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Abstract  [Background] In clinical application and scientific research of positron emission tomography (PET), the
standard uptake value (SUV) is commonly used for disease assessment. In order to reduce the deviations of SUV
among clinical PET images, standard uptake value ratio (SUVR) based on a specific reference region is substituted
for SUV. Accurate SUVR is hardly achieved directly from PET images due to the difficulty of accurately segmenting
reference regions from PET images with low resolution and high noise. The integrated positron emission tomography-
magnetic resonance imaging (PET-MRI) can simultaneously acquire MRI images and PET images, hence the
combination of MRI image and PET image is expected to improve the accuracy of SUVR. [Purpose] This paper
study aims to investigate the effect of MRI segmentation and PET segmentation on SURV calculation to improve the
PET-MRI brain quantitative accuracy. [Methods] First of all, integrated PET-MRI was used to acquire MRI and PET
images of 12-age-controlled healthy volunteers simultaneously. Then the MRI images and PET images were
segmented into reference regions by the atlas-based method. Based on reference regions derived from MRI and PET
respectively, the SUVRs of left / right cerebrum, cerebral cortex, cerebral white matter, frontal lobe, parietal lobe,
temporal lobe and occipital lobe were calculated. For each group of SUVRs, the coefficient of variation (CV) of
SUVRs was calculated to measure consistency level. Finally, quantitative analysis was performed to evaluate which
segmentation method offered better SUVR consistency among volunteers. [Results] CV of SUVRs based on
cerebellar gray matter from MRI images and PET images were 0.020/0.021, 0.023/0.026, 0.031/0.028, 0.028/0.031,
0.033/0.036, 0.022/0.024, 0.044/0.045 and 0.052/0.055, 0.054/0.055, 0.058/0.063, 0.053/0.058, 0.063/0.065, 0.048/
0.050, 0.059/0.065 respectively. When the cerebellum was chosen as reference region, MRI results and PET results
were 0.017/0.019, 0.021/0.025, 0.029/0.025, 0.026/0.030, 0.032/0.036, 0.020/0.022, 0.044/0.045 and 0.046/0.050,
0.049/0.051, 0.052/0.057, 0.048/0.054, 0.059/0.061, 0.044/0.045, 0.056/0.062 respectively. [Conclusions] Compared

with SUVRs based on reference region segmented from PET images, SUVRs based on reference region segmented

from MRI images have better consistency with smaller coefficient of variation.

Key words SUVR, Quantification, PET-MRI, *F-FDG
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Table 1 Sequence parameter list

ZH 4 FK Parameter name Z4{H Values
JZ% Number of slices 288

JZJE Slice thickness 0.67 mm

1% % K/ Pixel spacing 0.50 mmx0.50 mm
KAEFEFE Acquisition matrix 256x230

HHFE A Flip angle 10°

T 42 I [A] Repetition time 7.86 ms

[ i 1] Echo time 3.2 ms

J %15} ] Inversion time 750 ms

TR AR E Number of averages 1
[ %4 K 5 Echo train length 160
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Fig.1 Block diagram of automatic brain segmentation system based on brain atlas
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Fig.2 MRI standard template containing skull (a), template
without skull (b), atlas of cerebellum (c) and atlas of cerebellar
gray matter (d)
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Table 2 Mean and standard deviation of DSC between
reference regions segmented by two methods

ZH X5 A bRtz

Reference area Mean Standard deviation
AN LY 0.889 0.017

Cerebellar GM

7N 0.904 0.012

Cerebellum

4 AU MRI 7 FI /M (a) R PET 2331 /535 (b) A1 MRI 53 351 5 /NAC 5 () AT PET 43 5B /M 4 5 (d)
Fig.4 Cerebellum extracted from MRI (a), cerebellum extracted from PET (b), cerebellar gray matter extracted from MRI (c) and
cerebellar gray matter extracted from PET (d)
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Table 3 Statistical difference between SUVRs of lobes obtained by two methods

[X 15, Area MRI PET T P

BRI/ /N AR T 1.42440.040 1.495+0.080 -3.51 0.004 9
Frontal lobe / cerebellar GM 1.436+0.044 1.507+0.087 -3.55 0.004 6
T/ 7N 2K 5 1.417+0.047 1.488+0.094 -3.56 0.004 5
Parietal lobe / cerebellar GM 1.395+0.051 1.464+0.095 -3.55 0.004 5
M/ /N 2K 1.155+0.028 1.212+0.060 -3.55 0.004 5
Temporal lobe / cerebellar GM 1.164+0.026 1.221+0.059 -3.56 0.004 5
KA/ /N 2R 5T 1.498+0.066 1.572+0.093 -3.52 0.004 8
Occipital lobe / cerebellar GM 1.510+0.068 1.585+0.104 -3.58 0.004 3
LN 1.489+0.039 1.551£0.075 -3.21 0.008 3
Frontal lobe / cerebellum 1.501£0.045 1.564+0.084 -3.24 0.007 8
T / /N 1.481+0.047 1.543+0.091 -3.26 0.007 7
Parietal lobe / cerebellum 1.458+0.053 1.519+0.092 -3.25 0.007 8
L AN 1.208+0.026 1.258+0.056 -3.25 0.007 8
Temporal lobe / cerebellum 1.217+0.025 1.267+0.055 -3.25 0.007 8
FEM: /N 1.567+0.069 1.631+0.092 -3.20 0.008 5
Occipital lobe / cerebellum 1.579+0.070 1.644+0.102 -3.26 0.007 6

