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The Statistical Parametric Mapping Analysis between Pre- and
Post-Operative FDG-PET Images in Patients with
Mesial Temporal Lobe Epilepsy

Hyun Jung Han, M.D.%, Eun Yeon Joo, M.D.”, Woo Suk Tae, M.D.", Jee Hyun Kim, M.D.",
Sun Jung Han, M.D.", Dae Won Seo, M.D.", Seung-Chyul Hong, M.D.?,
Munhyang Lee, M.D.®, Byung Tae Kim, M.D.* and Seung Bong Hong, M.D., Ph.D."
Deparments of Neurology,' Neurosurgery,” Pediatrics® and Nuclear Medicine,”

Samsung Medical Center & Center for Clinical Medicine, SBRI, Sungkyunkwan University School of Medicine,
Seoul Department of Neuro/ogy,j Myongji Hospital, Kwandong University, Goyang, Korea

Background : To investigate postoperative changes in the cerebral
glucose metabolism of patients with mesial temporal lobe epilepsy
(MTLE), statistical parametric mapping (SPM) analysis was perfor-
med on pre- and post-operative 18F-ﬂuorodeoxy glucose positron
emission tomographic (FDG-PET) images.

Methods * We included 28 patients with MTLE who had under-
gone surgery and had been seizure free postoperatively (16 had left
MTLE and 12 right MTLE). All patients showed hippocampal scle-
rosis by pathology or brain MRI. FDG-PET images of the 12 right
TLE patients were reversed to lateralize the epileptogenic zone to
the left side in all patients.

Results © Application of the paired t-test in SPM to pre- and post-
operative FDG-PFTs showed that the postoperative glucose metabo-
lism decreased in the caudate nucleus, pulvinar of thalamus, fusiform
gyrus, lingual gyrus, and in the posterior region of the insular cortex
in the hemisphere ipsilateral to resection, whereas postoperative glu-
cose metabolism increased in the anterior region of the insular cortex,

temporal stem white matter, midbrain, inferior precentral gyrus, an-
terior cingulate gyrus, and supramarginal gyrus in the hemisphere
ipsilateral to resection. No significant postsurgical changes of cerebral
glucose metabolism occurred in the contralateral hemisphere. Sub-
traction between pre- and postoperative FDG-PET images in indivi-
dual patients produced similar findings to the SPM results.

Conclusion : This study suggests that brain regions showing a
postoperative increase in glucose metabolism appear to represent the
propagation pathways of ictal and interictal epileptic discharges in
MTLE while a postoperative decrease in glucose metabolism may be
related to a permanent loss of afferents from resected anterior-me-
sial temporal structures. (J Korean Epilep Soc 2005:9(1):27-35)

KEY WORDS : Temporal lobe epilepsy - Anterior temporal lobec-
tomy - Metabolism - '°F-FDG-PET - Statistical
parametric mapping.
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Table 1. Brain regions showing postoperative decrease or increase of glucose metabolism by paired f-test of SPM in mesial TLE

patients

Talairach coordinate (mm)

Location Side BA T Corrected P
X Y z
Brain regions showing postoperative decrease of
glucose metabolism
Caudate nucleus | - -12 18 8 1117 <0001
Fusiform gyrus I 37 -29 =40 -13 8.79 <0.001
Lingual gyrus | 37 =24 —-46 =11 7.60 <0.005
Posterior insula I 13 -34 =22 18 9.22 <0.001
Thalamus, pulvinar I - -14 -26 12 7.49 <0.005
Brain regions showing postoperative increase of
glucose metabolism
Anterior insula | - =30 6 -14 13.27 <0.001
Temporal stem white matter I - -42 =22 =10 12.10 <0.001
Midbrain | - -14 -20 -8 11.15 <0.001
Inferior precentral gyrus I 6 -50 0 26 7.86 0.001
Anterior cingulate gyrus I 32 -14 42 -2 7.79 0.001
Supramarginal gyrus I 40 -52 -38 34 7.39 0.003
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rahippocampal gyrus) &l 2333} (calcification) & EwH)
o} o] WSS e Al slinkel ) A A

29| FDG—PET &N 5 4z =8
u FojAtel] FEE viAle e FE wiAs] ¥
5 A3l % - FDG~PET A8 A7k« Eg3h=
o] &5 Tt sYshA skeich 28% & 16
, 16-"’8) < TE *]JJr —‘5—°ﬂ YT 7 FH
39t o] F 1392 carbamazepine
T} valproic ac,1d9] o oo —,kg sRlE o B&
st cH(vigabatrin, topiramate, phenobarbital, or clona-
& carbamazepine, phenytoin 1#]1
- MESeIch a3y, T Eel ExtellAe
T T XSS $ag] wiEel carbamazepine?] £
29 ek7t 91000 mg — 800 mg/Y, 1200 mg —

zepam). UH= 39

phenobarbital =

1000 mg/¥). 129(42.9%, 12/28) 2] A2 2714
ﬂﬁaxﬂfﬁ 2890 0o carbamazepine $£]of t}Lo] ok

&l 7}A) =

or clonazepam).

