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a b s t r a c t

Congenital as arteriovenous malformation(AVM) is, most patients with AVM would be asymptomatic
until adults. During the past 2 years, 23 cases of adult supratentorial AVM patients had DTI after admis-
sion. The region of interest was placed in the cerebral peduncle. Their FA value and fiber number was
compared with those of cavernous malformation (CM) and tumor (glioma and meningioma). In the AVM
group, there was no significant difference in FA of the cerebral peduncle (ipsilateral 0.758 ± 0.055 ver-
sus contralateral 0.755 ± 0.049; P > 0.05) and fiber number (319.6 ± 82.9 versus 304.7 ± 89.1; P > 0.05).
In the CM group, FA of the cerebral peduncle on ipsilateral side (0.711 ± 0.092) was significantly lower
than that of contralateral side (0.768 ± 0.043) (P < 0.01). Similar result was in fiber number of the CM
group (251 ± 82.1 versus 307.3 ± 77.0; P < 0.05). In tumor group, FA of ipsilateral side (0.713 ± 0.084) was
lower than that of contralateral (0.751 ± 0.052) without significant difference. There was no significant
difference in fiber number between ipsilateral and contralateral sides in the tumor group (308.9 ± 112.4
versus 287.9 ± 62.4). Unlike non-AVM lesions (CM and tumor), FA value and fiber number of the ipsilat-
eral cerebral peduncle is less influenced in the AVM group. The lack of the cerebral peduncle involvement
indicates that there is plasticity of white matter in AVM.

© 2010 Elsevier Ireland Ltd. All rights reserved.

Cerebral arteriovenous malformation (AVM) is usually thought to
be congenital. There were few reports that AVM is de novo [9] or
regresses spontaneously [3]. Hemorrhage, headache, and seizure
are the three common presentations in cerebral AVM [36]. But most
patients with AVM would be asymptomatic until adults.

Fractional anisotropy (FA) has been used to characterize water
diffusion anisotropy of brain in diffusion tensor imaging (DTI).
FA depends on organization and myelination of nerve tract [7,8].
Thus, DTI measurements of the cerebral peduncle may be used to
characterize microstructure abnormalities in AVM and non-AVM
lesions. In the present study, we aimed at investigating the cere-
bral peduncle involvement in AVM and non-AVM lesions using
DTI.

During the past 2 years, there were 51 cases of adult with supra-
tentorial lesions, including AVM, cavernous malformation (CM) and
tumor (glioma and meningioma), who had DTI after admission.
The mean age of the AVM group (n = 23) was 33.6 years (range:
21–51 years). Cases of CM (n = 14; mean age 37.4 years; range:
20–57 years) and tumors (n = 14, 10 cases of glioma and 4 cases
of meningioma; mean age 46.1 years; range: 24–63 years) were
used as control. The ratio of male to female was 15:8, 9:5, and 10:4,
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respectively. All lesions were solitary without involvements of the
corpus callosum and the midbrain. Except two patients (one in the
AVM group and one in CM) who could not accept surgical risks,
49 patients underwent operation with informed consent, whose
diagnoses were confirmed by histology.

On a Siemens 3.0 Tesla MRI Scanner, the diffusion-weighted
data were acquired using a single-shot spin-echo diffusion sen-
sitized echo-planar imaging (EPI) sequence with 12 encoding
directions, a diffusion sensitization of b = 1000 s/mm2, TR of 3 s,
and TE of 93 ms. EPI image distortion artifacts were reduced using
GRRAPA with acceleration factor or k-space undersampling of
R = 2. The slice thickness was 4 mm with 22 axial slices covering
the whole brain (foramen magnum to vertex), a field of view of
220 mm × 220 mm, and an image matrix of 128 × 128 that matched
sequences described above. The number of image averages was 4.
The total DTI acquisition time was approximately 2.8 min.

All of the image processing was performed using the
software MedINRIA (http://www-sop.inria.fr/asclepios/software/
MedINRIA). Regions of interest (ROI) were selected according to
FA maps. First, we determined the image with the highest FA value
of the cerebral peduncle in the axial plane FA maps. Then a 3 × 3
voxels ROI was placed in the cerebral peduncle to produce the high-
est average FA value (Fig. 1). The number of fibers through the ROI
was calculated using the software. The FA threshold value was 0.20
to keep tracking based on the connectivity of the neighborhood.
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Fig. 1. Selection of the ROI in FA map. Angiography demonstrates a case of arteriovenous malformation (AVM) in the left parieto-occipital lobe (on the left). Region of interest
(ROI) (in red) is placed in the cerebral peduncles in fractional anisotropy (FA) map (on the right). The FA was 0.798 in the ipsilateral cerebral peduncle and 0.799 in the
contralateral cerebral peduncle.