R4 AMHFEBEME R BRSUVR ZENSGITFESR
Table 4 Statistical difference between SUVRs of cortex and white matter obtained by the two methods

[X 15, Area MRI PET T P

K /7N 2R 5 1.107+0.022 1.162+0.060 -3.53 0.004 7
Cerebrum / cerebellar GM 1.116+0.024 1.17120.065 -3.55 0.004 6
K B2 I3 1 /N 2R I 1.349+0.031 1.416+0.077 -3.54 0.004 6
Cortex / cerebellar GM 1.359+0.035 1.426+£0.079 -3.54 0.004 6
NSV NN Y 0.825+0.026 0.86620.050 -3.52 0.004 8
White matter / cerebellar GM 0.830+0.023 0.871+0.055 -3.56 0.004 5
K / 71N 1.157+0.020 1.205+0.055 -3.23 0.008 0
Cerebrum / cerebellum 1.166+0.022 1.215+0.061 -3.24 0.007 9
PN AN 1.410+0.029 1.469+0.072 -3.23 0.008 0
Cortex / cerebellum 1.421+0.035 1.480+0.075 -3.23 0.008 0
KT/ 7N 0.863+0.025 0.899+0.047 -3.22 0.008 1
White matter / cerebellum 0.867+0.022 0.904+0.051 -3.27 0.007 5
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Fig.6 SUVRs of lobes based on cerebellar gray matter (a) and cerebellum (b)

050301-7



ZERETHEE . PET-MRIN B & fE A P45 L 70 : MRI1 5 PET i 43 [X ¢ SUVR 5 [ 5200

2 X I H K SUVR, A [ 1 s AR R AN ] 1 8% %
MR X 3. T A T RR I ) SUVR SUE R
el , oI E G H A5 AR A L, o B R
6] S SR R A J5 A B R i 1 o (i s P S PR 8 o
A% N cerebrum. cortex UL WM. FEAL bR T TR A
2 i Xof 2 DX 45 ) SUVR 5 G AL bR 28 78 A7 2 i 5o 7 [X
) SUVR.

B 7 HRT DB AR Y B TR
X 35, F] | MRI 43 %12 2% [X 55 H 1 SUVR AH EE T
FIH PET 5 Hi 1) SUVR & 58 e v, 38 0 L 2 i fE
JEE /N, EFEADL A {8 R A5 DR 2 22 1) R L T A 1 —
e 4 B R 7 VR S AS 1 SUVR #E 47 28 M40
&, T MRIZE H A SUVR AR 55T PET &
) SUVR AL 9 1.01, £ B T8 2 F) | MRI it
JeFIH PET 73 %1225 X3 HE 1) SUVR 78 Ao > il A
A 2P #R T A &, Ao A e A R R — 3, 5
SEBRE AR A

NT e E i LR R v H Y SUVR ) 5 Bk

@ [ MRI-cerebrum L
1.5 x  PET-cerebrum ¥
e MRI-cortex b
14 e PET-cortex o0 >
o = d
£ + MRI-WM .
< 13 + PET-WM S
o
£
212 o
= ;:‘
=)
E 1.1 xxﬂ(
s
& 1.0 =
5 T
“ 09
Fog
08| |+
0.7 08 09 1.0 1.1 12 13 14 15 1.6
SUVR of Left Hemisphere
1.6 t (b) x  MRI-cerebrum
% PET-cerebrum .
e MRI-cortex &
a e PET-cortex 30. b
314 + MRI-WM )
= + PET-WM >
4 .
U
= %}"
E‘] 1:2 ya
-4 x
Y
; X
>
= 1.0 =
:Q-
+# 4
I
4+
0.8
07 08 09 1.0 1.1 12,13, 14 15 1.6

SUVR of Left Hemisphere

7 SUVREE LUK NZ % X IHi(a), LN NS
X I(b)
Fig.7 Scatter plots of SUVR based on cerebellar gray matter
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Table 5 CYV of SUVRs of cerebral cortex and white matter
obtained by different methods

X35, Area MRI MRI PET PET  SUV
(GM) (GM)
PN 0.020 0.017 0.052 0.046 0.103
Cerebrum 0.021  0.019  0.055 0.050 0.108
K 2 J52 0.023  0.021  0.054 0.049 0.151
Cortex 0.026 0.025  0.055 0.051 0.153
NiISI 0.031  0.029 0.058 0.052 0.088
White matter 0,028 0.025  0.063 0.057  0.098

*6 ATRGEFEIRIMMH SUVR LR R H
Table 6 CV of SUVRs of lobes obtained by different

methods
X 33, Area MRI MRI  PET  PET SuV
(GM) (GM)
i 0.028 0.026  0.053 0.048  0.150
Frontal 0.031  0.030  0.058 0.054  0.151
Tt 0.033  0.032  0.063 0.059 0.156
Parietal 0.036  0.036  0.065 0.061  0.164
X 0.024 0.022  0.050 0.045  0.155
Temporal 0.022  0.020 0.048 0.044  0.153
/A 0.044  0.044  0.059 0.056  0.141
Occipital 0.045 0.044  0.065 0.062 0.151
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