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Fig. 1. Time-signal intensity curve and CBV map.

a. Axial image of T2*-sensitive gradient-echo echo-planar pulse sequence (TR/TE/flip angle = 2000/60/900) shows a
focal solid mass surrounded by peritumoral edema in left centrum semiovale (ROI 1). ROI 2 represents a control area
of contralateral normal white matter. b. Time-signal intensity curves after intravenous bolus injection of Gd-DTPA

show sharp decrease of signal intensities of the tumor and contralateral white matter. c. CBV map is generated by the
numerical integration of 4 R2* on a voxel-voxel basis.

a

Fig. 2. Glioblastoma with central hemorrhage (Patient 7).

a. Contrast-enhanced axial T1-weighted image shows a necrotic mass with irregular rim enhancement in right trigo-
nal area. b. Axial image of T2*-sensitive perfusion sequence reveals very low signal intensities which may be caused
by the presence of hemorrhage in the central portion of the tumor. White arrow indicates peripheral solid portion of
the tumor. €. CBV map shows an increase of rCBV in the solid portion of the tumor {black arrow).
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Table 1. Summary of 16 Patients with Cerebral Gliomas

thel REe| 2T AP| BY WY

W A rCBV7E 80 %-369 % (M1t 202%)9.24 (Fig. 4),
ASE BAnFCE Add 14 (A 1DME rCBV
1450% % wj$- F7k=lo) Sldch (Fig. 5). &4 11& Aud
Ao] 2 T olFI Tl FH X BAL AW UAE
gl rCBV & £z A¥E o 92 TYox 2 F7iglo] A
o 2957 F L9 rCBVE vlustH & of & 11& Al9st
W 2YGTA] HA ¥A A He EE (349, 10,
12-16)9} ) rCBV & 66-369%% 400% olst oy =
AZ7o] A HE FFE (32 1-8)9 A CBVE 433-
1330% Aol 2 25 400% )% $71E0) ssdth

oo

2 479 47, 249 Hol (CBVE ZoMAEFE BF
400%7 oA ASF AMNNERLS BT 400% ©l5lE ¥A=
F384 FEIUT. Aronen T (4) ©] spin—echo echo-
planar 2238 ol g3l ¥ 5FY rCBVY #AE
A7e Ao ot wolH EFd slgsle 45+ (grade 4)
wF 6elel Hol rCBVL 148 A&lstue BF A5 4%
AEZE (grade 2) 50t B9tk Sugahara & (5)°] gradient-
echo echo-planar 298 < o] &3 Ao <3t ol £
Z 1299) H rCBVE 400-1620%% 12 ASF JEAEF
ol Al rCBVE 64-201%94 A= Folo] +& HU

No Age/Sex Location MRI Findings Radiologic Pathologic Range of rCBV
Diagnosis Diagnosis values (%)
1 33M Loccipital ~ Irregular rim CE, . . , 3
mild focal hemorrhage High-grade glioma Glioblastoma 866-1330
2 59/F R parietal Irregular rim CE, central necosis Glioblastoma Glioblastoma 857-1042
3 52/M Riemporal Irregular rim CE, central necrosis Glioblastoma Glioblastoma 785-1026
4  60/M Lthalamus Irregular rim CE, central necrosis Glioblastoma Glioblastoma 379-548
5 4UM - Ltemporal Irr.egular rim CE, Glioblastoma Glioblastoma 290-510
mild central hemorrhage
6 35/F Ltemporal Irregular rim CE, central necrosis Glioblastoma Glioblastoma 512-638
7 T71F Roccipital  Irregular rim CE, central hemorrhage Glioblastoma Glioblastoma 260-433
8 65/F Ltemporal Irregular rim CE, central necrosis Glioblastoma Ar.laplastlc . 370-502
oligodendroglioma
9 32/F R thalamus No tumor CE, bulging contour Low-grade astrocytoma Anaplastic 258-284
astrocytoma
10 33/F L insular No tumor CE, well defined mass Low-grade astrocytoma Anaplastic astrocytoma  33-66
11 43/F L frontal Focal CE, cortical invasion Low-grade glioma L(?w-grade . 163-1450
oligodendroglioma
T o termi
12 26/M L thalamus M@ ocal or thin rim CE of Undetermined tumor Low-grade astrocytoma  250-369
cystic portion grade
13 40/M R frontal Mﬂ(.i fO(fal u‘rfagular CE, Low-grade glioma Low-grade astrocytoma  66-220
cortical invasion
14 55/M L insular No tumor CE Low-grade glioma Low-grade astrocytoma ~ 80-196
15  40/M Rinsular No tumor CE Low-grade glioma Low-grade astrocytoma ~ 85-145
16 31/M R insular No tumor CE Low-grade glioma Low-grade astrocytoma ~ 40-80

