Dementia and Neurocognitive Disorders
2010; 9: 107-14

gxoto|H

Received : May 18, 2010
Revision received : December 24, 2010
Accepted : December 28, 2010

Address for correspondence

Duk L. Na, M.D.

Department of Neurology, Samsung Medical Center,
Sungkyunkwan University School of Medicine,

50 liwon-dong, Gangnam-gu, Seoul 135-710, Korea
Tel: +82-2-3410-3591

Fax: +82-2-3410-0052

E-mail: dukna@skku.edu

*S.S.C. was supported by the Eisai Korea young
investigator grant funded by the Korean Demen-
tia Association. This study was partly supported
by grants from the Korea Health 21 R&D Project,
Ministry of Health and Welfare, Korea (A050079)
and grant from the National Research Foundation
of Korea, funded by the Ministry of Education,
Science and Technology of Republic of Korea
(No. 20100002035/ No. 20090093889).

' Ao 2 ofule] 755 Az

Il ORIGINAL ARTICLE I

H3}: FDG-PETS 0|83t

Changes in Functional Connectivity of Hippocampus during the
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Background: Deficit of memory function is a main symptom found in Alzheimer disease (AD)
even in the early stage of disease. Since the hippocampus is a critical area for memory func-
tion, hippocampal atrophy can serve as a biomarker of AD. To identify whether the hippocam-
pus connectivity may change as the disease progress in patients with AD, interregional-con-
nectivity analysis were conducted using [*F]fluorodeoxyglucose (FDG)-positron emission tomog-
raphy (PET) and statistical parametric mapping (SPM). Methods: We examined metabolic cor-
relation of the hippocampus using a sample of 72 AD patients who had undergone FDG-PET.
Count normalized regional FDG activities were extracted from left and right hippocampi using
the pre-identified region of interest (ROI) by automated anatomical labeling (AAL) and MarsBar
toolbox implanted in SPM2. Inter-regional analyses using the left or right hippocampus as seeds
were conducted in each CDR group (0.5, 1, and 2/3). Normalized mean radioactive counts from
left or right hippocampus were used as independent variables in a general linear model to sear-
ch for voxels correlated with seed area across the whole brain. Results: In CDR 0.5 group, both
left and right hippocampal seeds yielded correlations that were limited to themselves; there was
no correlation in contralateral homologous regions or any other cortical/subcortical regions. In
CDR 1 group, however, the left and right hippocampal seeds yielded positive correlation in ipsi-
lateral temporal cortex, visual cortex and frontal motor areas. In CDR 2/3 group, distinctive hip-
pocampal metabolic connectivity patterns in each hemisphere were found. Left hippocampal
seed yielded correlations that were limited to itself, while right hippocampus showed enlarged
correlations in temporal cortex and occipital visual cortex as well as frontal cortex including
orbitofrontal cortex and basal ganglia. Conclusions: The changes in the hippocampal commu-
nication loop we observed in this study may reflect changes in local neuroplasticity according
to the progression of AD. Our results may have implication for understanding the decline and
compensation mechanism of memory function in AD patients.

Key Words: Alzheimer disease (AD), Hippocampus, Regional Cerebral Glucose Metabolism,
Positron-Emission Tomography (PET), Statistical Parametric Mapping (SPM)
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Table 1. Demographics and MMSE scores of Alzheimer’s dis-
ease patients

Total CDR05* CDR1* CDR2/3* pvalue'

Age (yr) 741+49 739+46 738+48 751+55 037
Gender (M) 51:21 18:5 22:10 116 061
K-MMSE ~ 19.7+£51 229+39 205431 14.6£5.1 <0.0001

*Data are given as mean+SD unless otherwise indicated; 'Values refer
to the result of one-way ANOVA; ‘Subject number.

F, female; M, male; K-MMSE, Korean version of Mini-Mental State Exami-
nation; CDR, Clinical Dementia Rating.
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Fig. 1. Image analysis procedure. All images were spatially trans-
formed to the standard space and hippocampus seeds were deter-
mined on smoothed images. Normalized [**F]fluorodeoxyglucose
counts of hippocampus seed area were calculated.
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Fig. 2. Pattern of hippocampal interregional correlation map in cor-
tical area. Images were rendered on high resolution MRI.
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Fig. 3. Multi-sliced images of left hippocampus interregional cor-
relation map (FDR corrected a=0.05, £=20).

Fig. 4. Multi-sliced images of right hippocampus interregional cor-
relation map (FDR corrected a=0.05, k=20).