All data are presented as means ± SD and compared using t test.
Differences were considered statistically significant at a P value
<0.05.

In the AVM group, the complaints were epilepsy (11 cases),
headache (8 cases) and neurological deficit (5 cases). In the CM
group, the complaints included neurological deficit (7 cases),
headache (3 cases), epilepsy (3 cases) and asymptomatic (1 case).
In the tumor (glioma and meningioma) group, patients exhib-
ited neurological deficit (6 cases), headache (4 cases), epilepsy
(4 cases) and asymptomatic (1 case). The maximum diameter of
lesions was 33.9 ± 11.3 mm (range: 18–55 mm) in the AVM group,
32.2 ± 11.2 mm (14–60 mm) in the CM group and 40.9 ± 15.3 mm
(22–67 mm) in the tumor group.

In the AVM group, there was no statistically difference between
mean FA of the ipsilateral cerebral peduncle (0.758 ± 0.055)
and that of the contralateral cerebral peduncle (0.755 ± 0.049)
(P > 0.05). In the tumor group, mean FA was 0.713 ± 0.084 of the
ipsilateral cerebral peduncle and 0.751 ± 0.052 of the contralateral
cerebral peduncle (P > 0.05). In the CM group, the FA measured in
the ipsilateral cerebral peduncle (0.711 ± 0.092) was significantly
(P < 0.01) lower as compared with the contralateral cerebral pedun-
cle (0.768 ± 0.043). A significant reduction was also observed in the
ipsilateral FA of non-AVM lesions (the CM group and the tumor
group) as compared to that of AVM (P < 0.05). But there were no sta-
tistically differences in the contralateral FA between groups (Fig. 2).

The potential effects of age, sex, side and lesion location
on the DTI measurements were also investigated. All patients
(mean age 38.1 ± 11.9 years, n = 51) were divided into four groups
according to their age (<31 years, 31–40 years, 41–50 years, and
>50 years). Mean FA of the contralateral cerebral peduncle was
0.771 ± 0.044 (n = 14), 0.744 ± 0.049 (n = 19), 0.771 ± 0.042 (n = 8)
and 0.752 ± 0.055 (n = 10), respectively. There was no significant
difference between groups (P > 0.05). The mean FA of the con-
tralateral cerebral peduncle was 0.760 ± 0.043 in male (n = 34)
and 0.752 ± 0.057 in female (n = 17) without statistically difference
(P > 0.05). Whether the side was the left (0.753 ± 0.050, n = 30) or
the right (0.763 ± 0.045, n = 21) did not affect the FA value of the
contralateral cerebral peduncle (Fig. 3). There were 8 cases of AVM
and 4 cases of CM that involved temporal lobe. The FA of the cerebral
peduncle was 0.786 ± 0.048 on ipsilateral side and 0.744 ± 0.056 on

contralateral side in the temporal lobe AVM group. In the temporal
lobe CM group, FA was 0.727 ± 0.022 and 0.770 ± 0.015, respec-
tively. There was significant difference between bilateral side in
the temporal lobe CM (P < 0.05), but not in the temporal lobe AVM
(P > 0.05). By comparing the results of ipsilateral side, the difference
between the temporal lobe AVM and CM was statistically signifi-
cant (P < 0.05). No contralateral side difference was found between
(P > 0.05) the temporal lobe AVM and CM (Fig. 3).

In the AVM group, the number of fibers through the ROI was
319.6 ± 82.9 on ipsilateral side and 304.7 ± 89.1 on contralateral
side (P > 0.05). In the CM group, fiber number of ipsilateral side
(251 ± 82.1) was significantly lower than that of contralateral side
(307.3 ± 77.0) (P < 0.05). In tumor, fiber number was 308.9 ± 112.4
and 287.9 ± 62.4 without significant difference between bilateral
side (P > 0.05) (Fig. 4).

In literatures, DTI had been used in the evaluation of AVM
surgery and radiotherapy. DTI could demonstrate the relationship
of nerve tracts with AVM [12,17,33]. Some nerve tracts were less

Fig. 2. FA of the cerebral peduncle in the AVM, cavernous malformation (CM)
and tumor group. In the AVM group, FA of the cerebral peduncle is 0.758 ± 0.055
on ipsilateral side and 0.755 ± 0.049 on contralateral side. In the CM group, FA
is 0.711 ± 0.092 and 0.768 ± 0.043. In the tumor group, FA is 0.713 ± 0.084 and
0.751 ± 0.052. There is significantly difference between bilateral side in the CM
group (P < 0.01), but not in AVM or tumor (P > 0.05).
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