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Automatic Interpretation of F-18-FDG Brain PET Using Artificial Neural Network:
Discrimination of Medial and Lateral Temporal Lobe Epilepsy

Jae Sung Lee, PhD." Dong Soo Lee, MD, PhD. SeokKi Kim, MD., Kwang Suk Park, PhD.",
Sang Kun Lee, MD, PhD?, JuneKey Chung, MD, PhD.", and Myung Chul Lee, MD, PhD.'

Departments of Nuclear Medicine’, Biomedical Engineeringz, and Neurologyj, Seoul National University

Purpose: We developed a computer-aided classifier using artificial neural network (ANN) to discriminate the
cerebral metabolic pattern of medial and lateral temporal lobe epilepsy (TLE). Materials and Methods: We
studied brain F-18-FDG PET images of 113 epilepsy patients sugically and pathologically proven as medial TLE (left 41,
right 42) or lateral TLE (left 14, right 16). PET images were spatially transformed onto a standard template and
normalized to the mean counts of cortical regions. Asymmetry indices for predefined 17 mirrored regions to
hemispheric midline and those for medial and lateral temporal lobes were used as input features for ANN. ANN
classifier was composed of 3 independent multi-layered perceptrons (1 for left/right lateralization and 2 for
medial/lateral discrimination) and trained to interpret metabolic patterns and produce one of 4 diagnoses {L/R medial
TIE or L/R lateral TLE). Randomly selected 8 images from each group were used to train the ANN classifier and
remaining 81 images were used as test sets. The accuracy of the diagnosis with ANN was estimated by averaging the
agreement rates of independent 50 trials and compared fo that of nuclear medicine experts. Results: The accuracy in
lateralization was 89% by the human experts and 90% by the ANN classifier. Overall accuracy in localization of
epileptogenic zones by the ANN classifier was 69%, which was comparable to that by the human experts (72%).
Conclusion: We conclude that ANN classifier performed as well as human experts and could be potentially useful
supporting tool for the differential diagnosis of TLE. (Korean ) Nucl Med 38(3):233-240, 2004)
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Table 1. Brain regions pre-defined on the standard template, Each hemisphere
was segmented into 17 regions conventionally used in the interpretation of
brain PET images.

Brain lobe  Sub region

Superior (SF), Inferior (IF), Anterior (AF), Posterior (PF),

Frontal Central (CF)
Anterior (AT), Posterior (PT), Medial (MT), Lateral (LT),
Temporal Superior (ST)
Parietal Superior (SP), Inferior (IP)
Occipital  Primary visual (PO), Associative (AO)
efc. Basal ganglia (BG). Thalamus (TH), Cerebellum (CE)
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Fig. 1. PET images of a patient with temporal lobe epilepsy and
profile of the asymmetry indices for 17 mirrored regions. Because
asymmetry indices were calculated by dividing the difference of
mean counts in mirrored regions by their sum, positive and
negoative values indicated decreased metabolism in the volumes
of interest of left and right hemispheres, respectively.
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Fig. 2. Artificial neural network classifier system used in this study.
The system was composed of three independent multilayered
perceptrons. One was used for left and right lateralization, and
the others were used for medial and lateral discrimination.
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Table 2. Training and test sets for artificial neural networks

Medial TLE Lataral TLE
Left Right Left Right
Training set 8 8 8 8
Test set 33 34 6 8
Total 4 42 14 16
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Fig. 3. Mean counfs in medial and lateral temporal lobe. (A) Right medial temporal lobe. (B) Right lateral
temporal lobe. (C) Left medial temporal lobe. (D) Left lateral temporal lobe.

(A)

Asymmetry index (%)

N

A1

) -

|-

Pl

I

I b0 J S OO SRR U OO NN SO SO Sy

[ JR SO AN S SO |

SF IF AF PF GF AT PT MT LT ST SP IP PV AV CE BG TH

°

(D)

SF IF AF PF CF AT PT MT LT 8T SP IP PV AV CE BG TH

N
(=1

-
(o]

Asymmetry index (%)
a o

4

A1

i

I 1

l

1|

1

g vz sy s
RN AVAZY

SFIFAF PFCFATPTMT LT STSPIPPVAVCEBG TH

SF IF AF PF CF AWMT\TZSP P PV AV CEBG TH

Fig. 4. The profiles of the asymmetry indices for 17 mirrored regions in medial and lateral TLE patients. (A) Left
medial TLE. (B) Right medial TLE. (C) Left lateral TLE, (D) Right lateral TLE.
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Table 3. The accuracy of lateralization
Medial TLE Lataral TLE
Total
Left Right Left Right
Nuclear Medicine Expert 98% 88% 79% 81% 89%
Arfificial Neural Network 98% 83% 77% 96% 90%
Table 4. Overail accuracy in the diagnosis (focalization)
Medial TLE Lataral TLE
- Total
Left Right Left Right
Nuclear Medicine Expert 78% 79% 50% 56% 72%
Arfificial Neural Network 82% 60% 46% 66% 69%
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Target
Input Neural Output |+
Network -
Adjust weight;\

Fig. 6. Conceptual diagram explaining the training procedure for
artificial neural network used in this study. Artificial neural network
is an architecture that is composed of inferconnected neurons,
whose function is determined largely by the connections
between the neurons. The network is adjusted based on a
comparison of its output and desired target.
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