Table 2. Regions showed metabolic correlation with left hippocampus average count in each CDR stage (FDR corrected a=0.05, extent

threshold £=20)

Coordinate*

Region BA T-value
X Y Z

CDRO0O5 L Parahippocampal gyrus -25 -14 -13 6.37

CDR1 L Parahippocampal gyrus BA 28 -24 -20 -12 7.45
L Thalamus -12 -29 0 6.15
L Middle temporal gyrus BA 21 -59 -6 -3 5.61
L Superior temporal gyrus BA 22/41/42 -61 -8 0 552
L Amygdala -20 5 -15 5.49
L Insula BA 13 -44 -15 10 5.03
L Postcentral gyrus BA 40 -55 -24 16 5.01
L Transverse temporal gyrus BA 41 -46 -23 14 4.8
L Precentral gyrus BA4 -46 -17 41 4.76
L Claustrum -28 18 1 3.90
L Posterior cingulate BA 24/31 -4 -13 41 3.51
L Paracentral lobule BA 31 -4 -31 44 3.50
L Anterior cingulate BA 25 -2 3 -10 3.31
R Posterior cingulate BA 24 16 -17 40 3.24
R Precuneus BA7 14 -46 56 3.08
R Paracentral lobule BAS 14 -34 51 2.85
L Middle frontal gyrus BA 46 -44 42 16 2.90
L Superior frontal gyrus BA9 -40 40 27 2.89
R Lingual gyrus BA 19 26 -64 3 2.84

CDR 2/3 L Parahippocampal gyrus BA 36 -28 -33 -13 5.50
L Mammillary body -4 -8 -8 5.25
L Medial globus pallidus -8 -2 -3 453
L Anterior cingulate BA 25 -2 7 -9 411
L Superior temporal gyrus BA 12 -55 7 -10 4.62
L Middle temporal gyrus BA 21 -63 -12 -4 4.09
L Fusiform gyrus BA 36 -48 -30 -19 4.22
L Superior temporal gyrus BA 42 -57 -21 8 3.51

*Talairach coordinate (mm). L, left; R, right; BA, Brodmann’s area.
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Table 3. Regions showed metabolic correlation with right hippocampus average count in each CDR stage (FDR corrected a=0.05, extent
threshold k=20)

Coordinate*

Region BA T-value
X Y Z

CDRO0O5 R Parahippocampal gyrus BA 20 38 -18 -18 6.72
R Caudate 36 -18 -11 6.48
L Medial frontal gyrus BA9 -10 35 30 4.49
R Middle temporal gyrus BA22 71 -41 0 4.28
R Superior temporal gyrus BA 22 69 -38 7 3.77
R Orbitofrontal gyrus BA 11 26 48 -19 3.95
R Inferior frontal gyrus BA 45/47 40 24 4 4.16
R Precentral gyrus BA6 67 1 13 414

CDR1 R Parahippocampal gyrus BA 20 38 -18 -18 7.69
R Superior temporal gyrus BA 22 46 -22 -9 6.2
R Amygdala 24 -4 -10 5.82
R Medial globus pallidus 10 -2 -3 5.62
R Inferior temporal gyrus BA 20 53 -24 -17 5.47
R Uncus BA 20 36 -11 -28 5.43
R Middle temporal gyrus BA 20/21 59 9 -19 5.35
R Fusiform gyrus BA 20 63 -5 -27 5.23
R Insula 36 16 1 5.02
R Putamen 20 2 -3 4.98
R Thalamus 6 -13 6 4.98
R Middle frontal gyrus BA 10 40 39 9 4.88
R Inferior frontal gyrus BA11/47 51 32 -12 4.81
L Cerebellum -30 -60 -34 4.37
L Insula BA 48 -28 33 9 4.05
L Medial frontal gyrus BAG6 -14 -23 51 3.59
L Posterior cingulate BA 24 -18 -17 3 3.20
R Posterior cingulate BA31/30/29 12 -51 21 354
L Amygdala -24 -6 -11 3.31
L Thalamus -24 -19 10 3.26
L Anterior cingulate gyrus BA 32 -12 19 34 3.04
R Precuneus BA 7/31 28 -66 33 2.80
L Superior frontal gyrus BA 10 -24 48 -4 2.59
L Medial frontal gyrus BA 10 -18 43 -4 2.46

CDR 2/3 R Parahippocampal gyrus BA 37 32 -37 -7 6.29
R Superior temporal gyrus BA 22 59 10 1 56
R Inferior frontal gyrus BA 11/47 26 34 -22 5.24
R Posterior cingulate BA 23/30/31 16 -54 6 5.17
R Middle frontal gyrus BA 10/11 32 40 -19 5.08
R Fusiform gyrus BA 19/37 36 -53 -7 5.06
R Lingual gyrus BA 18 28 -72 -5 4.86
R Thalamus 14 -27 3 4.56
L Anterior cingulate BA 32 -12 13 36 4.53
R Red nucleus 8 -25 -4 452
R Transverse temporal gyrus BA 41 57 -19 10 451
L Cerebellum -36 -58 -39 393
L Superior frontal gyrus BA 10 -34 52 21 3.26
R Cerebellum 16 -64 -29 3.28
L Precentral gyrus BA 4/6 -34 -24 55 3.21
L Middle frontal gyrus BAG6 -30 -13 47 3.19
L Putamen -24 11 -7 3.19
L Insula BA 48 -34 -2 5 2.63
L Paracentral lobule BAS -16 -40 57 2.95
L Lingual gyrus BA 19 -18 -43 0 2.86
L Inferior frontal gyrus BA 45 -30 27 4 2.62

*Talairach coordinate (mm). L, left; R, right; BA, Brodmann'’s area.
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