), indi-

cated by a white arrow, is misclassified.
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