= ¢ 23519 ch(valproic acid, phenytoin,

FDG—PET @0| 4=

FDG—-PET: > GE Advance PET 2701 (GE Medical
Systems, Milwaukee, WD) & #A Rt} x5 44|7¢
ol T FDG 260~370 MBq(7~10 mCD & A
o froiRkglyl FDG7E | Aol 1% B35k 30

;11\16

. ipsilateral side to the resected temporal lobe; Height of threshold, familywise error corrected p<0.05; Extent threshold Ke >50; BA,

5 BAl HuE Hojr gapzo] ZMIAJEHIE §A
P Zbgaato] glgg Elskqich FDG—PET 9%
< Hanning filter (cut—off frequency=4.5 mm) 2 ]+
AJ3led 128X 128 matrix® Gsk Sok(ska 727 1.95%

1.95 mm, 4.25 mm2] FA9 354 . 4] (Attenuation)
WAL 3 series of ellipsesE& AFE&H= TEA 4w o
2 313ith. FDG-PET AAke 28stn oF of 78

=]
un
3

oM F& TAIRE A= el A Alsiglct G &
FDG-PET AAT & 7 22 s 22 71412 Al
RS

e ™M B FDG-PET @9 SPM &£

MATLAB 5.2(MathWorks, Natick, MA)3] SPM 99
(Wellcome Department of Cognitive Neurology, Ins-
titute of Neurology, London, UK) if o] g&to] odAkg =
Aejst A £4& ABssick ¢ § FDG-PET <
‘& 7% A FDG-PET A4z w57] 918 43 3
(linear transform) 3}ck o] F G443 Analyze format
©Z H@AAAM 12—parameter affine transformation<]
¥ FDG-PET E ¥ (standard FDG—-PET template)
o2 I EAS gtk BAE G2 AE o 22l
85 Fo]7] 98led 14 mm FWHM (full width at half
maximum) & S99 7RAlet 3 (isotropic Gaussian
kernel) 2] convolution® 2 7ottt A3 -SE7)%
ol &ate] 3 R

(cross—registration function)&

CHEHZERIEES| K] | 2005:9(1):27-35 [ 29



UESY 2HE0A 28 200 Y Z2CY AN DIX=E ZE
I AFskglch Baatel 1699 35 5904
F12%e] 92 554 I EAR el 7 ] o]l
F7F B4 (group analysis) 8 BATA Fox2 o]y
Al 5 S5l 1 24 e sl Y #,
FE #JARAM BT 4% S5 1k 240] x|k
ZoJ3t 707 wpEo] B3k flipped method S A)8)s}
itk FDG-PET AL mojc} o] —'fs--"i‘E]% F9daY

kg 1A sl Hsled 7 842 == proportional sca-
lingg olgste] A ¥ ghxag] F2 BASCE 74 A,
T Fujrre] SA4 AL paired t—testE o} I B
)& familywise error (FWE) 8] Pztel 0.05 o)&tel 7
L7 a9 ov) ¥ extent thresholde= kE >502 A28
o} A#= 27 87 (spatial normalization) S & & A4
Arelo] 2x19 M Ae] MRI templateoll % &sko] (co—
registration) %73} k3T
[ ™ 2 FDG-PET GY49
between pre— & post—operative FDG—PET)

7 gapol e T goiatel MEE XT3k, SPM
2o} vlwstr| flate] & d, Fo| FDG-PET 94
& At BAEie

O| N A(Subtraction analysis

AL MO 2 FDG—PET Q9] NE 2

gt go) MAY it (Joo EY) & 3 o] A7 FEA
7HTae WS) 7} @x1e] dAEdRE 21 el wo.
2 4% A, $o FDG-PETE BEST, D57 | 2
e A5G W, &A= 5
regions), 53< (parietal lobe), T3 (occipital lobe)
7} oFF o] Aotk