Note.- CE; contrast enhancement, rCBV; relative cerebral blood volume
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a b

Fig. 3. Anaplastic astrocytoma without contrast enhancement (Patient 9).

a, b. Axial T1- weighted images before (a) and after {b) contrast infusion, respectively, show a bulging mass without
contrast enhancement in right thalamus. ¢. CBV map reveals a mild increase of rCBV in the posterior portion of the
tumor (white arrow).

a b

Fig. 4. Low-grade astrocytoma without contrast enhancement (Patient 16).

a. Axial T2- weighted image shows a mass of homogeneous hyper-intensity in right insular and external capsule area.
b. A contrast-enhanced axial T1-weighted image shows no definite enhancement in the tumor. ¢. CBV map reveals a
mild decrease of rCBV in the tumor (white arrow).

Lee % (8) ©] gradient-echo B3 g 0|48 d7olXe  He Z%7H 3 7189 Basgh 2 A&
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a b

Fig. 5. Low-grade oligodendroglioma with focal contrast enhancement (Patient 11).

a. An axial T2-weighted image shows an ill-defined mass of hyper-intensity in left frontal lobe. b, ¢. Axial T1-weight-
ed images before {b) and after {c) contrast infusion, respectively, show a small foci of contrast enhancement at anterior
portion of the tumor. d. CBV map reveals a remarkable increase of rCBV at the cortical portion of the tumor (white ar-
row), which is not correspond to the foci of contrast enhancement.
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Perfusion MR Imaging of Cerebral Gliomas:
Comparison with Histologic Tumor Grade
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*Department of Neurosurgery, Asan Medical Center, Univeristy of Ulsan College of Medicine
‘Department of Pathology, Asan Medical Center, Univeristy of Ulsan College of Medicine

Purpase : Our purpose was to compare maximum relative cerebral blood volume (rCBV) with histologic
grade of cerebral gliomas.

Materials and methods : First-pass perfusion MR imaging was performed preoperatively in 16 patients
with pathologically proven cerebral gliomas ( 7 glioblastoma, 2 anaplastic astrocytoma, 1 anaplastic oligo-
dendroglioma, 5 low-grade astrocytoma, and 1 low-grade oligodendroglioma). Maximum rCBV was com-
pared with histologic diagnosis and grade of the tumor.

Results : Maximum rCBVs of glioblastomas were in the range of 433 %-1330 % (average, 790 %), as com-
pared with those of contra-lateral normal white matters. Maximum rCBVs of two non-enhancing anaplas-
tic astrocytomas were 66 % and 284 %, respectively. Maximum rCBV of one well-enhancing anaplastic
oligodendroglioma was 502 %. Maximum rCBVs of low-grade astrocytomas were in the range of 80 %-
369 % (average, 202 %). Maximum rCBV of one low-grade oligodendroglioma was 1450 %, even higher
than those of glioblastomas.

Conclusion : Maximum rCBV was higher in glioblastoma than in low-grade astrocytoma without overlap-
ping. However, there was no difference of maximum rCBV between non-enhancing anaplastic astrocy-
toma and low-grade astrocytoma.

Index words : Brain, perfusion; Brain, MR; Brain, tumor
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