=23 (medial and lateral temporal

= o

FDG—PET @NO| SPM 1

FE T Furbt Fad RYe et Hhkre 53
818 (subcortical nuclei) Q1 #72]# (caudate nucleus) o}
AV Al (pulvinar), H==o]F (fusiform gyrus), 31013 (lin-
gual gyrus), ¥ 4 32 (posterior region of insular cor-
tex)olch WHA & F oAbt SR F9E %
=kl oF A3 914 (anterior portion of insular cortex),
=¥ (midbrain), 8t &4 |#F (inferior precentral gyrus),
=rE7)9]
o]#(anterior cingulate gyrus) 2} 2412190 & (supramar-
ginal gyrus)olth 7Fde 2 -AF

w04 (temporal stem white matter), &+

B9 (verticofrontal

30 [ CYEIZIESHER] | 2005;9(1):27-35

plane) #} &~ 2w} anterior—posterior commissure)
S £Ho 7 dAA 7P wol vhiis Ao o R
=HA HAZZ 7 Ao H BEL2 H =4 A (posterior
insular cortex) 2 ALY F2 hZ] HukTo
A e T F203 GuAR] Mgyt SR Q9T

FDG—PET Q0| Ny =1

PR Bl FE F AR el nd,
Fola, solgolx M Frhbrt Zagm, % 4 3
552719 was) Feld ¥ Fuibh F7hh 4
ZERe 8 e S F 9 gopte dAsel ¥
B SPM 242 239} 7S] Sk o 56 9
hetel Wshe $a2 ARG BT BEHUA,
o) Bl ST WOlE W) AT, A4, 7]

Table 2. Brain regions showing postoperative decrease or inc-
rease of glucose metabolism by a subtraction andalysis between
pre- and post-operative FDG-PET images in individual patients

Brain regions showing
postoperative decrease of
glucose metabolism
Temporal lobe

Ipsilateral  Contralatateral

Fusiform gyrus 24 (85.7%) 0
Occipital lobe

Lingual gyrus 27 (96.4%) 0
Basal ganglia

Caudate nucleus 19 (67.8%) 0

Putamen 7 (25%) 1( 3.6%)
Frontal lobe 7 (25%) 1( 3.6%)
Insular cortex 7 (25%) 0
Thalamus

Anterior 2(70%) 0

Posterior 1 (10.7%) 0

Whole 3 ( 3.5%) 0

Brain regions showing
postoperative increase of lpsilateral  Contfralatateral
glucose metabolism

Temporal lobe

Temporal stem white matter 27 (96.4%) 0

Superior femporal gyrus 4 (14.2%) 0
Insular cortex

Anterior 25 (89.2%) 0
Frontal lobe 21 (75%) 5(17.8%)
Brainstem

Midbrain 19 (67.8%) 0
Thalamus

Anterior 12 (42.8%) 5(17.8%)
Basal ganglia

Caudate nucleus 11 (39.2%) 4 (14.2%)

Putamen or globus pallidus 3 (10.7%) 207.1%)
Cingulate gyrus 11 (39.2%) 2(7.1%)
Parietal lobe 4 (14.2%) 2(7.1%)

Values are number of patients who showed postoperative dec-
rease or increase of glucose metabolism in each brain structurs.
Percent (%) value in parenthesis is its percentage to fotal nurn-
ber (28) of patients. Ipsilateral, contralateral : ipsilateral, cort-
ralateral 1o epileptic focus



Table 3. Visual analysis of
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25 R RmT. RERP R-T, R-F. R-P
28 R RT,RP R-T, R-F, R-P, R-TH

Side refers to the sidedness of the epileptic focus. T, temporal
lobe: F, frontal lobe: P, parietal lobe: BG, basal ganglia: TH,

thalamus; m, mesial: |, lateral: L, left: R, right.
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Figure 1. Postsurgical decrease of glucose metabolism in ipsilateral caudate nucleus, thalamus (A), fusiform gyrus, and posterior
region of the insula (B), whereas postsurgical increase of glucose metabolism in anterior region of the insula, temporal stem in
temporal fobe white matter, inferior precentral gyrus, ipsilateral midbrain (C), and anterior cingulate gyrus (D) of ipsilateral epilep-
togenic side by means of SPM analysis (FWE corrected p<0.05). SPM resulls were overlaid onto the brain MRI of a single normal
control. Red-yellow color means increased metabolism while blue color indicates decreased metabolism. Subtraction between
pre- and postsurgical FOG-PET images in an individual patient (E, F). Subtracted images showed decreased postoperative glucose
metabolism in right caudate nucleus (£, patient 17 who performed right temporal lobectomy), left fusiform gyrus (F, patient 8 who

performed left temporal lobectomy).

Figure 2. Ictal hyperperfusion of ipsilateral midbrain in mesial TLE. Ictal-interictal SPECT subtraction was performed in a 32 year-old
man with left mesial TLE. Ictal hyperperfusion was observed in the left mesial temporal region, left midbrain, cerebellum, left amyg-
dala-hippocampus and cerebelium (A-C) . Increased cerebral perfusion was noted in bilateral basal ganglia. left anterior insula,
and left temporal stem of white matters (D).
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